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Chapter. 1 

INTRODUCTION 

The Lakshadweep group of Islands is located off the southwest 

coast of lndia 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. 

Varona, 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 in fauna. Benthic organisms are divided into three 

categories according to their size (1) Macrobenthos (> 500ft) (2) 

Meiobenthos (500ft to 63ft) and (3) Microbenthos «63ft) (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. 



Chapler I. bllroduclioll 

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 playa 

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. 

2 



Chapter I. Introdllctio/l 

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 

also 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 e/ 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 eurytherrnal 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. Sea grass beds 

Seagrass bed is one of the most conspicuous and widespread biotope 

types of the shallow marine environment throughout the world. About 48 

3 
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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 tum of the last century (Peterson, 

1913, 1918). Seagrass beds are also common along coastal lagoons 

(Balasubramaniarn 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). Thcy represent a unique flora of angiosperms adapted 

to rigorous salinity, immersion, occasional desiccation, and hydrophilic 

pollination (Schwarz e/ 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 playa 

vital role in stabilising mobile sand and protect shores from erosion. [t 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 tum 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 

micro flora 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 

4 
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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 aI. , 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 fi shery 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 wildlife. 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 ai. , 2003). 

1. 5. Review of literature 

1. 5. 1. Benthos 

The pioneering work on quantitative study on benthos was done by 

Peterson in Dani h waters in 1909 (peterson, 1913). In India, the bottom 

fauna was first studied by Annandale and Kemp (1915) in Chilka Lake. 

Panikkar and Aiyar (193 7) investigated the bottom fauna of brackish 

waters of Madras. Scshappa (1953) and Kurian (1953) worked on the 

6 
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benthos of Malabar and Trivandrum coasts respectively. Balasubrarnanian 

(1961) reported on the benthos ofVellar 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 ofIndia. Parulekar et af. (1980) made observations on the 

benthic macrofaunal annual cycle of distribution, production and trophic 

relation in the estuarine environments ofOoa. 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 Oanapati (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. 

7 
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(1 997) 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 (200 I, 2002) studied the macrofauna! 

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 th 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 signi ficant 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 (Ed.) 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 (1 903), 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 Min icoy. The importance of the 

water in this region and its special ecological conditions were reported by 

Jones (1959) and layaraman et al. (1966). Pati! and Ramamirtham (1963) 

observed the current circulatory patterns in Lakshadweep sea during winter 

8 
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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 HOE 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) detennined the primary production of the seagrass beds of Kavaratti 

atol l. 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 

(1 986). 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 macro invertebrate abundance 

9 
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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 at. 

(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 sea grass bed by Ansari (1984) during the 104 cruise ofR. 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 at. ( 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-iI-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. 

II 



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 

Chapter. 2 

MATERIALS AND 

METHODS 

Lakshadweep, otherwise known as the ' coral paradise' of India 

consists of36 Islands and lies between 08° 00' _12° 30' N and 70° 00' _74° 

00' E in the Arabian Sea. Minicoy Island located at 08° IT N and 73° 04' E 

is the southern most Island in the Lakshadweep group with a land area of 

4.4 km2 and length of 9.5 km. Tidal amplitude is approximately 1.75 m. 

The lagoon occupies about 30.5 km2 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 mainl?lld. 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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Graci/aria, Caulerpa, Acanthophora, etc. were extensively seen in this 

region (plate 2. 2. a). 

Station 4. Nortbern 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 Cereop.l' 

taga! (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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species of Cymodaceae and Syringodium. Seagrasses were found along 

with seaweed species such as Graci/aria, Halimida, Pedina, Caulerpa, 

Acanthophora etc. Mangrove region of Minicoy is limited to two patches 

of about I ha each. In many coral Islands and atolls, there are only few 

mangrove species, which are generally stunted 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 200 I. 

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 

stat ions 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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Fig. 2. I. Location Map of Mini coy showing the sampling stations 
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collections were made from the above stations (Holme and Mc Intyre, 

1984). 

Station 1. Southern Tha/assia bed 

This site was located on the southern 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 fi ner sediment particles and causes trapping of them 

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

Station 2. Southern Tha/assia-Ha/ophila 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 I. 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 fi ne sand. Seaweeds such as species of 
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a. Station I -Thalassia bed 

b. Station 2-Tha/assia - halophila bed 

Plate 2. I. Southern Seagrass stations 
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a. Station 3-Cymodaceae bed 

b. Station 4-Syringodillll1 bed 

Plate 2. 2. orthern Seagrass stations 
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a. Station 5-Mangrove station bordered by Cerops tagal 

b. Station 6-Mangrove station bordered by Avicinl1ia marina 

Plate 2. 3. Mangrove Stations 
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a. Thalassia sp. 

b. Cyll/odaceae sp. 

b. Syringodillll1 sp. 

Plate 2. 4. Major sea grass 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 thc laboratory and stored in an 

insulated box till they were analysed. Interstitial water was taken with the 

help of an air s one, 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 lntyre, 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 el aI" 

1984; Eleftheriou and Holme, I 984). Quadrat data was gathered at 10m 

intervals along 10m 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 lntyre, 197 1: 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. 1. Water 
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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). \0 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 butTer 

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 be determined by titration with 

sodium thiosulphate. 

utrients: A ~tandard graph was prepared for each nutrient factor using 

known concentrations of standards. The absorbance of the sample was 

measured using Erma AE, II photoelectric colorimeter and the nutrient 

17 
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values were expressed in international units of microgram atom per litre 

(Ilg at II). 

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. After 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 conica.l flask. One ml of sulphanilamide 

solution was added to the sample. After 2 minutes but not later than 8 

minutes ml of N.N.E.D. (N- ( I-naphthyl) ethylene diamene 

dihydrochloride) solution was added and mixed thorough.ly. The optical 
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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 (CUS04 

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 I 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, I ml of sulphanilamide 

solution. After not less than 2 minutes and not longer than 8 minutes I ml 

of N.N.E.D. (N- (I-naphthyl) ethylene diamene dihydrochloride) solution 

was added to the sample. The absorbance of the sample was determined 

after 10 minutes at 530 nrn. 

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 dispers ion and 

frac tionation of partic les. The percentage of each grade (sand, silt and clay) 

was calculated. 20g soi l was weighed in a beaker and moistened with 

water. 30 ml of 6% H20 2 was added and heated for 1 hour for the 

complete evolution of CO2, The solution was cooled and diluted with 100 
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ml water and 25 ml of2 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 I 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 ofEI-Wakeel and Riley, 1957. 

2. S. 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 200 I for Minicoy region of 

Lakshadweep. 

2. S. 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, transfe rred to a large white 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 

fo rmalin 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 m2 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 1m2 for comparison purpose. Individual organisms having 

comparatively very high wet weight were not extrapolated to I m2, 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 at"~ 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 a/. , 
1980). 

Annual benthic production- carbon content X 2 g CNr (Sanders, 1956) 

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

The potential yield- 10% of the benthic standing stock 
(parulekar et al., 1982). 
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2. 7. Statistical methods 

3-way ANOV A: Three-way analysis of vanance was applied to the 

transfonned 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 Margalefs 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 infonnation 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 transfonnation of data using Tucky's test of additivity (Tuckey, 

1949) wherever possible. 
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Chapter. 3 

ENVIRONMENTAL PARAMETERS 

3. 1. 1. Temperature 

3. 1. 2. Salinity 

3. 1. 3. pH 

3. 1. 4. Dissolved oxygen 

3. 1 .5. Nutrients 

3. 2. Comparison of stations based on hydrography parameters 

3. 3. Sediment characteristics 

3. 3. 1. Sandi silt/ clay fraction 

3. 3. 2. Organic carbon 

3. 4. Rain fall patterns 

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 P04, SiO], N02 and NO]. For 

the study of hydrological parameters, the sampling stations were 

categorised in three areas. Stations I 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 (0C) 

Atmospheric temperature 

At southern seagrass area, the temperature varied from 26.2°C 

(December 1999) to 31 .6°C (October 1999). Ln the northern seagrass area, 
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the value ranged from 26.5°e (December 1999) to 32.6°e (May 200 I). 

Minimum atmospheric temperature recorded in the mangrove area was 

26°C (December 1999) and the maximum 31°C (May 2001) (Fig. 3. I). 

The minimum average seasonal value observed was 28.4°e (post

monsoon of I SI year) and the maximum was 30.8°e (post-monsoon of 2nd 

year) at the southern seagrass area. The minimum and maximum seasonal 

averages at the northern seagrass area were 26.7°e (lSI year monsoon) and 

29.4°e (2nd year pre-monsoon) respectively. The mangrove area recorded a 

minimum average value of 27.5°e during lSI year post-monsoon and a 

maximum of29.8°e during I SI year monsoon (Table 3. I. I). 

Surace water temperature 

The range in surface water temperature noticed at area I, area 2 and 

area 3 were 26.SSoC (August 2001) to 31.Soe (May 2001), 26.soe 

(October 1999) to 31.0Soe (May 200 I) and 26.soe (December 1999) to 

30se (April 2000) respectively (Fig. 3. 2). 

The seasonal average value was lowest In 2nd year monsoon 

(27.7°C) and highest in 2nd year pre-monsoon (29.8°C) at area I. At area 2, 

the lowest value was noticed in 2nd year post-monsoon (27.S°C) and the 

highest in 2nd year pre-monsoon (29. 1°C). Area 3 showed the lowest value 

in 2nd year monsoon (28.2°C) and highest in 151 year pre-monsoon (29.4 0c) 

(Table 3. I. 2). 

3. 1. 2. Salinity (ppt) 

Surface salinity 

At southern seagrass area, the surface salinity varied from 

27ppt (August 2000) to 3Sppt (November 2000). At the northern seagrass 

area, the values ranged from 28.11 ppt (August 2000) to 34.9Sppt 

(November 2000). Minimum surface salinity recorded at the mangrove 
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area was 28.4ppt (September 2000) and the maximum was 3S.6ppt (May 

2000) (Fig. 3. 3). 

The minimum average seasonal value of southern seagrass area was 

28.9ppt. (monsoon of I SI year) and the maximum was 34.1 ppt (post

monsoon of 2nd year). The minimum and maximum seasonal averages at 

the northern seagrass area were 29.3ppt (I SI year monsoon) and 34.1 ppt (2nd 

year post-monsoon) respectively. The mangrove area recorded a minimum 

value of 29Jppt during lSI year monsoon and a maximum of 34.2ppt 

during 2nd year pre-monsoon (Table 3. 1.3). 

Interstitial salinity 

The range in interstitial salinity noticed at area I, area 2 and area 3 

were 27.26ppt (September 2000) to 3S.69ppt (February 2001 ), 2S .6ppt 

(May 2001) to 3S.7ppt (October 2000) and 26.17ppt (April 2000) to 

32.S8ppt (May 2001 ) respectively (FigJ.4). 

The seasonal average value was lowest In I sl year monsoon 

(28.2ppt) and highest in 2nd year pre-monsoon (34Jppt) at area I. At area 

2, the lowest value was noticed in I sl year monsoon (28.8ppt) and the 

highest in 2nd year post-monsoon (34Jppt). Area 3 showed the lowest 

value in l SI year pre-monsoon (27.5ppt) and highest in 2nd year monsoon 

(30.4ppt) (Table 3. I . 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 200 I) and the maximum was 8.5 

(April 2000) (Fig. 3. 5). 
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Fig. 3. 3. Monthly variations in S. salinity at the three study regions 

iOZQi~·CC~~C~OZQ~~.C.~~C 

---southern seagrass -+- northern seagrass ....-- mangrove 

Fig. 3. 4. Monthly variations in In. salinity at the three study regions 



Chapter 3. Environmental parameters 

The seasonal variations were very low at all the three areas 

(Table3. 1.5). 

3. 1.4. Dissolved oxygen (ml/l) 

The lowest value of dissolved oxygen was noticed at area I, area 2 

and area 3 during November 1999 (2.33mVI), January 2000 (3.13mlfl) and 

ovember 1999 (1.25mVl) respectively. The highest value was noticed in 

October 2000 for all areas, and the magnitude of values were 6.45ml/1 for 

area 1, 5.5mVI for area 2 and 4.35ml/1 for area 3 (Fig. 3. 6). 

The average seasonal value was lowest in 2nd year pre-monsoon 

(3.lmlIl) and highest in I sl year pre-monsoon (3.9mlfl) at area I. At area 2, 

the lowest value was noticed in I sl year post-monsoon (4mVI) and the 

highest in 2nd year post-monsoon (4.6mVI). Area 3 showed the lowest 

value in 2nd year pre-monsoon (1.9ml/1) and highest in I sl year monsoon 

(3.5ml/l) (Table 3. I. 6). 

3. 1. 5. Nutrients (Jlg at /I) 

3. 1. 5. 1. Silicates 

Surface: At southern seagrass area, the surface silicates varied from I Jlg at 

II (June 2000) to 9.5 Jlg at II (May 2001). At the northern seagrass area, the 

value ranged from I J.Lg at II (October 2000) to 5.67 Jlg at I I (March 2000). 

Minimum surface silicates recorded at the mangrove area was 1.11 Jlg at I I 

(June 2000) and the maximum was 6 Jlg at /I (March 2001) (Fig. 3. 7). 

The minimum average seasonal value of 1.8 Jlg at I I was noticed in 

monsoon of 2nd year and the maximum, 7 Jlg at I I in pre-monsoon of 2nd 

year at the southern seagrass area. The minimum and maximum seasonal 

averages at the northern seagrass area were 1.6 Jlg at I I (151 year post

monsoon) and 3.6 Jlg at I I (lSI year pre-monsoon) respectively. The 

mangrove area recorded a minimum value of 1.7 Jlg at I I during 2nd year 
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monsoon and a maximum of 4.6 I1g at II during 2nd year pre-monsoon 

(Table 3. I. 7). 

Interstitial: The range in interstitial silicates noticed at area I, area 2 and 

area 3 were 1.56 I1g at II (June 200 I) to 6.4 I1g at II (May 200 I), 1.45 I1g at 

/I (December 2000) to 6.7 I1g at II (April 200 I) and 2.67 I1g at /I (December 

2000) to 7.8811g at II (May 2001) respectively (Fig. 3. 8). 

The average seasonal value was lowest in 2nd year monsoon (2.4 I1g 

at II) and highest in 2nd year pre-monsoon (4.4 I1g at II) at area I . At area 2, 

the lowest value was noticed in 2nd year monsoon (2.3 I1g at II) and the 

highest in 2nd year pre-monsoon (5 I1g at II). Area 3 showed the lowest 

value in lSI year post-monsoon (4.3 I1g at II) and highest in 2nd year pre

monsoon (7.3 I1g at II) (Table 3. 1.8). 

3. 1. 5. 2. Phosphates 

Surface: At southern seagrass area, the surface phosphates varied from 

0.75 I1g at II (April 2000) to 4.4 I1g at II (April 200 I). At the northern 

seagrass area, the value ranged from 0.86 I1g at II (February 200 I) to 4.5 I1g 

at I I (October 1999). Minimum surface phosphates, recorded at the 

mangrove area was 0.75 I1g at II (April 2000) and the maximum was 2.7 I1g 

at II (May 200 I) (Fig. 3. 9). 

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

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

Interstitial: The range in interstitial phosphates noticed at area I, area 2 

and area 3 were 311g at 11 (March 200 I) to 24.8 I1g at II (April 2000), 3.15 

I1g at II (July 2000) to 19 I1g at 11 (February 200 I) and 2.5711g at II (January 

2001) to 35 I1g at II (February 2000) respectively (Fig. 3. 10). 

The average seasonal value was lowest in 2nd year post-monsoon 
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Fig. 3. 9. Monthly variations in S. phosphates at the three study regions 
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( I 0 ~g at II) and highest in 2nd year monsoon (19.1 ~g at II) at area 1. At 

area 2, the lowest value was noticed in 151 year monsoon (5 .6 ~g at II) and 

the highest in 151 year pre-monsoon (1 0.9 ~g at /I). Area 3 showed the 

lowest value in 2nd year post-monsoon (7J fig at II) and highest in 2nd year 

monsoon (21.4 ~g at II) (Table 3. 1. 10). 

3. 1. 5. 3. Nitrite-Nitrogen 

Surface: At southern seagrass area, the surface nitrites varied from 0.17 ~g 

at II (February 2000) to 2.5 fig at II (March 200 I). At the northern seagrass 

area, the value ranged from 0.05 ~g at /l (November 2000) to 2.5 ~g at II 

(February 2001). Minimum surface nitrites recorded at the mangrove area, 

was 0.12 ~g at I I (March 2000) and the maximum was 3.75 ~g at II 

(February 2001) (Fig. 3. II). 

The lowest average seasonal value was observed in the 151 year pre

monsoon for all three areas (0.3 fig at II, 0.4 ~g at II and OJ fig at II for area 

I, 2 and 3 respectively) and the highest in 2nd year pre-monsoon (2.1 ~g 

at/I, 1.5 fig at II and 1.9 ~g at II for area 1,2 and 3 respectively) (Table 3. I. 

II ). 

Interstitial: The range in interstitial nitrites observed at area I, area 2 and 

area 3 were 0.29~g at II (August 2000) to 6.67 ~g at II (May 2001), 0.92 ~g 

at I I (November 1999) to 8.65 ~g at II (February 200 I) and 0.56 ~g at II 

(December 2000) to 7.5 ~g at II (April 2001) respectively (Fig. 3. 12). 

The lowest average seasonal value was 0.9 I!g at II at area I (in both 

151 year pre-monsoon and monsoon). The lowest value was noticed in 2nd 

year monsoon (2.1 ~g.at./) at area 2 and 151 year monsoon (1.I ~g at II) at 

area 3. The high ~st seasonal averages were seen in 2nd year pre-monsoon 

(5.1 ~g at 11, 5.1 I!g at II and 3.6 I!g at II respectively for area 1,2 and 3) 

(Table3. 1. 12). 
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Table 3. 1. Seasonal average of hydrographic parameters 
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3. 1. 5. 4. Nitrate-Nitrogen 

Surface: At southern seagrass area, the surface nitrates varied from 0.13 Ilg 

at II (February 2000) to 3.4 Ilg at II (May 200 I). At the northern seagrass 

area, the value ranged from 0.13 Ilg at /I (February 2000) to 3.75 Ilg at II 

(May 2001). Minimum surface nitrates recorded at the mangrove area was 

0.13 Ilg at II (February 2000) and the maximum 3.67 Ilg at II (May 200 I) 

(Fig. 3. 13). 

The variations were not significant spatially. The highest value was 

observed in the 2nd year pre-monsoon (2.2 Ilg at II, 2.3 Ilg at II and 2.4 Ilg at 

II for area 1,2, 3 respectively) (Table 3. 1. 13). 

Interstitial: The range in interstitial nitrates observed at area I, area 2 and 

area 3 were O.4llg at I I (August 2000) to 6.75 Ilg at II (April 2001 ), 0.38 Ilg 

at II (August 2000) to 5.8 Ilg at II (May 200 I) and 0.1 Ilg at II (June 2000) 

to 3.97 1lg at II (October 1999) respectively (Fig. 3. 14). 

The seasonal averages ranged from 1 Ilg at I I to 3.5 Ilg at II, 1.3 Ilg 

atll to 3.5 Ilg at II and 0.4 Ilg at /I to 3.1 Ilg at II at area I, 2 and 3 

(Table3. 1. 14). 

3. 2. Comparison of stations based on hydrographic 
parameters 

3. 2. 1. Atmospberic temperature 

Average atmospheric temperature was maximum (29.49°C) at 

station I 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% (sI.5, 6) - 4.93% (St.l -4). Average 

temperature at stations I and 2 were significantly different from that at 

stations 3 and 4 (t (46. 1%) = 3.273, P<O.OI) (Fig. 3. 15. a). 
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3. 2. 2. Water temperature 

Water temperature was highest at station I 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 (stafon I). Water temperature did not show large-scale 

variations between stations (P>0.05) (Fig. 3. IS. 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. c). 

3. 2. 4. Interstitial salinity 

Among 6 stations, interstitial salinity on an average ranged between 

32.24 ppt. (station I) 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 (22. I 'Yo» 4.507, 

P<O.OI) (Fig. 3.15. d). 

3.2.5. pH 

Temporal 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% 

at st.3 and 4. pH at stations I 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. I 'Yo» 2.578, P<O.OI (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 mill) 

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 I and 2 were significantly 

different from that at station 3, 5 and 6. Dissolved oxygen values at stJ & 

4 were significantly different from that at stations 5 and 6 (t (46,5%) > 1.96, 

(P<0.05) (Fig. 3. IS. I). 

3. 2. 7. Surface silicates 

Coefficient of variation for surface silicates was maximum at 

stations I and 2 (66.26%) and least at stations 3 and 4 (54.82%). Average 

surface silicate was maximum at stations I and 2 (3.68 Ilg at II) and 

minimum at station 3 and 4 (2.49 Ilg at II). It was observed that stations 3 

and 4 were highly significantly different from station I 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 Ilg at II (station 3) to 3.57 Ilg at /I (station 2) where 

as the values at stations 5 and 6 were high [5.29 Ilg at II (station 6) - 5.38 

j.lg at I I (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 I to 4 (t (46. I %) > 3.92, P< 0.0 I) 

(Fig. 3. I S. h). 
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3.2. 9. Surface phosphates 

This parameter on the average showed least values (1.44 Ilg at /I) at 

stations 5 and 6 and maximum value (1 .99 Ilg at II) at stations 3 and 4 with 

seasonal variation ranging between 34.29% (station.5, 6) and 52.07% 

(station I and 2). Phosphate concentration at stations 3 and 4 were 

significantly higher than that at stations 5 and 6 (t (46. 5%) > 2.54, P<. OS) 

(Fig. 3. IS. i). 

3. 2. 10. Interstitial phosphate 

Concentration of interstitial phosphate was nearly 4 times at stations 

3 (8.24 Ilg at /I) and 4 (8.47 Ilg at II) and more than 6 times at stations 1,2, 

5 and 6 (13.03 Ilg at /I (station I) - 13.81 Ilg at II (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. IS . j). 

3.2. 11. Surface nitrite 

It showed a reverse form of spatial distribution compared to surface 

phosphates with least concentration (0.79 Ilg at /I) at stations 3 and 4 and 

highest (0.92Ilg at II) 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. IS . k). 

3. 2. 12. Interstitial nitrite 

Interstitial nitrite was least at station 5 (2. 13 I!g at /I) and highest 

(3.17 I!g at II) at station 4. Stations I and 2 showed highest temporal 

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

C.V. 1 
I 

Station 1 X S.D -(%)- LCL 
29.488 1.453 4.926 26.640 - -
28.725 1.069 3.720 26.631 - -
32.200 1.954 6.067 28.371 - -
32.237 2.186 6.782 27.952 -
8.004 0.117 1.463 7.775 -

issolved oxygen (ml!l) 3.767 1.026 27.233 1.756 
Surfa~e silicates (Ilg_at /I) 3.680 2.438 66.261 -1.099 

--
Surface phosphates (I:g at /I) 1.881 0.979 52.068 -0.039 
Surface nitrites (Ilgat /I) 0.869 0.706 81.309 -0.516 

O~71I -' 
-

Surface nitrate_s_Utg_at II) 1.155 61.546 -0.238 - -
nterstitial silicates (I!.g at II) 3.481 1.376 39.536 0.784 -

,!nterstitial phosphates (Ilg at /I) 13.027 6.037 46.344 1.194 
terstitial nitrites (Ilg at II) 2.248 1.793 79.745 -1.266 
terstitia~i~tes (llg_at!J) 2.260 1.506 66.624 -0.691 

Station 2 
'_ tmosphe'ri-'-c- t-em-. pe-~-tur-ej~C) '29.488 ,. 1.453i 4.92l68 6.640 
Water temperature (DC) 28.704 1.0821 3.770 26.583 
Surface salinity (ppt.) 32.196 1_.~~ 5.988 28.~17 

terstitia~salinity.JEE.t. .=':"-.-_ 1--_ 2.:.19_1,_ 6.801--'--:-27.922 
pH 0.1)].j _ 1.463 __ 7.775 

issolved oxygen (mlll) 1.064 1 28.399 1.661 
Surface silicates (Ilg atilt 2.438 66.261 -1.099_ 
ISurface phosphates C!!g at ~) 1.88 1 0.979 52.068 -0.039 
Surfa~e nitrites ( g~t/I) 0.869 0 ._~06 8 ~309_~0.5}_6 
Surface nitrates (Hg at/I !.I 55 0.711 6 !)~6 1--0.238 
nterstitial silicate~Utg at/I) 3.573 1.373 38.440 0.881 
terstitial phosphates (Ilg at.!]) 1}.275 6.079 45.792 1.360 
terstitial nitrites (Ilg at /1)_ 2.289 1.809 79.029 -1.257 
terstitial nitrates (Ilg at /I),---;:--,-;=-=:~:=,----,I=::-.477~ 63.308 -0.560 

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

VCL ' 
32.335 
30.819 
36.029 
36.523 1 
8.234 
5.777 

8.458 I 
3.800 
2.253 
2.547 
6.179 
24.86 
5.762 
5.211 

32,335 
30.825 
35.975 
36.511 
8.234 
5.831 
8.458 
3.800 
2.253 
2.547 
6.265 

25. 190 1 

5.835
1 

5.211 
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Table 3. 2. contd .. , 
C.V. I 

StatioD_3 ______ -,r---'X S.D I (%) LCL VCL 
_ tmos~~erie_te!!!perature (0C) . 28.117 ~ 1.387 4.933 25.398 30,835 j 
Water temperature eC) 28.146 1 1.036 ~ } .682 2§..1I 5 1 30.177 I 

Swjaee salinityJ ppt.)_ 32.196 ±i 1.782 /, 5.535 28.703 T 35.688 I 

~7::~~:::::-:;;: j ':::0 nr7~I~'~I~ -2~: !'~ii · 
Surface silieate.Ul1g~t II) 2.490 ±I 1.365 54.823 -0.186 5.166 
Surfacejlhosphate~."<l1g at/I) 1.994 ~ 0.932 46.728 0.168 3.820 
Surface_nitrites (l1gat/l) I 0.786 ± 0.559 , 71.120 -0.3 10 
,Surface_nitrates (l1g at II) r 1.219 ±, 0.826 ) 67.753 -0.400 
Interstitial silicates (l1g at /I) 3.27 ± 1.324 40.423 0.680 

Interstitial phosphates_(I.Lg at /I) 8.237_ ~ 4.390 j 53.293 _ -0.367' 
nterstitial nitrites (l1g at II) 3.050 1.941 63.639 -0.754 
nterstitial rEtrate; (l1g at /I) _ _ 2.230T 1.332 7 59.70'9 -0.380[ 

- -StatioD 4 
A If!l.0sp~erie _temperature (0C) 

W ater:.,temperature CC) 
S urfaee salinityJ ppt.) -
In terstltial_saIinity (ppt.) 
H 
issolved oxygen (ml~l) 
urfaee silicat~UJ.tg a0) 
urface phospltate~JI1!lat /I) 
urface nitrites (l1g at I I) 
urface nitrates (l1g_ at II) 

28.117 :I: 

28.179 :I: 

32.163 :I: 

32.046 :I: - -
7,729 [-:I: 
4.225 ±t 
2.490 ± 
1.994 i 
0.786 :I: 

1.219 ± 

1.387 
1.026 
1.777 
2.616 
0.177 
0.573 
1.365 
0.932 
0.559 
0.826 

~ 

4.933 
3.64 1 
5.525 
8.165 
2,287 

- -

13,567 
54.823 
46.728 
71.120 
67.753 
37.938 

25.3981 
26.168 ' 

28.680 
26.918 
7.383 
3.102 
-.186 -
.168 -
-.310 
-.400 
.849 

1.881 
2.837 
5.871 
16.841 
6.855 
4.840 

30.835 
30.190 
35.645 
37.174 

8,076 
5.348 

5.166

1 3.820 
1.881 I 
2.837 
5.771 n 

n 
n 

In 

terstitial silicates (l1g at I I) 3.310 
te;5titial phosphates (llg at /I) - 8.467 . ±f' 
terstitial nit~ite~l1g a.!11) ~ -3~174 I 

±!1.256 
4.409 
1.939 
1.328 terstitial nitrates (llg at /I) 2.307 

- . . -

52.070 .. I74t 17.109 I 
61.104 -.627 6.975 -
57.559 -.296 4.910 

LCL - Lower Confidence limIt at 95% confidence 
UCL - Upper Confidence limit at 95% confidence 
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Table 3. 2. contd ... 
- ---

28~l81 
C.V. 

Station 5 S.D (%) LCL UCL -
31.507 I ~tmospheric ternperat:rre e C) 1.362 4.723 26.168 - ~ 

Water tern rature (0C) 28.658 .863 3.013 26.966 30.351 
-

2 .066 _~6.3_85_ Sw:face salinity (ppt.) 32.354 28.305 36.403 
Interstitia~i~tyjppt.) 28.900 1.522 5.266 25.917 31.883 -
H 8.196 .167 2.037 7.869 8.523 

-

Disso~_ed_oxygen (rnl~!) 2.733 .933 34.152 .904 4.563 I 
Surface_silicates (Ilg_ati l) 2.886 55.368 -.246 6.018 -
Surface"'phosphates (Ilg_ at /I) 1.435 .492 34.295 .471 2.400 
Surface_ nitritesJ J:1g_a!i!)_ 0.917 .766 83.581 -.585 2.418 
Surface nitrates (Ilg at /I) 1.1 OS .S33 75.246 -.526 2.741 -

. 1.729 1 32.149_ 
-c' 

nters!!.tial silicates (Ilg at /I 5.377 1.989 8.765 
nterstitial phosphates (Ilg at /I) 13.814 7.775 56.285 -1.425 29.053 

Interstitial nitrites (Ilg~t II) 2.123 1_.6~H7.6S5 -1.110 5.356 -
terstitial_ nitrates ~g_atil) 1.612 1.122 69.612 -.587 3.812 _. - -

Station 67-----,---;;;-:;;-:-.,-;;-;~-;;r-~ 
- tmos he,!jc_ternpe1!lture c.C) 28.838 1.362 4.723 26.168 1 31.507 

~
ater tern~rature_c.C) 28.629 .873 3.049 26.918 30.340 

urface salinity (ppt.) 32.280 2.053 6.361 28.255 36.304 
terstitial salinity (ppt.t 28.917 1.528 5.285 25.922 31.913 I 

!pH 8.196 .167 2.037 7.869 8.523 I 

bissolv~ oxygen (ml{l)_ 2.791 .943 I 33.784 .943 4.640 
~urface_silicat~~ aV!)_ 2.886 1.598 55.368 -.246 6.018 
\Surface'phosphates (Ilg at /1)_ 1.435 .492 34.295 .471 2.400 
iSurface_ ni.!J:ites~g at /I _ .917 .766 83.581 -.585 2.418 

urface nitrates (Ilg at /I) 1.1 08 .833 1-,75.246 -.526 2.741 
Interstitialyilicates (Ilg atil)_ 5.290 1.579 129.842 2.196 8.384 
flterstitialyhosphates (Ilg at /I) 13.814 7.775 56.285 -1.425

12
29.053 

[Interstitial nitrites (Ilg at /I 2.140 I.644
J
' 76.811 -1.082 - 5.362 I 

i!n.lerstitial nitrateslf1g at/I) I:661 1.118 _67.299 -.530 3.853 j 
LCL - Lower Confidence limit at 95% confidence 
UCL - Upper Confidence limit at 95% confidence 
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(61.10%). The nitrite concentration at station 4 was highly different from 

that at station 5 (t (46, 5%Y 1.96, P<O.05) (Fig. 3. 15. I). 

3. 2. 13. Surface nit rate 

This also showed a pattern of distribution similar to that of 

phosphate with respect to average values with least concentration (1.11 Ilg 

at II) at stations 5 and 6 and highest concentration (1.22 Ilg at II) at stations 

3 and 4. Temporal variations were least at stations I and 2 (61.55%) and 

highest (75.25%) at stations 5 and 6. Stationwise comparison showed no 

significant difference between stations (t (46. 5%) < 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 Ilg at II (station 5) and 2.33 Ilg at II (station 2) with 

no significant difference between stations (t (46. 5 %) < 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. IS. n). 

Average (X) and co-efficient of variation (C.V (%) of 

environrnental/hydrographic parameters at Station I to 6 were given in 

Table 3. 2. 

3. 3. Sediment characteristics 

3. 3. 1. Sandi 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 I, the range of sand, silt and 

clay fraction (%) was 89.26 (March 2001 ) to 96.15 (December 2000), 1.08 

34 
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" " / 

/ --

3- station 3 
6- station 6 

SILT 

Fig. 3. 16. Trellis diagram showing sandy nature of sediment at all stations 
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Table 3. 3. Season wise sandi silt/clay fraction at the three areas 

, 
Sand b I 

j %)- --:: 
i 

--, 
~ear Season _ Jarea -Darea 2 ,area 3 Larea 1 

- I 

I t-::-!-- -
1999 I post-mon 94 96 82 2 I 

- . 

Silt I -~ , Clay I 
j %) _ ~ C'/o) I 
area 2 ,area 3 area 1 ;area 2 larea 3/ 

: ·1 I , I 
3 3 I 4 I 15 . . 

, 
-, 

¢ OOO pre-mon 90 94 78 2 I - - - 1--- r- - t-- - 4 6 8 2 16 

9i -
- - I monsoon 91 86 3 

1- +-- - - - 6 8 I3 
I-

I 
Jlost-mon 95 96 82 I r-- --+- - - 4 4 3 14 . c----

2001 pre-moo 9O-L" -~83 J - r-- - ___ c 

monsoon I 95 : 96.5 85 1.5_ 

2 0 7 6 17 

1.5 I~ 2 14 

Table 3. 4. Season wise organic content (%) at_the three areas 
r - --

!-are;l~ Year Season 
. 

1999 post-monsoon 1.2 
oj 

area 2 area 3 

0.56 2.8 

c-l000_ pre-monsoon 1.5 r 0.28 2.8 I 
monsoon ,-2.0§i 

-
post-monsoon 1.12 --

f-
2OO1 I pre-monsoo~_ 

t-
1.58 -

! I I ._ monsoon 1.04 -

I 0.64 2.2 
- -

0.32 I 
_4.4= I 

0.48 
_ 2.8 1 

0.74 3.2 
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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 I, 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. Sandi sil t/ clay fractions of area 2 were 

almost similar but comparatively more sandy than area I. 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 I, area 2 and area 3 were 0.90 to 1.95, 

0.30 to 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 sl ight annual variations at 

Minicoy (Fig. 3. 19). The monsoon months of both years showed 
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highest rainfall and the pre-monsoon recorded the least. During the I SI year 

the month of May showed a comparatively higher value than that of 2nd 

year May indicating the onset of early monsoon during the first year. 
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4. 1. Composition and distribution 

.f. 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 

Chapter. 4 

BOTTOM FAUNA 

The macrobenth ic 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 II genera, other 

crustaceans of 19 species under 13 genera, echinoderms of II species 

under 7 genera and sponges of 2 species under 2 genera constituting a 

grand total of 160 species (Table 4. I). 

Total number of species found at each station was 137 (station I), 

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 time~ occurred! 24_sampliI.Jg_ months)x 1 00_ 

SPECIES st. 11 st. 2 st. 31 

GASTROPODS:........._ 

~unc~c;;,;-a~akusaensisj 0.0>- 16.7, 

arania li~at_a _ __ 16.7\ 8.3j 
Cerithium corallium 91.7 91.7 
Cerithium alveolum 54.2 

Cerithium dialeu.-::cu:::.:m~_-l-_ 16.7 

Cerithium rarimaculatum 4.2 

Cerithium ~cabri~_ 87.5 

Cerithium rostratum ~33.3 
Cerithium nesioticum 29.2 

Clypeomoru~corallium [ 12.5 

Rhinoc/avis sinensis , -
~rene sp. 
l!'yrene vulpecula __ 

/Me/anachis _ marqu~sa 
Conus catus ----

/ 

8.3r 70.8 

16.7, 

16.7 

8.t 
Conus ebraeus 20.8 

Co~aI!Jop!:i1a costlliaris 29.2 

Cyp~ea _annulus 12.5 

Cyprea arabica \6.7 

62.5 , 
33.3 

4.2\ 

62.5 

25.0 

41.7 
4.2 

12.5, ,.. 
66.7 

25.0' 

12.5
1 

t 

29.2 , 
4.2 

45.8 
1 

8.31 
12.5 

Cyp~e..a moneta __ _ 62.5! 33.3, 
Cyprea teres. ___ _ 

ICyp~e~tigris _ _ _ 

azescala japonica_' _ 

iso heiz:.:.e:::ns:::is=--_ 

il/arina undulata 

Slrigatella litterala 

rupella sp. 

assarius distorlus I 
Wialha stigmaria I 
r -
Zeuxis_sp,-. ____ _ 

IPolinices jlemengillm "1 

alica ruJa __ __ _ 

16.7 8.3) 

12.5 _ 12.5j. 
0.0 4.2~ 

0.0_12·~i 
12.5 0.0

1 

12.5 20.8 

0.0 4.2 
4.2 
0.01 
4.2 

12.5 
16.7 
8.3 

8.3 1' 
4.2 

16.7 
0.0 
0.0 

12.5 

12.5 
0.0, 

0.0 
45.8 

37.5 , 
66.71 
0.01 
4.2 

87.5' , 
12.5 

25.0 

33.3 
; 

0.01 , 
12.5 

0.0 

0.0 
16.7. 

0.0 
0.0 
0.0 

16.7 
0.0 

20.8 

0.0 
0.0

1 

0.0 
8.3 

0.0 
25.0 
0.01 

st. 4 st. 5 , 
, 

0.0 0.0 

0.0 
58.3 

0.01 
95.8 

45.8 0.0 

8'-=4-3 _ 0.0 
0.0 25 .0 

58.3 20.8 

50.0 

79.2 
0.0 

12.5 

91.7 
16.7 

25.0 

4.2 

0.0 

8.3 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
8.3 

0.0 
0.0 
0.0 

4.2, 
0.0

1 
12.~ 

0.0 
8.3 

0.0 

0.0 

0.0 
0.0 

0.0 
25.0 

. 

, 

0.0 
0.0 
0.0, 
0.0 
0.0 
0.0 
0.0 

0.0/ 
0.0 

- 0.01 

, 
0.0 
0.0 1 

0.0 
95 .8 

0.0 
0.0 
0.0 
0.0 
O.O! , 
0.0

1 0.0 

st. 6 

0.01 

0.0 

100.01 
0.01 

0.0 

8.3 

\6.7 

0.0 
0.0 
0.0 
0.0 

12.5 

0.0 
0.0 

0.0 

, 

I 
0.01 
0.0 

0.01 

0.0 
0.0 

0.0 

0.01 
0.0 
0.0, 
0.0 

95.8, , 
0.01 
0.0

1 
0.01 

0.0 
0.0 
0.0 
0.0 
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Table 4. I. contd .... 

.:::'S:..cPE::.C=lE=S:...-_ ____ ---=s:.::t.c..:l'--~s.:.:.t. .:::.2---st..::.3~----=:.st::... -=-4'_~st~. 5~---=st. 6 
maragdJ!l viridis __ 75.0 83.3 70.8 70.8 16.7 8.3 

maragdia soverbiana~~_ 79.2L 87.5- 58.3 62.5 8.3 20.8 
r:itlina variega~a_ ___ 0.0 8.3, 16.7~ 4.2L _ 0.0: 0.0, 

Ter~bralia Y'1-::.::lu:::.:str:..c.iS~ __ __+_-O.O~ 0.0, _ 0.0\'_ _O~ 100.01 100.0 
Agatha_virgo 4.2 0.0 0.0 0.0) 0.0

1 

0.01 
IA'gatha lepidule - 4.2C 0.0 0.0 0.0 0.0 0.0 

brguli~pupula -O'~f-- 4.2 20.81 4.2 0.0, 0.0' 
~Cymatium neobaricum_ _ O'0L- 8.3 8.3\ 0.0 0.0 0.0 
Cymatriton nicobaricu~ 0.0 0.0 8.3 0.0 0.0 0.0 

Cinctis£ala~,p._ 4.2 12.5 0.0 0.0 0.0 0.0' 
1 

ecorifer insignis ~ 8.3 8.3, O.Or 0.0 0.0 0.0 
Casmeria ponderisai I - 0.01-12.5 0.0 4.2 0.0 0.0 

Strombus canarium 1_20.8,.-, __ 4.2 16.7 O.oj 0.0: 0.0 
Slrombus mutabilis 33.3 33.3 25.0 0.0

1 

0.0 0.0 

Cingulolerebra hedleyana 8.3 29.2, 8.3 8.3, 0.0' 0.0 
argarites_helicina 20.8 25 .0, 0.0 0.0 25.0 29.2 

Truncalella pleifJe~ _ 0.0 0.0 0.0: 0.01 0.01 0.0 

nidentified 129 4.2 8.3 4.2 4.2 0.0 0.0 
• 

Dolab!dla ! umphii 37.5 41.7 0.0 0.0 0.0 0.0 

Polycera sp_. _ 12.5 1d 0.0, o.oj 0.0 0.0: 

Gymnodoris ceylonica 4.2! 25.0 0.0 O '~I 0.0 0.01 
, Iysia_sp .. _____ 29.2 r- 4.2 0.0, O.~ 0.0 0.0 

margdinella_canaliculata ~5.01 16.7 0.01 0.0 0.0 0.0 

diala lauta_ _ 44.'22 00.'001' 0.0
1 

00 .. 00 0.0 00·.00 
Dolab!!fera c{olab'Jl era_ 0.0 0.0 

BTY AL VES=--__ _ 
unulicardia auricula 1 

Cardium asiaticum I 
Corculum impressum , 
~ --~ 

12.5 
20.8 
12.5 

I _ 0.0
1 

4.21 
I 

8.3 
f.!-ena delicalula ____ 1 _ 33 .3

h
33.3 

actra cuneala 8.3 4.2 
~adoropsis brevispinious _ 16.7_ )9.2, 

fLilhophaga nigra _ ___ . _ 20.81 25.01 
[Modiolus metcalfei __ I __ 8.3L 16.71 

0.01 
12.5 
0.0 
8.3 
0.0 
0.0 
0.0 
4.2 

r- 0.01 
0.01 
0.0 
0.0 
0.0 
4.2 
0.0 
8.3 

0.01 
0.0 
0.0 
0.0. 
0.0 
0.0 

0.01 
0.0, 

0.0' , 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.01 
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Table 4. 1. contd .... 

~S~P~E:=::C~[E~S::-______ ..::s::.t.~1 _~st:::.2~-..:s::t.:::3_---..::s=t.4..:...,_-=:::st:::.S::.----,st.6 , 
lJnnamuricala 41.7L-50.0. 0.0 0.0:_ 0.0, 0.0 

Tellinll..EaiEt~m __ 20.8t I2.5; 37.5 45.8 0.01 0.0 
Gafrarium djva~lica,!!m ,_ 66.7 58.3. 100.0~ 100.0 0.01 0.0 

_eriglyplap-~I!!Y..Ura ___ 1 12.5 16.7 o.Oj 0.0 0.0, 0.0 
WORMS ' 

~--

,Baseodiscus delineatus 33.3 20.8 41.7 

Golfingia hespera 25.0 25.0 29.2 _._- r- --
_hascolosoma nigrescens_ 12.5 12.51 37.5 

iphonosoma_australe_ r=16.7 O .O~ 16.7 

ipuncul}!sjndicus _ _ I 25.0 16.7 25.0 

iboglinumfiordicum 20.8 8.3 37.5 

,Hoplonemertean_sp~ ~- 8.3 20.8 4.21 

POLYCHAETE WORMS I 
Scoloplos sp. ' 8.3 4.2 0.01 

Eurythoe_complanala _ 

IEurythoe_ mathiJii __ 

otopygos variabilis_ 

otomastes latericeus 

Cirratulus sp. __ _ 

Marphysa macinIO!j1i_ 

Nemalonereis unicornis 

Glycera convolula 

, __ 12.5-;-_ 4.2 
20.8 12.5, 
16.7 8.3 

25.0 25.0 

20.8 8.3 

4.2 4.2 

20.8 0.0 

29.2 ' 25.0 

66.7 45.8 !G!ycera -Iancadiva-;_ 

p lycera subaena 

Glycera tesselala _ 

Glycera _s,,-' __ 

, ______ 16.7 8.31 

Goniada emerila 

epj1tys_dibranchus 

Nephtys _hombergiJ.-_ 
~ephtys inermis 

~Ceraton~reiJ,-ery!...h:aensis 
I ereis kauderni 

iNereis Irijasciala 
~rabella iricolor iricolor ' 

29.2 16.71 

8.3 0.01 

33.3 29.2 
33.3

l 
12.5 

58.3 37.51 
25.0 20.8

1 0.01-_8.3 
20.8 4.2 , 
37.5 37.5 

25.01 12.51 

0.0 
12.5 

0.0 
16.7 

I 
0.0 

12.5 

4.2 

0.0 
8.3 

4.2 

37.51 
8.3 

12.5 
4.2 
4.2 

12.5 
16.7 

0.0 
8.3 
8.3 

I 

41.7 

12.5 

45.8 

8.3 

16.7 

54.2 

12.5 
, 

0.0' 

33.3 

0.0 
4.2 

41.7 

0.0 
8.3 

0.0 
0.0 
4.2 

0.0; 
50.0 
12.5 
12.5 
0.0 

O'0l-
0.0 

0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0/ 

0.01 
0.01 

I 
0.0 , 
0.01 
0.0 
0.0 

0.0 
0.0 

0.0 , 
0.01 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0' 
0.0

1

1 

8.3 0.0 - - , 
8.3 0.0 

o.of 
0.01 

0.0'1 
0.0 

0.0 
0.0 

0.01 
0.0 

0.01 
1 

0.0 
0.0 

0.0
1 

0.0 

0.01 

0.0 
0.01 , 
0.0' 

0.0 
0.0 
0.0 

0.01 
0.0' 

I 
0.01 , 
0.0, 
0.0 

0.0

1 0.0 
0.0 
0.0 
0.0 
0.0

1 0.0 
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SPEClES 1 st. 1 st. 2 

eenone Julgida ___ _ 

A!.mandia Sp.____ _ 
egalomma_sp. __ _ _ 

12'~1- 8.3 

20.~t- 16.7 
8.3 8.3 -- --

/lis comula 25.0' 20.8 

»IlIis gracilis ____ -i 

up"0l mna neblliosa 

CRAB~ ____ _ 

16.7 25.0 . 
12.5 12.51 

t 
Le loduis sp. ___ _ 16.7 12.5 

,Polyde.£lus cuculifer 8.3 4.2 

Megalopa la_rv_a __ _ 37.5 37.5 
-~ 

Ca!appa_hepalica ___ +- 50.0 33.3,' 

Cardiso-;"a ca,-nifex I _ 0.0 4.2~ 
iogene sp. 1 4.2[ 4.2 

achygrapsusplicallls_ t 20.8 - 8.3+-
lIY!lw:..,ap"sus_pqllldicola_ _ O .O~ 4.2 

lagusia sp. __ 20.8L 0.0. 

Grapsus sp. 29.2 8.3, 
~ - -, 1 

Eriphis_sp. 29.2 12.5 

Uca letcagonoE- 0.0 4.2 

acrophlhalmusJoscii 45.8 12.5 
0.0 0.0 

Tyl0r!!pax desigardi 20.8 - 12.5l 
i1l1mnus hirlellus 41. 7 16.7 '.=...---t--

Pin'!.olhe~esyisum 25.0~8.3_ 

[pinnolherespinnotheres_ 
Thalamita crenala -, - ---t 

orlunus orbitosinus 
acropipu~corrugallls 

lisus sple'!.didus ____ 1 
claeodes lomenlosus - --

OTHER CRUSTACEANS 

PRA WNS_~D SI-I}UMPSj 
'(l lpheopsis_equa/is_ __ 
IA lpheus IOllin~ I 

33.3 

37.5 

0.0 
4.2 

0.0 
29.2 

33.3 

33.3 

O.Or 

16.7 

20.8 

0.01 
12.5 

0.0 

4.21 
16.7 

I 

12.5 

O.Oj 
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st. 3_-=-st::. . ..:41-1 _.=.5t::.. ~S~' ~5t. 6 
0.0 0.-+0 _ 0.01 0.0, 

0.0' 0.0 0.0 0.0 

0.0 0.0 0.01 0.0 . 
8.3 8.3 0.0 0.0 

0.0 0.0 _0.01 0.0, 

16.7 29.2 0.0 

0.0 

0.0 

0.0 

0.0 

4.2 

8.3 , 
O'0L-
0.0 

0.0 

4.2 

20.8 

0.01 

8.3 

0.0 
0.0 

33 .3 

4.2 

29.2 

37.5 

0.0 
0.0 
0.0 

O .O~ 

29.21 

4.2 

0.0 

4t 
0.0 

0.0 

16.7 

0.0 

0.0 

4.2 

0.0 

0.0 

0.0 

12.5 

0.0 

29.2 

4.2 

12.5 

12.5 

4.2 

33.3 

12.5 

0.0 
0.0 
0.0 
0.0 
0.0 

8.3 

0.0 

0.0, 

0.0 

0.0
1 

0.0 

0.0 , 
4.21 

0.01 

0.0 

0.0 

0.0 

0.0 

8.31 , 
0.01 
4.2 

8.3 

0.0 

0.0 
0.0 
8.3 

25.0 

0.0 
0.0 
0.0 
0.0

1 

0.0 
0.0 

1 

o.Oj 
0.0 

0.0, 

0.0 

0.0
1 

0.01 , 
0.0 
4.2 

0.0 

0.0 

0.01 

Id 
0.0 

8.3j 
o.Oj 
0.0 
0.01 

0.01 
0.01 

12.51 
0.0 
0.0 

0.01 
0.01 

0.01 

0.0 



Cymadusa imbroglio __ 

aera pacijica"'--__ -f 

allac~ola insignis, ___ + 
'Stenothoe kaia 

ISOPODS -=- -=-1 
O ro/ana sp. 

S;;chellana ex;;onsa _ _ 1 

~cca/athura borradailei 

'Paracilicaca setosa 

_ a~a/eptospheroma indica f 
STOMA TOPODS 

-1-

41.7 4.2, 

33.3 29.2 

2°:~L20. 8 
33+--_ 29.2: 

0.0 8.} 

25.0[ 12.51 
20.8 8.3 ' 
50.0 25.0' 

20.8 16.7 

Gonoda<:!1Jus.ofsmithii_ 8.3 d 
p} eudus sl''--' ____ 0.0 0.0; 

arala,,-a~dae.EJ. __ +-_41.7 25.0~ 

Paraneba/ia sp. ___ -t - 16.7t 16.7 
'Siriella brevicaudata 20.8 20.8 ---- '. 
ECHINODERMS --

i!lclda_m,:cuc.;../I1""i!a=-r,:ca ___ +- 12.5 0.0 
Ophiactis savignYI' ___ -+- 29.2 25.0, 
Ophicornella sexadia__ 58.3 41. 7 

Ophiocoma_scoJoJl.e.!ldri.!!a 41. 7 20.81 
, stro 'Yga radiatc::.a___ 4.2 0.0 
Echinometra mathaei 1 20.81--12.5( 
,Echinoneus_cyclostomus I 16.7/ 20.81 
Sa/macis bic%r 16.7, 4.2-j. 

ohadschia subr-u-ba- r 12.5 4.21 

olothuria nobilis 4.2 8.3, 
olothuria scabra 1 2.5 - 0.01 

SPONGES 1 

Aaptos cfchromis 
1 - -

Cinachyrel/a voeltzkowii 
33.3 

16.7 
" 

37.5 

12.5 
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37.5 , 
33.31 

O.Oi 
0.0 

...,-
0.01 

I 
4.21 
0.0, 
0.0, 
0.0 

0.0 

0.01 
0.01 

0.01 
0.0 

I , 
0.0, 

I 
0.0 

t 
8.31 

0.01 

0.0\ 
0.0 

0.0 

f-
0.0 

0.01 
0.0 

0.0, 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
8.3 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 1- -
0.0, 0.0 

, 
0.0 0.0, 

0.0 0.01 

0.0 
0.01 

o.oj 
0.0 

0.01 
0.0 
0.0' 
0.01 
0.0 

o.oj 
70.8 

16.7 

0.0 
0.0 

0.0 
0.01 

0.01 

o.Oj 
0.0 

0.01 
0.0, 
0.0, 
0.0

1 

0.0
1 

0.01 

0.0 
0.0 

0.0 
0.0 , 
0.01 
0.0 

0.01 
0.0 

I 
0.0 

0.0 
0.0 

, 
0.0, 

58.31 
4.21 
0.01 

0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0

1 

0.0' 
0.01 

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 cora Ilium, Cerithium scabridum, Smaragdia viridis, 

Smaragdia soverbiana and Pyrene sp. 

Maximum number of Gastropod species were recorded from station 

2 (49) followed by station I (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 Litlorina 

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 I and 2. Gymnodoris 

ceylonica, a beautiful opisthobranch was frequently seen at station I and 2. 

While station I and 2 showed maximum species diversity, station 5 and 6 

showed the least. Over population of Lit/orina 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 I and 2 showed 12 

and II species respectively. Out of the 12 species, Lunulicardia auricula 

appeared at station I 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 I 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 (1\.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 I (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 I, 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 Sibaglinumfiardicum, Baseadiscus delineatus and the least 

abundance was shown by Phascalasama nigrescens and Siphanosoma 

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 (I 8.1 %) and Golfingia 

hespera (13.9%). Baseodiscus delineatus showed frequency occurrence of 

33.3%, 20.8%. 41.7%, 41.7% at station I 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 of21 %,8%, 38% and 54% at stations I to 4 respectively. 

Polychaetes 

Twenty-seven species of polychaetes were identified. At station 5 

and 6, there was no occurrence of polychaetes. At station I, 27 species 

were found, station 2- 25, station 3-19 and at statio.n 4, II species. Glycera 

species such as Glycera lancadivae, Glycera tesselata, G/ycera convo/uta 

predominated at many stations. Along with species of G/ycera, Nephtys 

and Nereis were abundantly present at station I and station 2. At station 4, 

Eupo/ymna nebu/osa was found in large numbers. Though Sabe//id 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 G/ycera lesse/ata (22.9%), G/ycera /ancadivae (18.8%), 

Natomastes /alericeus ( 18.8%), Nephtys hombergii (16%) and Ganiada 
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emerita (15.3%). At station I and 2, species such as Glycera, Goniada and 

Nephtys were found at all seasons, while at station 3 and 4 Notomastes 

latericeus and Eupolymna nebulosa were found along with Glyceridae 

members. 

Crabs 

Altogether 24 species of crabs were found, out of which 18 were 

found at station 1,20 at station 2,10 at station 3, II at station 4,6 at station 

5 and 4 at station 6. The most common species at station I were Calappa 

hepatica, Macrophthalmus boscii and Thalamita crenata. At station 2, 

dominant species were Thalami/a crena/a, Pinno/heres spp. and Calappa 

hepatica. Station 3 showed comparatively lesser abundance of crabs. At 

station 3, Thalami/a crena/a, Pinno/heres spp., Ac/aeodes /omen/osus, 

Pi/umnus hirtellus etc. dominated. At station 4, Macrophthalmus boscii, 

Pinno/heres spp., Calappa hepatica and Thalamita crena/a were 

dominated. At station 5 and station 6, the dominant species observed were 

Scylla serrata and Uca spp. 

Among crabs the highest percentage of occurrence were shown by 

Thalamita crena/a (19.4%), Pinnotheres pinno/heres (18.8%), Pilumnus 

hir/el/us (16.7%), Calappa hepatica (16.7%) and Macrophthalmus boscii 

(16%). At station 1, species like Calappa hepatica, Macrophthalmus 

boscii, Pi/umnus hirtellus etc. exceeded more than 40% frequency of 

occurrence. At station 2, no species were represented more than 40% 

occurrence. At station 3, Thalamita crena/a showed 41 % occurrence. 

Other Crustaceans 

Shrimps, carridean prawns, amphipods, isopods, stomatopods and 

tanaeids were included in this group. Four species of prawns, 4 species of 

amphipods, 5 species of isopods, 1 species of stomatopod, 2 species of 
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tanaeids and I paranebalia sp. were reported. The highest diversity of 

other crustaceans was observed at station 2 (17 spp.) followed by 15 spp. at 

station 1. The other four stations showed almost even distribution (4 spp. 

each at both northern seagrass station and 3 spp. each at both mangrove 

stations). 

Shrimp, Nikoides maldivensis was often found at mangrove sites. 

Cariddean prawns were found in seagrass samples intermittently. 

Arnphipods were present abundantly at seagrass beds but absent at 

mangrove sites. Maera pacifica and Cymadusa imbroglio were the 

dominant species of amphipods. The most dominant isopod species was 

Paracilicacea se/osa. Isopods and stomatopods were limited to station I 

and station 2. Tanaeids (Apseudus sp.) were abundantly found at 

Mangrove sites. More than 10% frequency of occurrence was shown by 

Nikoides maldivensis (11.1%), Cymadusa imbroglio (18.8%), Maera 

pacifica (20%), S/enothoe kaia (11%) and Paracilicacea se/osa (12.5%). 

Some species showed more than 40% frequency of occurrence at some 

stations, which included Nikoides maldivensis (58.3% at station 5), 

Cymadusa imbroglio (45.8% and 41.7% at station I and 3 respectively), 

Paracilicacea setosa (50% at station I), Apseudus sp., (70.8% and 58.3% 

at station 5 and 6 respectively) andParatanaeidae sp., (41.7% at station I). 

Echinoderms 

II species of Echinoderms were recorded under 8 families. They 

were abundantly found at station I and 2. They showed a diversity of 11 

spp. at station I and 8 spp. at station 2. The most dominant species were 

Ophicornella sexadia, Ophiocoma scolopendrina and Ophiactis savignyi. 

Holothurians and starfishes were comparatively lesser than the brittle stars 

at the selected sites. They were showing only meagre presence at station 3 

and 4 and completely absent at station 5 and 6. 

42 



Chapter ./. BOIIOIII fall/iii 

Some specIes like Ophiactis savignyi (33.3% and 25%), 

Ophicornel/a sexadia (58.3%and 41.7%), Ophiocoma scolopendrina 

(45.8% and 20.8%), Echinomelra malhai (25% and 12.5%), and 

Echinoneus cycioslomus (12.5% and 20.8%) showed high percentage of 

frequency of occurrence at station I and 2 respectively. Starfish, Linckia 

multi/ora showed their presence only at station I (12.5%). 

Sponges 

Two specIes of sponges Aaptos.cfchromis and Cinachyrella sp. 

were frequently found in the benthos samples collected from station I and 

2. Frequency of occurrence of these two sponges was comparatively 

higher at station I (Aaplos.cfchromis and Cinachyrella spp. showed 33.3% 

and 16.7% respectively) and station 2 (Aaptos.cfchromis and Cinachyrella 

spp. showed 37.5% and 12.5% respectively). 

Number of spec ies of major groups found at the three different areas 

(southern seagrass, nonhern seagrass and mangrove) are given below: 

Major groups S. seagrass 

Gastropods 48 

Bivalves 12 

Polychaetes 25 

Other worms 6 

Crabs 19 

Other crustaceans 16 

Echinoderms 9 

Sponges 2 

N. sea grass 

25 

4 

IS 

7 

II 

4 

Mangroves 

9 

5 

3 

o 

Some of the major benthic macrofauna species collected during the 

study are given in Plate 4. 1, 4. 2 and 4.3. 
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G/ycera /ancadime (polychaete) G~\'cera lesse/ala (polychaete) 

Sylli.\' COl'll lila ((polychaete) Goniada /Ilacli/ara (polychaete) 

Eurythoe complanata (polychaete) Eurythoe l11athaei (polychaete) 

Plate 4.1 Major species of benthic macrofauna obtained frolll the study area 
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Ceralollereis erylhraellsis (polychaete) Nell/alollereis IIllicomis (polychaete ) 

Nereis kalldemi (polychaete) \{mphysa macil1lOshi (polychaete) 

.Vep"~I·.1 sp. (polychaete) Um sp. (mangrove crab) 

Plate 4. 2 Major species of benthic macrofauna obtained from the study area 
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Cerilhium spp. (gastropod) Lilforina sp. (gastropod) 

Smaragdia spp. (gastropod) C.lprea moneta (gastropod) 

Plate 4. 3 Major species of benthic macrofauna obtained from the study area 
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4. 2. Standing stock 

4. 2. 1. Biomass 

Biomass analysis was carried out at all six stations from September 

1999 to August 200 I. The individuals were classified into major groups 

i.e., gastropods (group I), bivalves (group 2), worms including polychaetes 

(group 3), crabs (group 4), other crustaceans (group 5), echinoderms (group 

6) and sponges (group 7). Only group wise wet weight biomass analysis 

was conducted. From the mangrove sites, biomass of mangrove whelk, 

• Terebralia palustris . was separately analysed because of its high biomass. 

All other gastropods except Terebralia palustris were weighed shell-on 

owing to their smaller size. 

Biomass analysis (wet weight) was made group wise, stationwise. 

eason wise and month wise. The yearwise and seasonwise biomass 

distribution are given in Fig. 4.1 and 4. 2. The monthwise distribution of 

biomass at each station are given in Fig. 4.3 

The gastropods formed major share of biomass at all stations. From 

the station wise analysis, it was found that stations I and 2 showed 

maximum total average biomass of 184.44 glm2and 165.61 glm2 

respectively. The mangrove sites recorded a otal average biomass of 118.3 

glm2 and 101.1 glm2 for station 5 and station 6. The lowest total average 

biomass of 78.7 glm2 and 56.5 glm2 for station 3 and 4 respectively were 

recorded at the northern seagrass stations. From the seasonwise analysis, it 

was found that post-monsoon season contributed major share of total 

biomass followed by monsoon at all three areas and the lowest total 

biomass was observed in pre-monsoon season at all three areas. 

Stationwise analysis 

Station wise average biomass of maj or groups of benthos (glm 2
) are 

given in Table 4. 2. 
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Fig. 4. 1. Yearwise total biomass at different stations 
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Fig. 4. 2. Seasonwise total biomass at different stations 
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Station 1 Station 2 

Station 3 Station 4 

Station 5 Station 6 

Fig. 4. 3. Monthwise distribution of biomass (g/m2
) at different stations 
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Station J 

Total biomass for the pre-monsoon season was estimated as S70.9g. 

For monsoon it came up to IIS5 .6g and for post-monsoon it was 229Sg. Of 

the total biomass of 4354.6g, Year I contributed 1713g and Year II 

contributed 2642g. The groups, which shared biomass, were gastropods 

(4030g), bivalves (26Sg), worms and polychaetes (ISg), crabs (7g), 

echinoderms (12g) and sponges (4g). Monthly average was estimated as 

16S glm2 for group I, 10.5 glm2 for group 2, 0.7 glm2 for group 3, 0.7 

glm2 for group 4, 0.28 glm2 for group 5, 0.5 glm2 for group 6 and O. IS 

glm2 for group 7' Highest values of biomass were noticed at this station 

during October, November and December months. Monthly values of 

biomass ranged from IS glm2 in April 2000 to 61 5 glm2 in October 2000. 

Station 2 

At station 2, total biomass values for pre-monsoon, monsoon and 

post-monsoon were 945g, 160Sg and 1421g respectively. Of the total 

biomass of 3974g, Year I contributed 1040g and Year II contributed 

2935g. Groupwise break up showed that group 1-7 contributed 3607g, 

319g, 109, 16g, 6g, 9g and Sg respectively. Monthly biomass values 

ranged from II g in April 2000 to 421 g in December 2000. Monthly 

averages were 150.3 glm2 (group I), 13.3 glm2 (group 2), 0.4 glm2 (group 

3), 0.67 glm2 (group 4), 0.23 glm2 (group 5), 0.37 glm2 (group 6) and 0.35 

glm2 (group 7). 

Station 3 

Total biomass was 39 1.7g in pre-monsoon, 699.S4g in monsoon and 

797.28g in post-monsoon and the grand total came up to 1888.8g. Year 

wise break up showed that Year I contributed 1217g. and Year II 67 1g. 

Item wise contribution was 813g (group I), 1015.7g (group 2), 29g (group 
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3), 27g (group 4), 4g (group 5) and 0.16g (group 6). Group 7 was not 

recorded at this station. Monthly biomass values ranged from 12 g/m
2 

in 

February 2001 to 188 glm2 in July 2000. Monthly averages were 33.8 g/m
2 

(group I), 42 g/m2 (group 2), \,2 g/m2 (group 3), 1.11 g/m
2 

(group 4) and 

0.17 g/m2 (group 5). Biomass of group 6 was negligible. 

Station 4 

Biomass values were 403g during pre-monsoon, 432g during 

monsoon and 520g during post-monsoon with a grand total of 1355.04g. 

Total biomass for Year I and II were 855.4g and 500g respectively. Group 

wise contribution was 767g (group I), 528g (group 2), 33g (group 3), 26g 

(group 4), 0.64g (group 5) and 0.48g (group 6). Group 7 was Dot recorded 

at this site. Biomass values ranged from 14 g/m2 in March 2001 10 135 

g/m2 in July 2000. Monthly averages were 3 \.9 g/m2 (group I), 22 g/m2 

(group 2), 1.35 g/m2 (group 3), \.08 g/m2 (group 4), 0.03 g/m2 (group 5) 

and 0.02 g/m2 (group 6). Biomass of group 7 was negligible. 

Station 5 

Total biomass observed was 2840g. Out of which 787g, 1032g and 

1021 g were contributed by pre-monsoon, monsoon and post-monsoon 

seasons respectively. Year I contributed 1365g and Year II , 1475g. 

Bivalves, worms including polychaeles, echinoderms and sponges were nol 

recorded at this station. Group I (gastropods), 4 (crabs) and 5 (other 

crustaceans) contributed 2772g, 53.6g and 14.88g respectively. Monthly 

biomass values ranged from 18 g/m2 in April 2000 to 259 glm2 in 

December 1999. Monthly averages of groups were 115.5 glm2 (group I), 

2.2 glm2 (group 4) and 0.6 glm2 (group 5). 
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Station 6 

Total biomass observed was 2426.24g. For pre-monsoon, monsoon 

and post-monsoon the biomass values were 686.4g, 858g and 882g 

respectively. Year wise break. up showed that Year I and II contributed 

1297g and 1129g respectively. During the period of study Group I 

contributed 2365g, group 4, 38g and group 5 23g. Monthly averages were 

98.5 g1m2 (group I), 1.59 g1m2 (group 4) and 0.9 g1m2 (group 5). All other 

groups were absent at this site. Monthly biomass values ranged from 43 

g1m2 in February 2001 to 259 g1m2 in December 1999. 

SeasoDwise analysis 

Season wise average biomass values of major groups of benthos 

(g1m2
) at each area are given in Table 4. 3. In general, a marked seasonal 

variation in biomass values of the bottom fauna was observed at different 

areas. The gastropods showed their highest biomass value during post

monsoon season at the southern seagrass as well as mangrove region and 

during monsoon at the northern seagrass region. They showed their least 

biomass values during pre-monsoon at both seagrass regions and during 

monsoon at the mangrove area. The bivalves showed their highest and 

lowest biomass values at the monsoon and pre-monsoon respectively at 

southern seagrass area and post-monsoon and pre-monsoon season at 

northern seagrass area. At the mangrove area the dominating mollusc 

Terebralia pallistris showed their highest and lowest abundance during 

monsoon and pre-monsoon respectively. Crabs and echinoderms showed 

their highest biomass value during monsoon irrespective of any area and 

'other crustaceans' and sponges showed their maximum biomass during 

pre-monsoon at the two seagrass areas. 
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Table 4.2. Station wise a~g. bioll}ass_ofmajo~g~oups_ofben!hos (gIm2) 
'M..aj~r:...~ou~ _ area +1_- area 12 area 3 

St. 1 St. 2 St. 3 I St. 4 St. 5 St. 6 
Gastropods 167.J3J50~29~)3.89 I 31.96 115.48 98.53 

'=--:----:--:-------:----r-1JJ5 1}.30 42.32 j 22.01 0.00 0.00 
-'-t_0.01 0-:'0 _! _1.20 1.35 0.00 _ 0.00 

0.65 0.67 1.11 1.09 2.23 I 1.59 
Other~c~rus~tac=---e-ans~_-_~-_-_~-II_-0.3_ - 0.23 0.17 __ 0.03 0.62 _,I 0.97 
Echinodenns 0.5 0.37 r o.OI- _ 0.02_ 0.00 0.00 
S~nges ----t-:O.I &r0.35 0.00 0.00 0.00 I 0.00 
Total 181 ~44I165.61 78.7OT 56.46 118.33 101.09 

~outber:n_se!l.grass~rea p_~m...!'D_ mODSOO±D post-moD 
lQ..as~~s _____ ~1.04.9 _ 154.13 218.29 
lBivalves. 6.24 17.78 12.65 
g.OI?lS (lOCI. poIY.Ehae.!e~_ 0.72- - 0.53 1-- 0.45 
Crabs 0.57 - 1.Q7 =-r 0.35 
p ther crustacean ___ ~_ 0.52 0.13 J. 0.15 
~chinoEenns 0.24 0.71 0.35 
Sp~Bes - 0.33 J 0.23- r 0.23 
Total L-1I3.52. 174.58 1 232.47 

orthe~seagrass... area. __ 
IGastropods 

~
'valves·-=----

- pre-moD I mODSOOD_1 post-moD 
25.76 38.37 34.64 

onns (incl. polychaetes) 
rabs 

---=-------.-~ l0ther:... crustacean ___ _ 
IEchinodel?ls _ _ 
S~nges ______ _ - -

21.74 
1.18 
0.77 
0.17 
0.03 

0 
Total 

'----- _ --.L 49.65 

-
~aDgro!.e_area _ re-mOD 
~astropods_ex~t Terebralia palustris 57.48 

erebl]lli'!..Pll1ustrjs 31.79 
[Valves 0 

onns (incl. polychaetes) 0 
I rabs 1.73 
~ther cr:tJStacean 1.08 
-chinodenns 0 
~ponges ---1 0 

otal 92.08 _. 

29.73 45.03 
0.92 1.73 
1.65 0.88 
0.05 0.08 1- -
O.oJ 0 

0 
-t--

0 ---
70.73 82.36 

-
mODSOOD + post-moD 

50.08 I 53.85 
64.19 63.63 

0 
L- 0 

0 

t-
O 

2.67 1.34 
1.16 0.14 

0 0 

11~.1- ~ 0 
118.96 

~ 
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4.2.2 Numerical abundance 

Yearwise, groupwise and monthwise contribution to numerical 

abundance by different stations/areas are given in Fig. 4.4, 4.5 and 4.6. 

Gastropods were showing their maximum average monthly 

abundance (noJO.25m2
) at station 2 (604) followed by station 1 (362), 

station 6 (250), station 5 (212), station 3 (159) and station 4 (137). 

The bivalves were distributed only at the seagrass stations and total 

numerical abundance of bivalves at each seagrass station was 1524 (25%) 

at station 1, 1064 (1 8%) at station 2, 1516 (25%) at station 3 and 1920 

(32%) at station 4. Gafrarium divarticatum itself recorded an abundance 

of 1360 at station 1, 796 at station 2, 1364 at station 3 and 1804 at station 

4. Bivalves were showing their maximum average monthly abundance 

(No.1 0.25m2
) at station 4 (80) followed by station 1 (64), station 3 (63) and 

station 2 (44). 

Total abundancc of worms at different seagrass stations were 300 at 

station I (18%), 188 at station 2 (11%), 476 at station 3 (29%) and 708 

(42%) at station 4. They were totally absent at station 5 and 6. Siboglinum 

fiordicum showed the maximum abundance (164) at station 1, Baseodiscus 

delineatus at station 4 (264) and Phascolosoma nigrescens at station 4 

(196). The av~rage monthly values (noJO.25m2
) were 12.5, 7.8, 19.8 and 

29.5 for stations 1 to 4 respectively. 

Total abundance of polychaetes for the entire study period at 

different seagrass stations were 1132 (38%) at station 1, 564 (19%) at 

station 2, 668 (22%) at station 3 and 644 (2 I %) at station 4. They were 

totally absent at stations 5 and 6. Polychaetes were showing their 

maximum average monthly abundance at station I (47 nosJ O.25m2), 

followed by station 3 (28 nos./O.25m2), station 4 (27 nos./O.25m2) and 

station 2 (24 nos./O.25m2). Glycera spp. predominated in many samples of 

48 



Chapter 4. Ballam fallna 

Fig. 4. 4. Yearwise total benthic abundance (nos.) at different stations 
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which the total number of C/ycera /ancadivae itself came up to 208 at 

station I and 96 at station 2. C/ycera tesse/ata dominated at station 3 

(136), and station 4 (256). Eurythoe rnathaii was abundant at station 3 

( 172). 

Crabs showed their maximum average monthly abundance (nos .l 

0.25m2
) at station I (32), station 2 (1 8), station 3 (10), station 4 (9), station 

5 (2) and station 6 (2). 

Crustaceans other than crabs were considered as a single group and 

referred as 'other crustaceans'. They showed their maximum average 

monthly abundance (nos.lO.25m2
) at station I (62), station 2 (42), station 3 

(20), station 5 (J 9), station 6 (9) and station 4 (7). 

Numerical abundance of echinoderms at different seagrass stations 

were 260 at station I, 148 at station 2 and 8 at each station 3 and 4. 

Numerical abundance of sponges at station I and 2 were 48 and 60 

respectively. At all other stations, they were completely absent. 

Station wise analysis 

Contribution (%) of major benthic group at each area is given in Fig. 

4.7. Specieswise contribution to the total abundance at each station is given 

in Table 4. 4. 

Station 1 

Gastropods contributed 62%, bivalves II %, other worms 2%, 

Polychaetes 8%. crabs 5%, other crustaceans 10% and echinoderms 2%. 

Among the gastropods, Cerithiurn corallium itself represented 25% 

of the total. C. a/yeo/urn 2%, C. scabridurn 13%, Pyrene sp. 2%, 

Srnaragdia viridis 2% and S. soverbiana 7.5%. All other individuals 

represented less than I %. Contribution of Mazesca/a japonica, Niso 

heizensis, Vittina variegata, Terebralia pa/uslris, Agatha virgo, A. /epidu/e, 
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Table 4. 4. Specieswise contribution (% of numerical abundance) to total 

abundance. 
Species, ___ _ St.) St.2 St.3 St.4 St.5 St.6 

GASTROPODS 
Punctacteon amakusaensis 
"--'- --- 0.03 0.1 1 - . 

arania lirata 0.14 II 0.09 
Cerithium cora/lium 22.58 29.76 

Cerithium a/veo/um 3.63 3.12 

Cerithium dia/eucum 0.3 1 0.60 

• 
0.00 

0.00 

3.85 

1.67 

0.29 

Cerithium rarimaculatum 0.03 0.07 I 
Cerithium scabridum 13.89 19.98 I 

0.22 

0.00 

3.94 

1.22 

0.50 

0.00 

6.6 1 

7.05 

3.00 

0.00 

0.00 I 
8.10 

Cerithium rostratum 0.39 1.60 

Cerithium nesioticum 0.82 5.79 
b-ypeomo~l/S -E.Ora-/liu-m- __ ~ 0.06 

IRhinoclavis sinensis 0.06 

Pyrene sp. _ __ _ 

IPyrene vulpecula 

~etanachis marquesa 

ICo~uS callis 
Conus ebraeus 

,Coralliophila costularis 
t - - - -

2.25 

0.65 

0.39 

0.14 

0.17 

0.51 

0.02 

0.20 

1.87 

0.47 

0.27 

0.38 

0.02 

0.80 

4.37 

4.02 

0.00 

0.06 I 0.23 

11.83 1 12.JiJ 
1.50 0.46 

I -
1.00 3.85 

0.50 I 0.06 

- 0.00 1-O.~O 
! 0.17 0.23 

0.00 

0.00 

10.62 

0.00 

0.00 

0.43 

0.50 

0.00 

0.00 

0.00 

0.00 

0.93 

0.00 

0.00 

0.00 

0.00 

0.00 

Cypre~a'!.nulus ___ _ 0.08 0.04 0.00 0.00 0.00 

I 

0.00 

0.00 

11.61 

0.00 

0.00 

0.19 

0.77 

0.00 

0.00 

0.00 

0.00 

0.38 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Cyprea _ arabica 

Cyprea moneta __ 

0.08 0.07 0.00 0.00 0.00 0.00 

0.51 0.27 0.33 0.00 0.00 0.00 
- --t 

Cyprea t::.:er~es~ ___ _ 

Cyprea ti~is _ ___ _ 

azescala japonica 

'l"iso heize::.:n:::sl~·s _ _ _ _ 

IPersternJ!l'pi'!grYl_' _ 

lLittorina.-"ndulata __ _ _ 
ttjgatella Iitterata_ 

DrupeJ!ajp.:..... ___ _ 

iotha sti maria --
Zeuxis sp. 

Ipo~nices jlemengi~m __ 

Nalica rula 

0.11 0.04 0.00 0.00 0.00 -r- ,. 
0.08-+- 0.07 0.00 0.00 0.00 

o.oo~ 0.02 0.00 0.00 0.00 
0.00 0.36 1.50 I 0.46 I 0.00 

-L-0~08 . -0.00- -_0.001 0.Q.9 0.00 

0.28-1 1.36 1.33 0.00 59.37 
~ - 0.00 ,-0.02 0.00- r 0.00 0.00 

._ 0.Q3-,-- 0.04 0.00 I 0.06 _

r 

0.00 
0.00 0.02 0.00 0.00 0.00 

0.03 ...... _0.40 0.17 0.52 0.00 
0.34 0.00 0.00 0.00 0.00 

0.25 0.00 1.44 O.IJ l_ 0.00 
0.06 0.07 0.00 0.00 J 0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

66.52 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 



Table 4.4. contd ... 
- -
~ecies_ 

B,!!aragdia viridis"--__ 

'(jmaragdia soverbiana _ 

I ~iltina varlegata 

I St.l ~ St.2 
2.47 : 2.83 

- I 
._7.84 ~J97 

0.00 I 0.78 

I
T.erebralia ya/!!,Slris_ 

gatha virgo __ 

0.00 0.00 
1-0.00 0.00 
f 

gatha /epidu/e 

Pyrgulina pupu/a __ 

f ymatium neobqrieum_ 

Cymatriton nicl!..barieum 

0.00 0.00 

0.00 0.09 

I 0.00 0.04 

Cinclisea/a sPc.:.' __ _ 

'Qeeorif; r i~ignis __ 

~Casmeria ponderisai 

Slrombus canarium 

IStrombus- mlllabilis -

lo.oo __ o.OO 
0.39 0.16 - .. 

0.11 0.07 
~ 

L 0.00 0.Q7 

+- 0.20 0.02 

0.20 0.20 

( ingu/oterebra_ hedleya~a L 0.14 

Margarites helicina 0.39 - ------,-
V'iuncatejja pfeifferi t _0.00 

fUn identified _129 0.51 

SOFf MOLLUSCS 

Do/abella rumphii 

o/ycera ~. __ J 
0.34 

0.08 

G)lmnodo,:js_c,ey/onica_ 0.03 

/ysia sp. r O.31 
Smargdinella canalicu/ata _ 0.20 

diala lauta 0.00 
~ 'r-

F
Dolabrifi!.ra dolabrifera I 0.00 
BIVALVES - --- -
lL!lnulicardia aurjcula 0.08 

ICardium asialieum 0.37 

Coreu/um impressum 

Ctena delieatu/a I 
Maclra cuneala . I 
J1yador,gpsis ~revispinious i 

0.11 

0.42 

0.06 
0.17 

Lithophaga nigra I 0.14 

...!!..dio/lIs..., metealfei 1_0.06 

0.49 

0.38 

0.00 

0.18 

0.22 

0.09 

0.02 

0.09 

0.13 

0.00 

0.00 

0.00 

0.04 

0.04 

0.33 

0.02 

0.20 

0.13 

0.09 

St.3 
5.00 

2.72 

0.50 

0.00 

0.00 

0.00 

0.72 

0.11 

0.11 

~:~~ I 
0.00 

0.17 

0.28 

0.33 

0.00 

0.00 

0.6 1 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 ~ 

0.00 I 

0.00 

0.17 

0.00 

0.44 

0.00 

0.00 

0.00 

0.06 

, 

1 
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StA I St.S 
2.53 0.43 

2.59 0.14 

0.06 0.00 , 
0.00 ! 18.03 

0.001 0.00 

0.00 ~ 0.00 

0.23 0.00 

0.00 I 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.06 0.00 

0.00 0.00 

0.00 0.00 

0.57 

0.00 

0.00 

0.34 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
I t- 0.57 
I 0.00 
I 0.00 

0.00 

0.00 

1 0.00 
0.00 

~ 0.00 

0.00 

0.00 i 0.00 
I 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.17 0.00 

0.00 0.00 

0.11 0.00 

St.6 
0.19 

0.64 

0.00 

14.99 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.70 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
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Table 4. 4. contd ... 
- --- - , --

ISPecies - ! SLlj StJ St.3 I St.4 L St.5 St.6 

Pinna_muricala__ _ J OJ4 0.29 0.00 0.00 0.00 0.00 

[:,U;OO pa/arom ____ 0.14 0.07 
144 Ll~~ 0.00 

0.00 

Gafrarium divarlicalum .8.74 + 4.43 18.93 j 25.92 _ 0.00 0.00 

F!..eri . Iypta plJerpura 0.08 ~0.27 0.00 0.00 0.00 0.00 

WORMS 
:1_0.37 0.25 ,Baseodiscus delineatlls 1.22 3.79 0.00 0.00 

r'lfi""a ""P<~; -
-, 

- T 0.34 r 0.00 
I 

0.17 0.20 0.67 0.00 
-

Phascolosoma.nigrescens 0.08 0.07 2.22 2.82 0.00 0.00 

iphonosoma_ausl~a/e _ 0.08 0.00 0.33 0.34 0.00 0.00 

ipuncul!!sJndicus ___ 0.14 0.09 0.61 0.40 0.00 0.00 

iboglinum jiordicllm 

I 
1.151 0.29 1.33 2.13 0.00 0.00 

Hoplonemerlean sp. 0.11 0.16 0.22 0.34 0.00 0.00 

POLYCHAETE WORMS 

Scoloplos sp. 0.06 0.02 0.00 0.00 0.00 0.00 

tElirylhoe comp/anala 0.28 0.02 0.56 , 1.84 \ 0.00 0.00 

urytho~ mathaii_ I 0.14 0.07 2.39 I 0.00 0.00 0.00 

olopygos variabilis 0.20 0.04 0.00 I 0.23 I 0.00 0.00 

WOlomasles lalericeus 0.17 0.13 0.39 1.21 0.00 0.00 

0.14 0.09 0.00 0.00 0.00 0.00 

arphysa macinloshi 0.03 0.04 0.33 I 0.52 0.00 0.00 

Nemalonereis unicornis 0.11 0.00 0. 11 0.00 0.00 0.00 

[Glycera conv~IUl~_ 
. 

0.28 0.16 0.00 ' 0.00 0.00 0.00 
I 

IG/yce~aJancadivae __ 1.46 0.53 0.22 I 0.11 0.00 0.00 - .. , ~ 

,G!yce!..ay ubaena 0.22 0.13 0.50

1
0.00 0.00 0.00 

G/yce~a lesse/ala __ 0.22 0.09 1.89 3.68 0.00 0.00 
I 

G/ycera sp. 0.06 o.OOJ 0.33 0.29 0.00 0.00 . -
Goniada emerila 

025f r 

0.17 0.34 0.00 0.00 

epJ!!ys dibr:..anchus 0.20 0.07 0.06 0.00 0.00 0.00 

Nephtys_ hom~!..gii 1.38 0.25 0.11 0.00 0.00 0.00 

!'ephtys inermis 0.25 0. 11 0.22 . 0.00 ~ 0.00 0.00 ._-
Ceralonereis e!'JI!h!..aensis 0.22---1- 0.09 _ 0.56 0.17 0.00 0.00 

Nereis kauderni 0.28 

I 
0.04 0.00 0.17 I 0.00 0.00 

Nereis .!!..ifasciala __ 1.07 0.42 0.50 I 0.00 1 0.00 0.00 

Arabella iricolor iricolor 0.17 0.09 0.11 0.00 0.00 0.00 
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Table 4.4. contd ... 

Ispecies St. 1 I St.2 St.3 I_St.4 I St.5 St.6 

Oenone fulgida 0.17 1 0.D7 0.00 0.00 0.00 0.00 , 
~mandia sp,- _ __ 0.11 j 009 

0.00 0.00 0.00 0.00 , r 

egalomma sp .. __ 0.06 0.04 I 0.00 1_0.00-+ 0.00 0.00 
-I--

Sylli~co,-nuta_ =1020 0.13 0.22 0.17 0.00 0.00 -,-
ISyllis gracilis 0.11 0.13 0.22 0.00 0.00 0.00 

~;;-polymna_nebulosa 0.11 0.D7 0.39 0521 0.00 0.00 
~ I 

CRAB - -
eptoduis_sp. 0.22 0.09 0.00 0.06 0.00 0.00 

olydectus cuculifer 0.06 0.02 0.00 0.00 0.00 0.00 

egalopa_~arva 0.31 0.31 1 0.00 0.00 0.00 0.00 
-

Calappa_hepatica 0.82 0.25 0.00 0.34 0.00 0.00 

Djogene_sp'. 0.03 0.02 0.06 0.00 0.00 0.00 -- ~ 

( a,-diosoma carnifex_ /_ 0.00_ 0.02 0.11 0.00 0.D7 0.00 -, 
achygrapsus plicatus_ C-0.

17 0.04 0.00 0.11 0.00 0.00 

llyograpsus paludicola 0.00 0.02 0.00 0.00 0.00 0.06 
- -1 

lagusia sp. 0.1 4 0.00 0.00 0.00 0.00 0.00 - - 1 
0.25 0.04 0.06 , 0.00 j 0.00 0.00 

I 

0.20 007~ 0.39 0.17 0.00 0.00 
" -

UCaJ..elragonon 0.00 0.02 0.00 0.00 0.14 0.26 ,-
Macrophlhalmus boscii 1-0.93 0.09 0.11 0.80 0.00 0.00 - - - --
~ai~versa~nversa 0.00 0.00 , 0.00 0.06 0.D7 0.13 

Tylodipax desigardi ~. l 1 0.07 0.00 0.29 0.14 

j 
0.00 

,Pilumnus hirte/lus 0.45 0.09 -i- 0.39 0.29 0.00 0.00 
r -
'F]nnolhe,-eij1i~um 0.17 0.04 0.06 0.06 0.00 I 0.00 

r innolheres pinnolhe,]!s -1-0.25 0.47 0.72 0.63 0.00 0.00 

Thalamila crenala I 0.76 0.49 1 0.94 -0.3~J 0.1 4 0.00 -- ---r=o.oo r O.OO cylla serrata 0.00 1 0.00 0.43 0.19 

Porlunus orbitosinus I 0.03 0.07 0.00 0.00 0.00 0.00 -- - - • - --T 

I Mai:!!!pipus_corrugatus_ 0.00 0.00 0.00 

::~ 
0.00 0.00 

tisus splendidus 0.22 0.02 0.00 0.00 0.00 

iActae~d;;~omentos-;;;- !=-0.28- 0.11 0.44 0.00 0.00 0.00 
!OTHER_~RUS:rACEANS __ -

PRA WNS AND SHRIMPS I I lph~opsis equalis__ ~ 0.25 0.09 0.06 I O.l1J 0.00 0.00 

IAlpheus lottini L O.OO 0.00 0.00 1_0.00 0.00 0.00 
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Table 4. 4. contd ... ---

ISpecies St.I I St.2 St3 ,I St't St" 
St.6 

'1 lpheus sp. -I 0.06 0.02 1 0.00 1 0.00 0.00 0.00 

etabetaeus minutus 0.06 0.07 0.00 0.00 0.00 0.00 ---_. -
ikoides maldivensis 0.00 0.09 0.00 0.00 1 1.57 0.89 --I- I 

H1PODS --- -
Cymadusa imb'!lglio __ L 2.42 0.22 I 4.22 1.09 0.00 0.00 

-I 
Maera pacifica_ 4.39 3.43 2.33 1 1.09 0.00 0.00 

Mallacoota j nsignis 0.28 0.31 0.00 0.00 0.00 0.00 I -, 
Stenothoe kaia 1.10 0.27 0.00 ! 0.06 0.00 0.00 I 

--- - -
(SOPODS - --- I-Cirolana_sp. 0.03 0.11 0.00 j 0.00 0.00 0.00 I 

eychellana _expa'!sa 0.17 0.09 0.17 0.00 0.00 0.00 
-

Accalathura borradailei 0.14 0.11 0.00 0.00 0.00 0.00 

!Paracilicac;a setosa 
-

0.45 0.16 0.00 0.00 0.00 0.00 

Pa.!aleptosphaeroma_indica 0.14 0.09 0.00 0.00 0.00 0.00 

STOMA TOPODS , -- 1 
- 1 

IGOnOdactylus.ofsmithii 0.06 0.04 0.00 I 0.00 0.00 0.00 

IApseudus sp._ _ 0.03 0.00 0.00 I 0.00 5.92 2.42 

IParatanaeidae sp. 0.67 0.22 0.00 0.00 . 0.50 0.06 - -
araneba/ia sp. 0.11 0.09 0.00 , 0.00 To.oo 0.00 

iriella brevicaudata 0.14 0.18 0.00 0.00 0.00 0.00 

ECHINODERMS --
L!!,ckia ,!,ultifora_ 0.08 0.00 0.00 0.00 0.00 0.00 

~. 

OfJ!liacti£ savigl'/yi 0.25 0.13 0.00 0.11 1 0.00 0.00 
-

Qpj:icornella_sexadia 0.62 0.31 0.11 _ i 0.00_ 0.00 0.00 

Ophiocoma .!c%pendrJna 0.34 0.11 L OOOf " 0.00 0.00 
r 

strop'yga radiata 0.03 0.00 
...l 

0.00 0.00 0.00 0.00 

0.17 0.07 0.00 0.00 0.00 0.00 
-

chinoneus c!ostomus 0.08 0.11 0.00 I 0.00 0.00 0.00 .-
a/macis bic%r 0.11 0.02 0.00 0.00 0.00 0.00 

ohadschia subruba 0.06 0.02 0.00 0.00 0.00 0.00 

% thuria nobi/is 1~03 _ 0.04 0.00 0.00 0.00 0.00 

H%thuria scabra I ~.06 0.00 0.00 0.00 0.00 0.00 
1----

SPONGES 
0.00 ' 0.00 I 0.00 ~aptos cfchromi-;- - J_0.22 0.27 0.00 

ICinac;;;'~ell; voe/tzkowii I 0.11 0.07 0.00 ~O.OO 1 0.00 0.00 
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Pyrgulina pupu/a., Cymatium neobaricum, Casmeria ponderisai and 

Truncatella pfeifferi were very less at this station. Among bivalves, 

Gafrarium divarticatum contributed 90% of individuals followed by 

Cardium asiaticum and Pinna muricata. Siboglinumfiordicum contributed 

major share of individuals in the category of "other worms", Uca spp. and 

Scylla serrata were not found at station I. However Ca/appa hepatica 

formed the maj or share of crabs followed by Tha/amita crenata. Carridean 

prawns formed 90% of other crustaceans, the major share contributed by 

A/pheopsis equalis and A/pheus sp. In seagrass beds, amphipods flourished 

seasonally and they contributed 7% of total individuals. The major species 

involved were Maera pacifica, Cymadusa imbroglio, Stenothoe kaia and 

Mal/acoota insignis. Isopods formed only I % of total individuals. Major 

share of isopods were Paracilicacea setosa and Para/eptospheroma indica. 

Echinoderms contributed 2% of the total individuals, of which major share 

was contributed by Ophiocornella sexadia and Ophiocoma sc%pendrina. 

Sponge Aaptos cf chromis was found in almost all seagrass samples. 

Station 2 

The spectrum of various taxa at station 2 comprised of gastropods 

(81%), bivalves (6%), other worms (1%), polychaetes (3%), crabs (2%), 

other crustaceans (6%) and echinoderms (I %). 

All Cerithium spp. together contributed 90% of gastropods. 

Smaragdia spp., Pyrene spp. and Littorina sp. contributed the major share 

of rest. Opisthobranchs and lamellibranchs were found in seagrass beds 

occasionally. Gafrarium divarticatum formed the major share of bivalves. 

Worms other than polychaetes were present only in minor quantities. 

Polychaete species like G/ycera, Nereis, and Nephtys were present in 

considerable number while the other species of this group were less. 

Except Tha/amita crenata, Ca/appa hepatica and Actaeodes tomentosus all 
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other crabs contributed very little to the abundance. Amphipods dominated 

among other crustaceans, contributed even 4 % of total individuals while 

isopods, prawns, stomatopods, etc. together contributed only 1%. 

Echinoderms showed less abundance when compared to station I- and some 

species were found absent at this station during the period of study. 

Station 3 

The share of numerical abundance of each group at station 3 

comprised of gastropods (53%), bivalves (21 %), other worms (7%), 

polychaetes (9%), crabs (3%), and other crustaceans (7%). 

Of the 53% gastropods, Cerithium spp. contributed 21 % and 

Smaragdia spp. 7%. Soft molluscs were not recorded from this station. or 
the 21 % bivalves, major share was sponsored by the single species 

Gafrarium divarticatum. Tellina palatum contributed 5 %. Many species 

present at station I and station 2 were not recorded from this site. 

Percentage of worms was higher at this station. Phasolosoma nigrescens, 

Siboglinum fiordicum, Baseodiscus delineatus etc. were present 

comparatively in good numbers. Polychaetes were present in good 

numbers, even though occurrence of polychaetes were less. Eurythoe 

mathaei contributed 25% of total polychaetes from this region. Glycera 

spp., Notomastes latericeus, Marphysa sp., Nephtys spp., Syllis spp. and 

Eupolymna sp. dominated the sample. Out of a crab population of 4%, 

Thalamita crenata, Calappa hepatica and Actaeodes tomentoslls 

dominated the samples. Many species of prawns, amphipods, isopods, 

stomatopods, and echinoderms recorded from other sites were not found at 

this site, except Alphaeopsis equalis, Cymadusa imbroglio, Maera pacifica 

and Seychellana ecpansa. Stomatopods were not recorded at this station. 

Only a single species of echinoderm namely Ophiactis savignyi has 

appeared at this station. 

51 
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Station 4 

At station 4 gastropods contributed 48%, bivalves 28%, other 

worms 10%, polychaetes 9%, crabs 3%, and other crustaceans 2%. 

Out of 48% of gastropods, Cerithium spp. contributed 20%. Pyrene 

spp. contributed 12% and Smaragdia spp. 5%. Out of a total of 58 species 

gastropods recorded, only 23 species were found at this station. Only 4 

species of bivalves were present at this station, of which Cafrarium 

divarticatum alone contributed 26% of the total individuals. Tellina spp. 

contributed I % only. Baseodiscus de/ineatus dominated among worms 

forming around 4% of total abundance. Phascolosoma nigrescens and 

Siboglinum jiordicllm formed 2% each of total abundance. In the case of 

polychaete worms, some members like C/ycera spp. dominated. 

Abundance of Notomastes spp. and Ellrythoe comp/anata were 

comparatively higher at this station. Eleven species of crabs were recorded 

at this station, the dominating ones were Macrophtha/mus boscii, 

Ty lodipax desigardii, Pi/umnus hirte//us, Pinnotheres spp., Thalamita 

crenata and Ca/appa hepatica. Among echinoderms, only Ophiactis 

sQVignyi was recorded at this station. 

Station 5 

At this station, 91 % of individuals were gastropods, I % crabs and 

8% other crustaceans. 

Only 9 species of gastropods were recorded, out of which Littorina 

undu/ata formed about 59% of total abundance. Terebralia pa/ustris 

formed 18% and Cerithium corallium 10%. All other species showed less 

than 1 % abundance. Bivalves, worms, polychaetes, echinoderms and 

sponges were not recorded from this station. Six species of crabs were 

found, out of which Scylla serrata showed the highest abundance. Uca 

spp. and Ty/odipax desigardii also were rarely represented. Nikoides 
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Chapler 4. Boffom fauna 

NDrtMm s..-_. 

IJ - ......... 
I . 

Mangrove area 

• Gastropods 
. 8 .. ",s 
DWonns~ncluding polychaetes) 
DC",bs 
• Other crustaceans 
• Echinodenns 
• Sponges 

Fig. 4. 7. Groupwise share to numerical abundance at different areas 
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Fig. 4. 8. Avg. seasonal abundance (noJO.25m2
) at di fferent areas 
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Southern seagrass area 

n2 n3 n4 nS n6 n7 n8 

Northern seagrass area 

n2 n3 n4 nS n6 n7 n8 

Mangrove area 

n2 n3 n4 n5 n6 n7 n8 

I_ pre monsoon _ monsoon 0 post monsoon 1 

n I-gastropods, n2- bivalves, n3-polychaetes, n4-other worms, nS-crabs, n6-other 
crustaceans, n7-echinodenns and nS-sponges 

Fig. 4.9. Seasonwise distribution of numerical abundance of major 
groups at di fferent areas 
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Table 4.5. Avg. seasonal abundance (no./0.25 m2
) of major groups 

§ outhern seagra.ss _ area ___ ~-monsoon monsoon j)Ost-monsoon 
.G_astropods _ 415.0 482.5 _ _ 553 .0 

!Bivalves ' 24.0 80.8 ' t - ,--
I~olychaetes 18.5 6.0 __ _ 

r onns(excluding p,.9.!xchaetes)_,_ 40.5 32.3 

ICrab_s j.. 19.3 35.3 
i -

Other crustaceans I 106.5 17.0 
~ - ------
IEchinodenns __ '-------'7.5 10.5 

~
ispong~s-__ -_ -_ -_-_-_-_-=-__ -,---_.-:2.6 1.8 

Total 633.8 666.0 I ----'--'-- ~ 

Northe~ seagrass_area_ 
Gastropods __I 119.3 
Bivalves 68.3 ----------
Polychaetes 25.3 
>--- - ---

w.9nns( excluding_polychaetes) 29.0 

Crabs -----
Other crustaceans 

Echinoderms ---

8.5 

14.8 

0.8 

Sponges_______ 0.0 
Total - [ 2 65.8 

Mangrove_~':ea __ 
~~opods _____ _ 
Bivalves , -

IPoltchat:tes __ --

I
WO~S-0.?'CI Udirlg poJychaetes) 
Crabs ---
Other crustaceans 
- ---- --- . 

Echinoderms 

230.8 

0.0 

0.0 

0.0 

2.0 

16.8 

0.0 

158.3 

54.5 

18.8 

13.5 

12.5 

4.8 

, 0.3 j 
0.0 

262.5 

202.0 

0.0 

0.0 

0.0 

1.8 

15.3 

0.0 

-l 

57.0 

6.0 

33.3 

20.0 

32.5 

7.5 

2.5 

711.8 

166.8 

92.0 

38.0 

31.5 

7.5 

21.3 

0.0 

0.0 

357.0 

262.8 

0.0 

0.0 

0.0 

2.3 

9.3 

0.0 

I
'Sponges 0.0 0.0 I 0.0 
,B>_ta_I __________ --'--_ 238.0 209.0 ~ _ 254.5 
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maldivensis showed 2% abundance. Apseudus sp. and Paratanaeidae sp. 

were also found in almost all samples. 

Station 6 

At this station, 96% of individuals were gastropods, I % crabs and 

the rest 3% were of other crustaceans. Abundance of Littorina undulata 

came up to 66% and Terebralia palustris 15%. Four species of crabs were 

found at this station. Numerical abundance of all other individuals was 

almost similar to that at station 5. 

Season wise analysis 

The average seasonal values of numerical abundance of major 

groups as well as major areas are given in Table 4.5 and Fig. 4. 8. The 

seasonwise contribution to major groups is given in Fig. 4. 9. In the 

southern seagrass area, gastropods showed a highest seasonal average of 

553 nos./O.25m2 during post-monsoon and the lowest during pre-monsoon 

(415 nos.lO.25m2). Bivalves, crabs and echinoderms showed their highest 

abundance at monsoon and other crustaceans showed a very high 

abundance at the pre-monsoon season. In the northern seagrass area, most 

of the major groups like gastropods, bivalves, polychaetes and other 

crustaceans showed their highest average seasonal abundance values at the 

post-monsoon season. The total abundance at mangrove areas showed the 

highest value in post-monsoon. 

4. 2. 2. 1. Three-way ANOV A 

Three way ANOV A applied on the benthic data showed that there 

was significant difference between stations and abundance of various 

benthic groups. Station-group interaction was high indicating a location 

specificity for the benthic groups. Station month interaction was also high. 

S3 
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Students t test was applied to see which of the stations were significantly 

different. Three way ANOY A for comparing between stations, months and 

benthic groups and first order interaction effects between these three 

factorS are given in Table 4. 6. 

Comparison olstations based on biomass: 

Regarding the distribution of major groups of benthic organisms, 

highest average wet weight biomass was observed for gastropods (shell-on) 

at station 1 (X -167.927 glrn2) and least at station 4 (X -31.96 glrn2) with 

maximum variation at station I (83.11 %) and least at station 6 (67.19%). 

Bivalves were absent at stations 5 and 6 and maximum at station 3 (X-

42.32 glrn2) and least biomass at station I (X -1l.l47 glrn2) with 

maximum variation (128.71%). Worms were also absent at stations 5 and 

6 and maximum biomass at station 4 ( X -1.353 glm2
) with highest 

variation over time (157.29%) and least at station 2 (X - 0.400 glm2
) and 

least variation with distribution over time was observed at station I 

(68.97%). Biomass of Crabs was highest at station 5 ( X -2.233 glrn2) and 

least at station 1 (X-0.653 glm2
) with least variation (71.37%), and highest 

temporal variation was observed at station 4 (205.87%). Other crustaceans 

have maximum biomass at station 6 (X -0.967 glm2
) with maximum 

variation, 253.53%. Least biomass was at station 4 ( X -0.027 glm2) and 

least variation was at station I (91.49%). Echinoderms and Sponges were 

absent at stations 5 and 6 with very stray occurrence at other stations (X -

0.007-0.5 glm2 for echinoderms and 0.035-0.347 glm2 for sponges). 

Average total biomass was maximum at station I (X - I 81.440 glm2
) and 

least average biomass was at station 4 ( X -56.48 glm2
) with least temporal 

variation at station 5 (42.879%) and maximum at station I (79.928%) 

(Table 4. 7). 
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Table 4. 6. Three way ANOVA for comparing between stations, months 
and benthic groups and first order interaction effects between these three 
factors 

------
Source Sum of DOF , 

-c--:.....,------:---t-. -:-:-:s9..'!a res 
(A) Stations : 126890.0 - --5-
I~----:-----~~~ 
, (B) Groups 21375 I 0.0 8 

, (C) Months 127698.0 23 

AxB 

BxC 

! 2989080.0 

: 2657300.0 

592078.0 
• --, 

AB interaction J-
BC interaction 

I - I 

53 

215 

143 

40 

184 

liS AC interaction 

Error 

I Total 

..J , , 

1161150.0 920 
~ ----,-:-:-::-

1295 

.. 

Mean Sum F Ratio 
ofsquar:.es _ 

(25378.0) 44.685 ** 

(267189) 

5652.098 

56397.74 

12359.53 

4140.406 

18117.0 

2130.9 I 

2934.69 

, 9.793 ** 

: 3.281 * 

I 
I 14.354** 

1 
I 1.688 

_1_ 
I 2.325* 

,-
1262.12 

* Calculated F is signifi cant at 5% level (P<0.05) 

** Calculated F is significant at 1 % level (P<O.O I) 
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Table 4.7. Avg. (X), standard deviation (S. D.) and co-efficient of 
vrujation (C.V.%) of~enthic biomass (wet wt._g/m~at station 1 to 6. 

Station 1 _ X __ S.D _ C.V.(%L~LCL I UCL 
Gastro~s 1 1_67.927 I39.563~ 83 . 110~105 .617 441.471 

ivalves I 11.l4 14.346' 128.705 -16.972 39.265 
orms_CInc. polychaetes) __ 0.733 0.506r 68.971 - -0.258, 1.725 I - , --- -

Crabs ~.653 0.46

t
6 7}.3 0.261 1.567 

Other crustaceans I 0.30 0.27 91.4 0.238 0.838 
chinoderms 0.36 ~2.~ 0.209 1.209 I 

Sponges 0.18 0.267 148.1 0.343 0.703 

70 -
90 -
33 -
02 -

Total 181.44 143.928f 79.3 0.660 282.100 1 - r 
26 ---

-10 
- --

IStation 2 X S.D C.V.J"Ic LCL UCL I ") 

l
'GaStrOpodS 150.287 + __ -,-77~.8. 1 8.912 _ 379.485

1 

0 -7 
BIvalves :_1...::3...::.3...::0-,-0-+-_+ __ 13.73 +--103.27 3.623 40.223 8_ -I -
Worms (In~ltcJ1aetes)_O.400 0.355 88.694 
C!:abs I 0.673 0.993L 147.43 

S
ther crustaceans 0.233 0.53?f- 229.97 
hinoderms ----,--,o.367 0.290' 79.148 ____ ---1'- t--

,Sp_onges 0.347 _ 0.473
1 

136.30 
ITotal 165.607--r- 122.647; 74.05 

8_ 
8 

8 
9-

-

-

-0.295 - + 
-I .272 
-0.8 18 
0.202 . -
-0.580 

-7 4.781 

1.095 
2.619 
1.285 1 

I 0.935 [ 
1.273 

240.388 1 

Station 3 X S.D C.V. (%) LCL I UCL 
G-as-t~opOd-s---- 33.887 -27.080 ' 79.914-1 -19.191 86.964 

BiVBlve . .:..:s-,-_-,------,----__ ~ - 43.219 r 1 02.125_~2.390 : 127.030 t 

\\<'0rJE.s CIne. polyc~ae.!.e..0 1.20 _ 1.350 112.480 -1.446_ 3.846 
Crabs ~. 1 1 3 1.348 121.057 -1.528 3.755 
Other crustaceans 0}.-'..73=-t--_ 0.269~5.186 -0.354 0.701 
Echinoderms 0.007 0.032 I 479.583 -0.056 0.069 

-- -- ,- -
I~p_onges !_O.qoo 0.000 ~ 479.583 0.000 0.000 
ITotai 78.700 49.048 ~ 62.323 -17.434 96.134 

LCL - Lower Confidence limit at 95% confidence 
UCL - Upper Confidence limit at 95% confidence 
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IStation 4 • X S.D 
Gas_tropods__ I 31 .960 I ± 20.887 
Bivalves I 22.013 t _ ± r 15.429 : 
Worms (Inc. polychaetes) _1.353 t-±j 2.129 . 
'c~bs . 1.087 _ ± 2.237 I 
Other crustaceans 0.027 ± 0.060 - --

chinoderms 0.020 ± 0.070 ---
Sponges 0.000 ± 0.000 

otal ['5'6.460 ± 26.726 1 

Chapler -I. BOI/OIII/all/llI 

c.v. (%) 1 LCL I 
65.353 -8.978 
70.088 -8.227

1 

~~~:~~~ - ~; :~!~ II 
223.607 -0.090 
351.188 -0.118 
351 .188 0.000 
47.337 4.076 : 

VCL 
72.898 
52.254 
5.525 
5.471 
0. 144 
0.158 
0.000 

52.384 

I 
Station 5 I X S.D c.V. (%) LCL VCL I 

67.196 ' -17.694 1129.307 ' 
48.688 ' 2.729 116.618 

Gastro~~ I 55.80 37.500 

E=i:::::~)1 ':5 2: ~; 48.6881 0.000 0.000 

Crabs 2.233 ± 3.035' 
48.688 I 0.000 0.000 

Other crustaceans . - 0.62 - ,;- 1.189' 

135.875 1 -3.714 8.181 
191.721 -1.71 0 2.950 

chinoderms 0.00 0.000: 191.721 0.000 0.000 
Sponges 0.000

1 
191.72 1 0.000 0.000 

otal 118.333 50.740, 42.879 18.882 99.451 

Station 6 
Gastropods __ 
Terebralia palustris_ 

X 
51.800 
46.733 

S.D C.V. (%) 
21. 1551 40.840 
30.559 65.390 

ivalves ± 0.000 65.390 
W~rms_(ln~.:_e.o1~chaet.c:.s) I _o.ood

l 
65.390 

Crabs t 1.593 J6271 164.532 
Other crustaceans__ 0.96 '1-_1--_2.451 253.530 

chinoderms 0.00 0.000, 253.530 
- --

Sponges 0.0 0.000 253.530 
T;ta1 1)01.093 46.422 45.920 

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

I 

LCL I VCL 
10.336 I 93.264 

-13.162 , 106.628 
0.000 I 0.000 
0.000 j' 0.000 
-3.545 I 6.732 
-3.837 r 5.770 
0.000 , 0.000 
0.000 I 0.000 I 

10.105 90.988 I 
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Comparison of stations based on numerical abundance: 

Mean Gastropod abundance was maximum at station 2 ( X_ 

604.33/0.25m2
) and least at station 4 (X 137.33). At the other stations 

average gastropod abundance ranged between 158.8 (station 3) and 362.7 

(station I). Seasonal variations in the gastropod distribution was highest at 

station 5 (220.62%) and least variation with respect to seasons was at 

station 6 (202.95%) (Table 4. 8). 

Bivalves were occurring only at station I (X -63.5), station 2 (least 

abundance X -44.3), station 3 ( X - 63.17) and station 4 (highest abundance 

X -80). Bivalves were negligible/ absent at stations 5 and 6. This reveals 

group specificity for some locations. Worm's distribution was similar to 

that of gastropods and bivalves, occurring only at stations I to 4 with 

maximum average abundance of 29.5 at station 4 with highest spatial 

variation (C.V.% = 791 at station I) and totally absent at stations 5 and 6. 

Polychaetes were distributed with maximum average abundance at station 

1 ( X - 47.17) and found negligibly absent at stations 5 and 6. Crabs were 

distributed more or less with same average abundance at stations 3 and 4 

and having maximum abundance at station I. Stations 1 & 5 and stations 2 

& 5 showed high differences in the abundance of crabs (P<.05). High 

variation was observed for crustaceans other than crabs at different stations 

with highest abundance at station 1 (X - 63) followed by station 2 ( X_ 

41.8) and least abundance at station 4 ( X - 6.8). Seasonal variations were 

also found high at all stations for this group. In respect of the remaining 

two benthic groups, stations 1& 2 and 3 & 4 the difference was not very 

high. Echinoderms were high at Sts. I and 2 and least at station 3 to 6 

(P<O.O I). Based on total benthic abundance, stations I and 2 were highly 

different from stations 3 and 4 and so also at station 6 (P<0.05). In terms 
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Fig.4. 10. a-d Trellis diagram fo r comparing between stations based on numerical 
abundance of gastropods, bivalves, worms (incl uding polychaetes) and crabs. 
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Fig. 4. 10 e-h Trellis diagram fo r comparing between stations based on numerical 
abundance of olher cruslaceans, echinodenns, sponges and all groups together. 
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Table 4. 8. Avg. (X), standard deviation (S. D.) and co-efficient of 
variation (C.V.%) of benthic numerical abundance (no./O.25m2) at station I 
to 6~..:.. _____ _ 

Station! Station 2 - . I S.D. C.Y. (%) Groups X X S.D. c.y. (%) , - - - - -- , 
pastropods_ 362.7 194.4 214.412 604.331 323.8 214.288 
Bivalves 63 .5 -68.52r 431 .628f 44.332 63.36 571.672 

ro~ 
I 

12.5 24.72 791.044 7.8321 _ 9.344, 477.128 
Polychaetes __ 47.17 22.06 187.081 23.5 9.612 163.632 

f--' , 
220.2081 

, 
Crabs 29.5 16.24 17.668 17.24 390.344 , 

885.9641 IOther crustaceans _ f----63 76.072 483 41.832 92.66 
, , 

Echinoderms 10.83 4.24 156.532 6.168 3.46[ 224.441 
.§ponges 2.2 2.308 461.8r 2.5 2.784 445.42 

, 
Station3 .station 4 

Groups __ X S.D. c.y. (%) . X fs.D• I C.V. (y.) 
Gastropods 158.8 83.528 210.348 137.33 _ 74.98 218.392 
Bivalves .-rJi3.17 52.876 334.84 80 50.581 252.916 
Worms 19.83 18.708 377.296 i9.5~25.61 1 347.221 
Polychae,tes 27.87 36.96 531.148 26.832f-29.06 433.2321 
Crabs 9.832 8.944 363.772 9.168 8.444 368.4761 -
Other crustaceans 20.33 24.6 483.96 '.R32R·964 583.328 '--

132§.6~t-Echinoderms 0.332 1.104 0.332 1.104 1326.65 , -
,Sponges_ ---'- 0.332 1.104 1326.65 0.332 1.1 04, 1326.65 

1--_____ J-__ IStationS _ I/Station 6 
Groups X S.D. C.V.,(%) _ _ X _ S.D. c.y. (%) 

Gastropods 212.8 117.39 220.621 .. ~50.83 127.3 202.948 
Bivalves 0. 168 0.8 1918.33 0.168 0.8 1918.33 
Wonns 0.168 0.8 1918.33 0.168 0.8 1918.33 
Polychaetes 0.168 0.8 1918.33 0.168 0.8 1918.33 
Crabs 2.332 2J!0~ 481~96-t--1.668 2.284 548.452 

r~''''''='"'-f-18·67 25.02~536.236 t. 8.832 7.744 350.68 
Echinoderms 0.168 0.8 1918.33 0.168 0.8 1918.33 
Sponges 0,}68 _ 0.8 1918.33L O.168 - 0.8 1918.331 
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Table 4. 9. Avg. (X), standard deviation (S. D.) and co-efficient or 
variation (C.V.%) of benthic numerical abundance (no./0.2Sm2) from 1999 
Sefl -200 1 Aug - -_. 

IStation 2 I 
1 

S.D. 
Station 1 -

Months X S.D. 
) 999 SEP 

--
89 154.4 

beT 123.5 - 215.848 
-

~OV 68.5 115.04 

~EC 63 110.336 -
2000 JAN 59.5 89.832 - -- -
FEB 27.5 28.668 .-

~.y.(%) 

693 .928 
699.1 

671.756 
700.804 
603.912 -
416.964 

X 
94.5 

58 
216.5 
160.5 
55.5 
44.5 

209.76 
89.976 

- 477.3 ' 

385.628 
90.12 

90.696 
IMAR 125

1 
179.072 573 .032 136.5 202.736 

~R-- -- 78+- 102.\96~524'08-. - 65 124.592
1 

IMAY I 60~66.8.¥ 445.62 80.5 188.896 
35.66 413 .468r 68 142.66 

44.812 527.1841 116.5 265.0921 
8.572 688.548!--67.51 124.152 

>- - i 

JUN 34.5 
JuL 34 

~UG 
SEP 
OCT 
NOV 
DEC 
12001 JAN -
~EB 
MAR 
f--
APR --
MAY --
JUN -
JUL 

I f.UG 

-
80.5 13 

89 15 6.624 703.928 41.5'-- 84.64 --
7.608 -780.66[- - 34.5 ~4.724 111.5 

-

67.5 
76 
46 

--
106.5 

125 
46.5 

21 -
12 

r-14 
7 

c-J8 
25 

r- 3 

4.392 737.148 95 219.896 
- -

5.916 767.988 114 
8.5_121 682.704 

9.\96+--_710.6 
71 

99.5 

268.52 
153.436 

169.5 
2.332 807.461 82.5 176.532 

>-
9.492 3 39.732~ 80.5 ~187.42 

69 13 
~ -

51 71 
86 101 

56.5 5 

8.836 804.836 43

t
_ 86.872 

.128 557.856~51 376.896 

.608 472.592 iJO.5 338.336 
3.232 376.872 98L-213 .. 86

L 

C.V.(o/.) 
887.876 
620.536 
881.844 
961.068 

649.521 
815.244

1 594.096 
766.716 
938.616 

839.18 
910.188 
735.716 
815.796 

i 

866.372 
925.884 
942.184 
864.436 

681.4 
855.916' 
931.272 
808.124 

998.4 
793.752 
872.896 
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Table 4. 9. contd .. . 

Station 3 Station 4 
Months X S.D. C.V.(%) X S.D. , - -
1999 SEP_ I __ 32 45.388 567.34 24.5 55.008 
OCT. __ -1-_61.5 - 773 28 592.9521 43 94.716 
N'OY 74.~_79.244+ __ ~4.25.476 49 61.116 
DEC 63.5 87.028 548.204 69.5 64.712 

I 

2000 JAN _ 71.5 110.912 620.492 43 53.208 
"'EB 40.5 40.468 399.696 40 34.06 --
MAR 22.51---,29.32 521.2721 __ 35 58.948 
APR ' - 49 54.98 448.832 61.5 82.192 

MAX. _1---1.2.5 _ 28.384 582.272~_ 44 57.028 
j:.::-.:~_-l __ ~~5 48.7 519.472 24 31.368 
JUL 67.5 100.648 596.424 46 77.768 
AUG 21.5 30.064 559.3

r 
35 44.124

1 
ISEP 21.5 35.94 668.668 41 71.936 
'OCT 27 35.54 526.5 31.5 41.544 

OV 26.5 44.94 678.364 48 57.584 
DEC 28.5 30.164 _ 423.328, 38 51.612 

22 30.596 556.256 17.5 28.208 
13 18.948 582.992 27.5' 36.9 

• 
22.5 34.636 615 .7761 20 221 

APR. __ +--_22 31.748 
Y 53 98.688 

JUN 40.5, 84.816 --
JUL 281 52.384 
AUG 36 69.972 ' __ L ___ _ 

, 
577.256 

744.8041 
837.688 

-
748.332 
777.46 

40 83.5 
21.5 32.368 
31.5 51.516 

~ -
1_8.51---_ 34.288 
21.51 32.12 

C.V.(%) 
898.072 
881.072 
498.896 
372.448 
494.952 
340.588 
673.704 , 
534.5921 
518.42 

522.81 21 

676.252
1 504.284 

701.828 
527.52 

479.872 
543.304 
644.78 

536.756 
440 

834.984 
602.212 

I 

, 

654.152 
741.388 
597.5961 
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I I Station S 
Montbs_. X -, S.D. , C.V.(%) I 

1999 SEP_I ___ 31.5 73.0321 927.3% 
OCT I 1 19.26 70-0.4-l2' --- -
NOV 30.5 74.752 980.344 
DEC 79 209.0161-_1058.3 
2000 JAN 
FEB --

26.5 
2S 

'----1- 12, 
IAPR 21 
IMAY_ 18.5 
JUN 36.5 

JUL~ 29 IAUG - 20 

SEP _ 28, 
OCT 33 --- . -

OV 29 ,. 
DEC 371 ---,--,---
2001 JAN 9.5 

65.632 
61.732 

23.324 
49.668 
45.996 

990.692 
987.732 
777.46 

946.076 
994.536 

92.12 1009.5 12 
63.96 882.22 
t-

44.544 890.844 
66.7241 953.192 
87.308 1058.3 
66.596 918.564 
91.996 
23.66 

994.536 
996.168 

FEB __ -I 41 104.016 1014.776 
MAR 4 Ji 104.016 1014.776

1 ,APR 61.5t 119.532 776.1 32 
'MA Y - 18t _ 43 . I 76 959.424 

]UN 28 62.864~98.072 
JU=:L ,...--_f----'21.5~~3.924-1003.228 
IAUG 16 . 32. 124 803.12 
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JStatioa 6 
X I S.D. 

• 
32 72.828 

11.5 19.Q2 
1 

30.5 74.752 
79 209.016 

58.5 153.272 
56.5 
53 .5 
29.5 
36.5 
32.5' 

25.5 
34 
36 

17.5 
28 

I 

43.5 
27 
13 
21 

16.5
1 

• 
34.51 

29
1 

21/ 
20 

142.02' 
140.04 
78.048 
90.752 
85.988 

63.0521 
85.4641 

90.7961 
46.3 
69.6 

107.728 
65.596 
34.396 
52.564 
36.684' 
91.28 

70.872 

55.561 
45 .652 

C.V.(%) I 
910.356 
661.556 
980.344 

1058.3 
1048 

1005.452 
1047.044 

1058.3 
993.688 

1058.3 
989.076 

1005.452 
1008.848 

1058.3 
994.268 
990.621 

971.8121 
1058.3 

1001.224. 
889.32 
1058.3 
977.56 
1058.3 

913.016 

• 
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of numerical abundance, stations can be graded as st.\ > st.2> st.5> st.6> 

st.3> and st.4. Fig. 4. \0 a-h is the Trellis diagram for comparing between 

stations based on numerical abundance of major groups. 

At station I, the month of March 2000 showed highest average 

abundance (X -125) followed by October 1999 (X -123.5). The least 

average abundance was seen in July 2000 (X -34). At station 2 the highest 

abundance was in 1999 November (X -216.5) and least was in October 

2000 ( X -34.5). Station 3 showed the highest abundance in 2000 January 

( X -71.5) and least abundance in February 2001 (X -13). At station 4 the 

highest abundance was in 1999 December (X -69.5) and the lowest 

abundance was in 20ql January (X-17.5). The highest abundance (X-61. 

5) was reported from station 5 during April 2001 and station 6 during 2000 

January ( X -58.5) (Table 4. 9). 

4. 2. 2. 2. Community structure 

Species richness 

Based on average diversity indices computed for each station, it was 

noticed that there was a steady decrease for species richness index from 

station I to station 6 with a gradual increase in temporal variation even 

though overall variation was less «36.26%) except at station 2, where 

coefficient of variation was the least for species richness (15.49%). 

Species concentration 

Species concentration index decreased from station I to station 2 

and after that again increased and following the second peak., it steadily 

decreased from station 3 onwards to station 6. Maximum concentration 

was at station I (0.843). Temporal variation also showed the same trend 

with average concentration factor with maximum temporal variation at 
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station 6 (C.V.%- 26.696) and least temporal variation or high consistency 

with respect to seasons for species concentration factor at station 3 (C.V.% 

- 9.388). 

Species diversity 

Shannon weaver diversity was maximum (3.649) at station I and 

least at station 6 (1.453). Spatial distribution showed a positively skewed 

curve, for diversity as that for concentration with bimodal pattern the first 

mode at station I and second at station 3, whereas for richness, a steep 

steady decreasing pattern with rate of change of 4.396 per station was 

observed. Temporal variation was least at Station I and Station 3 

«13.9482%) showing high consistency in the diversity, during the study 

period at these two stations and maximum variation at station 6 

(28.3285%) showing high fluctuation in the number of species and 

abundance at station 6, during the period of2 years. 

Species dominance 

Dominance was least at station 2 (0.47) and maximum at station 3 

(0.8034). Pattern of distribution was same as that of diversity and 

concentration with two modal values, one at station I and other at station 3. 

Temporal variation was maximum at station 2 (87.62%) and least at station 

3, (13.052%) implying that dominance remained almost same for all the 

months, while at station 2, the least dominance was highly varying from 

period to period. 

Species evenness 

Uniformity in the distribution was high at station 3 (1.6669) and 

least at station 2 (0.6923) with least variation at station 3 (29.98%) and 

maximum variation at station 2 (49.98%). Evenness was least at station 2 
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Table 4. 10. Community structure indices on the average. 
-----

Station i Richness Concentration Diversity Dominance Evenness 

, Index i Inde~_ Index Index I Index 
I I 

Station I I 
I 

X i 26.176 10.843 3.649 0.594 1.361 

I ~.v.% 
15.674 0.067 0.504 0.349 0.674 

21.678 17.929 13.948 58.775 49.559 

I Station 2 
- -

I 
I 

I 
' 2.778 X 20.450 10.702 I 0.470 1 0.692 

I 

I cr 
3.168 0.122 0.523 I 0.412 ! 0.346 

1
15 .493 

I 
I 

IC'v .% 
17.417 18.829 187.6 17 ' 49.978 

---
Stanon 3 

I 

X I 14.049 0.829 3.173 0.801 1.667 

cr 3.242 0.078 0.438 10.105 I 0.500 

C.V.% 23.075 9.388 13 .799 I 13.052 129.978 

Station 4 I 
I 

X 12.522 0.813 13.039 , 0.772 1.629 

I cr 3.121 0.085 10.492 0. 113 0.521 
I 

C.V.% 24.923 10.443 16.195 14.699 I 31.989 

Station 5 

1 1.709 X 5.1 75 0.579 ' 0.754 0.944 

cr 1.321 0.106 0.354 0.1 56 0.306 

c.v.% 25.533 18.273 20.71 4 20.7 13 32.384 

Station 6 ! 

I X 4. 198 0.500 1.453 0.64 1 0.853 

cr 1.522 0.133 0.412 0. 182 0.338 

C.V.% 36.259 26.696 28.329 28.33 1 39.667 
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(0.692) and maximum at station 3 (1.667). Indices at different stations are 

shown in Table 4. 10. 

4. 2. 2. 3. Similarity Index 

Similarity with respect to months 

Benthic data collected from stations 1-6 for a period of 24 months 

was subjected to cluster analysis. Bray Curtis Similarity index (PRIMER 5) 

was used to study similarity between months using normalised data of log 

(x+ 1) transformed data of benthos. 

At station 1 with 40% similarity, four distinct clusters of months 

were obtained. Cluster I included months June and July 2000 and June 

2001. Cluster 2 contained February, March, April and May of 2000 and 

March and May of 200 I. Cluster 3, the biggest cluster, included the 

months September, October 1999, August, September, October, 

November, December 2000 and February, July 2001 and 4th cluster 

contained November 1999, January 2000 and 2001. Thus cluster I was the 

monsoon season, cluster 2, the pre-monsoon and cluster 3, the end of 

monsoon and beginning of post-monsoon season and cluster 4 the end of 

post-monsoon season thus depicting that there were benthic species in 

station I , which occur, specifically in these delineated seasons (Fig. 4. 

Il.a). 

At station 2, four clusters of months were obtained. Cluster 1 

contained January, February and March 2000 which was the end of post

monsoon and beginning of pre-monsoon season, cluster 2 contained 

December 2000, January, February and May 2001 which include benthic 

species which has a wide range of occurrence and can tolerate a wide range 

of environmental conditions. Cluster 3 contained May, July, September, 

November of 2000 and March and April 2001. This included the benthic 

species, which can tolerate extreme hot and extreme cold. Cluster 4 
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included the months November 1999, June 2000, July and August 2001 , 

which sustained only those benthic species, which can occur exclusively 

during monsoon period (Fig.4.ll.b). 

At Station 3, four clusters were obtained. Cluster I consisted of 

February, May and June 200 I. Cluster 2 consisted of months April, June, 

August and October 2000. Cluster 3 consisted of October, November, 

December 99, January, February, March, May, November, December 2000 

and January 2001 which could also be splitted into subclusters of months 

as October 1999, November 1999, January 2000, March 2000, May 2000 

which contained exclusively post-monsoon and pre-monsoon benthic 

species, which can tolerate the environmental conditions prevailing in post 

and pre-monsoon seasons. The other subcluster consisted of November 

2000, February 2000, December 2000, December 1999 and January 200 I, 

which was post-monsoon of each successive year. Hence for these species, 

there was a rhythmic occurrence i.e., they occur only during post-monsoon 

season. Cluster 4 consisted of September 1999 and July, August 200 I 

which contained species which can tolerate only the conditions prevailing 

in monsoon season of every year or which can be designated as monsoon 

species or low salinity tolerating benthic species (Fig. 4.12.a). 

At station 4 seven clusters were obtained. Cluster 1 consisted of 

March and May 2000 (pre-monsoon preferring species), cluster 2 (June 

2000 and January 200 I) may be opportunistic species because two widely 

separated months were clustered. Similarly cluster 3 colltained March and 

July 200 I. Cluster 4 contained December 1999 and April, July 2000 

showing a wide range of period being clustered together, may probably be 

persisting opportunistic species, cluster 5 was more of a unique nature 

containing November 1999, January, February, August and October 2000 

and February 2001 probably be classified as cool temperature preferring 

benthic species or monsoon middle and post-monsoon end preferring 

59 



:3l
 

~
 f>- ... N
 0 '" =
 

Q
, ., e ac
 

"'
ar

-O
O 

., a 
M

.y
-o

o 
S.

p-
O

O
 

0'
 

Ju
n-

OO
 

., ~
 

e =
 

"5!
. =
 

?'
 

ac
 

e 
rn

 
... 

or 
B

 
:to

 
e 

e 
=

 
=

 
... 

~
 

C
I' "' 

J.
n-

O
l 

1'i 
"
'.

r-O
l 

~ 
Ju

l-O
l 

Ju
l-O

O 
;:J 

O
.c

-9
9 

~
 A

pr
-O

O 
'"

 A
ug

-O
O 

I;j
 

o-
i 

Ja
n-

DO
 

.. ... "' ... 
~
 

F
eb

-(J
) 

..,
 

N
a.

-9
9 

o-
i 

.. 0
; 

e =
 

"' ... 
~ 

~.
c:

 
5i 

S
'p

-9
9 

.. =
 

Q
, 

~
 

O
cl

-9
9 

:=
N

a.
-I

D
 

~
 

O
ec

-O
O

 

"'
oy

-O
l 

A
pr

-O
l 

Ju
n-

O
I 

A
u!

J-0
1 

S
IM

IL
A

R
lT

Y
 I

N
D

E
X

 

c; 
.. 

0 
0 

'" o 
~
 

o 

-
-
-
-
'r

--
li
 

-
-
-
-
'
~
 

-
-
-
-
-
-
,
~

If-

-
-
-
-
'I
-

-
-
~
 

-
~
 

--
,

~ 
-
-
-
-
-
-
"
 

N
 o 

15
 

S
ep

-I
D

 

Ju
n-

01
 

F
eb

-0
1 

M
ay

-0
1 

A
ug

-I
D

 

15 
A

pr
-I

D
 

2'i 
Ju

n-
ID

 
.. 

Vi 
O

cl
-1

D
 

c" 
;;J

 O
cl

-9
9

 
..

. 
0 

~
 

:c 
N

O
II-

99
 

g 
r.I 

Ja
n-

ID
 

..
. 

'"
' 

M
ar

-D
O

 
~
 M

ay
·(

l)
 

::
: 

N
oy

.(
I)

 

;> 
F

ob
-I

D
 

g 
D

oc
-I

n 
5i 

O
oc

-9
9 

::.
: 

Ja
n-

01
 

~
 

Ju
l-O

l 
S

ep
-9

9 

A
uI

t°
1 

A
pr

-0
1 

J
u
~
1
D
 

M
ar

-0
1 

.. 
S

IM
IL

A
R

IT
Y

 I
N

D
E

:X
 

i!l
 

'" o 
.. o 

:;
 

9 .g
 ~
 ,... ~ ~ 't;>
 

§ " 



Chapter -I. BOI/OIII/i lllllll 

species, cluster 6 contained September and October 1999, November and 

December 2000 showing a rhythmic occurrence, preferring exclusively 

monsoon season and cluster 7 consisted of April, May, June and August 

200 I, more preferably end of pre-monsoon and up to middle end of 

monsoon (Fig. 4. 12. b). 

At station 5, four clusters of months were obtained. Cluster 1 

consisted of November 1999, January and July 2000, January and July 

2001 , which was a combination of monsoon and post-monsoon period. 

Cluster 2 consisted of August 2000, June and November 2001 i.e. monsoon 

and beginning of post-monsoon period, cluster 3 (February and March 

2001) constituted by highly pre-monsoon and cluster 4 (February, May, 

June, September and December 2000) of a widely spread combination of 

period implying occurrence of benthic species which occur periodically 

with a period of2 months (Fig. 4. 13. a). 

At station 6, 40% similarity included all the months except October 

1999 and so also 60% similarities, which included all the months. At 80% 

similarity, 5 clusters were obtained. Cluster 1 contained (June and July 

200 I) exactly monsoon months, cluster 2 (November 1999, May and 

December 2000), a grouping with a period of 5 months, cluster 3 contained 

January, April and September 2000 with a pcriod of 3 to 4 months, cluster 

4 consisted of December 1999, March, June and October 2000, February, 

May and July 2001 with a period of3 months, cluster 5 contained February 

and November 2000, January and August 2001 comprising end of post

monsoon and monsoon specific species (Fig. 4. 13. b). 

Similarity with respect to species 

At station 1, at 40% similarity, 8 clustures were obtained. Cluster 1 

contained the species Nereis trijasciala. Maera pacifica and Slenolhoe 

kaia. Cluster 2 contained Nephtys inermis. Grapsus sp. and Mal/acoola 
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insignis. Cluster 3 contained Cymadusa imbroglio, Ophiaetis savignyi, 

Sy/lis corn uta, Cerithium alveolum, Eriphis sp., Glyeera eonvoluta, 

Pilumnus hirtellus, Pinnotheres pinnotheres, Pinnotheres pisum and 

Thalamita erenata. Cluster 4 contained Dolabella rumphii, Baseodiseus 

delineatus, Ophioeoma seolopendrina, Coralliophila eostularis and Elysia 

sp. Cluster 5 contained Etisus splendidus and Goniada emerita. Cluter 6 

contained Aaptos.efehromis, Megalopa larva, Cerithium rarimaeulatum 

and Strombus mutabilis. Cluster 7 contained Alpheopsis equalis, 

Aetaeodes tomentosus, Maerophthalmus boseii, Ophieornella sexadia, 

Nephtys hombergii and Paratanaeidae sp. Cluster 8 contained Ctena 

delieatula, Cerithium seabridum, Cerithium eora/lium, Smaragdia 

soverbiana, Pyrene sp., Smaragdia viridis, Cyprea moneta, Paraeilicacea 

setosa, Calappa hepatica, Pinna murieata, Gafrarium divartieatum, 

Glyeera lancadivae and Nephtys dibranchus (Fig. 4. 14). 

The species, which showed maximum co-existence at Station I were 

Pyrene sp. and Smaragdia viridis (85%). These two species together 

showed co-existence with Smaragdia soverbiana at 75% level. More than 

70% similarity occurred between Pinna muricata and Gafrarium 

divarticatum (75%), Cyprea moneta and Parasilieacea setosa (70%). 

Cerithium seabridum, Cerithium eorallium, Smaragdia soverbiana, Pyrene 

sp. and Smaragdia viridis clustures with more than 60% similarity. Same 

was the case with species Cyprea moneta, Parasilieacea setosa, Calappa 

hepatica, Pinna muricala, Gafrarium divarticalum, Glycera lesselala and 

Nephtys dibranchus which clustures with more than 60% similarity. 

Ophicornella sexadia, Macrophthalmus boscii, Actaeodus tomentosus and 

Alpheus equalis clustured with more than 60% similarity. Glycera 

convolula, Pilumnus hirtellus, Pinnotheres pinnolheres, Pinnolheres 

pisum, and Thalam ita erenata clustured with more than 50% similarity. 
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~cies}iste~n ~endrogram_4. 14. 
I SI. No. I Abbreviation used Species __ 

r-' - - S~y.exp. _ 'S-ey-c-he-I/ana expansa_ 

2 Ner.tri. Nereis Irifasciala __ 
[ - 3 --r --Mae.pac. l Maera pacifica _ 

t-
-454 Sle.kai. ,Slenolhoe kaio 

Nep.ine. ,!"ephtys inermis __ _ 

__ 6~ ~ Gra.sps. Craps"s species. __ _ 
Mal.ins. Mal/acoola insignis_ 
Ech.mal. Echinomelra ma/haei 

9 Cer.nes Cerilhium nesiOlicum 
10 SIr.can Sirombus canarium , -
\I 

12 
___ CY'!'.imb.__ Cymadusa imbroglio 
__ Oph.sav.__ ' Ophiaclis savignyi--

13_-!-___ S)'~.cor:.:.. ___ _Iyl/is cornula _____ . 
14 Cer.alv Cerilhium alveolum 

Eri.sps_. _ 
__ 16 Gly.eon. lIT 17 PiI.hir -- - - -

18 Pin. p~ 

_ 19 __ J 'in.pis. __ 

t 

_ 20 
21 
22 
23 
24 
25 . 
26 -r 
27 

28 

~~~ 
31 
32 

, 

Tha.ere. 

Dol.rum. 

Bas.del. 
_ Oph.sco. 

Cor.cos. 

Ely.sps._ 

Goo.eme. 

_ Eli.spl. __ 

Aap.chr. 

Meg.lar. 

Cer.ros 

Str.mul 

l~E_;--_ 
36 I 
37 1 

Alp.equ. 

Gly.les. 

AcUom. 
Mae.bos. 

Ophi.sex. 
Nep.hom. __ 

--,-
38 Par.sps. 
39~- Cte.del.--
40 Cer.sea 

41 Cer.cor -----
42 Sma.sov. 
43 

~~~ 46 
47 

_ I'yr.sps. 
Sma. vir. 
Cyp.mon 
Par.set. 

Cal.hep. 
48 Pin.mur. 

H9 i Gaf.div: 
50 _____ GlyJ~_ 

51 Nep.dib. 

Eriphis species 
bycer~ convolulo __ 
Pilumnus hirlellus 
Pinnolheres pinnolheres 
P innolheres pisum __ 
Thalami/a crenala 

I 

Dolabel/a rumphii __ 
Baseodiscus delinealus 
Ophiocoma seolopendrina 
jCoralliophiia coslularis 
jElYSia sps. 
Goniada emerila 
Elisus splendidus 
AaplO., efchromis 
Megalopa larva 
Cerilhium ros/ratum 

.iSlrombus mUlabilis_ 
t Ipheopsis equalis 
Glycera lesselala __ 
AClaeodes tomen/osus 
iMacraphlhalmus boseii 
Ophieornella sexadia 

ephlys hambergii , - - -
_Paratanaeidae species_ 

,Clena deliealula ___ _ 
Cerilhium scabridum , 
Cerithium coral/ium , 
f margdia soverbiana 

IPyrene sps. 11 __ _ 
'Smargdia viridis 
~Cyprea manela 
Paracilicaca se/osa 
ClIlappa hepalica 
Pinna muricata 

~Gafrarium divarliCaium 

Glycera lancadivae 
[Nephlys dibranehus--



Chapfer -I. Dol/om fallllll 

At station 2, only those species, which occurred mainly at least in 

20% of the sampled months, were considered by Bray Curtis similarity 

index. The 50 species which occurred in at least 20% of the sampled 

months were grouped into 12 clustures at 40% similarity level (Fig. 4. IS). 

The clustures were 

Cluster 1- Maera pacifica, Stenothoe kaia, Baseodiscus delineatus and 
Syllis cornuta 

Cluster 2- Malacoota ins ignis, Hoplonemertean sp. and Glycera convoluta 

Cluster 3- Ophicornella sexadia, Myadoropsis brevispinious and Syllis 
gracilis. 

Cluster 4- Pyrene vulpecula, Cinguloterebra hedleyana and Margarites 
helicinia 

Cluster 5- Gymnodoris ceylonica, Cerithium dialeucum and Golfingia 
hespera 

Cluster 6- Thalamita crenata,Siriella brevicaudata,Cyprea moneta,Nereis 
trifasciata 

Cluster 7- Lithophaga nigra, Strombus mutabilis and Calappa hepatica 

Cluster 8- Echinoneus cyclostomus, Nephtys inermis and Ophiocoma 
scolopendrina 

Cluster 9- Cerithium alveolum, Cerithium scabridum, Aaptos.C/chromis, 
Coral/iophila costularis and Pyrene sp. 

ClusterJO- Notomastes latericeus, Nephtys hombergii, Glycera lancadivae, 
Goniada emerita, Dolabella rumphii, Pinna muricata, Ctena 
delicatula and Gafrarium divarticatum. 

Cluster 11- Megalopa larva, Ophiactis savignyi 

Cluster12- Conus calus, Paratanaeidae sp. 

The pairs of species which showed more than 70% similarity at 

station 2 include Maera pacifica and Stenothoe kaia, Hoplonemertean sp. 

and Glycera convoluta, Cinguloterebra hedleyana and Margarites 

helicina, Pyrene sp. and Cerithium corallium, Smaragdia soverbiana and 

Smaragdia viridis, Glycera lancadivae and Goniada emerita, Dolabrifera 

sp. and Pinna muricata. 
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Sp~~ies _listed in d-:ndrogram_ 4. 15. __ _ 

t SI.. No. ·I_Abbreviation used 
, Par.set:... ____ _ 
I -

H
~Mae.pac. 
3 Stc.leai ..... __ _ 

f-__ 4:;IBas.del.:.... ----
~ ___ 5 Syl.cor_. _ 
1 ___ 6Lit.und_ 

1-_7 Mal.ins. 
~8Hop.sps. 

r----;-ffGly.con. r- :~cer.nes 

t=
II'!oPhi,sex .. __ _ 

12b a.bre:::.. ___ _ 
13'Syl.gra. 

>-- r. --

R,1t~::~-
_ 16ICin.hed. 

1 ._I~rar. hel_ 

F
_ 18tGyrn.cey. 

19Cer.dia -, -
20 Gol.hes. 

I -
21 ITha.cre. 

22ISir.bre._ 
23Cyp.mon 

1 __ -,241~er.tri . 

___ 25jLit.nig._ 

_ 26IStr.mut_ 

_ 27fal.hep. 
28,Ech.cyc. r---
29~ep.ine. --

;-

--
c-

Oph.sco. 30 

3¥ 
32C 

er.alv 
er.sca 
ap.chr. 
o r.COS. 

331A 
34 C 

Species_ 
Paracilicaca selOSQ , 
Maera pacifica, ___ _ 
Stenothoe kaia __ _ 

l Baseodiscus delineatus 
't'Yliiscornuta 
Lil/orina undulata , -

MalJ!'coota insignis __ _ 
Hoplonemertean species_ 
Glycera convoluta __ 
Cerithium nesiolicum 
Ophicornella sexadia __ 

yadoropsis brevispinious 
Syll is gracilis 
I 
,Cerithium rostratum 
tyrene vulpeeula _ 
'Cingulo/erebra hedll!)'ana 
~Margarites helicina __ 
Gymnodoris cl!)'lonica 
Cerithium dialeueum 
Golflngia hespera 
Thalamita crenata 
Siriella brevicaudata 
Cyprea moneta 

, 

Nereis trifoseiata 
Lithophaga nigra 
Strombus mutabilis 
Calappa hepatica 
I£chinoneus eyclostomus , 
Nephtys inermis 
Ophiocoma scolopendrina 
Cerithium alveolum 
Cerilhium scabridum 

Aaptos cfchromis 
I 

Coralliophila costularis 

-- 3-Y yr.sps,- .Pyrenesps. 12 __ 
36 Cer.cor Cerithium eorallium 

-- i 
rna. vir .... _______ r margdia y ;ridis __ _ 
ma.sov. _ margdia soverbiana_ 

oUat. ')I/olamostes laterieeus __ 

37,S 
38:S 

39~ 
ep.hom. Nephtys hombergii __ 
Iy.lan p lyeera laneadivae __ 

I--- 40 N 
41 G 
42jG on.erne. Goniada emerila, __ _ 

Dol.rum. iDolabella rumphii(vialelink) 43 ---
44,P in.mur. Pinna muricala. __ _ 
45C te.del. Clena delieatula 

- 46fG 
47 

af.div. 
~eg.'ar. 

ph.sav. 
on.cat. 

_~8e 
49C 

Gafrarium divarlieatum 
Megalapa larva 
:Ophiaetis savignyi 
Conuscatus .. 

5o.~ ar.sps.'--____ _ 
, 
,Paratanaeidae species 

1 , 

I 
j 



Chapter -I. 801/0 111 jall/ill 

At station 3, the species, which occurred in less than 10% of the 

sampled months, were deleted. The 47 species thus remained were 

characterized into 10 c1ustures (Fig. 4.16). 

Cluster 1- Ceratonereis erythraensis, Eurythoe mathaii and Nephtys 
inermis 

Cluster 2 - Marphysa macinoshi, Coralliophila costularis and Pyrgulina 
pupula 

Cluster 3 - Pyrene vulpecula, Golfingia hespera, Pilumnus hirtellus, 
Cyprea moneta and Niso heizensis. 

Cluster 4 - Strombus mutabilis and Sipunculus indicus 

Cluster 5 - Cerithium corallium, Actaeodes tomentosus, Tellina palatum 
and Eriphis sp. 

Cluster 6 - Conus catus, Glycera tesselata and Pinnotheres pinnotheres 

Cluster 7 - Baseodiscus delineatus, Cerithium scabridum, Cymadusa 
imbroglio, Siboglinumfiordicum, Thalamita crenata, 
Cerithium nesioticum, Pyrene sp., Gafrarium divarticatum, 
Smaragdia viridis and Smaragdia soverbiana. 

Cluster 8 - Cerithium alveolum and Vitrina variegata 

Cluster 9 - Notomastes latericeus, Littorina undulata and Maera pacifica 

Cluster 10- Metanachis marquesa, Phascolosoma nigrescens and Goniada 
emerita 

The similarity analysis confirmed that many pairs of species were 

showing more than 60% similarity. These pairs include Eurythoe mathaei 

and Nephtys inermis (90%), Cyprea moneta and Niso heizensis (75%), 

Pyrene sp. and Gafrarium divarticatum (75%), Smaragdia viridis and 

Smaragdia soverbiana (72%), Strombus mutabilis and Sipunculus indicus 

(60%), Glycera tesselata and Pinnotheres pinnotheres (65%), Tellina 

palatum and Eriphis sp. (65%). 

At station 4, the species, which occurred in less than 5% of the 
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Species listed in dendrogram 4. 16. 
I SI. N;;' Abbreviation used Species 

Tcar.asi._ -ICardium asialicum -

1

----C21cer.ery._ 'Cera/Onereis erylhraensis 

3 Eur.mat. Eury/hoe ma/haii __ 
t--
, ___ 4 Nep.ine._ Nephtys inermis, __ _ 

__ ~ICer.dia_ Cerilhium dialeucum 
6ICer.ros_ Cerilhium roslralum 

1 ___ --'7 Mar.mac. Marphysa macinlashi_ 
f--__ ...:8.Q>r.cos._ Coralliophila .foslularis 

__ 9= Pyr.pup._ ,Pyrgulina pupula __ 
10lun.arna Punclacleon amakusaensis 

- I l j~o l.fle. - lPolinices jlemengium 
12 Pyr.vul Pyrene vulpecula __ 

-I 
I 13,Gol.hes.__ __ __Goljingia hespera 
r - 14IPil.hir__ Pilumnus hirlellus 
1 __ 15 Cyp.mon _ .Cyprea monela 

t- - -
16 is.hei. Niso heizensis 
17IStr.mut_ ,Slrombus mulabilis 

_18.Sip.ind._ Sipunculus indicus_ 
19 Cer.cor Cerilhium corallium , 
20 Act.tom. 

2 1 Tel.pal. 

22 Eri.sps. 

23:Con.cat. 
24,Gly.tes. 

25Pin.pin. 

26 Bas.del. 

AClaeodes /Omenlasus 
Tellina palalum 
Eriphis species 
Conus co/us 
Glycera lesselala 
Pinnolheres pinnolheres 
BaseodisCILf delinealus 

27lCer.sca _ Cerilhium scabridum 
28 Cym.imb. ,Cymadusa imbroglio 
29 Sib.fio. ISiboglinumjiordicum 
30 Tha.cre. 'Thalamila crenala 
3~Cer.nes ,Cerilhium nesiolicum 
32

I
Pyr.SPS.- ,Pyrene sps. 12 33 Gaf.di._. _ _ ____ .Gafrarium divarlicalum 

34
1
Sma vir.__ Smargdia viridis 

f-_---.:3,-=5=fSma.sov:.. ______ ,smargdia soverbiana_ 
36 Str.can iSlrombus canarium 

"1 -
f--_.-:37 Eup.neb. IEupolymna nebulosa __ 

38 Cer.al. Cerilhium alveolum 
~-_-_-_~-39V i t.var_.__ -- I Vitlina variegala --

40 Eu_r.c_om.__ ___ l Eu!},lhoe complanala _ 
41 Not.var. 
42iLi t.und -

*
431~:::'C'_ l 45 Met.mar. 
46 Pha.nig_. __ 
47 Gon.eme. 

jNOlomastes ialericeus 
ittarina undulala 

Maera pacifica __ _ 
iphonosoma GUS/rale_ 

Afetonachis marquesa I _ 

Phase% soma nigrescens 
- -'Goniada emerita 



Chap/er -I. 801/0 111 fi lllllll 

samples, were deleted. The 48 species, which occurred in more than 95% 

of the sampled months, were grouped in to II clusters of species (Fig. 

4.17). 

Clusterl-Thalamita crenata, Ceratonereis erythraensis, Alpheopsis equalis 
and Ophiactis savignyi 

Cluster 2- Rhinoclavis sinensis, Polin ices jlemengium and Glycera sp. 

Cluster 3- Siphonosoma australe and Eupolymna nebulosa 

Cluster 4- Nereis kaudata and Pilumnus hirtellus 

Cluster 5-Niotha stigmaria and Modiolus metcalfei 

Cluster 6 -Marphysa macintoshi, Eriphis sp., Coralliophila costularis and 
Cinguloterebra hedleyana 

Cluster 7- Tylodipax desigardi, Niso heizensis and Syllis corn uta 

Cluster 8- Calappa hepatica and Maera pacifica 

Cluster 9- Hoplonemertean sp., Goniada emerita, Eurythoe complanata 
and Macrophthalmus boscii 

ClusterlO-Cerithium alveolum, Pyrene vulpecula and Cymadusa imbroglio 

Cluster II-Cerithium corallium, Notomastes latericeus, Phascolosoma 
nigrescens, Siboglinum fiordicum, Glycera tesselata, Cerithium 
rostratum, Cerithium scabridum, Cerithium nesioticum, Pyrene 
sp. , Gafrarium divarticalum, Smaragdia viridis and Smaragdia 
soverbiana. 

Station 4 showed many pairs of close similarity. Marphysa 

macintoshi and Eriphis sp. (80%), Smaragdia viridis and Smaragdia 

soverbiana (70%), Niso heizensis and Syllis cornuta (60%), 

Hoplonemertean sp. and Goniada emerita (60%), Macrophthalmus boscii 

and Eurythoe complanata (60%) come under this. Many other clustures 

were showing more than 50% similarity, which include Rhinoclavis 

sinensis, Polin ices jlemengium and Glycera spp. Cluster 3 showed more 

than 70% similarity. The cluster II can be subclustered into two. The first 

sub cluster, which included Cerithium corallium, Notomasles lalericeus, 
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Species listed in dendrogram 4. 17. 

SI. No. Abbreviation used 

f er.dia 
2 Tha.cre. 

3;Cer.ery. 
4~lp.equ. 

5(Oph.sav. 
6 Gol.hes. 
7 Rhi.sin 
8 PoUle. 
9G ly.sps. 
0
, . 

I s'p.aus. 
1 

II Eup.neb. 
12 er.kau. , 
13 Pil.hir __ _ 

- 14
I
Sip.ind. 

15
1
'Nio.sti. 

16,Mod.met. 
17 Mar.mac. 
18 Eri.sps. 
19Cor.cos . . 
20Cin.hed. 

I 
21 Met.mar. ---. 

I- ~2 Tyl.des. 
___ 23 is.hei. _____ _ 

1-

24 Syl.cor. 
25

t

Cal.hep. 
26 Mae.pac. 
27Tel.pal. 

_ 2§ Pin.pin. 
29 Hop.sps. 
30 Gon.eme. 
31 Eur.com. 
32 Mac.bos. 

- 33i Cer.alv _ 
34'Pyr.vul 

__ 35,fCym.imb. 
36 Bas.del. 
37Cer.cor 
38 Not.lat. 
39;Pha.nig. 
40 Sib.fio . 
41 G ly.tes. 
42r er.ros 
43f cr.sca 
44Cer.nes 
45IPyr·sps. 
46

I
Gaf.div. 

47 Sma.vir. 
48Sma.sov. 

__ Species 
Cerithium dialeucum 
Thalamita crenata 
Ceratonereis erythraensis , 

Ipheopsis equalis 
.Ophiactis sovignyi 
Golfingia hespera_ 
Rhinoclavis sinensis 

Polinices flemengium 
Glycera species __ 

iphonosoma australe 
Eupolymna nebulosa 
Nereis kauderni 
Pilumnus hirtel/us , 
Sipunculus indicus 

iOlha stigmaria 

/Modiolus metcalfei 
Marphysa macintoshi 
Eriphis species , --
Coralliophila costularis 
Cinguloterebra hedleyana 
,Metanachis_ marquesa_ 
Tylodipax desigardi 
Niso heizensis --
Syllis cornuta 
,Calappa hepatica 
,Maera pacifica 
,Tellina palalUm 
Pinnotheres pinnotheres 
• llioplonemertean species 
IG . d . oma a emerlla 
,Eurythoe complanata 
IMacrophrhalmus boscii 
Cerilhium alveolum 
Pyrene vulpecula _ 
Cymadusa imbrogliO 
Baseodiscus de[inealu.r 
Cerithium coral/tum 
:Nolomastes latericeus 
'phasco/osoma nigrescens 
Siboglinum fiordicum 

!
GIYCera tesselata 
Cerilhium rostra/um 
lCerithium scabridum 

Cerithium nesiolicum 
Pyrene sps. 12 
Gafrarium divart;calum 
Smargdia viridis_ 
Smargdia soverbiana 



Chapter 4. BOl/om falll/a 

Phascolosoma nigrescence, Siboglinum fiordicum, Glycera tesselala, 

Cerilhium rostratum and Cerilhium scabridum showed a similarity more 

than 60%. The second sub clusture, which included Cerithium nesiolicum, 

Pyrene spp., Gafrarium divarlicalum, Smaragdia viridis and Smaragdia 

soverbiana showed about 68% similarity. 

At station 5, there were 18 species and can be grouped into 5 

clustures (Fig.4.18). 

The cluster 1 contained Cardiosoma carni/ex and Thalamita crenata 

(more than 65% similarity). Cluster 2 contained Cerilhium rarimaculalum 

and Cerilhium scabridum (60% similarity). Smaragdia soverbiana and 

Tylodipax desigardi (50% similarity) were included in cluster 3. Cluster 4 

contained Nikoides maldivensis, Apseudus sp., Terebralia palustris, 

Cerithium corallium and Lit/orina undulata (showing more than 60 % 

similarity) and the final cluster 5 contained Margarites helicinia and Scylla 

serrata. 

At this station, between Cerithium corallium and Lillorina undulala 

85% of similarity observed and this in tum with Terebralium paluslris 

showed 82% similarity. 

The 16 species of station 6 were classified into 5 clustures (Fig. 

4.19) of similar species at 40% similarity level. The clustures were 

Cl uster 1- Smaragdia viridis, Uca inversa 

Cluster 2- Cerithium scabridum, Smaragdia soverbiana 

Cluster 3- Cerithium rarimaculalum, Pyrene sp. and Nikoides maldivensis 

Cluster 4-Apseudus sp., Terebralia palustris,Cerilhium corallium,Littorina 
undulata 

Cluster 5- Margarites helicinia, Uca letragonon. 

The similarity values observed were, between Smaragdia viridis and 

Uca inversa -50%, Cerithium scabridum and Smaragdia soverbiana -45%. 
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Species listed in dendrogram 4. 18. 

SI.No. Abbreviation used Species 

l-
I 

I Uca.inv. Uca inversa inversa 

r 
- 2 Car.car. 'Cardisoma carnifex 

3 a.cre. ( halamila aenOla 
4 Cer.rar. Cerilhium rarimaculalum 

I I -- ) Cer.sea. ,Cerilhium scabridum 

r

--- 6 ~ma.sov. ----- Smargdia soverhiana 
_ -2.Tyl.des._ !Tylodipax desigardi 
__ 8r.Sma. vir. ~margdia viridis 

9 Uca.tet. I Uca lelragonon 
-~- - I - ---

10 Par.sps. _ Paralanaeidae species 
II ik.mal. Nikoides maldivensis 
12,aps.sps. Apseudus species __ 
13jTer.pa::I.c....... ______ Terebralia paluslris_ 
14 Cer.cor Cerilhium corallium ,. -
15 Lit.und. Lillorina undulala - --r- 16 !'yr.sps._ Pyrene sps. 12 
17 Mar.hel. Margariles helicina 
- t- -
18 Scy.ser. scylla .<errala 
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Species listed in dendrogram 4. 19. 

SI. No. Abbreviation used S~i~_ 
1 lII.pal. ~I/yograpsus paludicolo 

~, 
~ar.s~s. ~aratanaeidae species 
Sma.vir. _Smargdia viridis __ 
Uca.inv. Uca inversa inversa 
Cer.sca. Cerithium scabridum 
Cer.rar. Cerithium rarimaculatum 

7 Sma.sov. y margdia soverbiana __ 

.3, Pyr.sps_. _ Pyrene sps. 12 -. -

-?ol Nik.mal. iNikoides maldivensis -, 
Scy.ser. scyl/a serrata 

II aps.sps~ Apseudus species 
-+ 
12 Te~al. Terebralia palustris_ 
13

1 
Cer.cor Cer;(hium corallium 
Litund. 

-r 
14 Lillorina undulata , 
IS' lMargarites helicina -Mar.hel. 
161 Uca.tet. l -

I Uca tetragonon_ 
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Cerithium corallium, LiUorina undulata and Terebralia palustris were 

showed the same pattern like that at station 5. 

4. 2. 2. 4. Factor analysis-grouping of months (R-mode) and species 
(Q-mode) 

Station 1 

R-mode: Factors I and 2 (Table 4. II ) were differential factor groups. 

Factor I comprised of post-monsoon and monsoon season. Pre-monsoon 

season showed a benthic distribution different from that of the other two 

seasons. All the factor groups were having high negative factor loadings 

except factor 4, 5 and 6. This showed that the months contained in factors 

1, 2 and 3 were negatively correlated with the months included in factors 4, 

5 and 6. Months included in factors I and 2 formed the differential factor 

group periods and they impart with the sufficient information about the 

benthic temporal distribution at this station. These were the indicator 

periods and to be given due importance. Deletion of any of these months 

wi ll lead to reduction in the information gathered. Addition of any of the 

remaining months will not add to the information about benthic distribution 

at this station. 

Q-mode: 50 species observed at station I were classified into 10 significant 

factor groups (,\> I). Of these 10 significant factor groups of species, 

factors 1 to 5 were differential factor groups. The species included in these 

5 factor groups constituted about 64% of the total number of species 

studied at this station. These 32 species were to be given due importance 

in future studies of benthic species from this area. Factor groups I, 2, 4 

and 6 were having negative factor loadings, which implied that they were 

favoured by environmental condition unfavourable to the species of other 

factor groups (Table 4. 12). 
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Table 4. 11. Station l-R-mode factor analysis 

I Factor Months % 

rl Sep.99 4.58 

I Oct.99 6.04 

I Nov.99 3.53 
I Dec.99 2.85 

Jul.OO I 1.83 

Oct.OO 16.25 
I 
I . 

Nov.OO 3.99 I 
I Dec.OO 4.40 

Jan.OI 2.45 

Feb.OI 1 5.82 

May.OI 4.21 

Jun.OI 2.85 

2 Mar.OO - -. 7.28 

Apr. 00 4.49 

I May.OO 3.56 

I 
3 Aug.OO 4.46 I 

Sep.OO 5.2 
I 

Jul.Ol 
1

4
.
77 

Aug.Ol 3.07 

4 Apr.O l 1.64 

5 Jan.OO 3.5 
- 1.~ I, 6 Feb.OO 

DifferentIal factor groups 

Maximum 

I factor load 

-0.8132 

-0.8021 

-0.9038 

-0.8686 

-0.9683 

I -0.9665 

-0.9609 

-0.8513 

-0.5710 

-0.9510 

-0.6616 

-0.8856 

-0.8533 

-0.8974 

-0.9367 

-0.7030 

-0.7375 

-0.7458 I 

-0.8834 
I 

+0.9856 

+0.7692 
--
+0.8982 

Eigen 
value 

13.61 

Variance i Variance I 

value % 

9.8732 141.1382* 

3.839 I 3.581 
I 

14.921* 

1.788 3.4799 1 14.4996 

I -
1.330 1.1378 4.7409 

1.009 1.4793 6.1637 

0.7965 1.1991 4.9963 



Chapler -I. B0l10111 } i l1l11o 

Table 4. 12. Station I-Q mode factor analysis 

Factor Species I % Maximum Eigen Max. Variation 
I 

factor load I value l alue I % 
I 

Cerithium corallium I is.95 I -0.6845 16.49 7.1869 14.38* 
I 

Pyrene sp. 2.54 -0.7560 

Cyprea moneta 0.62 -0.6345 

Smaragdia viridis 
1

2
.
79 -0.7332 

Ctena defica/u/a 
, 

-0.6485 10.5 

Pinna murica/a 0.43 -0.7168 

Gafrarium divar/ica/um 10.53 -0.8487 

Ca/appa hepatica 1.15 -0.6395 

Etisus sp/endidus 0.34 -0.4647 

Paracilicacea se/osa 0.56 -0.5640 
~ 

2 Cerithium scabridum 15.33 -0.5965 3.91 4.8427 9.68* 

Nereis /rijascia/a I 1.18 
I 

-0.8231 

Maera pacifica 4.83 -0.9585 

S/eno/hoe kaia 1.21 -0.8738 

3 Nephtys hombergii 1.46 t 0.6379 3.506 4.8271 9.65" 

Macroph/halmus boscii 0.96 ' 0.6359 

Ac/aeodes /omen/osus 0.28 0.7399 

Alpheopsis equalis 0.28 0.8783 

Seychellana expansa 0.12 0.4668 

Para/anaeidae sp. 0.74 0.5888 

Ophicomella sexadia 0.62 0.8621 
---

13.208 4 Ceri/hium ros/ralum 3.03 -0.5923 4.0805 8.16" 

Syllis comula 0.28 -0.7404 

Eriphis sp. 0.22 -0.6201 

Pinnolheres pinnolheres I 0.25 -0.5523 

Thalamila crenala 10.68 -0.8707 
I 

Cymadusa imbroglio 12.69 -0.7748 
--- L 



I 

Table 4. 12. contd ... 

5 I Cerilhium a/veo/um 

1 Slrombus mUlabilis 
! 

Glycera /ancadivae 

Nephtys dibranchus 

Mega/opa larva 

6 Ceri/hium nesiolicum 

Grapsus sp. 

Mal/acoola insignis 

Ophiaclis savignyi 
I --

0.43 

0.28 

1.67 

0.25 

0.34 

0.93 

0.28 

0.3\ 

0.34 

0.46 

8.64 

0.31 

7 

1 

>--
I 8 

Coralliophila coslularis 

Smargdia soverbiana 

Do/abella rumphii 

Baseodiscus delinealUS 

Glycera convoluta 

Ophiocoma sc%pendrin 
- -

Stromblls canarium 

E/ysis sp. 

1 0.34 
0.22 

a 0.34 

OJ9 
0.37 

--4 0.28 

1

0.25 

Goniada emerita 

9 G/ycera tesselata 

Nephtys inermis 

Pilumnus hirteUus 

Pinnotheres pisum 

10 Echinometra ma/haei 
'-. 

Differential factor groups 

0.25 

0.46 

0.15 

0.12 

Chapler 4. 8 0 110111 jtlllllil 

0.7556 2.83\ 4.5225 9.05* 

0.8031 

0.5284 

0.7407 

0.5646 

1_0.9098 12.596 
-'--

3.6388 7.28 

-0.6981 

-0.8826 

-0.6230 
I 

12.362 0.8246 3.9247 I 7.85 

0.5138 

0.7727 

I 0.5982 
I 
I 0.5265 

0.6403 

10.6137 
-

2.014 2.5149 5.03 

-0.4706 

_1 0
.
7246 

0.6832 1.684 2.8214 5.64 

0.5 188 

0.7418 

0.5792 
--

-0.5556 1.574 1.8171 3.63 
---
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Station :1 

R-mode: 24 months considered in the study of temporal variation when 

subjected to R-mode factor analysis, it divided the study period into 6 

significant factor groups with factors I and 2 constituting the differential 

factor groups. These two factors were exclusively monsoon and post

monsoon almost excluding pre-monsoon season. From this it become 

cleared that monsoon and post-monsoon season showed variation in the 

benthic community structure as well as in its distribution (Table 4. 13). 

Q-mode: 49 benthic species collected from station 2 for a period of 24 

months were classified into 10 factor groups, which were all statistically 

significant (A> 1). Factor groups I, 5 and 8 were having high negative 

factor loadings where as the other factor groups have high positive factor 

loadings implying that the conditions favourable to the former were 

unfavourable to the latter. Also species included in the same factor group 

have the same sign implying the co-existence tendency for these species. 

Factors 1 to 6 were differential factor groups implying that maximum 

information can be obtained from the species of these factor groups, wh1ch 

was about 71.43% of the total 49 species collected from this station. The 

remaining 28.57% of the species do not supplement the information 

already contributed by the differential factor group species (Table 4. 14). 

Station 3 

R-mode: 24 months data on benthos from station 3 during the period, 

Sept.\999 to Aug 2001, were subjected to R-mode analysis for grouping 

months into factors. R-mode analysis after varimax rotation to simple 

structure classified these periods into 10 factor groups of which only 7 

factors were statistically significant (A> I). (Table 4. 15) 

Q-mode: The factors 1-4 were designated as the differential factor groups. 

These include the post-monsoon season and monsoon season. Just as at 
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Table 4. 13. Station 2 R-mode factor analysis 
----

Factor I Months % Maximum Eigen 

factor load value 
I 

Oct.99 2.69 -0.9449 13.26 

I Sep.OO 1.87 -0.6892 I 

Oct.OO I 1.48 -0.9702 
I 

Nov.OO 4.34 -0.7146 
I 

Dec.OO 5.41 -0.9784 

Jan.O I 3.23 -0.9674 I 

Feb.OI 4.46 -0.9620 

May.OI 
11.72 

-0.8412 

Jun.OI 7.15 -0.9663 

Jul.O I 
I 

7.93 -0.9292 

Aug.OI 4.71 -0.9558 

I- 2 1 
Sep.99 4.24 -0.9942 15.145 

Nov.99 10.Q7 -0.9637 I 
Jan.OO 2.28 -0.8247 I 
Feb.OO 1.92 -0.9300 I 
May.OO 3.64 -0.7242 I 
Jun.OO 2.91 -0.8546 

Jul.OO 5.43 -0.9882 

Mar.01 3.57 -0.8880 
~ Dec.99 6.79 -0.9809 1.946 J 

Aug.99 2.28 -0.9804 

4 Mar. 00 5.85 -0.9233 
I 

1.394 

5 Apr. 00 2.47 -0.9916 0.9388 

6 Apr.01 3.57 -0.8152 0.5804 
'-. -

DlfferentJaI factor groups 

Chapter 4. BOllo lI/ IouI/o 

, Variance 

value 
• -

10.088 

I 

I 

--
7.591 

I 

1.9391 

1.2964 

l.0 195 
-

1.33 16 

I 
I 

I 

I 

Variance 

3 

8. 

5. 

4. 

5. 

0/0 

42.032* 

1.629* 

0796 

4018 

2479 

5483 
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Table 4. 14. Station 2 Q -mode factor analysis 
, , 

j Factor Species 0/0 rrnm':_!E;,m Variation Variation I 

.t tor load value value % I 

1 Cerilhium nesiOlicum 6.31 . -0.9243 13.77 5.2308 10.67* 

Conus catus 0.41 -0.9001 

Pyrene vulpecula 3.08 -0.4457 

Cinguloterebra hedleyana 0.53 -0.6911 

Margarites heficinia 0.41 -0.7677 

Myadoropsis brevispinious 0.22 -0.6334 

Nephtys homberg;; 0.27 -0.8192 

14.537 2 Coralliophila costularis 0.87 0.6078 4.3021 8.78* 

Smaragdia soverbiana 7.59 0.5710 I 
Nereis trijasciata 0.46 0.6484 

Maera pacifica 3.74 0.9064 

Stenothoe kaia 1 0.29 O.tQ5S 

I Ophiactis savignyi 0.15 0.5403 

r- I 
3 Cerithium alveolum 3.4 0.7481 3.897 5.1586 10.53* 

Lilhophaga nigra 0.15 0.8044 

j 0.6847 Gafrarium divarticatum 4.83 

Notomasles latericeus 0.1 5 0.5688 

Calappa hepatica 0.27 0.7311 

Echinoneus Cyc/oslomalus_ j 0. 12 10.6716 

4 Cerithium scabridum 121.7 0.7570 3. 113 5.5007 11.23* 

Pyrene vulpecula I 0.5 1 0.7977 

Sirombus mUlabilis 0.22 0.6611 

Ctena deficalula 0.36 0.7247 

Pinna muricata 0.32 0.6836 

Glycera lancadivae 0.58 0.7473 

Goniada emerila 0.22 0.7006 
~ --



Chapter .J. BOllom (alllltl 

Table 4. 14. contd .. . 
-~-

5 : Cerithium corallium 32.40 -0.6080 2.926 3.7825 7.72 • 
, Lillorina undulata 1.48 -0.8841 

Hoplonemertean sp. 0.17 -0.8083 
I 
I Nephtys inermis 0.12 ·0.5670 

1 Megalopa larva 0.34 -0.5745 

Paratanaeidae sp. 10.24 -0.5388 

6 Cerithium dialeucum 
1

0
.
65 0.8657 2.481 2.7474 5.61· 

Gymnodoris ceylonica 0. 15 0.5721 
I 

Goljingia hespera ~ 0.22 0.7918 
I 

7 Cerithium roslratum 1.75 0.6788 2.354 2.6012 1 5.309 

Paraciliaceae selOsa 0.17 0.5721 I 

f 
Ophiocoma scolopendrina 0.12 0.7918 

1 
---j---

1.%9 1'.90491'." 
.8 Pyrene sp . 2.04 1-0.5634 

Dolabella rumphii 0.24 -0.53 16 

Syl/is cornuta 0.15 -0.7372 

Mallacoota insignis 0.34 J -0.6640 I 
15.61 9 Syl/is graci/is 

..-c-
I 1.849 I 2.7472 0.15 0.5219 

Thalamita crenata 0.53 0.6493 

Ophicornella sexadia 0.34 0.5972 

f 0.5763 

, 
I 10 Cyprea monela 0.29 I 1.748 I 2.6629 5.43 

Glycera convoluta 0.17 0.5626 ~ 
Siriella brevicaudata 0.19 I 0.7975 j I * Differential factor groups 
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station 1 and 2, pre-monsoon season was not in the differential group. This 

implied that information contributed by the distribution of benthos in this 

season was not additional, but only contributed to the already gathered 

information during monsoon and post-monsoon season. Factor loadings of 

the factors 1, 3 and 4 were highly negative whereas that of 2 was highly 

positive. The same sign for the elements of a factor implied that these 

months were highly positively correlated whereas that of 1, 3 and 4 and, 

that of2 were negatively correlated or disassociated (Table 4. 16). 

47 benthic species collected during a period of 24 months were 

subjected to Q-mode factor analysis for grouping of these species into 

associated groups. This analysis classified the 47 species into 10 

significant factor groups, all of which statistically significant (1\> 1). First 5 

factor groups, which explained about 50% of the total variability, were 

delineated as the differential factor groups. Species included in these 

groups were the indicator species. About 70.21 % of the benthic species 

collected were included in the differential factor groups. 

Station -I 

R-mode: Benthic data collected for 24 months at station 4 was subjected to 

R-mode analysis for temporal grouping. 24 months of this study were 

classified into 10 distinct and unique factor groups of which only 4 factors 

were statistically significant (1\>1) and of these 4 factors , only the first 

three were as sub designated as differential factor groups of months. Hence 

these factors explained about 50% of the temporal variations. The 

differential factor months were end of post-monsoon and middle to end of 

monsoon season were more frequent. Factor groups 1 and 3 were having 

negative factor loadings whereas factors 2 and 4 were having positive 

factor loadings. Periods of each of the factor groups were highly co

existing indicated by the same sign for all the months of a factor group 
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Table 4. 15. Station 3 R-mode factor analysis 
---------~ -. --
I Factor ' Months % / Maxi Eigen 

value 

Variance ' Variance 

2 
I 

3 

5 

6 

7 

9 . 

I I 
factor value I 0/0 

loading I 

Nov.99 

Dec.99 

Jan.OO 
1

7.73 

7.09 

8.38 

1 
1- ~ 

-0.8513 / 11.00 I 6.0361 25. 1504* 

Feb.OO 3.81 

Jun .OO / 4.22 

Dec.OO 3.34 

Jan.OI 2.58 

-0.8646 

-0.5684 

-0,7784 

-0.7814 

-0.8329 

-0.9181 

Sep.99 

Apr.OO 

3.63 

5.33 

0.6500 

0.5490 

I 
2.444 13.7781 -1 15.74* 

I 

Aug.OO 2.23 0.8406 

Oct.OO 2.87 

-I-_Nov.OO 12.99 

May.OI 5.92 

Jun.OI 4.69 

0.7595 

0.8465 

-0.9709 2.182 2.1614 

-0.9802 

9.006* 

Oct.99 6.74 -0.5638 1 1.503 2.6297 - 110.95. 

lul.OI 3.10 -0.9378 

Aug.O I I 3.98 I -0.9383 

5.669 Apr.O I 2.52 ~ -0.9383 1.2 19 ' 1.3605 

, Mar.OO I 2.52 I -0.8873 / 1.059 2.0764 - 8.65 

May.OO 2.23 -0.8766 I 
- Sep .OO ~6 1- 0.9002 1 1.0141 l l.3~ 5.61 

--luI.OO 17.91 : -0.6278 i 0.7381 1.2438 - 5.18 

Mar.O 1 2.34 -0.6253 I I 
Feb.O I 1.41 0.7520 1 0.5962 11.00161 4.17 

I __ L 
* Differential factor groups 
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Table 4. 16. Station 3 Q-mode factor analysis 

Factor Species 
, 

% Maximum Eigen Variation Variation 

factor load value value of. 

1 Pyrene sp. 12.48 -0.5488 11.80 4.2136 8.97* 

Smaragdia viridis 5.27 -0.5657 

Golfingia hespera 0.7 -0.5558 

Sipunculus indicus 0.64 -0.6305 

Thalamita crenata 1 -0.7303 

Actaeodes tomentosus 0.47 -0.6968 

Maera pacifica 2.46 -0.6074 

2 Punctacteon amakusaensis 0.23 -0.8578 5.737 8.0314 17.09* 

Cerithium alveolum 1.29 -0.6951 

Conus catus 0.53 -0.3980 

Coralliophila costularis 0.18 -0.7041 

Polinices jlemengium 1.52 -0.9590 

Smargdia soverbiana 2.87 -0.8847 

Pyrgulina pupula 0.76 -0.8079 

Tellina palatum 1.52 -0.7959 

Marphysa macintoshi 0.35 -0.8701 

Eriphis sp. 0.41 -0.8293 

Pinnotheres pinnotheres 0.76 -0.9242 

3 Cardium asiaticum 0.18 0.6351 3.750 4.7804 10.17* 

Gafrarium divarticatum 19.98 0.5262 

Baseodiscus delineatus 1.29 0.6096 

Eurythoe mathaei 2.52 0.9589 

Nephtys inermis 0.23 0.8937 

Ceratonereis erylhraensis 0.59 0.8359 

I Cymadusa imbroglio 4.45 0.6867 
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Table 4. 16. contd ... 

4 Cyprea moneta 10.35 -0.7945 3.020 4.093 I 8.71* I 

Niso heizensis 1.58 -0.8426 

Phascolosoma nigrescens 2.34 -0.8398 

Goniada emerita 0.18 -0.6946 

Pilumnus hilellus 0.41 -0.5710 

5 Lillorina undulata 1.41 -0.5294 3.750 4.7804 6.65* 

Notomasles lalericeus 0.41 -0.8229 

Eurylhoe complanala 0.59 -0.7646 

6 Cerilhium dialeucum 0.53 -0.5721 2.495 2.8338 6.03 

Cerilhium rostralum 7.44 -0.7611 

Cerilhium nesioticum 3.16 -0.5283 

Siboglinum fiordicum 1.41 -0.6864 

Glycera lesselala 1.99 -0.8146 

7 Strombus canarium 0.18 -0.7835 2.230 3.0977 6.59 

8 Pyrene vulpecula 1.58 -0.8888 2.167 2.3157 4.93 

Vittina variegala 0.53 -0.9315 

9 Melanachis marquesa 1.05 0.7076 1.954 2.4782 5.27 

Strombus mUlabilis 0.29 0.8046 

10 Cerithium corallium 4.16 0.7798 1.558 2.5705 5.47 

Siphonosoma australe 0.35 0.8836 

* Differential factor groups 
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except factor 7 which has two months with opposite signs for factor 

loadings denoting them as disassociating periods, having species favoured 

by different environmental conditions (Table 4. 17). 

Q-mode: 48 benthic species collected from station 4 for a period of 24 

months were subjected to Q-mode factor analysis for grouping of species 

and thereby to determine the indicator species. Q-mode analysis divided 

the 48 benthic species into 10 significant (/-.> I) factor groups of which flrst 

7 factor groups formed the differential factor groups. About 79.16% of the 

species were designated as the differential benthic species. At this station 

all the factor groups explained almost the same amount of variability in the 

benthic distribution [6.011% (factor 6)- 9.938% (factor 4] implying that 

almost all the species contribute to the total variability especially the 

species of factors I to 6 were very important and their contribution was 

validated by their designated label as differential species. These species 

are to be considered in any future study, deletion of any of these 79% of 

the species will lead to loss of information (Table 4. 18). 

Station 5 

R-mode: Benthic species collected for a period of 24 months at station 5 

were subjected to R-mode factor analysis for grouping of months. This 

analysis divided the 24 months into 2 main factor groups, which explained 

a total variability of 94.05%, and factor I was the differential factor group 

and this factor contained months from Dec. 99 to Aug.200 I whereas factor 

2 contains Sep.99, Oct.99 and Nov.99. Both factors were having high 

negative factor loadings implying that benthic distribution in the periods 

from Dec.99 to Aug.Ol were controlled by physico- chemical factors, 

which were different from that which control benthic population during 

Sep.99 to Nov.99. The R- mode analysis revealed that factor 2 elements 

were not so important as that of factor I elements, latter being the 

differential factor group (Table 4. 19). 
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Table 4. 17. Station 4 R-mode factor analysis 

I Factor I Months i % Maxi Eigen I Variance I Variance 
I 

factor value ' value % 

load 

Nov.99 2.86 -0.631 1 ! 14.22 8.2791 34.49* 

Jan.OO 15.03 -0.7169 

I Feb.OO 4.5 -0.8360 

Mar.OO 3.86 -0.9499 

May.OO 5.14 -0.9420 

Aug.OO 4.09 -0.8074 

Oct.OO 
1
3

.
62 -0.5371 

Dec.OO -0.7830 4.44 

Jan.O I 2.05 -0.8873 

I Feb.OI 3.04 -0.6934 

Mar.OI 2.34 -0.6174 

2 Sep.99 2.86 0.6824 2.594 2.9506 12.29* 

Oct.99 4.97 0.9408 

3 Apr.OO 7.13 -0.73 10 1.409 2.4264 10.11 * 

Jul.OO 5.38 -0.6666 

Sep. OO 4.21 -0.8466 

4 Apr.OI 4.68 0.9369 1.193 2.1322 8.88 

Jun.OI 3.68 0.6450 

Aug.OI 2.45 0.6434 

5 May.O I 2.5 1 -0.8809 0.9303 1.8709 7.80 

6 Jul.OI 2.1 0 -0.7934 0.8047 1.5711 6.55 

7 Dec.99 7.77 0.7368 0.5895 1.4405 6.00 

Nov. OO 5.6 1 -0.6119 

8 Jun.OO 2.8 1 -0.7240 10.5274 0.8076 3.365 
--

* DIfferentIal factor groups 
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Table 4. 18. Station 4 Q-mode factor analysis 

Factor Species % raximum Eigen t ariation 

ractor load value alue 

Variation 

0;' 

-

Cerilhium alveolum 1.09 -0.6266 10.71 3.8388 8.00* 

1 Niso heizensis 0.47 -0.9360 

Syllis cornu/a 0.18 -0.8692 

Tylodipax desigardi 0.29 -0.7645 

Cymadusa imbroglio 1.11 -0.7152 
---

2 Smargdia viridis 2.57 -0.4517 4.547 4.7393 9.87* 

Tellina palalum 1.4 -0.9397 

Ceralonereis erylhraensis 0.18 -0.8705 

Pinno/heres pinno/heres 0.64 -0.7561 

Thalamila crenala 0.35 -0.9322 

I 
Alpheopsis equalis 0. 12 -0.7619 

Ophiactis savignyi 0. 12 -0.7619 

3 Cerithium rostralum 4.44 0.7918 3.863 3.9078 8 .14* 

Cerithium nesiolicum 4.09 0.6421 

Rhinoclavis sinensis 0.23 0.634 1 

Polinices jlemengium 0. 12 0.7941 I 

Golfingia hespera 0.35 0.7038 

Glycera sp. 0.29 0.7096 
--

4 Cerithium corallium 3.92 -0.7595 3.567 4.7702 9 .94* 

Coralliophila coslularis 0.23 -0.7092 

Smaragdia soverbiana 2.63 -0.6514 

Cingulolerebra 0.58 -0.6648 

hedleyana 1.23 -0.5800 

I Nolomasles lalericeus 0.53 -0.88 12 

Marphysa macinloshi 0.18 -0.7832 

I Eriphis sp. 0.82 -0.4569 

I 
Macrophlhalmus boscii 

--
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Fig. 4. 18. contd ... 

I 5 I Gafrarium divarticatum 

I Nereis kauderni 

Eupolymna nebulosa 

Pilumnus hirtellus 

Maera pacifica 

I 6 Niotha sligmaria 

Modiolus metcalfei 

I Sipunculus indicus 

7 Pyrene vulpecula 

Hoplonemenrtean sp. 

Goniada emerita 

Eurythoe complanala 

8 Metanachis marquesa 

Phascolosoma nigrescence 

Calappa hepatica 

9 Cerithium dialeucucm 

Pyrene sp. 

Sibogfinum fiordicum 

Glycera lesselata 
-

10 Cerithium scabridum 

Baseodiscus defineatus 

Siphonosoma australe 

* DIfferenttal factor groups 

26.36 -0.5794 

10.18 -0.8617 

I 0 53 I -0 6543 

1 0.29 -0.6122 

1.11 1-0.6187 

0.53 1-0.8518 

0.12 I -0.7145 

0.41 -0.7609 
--

0.47 -0.6805 

0.35 I -0.6558 

0.35 -0.8920 

1.87 
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3.229 ~ 3.5154 I 7.32· 

I 

: 
! 2.889 2.8853 

I 

2.699 3.6089 

I 

I 

j 6.01 I· 

7.52· 

I 

3.92 

1-0.6961 

0.797-1 _. '2.327 4.0982 18.54 

2.86 0.8270 

0.35 0.8216 
--

0.29 -0.5830 , 1.965 3.2617 

12.92 -0.4629 

6.8 

2.16 -0.6171 I 

I 
3.74 -0.8754 

8.24 0.6007 1.814 2.9819 6.21 

3.86 0.8 I 27 

0.35 I 0.5530 
- J 

I 
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Q-mode: 18 benthic species collected from station 5 for a period of 24 

months showed that these 18 species could be classified into 10 factor 

groups of which only 7 factors were statistically significant- (r..> 1) and 

factors 1 to 5 were differential factor groups and species contained in these 

factors were indicator species of this station. Factors 1, 3, 4 and 5 have 

high negative factor loadings where as factor 2 has high positive factor 

loadings. Benthic species included in each of these factor groups were 

distinct and unique with respect to their affinity between each other as well 

as affinity for environmental parameters according as they were controlled 

or limited in production by these parameters. These species constituted 

about 66.67% of the benthic community at this station (Table 4.20). 

Station 6 

R-mode: A period of 24 months of data when subjected to R-mode factor 

analysis showed that these 24 months could be classified into 2 significant 

factor groups. 

Q-mode: The 24 months when subjected to factor analysis by R- mode 

showed that these 24 months could be broadly classified into 2 significant 

()o..> I) factor groups and only Sept. 99, Oct.99 and Nov. 99 as factor groups 

2. All the months included in factor group have factor loadings all 

negative in the range, -0.993 to -0.729. Factor group, explains about 

79.56% of the temporal variability whereas factor 2 explains 4.337 ie, 

18.07% of the observed temporal variability in the benthic distribution 

(Table 4. 21). The 16 species of station 6 was grouped in to 6 factor 

groups of which the first 5 factor groups were differential factor groups. 

The number of species included in each factor group decreases from factor 

I down to factor 6. The more number of factors and less number of species 

in each group was an indication of highly varying environment over the 

period of two years. 
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Table 4. 19. Station 5 R-mode factor analys is 

i Eigen 
, 

I Factor Months °/. Maximum I Variance , Variance 

I factor load value I % value 

Dec.99 11.26 -0.8946 i 21.73 \ 17.54498 ' 73 .10· 

Jan.OO 3.78 -0.9344 
I I 

Feb.OO 3.56 -0.9430 
I 

Mar.OO 1.71 . -0.8692 

Apr.OO 2.99 I -0.9394 

May. OO 2.64 -0.9572 

Jun.OO 5.20 -0.8975 

JuI.OO 4.13 I -0.7837 
I 

Aug.OO 2.85 -0.8168 

Sep.OO 3.99 -0.9521 

Oct. 00 4.70 -0.9095 

Nov.OO 4.\3 0.8715 

Dec.OO 5.27 0.9660 

Jan.OI 1.35 -0.7141 

Feb.OI 5.84 -0.9537 

Mar.OI 5.84 -0.9537 

Apr.OI 8.77 -0.9468 

May.OI 2.57 -0.9146 

Jun.OI 3.99 I -0.8087 

Jul.OI 3.06 -0.8740 

Aug.OI 2.14 -0.7903 

! 20.9514· 
--

2 Sep.99 4.42 -0.7484 1.640 5.0283 

Oct.99 1.5 -0.9968 

Nov.99 4.28 -0.0008 1 
* Differential factor groups 
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Table 4. 21. Station 6 Q-Mode factor analysis 
--I Factor Species 1% Maximum Eigen IVariation ,Variation 

ractor load I value value ' % 
~ 

- '-
Cerilhium earallium 11.61 -0.8538 4.912 3.0566 19.104* 

Lil/arina undulala 66.52 I -0.8023 

Terebralia paluslris I 14.99 -0.7434 

Margariles helieinia 0.70 -0.8512 
--- -

, 1.975 
I 

2 Cerilhium seabridum 0.77 0.8256 1.7490 10.93* 

Smaragdia saverbiana 0.64 10.9082 
, r Cerilhilllll rar":aClllallim 0.19 I -0.9497 

I 
~ 1.630 , 1.334 8.34* , 
4 Smaragdia viridis ' 0.19 10.8231 1.373 1.6882 10.55* 

Vea inversa inversa 0.13 0.9369 
I 

5 -t lllyagrapsIIs paludieala ' 0.06 -0.9712 1.27 1 1.156 7.22* 

6 Paralanaeidae sp. 1 0.06 0.9899 1.097 I 1.097 6.86 

_L-__ I 
* Differential factor groups 



Chapter. 5 

EFFECT OF ENVIRONMENTAL PARAMETERS 

ON BOTTOM FAUNA 

The abundance or biomass of benthic organisms can be related to 

the environmental parameters by means of linear regression. But this 

relation being controlled by only one independent variable, gives only the 

prediction efficiency of a single factor at a time. In ecological studies a 

number of factors were jointly responsible for the bioactivities at a point in 

time or space. Hence it was very essential to consider all the quantifiable 

parameters simultaneously to have the best predictive model. If benthic 

abundance was related to only one parameter, it becomes only an artifact 

on the prediction relation. Hence this was an attempt to include the 

individual factors and their flfSt order interaction effects of the physico

chemical parameters mentioned earlier, in the step up multiple regression 

model developed in the following lines. 

The step up mUltiple regression model fitted (Jayalakshmi, 1998) 

contains the individual factors as well as all possible first order interaction 

effects. The coefficients with which these independent parameters enter 

the model were computed using the programme MUL TlREG. FOR. The 

model was repeated with all possible transformations for the dependent and 

independent variables and among these transformations (Jayalakshmi, 

1998) the model which explains the maximum explained variability was 

selected as the best model for predicting benthic abundance. When there 

were 9 individual parameters a total of 5 12 models was fitted for each type 

of transformation and from these the one, which has maximum prediction 

efficiency, was selected in this study. 
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The six stations were grouped into 3 sets based on the results of 

Trellis diagramme on environmental parameters: Set I containing stations 

I and 2, Set 2 containing stations 3 and 4, Set 3 containing stations 5 and 6 

according as they were southern seagrass area, northern seagrass area and 

mangrove area respectively. 

(a) St. 1 and 2 Surface water parameters and organic carbon on total 
abundance 

The model for stations I and 2 was based on surface parameters 

such as XI = water temperature, X2 =pH, X3 = dissolved oxygen, ~ = 

surface salinity, Xs = surface silicate, X6 = surface phosphate, X7 = surface 

nitrite, Xg = surface nitrate and X9 = organic carbon. The best regression 

model fitted was that of standardised values of square root of benthic total 

abundance (Y) on standardised values of square root value of the 

parameters such as water temperature (XI), pH (X2), DO (X3), surface 

salinity (~), surface silicates (Xs), surface phosphates (~), surface nitrite 

(X7), surface nitrate (Xs) and organic carbon (X9). The regression equation 

was y= -33.1 518 - 16.4293 XI - 66.8597 X2 - 31.3436 X3 + 8.6376 ~-

36.2319 Xs - 29.9182 ~ + 7.8935 X7 + 27.9835 Xg + 0.7872 X9 -

18.0098 XI X2 + 16.3286 XI X3 - 20.2 115 XI X4 -0.4573 XIXs -21.4685 

XI X6 + 20.0549 XI X7 + 22.4617 XI Xg - 29.6435 XI X9 + 1.1061 X2X3 

- 18.0098 X2~ + 18.8303 X2Xs - 3.2849 X2X6 - 94.3041 X2X7 

50.3930X2 Xg + 16.8866 X2 X9 + 3.6861 X3~ + 9.5030 X3XS 15.4513 

X3~ -65 .8050 X3 X7 - 46.4103 X3 Xg + 24.7596 X3 X9 + 1.5912 X4XS -

40.4953 ~X6 - 23 .0779 X4X7 -13.4452 X4 Xg + 33.6688 ~ X9 - 3.6662 

Xs~+ 112.7655 Xs X- - 19.7951 Xs Xg + 73.0869 Xs X9 + 1.4227 ~ X7 

- 10.7245 X6 Xg+ 19.2847 ~ X9 + 2.0864 X7 Xg - 41.4570 X7 X9 + 5.9466 

Xg X9. 
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This model explained about 75 .17% of the seasonal variability in 

benthic production, F (4S,2)= 4.1612 CP<0.05). The relatively most important 

parameters of the model were XSX7 > X2 X9 > XSX9 > X2 > X3 X9 > X2 

Xs > X3 Xs > X7 X9> ~ ~> Xs· Of these Xs X7, X2 X9, X2, X2Xs, X3Xs, 

X3X9 were limiting the benthic abundance while the rest of the above were 

controlling the benthic total abundance. 

The values showed that nearly 50% of the model parameters were 

limiting the benthic abundance and out of these limiting parameters nearly 

25% were highly significant whereas nearly 8% of the controlling 

parameters were statistically significant. For better prediction the 

interaction effects were to be considered separately and regression model 

was to be dev loped based on these highly significant interaction effects. 

(b) Stations 1 and 2 Interstitial water parameters and dissolved 
oxygen on total abundance 

The best predictive model was that of standardized values of 10gIO 

(y+ I) on x where y = total benthic abundance and X's were the 

environmental parameters namely XI = dissolved oxygen, X2 = interstitial 

salinity, X3 = interstitial silicate, ~ = Interstitial phosphate and Xs = 

lntersitial nitrate. 

The best regre sion model was, Log lO (y+ 1)= 3.57619 - 1.08779X3 + 

1.08520X3XS + 1.05802~Xs + 1.04243Xs + 0.92036X2X3 - 0.85274X2 + 

0.7 I 5076XIXs - 0.69307X3~ + 0.28067~ + 0.27949XIX2 - 0.21188X2~-

0. 17814XIX3 + 0.13348X2XS + 0.12772 XI -O.l1246XI~. 

This model explained about 17.905% of the variation m total 

abundance. F(lS,32)=1.6834. The regression coefficients were arranged 

according to their relative importance and hence the last set of9 parameters 

were not significantly different from zero t (46,S%) > calculated t statistic or 
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calculated t<1.96, (P>0.05). Hence the model could be modified by 

deleting the last set of 9 model parameters. 

(c) St. 3 and 4 Surface water parameters and organic carbon on total 
abundance 

The best predictive model was that standardized values of original Y 

on original X ' s where Y= total benthic abundance and X ' s were the water 

quality parameters like XI = water temperature, X2 = pH, X3 = dissolved 

oxygen, Xt = surface silicate, Xs = surface phosphates, X6 = surface N02, 

X1 = surface nitrate. 

The best model equation was Y= -8.09443 - 2.46995 X3~ + 

2.01760 X01 - 1.371 10 X3 + 1.00767 XIX1 - 0.99210 X3X1 + 0.97687 

X1 - 0.79881 X 5 + 0.78609 X2~ + 0.68319Xr 0 .76l4~ + 0.66204 X2X1 

+ 0.61299 XIX2 - 0.59006 XsX1 -0.58691 X3XS + 0.46859 XtXs - 0.42232 

XI~ - 0.30975 X2X3 + 0.30798 X2XS - 0.30303 XIX4 + 0.28905 XIX3 -

0.27710 Xt + 0.23712 X2Xt - 0.23584 XSX1 + 0.21957 XI + 0.210832 

XtX1 - 0.19494 X3Xt - 0.11904 Xt~ - 0.49911 XIXS. 

This model could explain about 97.04% of the temporal/seasonal 

variability in the total abundance of benthic organisms, F (28,19F 

56.030(p<0.00 1). 

Of the above, the regression coefficients from X2X1 onwards could 

be deleted from the model because it showed that the regression 

coefficients were not significantly different from zero. (t calculated < 1.96, 

(P>0.05). Then the model could be modified into a model with the 

insignificant model parameters being deleted. 

(d) Stations 3 and 4 Interstitial water parameters and dissolved 
oxygen on total abundance 

The model for stations 3 and 4 based on interstitial parameters using 

standardized data ofVY on standardized values of log (X+ l) where Y= 
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total benthic abundance, XI = water temperature, X2 = pH, X3 = dissolved 

oxygen, ~ = interstitial salinity, Xs = interstitial silicate, ~ = interstitial 

phosphate, X7 = interstitial nitrite, Xs = lnterstitial Nitrate and X9 = organic 

carbon. A model using only the direct effect was fitted and it could explain 

only 40% of the seasonal variation in benthic abundance. F(9,3S) = 2.1561, 

(P< 0.05). Hence a better model using the interaction effects of these 

parameters also, was considered. 

The best model obtained as the one depending on X I - water 

temperature, X2 - pH, X3 - dissolved oxygen, ~ - interstitial salinity, Xs -

interstitial si licate, ~ - interstitial phosphate, X7 - interstitial nitrite. The 

model was the standardizedlY on standardised log (X+I). The model 

equation was ..Jy = 0.4271 + 0.5278 XI - 0.7454 X2 - 1.9832 X3 + 1.1814 

~ + 1.4249 Xs + 1.2039 ~ - 1.4722 X7 + 0.4316 XIX2 + 1.3852 XI X3 + 

1.4456 XI X4 - 0.7403 XIXs + 1.5648 XI ~ - 1.9708 XI X7 + 1.3633 

X2X3 - 0.4769 X2~ - 0.9450 X2Xs - 1.2657 X2X6 + 1.1254 X2X7 

0.6444 X3~ + 2.8418 X3XS - 0.2868 X3~ + 1.0528 X3 X7 + 0.3558 

~Xs - 1.0467 ~~ - 2.3407 ~X7 + 0.3268 XSX6 - 0.8564 XSX7 -

1.4451 X07. 
This model explained about 70.66 % of the seasonal variation in the 

benthic abundance distribution, F (28, 19)= 5.0425 (P<0.05). The order of 

importance of the parameters was X3 Xs > ~ X7 > X3 > X7 > XI ~ > X6 

X7 > Xs > XI X3 > X2 X3 > X2 X6 were the leading model parameters. 

Of these X3 Xs, Xl ~, XS, Xl X3, X2 X3 were controlling the benthic 

abundance whereas the remaining leading parameters were limiting the 

benthic abundance. 

(e) St. 5 and 6 Surface water parameters and organic carbon on total 

abundance 

The best regression model was that of standardized values of 

original values of abundance Y on standardized values of original values of 
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parameters X which were XI = water temperature, X2 =pH, X) =dissolved 

oxygen, ~ =surface salinity, Xs = surface phosphates, X6 = surface nitrate, 

X7 =organic carbon. The best model equation was Y = 2.6035 - 10.8824 

X2X7 + 9.7110 XI X7 - 4.5173 XSX7 + 4.2481 X2~ - 3.7621 XI~ -

3.6498 XIX) + 2.7101 XI - 2.6526 X4X7 -2.5225 X2 + 2.2835 X2Xs -

1.9916 X)XS + 1.6486 XI~ - 1.4061 X)X7 - 1.3302 X2~ - 1.3193 X) + 

1.3071 X06 - 1.2904~ - 1.\3l0 X)~ + 0.95036 X2X) - 0.91178 

~X7 + 0.7450 XIX2 + 0.46307 X5~ + 0.4606 ~ + 0.40178 ~Xs + 

0.36347 X7 - 0.2439 XIXS + 0.10085 X)X4. 

This model explained about 49.71 % of the temporal variability in 

the abundance distribution, F(28, 19)= 2.6592 (P, 0.05). The results were 

given in Table 5.5. In the above table, the I Sl 7 parameters including X2XS" 

XIX4, X2 & X6X7 were significantly different from zero and hence these 

were to be given due importance in the model study. Deleting any of the 

parameters, other than those mentioned above will not affect the efficiency 

of the prediction model. 

ill Stations 5 and 6 Interstitial water parameters and dissolved oxygen 
on total abundance 

The best model was that of standardised values of original values of 

abundance Y (abundance) on original values of water quality parameters 

namely X I= water temperature, X2 =pH, X) =dissolved oxygen, ~ 

=interstitial salinity, Xs = interstitial nitrite, X6 = interstitial nitrate, X7 

=organic carbon. The best model equation was Y= 0.47824 + 3.9199 XSX7 

+ 3.7246 X) ~ - 3.7076 ~X7 + 3.3241 X2X6 - 2.3055 XIX6 - 1.9365 

XIX) + 1.8901 X07 - 1.8811 XIXS + 1.6820 X) + 1.4954 X2 + 1.3033 

Xs - l.l551 ~X6 +0.91 066 ~ - 0.87919 XI~ - 0.82327 ~ + 0.7939 

X2~ - O. 7651 ~X5 + 0.7209 X)X7 + 0.74733 XIX2 + 0.70598 X2X7 -
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0.4809 XIX? - +O.40745X? - 0.3815 X2Xs - 0.3571 XI + 0.30667 X2X) -

0.28594 X)~ - 0.1948 X)Xs. 

This model explained about 64.72 % of the tempora! variability in 

the benthic total abundance on interstitial parameters, F (28,19)= 4.07, 

(P<0.05). The results were given in Table 5.6. This table deleted the 

parameters from X6 onwards since these co-efficients were not 

significantly different from zero (P<0.05). By this process the model 

parameters could be restricted to parameters up to ~ as the ecologically 

most important parameters. 

The standard error, test statistic for the significance of the above 

given correlations, along with Lower confidence limit (LCL) and Upper 

confidence limit (VCL) were given in Table 5. I to S. 6 for further 

reference. 
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Table 5. 1. St.] and 2 surface water parameters and O.C on abundance 

Table showing the standard error, t statistic, UeL (Upper confidence limit) 
_ and LeL (Lo,!e,,-confiden~~ Iimittf!r the regression_ coemcients._ 

Parameters ' Std. error t statistics LeL UeL 

XI 8.1398 -2.0184 -51.4547 : 18.5961 

X2 53.5769 -1.2479 -297.4013 I 163.682 
I 

X) 12.8508 -2.4390 -86.6406 I 23.9534 

)4 8.4752 1.0192 -27.8313 45.1065 

Xs 24.4113 -1.4842 -141.2737 68.8100 

X6 13.1833 -2.2694 -86.6460 26.8096 , 

X7 18.8867 0.4179 -73.3760 89.1630 

Xs 15.0871 1.8548 , -36.9365 92.9035 

X9 0.6171 1.2755 I -1.8683 3.4426 

XIX2 130.7707 
I 

-0.1377 I -580.7161 544.6965 , 
XIX) 1 .8827 1.3741 I -34.8027 67.4598 

XI)4 12.4091 -1.6287 I -73.6076 33.1853 

I XIXs 11.8955 -0.0384 -51.6435 50.7289 

XI~ 22.7512 -0.9436 -119.3671 76.4301 

XIX7 21.9482 0.9137 -74.3884 114.4982 

XIXs 16.8567 1.3325 -50.0725 94.9959 

XIX9 6.5159 -4.5494 -57.68 15 -1.6055 

X2X) 2. 1351 0.5180 -8.0814 10.2935 

X2)4 130.7864 -0.1377 -580.7834 544.7639 

X2Xs 5.5264 3.4074 -4.9497 42.6103 

X2~ 25.0871 -0.1309 -111.2346 104.6647 

X2X7 110.7094 -0.8518 -570.6867 382.0786 

X2XS 32.4666 -1.5521 I -190.0969 89.3110 

X2X9 24.7590 0.6820 1~.6515 123.4246 
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Table S. 1. contd .... 

Parameters I Std. error I t statistics LCL VCL 
-r X3~ 3.2565 1.1319 -10.3264 17.6987 

i 
X3XS 8.1778 1.1620 -25.6863 44.6923 I 

X3~ 14.9647 1.0325 -48.9418 I 79.8445 I 

I 
X3X7 48.1 150 -1.3677 -272.8437 141.2336 I 

X3XS 25.5750 -1.8147 -156.4577 63.6371 

X3X9 11.8616 2.0874 -26.2809 75.8001 

)4)(s 2.5264 0.6298 -9.2798 12.4622 

~~ 27.3834 -1.4788 -158.3262 77.3357 

)4)(7 10.3831 -2.2226 -67.7563 21.6005 

~Xs 19.4621 -0.6908 I -97.1906 70.3002 

~X9 32.5468 1.0345 , -106.3800 173.7177 

XSX6 3.7090 -0.9885 -19.6262 12.2937 

XSX7 101.0695 -1.1157 -547.6675 322.1364 

XsXs 8.2247 -2.4068 -55.1858 15.5955 

XSX9 19.5119 3.7446 -10.8988 157.0726 

X~7 0.7473 1.9039 -1.7928 4.6383 

~s 31.9964 -0.3352 -148.4048 I 126.9559 

~9 21.4746 0.8980 -73 .1207 111.6900 

X7Xs 1.9722 1.0579 -6.3998 10.5726 

X7X9 67.4100 -0.6150 -331.5222 248.6082 

XSX9 3.0298 0.1963 -12.4428 13.6321 
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Table 5. 2. St. 1 and 2 interstitial'parameters and 0.0 _on abundance -- -- -
, Parameters Std. error t statistics LCL VCL 
I-- I -1.87471 
I 

X3 0.4015 -2.7094 -.3009 

X3XS I 0.3769 2.8795 0.3465 1.8239 

~X s I 0.2921 3.6225 0.4856 1.6305 

X s 0.2736 3.8100 I 0.5062 1.5787 

X2X3 0.3460 2.6601 0.2422 1.5985 

X2 0.2432 -3.5066 -1.3294 -0.3761 

XIX S 0.4464 1.6018 -0.1599 1.5901 

X3~ 0.3682 -1.8826 I -1.4146 0.0285 

~ 0.21 07 1.3322 -0.1323 0.6936 

XIX2 0.2664 1.0493 -0.2426 0.8016 

X2~ 0.2491 -0.8505 -0.7002 0.2764 

XIX3 0.3089 -0.5768 -0.7835 0.4272 

X2X S 0.3371 0.3960 -0.5272 0.7941 

XI 0.21 26 0.6007 -0.2890 0.5449 

XI~ 0.3 142 -0.3579 1 -0.7283 0.5034 
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Table 5. 3. St. 3 and 4 surface waterparameters and O._C_on abundance 
Para-;;;~ I - Std. error I t statistics LCL VCL 

X3X6 ! 0.1648 I -14.9872 -2.8 149 r-----=-2.1250 

X07 I 0.8403 2.4011 0.2589 I 3.7763 

X3 0.3271 -4.1923 -2.0556 -0.6866 

XIX7 

X3X7 

X7 

Xs 

X2~ 

X2 

X6 

X2X7 

XIX2 

XSX7 

X3XS 

~Xs 

XIX6 

X2X3 

X2XS 

XI~ 

XIX3 

~ 

X2~ 

XSX6 

XI 

~X7 

X3~ 

~X6 

XIXS 

0.3639 

0.3045 

0.3525 

0.3940 

0.9468 

0.4431 

0.2621 

0.4131 

0.4779 

0.6577 

0.3774 

0.4951 

0.231 1 

0.2361 

0.6605 

0.2411 

0.3370 

0.3295 

0.2158 

0.4066 

0.1920 

0.5166 

0.7449 

0.9035 

0.4196 

2.7692 

-3 .2580 

2.7712 

-2.0277 

0.8302 

1.5419 

-2.9055 

1.6024 

1.2826 

-0.8971 

-1.5572 

0.9465 

-1.8274 

-1.3119 

0.4663 

-1.2570 

0.8578 

-0.8410 

1.0989 

-0.5806 

1.1437 

0.4081 

-0.2617 

-0.13 18 

-0.1189 

0.2461 1.7693 

-1.6294 -0.3548 

0.2391 1.7147 

-1.6234 0.0257 

-1.1956 2.7678 

-0.2442 1.6106 

-1.3099 -0.2129 

-0.2027 1.5268 

-0.3873 I 1.6131 

-1.9667 I 0.7866 

-1.3767 I 0.2029 

-0.5676 1.5048 

-0.9060 0.0614 

-0.8039 0.1804 

-1.0744 1.6903 

-0.8076 0.2015 

-0.4162 0.9943 

-0.9667 0.4125 

-0.2145 0.6887 

-1.0861 0.6144 

-0.1822 0.6214 

-0.8704 1.2920 

- I. 7541 1.3642 

-2.0101 1.7720 

-0.9281 0.8283 
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Table 5. 4. St. 3 and 4 interstitial parameters and D. 0 on abundance 
iP;rameters : Std. error . Istatistics I -LCe I UCL 

XI 0.5869 0.8993 -1.3545 2.4100 

X2 -2.7679 0.2693 -1.3092 -0.1818 

X3 -4.6619 0.4254 -2.8736 -1.0928 

)4 2.3588 0.5008 0.1336 2.2296 

Xs 3.2092 0.4440 0.4956 2.3542 

X6 1.4181 0.8490 -0.5730 2.9810 

X7 -1.7963 0.8196 -3.1876 0.2432 

XIX2 1.0275 0.4201 -0.4476 1.3 \09 

XIX3 1.9149 0.7234 -0.1288 2.8992 

XI)4 1.0161 1.4226 -1.5320 4.4231 

XIXs -1.9963 0.3708 -1.5165 0.0358 

XIX6 0.1 862 0.8273 -1.5750 1.8879 

XIX7 -0.4480 0.4399 -1.1178 0.7236 

X2X3 3.9072 0.3489 0.6330 2.0936 

X2)4 -0.8226 0.5798 -1.6905 0.7366 

X2XS -0.8063 1.1721 -3 .3982 1.5081 

X2X6 -2.0439 0.6193 -2.56 18 0.0304 

X2X7 2.4886 0.4522 0.1789 2.0719 

X3)4 -1.0974 0.5822 -1.8135 0.5847 

X3XS 3.6133 0.7865 1.1957 4.4879 

X3X6 -0.4397 0.6523 -1.6520 1.0784 

X3X7 1.3235 0.7954 -0.6121 2.7176 

XJ(s 0.3983 0.8934 -1.5140 2.2256 

)4~ -0.8215 1.2742 -3.7137 1.6203 

)4X7 -2.3479 0.9949 -4.4273 -0.2542 

XSX6 0.2 102 1.5545 -2.9269 3.5804 

XSX7 -0.5211 1.6434 -4.2960 2.5833 

X6X7 -50.2683 0.0089 -1.4457 -1.4444 
- --
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Table 5. 5. St. 5 and 6 surface parameters and O. C on total abundance 
I-P;;:;m-;t;;:;-I-Std~~-;:ror t statisti~s r LCL- - UCL 

X2X7 2.9681 I -3.6664 -17.0947 -4.6701 ; 

X,X7 I 2.8019 I 3.4658 3.8466 15.5754 I 

X2~ I 
X,~ I 
X,X3 I 

)4)(1 

X3 

X2Xs 

X3XS 

X,~ 

X3X1 

X2~ 

X2 

~X6 

~ 

Xs 

X3 X6 

X2X3 

X~7 

X, X2 

XSX6 

I 

1. 1509 -3.9251 -6.9261 -2.1 085 

1.7351 I 

1.6380 

1.2494

1 1.0481 

1.3276 

0.8343 1 

0.7947 , 

1.4292 

0.7760 

1.0571 

1.2600 I 
1.051 7 

0.7379 

0.66 12 / 

0.8603 

0.8221 

0.5818 

0.4328 

0.8457 

0.4006 

0.9009 

0.5466 

0.5530 

0.8047 

2.4483 

-2.2967 

-2.9212 

2.5857 

-1.9980 

-1.5814 ' 

2.9992 

-1.3935 

2.1244 

-1.3301 

-1.0557 

-2.3985 

1.7714 

-1.9516 , 

-1.3682 

-1.3757 

I 

1.6333 

-2.1066 I 
0.8809 I 
1.1560 

0.5113 

0.735 1 

0.6573 

-0.3031 I 

0.2135 L 

0.6165 

-7. 1905 

-6.2649 

0.5164 

-5.4313 

-3.0654 

0.7201 

-4.9830 

0.0243 

-3.6187 

-3.9674 I 

-4.7237 

-0.2373 

-2.6742 

-2.9776 

-2.8516 

-0.2674 

-1.81 77 

-1.0251 

-0.3753 

-1.4249 

-0.7422 

-0.7939 

-1.9281 

-0.8876 

7.8796 

-0.3337 I 

-1.0347 

4.9039 

0.126 1 

0.4268 

4.0469 

0.9998 

3.2729 

0.8065 

1.3070 

-0.3213 

2.8515 

0.0935 

0.6235 

0.5897 

2. 1682 

-0.0059 

2.51 51 

1.3015 

2.3461 

1.5457 

1.5208 

1.4403 I 

1.0893 
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Table 5. 6. St.5 and 6 interstitial parameters and 0.0 on benthic abundance 

Parameters Std. error ' t statistics LCL VCL 

XSX7 0.7853 4.9920 2.2764 5.5635 

X3X6 1.4733 2.5281 0.6411 6.8081 , 

NX7 1.0466 -3.5426 -5.8981 -1.5171 

X2~ 1.2339 2.6940 0.7416 5.9066 I 

XI~ 1.2349 -1.8670 -4.8901 0.2791 

XI X3 1.6258 -1.1911 -5.3393 1.4663 

~7 0.3928 4.8123 1.0680 2.7122 

XIXs 1.7096 -1.1 003 -5.4594 1.6971 

X3 0.6303 2.6688 0.3629 3.0012 

X2 0.4407 3.3934 0.5730 2.4177 

Xs 1.4699 0.8867 -1.7731 4.3798 

N~ 1.4043 -0.1326 -3.1254 2.7530 

X6 0.3607 2.5244 0.1556 1.6657 

XIN 0.5616 -1.5654 -2.0547 0.2963 

N 0.8138 -1.0117 -2.5265 0.8799 

X2N 0.6046 1.3130 I -0.4716 2.0594 

NXS 0.4324 -0.1769 -0.9816 0.8286 

X3X7 0.4734 1.5228 -0.2699 1.7118 

XIX2 0.2728 2.7396 0.1764 1.3183 

X2X7 0.8622 0.0008 -1.8038 1.8052 

XIX7 0.7038 -0.0683 -"I.5212 1.4250 

X7 0.4 166 0.9781 -0.4645 1.2793 

X2XS 0.6998 -0.5451 -1.8460 1.0831 

XI 0.4873 -0.7328 -1.3771 0.6629 

X2X3 0.4165 0.7363 -0.5651 1.1784 

X3N 0.5307 -Q.538~ L~L 0.8248 

X3XS 1.0180 -0.1913 -2.3255 1.9359 



Chapter. 6 

BENTHIC PRODUCTION AND TROPHIC 

RELATIONSHIPS 

Broom (1982) suggested that although different phyla dominate in 

different latitudes, the various trophic types (deposit feeders, scavengers, 

suspension feeders, algal grazers, predators) are well represented worldwide, 

with different but similar genera filling identical niches. 

A major role of benthic communities is to receive organic detritus and 

convert it to invertebrate biomass, which serves as food for demersal fish and 

other predators. The conversion process is relatively inefficient and the by

products include CO2 and inorganic nitrogen, phosphorous, silicon etc. which 

are regenerated in the water column and used again in secondary production 

(Mann, 1988). Between the primary production and the fish production, the 

role of benthic organisms first as a feeder of detritus and plant material and in 

turn forming food of some predators like crabs and fishes is already proved. 

At Minicoy Island, the surveyed seagrass beds and mangroves 

showed the presence of many reef fishes, perches, barracudas etc. The 

juveniles belonging to family Acanthuridae, Apogonidae, Ballistidae, 

Carangidae, Chaetodontidae, Diodontidae, Platacidae, Exocoetidae, 

Fistulariidae, Haemulidae, Hemirarnphidae, Holocentridae, Kuhlidae, 

Labridae, Lethrinidae, Lutjanidae, Mugilidae, Mullidae, Muraenidae, 

Pemphridae, Pomacanthidae, Pomacentridae, Scaridae, Scorpanidae, 

Serranidae, Siganidae, Sphyraenidae and Tetraodontidae were reported from 

the seagrass beds of Kavaratti Atoll, Lakshadweep by Vijay Anand and Pillai 

(2005). Some of them like Acanthuridae, Apogonidae, Chaetodontidae, 

Fistulariidae, Holocentridae, Lutjanidae, Mullidae, Scaridae were found in all 

seasons from the seagrass beds. The study evolved a positive relation of 

j uvenile abundance with salinity. In the present study Pomacentrids and 
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Sphyraenidae adults as well as juveniles were abundantly found at the 

mangrove as well as seagrass ecosystems of Mini coy. 

The fishes considered for gut content analysis from the seagrass as well 

as mangrove sites include adults and juveniles of A budefdufspp., Sphyraena 

spp., Perches, Carangids etc. owing to their frequent grazing at seagrass and 

mangrove regions. The gut content of Sphyraena, Carangids and Perches 

showed presence of crustaceans, polychaetes, soft molluscan shell remnants, 

detritus material etc. Abudefduf spp. showed mostly algal remnants in their 

gut. The qualitative gut content analysis revealed that most of these fishes 

are benthic feeders and there is a strong trophic link between benthos and 

demersal fishes of that region. 

EventhOt.gh there appears to be a great potential for many species of 

fish like pomacentrids, apogonids, carangids and perches among the seagrass 

areas of Minicoy, less attention is paid for the exploitation and therefore 

estimation of the fish stock at these locations since the fishermen of Minicoy 

are averse to capture fishes other than tunas. Therefore data on estimated 

potential of demersal lagoon fishes are not yet available from Minicoy Island. 

The maximum production in terms of carbon and biomass production 

was noticed at the southern seagrass site followed by the mangrove site. At 

the southern seagrass site the mean biomass wet weight was 173.52 glm2
. At 

the northern seagrass site and mangroves, the mean biomass wet weight 

values were 67.58 glm' and 109.13 glm2 respectively. The dry weight values, 

worked out using Parulekar's conversion factors for each group, at each area 

were 10.88 glm2
, 4.36 glm2 and 7.01 glm2 respectively. The annual carbon 

productions at these three sites were 7.51 gC/m2/y, 3.1 gC/m2/y and 4.84 

gC/m2/y respectively. The annual biomass production in glm2/y was 

estimated as 347.05, 135.16 and 219.43 respectively (based on Sander's 

suggestion of a production of about twice the standing crop for the benthic 

animals). Considering all these values and taking the potential benthic yield 
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as 10% of the benthic standing crop, the potential yield was estimated as 

34705 Kglkm2, 13516 Kglkm2 and 21943 Kglkm2 respectively from the 

southern seagrass, northern seagrass and mangrove sites (Table 6. I). 
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Table 6. 1. Benthic biomass, annual production and potential yield from 
Southern sea ss, Northern sea~ass and }~1angro_ve area;. ___ -,_ 
Areas Mean Mean Carbon Annual Annual Potential 

biomass biomass 
wet wt. dry wt. 
(~mJ_ (g/mJ 

Southern 173.52 10.88 

seagrass 

orthern 67.58 4.36 

seagrass 

Mangroves 109.13 7.01 

content carbon 
(gC/ m2

) prodn. 
I (gC/m 2/y) 1 - . 

3.75 7.5 

-I 

1.5 

2.41 

3.0 

/ 4.84 

I 

biomass yield 
prodn. j (Kg/km2) I 

-J--'Y>'..::m2/y ) 

I 347.05 34705 

135.16 13516 

219.43 21943 
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Chapter. 7 

DISCUSSION 

It is well known that the marine population fluctuates from time to 

time. The widest inter-annual variations in faunal densities and species 

richness occur in the tropics, coinciding with the great variety of habitats and 

environmental conditions. Nearly 40% of the total open ocean area and 30% 

of the total area of the world's continental shelves lie within the tropics. In the 

tropics changes in benthic communities is related to monsoonal rains, 

comparatively higher water temperature/salinity conditions, carbonate 

sedimentation, dissolved oxygen and nutrient concentrations. Variations in 

composition and abundance of macrobenthos have been mainly related to the 

changing environmental conditions (Eagle, 198 I; Nichols, 1985; Frouin and 

Hutchings, 2001), interspecific competition for space (Woodin and Jackson, 

198 I; Mc Au1iffe, 1984), food resources (Kemp, 1988) and substrate 

composition (Bursarawich et a/., 1984; Campbell et a/. , 1986; Cano and 

Garcia, 1982; Colella and Geronino, 1987; Eckman, 1983 and Ferenz, 1974). 

The apparent success of distribution and abundance of crustaceans and 

bivalves in the tropics can be attributed to their motility and ability to escape 

or avoid high temperatures and salinity or desiccation. Garrity et a/. (1986) 

found that the shell crushing predation of inter tidal gastropods is greater in 

the tropics. Moore ( 1972) found that tropical inter tidal communities are on 

an average subjected to greater environmental stress. Benthic organisms 
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normally attempt to avoid stress by a variety of physiological and behavioural 

mechanisms, including horizontal and vertical migration, aestivation, 

hibernation and habitat modification. 

Seagrass meadows are known for their high productivity (Orth, 1986). 

Seagrasses become wlique owing to their ability to live in a saline medium, to 

function normally when fully submerged, having a well developed anchoring 

system, ability to complete the generative cycle when fully submerged and 

ability to compete with other organisms under more or less stable conditions 

of the marine environment (Hartog, 1979; Doering and Chamberlain, 2000). 

Considerable information is available on the animal communities of seagrass 

beds of temperate environments (Kikuchi, 1980). However, the fauna of 

tropical coral reef sea grass beds have received less attention. The lagoons of 

Minicoy have luxuriant seagrasses and coralline algae dominated by species 

of Thalassia hemprichii. Cymodaceae. Halodule. Syringodium and Halimeda. 

(Jag tap, 1987). Lagoon sediments, consisting of fragments of corals, 

gastropod shells, foraminiferans and coarse to medium sand have varied 

amounts of seagrass coverage (Ansari et al., 1991 ). Macrofaunal densities 

from seagrass beds were different in different studies from the same Thalassia 

testudinum beds. 

Typical mangrove plants like Avicinnia marina and Cereops tagal 

demarcated certain zones in southern area of Minicoy Island as mangroves. 

Mangrove plants produce huge quantity of liner (mainly leaves, twigs, bark, 

fruit and flowers). Some of this is eaten by crabs, but the major portion must 

be broken down before the nutrients become available to other animals. That 

is where the bacteria and fungi come in. Dividing sometimes every few 

minutes, they feast on the liner, increasing its food value by reducing 

unusable carbohydrates and increasing the amount of protein - up to four 

times on a leaf which has been in seawater for a few months (Nassar e l al., 

1999). Partly decomposed leaf particles, loaded with colonies of protein-rich 
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microorganisms, are then eaten by fish and prawns (Chong et aI. , 1996). They 

in turn produce waste, which, along with the smallest ' mangrove debris, is 

taken up by molluscs and small crustaceans. Even dissolved substances are 

used by plankton or, if they land on the mud surface, are browsed by animals 

such as crabs and mud whelks. Mud whelks belonging to the species 

Terebralia palustris occupies a key position in this region along with crabs 

and crustaceans. 

Although these study areas (seagrass as well as mangrove zones) were 

close to the coast and sampling depths varied between stations, no clear 

distinction into zones was feasible on the basis of species composition. This 

review addresses the structural and functional aspects of tropical soft-bottom 

benthos, emphasizing differences between the mangrove and seagrass 

ecosystems of Minicoy atoll. 

7. 1. Bottom fauna 

Composition 

10 the present study very high species diversity was noticed in southern 

seagrass stations (137 species for the entire study period both at station I and 

2) and northern seagrass stations (74 and 62 species at stations 3 and 4 

respectively). But in the mangrove stations 'comparatively very low species 

diversity of 18 and 16 were observed at stations 5 and 6 respectively. Dugan 

(1990) noticed that the low diversity in mangroves is caused by the severe 

climatic and environmental conditions with limitations in the range of suitable 

habitats and niches. The seagrass beds, on the other hand, with their dense 

vegetation and thick and branched rhizomes increases the available substrate 

surface for epiphytic algae and associated fauna (Stoner, 1980; Stoner and 

Lewis, 1985). These in turn attract other fauna (gastropods, polychaetes and 

crustaceans), which form the basis of food chains within the seagrass 

ecosystem and add to the high species diversity. The predator-prey 
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relationship appear to play a major role in maintaining the reported high 

densities of macrofauna in seagrass beds (Orth et aI., 1984; Prieto et at., 

2000; Paula et at., 200 I), although other factors (physical/physiological 

factors) could also be important. Marine benthic diversity varies greatly 

within the tropics, as other studies have found very high species diversity in 

seagrass (Young and Young 1982; Campbell and Mc Kenzie, 2004). 

Johnson (1974) postulated that the shallow water in faunal species diversity is 

influenced by food- resource diversity. Seagrass meadows are essentially 

detritus rich environments and the dominance of suspension feeders and 

detritivores like polychaetes, amphipods and isopods is not surprising. 

However it is believed that such detritus is often not easily digestible by 

invertebrates and leads to slow growth of the animals (Tenore, 1977). 

Sediment stability as well as habitat complexity are important for the 

occurrence of infaunal groups. Dense beds of Thatassia hemprichii reduces 

the wave action near the bottom, thus trapping and preventing removal of 

finer sediment particles (Orth, 1973). An increased surface area and increased 

habitat complexity in seagrass systems plus an abundance of food from 

decaying seagrass and organic sedimentary material support these large and 

diverse populations of benthic invertebrates in such ecosystems (Connel, 

1975). Martin et af. (2000) suggested that within a seagrass bed the size and 

composition of the associated macro invertebrate community are not 

determined by the structural complexity of the plants, but by the amount of 

plant available. This is in tune with the present findings of less macrofauna 

abundance at northern less sparse Cymodaceae bed. The study showed a high 

species diversity at Thalassia beds (which have more leaf blade surface area, 

thickened growth and highly entangled thick rhizomes), while comparatively 

lesser diversity was noticed at . the Syringodium station where leaf blade 

surface area less and rhizomes are not thick and entangled. This is in tune 

with the findings of Brook (1978) and Bostrom and Bondorff (2000). 
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Kikuchi and Peres (1977) observed a much richer fauna in scattered seagrass 

bed with mixed Thalassia, Cymodocea. and Halodule than a seagrass bed of 

Syringodium, which shows an impoverished fauna. 

Eight major groups identified in the present study were gastropods 

consisting of 58 species, bivalves of 12 species, polychaetes of 27 species, 

other worms (including all worms except polychaetes) of 7 species, crabs of 

24 species, other crustaceans (including prawns, amphipods, isopods, 

stomatopods, tanaeids, etc.) of 19 species, echinoderms of II species and 

sponges of only 2 species leading to a grand total of 160 species from the 

entire study area. So far the studies on macrobenthos from the seagrass 

intertidal areas of Minicoy were limited to group composition (Ansari, 1984). 

He observed that polychaetes were numerically the most abundant group 

comprising 60-92% of total macrofauna numbers and were dominated by 

suspension and deposit feeding forms. In the present investigation the 

ostracods and anthozoan groups found in earlier study were absent and 

instead echinoderms, sponges, tanaeids, etc. were present. Anthozoans were 

limited to seagrass leaves as attached phytofauna. Raut et al. (2005) 

observed that there were marked changes in benthic community structure 

relative to an earlier investigation from the same study area (Kakinada Bay) 

over years. Wide variations in diversity occur more commonly within the 

same habitat over time (Vincent, 1986; Vargas, 1988; Luczak, 200 I) . 
• 

Pinkster and Goris (1984) suggested that in the monthly samples not more 

than 25-40% of those species that occur throughout the year can be found . 

They recommended that the 2 sampling periods (April-June and Sept.-Oct) 

would give the best representation (up to 60% of the species that occur 

throughout the year). In the present study, based on sampling done for 24 

consecutive months, it can be assumed that all the species were sampled. 

According to Sanders (1968) the underlying Clluse of high diversity 

was the persistence of stable environmental conQj~ions over a long period of 
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time. Based on his stability-time hypothesis the communities In stable 

condition become biologically accommodated and the biological stress 

between species such as intense competition or non-equilibrium in predator

prey relationships become progressively reduced over a long period of time. 

Evolutionary history of the geographical region and interspecies competition 

between individual species and their relationships to the physical environment 

are the two factors responsible for the presence or absence of groups/species 

in a given area/station. Diversity indicates the degree of complexity of a 

community structure. [t is a function of two elements namely number of 

benthic species and their abundance or equitability, which is richness and 

evenness with which the individuals are distributed among the benthic 

species. Diversity is 11 concise expression of how individuals in a community 

are distributed within subsets of groups/species. 

The measurement of temporal variation of diversity provides useful 

information on the succession of the community structure. Several diversity 

indices have been proposed by Simpson (1949), Shannon Weaver (1963), 

Pielou (1966 a & b), Margalef (1968) and Heip (1974). These indices 

measure the species richness as a rough measure of diversity, species 

concentration as a measure of dispersion of abundance about the mean 

abundance, species diversity a theoretical measure of diversity, species 

dominance to study the dominating nature of one or more species in a 

particular monthl1ocation and fInally equitability or uniformity in the 

distribution of total abundance among the various species present during a 

particular season at a particular station respectively. These five factors 

together define the structure of the community. High richness, high 

concentration, high diversity, low dominance and high evenness refer to a 

healthy community with stable structure provided the coefficient of variation 

for each of these indices is very low for each station over all months or for 

each month over all stations. 
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From the analysis of indices it becomes clear that stable structure of 

community was seen at station 1 because this station showed the highest 

richness, highest concentration, highest diversity, comparatively higher 

evenness and lower dominance index. Coefficient of variation was also 

comparatively lower at station I. Station 3 and 4 showed almost same 

stability just like station I. Station 2 has also shown high stability by showing 

comparatively low dominance and high richness. Station 5 and 6 showed not 

much difference between themselves but were different from other stations 

thus showing low stability of ecosystem owing to the low richness, low 

concentration, very low diversity, high dominance and low evenness. 

Diversity index showed a value greater than 3 at the seagrass areas and lesser 

than 3 at the mangroves indicating the unstable nature of the mangrove 

ecosystem. 

Standing stock 

Biomass, though exhibited seasonal fluctuations, did not vary much 

corresponding to the population count. High biomass values did not show a 

direct relationship with the numerical abundance. Harkantra and Parulekar 

(1 981) suggested that biomass depended on the size of the animal and not on 

the numerical abundance. The biomass is not necessarily related to the 

quantity of organic matter in a deposit, but seems rather more related to the 

suitability of the deposit as a habitat for particular species. Based on benthic 

abundancelbiomass of groups (3-way ANOYA studies), it further clarified 

that the three areas namely southern seagrass, northern seagrass and 

mangroves were significantly different from each other. 

In the present study, the highest biomass wet weight (l73g1m2
) was 

observed at southern seagrasses followed by mangroves (llOglm2
) and least 

at northern seagrasses (67g1m2
). The biomass observed at the mangrove 

stations was mainly due to the large sized gastropod flesh of Terebralia 
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palustris. This was the major contributor of biomass at mangrove stations. 

The main biomass contributor at the northern seagrass area were Gafrarium 

divarticatum as well as that of Tellina palatum. 

Great variations may occur in the density of species where soils of 

varying grade occur within the same area. The food of most species during 

pelagic larval life and of suspension feeders in the adult population is the 

plankton, and since fluctuation in phyto and zooplankton are closely linked 

with the supply of nutrients, it follows that the density of benthic species is 

related to changes in the nutrient level. An increase in fertility do not 

necessarily affect all species in the same way. The pelagic larval stage of 

many macrobenthic organisms (Thorson, 1957) is important in determining 

the distribution of species. According to Willems et al. (1984) the 

explanation for variable abundances of benthic invertebrates include I) 

differentially successful and sequential recruitment by larvae of various 

species. 2) predation and 3) habitat complexity. Predation has been found to 

be a major factor affecting benthic population (Sikora and Sikora, 1985). Post 

and Cusin (1984) hypothesized that fishes remove large numbers of small 

crustaceans such as cumaceans and amphipods from benthic assemblages. 

In the present study gastropods were the numerically most abundant 

group followed by bivalves. Polychaetes came in the third position. The 

extreme range of macrofaunal density could be the result of differing food 

supply and the sediment characteristics. Beach exposure also plays an 

important role in the distribution of intertidal fauna. This is in agreement with 

the findings of Mclachlan (1977) who reported the dominance of bivalves in 

the intertidal macrofauna of South African beaches and Thomassin et al. 

(1975) who reported the dominance of molluscs in the coral sediments of 

Polynesian atolls. Sheppard et al. (1992) found that in the Arabian marine 

environment, approximately 50% of the seagrass inhabitants are molluscs. 
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The southern seagrass stations showed the highest abundance followed 

by the northern seagrass stations and least abundance was seen at the 

mangrove stations. But when compared to the very low species diversity at 

the mangrove site, the contribution of each species to the numerical 

abundance was comparatively high. The uniqueness of the mangrove lies 

with low species diversity, but richness of individual species. It is the 

concentration of individual species rather than their diversity, which 

characterises the mangrove (Dugan, 1990). 

The total abundance observed at southern seagrass area, northern 

seagrass area and mangroves were 670/0.2Sm2
, 29S/0.2Sm2 and 247/0.2Sm2 

respectively. This is in tune with the observations of Ansari (1984) in the 

Thalassia beds of Minicoy. Stoner (1980) also observed similar values at 

T. testudinum beds. Many faunal groups like bivalves, echinoderms, 

polychaetes, 'other worms' etc. were absent or negligibly present at the 

mangrove sites, due to the unfavourable environmental conditions and the 

prevailing nature of ediments, except some mud whelks, crabs and detritus 

feeding crustaceans. ' Other worms' showed a preference for the northern 

seagrass site (numerical abundance-29.SI O.2Sm2
). The highly entangled 

rhizomes with the hard sediment at the southern seagrass region may restrict 

the movement of these organisms during certain periods of the year and that 

may be the reason for less number of 'other worms' there. The density of 

benthic infauna is affected by vegetative growth, particularly of eelgrass 

(Zostera spp.), which increases sediment stability and interrupts the 

movement of burrowing animals (Orth, 1973). The detritivorous and 

carnivorous polychaetes showed a faunal preference for the southern seagrass 

area (owing to the abundance of their prey) often showing camoflague with 

the Thalassia/Cymodaceae rhizomes and their numerical abundance was 

comparatively lesser in northern stations due to the more sandy nature of the 

sediment, less chances of food and the prevailing tidal waves. Eventhough 
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some mud crabs and mangrove crabs (Uca spp.) were present in the mangrove 

area, their abundance was comparatively lesser when compared with the 

seagrass area. The seagrass flora, at the same time provides food and shelter 

to these organisms. In the case of crustaceans, seasonal variations were 

maximum for numerical abundance because of the seasonal mass 

appearance/disappearance of amphipods. They were found most abundant at 

southern seagrass area. The crustaceans at the mangrove area were 

represented by the shrimp Nikoides maldivensis, Apseudus sp. and 

Paratanaeideans. They prefer the detritus rich environment and can withstand 

the prevailing tough conditions. 

7. 2. Ecological relationships: 

7. 2. 1. Hydrography and Bottom fauna 

Since benthos is dependent on the environment in which they inhabit 

directly and indirectly (Sanders 1958, 1960 and 1968), different environments 

induce different species or community structures. Benthos vary greatly in 

their responses to changes in water quality. Some taxa are relatively tolerant 

to organic enrichment and low dissolved oxygen levels while others are 

quickly eliminated under low dissolved oxygen conditions (Boesch el al. , 

1976; Simboura et al. , 1995). Increased nutrient inputs can strongly affect 

abundances of some species, through indirect and direct influences on food 

availability and sediment conditions, while not affecting others. In general, 

sediment type, organic content, dissolved oxygen, salinity and temperature are 

considered most important in detennining abundance and types of animals in 

bottom communities. This intimate relationship between the benthos and the 

physical and chemical environment in which they live provides us with an 

extraordinary tool for evaluating marine intertidal systems and changes in 

these systems. By examining shifts in the benthic community over time 
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(years), one can gain an understanding of the major environmental processes 

affecting the local biota (Hyland e/ al., 1996). 

Over the tropical seas, climatic variations are smaller, but rainfall 

pattern differ greatly. The western boundaries of the oceans are warmer, 

wetter and more stable climatically than the eastern boundaries. These 

differences are of great ecological significance because the distribution of 

tropical shallow water habitats, especially mangroves and coral reefs and their 

associated vegetation is a reflection of these climatological variations. The 

water mass structure in the reefs and lagoons are determined by factors such 

as seasonality, regional precipitation and net radiation resulting in surface 

heating and cooling (Andrews and Pickard, 1990). Benthic fauna are 

subjected to natural environmental changes like salinity fluctuations and 

rainfall during SW monsoon, which constantly modify the ecological 

conditions and affect the settlement and accommodation of new species. For 

the accurate estimation of the organic material cycle in the benthic domain 

and for the application of benthic community as an indicator of the 

environmental conditions, structural characteristics of benthic communities 

must be clarified in time and space, and then some real relationships between 

their characteristics and environmental factors must be examined. Jones 

(1950) stated that temperature, salinity and bottom deposits were the major 

factors influencing the distribution of bottom fauna. Gage (1974) suggested 

that the fluctuating temperature and salinity values at the surface operate as a 

stress condition with the result that only a limited number of larvae of benthic 

species survive. In the present study even though wide fluctuations in surface 

temperature and salinity were not observed spatially, fluctuations were 

observed seasonally and this could have lead to the mortality of many larval 

forms. 

Temperature is considered as a factor of prime importance in the 

physical environment of organisms. Studies on temporal variation in Vellar 
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estuary by Chandran and Rarnarnoorthy (1 984) revealed variations in water 

temperature from 24°C to 33.soC mostly influenced by the fluctuating 

atmospheric temperature of 23.5°C to 36.SoC than tidal influence. Many 

authors reported high water temperature during pre-monsoon. In the present 

study all the three identified areas showed their highest water temperatures 

during pre-monsoon months in both years coinciding with the high 

atmospheric temperature prevailing in the region showing significant 

temporal variations and effect of monsoon. The study area being shallow, the 

changes were relatively fast. The least temperature values were observed in 
, 

post-monsoon (lSI year) and monsoon (2nd year) seasons. The temporal 

variations were above 4°C at all three areas and the maximum variation was 

observed at area I. The range in surface water temperature noticed at area I, 

area 2 and area 3 was 26.SSoC (August 200 1) to 31.SoC (May 2001), 26.SOC 

(October 1999) to 31.0SOC (May 200 I) and 26.SoC (December 1999) to 

30.SoC (April 2000) respectively. 

Temperature did not show any marked spatial variations « ISC) since 

the stations are close by. In most of the months, northern seagrass area 

showed comparatively lesser temperature values. The variations of 

temperature singly did not impart any significant variation in the fauna. 

Water temperature seldom exerts significant influence on the ecology of 

organisms, as the annual variation of temperature normally does not exceed S-

7°C (Chandran, 1987). But by the combined effect with other environmental 

parameters, it showed a positive correlation with abundance of fauna at the 

mangrove area. 

Kinne (1 966) suggested that salinity is the ecological master factor 

controlling the life of benthic animals. Desai and Krishnankutty (1969), 

Patnaik (1971), Kurian (1973), Parulekar (1984), Parulekar and Dwivedi 

(1 974), Ansari el al. (1977 a & b) and Varshney (198S) reported that salinity 

fluctuations had a strong bearing on the distribution of the benthic fauna. 
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According to Patnaik (1971) and Murugan et af. (1980) salinity does not 

directly affect biomass. In the present study both surface as well as interstitial 

water salinities were analysed and found that interstitial salinity had 

significant spatial variations when compared to surface salinity. Area 3, the 

mangrove zone showed significantly different values from the other two 

areas. During the two-year study period almost all the months (except 

monsoon months) showed comparatively low salinity value at mangrove 

ecosystem than the other areas (confmned by the Trellis diagram results for 

comparing between stations). The temporal variations were exhibited for both 

surface as well as interstitial salinity. The range in interstitial salinity noticed 

at area I, area 2 and area 3 were 27.3ppt to 3S.69ppt, 2S.6ppt to 3S.7ppt and 

26.17ppt to 32.S8ppt respectively. Surface salinity temporal variations ranged 

from 6.84ppt to 8.01 5ppt and interstitial variations ranged from S.2Sppt to 

9.35ppt for the entire study area. Temporal variations were lowest at area 3. 

The multiple regression analysis have proved that a negative correlation 

existed between the monthly numerical abundance and interstitial salinity at 

the seagrass stations. Quasim et af. (1969) showed an inversely proportional 

correlation between popUlation count and salinity. 

Low values of dissolved oxygen indicate a poor oxygenated condition. 

Eventhough, in general, dissolved oxygen was not found to be a factor 

limiting benthic abundance and distribution, a dissolved oxygen value less 

than 2mlfl may result in diminishing occurrence of some benthic groups other 

than molluscs. Ability of molluscs to withstand anaerobic conditions has been 

studied by Moore (1 93 1), Dales (1 958) and Karandeeva (1959). In the 

present study, both at northern as well as southern seagrass zones, more than 

2mUI of dissolved oxygen was observed during every season, having a range 

of 2.33 to 6.45 mUI. Dissolved oxygen values were slightly more at northern 

seagrass zone where constant flushing of seawater occurred due to tidal 

influence. At mangrove zone (where the DO value differs significantly from 
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that of other stations) where dissolved oxygen values were less than 2mlll in 

some of the months, many faunal groups were found absent and gastropods 

like mud whelks were found in abundance in the absence of their competitors. 

The present observations also revealed that this did not result in a decrease in 

total biomass at the mangrove zone. Damodaran (1973) observed that a 

decrease in total biomass could not be attributed to poorly oxygenated 

conditions. But a positive correlation was observed between this parameter 

and the numerical abundance at the mangrove site as well as northern seagrass 

site. 

At a given temperature, pH is controlled by the dissolved chemical 

compounds and the biological processes in the solution (Chapman, 1996). Ellis 

(1937) pointed out that fish and common aquatic life prefer pH values 

between 6.7 and 8.4 and pH values below 5 or above 8.6 are definitely 

detrimental or even lethal to aquatic life. In the present study pH varied from 

7.4 to 8.5 for the entire study period. The slight alkalinity may be due to the 

calcium and carbonate deposits particular to the coral reef ecosystems. 

Temporal variations in pH were found insignificant for all zones. Spatially, 

only the mangrove zone showed slightly higher pH value ranging from 7.9 to 

8.5 and thus differed from the seagrass stations. The pH values recorded were 

in good conformity with the observations of Ramachandran and Ajaykumar 

Varma (1997) for Minicoy Island. 

The benthic organisms are dependent upon the fertility of the 

overlying water for their food supply and factors , which control the 

planktonic production in any area, are likely to have an indirect influence 

upon the abundance of the benthic fauna (Damodaran, 1973). Concentrations 

of the principal dissolved inorganic nutrients (N02, NO), SiO), P04) are 

normally lower in tropical interstitial waters and their concentrations are 

within the !lm range only (Hart-wig 1976; Ullman and Sandstrone, 1987; 

Williams e/ al., 1985). 
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Silicon dynamics of coral reefs have received less attention than 

nitrogen and phosphorous, primarily because, coral reef organisms are 

calcareous and not siliceous and silicon is not an essential element for most 

reef flora and fauna (Haneefa, 2000). In the present study the surface silicate 

values showed a wide range of variation in all three sites. The highest 

variation was observed at southern seagrass site followed by northern seagrass 

site. At southern seagrass area, the surface silicates varied from I I1g at II to 

9.5 I1g at 11. At the northern seagrass area, the value ranged from I I1g at II to 

5.67 I1g at 11. Minimum surface Silicates recorded at the mangrove area was 

1.11 I1g at 11 and the maximum was 6 I1g at 11. For Interstitial silicates, slightly 

higher seasonal variati ns were observed at mangrove site. The interstitial 

silicate values ranged from 1.56 I1g at II to 6.4 I1g at II (area I), 1.45 I1g at II to 

6.7 I1g at II (area 2) and 2.67 I1g at II to 7.88 I1g at II (area 3). Haneefa's study 

(2000) showed a similar range of values 1.5 to 5.8 I1g at 11 at Minioy lagoon. 

In the present study the pre-monsoon months showed comparatively very high 

surface silicate values in all three sites. For interstitial silicates distinct spatial 

differences were showed by seagrass and mangrove ecosystems (confirmed 

by the Trellis diagram for comparing stations). The seasonal differences of 

silicates (surface as well as interstitial) showed a positive correlation with 

abundance of benthos at both seagrass sites. 

Phosphate is an important constituent of seawater and vital in the 

biological process of the sea. There are reasons for assuming that changes in 

phosphate concentrations may influence the quantity of fish present in a given 

area (Cooper, 1948). However Raymont employed experimental methods in a 

partially enclosed sea loch and the results showed that phosphate 

concentration did not affect the benthos (Raymont, 1950). The surface 

phosphate values varied from 0.75 to 4.4 Ilgm.at.!1 (for the entire study 

period) at seagrass sites and 0.75 to 2.71lg at II at the mangrove site. For 

interstitial phosphate values, wide variations were observed spatially as well 
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as seasonally. The monthly values at different sites ranged from 3 to 24.8f1g 

at II at site I, 3.15 to 19f1g at I I at site 2 and 2.57 to 35 fig at II at site 3. During 

post-monsoon months slightly lesser values were observed. The mangroves 

showed the highest value among the three sites. A positive correlation was 

observed between abundance of fauna and phosphate concentration 

(interstitial) at the southern seagrasses while it was negative at the northern 

seagrasses. 

One characteristic of tropics is the frequent presence of nitrite (N02) in 

the pore waters, which is an intermediate product of nitrification and 

generally an indicator of moderate anaerobic conditions. Nitrite is found most 

common in the moderately anaerobic calcareous sediments in shallow waters 

of the tropics (Alongi, 1987). In the present study during most of the months, 

value of surface nitrites ranged from 0.17 to 2.5 fig at I\, At site 1, during the 

first year of the study period, the avg. was only 0.35 fig at II and during the 

second year it showed an increase with a peak of 2.5 fig at II in March 2001 . 

Again from June onwards it started descending. At station 2 also same was 

the situation reaching a high of 2.5 fig at II in February 2001. Spatial 

difference was negl igible in most of the months. At station 3 the values 

ranged from 0.13 to 3.75 fig at I \, In the case of interstitial nitrites also the 

second year showed comparatively higher values. But these values were much 

higher than surface values corning up to 6.67 fig at I I at site I, 8.65 fig at I I at 

site 2 and 7.5 flg at II at site 3. No spatial variations occurred and hence it 

was proved that the nitrite concentrations have no effect on the spatial 

difference of fauna at stations. The correlation studies indicated that a 

negative correlation existed between abundance of fauna and nitrite 

concentrations at the northern seagrasses. 

Spatial and temporal distribution of surface nitrate content in the study 

area indicated irregular patterns and comparatively higher values. A positive 

correlation was observed between abundance of fauna and nitrate 

96 



Chapter 7. DisclI.\·.I'io/l 

concentration (surfacc and interstitial) at the southern seagrasses while it was 

negative at the northern seagrasses. 

7.2.2. Substratum and bottom fauna 

The sediment formed an important source of both org~c and 

macronutrients along seacoasts and is an important abiotic factor deciding the 

quantitative and qualitative distribution of benthic fauna. The significance of 

sediments in the distribution of infaunaJ invertebrates has been recognized by 

several investigators (Thorson 1957, 1958; Sanders, 1959; Herman et a/., 

2001). Distribution of bottom fauna has direct relationship with the type of 

bottom and physical nature and extraneous inputs may drastically alter the 

number and type of species (Sanders, 1959). The nature and extent of 

fluctuation in the composition of sediments can indicate the extent of stress on 

shallow aquatic environments. The sediments in the habitat indicate the 

balance between the erosional and depositional forces of the ecosystem. The 

type of sediment in an area is determined by the complex interaction of many 

environmental factors (Swedrup et ai. , 1942). 

The sediment texture and the content of dead organic matter in 

the substratum are undoubtedly the most important factors as far as the 

benthic biota are concerned. According to Damodaran (1973), the character 

of the sediment at any particular region is determined by; 

1) Factors determining the source of supply of sedimentary material 

2) Factors determining the transportation and 

3) Factors determining the deposition 

This clearly indicates the importance of the study of sediments III 

understanding the complex of ecological factors significant to benthic 

organisms. The global distribution of sedimentary organic carbon and 

nitrogen is not related to latitudes, but dependent upon water depth, grain size, 

terrestrial runoff and hydrography (Romankevich, 1984). 
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In the study areas, it was already proved that seawater temperature and 

salinity seldom affected the spatial distribution of bottom fauna and therefore 

sediment texture has due importance. In environments characterized by 

almost identical temperature and salinity regimes the sediment characteristics 

might play an important role in the distribution of benthic organisms 

(Sanders, 1958; Kurian 1973; Damodaran, 1973 ; Pillai 1978; Chandran, 

1987). 

According to Ansari (1984) the median particle diameter at intertidal 

zones of Minicoy ranged from 0.27 to 0.55mrn indicating the dominance of 

median coralline sand particles. Narayanan and Sivadas (1986) reported 

median particle size of 0.38 to 0.43mrn at Kavaratti atoll. In the present 

study, the sediment texture of all the stations can be termed as sandy since 

sand content is more than 80%. The clay content varied from 1-17%. The 

highest clay content was observed at the mangrove site (avg. 15 %). In the 

other two sites it comes around 5.8% (southern seagrass site) and 4% 

(northern seagrass site). There is no significant variation in silt percentage at 

all three sites ranging from 2-3 %. Taylor (1968) proved that littoral fringes 

of intertidal ecosystems are often inhabited by calcareous algae (eg. Halimeda 

spp.) and sparse seagrass beds and the sediments of these areas are usually a 

mixture of carbonate and terrigenous sand. 

In ecosystems like seagrass and mangrove, an understanding of 

organic carbon is a prerequisite for assessing and determining the extent of 

nutrient input into the surrounding water. Eventhough distribution of organic 

carbon in sediment is temporally similar, spatial differences are prominent. In 

dry tropical areas, organic matter concentrations do not appear to vary 

seasonally (Alongi, 1989). Lowest organic nutrient concentration recorded in 

the tropics are found mainly in carbonate sediments where percentage of 

organic C ranges from 0.32-0.6, 0.22-0.66 etc. and in muddy sand it ranges 

from 0.1 to 1.8, 1.1 to 9.1, 0.07 - 0.85 (Alongi, 1990). Low values of 
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organic carbon were also reported (Thomassin and Vitiello, 1976) in the 

coralline sediment of Tulear reef Madagaskar. Present study revealed that 

organic carbon in the northern seagrass area was very less (avg.0.46%) 

compared to the southern seagrass area (avg.1.5%). This may be due to the 

fact that in these oceanic lagoons, the sources of organic input are limited. 

The main contributors of organic carbon were dead and decaying seagrasses 

and seaweeds. Organic carbon was higher at mangrove site (clayey sand) 

during all seasons (avg.3%). The maximum organic carbon can be expected 

in clayey sediment and there is a direct correlation between organic carbon 

content and clay % in the sediment. Bader (1 954), Rao (1960), Murty and 

Veerayya (1972), reported higher organic carbon content in finer sediments. 

Earlier studies found that there is higher retention of organic matter on fine

grained material. Organic carbon is predominantly trapped by clay and to a 

lesser degree by fine si lt, coarse silt and sand (Russel, 1973). This may be the 

reason for the very less organic content observed at the seagrass stations, 

which are coralline sandy in nature. 

The extreme range of macrofaunal density could be the result of 

differing food supply and the sediment characteristics. Dominance of bivalves 

among intertidal macrofauna of South African beaches (Mclachlan, 1977) and 

dominance of molluscs in the coral sediments of Polynesian atolls (Thomassin 

et al. , 1975) confirm the statement. The sediment of seagrass intertidal zones 

of Minicoy was dominated by fme calcareous sand and consisted of a more 

diverse fauna dominated by gastropods, bivalves, polychaetes etc. But the 

fauna of seagrasses included mud living specimens like Pinna muricala due 

to the fine nature of bottom sand trapped by the seagrass rhizomes. 

Benthic comm unities in different sites of Minicoy seagrass/mangrove 

areas can be correlated with sediment particle composition and organic carbon 

content. This relationship is biologically interpreted based on the feeding 

type of benthos. The organic carbon content in the sediment is of considerable 
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importance as a potential food for the benthic fauna, by keeping the fertility of 

soil and thereby increasing the biological productivity. A positive correlation 

of organic carbon with faunal abundance was made by Bader (1954), Sanders 

(1956) and Damodaran (1973). The filter feeders or animals that obtain food 

from suspended mattcr make up the majority of the fauna in the sandy 

sediments, while the deposit feeders living on organic matter in or on the 

bottom dominate the fauna in the fine sediments. The particulate organic 

matter as food of benthic organisms may be deposited on the sediment surface 

on the muddy bottom which has a weak bottom current, but may be 

suspended near the sediment surface on the sandy bottom which has a 

relatively strong bottom current. Muddy bottom communities are therefore 

predominated by deposit feeders and sand bottom communities by suspension 

feeders (Sanders, 1958). Deposit feeders (polychaetes) occur in the bottom, 

which has high organic content in the sediment, but suspension feeders 

(bivalves) occur on the bottom, which has low organic content. Bader (1954) 

observed a decrease of pelecypod population related to high values of organic 

carbon in the mud. In the present study it was observed that the pelecypods 

were found flourished in the northern seagrass area, where the organic carbon 

was found minimum. From the multiple regression analysis, it was proved 

that a negative correlation existed between abundance of fauna of northern 

area with organic carbon content of soil. The organic carbon content was not 

acting as a limiting factor on the fauna of southern seagrass area, dominated 

by detritus feeders and carnivores. In the case of mangrove area, with the 

highest organic carbon content, this factor was acting as a limiting factor. 

Very low and high values of organic carbon content show poor fauna and 

medium values show rich fauna (Harkantra et ai., 1980). Most sand and mud 

inhabiting animals are detritus feeders. Clams, cockles and some worms are 

fi lter feeders feeding on the detritus suspended in the water. Other animals 

are deposit feeders that engulf the sediment and process it in their gut to 
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extract organic matter. Small crustaceans, crabs and some worm species are 

scavengers preying on any available plant or animal material. In the present 

study, the seagrass areas having very low organic matter supported less 

number of deposit feeding forms like sedentary polychaetes and more number 

of detritus/suspension feeding forms like gastropods, bivalves, amphipods, 

crustaceans and some members of the errant polychaetes. The mangrove 

areas were supporting only very few hardy species of molluscs like mud 

whelks and typical mangrove crustaceans like tanaeids, due to the prevailing 

unfavorable environmental conditions. Sometimes the high-suspended 

sediment loads result in the clogging of filtering apparatus thus preventing 

survival of filter feeders in this area (Harkantra, 1982). Lower diversity in 

mangroves may also be attributed to negative effects of polyphenolic acids 

derived from mangrove roots, bark and detrital matter, low water content and 

generally low concentrations of interstitial oxygen and surface micro algae 

(Schrijvers, 1998). The presence of crustaceans at mangrove site revealed that 

benthic crustaceans being detritiphagus their distribution is dependent on the 

availability of detritus than on the nature of sediment (Savich, 1972). Higher 

density of crustaceans in organically enriched sediments has been reported by 

Chandran (1987). Preetha (1994) stated that bivalves prefer sandy 

substratum and on the other hand gastropods prefer clayey sand. Abundance 

of bivalves was observed at the most sandy site in the present study also. 

This work is in perfect agreement with the result of Preetha (1994) that area 

with highest percentage of organic carbon inhabited large number of tanaeids 

and the gastropod Littorina spp. 

7. 2. 3. Seasonal variations of bottom fauna 

The seasons greatly influence the benthic standing stock of an area due 

to fluctuating environmental conditions. All species undergo at least 2 main 

periods of recruitment, one during the pre-monsoon months and the other in 
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the monsoon, during which time total community diversity and species 

richness decline markedly (Harkantra and Parulekar, 1985). Increase in 

number and biomass in post-monsoon period may indicate presence of newly 

settled young ones or further growth of the early settlers. In the present study 

gastropods, the most dominant groups showed their maximum abundance and 

biomass in the post-monsoon season. Thus it was obvious that during the 

monsoon and the post-monsoon periods, the animals in the intertidal regions 

grew in size contributing to the large biomass. Crabs and echinoderms were 

found abundant during monsoon (such hardy species which can easily tide 

over monsoonal effects took the competitive advantage in the absence of 

many other major groups). The worms (polychaetes as well as 'other 

worms') and 'other crustaceans showed their highest abundance in pre

monsoon season because of the recolonisation in late post-monsoon. The most 

stable physico-chemical conditions on the SW Indian beaches were attained in 

the pre-monsoon months, when species richness reached at its peak (Ansell et 

al.,1972 a). The benthic organisms, which got depleted during monsoon, 

recolonised during post-monsoon and a rich bottom fauna was observed 

during post and next pre-monsoon periods (Preetha, 1994). The increasing 

number of benthic organisms like other crustaceans and worms during pre

monsoon is thus an indication of recolonization. 

In the wet tropics, most benthic communities suffer increased mortality 

or migrate during monsoons to escape sediment erosion and low salinities. 

The detrimental effects of the monsoons in India on macroinfauna are well 

documented (Ansell et al. , 1972 a, b; Dwivedi et al., 1973; Achuthankutty, 

1976; Nandi and Choudhury, 1983). During the present study, the northern 

seagrass as well as mangrove area, showed their minimum total numerical 

abundance during monsoon due to this effect. Epibenthic and infaunal 

macrobenthic communities respond negatively to the onset of monsoonal 

rains and the fauna are subjected to natural environmental changes like 
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salinity fluctuations and rainfall during SW monsoon, which constantly 

modifY the ecological conditions and affect the settlement and 

accommodation of new species. Beach erosion takes place during the 

monsoon and only species capable of migrating persist. Thus echinoderms 

and crabs flourished in the monsoon season and groups like polychaetes, other 

worms, crustaceans other than crabs etc. suffered a terrible decline. 

Post-monsoon season showed the maximum total numerical abundance 

of organisms at all e three areas. This may be due to the increase in the 

number of some dominant species of gastropods (Cerithium corallium, C. 

scabridum, C. nesioticum, Pyrene sp., Terebralia palustris, Margarites 

helicinia), bivalve (Gafrarium divarticatum), worms and polychaetes 

(Baseodiscus delineatus, Eurythoe mathaei, Glycera lancadivae), amphipod 

(Cymadusa imbroglio) etc. Some of the molluscs (Cerithium spp., 

Metanachis marquesa, Tellina palatum), polychaetes (Notomas/us /atericeus, 

Marphysa macintoshi, Nephtys spp.) and crabs (Calappa hepatica, 

Pinnotheres spp.) showed their maximum abundance in monsoon season 

indicating some adaptive mechanisms. Amphipods including Maera pacifica, 

Stenothoe kaia and Malaccota insignis showed their heavy abundance and 

occurrence at pre-monsoon season after the recolonization in late post

monsoon. About 25 species were found totally absent in the monsoon season 

and the least number of species's absence was noticed in post-monsoon 

season indicating the lowest species diversity in monsoon and highest species 

diversity in the post-monsoon season and these results are in tune with the 

findings ofPreetha (1994). 

Based on the results of similarity index of months (cluster diagram) 

worked out at each station, it was fou nd that less number of high similarity 

month clusters were noticed in the southern seagrass station and more number 

of high similarity clusters were noticed in mangrove region and in the 

northern seagrass region. These month clusters denote specific seasons, 
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which in tum is related to species, which specifically occurred in different 

seasons, thus proving :he seasonal influence on species, 

The two southern seagrass stations showed similar faunal preferences 

during different seasons, During the pre-monsoon period, both stations 

showed the presence of certain benthic species like Siboglinum fiordium 

(worm), Maera pacifica (amphipod), Mallacoota insignis (amphipod), 

Glycera tesselata (polychaete) etc, But by the onset of monsoon, amphipods 

showed only stray occurrence and by the end of monsoon they completely 

vanished from the habitat proving that these species are vulnerable to 

monsoonal rains and land runoff. Species, which successfully thrived and 

took competitive advantage in the monsoon season, included mainly crabs 

(Calappa hepatica, Pachygrapsus sp.,), Molluscs (Tellina palatum, Pinna 

muricata, Cerithium spp.,) and a few polychaete worms like Nephtys spp., and 

Arabella sp. By the return of post-monsoon season many of the polychaete 

species like Eurythoe, Eupolymna nebulosa and Goniada emerita reappeared 

in the habitat and by the end of post-monsoon, amphipods returned to the 

habitat. The species, which can tolerate both hot and cold climatic conditions, 

include some worms (Phascolosoma nigrescens, Baseodiscus delinea/us, 

Hoplonemertean sp.), gastropod species (Cerithium, Smaragdio, Cyprea, 

Conus, Niotha stigmaria), crab (Calappa hepatica) and many members of 

echinodermata. Some species, which showed tolerance to wider range of 

environmental conditions, include Baseodiscus delineatus (other worms), 

Syllis spp.(polychaete), Niotha stigmaria (gastropod), Crena defieatufa 

(bivalve) and Ophiaetis savignyi (echinoderm), 

At northern stations, there were slight differences in the occurrence 

of species with seasons when compared to the southern stations. The 

individuals dominated in pre-monsoon included polychaete species like 

Eurythoe, Eupolymna nebulosa, Glycera etc. During monsoon all the major 

Cerithium sp., were found flourishing along with some other gastropods like 
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Smaragdia sp., Cyprea sp., Polin ices jlemengium etc. Crustaceans and 

polychaetes were found minimum during th is season (may be washed off and 

perished since the rhizomes were not so branched and rigid like Thalassia 

rhizomes which preserves the fauna during land runoff). By the beginning of 

post-monsoon season some polychaete species and amphipods which 

reappeared in sufficient numbers, after the monsoonal decline, included some 

members of worms and polychaetes (Nereis spp., Arabella sp., Glycera spp., 

Goniada emerita, Eurythoe spp., Eupolymna nebulosa, Phascolosoma 

nigrescens) and amphipods like Maera pacifica, Cymadusa imbroglio etc. 

Some species of crabs (Calappa hepatica), molluscs (Smaragdia spp. , 

Cerithium scabridum, C. nesioticum, Cyprea spp., Modiolus metcalfe i), 

worms and polychaetes (Syllis spp., Eurythoe spp., Baseodiscus delineatlls, 

Hoplonemertan sp.) and echinoderm (Ophicornella sexadia) occurred both in 

extreme hot and cold months. 

At the mangrove sites, the crustacean specIes like Nikoides 

maldivensis and paratanaeidae were found extensively in pre-monsoon and 

post-monsoon months but found missing in monsoonal months. The species 

which flourished during monsoon included members of Cerithium sp. The 

major mangrove gastropod species Terebralia palustris and Littorina 

undlliata showed their occurrence in all seasons indicating non-preferability 

for seasons. 

When similarity analysis based on PRIMER 5 was conducted at different 

stations based on occurrence of species, it was found that specific species 

clusters were obtained from each station, denoting the co-existence of species 

in different months owing to the seasonal changes occurring in each month. 

Certain species showed more or less identical clusters at both southern 

seagrass stations. These included gastropods such as Cerithillm scabridum, 

Cerithium cora//iun, Smaragdia soverbiana, Pyrene sp., and Smaragdia 

viridis, all of which together showed 60% of co-existence at station I and 45 
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% at station 2. Likewise the gastropod paIrs Smaragdia viridis and 

Smaragdia soverbiana showed 75% co-existence at both stations. The 

bivalves, Pinna muricata and Gafrarium divarticatum showed 75% at station 

1 and 45 % at station 2. All other clustures were found different at the two 

southern seagrass stations. While compiling the northern seagrass stations, it 

was found that Smaragdia soverbiana and Smaragdia viridis showed 70-72% 

co-existence at both station 3 and 4. Cerithium nesioticum. Pyrene sp. and 

Gafrarium divarticatum showed 75% co-existence at both stations. These 

two small clustures together showed 68% at station 2 and 40% at station 3. 

At both mangrove stations gastropods such as Terebralia palustris. Cerithium 

corallium and Littorina undulata showed 80-82% co-existence. Apseudus sp. 

showed 60-70% co-existence with the above cluster. No other pairs of 

similarity were common among station 5 and 6. High percentage of co

existence observed at the mangrove sites may be primarily due to the high 

frequency of occurrence of the above-mentioned species (23/24months) there. 

These findings were clarified using R- mode and Q-mode factor analysis, 

based on the factor scores obtained. 

7. 2.4. Annual variations of bottom fauna 

In the present study slight annual variations were observed for 

numerical abundance at all stations. Earlier studies showed cbanges in the 

bottom fauna over number of years. While seasonal changes do occur, 

particularly in shallow water, these are far out weighed by the year-to-year 

changes (Peterson, 1918). 

In the case of biomass, significant annual variations (comparatively very 

high biomass during the 2nd year) were observed at the southern seagrass area 

owing to the increased abundance of Cerith ium corallium during the 2nd year. 

E venthough C. corallium flourished in the southern seagrass area, its 

abundance was very less at the other two areas irrespective of season. 
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Therefore a marked annual variation in biomass was not observed at the other 

two areas. Eventhough the abundance of this gastropod increased during the 

2nd year, the total abundance was not changed markedly owing to the decrease 

in abundance of amphipods of almost same magnitude during the year. The 

biomass of C. corallium is many more times higher than that of amphipod and 

hence the very high increase in biomass. The annual variations in the 

occurrence of benthic fauna may be due to the variations observed in the 

intensity of rain fall , organic carbon content, nitrite and nitrate concentrations 

etc. 

7.3. Tropbic relationsbips 

The importance of benthos in the diets of most tropical demersal 

organisms, has generally been well documented (Longhurst, 1957; Pauly, 

1975; Wallace, 1975; Brook, 1977; Chong and Sasekumar, 1981 ; Stoner 

1986; Wassenburg and Hill, 1987; Buchanan and Stoner, 1988; Jackson, 

2001). Longhurst (1957) first investigated the relationship between demersal 

fish and soft bottom benthos and found that macro-invertebrates are the main 

diet for fish. Eventhough the demersal fishes were non-specific in their 

feeding habits, they normally avoid benthic adult molluscs due to their hard 

shells. Juvenile molluscs, crustaceans and polychaetes were found in the 

stomachs of many fishes. The predominance of demersal fishes and crabs in 

tropical lagoons and estuaries suggest, a strong trophic link between the 

benthos and species of demersal fishes. Trophically, nearly a quarter of 

tropical demersal fishes are benthic feeders with a slightly higher proportion 

(about 38%) of mixed benthic and fish feeders (pauly, 1979). As a key to 

protecting essential fish habitats, benthos of nearby areas play a vital role 

(peterson, 2000). The primary production studies of Lakshadweep seagrass 

beds were limited to findings of Qasim and Bhattathiri (1971) and Kaladharan 

and David Raj (1989). 
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The shallow coastal areas containing mangrove and seagrass beds are 

considered important nurseries for reef fish. Pelagic fish larvae settle into 

these habitats, and grow from juveniles to sub adults or adults that leave these 

habitats by means of post- settlement migrations (Blaber, 2000 and 

Dorenbosch et at., 2004). It has been shown on various islands that a reduced 

density of several of these nursery species on the coral reef is related to the 

absence of seagrass beds and mangroves (Nagelkerken et at. , 2002). The 

importance of mangroves as shelter for fishes after recruitment has been 

emphasized by Shulman (\985). Large predators normally keep away from 

shallow waters. The two advantages that seagrass offeres new recruits are 

shelter and food during their early life history stages when individuals are 

susceptible to predation (Bell and Pollard, 1989). 

In the present study seasonal availability of juvenile fishes was noticed 

in the mangroves and seagrasses of Minicoy. Juvenile fishes were observed 

less frequently during the monsoon season. Seasonal abundances of juvenile 

and adult fishes in reefs and seagrass beds were discussed earlier (Williams et 

at., 1984; Leis and Goldman, 1987; Vijayanand and Pillai, 2003; 2005). 

Apart from providing shelter and food for juveniles, sea grass zones formed 

feeding grounds for adult fishes. Some fishes fed on seagrass leaves, others 

on attached fauna etc. The gut content analysis conducted during the present 

study revealed that most of the juveni le/ adult demersal fishes, which forage 

among seagrasses and in mangrove, are benthic feeders (gut content showed 

presence of crustaceans like amphipods, decapod larvae, polychaetes, 

molluscan remnants etc.). 

The food for the benthos in shallow waters are algae and organic 

detritus. In most areas, plankton form the chief source of nutrition of 
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macrobenthos. Productivity of benthos is presumably related to the primary 

productivity of the overlying water column (Lie, 1968). The benthos forms 

the second stage in the ecological pyramid of aquatic environment, which in 

turn form the food for the higher carnivores including demersal fishes, which 

are tertiary producers. Thus benthos form a very important Link in the food 

chain. 
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SUM~RYANDCONCLUSION 

The lack of sufficient information on benthic fauna of an Island 

territory in India paved the way for the present study. This is an attempt to 

study the macrobenthos at the intertidal zones of seagrass and mangrove 

ecosystems of Minicoy Island of Lakshadweep. The objectives of the study 

include the identification of benthic fauna, their distribution and composition, 

standing stock, qualitative and quantitative nature in relation to hydrography, 

seasons and sediment texture, community structure analysis and trophic 

relationships. For this purpose a monthly plan of sample collection and 

analysis were carried out at six stations in the Minicoy seagrass/mangrove 

area from September 1999 to August 200 1. 

The first chapter gives an introduction covering the importance of 

benthos, inter tidal zones, seagrass beds and mangroves. Review of literature, 

scope and purpose of study are also included in this chapter. The second 

chapter 'Materials and Methods' describes the study area, period of study and 

frequency of sampling. The methods adopted for the study of environmental 

parameters, macrofauna and benthic abundance, statistical techniques etc. are 

explained in this chapter. The third, fourth, fi fth and sixth chapters contain the 

results of the studies on environmental parameters, bottom fauna, regression 

analysis for correlation and benthic production respectively. The seventh 

chapter is the discussion based on the results and the eighth is the summary 

and conclusion. 

The study of the environmental parameters and ANOV A showed that 

there was only less variations exhibited betv,'een stations I & 2, stations 3 & 4 

and stations 5 & 6 and hence treated as area 1, area 2 and area 3 respectively 

for further analysis. The parameters analysed were atmospheric temperature, 

surface water temperature, surface salinity, interstitial salinity, dissolved 

oxygen, pH, surface and interstitial nutrients (silicate, phosphates, nitrites and 
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nitrates), sand/silt/clay fraction, organic carbon content of soil and rain fall. 

Area 3, the mangrove zone showed significantly different environmental 

values from the seagrass areas. At the mangrove area comparatively lower 

salinity and dissolved oxygen, higher pH, interstitial silicate, 

surface/interstitial phosphate, clay fraction, organic carbon content etc. were 

noticed than in the seagrass areas. 

The surface water temperature pa ems of the study area showed 

marked seasonal variations (the highest value in the pre-monsoon). But these 

variations of temperature singly did not impart any significant change in the 

fauna. During the t\vo-year study period almost all the months (except 

monsoon months) showed comparatively low salinity value at mangrove 

ecosystem (ranging from 26.16 to 32.58ppt.). In the case of dissolved 

oxygen, the two seagrass areas showed more than 2mlll of dissolved oxygen 

in all season, having a range of 2.33 to 6.45 mill. Dissolved oxygen values 

were slightly more at northern seagrass zone where constant flushing of 

seawater occurred due to tidal influence. At mangrove zone, during certain 

months, the dissolved oxygen was less than 2ml/lo The pH variations at the 

study area were not significant to induce any change in fauna. 

At the seagrass areas, the surface silicates varied from I Ilg at II to 9.5 

Ilg at II. and at the mangrove area it was 1. 11 Ilg at I I to 6 Ilg at I I. The 

interstitial silicate values ranged from 1.45 Ilg at II to 6.7 Ilg at I I at the 

seagrass areas and 2.67 Ilg at I I to 7.88 Ilg at I I at mangroves. In general the 

silicate concentrations showed seasonal and spatial variations during the 

present study. When compared to the surface phosphates, interstitial 

phosphate values showed wide seasonal variations ranging from 3 to 24.81lg 

at II at seagrasses and 2.57 to 351lg at I I at the mangroves. The nitrites 

showed slight seasonal variations while the spatial and temporal distribution 

of surface nitrate content in the study area indicated irregular patterns and 

comparatively higher values. 
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The results of the study of sediment texture revealed that in all study 

areas, the substratum was predominated by sand followed by clay and silt in 

comparatively smaller proportions. The sediment texture at all areas except 

the mangroves can be termed as sandy since the percentage of sand exceeds 

80 irrespective of seasonal influence. At the mangrove areas, the texture of 

sediment can be termed as sandy clay since the percentage of sand was below 

80 at certain seasons and that of clay was comparatively higher ranging from 

13 to 17. The organic carbon content of the sediment was found to be highest 

at mangrove site (3%) and lowest at northern seagrass area (0.46%). 

In the present study very high species diversity was noticed in southern 

seagrass stations (137 species each for the entire study period at station I and 

2) and northern seagrass stations (74 and 62 species at stations 3 and 4 

respectively). But in the mangrove stations comparatively very low species 

diversity of 18 and 16 were observed at stations 5 and 6 respectively. Eight 

major groups identified in the present study were gastropods of 58 species 

under 27 genera, bivalves of 12 species under 7 genera, polychaetes of 27 

species under 14 genera, other worms (including all worms except 

polychaetes) of 7 species under 6 genera, crabs of 24 species under II genera, 

other crustaceans of 19 species under 13 ge era, echinoderms of II species 

under 7 genera and sponges of2 species under 2 genera. 

Cerithium was the most common genus at all stations except 

mangroves. The highly congregative nature of Terebralia palustris and 

Lit/orina undulata in the mangrove zones was noticeable. From the analysis 

of indices it become cleared that stable structure of community was seen at 

southern seagrass area followed by northern seagrass area. The mangroves 

showed an unstable ecosystem, having a diversity index less than 3, resulting 

in less species diversity. 

Biomass wet weight at different areas were I 73g1m2
, 67g1m2 and 

1 IOglm2 for southern seagrass, northern seagrass and mangroves respectively. 

In the present study a high biomass was observed for the mangrove stations 
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when compared with their less numerical abundance, due to the large sized 

gastropod flesh of Terebralia palustris. Highest biomass values were 

observed at post-monsoon season for gastropods, crabs and echinoderms. The 

total abundance observed at southern seagrass area, northern seagrass area and 

mangroves were 670/0.25m2
, 29510.25m2 and 247/0.25m2 respectively. The 

seagrass flora, provides food and shelter to the benthic organisms to a very 

great extent. Highest seasonal variations were observed for crustaceans, 

because of the seasonal mass appearance and disappearance of amphipods. 

They were found most abundant at southern seagrass area. Based on benthic 

abundancelbiomass of groups (3-way ANOY A studies), it was further 

revealed that the three areas namely southern seagrass, northern seagrass and 

mangroves were significantly different from each other. 

At southern seagrass area, the gastropods contributed 62-81 %, bivalves 

6-11 %, other worms 1-2%, polychaetes 3-8%, crabs 2-5%, other crustaceans 

6-10% and echinodermsl-2%. Just like Cerithium genera which contributed 

the major share of gastropods (>40%), Gafrarium divarticatum contributed 

major share of bivalves (90%). The faunal composition of the benthos at 

northern seagrass area comprised of gastropods (48-53%), bivalves (21-28%), 

other worms (7-10%), polychaetes (9%), crabs (3%) and other crustaceans (2-

7%). The bivalve Tellina palatum contributed its share considerably at this 

regIOn. Worms other than polychaetes were found comparatively more at this 

station. Phascolosoma nigrescens, Siboglinum fiordicum and Baseodiscus 

delineatus were present in good numbers. At the mangrove area, 91-96% 

were contributed by gastropods, 1 % crabs and 3-8% other crustaceans. Major 

share of the gastropods was contributed by Littorina undulata (59% of total 

abundance), Terebralia palustris (18%) and Cerithium corallium (10%). All 

other major groups were absent at this station. But the frequency of 

occurrence of Apseudus sp. and Paratanaeidae sp. was high. 

Cluster analysis based on Bray Curtis Similarity index (PRIMER 5) was 

made to study similarity between months and species. It was noticed that the 
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similarity between species occurred in certain specific seasons at all stations. 

Factor analysis was conducted to segregate species/months based on the 

factor score obtained. The results revealed indicator species/months, to be 

given due importance and which in tum determines and contributes to the 

total information on benthic community of each area and species/months 

which are insignificant to be avoided from further studies. According to this 

analysis, the species clustures which showed maximum co-existence at 

southern seagrass area were Cerithium scabridum, Cerithium corallium, 

Smaragdia soverbiana, Pyrene sp., and Smaragdia viridis. Likewise, the 

pairs Smaragdia viridis and Smaragdis soverbiana showed 75% co-existence 

and Pinna muricata and Gafrarium divarticatum showed 45-75% at this area. 

In the northern seagrass stations, it was found that Smaragdia soverbiana and 

Smaragdia viridis showed 70-72% co-existence, Cerithium nesioticum, 

Pyrene sp. and Gafrarium divarticatum showed 75%. At the mangrove area, 

clustures were observed between Cerithium corallium, Littorina undulata and 

Terebralium palustris. These findings were clarified using R- mode and Q

mode factor analysis, based on the factor scores obtained. 

Correlation between the environmental parameters and abundance of 

bottom fauna Vias tested by predictive step up multiple regression model. The 

results brought to light specific parameters which decide the abundance and 

occurrence of fauna at seagrass and mangrove stations. The southern sea grass 

stations were mostly controlled by the single or combined effects of 

environmental parameters like surface silicate, surface nitrate, interstitial 

silicate, interstitial nitrate and interstitial phosphate. Interstitial salinity was 

acting as a limiting factor at the southern sea grass station. In the northern 

seagrass stations, the major factors signi fi cantly controlling the numerical 

abundance were dissolved oxygen, interstitial silicates and surface nutrients. 

The limiting factors were interstitial salinity, interstitial phosphates, 

interstitial nitrites and nitrates etc. At the mangrove sites, the controlling 

factors included dissolved oxygen, pH and water temperature. 
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Animal sediment relationship proved that, organic carbon acted as a 

limiting factor for the sandy bottom preferring suspension feeders of northern 

sea grasses. But in the southern sea grass, there was no controlling or limiting 

effect of organic carbon for the faunal abundance, since the fauna at this 

location prefers detritus food. 

Studies on the seasonal variation of macrobenthic components revealed 

that the northern seagrass as well as mangrove area have their minimum total 

numerical abundance at monsoon. The post-monsoon season showed the 

maximum total numerical abundance at alI three areas. The gastropods, the 

most dominant group showed their maximum abundance and biomass at post

monsoon season. Increase in number and biomass in post-monsoon period 

may denote presence of newly settled young ones or further growth of the 

early settlers. Thus it was obvious that during the monsoon and post-monsoon 

period, the animals in the intertidal regions grew in size contributing to the 

large biomass. The Cerithium corallium invariably showed high growth and 

biomass during this season. Crabs and echinoderms were abundant during 

monsoon (hardy species which can easily tide over monsoonal effects and 

took the competitive advantage in the absence of many other major groups) 

followed by worms (polychaetes as well as ' other worms') while ' other 

crustaceans showed their highest abundance in pre-monsoon season because 

of the recolonisation in late post-monsoon. 

In the southern seagrass area, the groups which undergone monsoonal 

decline and high abundance in next pre-monsoon were other crustaceans, 

polychaetes, sponges and other worms. Groups which showed high 

abundance in monsoon were crabs, bivalves and echinoderms and groups 

which showed high abundance in post-monsoon were gastropods. In the 

northern seagrass area, other crustaceans, polychaetes, bivalves and other 

worms showed monsoonal decline, crabs and gastropods showed high 

abundance in monsoon and post-monsoon respectively. In the mangrove area, 

a prominent seasonal pattern or monsoonal decline was not observed, but 

115 



Chapter 8. Summary and cunclusiol/ 

other crustaceans showed a slight increase in abundance during pre-monsoon 

just as in the case of other areas. 

The annual observations revealed that in the case of biomass, significant 

annual variations (comparatively very high biomass during the 2nd year) were 

observed at the southern seagrass area owing to the increased abundance of 

Cerithium corallium during the 2nd year. Eventhough C. corallium flourished 

in the southern seagrass area, its abundance was very less at the other two 

areas irrespective of season. Therefore a marked annual variation in biomass 

was not observed at the other two areas. Eventhough the abundance of this 

gastropod increased during the 2nd year, the total abundance was not changed 

markedly owing to the decrease in abundance of amphipods of almost same 

magnitude during the year. The biomass of C. corallium was far more higher 

than that of amphipod and hence the very high increase. The annual variations 

in abundance of fauna may be due to the variations observed for rain fall, 

organic carbon content, nitrite and nitrate concentrations. 

Shallow coastal areas containing mangroves and seagrass beds are 

considered important nurseries for juvenile reef fish, mainly by providing 

them with shelter and food. In the food web of these regions, the benthic 

fauna like crustaceans, polychaetes, small molluscs etc. feed on meiofauna, 

detritus or organic matter and in turn become prey to bottom feeding adult 

and juvenile fishes. The gut content analysis of fishes from this area showed 

that most of them are mainly benthic feeders. The maximum production in 

terms of carbon and biomass was noticed at the southern seagrass site 

followed by the mangrove site. The annual biomass production in g/m2/y 

from southern seagrass, northern seagrass and mangroves was estimated as 

347.05, 135.16 and 219.43 respectively and these figures suggests that the 

macrobenthos from these regions may be important as the food of bottom 

feeding adult and juvenile fishes of lagoon and adjacent reefs. 

Thus from the present study it become cleared that the species diversity 

of different areas are governed by prey-predator relationships and food 
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resource availability. In the seagrass beds, grazing as well as detritus food 

chains and food web existed, the diversity is higher when compared to the 

mangroves, where only detritus food chains are present. It become also 

revealed that sediment stability and habitat complexity play a role in the 

diversity of fauna and due to this reason only less diversity was observed at 

northern sea grass beds when compared to the southern thickly populated 

seagrass. The extreme environmental conditions, existing in certain areas, like 

tidal influxes (the northern seagrass area), very less dissolved oxygen during 

certain months (mangrove area), more sandy nature of substratum with less 

organic carbon (northern seagrass area) also determine the diversity of fauna. 

The observed nutrient level of water was high in the pre-monsoon 

season and this in tum leads to the high production of phytoplankton as well 

as zooplankton for the successful feeding of benthic macrofaunal adults and 

larvae. This may be the reason for the high abundance of many suspension 

feeding faunal groups during this particular season. 

The annual variations in the abundancelbiomass of fauna noticed in the 

present study revealed that significant shifts occur in the benthic community 

over the years. The faunal distribution at the northern area proved that the 

bivalves prefers more sandy and less organic carbon soil. The species like 

Terebralia pa/ustris and Littorina showed its presence in all seasons 

irrespective of seasonal changes and can be considered as keystone species. 

From the indices analysis, it was proved that the mangrove area at 

Minicoy is not a stable one and hence further stress due to pollution or 

destruction of trees on the ecosystem may result in the destruction of the 

whole ecosystem and hence to be avoided. Mangroves support the lagoon and 

coral reef fishery of Minicoy and hence the destruction of mangroves may in 

tum result in depleting or disappearance of certain specific fishery resources 

of the lagoon and nearby reef areas. 
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This base line study at Minicoy, thus establishes that the benthos of 

seagrass and mangrove ecosystems (nursery grounds) detennines the richness 

and diversity of demersal fish fauna at the nearby lagoon and reef areas to a 

great extent. Any serious stress on these ecosystems may lead to 

disappearance of certain fish species in the nearby future. 
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