








ACKNOWLEDGEMENT

First of all I would like to thank Lord Almighty for giving me strength and endurance
throughout my dissertation time.

I would like to take this opportunity to show my sincere gratitude towards Director Shri P.R.
Sinha gnd Dean Dr. V.B. Mathur, Wildlife Institute of India for giving me permission to do my
research. Then I would like to thank my principal supervisor Dr. S.A. Hussain helping me go
through the tough phases of my dissertation. I would also like show my special thanks to Dr.
Gopi G.V. (Co-supervisor) and Dr. Deepak Apte (Advisor) for their valuable ideas and inputs
during my study period. I am greatly indebted to Shri Qamar Qureshi who had been with me

throughout my dissertation work (especially the analysis part) making the most strenuous task

the least one. Thanks a lot sir.

I am grateful to Lakshadweep Environment and forest department especially S.
Thirunaavukarasu (Chief wildlife warden) Dr. Syed Ali (Wildlife warden of Kavaratti), Dr.
Abdul Jabbar (Wildlife warden of Suheli) and Abdul Raheem (Wildlife warden of Agatti) for

giving me permission for my various study sites in the right time.

Words cannot describe the cooperation extended by the people of Lakshadweep during my stay
there especially Salu, Ramla, Ashraf and Yousouf. My work would not have been completed if
you all were not there for me specially Salu and Ramla. Thanks from my deepest corner of heart.
I would like to show my sincere gratitude towards Nitya, Aditya, Monica di, Sutirtha da,
Kunzes and Sobuj bhaiya for helping me with stats. Special thanks to Riddima di who agreed

to help me in preparing my study area map. Thanks a lot di. You are a life savior.

Thanks Vinja for lending me financial help whenever I needed and having faith in me to
complete my work. Finally let me take the opportunity to thank my sweetest friends Jiju and
Amit for making all my tensions go away and making me smile every time I have a curve in my
forehead. Then I would like to express my sincere gratitude to thank Bopu, Selvanna and Gokul
anna who have been my big brothers in WII guiding me in all my tough times. Last but not the
least T would like to thank my family (Amma, Achan, Nimmy and Deepu) for understanding
my work pressure and going along with it. And how can forget my classmates especially Anu,
Ani and my friends who helped some way or the other to finish my work. Thanks one and all.

4



SUMMARY

Coral reefs are the most:fragile, complex and diverse ecosystem on earth. But recently, they are
under severe threat due to both natural (climate change, storms and disease outbreaks) and
anthropogenic factors (ovcrexploitation, coastal developmental activities and pollution). As
evident from earlier studies, a major factor causing degradation of coral reefs is due to an
asteroid species belonging to phylum Echinodermata which is considered second to storm
damage. Thus to analyze the condition in Lakshadweep Islands I assessed the density of
asteroids in four Islands of Lakshadweep. It was found that the five species detected belonging to
three families (Oreasteridae, Linckiidae and Acanthasteridae) were having varied density across
the four islands. Overall density estimates of the asteroids ranged from 0.05(S.E = 0.02) to
0.80(S.E = 0.09) per 250 square meter. The asteroid density was highest in the uninhabited
Island named Bangaram. Correspondence Analysis (CCA) showed that major gradients in
environmental variables influenced asteroid species distribution. Sample scores on ordination
axis 1 were strongly correlated with water pH, water depth and dead coral. Out of the three
strongly correlated environmental variables pH was found to be the most ecologically important
variable that affects the asteroid distribution. Corallivorous asteroid population outbreaks are
becominga boon to the coral reef ecosystem all over the world and contribution of water pH
variation‘to this outbreaks are being studied well. Thus management strategies in Lakshadweep

Islands that accounts the variation of water pH are required to conserve the coral reef ecosystem.



CHAPTER ONE
1.1. INTRODUCTION

The Indian Ocean accounts over 30% of the global ocean area having a marine biodiversity of
around 34,989 known species (Wafar et al. 2011). India, among the other Asian countries is the
only country which possesses a proper inventory on marine biodiversity which in turn is much
lower when compared to other terrestrial species inventories (Norse 1993; Venkataraman and
Wafar 2005). Out of the 34 phyla of marine fauna reported in the world, 32 phyla are represented
in India (Venkataraman and Wafar 2005).The Coastline of India extends from 8000 km to
10,000 km adjoining continental regions and offshore islands and a very wide range of coastal

ecosystems such as estuaries, lagoons, mangroves, backwaters, salt marshes, rocky coasts, sandy

stretches and coral reefs (Venkataraman and Wafar 2005).

In the marine biome, coral reefs are hotspots of species richness and endemism, with the 10
richest reefs accounting for between 44% and 54% of restricted-range marine species (Roberts et
al. 2002). Global coral reef cover in Indian Ocean accounts for 30% having an area of about 0.2
million km? (Wafar et al. 2011). Coral reefs, ‘flowers of sea’ are equally diverse as tropical rain
forests in terrestrial world (Cesar 2000). Coral reef is a complex system which harbors algae,
seaweeds, sea grass, echinoderms, fin fishes, crabs, bivalves, gastropods, cephalopods, urchins,
mollusks, sponges, various marine vertebrates including large assemblages of fishes, and coral
polyp itself (Thomas 2011). Coral reefs are formed by the assemblage of tiny polyps. Polyps
may or may not secret calcium carbonate obtained from sea which makes it hard (Veron 2000;
Miththapala 2008). Based on the presence and absence of calcareous skeleton they are named as
soft and hard corals. Hard corals can be of different types like massive, columnar, encrusting,
tabular, foliaceous, branching, digitate and mushroom type. Some of the soft corals are fire and

lace, black or thorny, sea fans and sea whips (Miththapala 2008).

Although the present exact total extent of coral reefs in world is unknown, still an estimate by
UNEP, 1988 says it exceeds up to 600,000 km? and global area of near-surface reefs is estimated
about 255,000 km?* (UNEP 1988; Spalding and Grenwell 1997). It is estimated that worldwide
the shallow coral reefs occupy only 284,300 km? which is only 0.9% of the total world oceans
(Spalding et al. 2010). In India the total coral reef area is 5,790 km? which is distributed in 4

major regions that is Lakshadweep; Gulf of Mannar; Gulf of Kutch; and Andaman and Nicobar
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Islands (Wilkinson 2006; Planning commission of India 2007). It is estimated that Indian coral
reefs shelters about 262 hard coral species, 145 soft coral species, and 1,200 fish species. A
strategy was being developed by National Biodiversity Strategy Action Plan in the year 2004 to
include coral reefs and protect them under Wildlife (Protecuon) Act of 1972. For the year 2012,

Conventxon on biodiversity has chosen marine bmdwersnty (Wthh includes coral reefs) as the

theme for International day for biological diversity (IDB) (CBD 2012).

Echinoderms are one of the most conspicuous and geometrically structured.animals in marine
ecosystem have gained attention as early as in 17" century. Most of the echinoderms are
associated with coral reefs (James 2008). Echinoderms belong to the phylum Echinodermata,
which once was remarked as “one of the best characterized and most distinct phyla of the animal
kingdom” by Bathy in 1900 (as reviewed by Hyman 1955). The Echinoderms are enterocoelous
coelomates having a pentaradiate construction (abnormalqones also recorded by James 1989),
without defined head or brain, with a calcareous end’dékeleton often bearing spines or
protuberances externally and with a water vascular system of coelomlc nature that is send outside
through podia and communicates with the external medium by pores or cluster of pores (Hyman
1955; Seshappa 1981; Chhapgar 2006). There are approx1mately 7,000 species of extant
echinoderms and 13,000 echinoderm species as fossils across the world coral reefs (Pawson

2007; James 2008; TOLWEB 2012).

Based on literature, in India Echinoderm species number is varying like 651-765 (Venkataraman
and Wafar 2005; Sastry 2007; Wafar et al. 2011). Phylum Echinodermata has five well-defined
clades: Crinoidea (sea lilies and feather stars), Ophiuroidea (basket stars and brittle stars),
Asteroidea (sea stars), Echinoidea (sea urchins, sand dollars, and sea biscuits), and
Holothuroidea (sea cucumbers) (TOLWEB 2012). The phylum Echinodermata is symbolized by
sea star, a universal symbol of the marine realm (Pawson 2007). Sea stars belonging to one of the
largest class, Asteroidea are free living, slow growing (Birkeland et al. 1971) eleutherozoan
echinoderms moving on the oral surface with a flattened and flexible body (Hyman 1955). There
are varying species numbers like 1600 (TOLWEB 2012), 1800 (James 2008), 2100 (Pawson
2007) which are found throughout the world's oceans out of which there is 158 (Sastry 2007),
180 (Venkataraman and Wafar 2005) and 200 (James 2008) species of sea stars in India which is

highest when compared with other Indian Ocean countries. There are seven orders in class



Asteroidea: Brisingida, Forcipulatida, Notomyotida, Paxillosida, Spinulosida, Valvatida and

Velatida (Pawson 2007, TOLWEB 2012). India harbors species belonging to all these seven
orders of class Asteroidea (Sastry 2007).

1.2.REVIEW OF LITERATURE

Although a huge number of invertebrate communities in coral reef ecosystem are known to the
science, very little has been studied of their response to habitat modification (Leray et al. 2012).
The global level of echinoderm studies especially in class Asteroidea is mainly focused on
feeding ecology, chemical ecology, reproduction and developmental stages. A study on global
diversity and phylogeny of the class Asteroidea was done very recently by Mah and Blake 2012.
Species level studies that have been carried out in sea starsare embryology (in Washington, Chia
1968), reproduction investment of Lepfasterias hexactis (in Deadman bay, George 1994); larval
development of Pteraster tesselatus (In North America, McEdward 1992); substratum selection,
development and growth of Mediastera equalis (in San Juan Islands, Birkeland etal. 1971)
development of Astropecten gisselhrechti(In Japan, Komatsu and Nojima 1985); brooding and
development in Anasterias minuta (In Argentina, Gil et al. 2011); competitive interaction of
Leptasterias polaris and Asterias vulgaris (Gaymer and Himmelman 2002). Studies on the
feeding ecology of various sea star species are: Sub-Antarctic sea star Anasterias minuta (In
Argentina, Gil and Zaixso 2008); feeding behavior of Evasterias troschelii (In Washington,
Christensen 1957); Leptasterias pblaris and Asterias vulgaris (in Gulf of St. Lawrence, Gaymer
et al. 2002); selective feeding of Pisaster giganteus and Pisaster ochraceus (in Southern
California, Landenberger 1968); Differences in relative abundance and size structure of the sea
stars Pisaster ochraceus and Evasterias troschelii (Puget Spund, Washington, USA) among

habitat types (Rogers and Eliott 2013)

The chemical ecology is studied in Antarctic sea stars (McClintock and Vernon 1990;
McClintock et al. 2003) like Perknaster fuscus (in Antarctica, McClintock et al. 1992, 1994,
2000; Kong et al. 1992), Acodontaster conspicuous (DeMarino et al. 1997), Granaster
nutrix and Neosmilaster ~ georgianus (McClintock et al. 2006) and Odontaster
validus (McClintock et al. 20082, 2008b). The natural antifouling defenses of sea stars were
studied by Guenther 2007 and Guenther et al. 2009 in North Queensland, Australia. The role of
chemical signals in the orientation behavior of Asterias forbesi was studied by Moore and Lepper
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1997 in Massachusetts. The effects of bioaccumulation and PCBs (polychlorinated biphenyls)
and heavy metals in sea stars were studied in North Sea (Danis et al. 2006). Studies on foraging
characteristics of sea stars are mainly on: Luidia clathrata (McClintock and Lawrence 1985);
foraging strategy of Leptasterias polaris (Rochette et al. 1994);>prey selection of four sea stars
(Gaymer et al. 2004); prey and predator (Pisaster ochraceus) interaction (Menge et al. 1994).

The outbreaks of Acanthaster planci are major concern all around the world and factors
influencing its outbreaks are studied vastly. The first outbreak was recorded in 1960’s in Great
Barrier Reef, Australia (Chesher 1969) then afterwards following once every decade mostly in
Pacific and Indian Ocean (Cameron et al. 19'91). Molecular studies indicate that there are four
species of crowns of thorn sea star from the Red Sea, the Pacific, the Northern and the Southern
Indian Ocean (Vogler 2008; Vogler 2012). The major causes of the outbreaks are terrestrial run
off (increase in phytoplankton which are food for its larvae, Birkeland 1982; Olson and Olson
1989; Fabricius et al. 2010) and low salinity caused by heavy rainfall, loss of its natural predators
(Sebens 1994). The outbreaks on different coral reef sites are studied: in American Samoa
(Birkeland 1982), in Moorea Island (Faure 1989; Trapon et al. 2011), in Great Barrier Reef
(De'ath and Moran 1998; Devlin and Brodie, 2005), In Colombian Pacific (Narvéez and Zapata
2010), in Hawaiian Archipelago and Johnston Atoll (Timmers et al. 2011), and in Central
Pacific Ocean, using molecular techniques the spatial scale at which 4. planci outbreaks can

propagate through larval dispersal was evaluated (Timmers et al. 2012).

Studies on echinoderms especially in sea stars in India are scanty as compared to global studies.
The studies are mostly concentrated on inventories and identification of species in different
places in India (James 1989; Venkataraman and Wafar 2005; Sastry 2007). Most of the works in
India has been done by Dr. D.B. James on taxonomy, zoogeography, ecology, conservation and
management, . parasites and animal associations, biotoxicity, Beche-de-mer  industry,
development,. hatchery and culture of echinoderms. Specific notes were prepared on sea
starsidentified from the Indian seas (James 1996; James et al. 2001) and developmental studies
on Pentaceraster regulus, Asterina burtoni (James 1973; 2001) were also done. Survey and
case studies were conducted for assessing Acanthaster planci bringing havoc to the coral reefs
throughout the world (Pillai et al. 1989). The distribution of echinoderms across inter tidal zone

was studied by James 1982 and it was understood that most of the echinoderms live in the mid



littoral zone 60% and others in infra-littoral zone 25% and in supra-littoral zone only 15%. The
habitat destruction poses threat to the echinoderms living in inter tidal regions by marine
pollution, coral quarrying, removal of sea grass and algae as manure for coconut plantation
(James 1982a). Thus looking into total extends of asteroid study carried out in India; this study is

an important ecological study to assess the status of density, distribution and factors influencing
asteroids in Lakshadweep Archipelago.

1.3.0BJECTIVES

1. To assess the status of asteroids in terms of density and distribution in selected Islands of

Lakshadweep.

2. To determine the factors influencing the density and distribution of asteroids in selected

Islands of Lakshadweep.

1.3.1. Key questions

1. Does the density and distribution of asteroids reflect any patterns across the reefs?

2. What are the factors that govern the density and distribution of different asteroid species?

1.4. STUDY AREA

The study area for the dissertation was Lakshadweep Islands, the smallest union territory of India
in Arabian Sea is located in western Indian Ocean about 225-445 km off the west coast of India.
It occupies an area of 32 km’ situated between latitudes 8°N and 12°N and longitudes 71°E and
74°E. The total coastline length of Lakshadweep Islands is 132 km, which is approximately 1.6
% of India’s total coastline. The islands have a lagoon area of about 4200 sq. km., territorial

waters covering an area of 20,000 km?, continental shelf of 4000 km? and an.EEZ of 0.4 million
~ km?. The height of the land above the sea level is about 1-2 m. Lakshadweep is comprised of 11
inhabited islands and 16 uninhabited islands attached islets, 4 newly formed islets and 5
submerged reefs thus there are 36 islandé in total. The inhabited islands are Kavaratti, Agatti,
Amini, Kadmat, Kiltan, Chetlat, Bitra, Andrott, Kalpeni and Minicoy (PCI, 2008). All
Lakshadweep islands are of coral origin and some of them like Minicoy, Kalpeni, Kadmat,
Kiltan and Chetlat are typical atolls (Apte 2009; Arthur 1999). Coral reefs are present in a group

of twelve atolls, three reefs and five submerged banks. Most atolls have a northeast, southwest
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orientation with an island on the east, a broad well developed reef on the west and a lagoon in
petween. Biodiversity of Lakshadweep waters in terms of invertebrates and vertebrates can be
stated as 93 species of marine algae, 406 species of molluscs, 58 species of echinoderms, 86
species of annelids, 736 species of fish, 2 species of amphibians, 18 species of reptiles and 95
species of birds (Apte et al. 2010). The economies of the Islanders are dependent on coconut
cultivation and tuna fishing (PCI, 2008). Major threat related to them is coral mortality and
bleaching as after effects of 1998 El Nino, 2004 tsunami, dredging, sedimentation, coastal

erosion, oil pollution (trade route between Africa, Arabia and west coast of India) by human

activities (James 2011).

The study was conducted in four islands taking two uninhabited and two inhabited islands into
consideration. The uninhabited islands are Bangaram, Suheli and the inhabited islands are Agatti
and Kavaratti. Agatti is an inhabited island having a population of 7072 people which is 459km
away from the Kerala coast (10°51°N 72°11°E) with lagoon area of 17.5 km? and a land area of
about 2.7 km?2. There is a small island named Kalpitti at the southern edge of the Agatti Island.
Bangaram (10°55°N 72°16’E) is an uninhabited island 7 km north east of the Agatti Island along
with another island called Tinakkara (10°56’N 72°18’E) having a combined lagoon area of
46.25 km* covering a land area of 2.30 km? with a shallow lagoon enclosed by the coral reef.
Kavaratti (10°33°'N 72°36’E) is the capital island of Lakshadweep 350 km off the Kerala coast
having a lagoon area of 4.9 km? and land area of 4.22 km?* with a population of 10,113 people.
Suheli is another uninhabited island along with Cheriyakara (10°02°'N 72°15°E) and Vallyakara
Island (10°8°N 72°18°E) with combined lagoon area of 78.96 km®. It is located 52 km to the
south west of Kavaratti Island (Apte et al. 2010).
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CHAPTER TWO
DENSITY, DISTRIBUTION AND FACTORS INFLUENCING ASTEROIDS
2.1. INTRODUCTION

Based on the literature review it was found that in Lakshadweep Islands the class Asteroidea is
 represented by 38 identified species (Sélstry 2007) and only 23 species is recorded through
specimens (James 1989). But all these species are not lagoon living only very few among the
above mentioned sea star species are found inside the lagoons. The species found during my
study were Culcita schmideliana, Culcita novaeguineae, Linckia laevigata, Linckia multiflora
and Acanthaster planci. Culcita genus belongs to the family Oreasteridae which is characterized
by the reticulate skeleton enclosing the papular areas in its meshes (Hyman 1955). The members
of this family either have broadly based arms or else none as in the case of Culcita schmideliana
and Culcita novaeguineae. Culcita has plump pentagons with scarcely any arms and the entire
skeleton is concealed by the leathery surface embedded with granules. Culcita novaeguineae and
Culcita schmideliana are known by the name Pin cushion sea star which is characterized by its
cushion shape and rounded arms which gives the species a disc shape. It is a bottom dweller and
usually inhabits a sandy substrate. It is found to inhabit the exposed reef flats and terraces of
eastern Indian Ocean and also the western and central Pacific Ocean (Yamagutchi 1975). It is a
corallivore species and the over abundance of it is considered to be great threat to the coral reef
ecosystem. It is a selective nocturnal feeder with special preference to Pocillopora, Porites,

Monitopora, Acropora and Favis species (Krupp 1985).

Linckia laevigata, and Linckia multiflora belong to the family Linckiidae which occur in
lagoons, reef crests, coral rubble banks, and algal ridges (Laxton 1974; Thompson and
Thompson 1982). It is characterized by pentamerous symmetry smooth surface, small disk, long,
flexible cylindrical arms and reduced conspicuous marginal plates (Hyman 1955). It inhabits in
the shallow waters in tropical and sub tropical zones specially indo pacific seas. Linckia
laevigata is mostly seen in blue colour but are found in apricot, pink, gray and purple (Williams
and Benzie 1998). It mainly feeds on coralline algae and detritus (Coleman 2007, Laxton 1974).
Linckia multiflora is small but is abundantly found in the sub tidal and inters tidal areas of reefs
of temperate and tropical waters (Rideout 1978). It is characterized by the small pentamerous

body having numerous coloring (ecophenotypes) mostly as mosaic patches making it difficult to
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Table 4. Eigenvalues of the first four axes of canonical correspondence analysis (CCA) and the

amount of variance explained of the species data and of the species-environment relation by the

CCA axes.

Number of canonical axes: 3

Total variance ("'inertia') in the species data: 2.3018

Axis 1
Eigenvalue 0.389
% of variance explained in species data 16.9
Cumulative % explained in species data 16.9
Pearson Correlation, Spp-Envt* 0.671
Kendall (Rank) Corr., Spp-Envt 0.353

Axis 3
0.064
2.8
242
0.294

0.125

* Correlation between sample scores for an axis derived from the species data and the sample

scores that are linear combinations of the environmental variables. Set to 0.000 if axis is not

canonical.

Table 5. Final scores for asteroid species as’ observed in the four islands of Lakshadweep

Archipelago.

Species name

Final scores

Culcita schmideliana
Culcita novaeguineae
Linckia laevigata

Linckia multiflora

Axis 1 Axis 2
-0.510 -0.372
0.362 -1.522
-0.322 2.597
2.201 -0.012

Axis 3

0.299
-4.627
-0.663
0.392
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Table 7. Intra-set correlation scores for 11 Environmental variables as observed in the four

islands of Lakshadweep Archipelago.

VARIABLE INTRA-SET CORRELATIONS BIPLOT SCORES
Axis 1 Axis 2 Axis 3 Axis 1 Axis 2 Axis 3
1 Live coral -0.415 0.010 0.219 -0.259 0.003 0.055
2 Dead coral * 0.551 -0.005 0.382 0.343 -0.002 0.096
3 Bleached coral -0.105 0.116 0.050 -0.065 0.037 0.013
4 Coral Rubble 0.105 0.296 -0.043 0.065 0.095 -0.011
5 Coral Boulder 0.201 0.198 0.067 0.126 0.064 0.017
6 Sand 0.101 -0.248  -0.783 0.063 -0.080 -0.198
7 Sea grass -0.045 -0.209  -0.393 -0.028 -0.067 -0.099
8 Water Ph* | 0.601 0.497 -0.167 0.375 0.160 -0.042
9 Water temp 0.103 0.210 0.194 0.064 0.068 0.049
10 Water Depth* -0.671 0.515 -0.073 -0.419 0.166 -0.018
11 Water Salinity 0.050 -0.235 0.299 0.031 -0.076 0.076

* The indication of strongest correlations.
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