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About the study

SACON has submitted a project proposal titled ‘A study on the ecology, status and conservatio
serspective of certain rare endemic avifauna of the Andaman & Nicobar Islands’ to the Ministry €
“nvironment and Forests, Government of India, for funding. The principal investigator of the project |
Or. (Mrs) Lalitha Vijayan and the co-investigatoris Dr. R. Sankaran. The objectives of the proposed stud
are:

1. To assessthe status of endemicavifaunainthe Andaman & NicobarIslands and to identify taxa whic!
are rare, threatened or endangered.

2. To study the ecology of the Nicobar Megapode (Megapodius nicobariensis nicobariensis & M.
abbotti), Narcondam Homnbill (Aceros narcondami) and the Andaman (or Grey) Teal (Anas gibberifron

albogularis).

3. To prepare a conservation management plan for rare endemic avifauna of the Andaman & Nicoba
Islands.

However, realizing the urgent need fora detai led survey of the Andaman & Nicobar Islands, funds wers
granted from SACONto launch thefirst phase of the study, namely assessment ofthe Nicobar Megapode
the endemic avifauna and the conservation issues currently threatening the Nicobar group of islands.
The survey, between December 1992 and April 1993, covered eightislands. Further funds were mads
available by the Ministry of Environment and Forest, Government of India, to complete the first phase
ofthe study and, between December 1993 and April 1994, 10 islands were surveyed. Thisreportis basec
on data collected during those surveys, and covers all but three uninhabited islands of the Nicobar groug

ofislands.

A version of the chapter on the Nicobar Megapode is in press in Biological Conservation.

/—
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Foreword

Geographicalisolation ofislands has resulted in the evolution of numerous endemic species
of flora and fauna, many of which are restricted to one ora few islands and these ecosystems
are so fragile and finely tuned that they are easily vulnerable to perturbations. The Andaman
&Nicobarislands in the Bay of Bengal are no exception. Of the 270 species and subspecies
of birds recorded, nearly 39% are endemic, many of which are highly restricted in range.
Concerned about this and the rapid colonisation by the mainlanders and the subsequent
development activities in the recent decades, SACON initiated a long-term study on the
status, ecology and conservation perspectives of certain rare and endemic species of avifauna
of the Andaman & Nicobar Islands.

Nicobar group of islands were selected, as a prelude to the major project, toassess the status
of the Nicobar Megapode in particular, and the other endemic avifauna in general. This
report documents the status of the Nicobar Megapode and conservation perspectives of other
endemic avifauna of the Nicobar islands. It also highlights the threats that the habitat and
avifauna of the Nicobar islands are subject to.

The findings of this study evoke mixed reactions. Although there is evidence of a decline
in populations in some species, the status of most species of avifauna is notdisturbing. What
is alarming, however, isthe proposed development plansforthe Nicobar islands, particularly
the building of a dry dock and refuelling base for international shipping in the Galathea
bay and making Great Nicobar a free port. If implemented, the island ecosystem will be
irrevocably damaged and the biodiversity lost, as the islands are much too small to sustain
any significantimpact onthem. Further alteration of the ecosystem can only adversely affect
all endemic species, and accelerate the extinction of endemic avifauna, including the
NicobarMegapode.

We feel that the Nicobar islands are biologically much too rich to be jeopardised by
commercially attractive but ecologically hazardous projects. We thus recommend thatno
unsustainable development projects be undertaken inthe Nicobar islands.

I record my appreciation on the hard work by DrR. Sankaran of our Avian Ecology Division.
Inspite of the inclement weather and tough field conditions he completed the survey as
scheduled. We rejoice, moreover, his recovery from the Falsiparum malaria that he
contracted while in the islands. It could neither hamper his survey seriously nor make him
“extinct’. '

Dr V.S. Vijayan
Director
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Abstract

The Nicobar Megapode, amound nesting megapode, occurs astwo subspecies, Megapodius
nicobariensis nicobariensis and M. n. abbotti, endemic to the Nicobar Islands. Thought to
be endangered, this survey found it on almost all Nicobar islands where it historically
occurred and concluded that, as a species, it is currently not endangered. It has probably
become extinct only on inhabited Pilo Milo island. WhileM. n. abbottiis secure otherthan
onsmalloutlying islets, M. n nicobariensis is threatened on all but 3 islands of its range.
Loss of population of M. n. nicobariensis was indicated both by significantly lower mound
densities and by a higher proportion of abandoned mounds to active mounds when compared
withM. n. abbotti. Data were collected for 127 active mounds of M. n. abbottiand 85 active
mounds of M. n. nicobariensis, and it was estimated that 848 and 312 active mounds
respectively are present, and the population of the species is between 4500 and 8000 adult
birds. Although hunting and collection of eggs existed, the main threat is the loss of habitat,
particularly coastal forest which is the megapode’s primary nesting habitat, to coconut
plantations.

Ofthe 176 species of birds that are endemic to the zoogeographic subregion of the Indian
peninsula and its environs, 14 are endemic to the Andaman and Nicobar islands. Thus
while the Andaman & Nicobar islands account for only 0.2% of the land mass of South
Asia, it has approximately 8% of the endemic avifauna of the region, thus making the
islands a high priority area in the conservation of India’s avifauna. The new IUCN
criteria for assigning threat status, have been applied to each species and subspecies
endemic to the Nicobar islands. The application of the criteria on 45 species and
subspecies indicates that 18 species or subspecies endemic to the Nicobar islands are
endangered (1), vulnerable (6) or near threatened (11). Six species and subspecies are data
deficient and 21 are of less concern or abundant. Six bird species have been introduced
in the Nicobar islands. Of these, four are from the mainland and two from the Andaman
islands. The introduced Andaman Redwhiskered Bulbul may resultin the extinction of the
endemic NicobarBulbul.

Although as much as 80 % of the Nicobar islands are still covered by primary forest, and
that at least 60 % are relatively undisturbed, the trend over the last decade gives rise to
grave concern. Based on the number of endemics present, the Nancowry group of islands
was identified to be of primary importance to endemic avifauna followed by the Great
Nicobar and Car Nicobar groups. The priority islands for avian conservation are Great
Nicobar, Camorta, Katchall, Nancowry and CarNicobar. A protected area network whereby
the Nicobars will receive the necessary legislature to ensure their long-term survival is
proposed. Two issues, population growth and development were identified as of primary
concern of the Nicobar group of islands. Specific issues of concern that have grave
implicationstothe Nicobar islands are given. Thesingle largest threat is a proposal to make
GreatNicobarafree trade portandto build a dry dock and refuelling facility in the Galathea
bay which, if implemented, will destroy the Nicobar islands.

Keywords: Megapodes, Nicobar megapode, endemics, avifauna, Andaman & Nicobar
Islands '
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Chapter 1

The Andaman & Nicobar Islands

Introduction

Over 10 % of all bird species are threatened with
extinction, the majority of which are found in
tropical forests and islands (Mountford 1988).
About93 % of all avian extinction since AD 1600
have been island species, and most endangered
avian taxa are island endemics (King 1981).
island ecosystems, in their natural state, tend to
be finely tuned asthe limits on the resource base
are acute (Carew-Reid 1990). This ecological
refinement makes them particularly vulnerable to
changes resulting from human activities. In-
creased human populations, and increasing de-
mands on resources haveresultedin fragileisland
ecosystems being severely threatened.

India has two main groups of islands, the
Andaman & Nicobar Islands offthe east coast and
Lakshadweep Islands off the west coast. The
increase over recent decades in human activity
through the expansion of agriculture by settlers,
exploitation of natural resources, forestry operations,
introduced flora and fauna, and increased
tourism has resulted in concern over the fate of
several of the endemic taxa in these Islands.

Geography

The Andaman & Nicobar islands in the Bay of
Bengal are peaks of a submerged mountain
range, arching from Arakan Yoma in Burma in
the north to Sumatra in Indonesia in the south,
between latitudes 6° 45" and 13° 41’ and
longitudes 92°12’ and 93°57’ (Saldanha 1989,
Dagaretal. 1991), and are a southern extension
of the Arakan Yoma mountain range. The island
group comprises over 300 named and unnamed
islands and over 260 named and unnamed rocks
(Singh 1981), with atotal coastline of about 1962
km. The entire island group covers 8,249 sq km;
the Andaman group with over 325 islands (21
inhabited) covering 6,408 sq km, and the Nicobar
group with more than 24 islands (12 inhabited)
with an area of 1,841 sq km.

The climate of the islands can be defined as
humid, tropical coastal climate. Proximity tothe
equator and the sea ensures a hot, humid, and
uniform climate (Saldanha 1989). The islands
receive rainfall from both the south-west and
north-east monsoons. Maximum precipitation is
between May and December, the driest period
being between January and April. The mean
annual rainfall isabout 3800 mm (Saldanha 1989).
Despite abundantrainfall, the only perennialriver
is on Great Nicobar. Temperature variations are
low from a minimum of 20° C to a maximum of
about 32° C (Dagar et al. 1991).
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The Andaman & Nicobar Islands

People

The original inhabitants of the Andaman group of
islands were tribes of negrito origin. Three broad
groups were recognised. The Great Andamanese
occupying the main Andaman islands were
segregated into the Cheriar, Kora, Toba, Yere,
Kede, Juwai, Kol, Bojigyab, Bea, Balawa and
Jarawa; the Onge occupied Little Andaman, and
the Sentinelese inhabited North Sentinel (Mathur
1968). The Nicobar group was colonised by
people of mongoloid origin“sometime beforethe
Christian era’ (Singh 1978). Two distinctgroups of
people are present. The Nicobarese, who are
essentially horticulturists inhabit the coast of 12
islands in the Nicobars with dialectic and cultural
variations between different islands and island
groups. The Shompen are essentially an interior
forestdwellingtribeand only inhabit GreatNicobar.

In the late 18" century, the East India Company
made concerted efforts to establish a permanent
settlement in the Andaman Islands, to control
piracy and to prevent the killing of shipwrecked
mariners. An attempt in 1788 to establish a base
atPort Cornwallis was aborted. Afterthe First War
of Independence in 1857 apenal settlementwas
established atPort Blair. Between the 1600s and
the mid 1800s, the Danes made several attempts
accolonisingthe Nicobarislands, unsuccessfully,
and in 1848 formally renounced all claims of
sovereignty. In 1869, the British announced the
occupation of the Nicobar islands and briefly
established a penal settlement on Camorta.
DuringWorldWarIl,theJapanese occupiedthe
Andaman and Nicobar islands between 1942 and
1945. With Independence, the Andaman &
Nicobar islands became a part of the Republic
of India. °

Though there has been a tenfold increase in the
human population ofthe islands, mostindigenous

tribes have drastically reduced in numbers. From -

about3500in 1857, only 32 Great Andamanese
survive today; the cause - syphilis, pneumonia,
measles and manslaughter, and only six of the
original 11 tribes now survive (Mathur 1968).
From 672 in 1901, the Onge now number only
98 (Verma 1989), and are confined to a tribal
reserve at Dugong creek, while their forrfier
territories are now occupied by both mainland

760

and Nicobari settlers (Saldanha 1989). Both the
Jarawas and Sentinelese continueto be hostileto
outsiders, though friendly contacthasbeen made
(Awaradi 1990, Pande et al. 1991). The
Shompens were believed to number 348 in
1901, but declined to 212 in 1981 and 149 in
1989 (Verma 1989). Only the Nicobarese have
been able to adjustto mainland civilizationsand
their numbers have increased over the years.

The increase in human population of the islands
has mainly been due to immigrant mainlanders.
Until 1941 the annual population growth rate was
0.5%. The post 1950 period saw an enormous
population increase from 30,971 in 1951 to
1,88,741 in 1981 (Singh 1981). 88% of this
increase has been in the Andaman group and has
largely been due to immigrants from mainland
India, refugees from Bangladesh and repatriates
from Sri Lanka (Saldanha 1989). '

Vegetation

The foresttype ofthe Andaman & Nicobarlslands
can be broadly classified as tropical evergreen,
with minor variations from north to south
depending on rainfall, type of soil and degree of
salinity (Balakrishnan 1989).

About 15% of the total area of the islands is
mangroves, dominated byRhizophoramucronata,
R. conjugata, Bruguieragymnorhiza, B. parviflora
and Ceriops tagal. Based on the proximity to the
sea and salinity of the soil, Balakrishnan (1989)
classified the vegetation into littoral and inland.
Strand vegetation occupies the sandy coastal belt
and includes herbaceous dune formations and
woodedbeach forests.[pomoeapes-capraenormally
dominates the outermost belt of herbaceous plants
which grows justbeyondthe reach of the waves.
Adjacent to or behind this, the vegetation is
dominated by the dense shrubby growth of
Scaevola sericeaand its associate species. Where
I. pes-caprae formations are absent, as in
retreating coast lines, Barringtoniaformations are
seen. The beach forest which occurs behind the
sand-dune zone and the Barringtoniaformations
is dominated by trees such asHernandia peltata,
Thespesia populnea, Manilkara littoralis, Intsia
bijuga, Syzigium samaragense, Sophora
tomentosa and Glochidion calocarpum.
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dal or swamp forests occur in lowland coastal
areas where the soil is wet or marshy but not
soded by the sea except during very high tides,
nd is characterised by small erect aerial roots
g fromthe mud. Thedominanttreesinthis
forest type are Cerbera odollam, Heritiera
rtoralis, Barringtonia racemosa, and their
associates like Ficus retusa.

nland forests are comprised of two types.
=rgreen forests are dominated by species like
terocarpus griffithii, D. turbinatus, Hopea
orata, Sideroxylon longepetiolatum,
dospermum malaccense, and Planchonia
andamanica, with anunderstorey of smaller trees
such asBaccaurea sapida, Myristica glaucescens,
\i. andamanica and Buchanania platyneura.
Deciduous forests occupy hilly region and are
Jominated by Pterocarpus dalbergiodes or the

Padauk. Terminaliaspp., Canarium euphyllum,
Ailanthus kurzii, Parishia insignis and Albizzia
ebbek are also common.

) N M

ne vegetation of the Nicobars shows striking
dissimilarities with that of the Andamans. The
zenera Dipterocarpus and Pterocarpus, wide
spread in the Andamans, are not present in the
Nicobars. Genera such as Cyathea, Otanthera,
Astronia, Cyrtandra, Stemonurus, Bentinckia, and
Rhopaloblatepresentinthe Nicobars are absent
nthe Andamans (Balakrishnan 1989).

Endemism

Of the 5357 species of fauna covering all major
groups recorded by Rao (1989), 487 (9%) are
endemic. If marine species are excluded (none of
which are endemic), 13% (487 of 3704) are
endemic. Endemism is very high in some faunal
groupssuch asbirds where 39% ofthe 270 species
and subspecies recorded from the islands are
endemic (Abdulali 1964a, 1964b, 1966, 1967,
1971, 1974, 1978, Das 1971, Dasgupta 1976,
Ripley 1982). Other vertebrates also show high
degrees of endemism; 60% of 58 species of
mammals, 31.94% of 83 species of reptiles and
20% of 10 species of amphibians recorded are
endemic (Rao 1989). Highendemismis also seen
inthe flora; of the 1454 taxa of angiosperms 221
are endemic, 60 of which are only known from
type specimens and 22 only from type localities
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(Rao 1986, Balakrishnan 1989).
The Nicobar group of Islands

The Nicobar islands can be divided into three
distinct subgroups. To the south is the Great
Nicobar group consisting of two islands larger
than 100 sq km, nine islets smaller than five sq
km, and a few rocks. Four islands are inhabited.
The human population on Great Nicobar (6831
people) has both tribal (8%) and mainland
Indians. The tribals are thinly distributed along
the southern, western, and northern coasts. 55%
ofthe mainlanders are inthe township Campbell
Bay midway up the east coast, and the remainder
pursue agrarian livelihoods along the south-
eastern coast. Little Nicobar has no mainland
settlers and the tribals are distributed all around
the island. Kondul and Pilo Milo are inhabited
islets. Meroe, Treis, Trax, Menchal, Megapode,
Cabra and Pigeon are uninhabited islets.

About 58 km north of the Great Nicobar group
is the Nancowry group which consists of three
islands larger than 100 sq km, two of 36 and 67
sq km, three less than 17 sq km, two islets and
a few rocks. Seven islands in this group are
inhabited with a population of 12,464 people
comprised of both tribals (64 %) and mainlanders.
Thetribals are distributed all around the islands.
Mainlanders do not own land in the Nancowry
group, and about 80% are either employed by
GovernmentAgencies, Tribal Cooperative Societies
or trade sectors. 20% of mainlanders in the
Nancowry group are Sri Lankan repatriates who
have been settled on Katchall and who work on
the 600 hectare rubber plantationthere. Tillanchong
and the Isle of Man are the only uninhabited
islands of the group.

The northern most subgroup comprising of Batti
Malv and Car Nicobar is 88 km north of the
Nancowry group. Batti Malv is uninhabited and
Car Nicobar has a population of over 19,000
people, 80% of whom aretribals. The mainlanders
are mainly employed in Government and trade
sectors.

While most Nicobarislands have been designated
astribal areas under the Protection of Aboriginal

Tribals Act (1957), there has been colonisation

3
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and a continuing inflow of mainlanders. The
settlement of ex-service men in Great Nicobar
began in 1969 and 337 families were settled on
GreatNicobarforwhich 1499.65 ha. of forest was
cleared on the southeastern coast of Great
Nicobar, eachfamily receiving 4.45 ha (Saldanha
1989). However, the actual loss of forest was far
more because of the construction of roads (the
North Southroad is 51 km long, with settlements
uptokm 35, andthe East Westroad is41 kmlong
with settlements up to km 8). 268 families of Sri
Lankan repatriates were settled in Katchall in the
early 1970s, and necessary infrastructure was
built. With the opening up of these islands, there
hasbeenarapid growth in the labour, fishing and
trading sector. Thus, there is no inhabited island
in the Nicobar islands which isfree of mainland
influences. Every Island, and mosttribal villages,
have some form of mainland activity and include
- powerhouses to generate electricity, schools,
primary health centres, mainland fishermen or
other floating mainlanders who stop by, use
resources of, trade with or work for the Nicobaris.

The habitat characteristics of the islands vary. In

the GreatNicobargroup, all islands are completely

forested. A small proportion of the coast of the
larger islands is mangrove. In the Nancowry
group of islands, the central portion of all islands,
excepting Katchalland Tillanchong, are grasslands
(over 60% of Trinkat and Teressa, 30-50% of
Camorta and at least 20% of Nancowry and
Bompoka), often extending to the coast itself.
Various explanations exist for the occurrence of
these grasslands, primarily that they are man
made. However, there is no historic evidence that
colonisers cleared forests for animal husbandry.
Indeed, the existence of the endemic Nicobar
Blue Breasted Quail Coturnix chinensis trinkutensis
in these grasslands is an indication that these
grasslands are so old that not only did colonisation
take place, but speciation occurred as well.
Within the grasslands there are patches of forest.
Asubstantial area of the coast of Camorta, Trinkat
and Nancowry is mangrove.

There are significant differences in the faunal
profiles of these two groups, although they remain
largely similar. For instance, the Blyth’s Nicobar
Parakeet Psitacula caniceps occurs on Great
Nicobar, Little Nicobar, Kondul and Menchal but
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is absent in the Nancowry group. The Nicobar
Bulbul Hypsipetes nicobariensisis presentin the
Nancowry group but is absent in the Great
Nicobar Group. The Nicobar Megapode occurs as
twodistinctsubspecies;Megapodius nicobariensis
nicobariensisin the Nancowry group andM. n.
abbotti in the Great Nicobar group. The
Nicobar Racket-tailed Drongo occurs on Great
and Little Nicobar, Katchall, and Car Nicobar,
butis absenton other islands of the Nancowry
group. The differences are also evident in the
herpetofauna; Pit vipers are common on the
Nancowry group but are either absent or very
rare in the Great Nicobar group. The endemic
Nicobar Crab Eating Macaque is present only
on Great Nicobar, Little Nicobar, and Katchall.

Three islands in the Nicobar group, namely,
Tillanchong, Batti Malv and Megapode Island, all
uninhabited are wildlife sanctuaries. Great Nicobar
is a Biosphere Reserve (885 sq km) whose core
area consists of two National Parks (536 sq km).
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Figure 2. The Nicobar group of islands
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Chapter 2

The Status and Conservation of the Nicobar Megapode

Introduction

The family Megapodiidae consists
of 19 species in six genera, most
of which areisland formsoccurring
n Australia, New Guinea and
surrounding islands, eastern
indonesia, the Philippines,
Niuzafo’ou island, the Palau and
Mariana islands and the Nicobar
slands (Dekker 1990). Nine of
these 19 species are currently
threatened by habitat destruction,
niroduction of predators and over
exploitation of eggs (Jones 1989).

Figure 3. The Nicobar Megapode

Megapodes incubate theireggsin

mounds of rotting leaves or in burrows at sun
or geothermally heated grounds (Dekker &
WNattel 1987). The chicks, on hatching, are fully
feathered and are able to fly immediately and
post-hatching parental care is absent. Within
the group itself there are variations in the
ncubation and breeding strategies.
Macrocephalon and Eulipoa lay eggs at
communal nesting grounds where sun or
volcanic activity provides heat forincubation.
Tzlegalla, Aephypodius, Alecturaand Leipoa
build mounds of forest litter where organic
decomposition provides necessary heat (Dekker
1920). Megapodius nest both communally in
geothermally heated grounds as well as in
mounds built by them (Dekker 1990). .

The average weight of eggs varies between 75
zm (Megapodius pritchardii; Todd 1983) and
232 gm (Macrocephalon maleo; Dekker1990);
between 10-17% of the female’s body weight
Viecketal. 1984). The yolk content is as high
2550-67%, with burrow nesters having higher
volk contentthan mound builders (Clark 1964).
This high yolk content in megapode eggs is
probably due to the selection for extreme
precocity (the chicks are independent of
parents on hatching) during the evolutionary
history of megapodes (Clark 1964, Seymour

1985). In contrast, chicken eggs weigh about
50-60 g and have a yolk content of only 30 %.
Thus, megapode eggs are a sought after food,
and may play a significant role in local
economies (Dekker & Wattel 1987).

Though habitat loss is a major threat, the
primary cause for the drastic reduction in
megapode populations has been overexploitation
of their eggs. The problem is particularly
severe for species that have communal nesting
grounds. InMacrocephalon maleo, 9705 eggs
were harvested from a single communal
nesting ground in a season in North Sulawesi,
but 30 years later only 2 to 3 eggs were laid
there perday (MacKinnon 1981). The number
of eggs harvested by the inhabitants of asingle
village from a nesting ground of Megapodius
eremita in New Guinea was estimated at
18,000 eggs per month (Dekker 1990), and
30,000 eggs were collected atanother location
per season (MacKinnon 1981). While egg
collection had been regulated in the past,
changing demographic, cultural, and social
patterns have resulted in uncontrolled
exploitation of eggs (Dekker & Wattel 1987).
Mound building megapodes suffer heavy egg
losses as well but the problem is not as acute
because mounds are scattered through primary,
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and often inaccessible, forest and not all
mounds are discovered (Dekker 1990).

Conservation of megapodes is relatively easy
because restoration of populations can be
achieved by the artificial or protected incubation
of eggs collected from the wild, and the
immediate release of the precocial young
(Dekker & Wattel 1987). For instance, in
Sulawesi, in two communal nesting grounds of
Macrocephalon maleo, an estimated 3,500
eggs were laid by a population of 150-200
pairs, during the 1985/1986 breeding season,
but the hatching success was close to zero
under natural conditions. Withthe construction
of protected hatcheries, and sustained patrolling
atnesting grounds, the hatching success rose to
55 and 75% respectively and over 700 Maleos
were hatched.

Historical distribution

The Nicobar Megapode, Megapodius
nicobariensis, endemic to the Nicobar islands
is geographically isolated, with its nearest
congenericabout 1,600 km away (Olson 1980).
Two subspecies are recognized; M. n.
~ nicobariensis which is presenton the Nancowry
group of islands north of the Sombrero Channel,
and M. n. abbotti on the Great Nicobar group
of islands south of it (Ali & Ripley 1983; Fig. 2).

The Nicobar Megapode occurred on mostNicobar
islands (Hume 1874, StJjohn 1899, Kloss 1903) but
not on Car Nicobar (Butler 1899) and Chaura
(Abdulali 1967). It is said to have occurred on
Batti Malv (Butler 1899). There were a few
records fromthe Andaman group of islands (Hume
1874, Butler 1899, Sewell 1922) and from the
Cocoislands further north (Kloss 1903, Abdulali
1964). None of the records from the Andaman
group are of recent origin and the species is
believed to be absent there.

Three hypothesis can explain the absence of
megapodes from the Andaman islands. Kloss
(1903) believed that megapodes were introduced
tothe Nicobars by the Malays and explained their
absence from the Andamans because voyagers
were deterred from those islands by hostile
natives, thus preventing their introduction. Olson
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(1980) suggests that megapode distribution is a
resultof competitive exclusion by other galliformes,
but as wild galliformes are absent in the
Andamans, this does not explain the absence of
megapodes there. Dekker (1989) argued that
because mound nesting megapodes are unableto
survive in the presence of large carnivores, their
absence inthe Andamans mightbe explained by
the introduction of the Palm Civet Paradoxurus
hermaphroditusand Masked Palm CivetPaguma
larvata (Dekker 1992, also by Kloss 1903), and
considers the Nicobar Megapode as a relict
population. Of the two civets in the Andamans
onlyP. hermaphroditusis introduced, while P.
larvata tytleri is a subspecific endemic, and it
is therefore possible that megapodes could not
colonise the Andamans at all.

Whether the megapode existed in the Andaman
group needs confirmation as there are no
specimensfromthose islands and shooting records
appear to be hearsay. The mound reported from
the Andamans (Hume 1874) could have been a
nest of the King Cobra Ophiophagus hannah, a
likely error if one has not seen a megapode
mound before. Spot sampling during this survey
in South Andamans failed to reveal old mounds,
traces of which can be presentforover 1000 years
(Stone 1991). Many species are exclusive either
tothe Nicobars orthe Andamans anditis probably
true forthe Nicobar Megapode as well. Tangible
evidence, in the form of abandoned mounds, is
needed before we can conclude that this species
indeed existed inthe Andaman group of islands.

The mound of the Nicobar Megapode

The Nicobar Megapode builds mounds of sand,
loam, coral bits and rotting vegetation within
which eggs are laid. Mounds vary in height
from10cmto 2.1 mand inbasal circumference
from 7 m to 45 m. Basically three types of
mounds are built by the Nicobar Megapode and
have been described by Dekker (1992) as: type
‘A> mounds or true mounds, regular in shape
and built on an open spotaway from trees; type
‘B’ mounds, irregular in shape, builtagainst the
buttress or stem of a large living tree; type ‘C’
mounds, also irregular in shape but built
against, around, under or over a dead rotting
tree stump or log (Fig. 4). Mounds are usually
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Figure 5. Frequency distribution of Nicobar Megapode
mounds with respect to distance from the beach.
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Status and Conservation

Throughout their distribution megapodes are
threatened by habitat destruction, introduction of
predator species, and over exploitation of their
eggs (Dekker in press). The Nicobar Megapode is
no exception. It is listed under Schedule | of the
Indian Wildlife Protection Act (1972), and has
featured in several lists of endangered species
(Collar & Andrews 1988, Collar etal. 1994). In
1988, the Andaman and Nicobar chapter of
INTACH (The Indian National Trust for Art and
Culture) reported the extinction of the Nicobar
Megapode from Kondul, estimateda population of
fewer than 400 birds from Great Nicobar and
predicted the extinction of the speciesin the next
5-10years(Anon. 1 988). Dekker(1992), however,
estimated a population of about 780 breeding
pairs in the coastal area of Great Nicobar and
concluded that the megapode population on
Great Nicobar is not threatened. However, the
status of M. n. abbotti on Little Nicobar and the
other islands was still unknown. Of greater
concern was the absolute lack of information on
M. n. nicobariensis.

Objectives

1. Toassessthepresentdistributionandpopulation
status of the Nicobar Megapode (Megapodius
nicobariensis nicobariensis &M. n. abbotti).

2. Toexamine habitats presently holding these
birds, estimate the area of available habitat

and to identify threats to these habitats.

Methods

The Nicobar islands were surveyed between 10
December 1992 and 5 April 1993, and 20
December 1993 and 31 March 1994. 17 Islands
were sampled by walkingaround eachisland and
this survey covered the entire range of this
species. Distances between samplingsites varied
between 5 and 8 km on large islands and the
entire coast of small islands was surveyed. A
summary of the survey is given in Table 1.

As mounds are stationary, inanimate and represent
breeding, the best way to estimate and monitor
populations of megapodes is by assessing the
number of active mounds (those in use). Active
mounds were identified by signs of recent digging

7
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by megapodes. When digging signs were not
obviousaswhen rainsobliterated marks, the state
of a mound was identified by checking whether
the soil was compact and hard (abandoned
mounds) or loose and easily penetrable with a
stick (active mounds). A mound that was not
active was considered abandoned. | prefer this
classification over Dekker (1992) who called such
mounds inactive, because inactive impliesthata
mound is periodically inactive and active, while
inreality most abandoned mounds had not been
used for considerable periods, were in stages of
obliteration, and often had vegetation growingon
them. Thisindicated thatinthe N icobarMegapode,
few mounds are brought back into use afterbeing
abandoned.

Asmounds are predominantly placed in a narrow
strip of forest along the seashore (Dekker 1992,
this study), the survey concentrated on forests
abutting the beach. The census consisted of two
observers walking between 30 and 50 m abreast
paralleltothe seashore, with the observer closest
to the sea about 20 to 30 m from the beach. As
mounds within 20 or 30 m of the observer are
easily located, most mounds within a belt of forest
about 100 m wide starting from the beach were
counted. The length of this modified belttransect

Table 1. Summary of details of the survey
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was about 1.5to 2 km (avg. 1.7 km, SD=1.3 km,
range 0.2 - 8 km, n=64). Only three transects
were shorter than 0.5 km, these were in terrain
where available habitat was limited to the length
of the transect, e.g. small bays amidst cliffs. The
datafromsuch transects have notbeen appended
to other transects.

The census data consisted of three parameters: a)
length of the transect, b) distance between
mounds, and ¢) distance between the mound and
the beach. | calculated mound density (per km?)
by the equation, D = nm/I.w, where m = number
of active mounds, / =length of transect (km) and
w=width (100 m or 0.1 km) as 97% of mounds
in coastal forests were found within 100 m of the
beach. Mounds beyond 100 m from the beach
were excluded from estimates.

To estimate the total number of active mounds,
the coastline of each island was divided into
segments based on similarity of habitats. This was
necessary because the distribution of mounds was
not uniform and were absent or very rare where
cliffs or mangrove swamps abutted the shore or
theforestwas low-lying and periodically inundated
(dominated by Areca or Pandanus palms), orthe
forest had been replaced by coconut. Thus, a

Island Area  Coastline Transect % Coast  Survey Population
(sgkm)  (km) No: kn surveyed days  Tribal Mainlander

GreatNicobar 1045.1 213 19 304 14 56 536 6295
Little Nicobar 159.1 78 12 127 16 18 295 13
Megapodelsland 0.13 24 1 10 4 1 0 0
Meroe 3 525 1 525 100 3 0 0
Treis <1 27 1 27 100 0.5 0 0
Trax <02 1.2 1 1.2 100 0.25 0 0
Menchal 2 33 1 15 46 2 0 0
Kondul 4.6 7.5 1 2 z 2 139 8
PiloMilo 1.3 30 1 25 83 2 109 13
Camorta 1882 1125 8 12.2 1 17 1406 1567
Trinkat 36.3 30 2 4.0 23 5 350 0
Nancowry 669 44.3 4 10.25 7 4 907 107
Katchall 1744 780 3 8 10 8 2491 2581
Teressa 1014 53.25 5 11.95 24 12 1617 162
Bompoka 133 12.75 1 22 17.3 2 51 0
Tillanchong 1682 42 4 6.2 14.8 7 0 0
CarNicobar 1269 - - - - 4 15781 3555
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segment was based on judging overall similarities
n habitat and its suitability for megapodes. The
otal number of moundwzorthe‘rorestabumngthe
~oast (probably comprising 75% of mounds in
_'i—;‘.;’::L!meNcobar,KatchaI[,Bompoka,and
Tillanchong, and over 90% of Camorta, Trinkat,
Nancowry, and Teressa) was then calculated by

"l

ere n = number of segments, i denotes a
particular segment, Si = length of segment, Li =
wotz! length of transects within a segment, and

= total number of active mounds within Li.

Wegapodes occur in the forests to the interior of
theislandsand in larger patches of forests within
sasslandsinthe Nancowry group. These populations
nave not been considered in my estimates.

Weasurementsof distances have been approximate.
stances in the field were measured using a
dometer set at 45 cm, a setting arrived at by
mparing strides taken to survey 1.5 km of
-::apdde habitat abutting a metal road, and
‘ewalkingontheroad. Distances between the
mound and the beach were measured either by
szcing, or visually. Coastlines were measured
%om 1:150,000 scale hydrographic charts. Signs
o predation, both natural and human, were
r=corded for every active mound seen.

Results and Discussion

Distribution

found the Nicobar Megapode on all but one
s'and (Pilo Milo, where it is probably extinct) in
the Nicobars from where it had been reported.
V. n. nicobariensis occurred on Camorta,
Nancowry, Trinkat, Katchall, Teressa, Bompoka
and Tillanchong. M. n. abbotti was present on
Creat and Little Nicobar, Megapod Island,
“Meroe, Treis, Trax, Menchal and Kondul. Asthe
twosubspecieshavesignificantdialectic differences
intheirvocalizations, subspecificidentification is
possible in the field. It may have existed on Car
Nicobar (78 km north of Teressa, the nearest
megapode population) acentury ago butlfound
notraces of mounds. Chauraisonly 11.5 kmfrom
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Teressa and, considering its occurrence on more
remote Tillanchong, there is no reason why the
megapode should not have existed there. Even if
it did occur in the past, both Car Nicobar and
Chaura are much too densely populated for the
species to exist there now.

Status

Crucial tothe population estimate isthe information
on number of pairs that use a mound in a year,
whether larger mounds attract more pairs,
differences intypes of mounds and inthe number
of pairsusing them, presence of mound tenacity,
egg-laying frequency, number of eggs laid, and
duration of reproductive period. Thisinformation
isas yetunavailable and any population estimate
will be tenuous. Thus, the best indicator of the
status of megapodes is an estimate of the
number of active mounds in an island.

However, Dekker (1992) estimated an average of
two pairs per mound (for all three types) and
emphasized that this was an absolute minimum,
indicative of the breeding population for the
month of March only. As the breeding is said to
bethroughthe year (Ali &Ripley 1983), the actual
number of pairs that use amoundin a yearwould
be more (cf. Dekker 1992). That more than two
pairs use the same mound was also evident from
trappers who had snared several birds from the
same mound. In two other mound building
megapodes, a maximum of four and five pairs
have been estimated as using the same mound
(Rand & Gilliard 1967, Stuebing & Zazuli 1986).
Thus, forthe population estimate | used two pairs
per mound for the lower limit and 3.5 pairs per
mound for a conservative upper limit (the mean
of minimum number of pairs per mound for M.
nicobariensis and the maximum recorded for
megapodes in literature).

Megapodius nicobariensis abbotti

On reat Nicobar, M. n. abbottiwas believed to
have disappeared from all areas colonised by
mainlanders (Dekker 1992). However, megapodes
still survive there and four active mounds were
located over a distance of 11 km. In areas not
colonised by mainlanders, active mounds were
presentin all forests abutting the shore as was the
case with all of Little Nicobar which has no
mainland settlers. | estimated that there are over
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Table 2. Population estimate of the Nicobar Megapode

Islands Estimated Estimatedno.
no. of active of Breeding
mounds pairs (range)#
GreatNicobar' 515 1030-1802
Little Nicobar' 311 622-1088
Megapodelsland' 2 47
PiloMilo’ 0 0
Meroe! 1 24
Treis' 4 812
Trak’ 3 6-11
Menchal 2 47
Kondul' 1 22-39
Camorta? 20 40-70
Trinkat? 8 - 16-28
Nancowry? €0 120-210
Katchall? 69 138242
Teressa? 119 238417
Bompoka? 2% 52:91
Tillanchong? 10 20-35

1" M. n. abbotti; 2 M. n. nicobariensis
# Lower limit at 2 pairs per mound, upper limit
at 3.5 pairs per mound.

800 active mounds in Great and Little Nicobar,
and the population of adult breeding birds to be
between 3300 and 5750 birds (Table 2, Appendix
1 for map showing important megapode areas).

Dekker (1992) estimated 390 active mounds on
Great Nicobar as against this study’s 515,
although sampling intensity were similar (26 and
30.4 km respectively). The reasons for this
difference are that Dekker surveyed three areas
whilelsampled 19 locations all aroundtheisland.
In his study the west coast was under sampled
(three km at one location); this coasthad the least
disturbance and the best megapode habitats (I
surveyed 12 km at nine locations). His othertwo
transects pass (one partly) through habitat that had
been subjected to human activity like.road
building or quarrying and are notrepresentative
of mound abundance. Lastly, by dividing the
coast into segments (as in this study), a truer
estimate of mounds was arrived at than by a
simple arithmetical extrapolation (Dekker 1992).

Seven of nine islets in the Great Nicobar group
had habitat suitable for megapodes and the
remainingtwo (Cabra and Pigeon) weretoosmall.
Over 50% of the forests of uninhabited Meroe,
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Treis, Trax, Menchal and Megapode Island have
been converted to coconut plantation by the
inhabitants of neighbouringislands. Only one
active mound each was found on Megapod
Island and Meroe, and the high proportion of
abandoned mounds was indicative of adwindlec
population. A dense ground cover of germinating
coconuton Meroe has ruined potential mound
building areas. Only Treis and Trax, with four
and three active mounds respectively, had a
satisfactory megapode population. Less than
10% of Menchal’s coast s suitable for megapode
as most of the island is rocky. The only level
area in Kondul is inhabited and one active
mound was found just behind the South Point
village. About half of Pilo Milo is inhabited
and the islet is mostly under coconut palms.
Megapodes are apparently extinct on this islet
although reports of calls heard indicate that it
may still survive. The number of active mounds
inthe outlying islets inthe Great Nicobar group
is estimated to be about 23, with an adult
breeding population between 90 and 160 birds
(Table 2). Thus the population of M. n. abbottiis
between 3400 and 6000.

Megapodius nicobariensis nicobariensis

M. n. nicobariensisoccurs on seven islands of the
Nancowry group. On Camorta, Katchall and
Trinkat,M. n. nicobariensiswas patchily distributed
with very few locations having active mounds and
even fewer where mounds were abundant. For
instance, on Camorta, only one location, asmal!
promontory near Kakana village, had a high
density of active mounds. Elsewhere intheisland,
active mounds were either very rare or absent.
On Trinkat too very few active mounds were
located. AtKatchall, considered by Kloss (1903]
to be the home of the megapode, though a few
mounds were present through much of the coast,
only a single location had a high density of
mounds. The southern half of Nancowry had
mound densities similarto that of Greatand Little
Nicobar. | estimatethatthere are over 150 active
mounds of M. n. nicobariensis in these four
islands, and the adult breeding population to be
between 600 and 1100 birds (Table 2; Appendix
2 for map showing important megapode areas).

It was only on Teressa and Bompoka that good
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sopulations of megapode existed, and the density

¢ active mounds was akin to that of Great and
_istle Nicobar (Table 3). Tillanchong is mainly
nilly with very little level coastal forest, thus
s are naturally scarce ‘except in the
ts. The small population that exists is
ntly secure. Thus the population of adult
g birds of M. n. nicobariensis isestimated
sween 1200and 2100 birdsand the number
¢ active mounds to be a little over 300.

Loss of popuiation

To assess loss of population, and the reasons
sehind the reductions, the mean density of
T .'-:::«r*d the proportion of abandoned mounds
o aclive v‘ounds for each of the transects
were calculated, and comparisons
ade among islands.

nsities of active mounds are similar for six
Sancs, Greatand Little Nicobar, Trax, Nancowry,
Tersssz 2and Bompoka which ranged between 30
2 36 mounds per km? (Table 3). On all other

20'= 3. Summary of census data of megapode mounds
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islands, density ranged between 3 and 22 mounds
per km? (Table 3). In the best habitats active
mounds were encountered at least once every
200m, and similar densities have been reported
forM. reinwardt(Lincoln 1974, Crome & Brown
1979) and for M. cumingii (Stuebing & Zazuli
1986). The significantly lower densities in M. n.
nicobariensis in Camorta, Trinkat and Katchall
and of M. n. abbotti in the outlying islets thus
posed a question. Was lower number of mounds
encountered in the northern subspecies naturalor
has there been a loss or reduction in populations?

Reduction in populations is best indicated by the
proportion of abandoned mounds. The twoislands
with the least damage to coastal forests are Great
and Little Nicobar, of which the former had a
greater proportion of undisturbed coast. All other
islands have undergone considerable conversion
of forestto coconut plantations. The proportion of
abandoned mounds to active ones in the other
islands was between 1.6to0 2.3 times that of Great

- Nicobar, and 1.2 to 1.6 times of Little Nicobar

M. n. abbotti M. n. nicobariensis

(N M INPMM TR TAMI KNOM TT NN KT TS BP T
o ofactivemounds 66 1 49 0 1 4 3 1 3 8. 2 4 14 B 78
No. Tvpe A 20 1T 2B 0 1 3 1 1 0 7. 9 11 18 6 4
No. TypeB 25 0 14 0 0 0 0 0 1 1 0 2 1 3 02
TypeC ¢ 51 o012 0 6 1 2 0 2 0 0 3 21 12

Ahandoned 50 3 78. 4 14 14 13 0 5 4 16 15 29 113 25 14

\ean %t Abandoned o
mouncs 4 75 57 100 93 78 8l 0 63 & 99 53 N 72 78 &
\Mean mound density
o’ 3 10 36 - 3 1% 3 7 15 10 4 30 2 30 213
% mounds with signs
of ggco[lectlon 7 0 2 - 0 O O O O O O O O O 0O
” undswith
nares 12 0 18 = @ 0O 0 089 .0 00 ' 0.9 1438
semounds with :
monitor lizardsigns % 018 - 0 0 0O 0O 025 0 8 0 3 2813
No. of active mounds
exdrapolated) 515 2 31 0 1 4 3 2 1M 20 8 6 6 119 26 13

:‘ Creat Nicobar; Ml=Megapode Island; LN=Little Nicobar; PM=Pilo Milo; MR=Meroe; TR=Treis; TA=Trax; MN=Menchal;
“ondul: CM=Camorta; TT=Trinkat; NN=Nancowry; KT=Katchall; TS=Teressa; BP=Bompoka; TI=Tillanchong
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The Nicobar Megapode

(Table 3). The only exception was Nancowry
wherethe proportion of abar:doned mounds was
similar to that of Great and Little Nicobar.

The highest number of abandoned mounds were
present in those areas where primary forest had
been converted into coconut plantations. Inone
plantation on Camorta, ofthe 16 mounds seen in
a 1.5 km transect, 14 (87.5%) were abandoned,
in another on Teressa 56 abandoned mounds and
4 active ones were seen in 2.75 km, and in very
old plantationsonly traces of abandoned mounds
were visible. However, where there was a mosaic
of coconutand forest, orthe ground vegetation was
notcleared, megapodes builtmounds. Megapodes
apparently abandon pure stands of coconut
because they require sufficient ground and
middle storey vegetation cover, and mounds
become unworkable dueto dead coconutfronds
coveringmounds, and nutsfallingand germinating
onmounds.

Figure 6. Anabandonedmoundina coconutplantation.
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Teressa and Bompoka are exceptions because
while mound densities are similartothatin Great
and Little Nicobar, they have a significantly
greater proportion of abandoned mounds (Table
3). Though much ofthe coast has been converted
to coconut in Teressa and Bompoka, there is
adequate interspersion of natural habitat within
coconut plantations and large tracts of optimal
megapode habitat for it not to reflect on mound
density. But as several large tracts of prime
megapode habitathasbeen convertedto coconut
plantations, a high proportion of abandoned
mounds are present..

The first signs of a declining population is
perhapsa high proportion of abandoned mounds,
followed by a decline in the density of active
mounds culminating in a loss of population.
This can be seen as a continuum in the larger
islands (Table 3), which also corresponds to the
availability and quality of habitat. Great
Nicobar had a high density of active mounds
and the least proportion of abandoned mounds
while Little Nicobar had a high mound density
buta greater proportion of abandoned mounds.
Teressaand Bompoka had high mound densities =
but high proportions of abandoned mounds,
Katchall had a lower mound density and a high
proportion of abandoned mounds, and Camorta
and Trinkat had both low mound densitiesand
high proportions of abandoned mounds.

Threats

The main threats to the Nicobar Megapode are
hunting of birds for meat and egg collection,
predation and habitat loss.

Hunting and egg collection :

The Nicobarese do not huntor collecteggs of this
megapode extensively because megapodes have
spiritual and medicinal values. There were,
however, inter and intra island differences. In
some villages hunting or egg collection is
prevalent (e.g. Tahiyuol, Little Nicobar), whilein
others it is not (e.g. Pilo Pakka, Little Nicobar).
Greatest hunting pressure was on the west coast
of Little Nicobar and was rare or uncommon over
muchofthe Nancowry group. Continued adherence
to traditional values resulted in lesser levels of
exploitation which explained the continued
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Figure 9. Although the eggs of the Nxcobar 'Viegapode
are eaten, egg collectionis apparently notamajor threat.

however, were exceptional and was seen only
at two locations (Tahiyuol and Pilo Milo).
Megapodes are also shoton Meroe and Treis, thus
seriously threateningalready depleted populations.

Megapode eggs are apparently notan important
source of food. Thus, unlike other species where
high egg collection pressures exist (Bishop 1978,
Todd 1983, Stuebing & Zazuli 1986, Dekker &
Wattel 1987, Jones 1989), a low number of
mounds had been excavated for eggs (Table 3).
The Nicobarese and Shompen do collecteggsbut
apparently not all Nicobarese collect (or eat?)
megapode eggs, and egg collection isonly done
occasionally. Bompoka is an exception and
megapode eggs from there are gifted to people
on neighbouring Teressa.

Localised heavy hunting pressures onthe megapode
by Nicobarese is a recent phenomenon because
of the popularisation of airguns. The traditional
method, with a cross bow, was rare and | saw it
being used only on Bompoka and atone location
in Katchall. Most Nicobarese do not use snares,
and its use is even resented because pigs and
chicken get caught or injured by the nylon
nooses. Mainlanders, particularly labourers on
construc.ion projects, trap megapodes. High
hunting pressures by mainlanders existed on
Great Nicobar while work on Project Yatrik
(which opened uptheislandto colonisation) was
under way. Wth the phasing out of the project,
andthebetterimplementation of Wildlife Protection
laws, hunting pressures on megapodes have
declined. 1 did not come across any sign of
mainlanders digging up mounds for eggs

—
w



The Nicobar Megapode

Figure 10. Thai poachers snare the megapode and have
severely depleted populations onthe north-eastern coast
of GreatNicobar.

Very high hunting pressure, albeitlocalised, was
from Thai poachers who camp inisolated parts of
Tillanchong, Greatand Little Nicobar. Snares for
megapode and wild pigSus scrofanicobaricahad
been extensively placed in the north-eastern coast
of Great Nicobar and most mounds near Thai
camps hadsnares onthem. Several active mounds
that were infrequently worked upon was also
indicative of a population that had suffered recent
losses. About 5% of Great Nicobar’s coast is
affected in this manner.

Predation

Havingevolved in habitats that were free of large
carnivores, megapodes are particularly vulnerable
to predators (Dekker 1989). In the Nicobars,
introduced wild predators are absent. Only the
monitor lizard Varanus salvator, the reticulate
python Python reticulatus, and species of raptors
are potential predators of megapodes and their

Figure 11. Monitor Lizards burrowinto Megapode mounds
both to eat eggs as well as to lay their own.
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eggs. The monitor lizard excavate mounds both
for preying on eggs and to lay its own (cf Dekker
1992). However, as monitor lizards are extensively
hunted for meat, the numbers of this predator are
kept in check. .

Dekker (1992), suggested that cats and dogs
pose a threat to megapodes in the Nicobar
islands. My observations were contrary to this,
the most striking of which was an active type
‘A’ mound that was within 30 m of an inhabited
hut, and at nightthe megapodes roosted on an
adjacenttree. This household had five dogs and
four cats. Todd (1983) also stated thatin the 100
odd years that cats have been resident on
Niuafo’ou extinction of M. pritchardiihas not
taken place. With the exception of Meroe, dogs
and cats are currently not a threat to the Nicobar
Megapode. Cats were released on Meroe in 1991
to control rats that were seriously damaging the
coconut crop. The mostvisible change since then,
is in a flush of germinating coconut palms
forming a dense ground cover. As a result, the
area available for mound building is greatly
reduced and because of the dense ground cover,
the cursorial megapode would be increasingly
incapable of avoiding predators.

Habitat loss

The primary threat to most species of megapodes
is loss of habitat (e.g. Bishop 1978, Dekker 1990},
andthisistrue forthe Nicobar Megapode as well.
Demographic changes in the Nicobars have
resulted in widespread loss of habitat, this being
most acute in the Nancowry group of islands.

The Nicobarese subsist on coconut and have
converted coastal forests abutting their villages
into coconut plantations and have clear felled
forestto plantbanana, papaya andtuber-bearing
plants. Astribal populations are the highestin the
Nancowry group, most damage has occurred
there. A 35 km long strip of forest along the
southeastern coast has been depleted on Great
Nicobar due to settlement of mainland Indians.
Over 600 ha. of primary forests were replaced
with rubber plantations on Katchall. Expanding
townships and villages, roads, airstrips, and
infrastructure for defence establishments have all
resulted in the loss of habitat. The single biggest
threat to megapodes is the loss of habitat.
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Conclusion

e Nicobar Megapode was considered to be
= seriously endangered bird (Jones 1989). This
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“rezt Nicobar (Dekker 1992). Thisis particularly
e czse with the South Nicobar Megapode,

w.chinplacesisacommonbird. The Nicobar
pode, asaspecies, is notunderany threat
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mediate extinction, and is unlikely to .
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The status of the northern subspecies M. n.
nicobariensis gives rise to concern. Though the
bird is present on all of the islands where it used
to occur, there has been a decline in numbers.
This was reflected both in the few number of
active mounds and also in the high proportion of
inactive mounds present. However, there were
certain pockets within each island where
megapodes were apparently doing well.

The only real threat to megapodes in the present
context is the loss of habitat. This might not be
aprobleminthe Great Nicobar group inthe near
future, asthe islands are thinly populated and are
still mostly pristine. In the Nancowry group,
however, the situation is very different. Larger
human populations and scarcity of land have
resulted in megapode habitatbeing converted to
coconutplantations. Thoughthereisnoinformation
on the rate of land use change, apparently a
significant proportion of the coastal forest cover
has already disappeared, and more areas are or
will comeunder coconutplantations. The problem
isexacerbated inthe Nancowry group (excepting
Katchall), as a large amount of the Islands are
grassland (over 60% of Trinkat and about 30% of
Camorta), and a substantial area of the coast is
mangrove. Thus available or optimal habitat for
the megapodes is proportionately much less than
inthe Great Nicobar group. The available habitat
is also prime coconut plantation land, and | fear
that in a few decades there will be little habitat
left for the North Nicobar Megapode to survive
in. Asthe land inthe Islands belong tothetribals,
and rightly so, controlling or regulating the
conversion of forest to coconut will be difficult
if not impossible to achieve.

Megapodes are not being extensively hunted (or
their eggs collected) in the Nicobar Group of
Islands, butlocalized pressures may be quite high.
Unlike other megapode species, egg collection is
afar lesser problemthan hunting of adultbirds. The
pressures are localised and once the Thai problem
is solved, it will be considerably reduced. The
hunting pressures exerted by villages such as Pilo
Milo and Tahiyuol may cause localised rarity or
even localised extinction of megapodes, butas yet
the situation is not alarming.

15



Figure 12. Most islands of the Nancowry group have very little fresh water. Teressa, however, was a notable
exception asthere were several streams and rivulets all along the coast. Some, like the waterfall above, strengthe
a growing conviction that the future of the Nicobar islands lies in its conservation.
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Chapter 3

The Status of the Endemic Avifauna of the Nicobar islands
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n= list of endemic avifauna

Taxonomy: The inclusion of species or sub—

even though many of these are not confirmed or
accepted. Most disputed classifications of the
avifaunainthe Andaman & Nicobarislands can
be attributed to the paucity of an adequate
collection of skins in museums. Till suchtimethis
is accomplished, there is a need to include all
species/subspecies that have beenidentified as
distinctive inthe literature. The currenttaxonomic
status is from Howard & Moore (1991).

The historical status: The population status of
each species in literature has been taken from
Hume (1874), Butler (1899), and Abdulali (op cit).

Sight records: The relative abundance of a
species is indicated by the number of times a
species was sighted or heard during this survey.
A flock was considered as a single sighting.

Status: The new IUCN criteria for assigning threat
status, modified for preparing Red Data Books for
birds (Collar et al. 1994), have been applied to
each species and subspecies endemic to the
Nicobar islands. However, due to the lack of
quantitative data on population, application of the
criteria in the Nicobar group can be misleading
as in small inhabited islands almost all species
would qualify as either Endangered or Vulnerable.
Moreover, many of the criteria call for purely
qualitative judgements which were unsatisfactory
to this analysis. Thus, numerical thresholds for
certain criteria were devised whereby the status
of species of avifauna could be judged.

To assess whether a species is threatened, six
criteria with various numerical and qualitative
thresholds have been defined (Collar et al.
1994). Criteria A: Rapid decline; B: Small range,
plus any two of: fragmented, declining and
fluctuating [habitat]; C: Small population and
declining; D1: Very Small orrestricted population;
D2:Very Small range; and E: Unfavourable PVA
(Collaretal. 1994). As data on population trends
of species in the Nicobar islands is lacking,
criteria other than B cannot be effectively
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applied. Under Criteria B, a continuing decline
in area, extent and quality of habitat of a species
with an area of occupancy of less than 500 km?
qualifiesitto be classified as endangered and that
with an area of occupancy less than 2,000 km?
asvulnerable.

The Endemic Avifauna of the Nicobar Islands

The two major problems in applying this criteria
in estimating loss and rate of loss of habitat were:
a) there are no numeric thresholds by which to
make this assessment, and b) the absence of data
ontime frames over which habitat has been lost.
| addressed these problems by equating a
reduction in area of occupancy with the loss of
habitat in the Nicobarislands (i.e. forest that had
been cleared or degraded for human use or
grasslands that had been planted with trees)
irrespective of the time involved and the rate of
habitat loss with the rate of human population
increase. Ithen incorporated anumericthreshold
forboth these factors by which decline in habitat
can be judged.

Loss of habitat due to mainlanders was estimated
using existing records and visual evaluations
(Appendix 4). Three islands have had significant
loss of habitat due to mainlanders. The majority
of a 35 km long and approximately 2 km wide
strip of forest was cleared on Great Nicobar to
settle mainlanders, and further areas were cleared
todevelop other infrastructure. On Katchall about
600 haofforests were clearedto develop arubber
plantation and further areas were cleared for
atownship etc. Camorta has undergone habitat
loss due to the development of a township:
Habitat loss due to Nicobarese was primarily
due to the conversion of coastal forest into
coconut and other plantations. Typically, a
strip of forest not more than 200 m from the
beach is cleared for plantation. During the
survey | assessed the amount of coastline on
each island that was under plantation, and
assumed a standard width of 0.5 km to estimate
area of habitat loss due to Nicobaris. Thus, a
rough estimate of the amount of habitat lost till
date could be made (Appendix 4).

Barring loss of habitat due to mainlanders, over

80% of which occurred between 1969 and
1975, the time frame of habitat loss due to

18

776

Nicobaris cannot be fixed, as the process of
converting forest to coconut plantations has
continued over several decades. Thus, while it
is possible to estimate how much habitat has
been lost till date, the time over which this
occurredis notknown. However, as both tribal
and mainlanders are dependent on the natural
resources of the islands, the rate of increase of
pressure on the forest resources can be related
to the rate of increase in human density. The
greater the rate of density increase, the greater
the increase in pressures on the habitat.

The numerical thresholds incorporated in this
analysis are those of criteria C, that is a decline
in population of 20% within 10 years qualifies
a species as vulnerable and 20% over five
years as endangered. | incorporated these
values into the assessment of decline in extent
and quality of area of occupancy by assuming
that where there hasbeen a 20% loss of habitat
with a 20% increase in human density overthe
last 10 years, there has been a decline in area,
extent and/or quality of habitat, and that the
species should be treated as vulnerable. A
doubling of any one of the above two factors,
that is a 40% habitat loss or a 40% increase
in human density, will qualify a species as
endangered.

Though the priority for conservation should be
full species endemics, this analysis is concerned
with the conservation of all avian taxa unique
to the Nicobar islands. Hence, all endemic
subspecies are included in the analysis. The
status of each species or subspecies has been
inferred from Table 5, which gives its area of
occupancy (= island group), Appendix 4 which.
givesthe proportion of habitat lost, and Appendix
5 which gives the increase in human density.

Endemicspeciesthat were sighted more than 100
times have been considered as not threatened
unless undergoing a specific threat like hunting,
assightingfrequency is indicative of abundance.

Due to the highly restricted range of most
endemics in these islands, and as even a small -
change in Governmental policy or any other
extrinsic factor can result in a collapse in
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Table 4. Number of Bird species recorded
from the Andaman & Nicobar Islands

Total spp. & subspp. recorded from A&N 270

Total spp. & subspp. endemic to A&N 105
Spp. & subspp. endemicto Andaman group 49
Spp. & subspp. endemic to Nicobar group 39

Endemics common to both groups 17

Endemicfull spp. (with 17 sub-species) 14

Endemic Subspecies £
Islandgroup Totalspp.  Exclusivespp.
Andaman 214 126
Nicobars 144 56

Nicobar Bulbul is exclusive to the Nancowry
group. The Nicobar Shikra and the Nicobar
Megapode are common to both groups. Though
Car Nicobar has no full species endemic, there

~ are a few exclusive subspecific endemics.

Status of the Endemic Avifauna

Considerable concern has been expressed
about the status of the avifauna in the
Andaman & Nicobar islands. Recently, Collar
et al. (1994) considered four species as
globally Vulnerable and 10 species as globally
Near Threatened in the Andaman & Nicobar
islands. Of the four species considered
Vulnerable, two are endemic to the Nicobar
group, and six of 10 species considered Near
Threatened are present in the Nicobar group,
three of which areendemictothe Nicobarislands.

The application of the criteria that designate
species as threatened on 45 endemic species and
subspecies of the Nicobarislandsindicatesthat 18
species or subspecies endemic to the Nicobar
islands are eitherendangered (1), vulnerable (6),
ornearthreatened (11). Six species and subspecies
are data deficient and 21 are of less concern.

Of the species and subspecies that are either
Endangered or Vulnerable, four are full species
endemics, three of which have subspecies on
otherisland subgroups which are Near Threatened
(2) orofless concern (1). Ofthe Near Threatened
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species and subspecies, three are subspecies of
species endemic to the Nicobar islands. Thus
of the five species and their subspecies
endemic tothe Nicobar group of islands, four
are either Endangered, Vulnerable, or Near

Threatened. Only one full species endemic, the

Blyth’s Nicobar Parakeet, is of less concern. Of
the three species and their subspecies endemic
to both the Andaman & Nicobar islands, two
are either Vulnerable or Near threatened.
Seven endemic subspecies of species found
outside the Andaman & Nicobar islands are
either Vulnerable or Near Threatened.

Some species (or subspecies) are threatened or
vulnerableinsome islands butare of less concern
in others. Species, subspecies or populations
occurring in the Nancowry or Car Nicobar
subgroup are more likely candidates forthreatened
status than those in the Great Nicobar subgroup.

The list of the endemic avifauna
1. Nicobar Tiger Bittern Gorsachius
melanolophus minor

Taxonomy: Subspecies separated because it is
smallerthan G. melanolophus melanolophus. Now
considered to be G. melanolophus, which ranges
from India to Greater Sunda. Historical status:
Apparently uncommon, less than 10 specimens
present.Sightrecords: No confirmed sighting, but
possibly seen on Tillanchong. Status: Data Deficient,

2. Car Nicobar Shikra Accipiter badius butleri
Nicobar Shikra A. b. obsoletus
Taxonomy: Now considered to be a full species
endemic, A. butleri, to the Nicobar islands. A. b,
butleriis endemicto Car Nicobar, andA. b. obsoletus
to the Nancowry and Great Nicobar subgroups.
Historical status: Has been collected on Katchall,
Camorta & Great Nicobar. ButlerfoundA. b. butleri
to be not‘uncommon’ on Car Nicobar, the status of
A. b. obsoletus has not been mentioned. Sight

Note.

Taxonomy: Recent taxonomic classification from Howard &
Moore(1991).

Historical status: From Hume (1 874), Butler (1899) and
Abdulali (1964a, 1964b, 1966, 1967, 1971, 1974, 1978).
Status: A1 c-decline of population dueto actual orpotential
levels of exploitation. Ald-decline due to effects of
introducedtaxa. B2c-continuing decline in area extent and/
or quality of habitat. C1-continuing decline in population.
Datadeficient: Inadequateinformationto makeassesment.
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records: 20-25. Notsighted on Car Nicobar.Status:
A. b. butleri Endangered [B2c]. A. b badius Near
threatened. :

3. Andaman Pale Serpent Eagle Spilornis
cheela davisoni
Nicobar Crested Serpent Eagle S. c. minimus
Great Nicobar Crested Serpent Eagle
Spilornis klossi
Taxonomy: This species has been reclassified intoSs.
¢. davisoniands. elginifrom the Andamans, and.
minimusfromthe Nicobars. S. minimus occurs as two
subspecies, . m. minimusfrom the central Nicobar
islands and S. m. klossifrom Great Nicobar island.
There isapparently only one record ofS. elginifrom
the Nicobar, but this may be a case of wrong labelling
(Abdulali 1967). Historical status: Not numerous,
Sight records: S. m. klossi 30-35 times. S. m.
minimus no sightings. Status: S. m. klossi Near
threatened.S. m. minimusVulnerable [B2c].

4. North Nicobar MegapodeMegapodius

nicobariensis nicobariensis

South Nicobar Megapode M. n. abbotti
Taxonomy: Originally cal ledMegapodius freycinet,
is now an endemic full species. Historical status:
Common.Sightrecords: M. n. nicobariensis45-50;
M. n. abbotti >150.Population: M. n. nicobariensis
600-2100breeding birds and M. n. abbotti 3400-6000
breeding birds.Status: M. n. nicobariensis Vulnerable/
Endangered [B2c, C1].M. n. abbottiNearthreatened.

5. NicobarBluebreasted Quail Coturnix
chinensis trinkutensis

Taxonomy: Unchanged. Endemicto the Nancowry
and Car Nicobar groups. Historical status: Common
on Car Nicobar, Trinkat & Camorta.Sight records:
12-15. Notsighted on Teressa and Bompoka, but are
saidtobe presentthere. Grassland habitat not visited
on Car Nicobar. Status: Of less concern.

6. Button Quail Turnix tanki albiventris
Taxonomy: Now consideredto be Turnixtankitanki,
whichis notendemic.Historical status: Common on
islands with grasslands.Sightrecords: Notspecifically
identified but quails were flushed several times.
Status: Of less concern.

7. Andaman Bluebreasted Banded RailRallus
striatus obscurior '
Nicobar Bluebreasted Banded Rail R. s,
nicobariensis

Taxonomy: The Nicobar subspecies is now considered

to be the same as the Andaman one, Rallus striatus
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=man Whitebreasted Waterhen
—auromis phoenicurusinsularis
‘eheaded WaterhenA. p.

) Ao liic
Swb §oil0h

‘eheaded WaterhenA. p.
oth  Amaurornis phoenicurus
ohalus &A. p.midnicobaricus are now not

w=c and allwhitebreasted waterhens from the
aman & Nicobarislands are considered to be A.
i ans Thereis, meritin Abdulali’s segregation
om Car NicobarasA. p. leucocephalus, as

“os have the head down to the nape entirely
nough a few individuals have some dark

w=s on the hind neck. Historical status:
Sight records: Great Nicobar >50,

~vgroup 30-35, Car Nicobar 40-50.Status:

1

&

“nozman PompadourPigeon Treron

smpadora chloroptera
“aasmomy: Unchanged. Historical status: Abundant.
s records: Great Nicobar group 35-40. Nancowry

2 20-35.CarNicobar 10-12. Acommon species
“mamy ofthe Nicobarislands. Threats: Extensively
=0 with airguns.Status: Near threatened.

swsmomy: Unchanged. Howard & Moore have not
oned D. a. andamanicaintheir list, which isthe
“speciesendemicto the Andaman group. Historical
#afess Very common. On some islands ‘simply
=ing’. Sight records: Great Nicobar group
~5 ancowry group 150-200. CarNicobar 10-15.
* exceedingly common pigeon in the Nicobar
ancs, withislands like Tillanchong teeming with
nem.Threats: Extensively hunted with airguns. On
wmeisiands (e.g. Car Nicobar) there has apparently
we=n 2 severe decline in numbers due to severe
“umiing pressures. Status: Nearthreatened.

«icobar WoodpigeonColumbapalumboides
micoDarica

Tzxonomy: Now nota recognised race, butasingle

- speciesendemicC. palumboidesis recognised

A
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from the Green imperial pigeon. Threats: Hunting
with airgun.Status: Near threatened.

12. Andaman Cuckoo-DoveMacropygia

rufipennis andamanica

North Nicobar Cuckoo-Dove M. r.

rufipennis

Nicobar Cuckoo-Dove M. r. tiwarii
Taxonomy: Macropygia rufipennisis afull species
endemic from the Andaman & Nicobarislands. M. r.
andamanica andM. r. rufipennisare now considered
to be the same and endemic to Andaman & North
Nicobars and M. r. tiwarii as endemic to Great
Nicobar.Historical status: Common.‘Less abundant
than inthe Andamans’. Sight records: Great Nicobar
group 10-15, Nancowry group 20-25. Mostly seen in
pairs and apparently a naturally scarce species.
Status: M. r. rufipennisVulnerable [B2c]. M. r. tiwarii
Ofless concern.

13. Nicobar Emerald DoveChalcophaps indica
augusta

Taxonomy: Howard and Moore have not mentioned

this species from the Nicobar islands and probably

consider it the same as the Andaman race C. i.

maxima. Historical status: Common.Sight records:

70-75. Status: Of less concern / Near Threatened.

14. Nicobar PigeonCaloenas nicobarica
nicobarica

Taxonomy: C. n. nicobarica is not considered
endemic and occurs up to New Guinea islands.
Historical status: Common (?). ‘Breeds in the
thousands on Batti Malv’. Sight records: Great
Nicobar 70-80, Nancowry group 35-40. Threats:
Hunting by airgun (?). Status: Near threatened.
Additional notes: 3 birds seen drinking sea water
from pool left behind by receding tides.

15. Blyth’s Nicobar ParakeetPsittacula
caniceps

Taxonomy: Unchanged. Historical status: ? Sight

records: 150-200.Status: Of less concern.

" 16. Nicobar Redcheeked ParakeetPsittacula

longicauda nicobarica
Taxonomy: Unchanged. Historical status: Extremely
common.Sightrecords: >500.Status: Of less concern.

17. Andaman Koel Eudynamys scolopacea
dolosa

Taxonomy: Howard & Moore do not mention this

speciesfromthe Nicobar islands Historical status: Very

common Sightrecords: 300-350.Status: Of less concern.
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18. Nicobar 5cops Owl Otus scops nicobaricus
Taxonomy: Howard & Moore do not record this
species from the Nicobars. Abdulali states that ‘it
appears evident that some form of scops otherthan
Otus balli (Andaman Scops Owl) is present in the
Nicobars'. Historical status: Scarce (?).Status: Data
deficient.

19. Brown Hawk-OwINinox scutulataobscura
Taxonomy: Unchanged.Historical status: ?Status:
Data deficient.

20. Nicobar Hawk-Ow! Ninox affinis isolata
Nicobar Hawk-OwlNinoxaffinis
rexpimenta

Taxonomy: A full species endemic tothe Andaman

& Nicobar islands. N. a. isolata is present in the

Nicobar islands excepting Great NicobarwhereN. a.

rexpimenta is present. Historical status: Not very

common (?).Status: Data deficient.

21. Andaman Greyrumped swiftletCollocalia
fuciphaga inexpectata

Taxonomy: Name changedtoAerodramus fuciphagus.
Not considered endemic and distribution extends up
to Greater Sunda and Timor Islands. Historical
status: Less common in the Nicobars than in the
Andamans.Sight records: >100 on Tillanchong, <10
totally on all other islands. Threats: Excessive nest
collection. Status: Vulnerable [A1 cl. Additional
notes: This species, belongs to the ‘white nest
swiftlet’ group, whose nests are made entirely of
agglutinatedsaliva, andareofavery high commercial
valueinthe international market. At PortBlairakg
of nests (one kg normally consists of about 70 nests)
fetches between Rs 5000 and 8000 or more. Virtually
all colonies are exploited, and nests are collected
irrespective of whether there are €ggs of chicks in
them, with presumably serious effects on the species.

22. Whitebellied SwiftletCollocaliaesculenta
affinis

Taxonomy:U nchanged.Historica! status: Abundant.

Sight records: >100. A common species in most

islands, far more numerous than the Andaman

Greyrumped Swiftlet.Status: Of less concern.

23. Andaman Three-toed KingfisherCeyx
erithacus macrocarus

Taxonomy: Unchanged Historicalstatus: 10specimens

have been collected on Great Nicobar. Apparently

common in the Nicobars, particularly Great & Little

Nicobars; only 3 records from the Andamans.Sight

records: Though | boated over 10kmupthe Galathea
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river, and foracouple of kilometresonthe Alexandra
river, | did not see any. Status: Data deficient.

24. Nicobar Storkbilled KingfisherPelargopsis
capensis intermedia

Taxonomy: Now called Halcyon capensis intermedia
Historical status: A common species on Great &
Little Nicobar. Absent in the Nancowry & Car
Nicobar groups. Distribution of this species curiousas
another subspecies is present inthe Andaman group.
Sight records: 575 Status: Of less concern

23. NicobarWhitecollared KingfisherHalcyon
chloris occipitalis

Taxonomy: Unchanged.Historical status: Present
throughoutthe Nicobarislands. More common inthe
Nancowry & Car Nicobar group than in the Great
Nicobar group.Sight records: >100.Status: Ofless
concern.Additional notes: Seen nesting in termite
(ant ?) nests on trees.

26. Nicobar Greenbreasted PittaPitta sordida
abbottii

Taxonomy:U nchanged.Historical status: 2. Endemic

onlyto Great& Little Nicobar.Sight records: 25-30

Not common, more often heardthanseen. Apparently

naturally scarce. Status: Of less concern.

27.Nicobar Blacknaped Oriole Oriolus
chinensis macrourus

Taxonomy: Unchanged.Historical status: Common

Sight records: 5125. Common in the Nicobars

exceedingly so on Car Nicobar. Status: Of less

concern.

28. Nicobar Racket-Tailed DrongoDicrurus
paradiseus nicobariensis
Taxonomy: U nchanged.Historical status: Commorn
Sightrecords: GreatNicobargroup 125-1 50. Katcha
4-5. Car Nicobar 1. Status: Of less concert
Additional notes: Curiously distributed in the
Nicobar group. Common on Great & Little Nicobar
Megapode island, Kondul, PiloMilo & Menchal; itis
presenton Car Nicobar and Katchall, butonno othes
island of the Nancowry group- Uncommon in the
lattertwo.

29.Small Andaman DrongoDicrurus
andamanensis andamanensis?

Taxonomy: Unchanged.HistoricaI status: Notrecordes

from the Nicobars. Sight records: 3 individuals iz

Katchall in the paddy field close to the jetty and 3=

inCarNicobarinanarea cleared for plantation. ldenti

to be confirmed.Status: ¢ Excluded from the analysis




2man Glossy StareAplonis panayensis
-y Tree Stare A. p. albiris

—v- The Nicobar race is now considered to

— 2<the Andaman one, Aplonis panayensis
s:storical status: Abundant.Sightrecords:
SEatws: Abundant.

- ar Whiteheaded MynaSturnus
a8 sovgiuserythropygius
0 21l Whiteheaded Myna S. e.

sy A full species endemic tothe Andaman

Halcyon -1ands. Currently classified as 5. e.

~.=us endemic to Andamans, S. e.
ss: Present wamensisendemic to Car NicobarandS. e.
mon inthe -« endemic to Katchall. Historical
' the Great - TheWhiteheaded Myna was considered to

~sume on Car Nicobar, but Butler found
=mon on thatisland. The Whiteheaded
-~duced to Camortain the late 1800s,
sordida 3 12, CarNicobar 20-25. Common on
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yrds: 25-3C
el —=n Hill Myna Gracula religiosa
2 Hill Myna G. r. halibrecta
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- Commor Az redigiosa =ndamanensis. Historical status:
= Nicobars mmmon (7)_Sight records: Great Nicobar group
tus: Of less 2 \ancowry group 12-15. Status: Near
Yicrurus ~ihar Pied Cuckoo-ShrikeCoracina
us: Common Sesmmaemy- Now called Lalage nigra davisoni.
150. Katchal sl st2tus: Not uncommon. Sight records:
<5 concern. ~~+=c only on Camorta and Katchall. An
wted in the e o rare species. Status: Vulnerable [B2c].
istle Nicobar ‘
sienchal; itis % Fairy Blue-bird Irena puella andamanica
tonno other . 2=y auote Butler and include the Nicobars
~.tion, but this species has not been

smmon in the Ssaributio
1 ‘et oo there by Davison and Abdulali, Iam

~~=:= Butler's reference, and have

o

w

5= Not recordec 3 Ancama

ndividuals in DOOSUS WilisUer|
< jetty and 3-2 T Unchanged. Historical status: Thisspecies
ntation. ldentity -+ mzve heen introduced into the Nicobars from
»mthe analysis.
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the Andamans. Davison saw itbeing released on Car
Nicobar and saw a small party on Camorta. Sight
records: >200. Excepting Tillanchong and Bompoka,
they are now presenton all Nancowry group islands
and Car Nicobar. Status: Common. Additional
notes: There is record of its introduction on only two
islands. In the last century it has apparently spread
to islands as far as 50 km from the island where it
was introduced. Needs to be eradicated from the
Nicobarislands.

36. Nicobar Bulbul Hypsipetes nicobariensis
Taxonomy: Unchanged. Historical status: This
full species endemic hasbeen specifically recorded
from all islands in the Nancowry group, and from -
Pilo Milo in the Great Nicobar group. | believe
the sight record from Pilo Milo to be erroneous as
this species was neither seen by me nor in the past
from either Great or Little Nicobar. Said to be
common in the past.Sight records: Camorta 4-5,
Nancowry 1, Katchall 15-20 (1 flock > 100 birds)
Tillanchong 1, Teressa 15-20. Threats: The
introduced Andaman Redwhiskered Bulbul, which
has spread throughout the Nancowry group and is
very common, has probably resulted in the rarity
of the Nicobar Bulbul because of competition for
the same ecological niche. Status: Vulnerable
[A1d,B2c].

37. Paradise Flycatcher Terpsiphone paradisi
nicobarica

Taxonomy: Unchanged.Historical status: Davison

found this species rare in both the Andaman &

Nicobar islands, but Butler found them to be

numerous in the Nicobars. Abdulali did not record

it. Sight records: 5. Status: Near threatened.

38. Car Nicobar Blacknaped Monarch
Monarchaazurea idiochroa
Nicobar Blacknaped Monarch M. a.
nicobarica
Taxonomy: Now known as Hypothymis azurea
idiochroa and H. a. nicobarica. Historical status:
Common. Sight records: 90-100. Status: Of less
concern.

39. Nicobar Ground Thrush Zoothera
citrina albogularis

Taxonomy: Unchanged. Historical status: Butler
said they were fairly common throughout the
Nicobars, but shy and difficult to procure.
Specifically recorded from Trinkat, Nancowry,
Camorta and Katchall. Sight records: 1 on
Katchall. Status: Near threatened / Data Deficient.
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40. Central Nicobar Olivebacked Sunbird
Nectarinia jugularis klossi
Car Nicobar Olivebacked Sunbird N. j.
proselia

Taxonomy: Unchanged.Historical status: Common.

Sight records: >500. Status: Of less concern.

41. Nicobar Yellowbacked SunbirdAethopyga
siparaja nicobarica

Taxonomy: Unchanged. Historical status: Common.

Sight records: 70-75. Status: Of less concern.

42 Nicobar White-eyeZosterops palpebrosa

nicobarica _
Taxonomy: Unchanged. Historical status: Common.
Sight records: >10. Status: Of less concern.

43. NicobarWhitebacked MuniaLonchura
striata semistriata

Taxonomy: Unchanged. Historical status: Common.

Sight records: <10. Status: Of less concern.

Status of Introduced species

Several species of avifauna havebeen introduced
‘n the Andaman & Nicobar islands. The
Andaman group has had a greater number of
introductions than the Nicobar group, and of
the 12 mainland species introduced, 10 were
inthe Andaman group and four inthe Nicobar
group. Additionally, two Andaman endemics
have been introduced into the Nicobarislands.

There are several examples of introduced
species causing extinction or rarity of endemic
species in island ecosystems (e.g. Atkinsoh
1989,0lson 1 989, Carew-Reid 1990, Baker 1991 ).
It is crucial to the long-term survival of several
endemic species of the Nicobar islands that the
introduced species are either eradicated from the
islands or their populations are controlled.

Blue Rock Pigeon : Introduced to Car Nicobar

in 1898. Not widespread, but domestic strains
are common around habitationsin Car Nicobar.
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Less than a 100 are presenton Great Nicobar.

House Crow: Corvus macrorhynchos was
introduced into the penal settlement at Camorta
(c.1890)as wasCorvussplendenswheretheyboth
died out. Now the only island where the House
Crow is present is on Car Nicobar. (year of
introduction ?), where it is common around
habitations, but absent or scarce in the forest.

Andaman Whiteheaded Myna: Year of introduction
into Camorta unknown. | did not see this species
there.

Indian Myna: Introducedin 1867, first introduced
into Port Blair and from there to Camorta. This
species has apparently died outand | did not see
it on Camorta.

Andaman Redwhiskered Bulbul: Year of
introduction in Camortaunknown. Inthe 100 0dd
years of its presence ithas spread to Nancowry,
Trinkat, Katchall, Teressa, and Car Nicobarwhere
it is very common at places.

House Sparrow: Was introducedin 1 895 intoCar
Nicobar where it is now common.

Conclusion

About 36% of the endemic species and subspecies
presentontheNicobaris':andsareeitherendangered
(29%), vulnerable (12%) or nearthreatened (22%),
eliciting grave concern about their long-term
survival. While there is still adequate habitat
availablefor mostspecies,thetrend of increasing
human pressure on natural resources, particularly
because the limits on the resource base is so
acute, will soon result in the disappearance of
populations and subsequently of species.
Conservation measures need to betakento ensure
thatadequate habitatis preservedtoensure thatthe
endemic avifauna of the Nicobar islands survive.
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Chapter 4

Conserving the Nicobar islands

miroduction

S odiversity is the total variety of life on earth,
- is highly threatened; in the economic sense

- odiversity represents unimaginable wealth, in
e ethical sense it is priceless (ICBP 1994).
sere avian endemism is pronounced, there
-onearstobeahigh degree of endemism in other
= inems (ICBP 1994), and therefore Endemic
% reas are of critical importance. Of the 27
~r endemic Bird Areas in Asia (and of 221 in
the Nicobar islands is one, and thus

sriant component of the biological

ealth of India.

| O3l

~

« " nuoh 25 much as 80% of the Nicobar islands

2= <1l covered by primary forest, and at least

v =<0l relatively undisturbed, the trend over
de gives riseto grave concern. Three
need to be addressed immediately.
«ind of development programmes that
: e increasingly being subjected to
2 second, the growth of human population,
e cularly that of mainlanders. The third issue
zand implementation ofa protected
neswork inthe Nicobarislands, whereby the

2l of the endemic species of the islands

1

secuvely ensured.

—oortzant Islands / Island Groups

~wn distinct flora and fauna, all of
~ .-~ meritpreservation. Theonly waytoensure
=+ long-term survival is by developing

ztion programmes for important islands
.~ =land groups, setting aside areas as wildlife
w=rve<_where all but the barest of human use
~luded. Islands and island groups have been

Island Groups: From the data available (Tables
6 & 7), it is apparent that all three island groups
are crucial to the endemic avifauna of the
Nicobarislands, as all island groups have unique
taxa. However, the Nancowry group of islands
must perforce take first priority, asitnotonly has
the highest number of endemic species and
subspecies, but also the highest number of
vulnerabletaxa (Tables 6 & 7). Of second priority
is the Great Nicobar group, as it also possesses
a high number of endemics and the highest
number of Near Threatened taxa (Table 6 & 7).
The Car Nicobar group has the third priority
because the island has the least number of
endemics, only one of which is threatened.

Islands: The mostimportantisland forconservation
in the Nicobar islands is Great Nicobar, as it has
the highest number of endemic taxa (Table 5 &
7). Itis also the largestisland in the Nicobars, and
large island size decreases the probability of
extinction (Adler 1994). Three islands of the
Nancowry group, Camorta, Katchalland Nancowry

Table 6. Number of endemic avifauna species and
subspecies accordingtoisland groups.

Istandgroups A B C D E

GreatNicobar 32 1 5 17 9
Nancowry 36 1 4 19 12
CarNicobar z 0 5 10 N

Total no. of endemics present

Endemic species exclusive to the subgroup

Endemic subspecies exclusive to the subgroup
Endemic species/subspecies common to other Nicobar
Islands

E Endemicspecies/subspeciescommontoAndamanIslands

o0 ®>

Table 7. Numberof Endangered, Vulnerable, and Near
Threatened avifaunaspecies accordingtoisland group.

island group En Vu NT
GreatNicobar 0 0 10
Nancowry 0 6 9
CarNicobar 1 1 6

En-Endangered; Vu-Vulnerable; NT-Near Threatened
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are ranked as second highest on the priority list,
despite their inequality in number of endemics,
because the conservation of these three islands
will benefit all endemic species occurring in the
Nancowry group.The only endangered bird, the
Car Nicobar Shikra, in the Nicobar group of
islands is on Car Nicobar, thus qualifyingitasthe
third priority island.

Developing a Protected Area Network

Intheir monograph onplanninga protected area
network for India, Rodgers and Panwar (1988)
sate ‘The scale of biological value in the
Andaman & Nicobar islands is so great, that all
protected area proposals must be seenasamajor
priority’. To ensure the long-term survival of the
endemic avifauna of the Nicobar Islands it is
imperative that a protected area network be
developed whereby the habitats of mostendemic
taxa receive protection.

Existing Protected Areas

Only four of the 24 islands in the Nicobar group
have Protected Areas. Batti Malv (2 sq km),
Tillanchong (17 sq km) and Megapode Island
(0.25 sq km), all uninhabited, are Wildlife
Sanctuaries. Great Nicobaris a Biosphere Reserve
(885 sq km), with two core areas; the Campbell
Bay National Park (426.23 sq km), and the
Galathea National Park (110 sq km). A part of
Great Nicobar has been designated as a Tribal
Reserve (119 sq km) for the Shompen (Pande et
al. 1991), but much of this falls within the
Biosphere Reserve. t

Proposed Protected Area Network in the
Nicobar group of islands

The existing protected area network in the
Nicobar islands is inadequate for two reasons.
Firstly, island groups which have both a
large number of Andaman & Nicobarendemics
and exclusive endemics are not adequately
protected, and secondly, the design of the
existing Great Nicobar Biosphere Reserve is
flawed. | propose the creation of the Nancowry
Biosphere Reserve, the redesigning of the
Great Nicobar Biosphere Reserve and the
inclusion of offshore waters into the two
Biosphere Reserves.
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Creation of the Nancowry Biosphere
Reserve: Even though the Nancowry group
has the highest number of endemics and is
first on the priority list, only uninhabited
Tillanchongisland is protected as a Wildlife
Sanctuary. Thus, only less than 3% of the
area of the Nancowry group is protected.
There is a need for a Biosphere Reserve in
the Nancowry group, that encompasses all
islands within the group. The core areas of
the proposed Nancowry Biosphere Reserve
should be the three islands that are of high
priority, (Camorta, Katchall, and Nancowry),
by whose conservation mostendemic species
in the Nicobar islands will be benefited (Fig.
14). Tillanchong, already a Wildlife Sanctuary,
can form the fourth core area (Fig. 14).

Redesigning the Great Nicobar Biosphere
Reserve: Although a little over 50% of Great
Nicobar has been protected as National Parks
and about 85% as Biosphere Reserve (885 sq
km) (Fig. 15), this is inadequate. The buffer
zones of Biosphere Reserves are designated as
areas of multiple use. Although less than 10%
of Great Nicobar is under human use, 35% of
Great Nicobar has been designatedas a buffer
zone. Moreover, the National Parks protect
only the central portion and less than 15%
of the coastal areas of Great Nicobar. The
National Parks also leave unprotected a broad
strip of primary undisturbed forest between
them through which the East-West road passes.

The aparent flaws in the design of the National
Parks on Great Nicobar are:

a) On islands, particularly hilly ones, the first
area to be destroyed are coastal forests. This
habitat, crucial to the survival of the Nicobar
megapode s insufficiently protected (Fig. 1 4).

b) The southern tip of Great Nicobar, which is
unprotected, comprisesthe largestuninhabited
flat coastal forest in the Nicobar group and
harbours large populations of species such as
the Great Nicobar Crested Serpent Eagle,
Nicobar Megapode, Blyth’s Nicobar Parakeet
and the Nicobar Pigeon.

¢) The central portion of Great Nicobar is also
unprotected.
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the buffer zone on the east coast, which the
mainlandersinhabit, programmes of afforestation
and sustainable use of resources can be
implemented. This will be necessary because in
the future, with increasing human populations,
there will be a great deal of pressure on the
limited resources of the island.

The design of the Great Nicobar Biosphere
reserve isinadequate also because it only covers
absolutely pristine areas where the influence of
mainlanders is non-existentand the influence of

. thetribals minimal. On Great Nicobar, the tribal

populations are very small (fewer than 450
people, and most hamlets have barely 2 or 3
families), and itwas evidentthatthe pressuresthat
they exert on the forests were well within
sustainable limits. Thus, the existing Biosphere
Reserve does not address the real needs which is

Chaura
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Buffer Zone

Katchall
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< Isle of Man

Y Trinkat
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cover areas that are used to a larger extent by
man. The proposed Biosphere Reserve should
cover the other Islands in the Great Nicobar
Group, namely Kondul, Pilo Milo, Little Nicobar,
Meroe, Treis, Trak and Menchal. Little Nicobar,
currently unprotected, can have a satellite core
zone as well (Fig. 15). The designation of Little
Nicobar as a National Park has also been
recommended by Rodgers & Panwar (1988).

Conserving offshore waters: The seas around
each island are very rich in marine life and
resources, many of which are of very high
commercial value. There is, therefore, a greater
need to provide some form of protection to
offshore waters whereby utilisation of marine
resources can be regulated at sustainable levels.
The incorporation of the sea up to a distance of

two nautical miles from the shore and the waters
between islands into the Biosphere Reserves is
probably the bestsolution. Alternately, a Marine
National Park comprising the waters between the
islands can be formed.

Specific Conservation Issues

Human population: Every document on the
Andaman & Nicobar islands records a great deal
of concern about the continuous inflow of
mainlanders into the island group. All but two
islands of the Nicobar islands are designated as
tribal areas under the Protection of Aboriginal
Tribes Act (1957). Therefore, on all islands,
excepting Great Nicobar and Katchall, the
presence of mainlanders is to primarily facilitate:
administration. But the growth in mainlander

Existing Great Nicobar Biosphere Reserve

/]N

, Cabra

Kondul

Campbell Bay
National Park

(Galathea National
Park

12 km

, Core areas

Proposed Great Nicobar Biosphere Reserve

%. Meroe

Trax % gy Treis

Little Nicobarl. &\ @ Menchall.

Great Nicobar].

Megapod

Figure 15. Proposed redesigning of the Great Nicobar Biosphere Reserve
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siztion in the Nicobar islands is not
—mensurate with the growth of the tribal
Jzmon. The density of maintandershas grown
=< 7 persgkmto 7.3 persqgkmbetween 1981
1991, an increase of 55%, whereas for the
dethe density of Tribals hasincreased
»m 10.8 persgkmto 12.8 persqkm, an increase
snly 18.59 5 (Fig. 16, Appendix5). The situation
arming on islands which are on the

seorty list for avian conservation where the
—owh inmainlander population hasbeen greater
~am 307%, while the growth in tribal population
2= heen lessthan 20%. The entire appeal against
p= -;-:h-.t” of mainlander population can be

/

fact that Camorta is a tribal area, and that
main 5“;ders are primarily meantto facilitate the
=cminstration of the islands, for a population of

206 1tribals, there are 1567 mainlanders. Clearly
“here is an imbalance between the institutional
manpower necessary for administration and the
=visting manpower and infrastructure.

Therapid growth in mainlander populationinthe
cobar islands has three main repercussions.
=irstly, there is an increased pressure on natural
-esources asthe people are entirely dependenton
“uel wood and building material from the forest.
E%"walv as a considerable proportion of the
mainlanders is employed by the Government,
“here has been a rapid expansion in the ‘works’
=t are undertaken, the infrastructure builtand
~ the townships. Thirdly, since the Nicobarese
sopulation is also increasing, a rapid growth of
mainlander population in the islands will add to
“»e= depletion of resources and in the rapid
sestruction of forests.

1

~us, it is imperative that the growth of the
—znlanderpopulation is checked andifpossible
=versed if the natural resources are to remain
thinsustainable limits.
Development projects:The immediate threatto
= Nicobarislandslies inthe kind of development
rozrammes that are being implemented. Like
—=mv other remote areas, the Nicobar islands
=c=nvesasignificantsubsidy fromthe Government
~dia with very little financial return. This
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Figure 16. The increasing human population density
in the Nicobar group of islands

disparity has resulted in a great deal of pressure
on the adminstration to find ways and means by
which money can be generated, whichinturn has
resulted in an acceleration of development. As
developmentessentially means construction, this
results in roads being made through undisturbed
forests, construction of jetties to service small
islands, diesel generated electricity grids for
villages of as few as 19 houses and so on. An
indicative example isthe road from Camorta jetty
to Pilpillow village, a distance of about 30 km.
When completed, the road will costthe exchequer
over one crore rupees. The beneficiaries, a
village of 29 households could very well have
been provided with a motor boat each atonly a
costof Rs 24 lakhs! A more serious problem with
indiscriminate development is that many
environmentally disastrous schemes are
sanctioned, particularly because of the absence
of impact assessments by qualified agencies.

In the Nicobars, it is apparent that the kind of
developmentcurrently underway and envisaged
will not only have detrimental effects on the
environmentbut will also resultin the erosion
of indigenous cultures. For the long-term
conservation of the flora and fauna, and of the
traditional cultures and lifestyles in the Nicobars
a re-thinking on the development of these
islands is necessary. Inherent to this is an in
depth analysis into the money being spent
there, how much of it is really required, and
whether the money being spent is really
beneficial to the Nicobarese and the Shompen.

SACON Library
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Conservingthe Nicobar Islands

Specific projects that need
rconsideration

1. The proposed refuelling base and dry dock
in Great Nicobar and making Great Nicobar
a Free Port.

The most serious threat to the Nicobar islands,
particularly Great Nicobar is the twin proposals
of making Great Nicobar a free port (an alternate
‘Hong Kong') and the building of arefuelling base
at the Galathea Bay for international shipping
plying the Great Channel. The consequent
expansion in mainlander population for the
building of necessary infrastructure, trade and
other sectors will exertan enormous pressure on
the resources of the islands. The worst affected
will be the forests and the endemic flora and
fauna. More alarming, these projects will have
seriousadverse repercussions ontheshy Scheduled
Tribe, the Shompens who huntand fish in these
forests.

Necessary action must be taken to ensure that
Great Nicobar is left undisturbed, and that
adequate safe guards are putin place which will
ensurethatsuch ecologically andsocially disastrous
projects are never permitted either now orin the
future. '

2. Roads

Accessability inevitably results in greater levels
of exploitation. As the forests in the Nicobar
islands are vulnerable to human use a blanket
moratorium on the construction of roads in the
Nicobar islands needs to be set in place. = -

Specifically:

a) Re-alignment of the road leading to the
Light House at Indira Point

just after ‘km 46’ on the North-South Road,
(0 km = Campbell Bay and 51 km is the light
house at Indira point), the road curves along
a cliff face for a distance of about 200 m.
While GREF, during Project Yatrik, had
made a sea wall for part of the distance, sea
action on the un-walled part has resulted in
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the road being cutaway. Thereisa proposal
to realign the road in order to by pass this
cliffface by constructing a new road through
farast fucther taland. ltwas understood that
the repairing of the existing road, and the
shoring of the cliff face is not only possible
but will cost only a fraction of that of the
new road. This road, from ‘km 41’ to light
house, appears to serve the sole purpose of
letting picnickers and other visitors reach
the lighthouse situated at the southern tip of
India. The cost of loss forest far outweighs

“the benefits of this road and hence should not

be permitted.

b) The East West Road

The Fast West road in Great Nicobar links
mainlanders settled on the east coast with
Nicobarese on the west coast and runs through
Shompenterritory. Currently theroadisnotinuse
because bridges have broken down and the road
is being reclaimed by the forests, but it is likely
that the east west road will be made usable in
the future. A serious reconsideration must be
given as to whether this road is a desirable one,
because it gives very easy access 10 the
Nicobarese on the west coast and will bring the
mainlanders into greater contactwith Shompen.
It is likely that greater contact will only have
negative effects on the Shompens and the
Nicobarese, and thus it would be preferable to
leave this road as unusable.

c) Proposed road in Katchall

A proposal to construct a new road (about 25
km long) from Katchall jetty to West Bay
Katchall along the eastern and southern coast
has been proposed. This road passes through the
habitat which is amongst the last remnant
undisturbed coastal forests in the Nancowry
group and where one of the few viable
populations of the North Nicobar Megapode
exists. As the construction of the road will
result in the loss of primary habitat and be
detrimental to the threatened North Nicobar
Megapode, it is urged that the plans for this
road be dropped.
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General Issues

aq

~untingis widespread in the Nicobar islands.

ribals are legally permitted to hunt, but
alarming trend in recent times is the
reasing use of airguns to shoot pigeons. This
resulted in pigeon populations being

¢ depleted onseveral islands. A closed

=2son during the breeding period needs to be
diztely effected if the tribals are to
=<7 pigeons in a sustainable manner.

zn, legally, mainlanders are not permitted

unt. hunting of the wild boar is prevalent.
romwildboar, mainlanders did notappear
t other animals on a large scale, nor was
=nv evidence of hunting crocodiles for their

the Nicobar islands. While there is a

“rcmer monitoring of hunting in Great Nicobar
wecause of the presence of the A.C.F. Wildlife

there is apparently much less control in

ne Nancowry group. This needsto be looked into.

ostserious problem however, is from Thai

SACON -Technical Report 2

poachers. Threeislands are particularly affected,
GreatNicobar, Little Nicobarand Tillanchong.
While the Thais come to'the Nicobars to dive
for shells such as Tockus, Nautilus and Turbo
they also hunt crocodiles (which are taken
back live), collect Edible-nest Swiftlet’s nests,
and supplementtheir diet fromthe forest. A lot
of damage is done by the Thais in the areas
where they camp. The control of this menace
is of primary importance in the Nicobarislands.

Infrastructure for the Forest Department

The infrastructure that the Forest Department
currently hasinthe Nicobarsis clearly inadequate.
The Wildlife Guards are neither armed, nor does
the Department have a single seaworthy vessel.
Their mobility and capability of handling
conservation issues or patrolling are thus greatly
impaired. It is of paramount importance that
both these facilities are immediately provided.
One readily available source of seaworthy
vessels are those confiscated from Thai poachers
which can be put to good use by the Forest
Department.
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| B Distribution and encounter rate of active mounds in the Great Nicobar group of islands.
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3. The birds of the Nicobars - a review of literature and sightings of this survey

Commonname Species £ A Ref.
Red-tailed Tropic-bird Phaethon rubricauda rubricauda #
Longtailed Tropicbird Phaethon lepturus + >
Grey or Spottedbilled Pelican Pelecanus philippensis philippensis #
Purple Heron Ardea purpurea manilensis + #*
Dusky Grey Heron Ardea sumaltrana sumatrana #
Little Green Heron Butorides striatus spodiogaster + #*
Indian Pond Heron Ardeola grayii + #*
Cattle Egret Bubulcus ibis coromandus + #*
Intermediate Egret Egretta intermedia intermedia + #*
Little Egret’ Egretta garzelta garzetta + #*
Eastern Reef Heron Egrettasacra + #*
Night Heron Nycticorax nycticorax nycticorax #
Nicobar Tiger Bittern? Gorsachius melanolophus minor + #
Chestnut Bittern Ixobrychus cinnamomeus + #*
Yellow Bittern Ixobrychus sinensis + #*
Lesser Whistling Teal Dendrocygnajavanica + #
Common Teal Anas crecca crecca + #
Nicobar Shikra® Accipiter badius butleri + #
Nicobar Shikra® Accipiter badius obsoletus + #*
Horsfield’s Goshawk Accipitersoloensis + it
Whitebellied Sea Eagle Haliaeetus leucogaster +  #
Pale Harrier Circus macrourus +  #
Montagu’s Harrier Circus pygargus + #
Marsh Harrier Circus aeruginosus aeruginosus + #
Andaman Pale Serpent Eagle Spilornis cheela davisoni - - #
Nicobar Crested Serpent Eagle? Spilornis cheela minimus + #
Great Nicobar Crested Serpent Eagle® Spilornis klossi + #*
Osprey Pandion haliaetus haliaetus + #
Peregrine Falcon Falco peregrinus japonensis #

- North Nicobar Megapode® Megapodius n. nicobariensis + #*
South Nicobar Megapode® Megapodius n. abbotti + #*
Nicobar Bluebreasted Quail Coturnix chinensis trinkutensis = #*
Indian Yellowlegged Button Quail Turnix tanki tanki + #
Button Quail’ Turnix tanki albiventris ? + #
Andaman Bluebreasted Banded Rail Rallus striatus obscurior + +  #
Nicobar Bluebreasted Banded Rail® Rallus striatus nicobariensis + 3
Andaman Whitebreasted Waterhen Amaurornis phoenicurus insularis + + #
Whiteheaded Waterhen’ Amaurornis p. leucocephalus + #*

Amaurornis p. midnicobaricus + #
Water Cock or Kora Gallicrexcinereacinerea + #
Moorhen Gallinula chloropus + *
PurpleMoorhen Porphyrio porphyrio poliocephalus + #*
Grey Plover Pluvialis squatarola + #
GoldenPlover Pluvialis dominica fulva + #*
Large Sand Plover Charadrius leschanaultii + #
Kentish Plover Charadrius alexandrinus + #*
Lesser Sand Plover Charadrius mongolus atrifrons + #*
Whimbrel Numenius phaeopus phaeopus + #*
Curlew Numenius arquata orientalis + #
Bartailed Godwit Limosa lapponica lapponica -
Redshank Tringa totanus totanus + #*
Greenshank Tringanebularia - E
Green Sandpiper Tringa ochropus + #
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ed Kingfisher
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o

=c Bee-eater

Tringa glareola

Tringa hypoleucos

Arenaria interpres interpres
Capellastenura

Calidrisruficollis

Calidris minuta

Calidris alba

Limicolafalcinellus
Dromasardeola

Esacus magnirostris magnirostris
Glareola pratincolamaldivarum
Sterna dougallii korustes
Sternasumatranasumatrana
Sterna bergii

Sterna bengalensis bengalensis
Anous stolidus pileatus

Treron pompadora chloroptera
Duculaaenea nicobarica
Duculabicolor

Columballivia

Columba palumboides nicobarica
Macropygia rufipennisandamanica
Macropygia rufipennis rufippenis
Macropygia rufipennis tiwarii
Streptopelia chinensistigrina
Chalcophaps indica augusta
Caloenas nicobarica nicobarica
Psittacula caniceps

Psittacula longicauda nicobarica
Loriculus vernalis vernalis
Cuculus varius

Cuculus micropterus micropterus
Cuculuspoliocephalus

Cuculus saturatus saturatus
Surniculus lugubris

Chalcites maculatus

Eudynamys scolopacea dolosa
Centropus sinensis andamanensis
Otus scops nicobaricus

Ninox scutulata obscura

Ninox affinis isolata

Ninox affinis rexpimenta

Strix selaputo

Ketupa javanensis (= Bubo ketupa?)
Collocalia fuciphaga inexpectata
Collocalia esculentaaffinis
Chaetura gigantea indica
Alcedo atthis bengalensis

Ceyx erithacus macrocarus
Ceyx erithacus erithacus
Pelargopsis capensis intermedia
Halcyon pileata

Halcyon chloris occipitalis
Meropsphilippinus philippinus
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Commonname

Spedies

Nicobar Greenbreasted Pitta
Swallow

Brown Shrike

Philippine Shrike

Nicobar Blacknaped Oriole
Grey or Ashy Drongo
Crowbilled Drongo
NicobarRacket Tailed Drongo
Andaman Glossy Stare

Glossy Tree Stare®

Nicobar Whiteheaded Myna?'
Katchall Whiteheaded Myna
Daurian Myna

Indian Myna

Andaman Hill Myna

Nicobar Hill Myna??

Nicobar Pied Cuckoo-Shrike??
House Crow

Ashy Minivet

Fairy Bluebird?*

Andaman Redwhiskered Bulbul
Nicobar Bulbul

Olive Flycatcher

Paradise Flycatcher
CarNicobar Blacknaped Monarch?
Nicobar Blacknaped Monarch?
Malay Streaked Fantail Warbler
Pallas’s Grasshopper Warbler
Streaked Grasshopper Warbler
Thickbilled Warbler
Palelegged Leaf Warbler
Indian Blue Rock Thrush
Nicobar Ground Thrush
Redthroated Pipit

Forest Wagtail

Greyheaded Yellow Wagtail
Blueheaded Yellow Wagtail
Grey Wagtail

Nicobar Olivebacked Sunbird
CarNicobar Olivebacked Sunbird
Nicobar Yellowbacked Sunbird
Nicobar White-eye

House Sparrow

Nicobar Whitebacked Munia
Yellowbreasted Bunting

Pitta sordida abbottii

Hirundo rustica gutturalis

Lanius cristatus cristatus

Lanius cristatus lucionensis
Oriolus chinensis macrourus
Dicrurus leucophaeus
Dicrurusannectans

Dicrurus paradiseus nicobariensis
Aplonis panayensis tytleri
Aplonis panayensis albiris
Sturnus erythropygius erythropygius
Sturnuserythropygius katchalensis
Sturnus sturninus

Acridotheres tristis tristis
Graculareligiosaandamanensis
Graculareligiosa halibrecta
Coracinadavisoninigra

Corvus splendens
Pericrocotusdivaricatus

Irena puellaandamanica
Pycnonotus jocosus whistleri
Hypsipetes nicobariensis

- Rhinomyias brunneata nicobarica

Terpsiphone paradisinicobarica
Monarcha azurea idiochroa
Monarchaa. nicobarica
Cisticola juncidis malaya
Locustella certhiola centralasiae
Locustella lanceolata
Phragamaticolaaedon aedon
Phylloscopus tenellipes
Monticola solitarius pandoo
Zoothera citrina albogularis

. Anthus cervinus

Motacilla indica

Motacillaflava thunbergi
Motacilla flava beema
Motacilla c. caspica (c. cinerea)
Nectarinia jugularis klossi
Nectarinia jugularis proselia
Aethopyga siparajanicobarica
Zosterops palpebrosa nicobarica
Passer domesticus

Lonchura striata semistriata
Emberiza aureola aureola

T A Ret.
+ #*
+ #*
+ #
+ #*
+ #*
? #
#
+ #*
+ + #
+ #*
+ #*
+ #*
#
+ #
+ + #
+ #*
+ #*
*
+ *
+ + #
+ + #*
+ #*
? #*
+ + #*
+ #*
+ #*
#*
+ #
+ #
+ #
#
+ #
+ #
+ #
+ *
+ #
+ #
+ #*
+ #*
+ #*
+ #*
+ + #*
+ #*
+ #*
#

n.b. Sightings during this survey only at the species level.
Key:

from literature * sighted during this survey.
Source:
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Abdulali(1964a, 1964b, 1966,1967,1971,1974,1978), Das (1971 ), Dasgupta (

E = (+) endemic to Andaman & Nicobar Islands, A = (+) occurs in the Andaman group also; Ref. = #

1976), Ripley (1982).Ali
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, Appendix 3. Given below are changes in names and current taxonomic classi-
Soward & Moore (1991). The numbers below correspond to those against species in

(8]

\ame changed to Egretta garzetta schistacea.
* Mot accepted; consider it to be Gorsachius melanolophus, which does not have any sub-species
2d which ranges from India to Greater Sunda.
“lame changed to Accipiter butleri butleri and Accipiter butleri obsoletus
= The Crested serpent eagle found in the Nicobar islands is now a single endemic species with
“wo sub-species. Spilornis minimus minimus in the North Nicobar islands and Spilornis minimus
sssi from Great Nicobar.
Soilornis minimus klossi on Great Nicobar.
-ginally calledMegapodius freycinet. :
{0t accepted; considered to be Turnix tanki tanki, which is found on mainland India.
: =d: considered to be Rallus striatus obscurior, the same as the Andaman race.
pt both Amaurornis phoenicurus leucocephalus & A. p. midnicobaricus.

* Do not difierentiate Columba palumboides into sub-species. Instead a single species endemicto
“» Andaman & Nicobar islands.
- 2ccepted: consider Macropygia rufipennis rufipennis as endemic to Andaman & North
~ohars and M. r. tiwarii as endemic to Great Nicobar :

* T not accept this subspecies and presumably consider it the same as Chalcophaps indica

wavima of the Andaman group.

~ ' nenzs nicobarica nicobarica is not endemic and occurs up to New Guinea islands.

cept. Presumably consider the Nicobar birds as the same as those from Andamans

Jeuss scops modestus.

~o=d to Aerodramus fuciphagus. Also not considered endemic and is distributed up to

and Timor Islands. ‘

ed Hirundapus gigantea indicus.

: Halcyon capensis intermedia.

¥ D mor accept and consider Nicobar birds the same as Aplonis panayensis tytleri from the

(38

v

rnus erythropygius erythropygius as endemic to Andamans, andS. e. andamanensis
c to Car Nicobar. :
. e 2ccept. Consider Andaman & Nicobar birds as a single endemic race Gracula religiosa

= "=« Hypothymis azurea idiochroa and H. a. nicobarica.
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4. A rough estimate of habitat loss in the Nicobar group of islands.

30

799

Area Forest Forest loss (sq km)? % habitat loss
(sgkm)  (sqkm)! Mainlander Nicobari Forest  Grassland

CarNicobar 1269 124 5 50 45 0
Batti Malv 21 2 0 0 0 -
Chaura 82 8 0 6 73 -
Teressa 1014 40 0 15 37 <5
Bompoka 133 10 0 2 X -
Tillanchong 16.82 16 0 1 6 -
Katchall 1744 174 10 2 17 -
Camorta 188.2 115 3 15 16 <4
Nancowry 669 e 0 10 18 0
Trinkat 363 15 0 10 65 0
GreatNicobar 10451 1045 75 15 9 .
Little Nicobar 159.1 159 0 12 8 -
Kondul 46 4 0 1.5 33 -
PiloMilo 13 1 0 1 77 -
Megapodel. 013 01 0 005 50 :
Meroe 2 2 0 08 40 -
Treis 05 05 0 03 50 -
Trax 02 02 0 01 50 -
Menchal 15 1.5 0 1 67 -
CarNicobar Group 129 126 5 50 44 .
Nancowry Group 60552 432 13 V) 21 3
GreatNicobar Group 121443 1213 75 32 9 -
Nicobargroup 1948395 1771 93 161 14 3
Nancowry + GreatNicobargroups181995 1645 88 m 123

Nancowry + CarNicobargroups 73452 558 18 129 263

ST

42

n.b.

1. This figure is hypothetical (i.e. area of forest prior to colonisation) and is used to assess % loss of forest till
date on each island. Area under forest for islands without grasslands was considered to be the entire island.

Onislands with grasslands, forest cover is area of island minus that under grassland (rough estimate).

2. Estimates of habitat loss and forest cover are very crude approximations and must be treated as such. See

methods for details of assessing habitat loss due to mainlanders and Nicobaris.

[-] Habitat not present on the island.
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About SACON

Salim Ali Centre for Ornithology and Natural History (SACON) is a society
registered under the Society Registration Act, 1960. The objectives of
SACON are : (1) to study India’s biological diversity so as to promote its
conservation and sustainable use; (2) to study the ecology of the Indian
avifauna with special reference to its conservation; (3) to foster the
development of managers; and (4) to functionas a regional nodal agency for
the dissemination of information on biodiversity and its conservation. The
centre is an autonomous Centre of Excellence, aided by the Ministry of
Environment and Forests, Government of India. The administration of
SACON is vested in the Governing Council which includes the Secretary, and
Financial Advisor to the Ministry of Environment and Forests, Government
of India. SACON's research activities are moderated by a Research Advisory
Council, constituted by renowned wildlife scientists, forest managers and
policy makers.

The scientific staff is organized into Divisions of Avian Ecology, Conservation
Biology, Ecotoxicology, Environmental Impact Assessment, Extension and
Education, Library and Information, Modelling and Simulation, Terrestrial
Ecology and Wetland Ecology. The research projects of each Division come
under a few major themes or initiatives to which the Division is committed.
SACON is presently located at Kalampalayam, nine kilometres northwest
of Coimbatore City, but will shift to its own campus at Anaikatti shortly.
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Chapter 3 ANNEXURE A17
Distribution and Speciation
of Megapodes (Megapodiidae)
and Subsequent Development
of their Breeding Behaviour

RENE W.R.J. DEKKER
Nationaal Natuurhistorisch Museum, Naturalis, P.O. Box 9517, 2300 RA Leiden,
The Netherlands, dekker @naturalis.nl
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Abstract Megapodes (Megapodiidae), the most peculiar of all Galliformes, are of
Gondwana origin. On the Australian plate they shifted from normal avian incubation
to their aberrant strategy of incubating eggs in mounds of sand and leaf litter where
heat is generated by microbial decomposition. From here, they spread through the
Indonesian archipelago and eastwards into Polynesia, resulting in rapid speciation
and the use of alternative heat sources for the incubation of their eggs.

1. Introduction

The distribution of megapodes (Aves, Galliformes, Megapodiidae), as well as their
unique breeding behaviour, have led to conflicting theories as to their geographical
origin and reproductive history. Olson (1980), and authors therein, assumed that
megapodes reached Australia from southeast Asia, probably by the Miocene. He
explained their current absence on the mainland of southeast Asia by competitive
exclusion with pheasants (Phasianidae). However, since Olson’s publication, a fossil
of what was considered to be a megapode from Eocene-Oligocene deposits of France
has been re-identified as representing a separate extinct family Quercymegapodiidae

93

W. Renema (ed.), Biogeography, Time, and Place: Distributions, Barriers, and Islands, 93—102
© 2007 Springer.
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(Mourer-Chauviré, 1992), leaving no evidence for the former presence of megapodes
outside Australasia. Since this publication by Mourer-Chauviré was overlooked
by Newton (2003: 137-138; 160), the theory that megapodes reached Australia
from southeast Asia still stands in recent literature. Alternatively, Cracraft (1973,
1980) proposed a Gondwana origin for the Galliformes and suggested that modern
megapodes were present in Australia from the time of the breakup of Gondwana.
Dekker (1989, 1990) considered predation by carnivores, especially Felidae and
Viverridae, as a key factor explaining the absence of these birds from the mainland
of southeast Asia and the Greater Sunda islands. Recent findings of a fossil
(Ngawupodius) from the Late Oligocene at Lake Pinpa, Central Australia, now
represents the earliest fossil record of the Megapodiidae (Boles and Ivison, 1999),
supporting the theory of a Gondwana origin for the megapodes.

Various authors (e.g., Frith, 1962; Immelmann and Sossinka, 1986) considered
the so-called burrow-nesting strategy, in which megapodes bury their eggs in holes
in warm sand, as the original breeding strategy. However, Clark (1960, 1964a, b)
and Dekker and Brom (1992) suggested that burrow-nesting has been derived from
mound-building, in which megapodes bury their eggs in self-made mounds of decom-
posing, heat-generating leaflitter. The latter view was supported by recent workers.
Starck (1993: 285) considered megapodes “‘a monophyletic taxon of Galliform birds
with the superprecocial development as a derived character complex characterizing
the taxon” and stated that “the breeding biology is derived from “normal” avian incu-
bation and not from sauropsid ancestors”. Later, Starck and Sutter (2000: 542) wrote
“that megapode development does not differ substantially from galliform precocity”.
Booth and Jones (2001: 192) (unaware of Boles and Ivison, 1999) were of the opinion
that “megapodes almost certainly evolved from a galliform ancestor, as early as the
Pliocene ... and this probably had a ground nest with large clutches of synchronously
hatching, highly precocial chicks commonly seen in extant galliforms”.

Although some of these discussions are recent, all were published when no
phylogenies based on nuclear and mitochondrial DNA sequences were available.
These were first published by Birks and Edwards (2002). The relationships within
the genus Megapodius might prove to be crucial to the discussion. The phylogenies
of Birks and Edwards will form the basis for this discussion about the geographical
origin and reproductive history of the family.

2. Megapode Phylogenies and Other Relevant Publications

After the publications by Mourer-Chauviré (1992), in which she no longer
considered a fossil from Eocene-Oligocene deposits of France to be that of a
megapode, and that of Boles and Ivison (1999), who confirmed the presence of the
Megapodiidae in Australia as early as the Late Oligocene, there is general agree-
ment that megapodes were isolated in Australo-Papua for an extended period. A
Gondwana origin would in fact link the Megapodiidae with the South American
cracids (Family Cracidae), which are by some considered the sister-group of
the megapodes. Sibley and Ahlquist (1990) placed the megapodes and cracids
together in the order Craciformes. However, research based on 102 morphological
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characters, including 89 based on osteology, made Dyke et al. (2003) consider a
monophyletic Megapodiidae to be the sister-group to all other Galliformes and to
be the most basal clade within the order. The recovery, by Sibley and Ahlquist
(1990), of a single clade comprising both Megapodiidae and Cracidae is not sup-
ported by a single morphological character (Dyke et al., 2003).

Brom and Dekker (1992: 15, Fig. 5) published a phylogeny of the Megapodiidae
based on traditional, mainly morphological characters (see also Jones et al., 1995).
Seven years later, Mey (1999: 30, Fig. 5) published a phylogeny of the megapodes
based on the phylogeny of the chewing lice found on them. Birks and Edwards
(2002), who sequenced nuclear and mitochondrial DNA, included in their studies
15 of the 22 extant species representing all seven genera. Their phylogeny, which
included representatives of other Galliform families as outgroups, shows an early
split in megapodes, leading to two major clades: (1) Alectura, Aepypodius, Leipoa,
Talegalla and Macrocephalon and (2) Eulipoa and Megapodius. It is largely
congruent with the phylogeny by Mey (1999), but differs from the one published
by Brom and Dekker (1992), in which Leipoa, Talegalla, Macrocephalon, and
Megapodius (including Eulipoa) form a clade.

Of the 13 species within the most widely dispersed genus Megapodius, which
includes species exhibiting all the different breeding strategies, no less than
nine species (totalling 14 populations or subspecies) were sampled by Birks and
Edwards (2002). Additional morphological studies by Roselaar (1994: 21) add to
this and together they offer great opportunities for a renewed discussion on the
historical distribution, dispersal and evolution of the unique reproductive systems
within megapodes. The relationships within the genus Megapodius do show some
remarkable results (for details, see Birks and Edwards, 2002): M. tenimberensis
from Tanimbar and M. cumingii from Sulawesi and the Philippines are an early split
(M. bernsteinii (Sula Islands), which was not included in the analyses, might fit
with these (Roselaar, 1994), as might M. nicobariensis). Megapodius eremita from
the Solomon Islands and M. layardi from Vanuatu are not close relatives as was
previously suggested based on distribution: they represent descendents of different
waves of dispersal. Furthermore, M. layardi and M. pritchardii from Niuafo’ou,
Tonga, are sister-taxa. Some of the conclusions by Birks and Edwards (2002) are
congruent with Roselaar (1994).

3. Possible Scenario of Current Distribution
and Breeding Strategies

3.1. Distribution

The position of the Australian continent during the Late Oligocene (Fig. 1) is the
starting point for the discussion as it was there and then that we know of the earliest
occurrence of megapodes: the recently discovered, extinct, megapode Ngawupodius
minya (Boles and Ivison, 1999).

During the Oligocene, the Australian continent was well isolated, slowly
drifting north and colliding with New Guinea. In the Early Miocene, New Guinea
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Vanuatu
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Fiji
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Fig. 1 Position of the Australian continent during the Oligocene (34-24 Ma) (after Hall,
1998)

was a series of islands on the northern edge of the Australian plate. During the
Middle Miocene, from about 15 Ma, larger parts of New Guinea were uplifted to
above sea level. Northern Australia had a warm, wet climate, which became gradu-
ally cooler and drier by the Late Miocene. During the Pliocene, 5.3—1.8 Ma there
was an overall cooling of sea and land temperatures, and Australia collided with
the Timor region. Active dispersal of animals, including that of megapodes, which
began to gain their modern appearances, took place using islands as stepping stones
as the Australian continent continued to approach the Asian continent. During the
past 10,000 years the position and climate of Australia has changed little.

The earliest known fossil occurrence of the Megapodiidae was, until the
discovery of the tiny Ngawupodius minya by Boles and Ivison (1999), from the
Pliocene of Australia and relates to (what was until recently considered) a single
extinct genus Progura (but see below). The Pleistocene fossil record of megapodes
from Australia is dominated by this megapode, which was bigger than any of the
extant taxa and most likely a poor flyer. Initially believed to include two species,
P. gallinacea and P. naracoortensis, it was subsequently considered to represent a
single species P. gallinacea. Differences in size were explained by sexual dimorphism
(Boles and Ivison, 1999: 200; Steadman, 1999: 9) but are now seen as representing
individual variation or stage of maturity (W. Boles, 2004, unpublished). Boles
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(2004, unpublished) thus synonymized Progura with Leipoa stating “Progura is not
separable from Leipoa and the differences between P. gallinacea and L. ocellata are
mainly quantative (size), with qualitative differences so small that it is doubtful that
these represent distinct species. P. gallinacea appears to be the megafaunal version
of L. ocellata. P. gallinacea becomes either Leipoa gallinacea (if the two are kept
as separate species) or Leipoa ocellata gallinacea (if considered temporal subspecies
of a single species)”. The record of the modern L. ocellata from the Victoria Fossil
Cave, which was based on a damaged skeleton of a chick, is not valid, leaving no
evidence of modern L. ocellata elsewhere in the Pleistocene or earlier (W. Boles,
2004, unpublished).

Outside Australia, only few fossil remains involving megapodes other than
Megapodius species, are known. These are late Quaternary cave deposits in Irian
Jaya containing the extant Aepypodius arfakianus (Aplin et al., 1999) and late
Pleistocene-Holocene deposits in Fiji containing Megavitiornis altirostris, a large,
quite unusual extinct megapode (Worthy, 2000). Sylviornis neocaledoniae, a
large and flightless extinct bird from New Caledonia, once believed to be either a
ratite (Poplin, 1980) or a megapode (Poplin et al., 1983), is no longer considered
a megapode but better placed in a family of its own (for a summary, see Jones et
al., 1995: 23). The fossil record as summarized here, with ancestral megapodes
restricted to the Australian landmass (including New Guinea) and (recently) Fiji,
makes it most likely that the unique incubation strategy has developed here.

No fossils are known from New Zealand, which separated from Gondwana
c. 85 Ma. All fossil records in Polynesia are from the Holocene, representing
species of the genus Megapodius which were exterminated from islands after the
arrival of the Polynesians. The Polynesian megapode Megapodius pritchardii,
which was long believed to have been introduced to Niuafo’ou (Tonga), is in fact
arelic of a once much wider distribution. Fossil remains of this species have been
found on Foa and Eua (Tonga) and it is suggested that it occurred on perhaps as
many as 100 individual islands in the region (Steadman, 1999: 13). Steadman
(1999) discussed the biogeography and extinction of megapodes in Oceania, from
which at least five different extinct species (all Megapodius) are now known. He
estimated that at least as many species have gone extinct as still exist today: “if
not for people, the figure of 22 living species of megapodes would increase to
45-55 species” (Steadman, 1999: 16).

Although many of the present day megapodes, including all Alectura,
Aepypodius, Leipoa, and Talegalla species which are restricted to Australia or
New Guinea and Macrocephalon maleo from Sulawesi, are poor flyers, the smaller
Eulipoa wallacei from the Moluccas and all Megapodius species are strong flyers.
They can easily cover vast areas of open water, even at the chick stage. It is there-
fore no coincidence that species of Megapodius are widely distributed and occur
on islands in the Pacific, eastern Indonesia, the Philippines, and the Mariana and
Nicobar islands. Macrocephalon, Eulipoa, and Megapodius will have colonized
these islands from the Australian plate in different waves. Also within the genus
Megapodius, different waves of dispersal have taken place. For a map of the current
distribution of the family, see Jones et al. (1995: 21).
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Roselaar (1994: 21) was of the opinion that “the present-day distribution of
Megapodius with a single species on each group of islands is apparently not due
to fragmentation of the range of a once widespread species, but is more likely the
result of a long history of colonizations and extinctions by a number of species”. He
believed that “a history of invasions and extinctions by various species of Megapodius
may explain some of the peculiarities in their present-day distribution.” Furthermore,
he considered M. reinwardt to be a recent successfully spreading species.

3.2. Breeding Strategies

Megapodes exploit three different sources of heat for the incubation of their
eggs. Those that build mounds use rotting vegetation for incubation, while bur-
row-nesters dig holes in volcanically heated soil or in sun-exposed warm sand
in which they bury their eggs. All seven species of the genera Alectura (1),
Aepypodius (2), Leipoa (1), and Talegalla (3), which are restricted to either
Australia or New Guinea, are strict mound-builders. Macrocephalon maleo from
Sulawesi and Eulipoa wallacei from the Moluccas are strict burrow-nesters and
do not build mounds. Within the widely distributed genus Megapodius some spe-
cies are strict burrow-nesters, others build mounds, while a few species can do
both. Figure 2 shows the incubation strategies superimposed on the cladogram by
Birks and Edwards (2002). Figure 3 shows the same for the genus Megapodius,
superimposed on a map of their current distribution. The four Megapodius spe-
cies not sampled by Birks and Edwards (M. decollatus from New Guinea, M.
geelvinkianus from the Geelvink islands, M. bernsteinii from the Sula Islands and
M. nicobariensis from the Nicobars) are all strict mound-builders.

Burrow-nesting megapodes, those using heat sources other than rotting
vegetation, all live on islands and are not found in Australia and New Guinea.
They occur in places which have been colonized by active dispersal (flight), as
many of these islands have always been isolated. It suggests that burrow-nest-
ing developed secondarily when new habitats, some of volcanic origin or with
sun-exposed beaches, were invaded. These new, often tropical habitats led to a
radiation in breeding behaviour and speciation within the genus Megapodius.
Heat necessary for the incubation of their eggs did not have to be produced by
the arduous task of raking together large mounds of leaves in which birds dig a
hole and bury their eggs — heat was “simply” there. They shifted from building
and maintaining mounds to the simple task of digging a hole in warm sand. The
increase in relative size and yolk content of the eggs in burrow-nesting species
compared to that of their mound-building relatives (Dekker and Brom, 1992),
which results in even larger and more precocial (superprecocial sensu Starck,
1993) chicks in burrow-nesters, is an indication that burrow-nesting is derived
from mound-building.

When the Australian plate moved closer to Asia and sea levels changed,
islands could have acted as “stepping stones” and inter-island distances might have
alternately decreased and increased. Ancestral megapodes were thus able to reach
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1]
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Fig. 2 Phylogenetic tree of the family Megapodiidae (redrawn from Birks and Edwards,
2002) showing the incubation strategies exhibited by the different taxa.

new habitats, passively and actively, where they became isolated. This led to a
diversification in taxa as well as reproductive strategies. Their move westwards to
the mainland of southeast Asia was subsequently halted by the presence of carnivore
predators (Dekker, 1989) or — as suggested by Olson (1980) — by competition with
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Fig. 3 Cladogram of the genus Megapodius superimposed upon a map of the region.

phasianids, or both. The absence of megapodes from the Greater Sunda Islands,
either primarily or secondarily, can be explained in a similar way. The presence of
M. cumingii on small islands off Borneo and of M. nicobariensis on the Nicobars
(this species is not included in Fig. 2, but most likely closely related to M. cumingii)
seems a relic and would suggest that megapodes once did occur on the Greater
Sunda Islands from which they disappeared either through predation or competi-
tion. This has, however, not (yet) been substantiated by fossil evidence. Looking
eastwards into the Pacific, we know through the work by Steadman (1999) that
most islands in western Polynesia were once inhabited by megapodes and that Man
is largely responsible for their absence now. The easternmost islands ever reached
were Niue (Tonga) and American Samoa. The distance between the Pacific islands
as well as the fact that these islands become more and more remote from the source
of the “megapode origin” diminishes the chance for individual megapode taxa to
reach a certain island. This might have stopped further spreading of megapodes
across the Pacific.
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Impact of the 2004 tsunami on the Vulnerable
Nicobar megapode Megapodius nicobariensis

Abstract The small, isolated populations of the Nicobar
megapode Megapodius nicobariensis, currently categorized
as Vulnerable on the IUCN Red List, on the Nicobar
islands in the Indian Ocean have declined by c. 70% since
1994. The 2004 tsunami is believed to be the major cause of
this decline. The populations of megapodes on the islands
of Megapode and Trax were wiped out by the tsunami. I
estimate from a 2006 survey that 395-790 breeding pairs of
the Nicobar megapode now survive on the coasts of the
various islands compared to 2,318-4,056 pairs in 1994. The
tsunami also adversely influenced nest-site selection and
mound-nest ecology: > 50% of mounds were found closer
to the shore in 2006 than in 1994, probably because of loss
of suitable habitat, and they may become inundated with
seawater during high tides. Most of the mound-nests found
were constructed after the tsunami and were significantly
smaller in volume than those present in 1994. Restoration
of suitable habitat is critical for the long-term viability of
the Nicobar megapode. However, post-tsunami impacts
such as the creation of large-scale plantations in coastal
areas, which are encroaching upon megapode habitat, may
be severe. Because of the decline in numbers and habitat
destruction and hunting the Nicobar megapode probably
now qualifies for categorization as Endangered on the
IUCN Red List.

Keywords Coastal biodiversity, habitat selection, isolated
population, Megapodius nicobariensis, Nicobar islands,
Nicobar megapode

Introduction

Isolated populations of rare species may be dispropor-
tionately affected by both stochastic and deterministic
factors such as hurricanes, fires, changes in habitat quality,
inbreeding and genetic drift (Soulé, 1987; Burgman et al.,
1993). To conserve such species there is a need to assess the
impacts of such factors on the long-term survival of in-
dividual populations (Karen, 1998). An earthquake with a
magnitude of 9.15, with its epicentre at 3.29° N and 95.94° E
off the coast of Sumatra and with a focal depth of 30 km,
occurred on 26 December 2004 at 06.29. It triggered a
tsunami that, amongst other effects, engulfed the entire
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low-lying coastal forests of the Nicobar islands in the Bay of
Bengal. The waters, which took several days to recede,
devastated the people and wildlife of the Nicobar islands
(Sankaran, 2005). This was the first recorded major natural
catastrophe for the islands.

One species expected to have been adversely affected
by the tsunami is the Nicobar megapode Megapodius
nicobariensis. The megapodes utilize external sources of
heat to incubate their eggs (Jones et al., 1995). The Nicobar
megapode, a mound nesting bird, is endemic to the Nicobar
Islands, separated from its nearest congener by a distance
of >1,500 km (Lister, 1911; Olson, 1980). There are two
subspecies: M. n. nicobariensis on the Nancowry group of
Islands north of the Sombrero channel and M. n. abbotti on
the Great Nicobar group of islands south of the channel
(Hume & Marshall, 1878; Abdulali, 1964; Ali & Ripley, 1983;
Fig. 1). The species builds three types of mounds: A, built in
open areas away from trees; B, built against a living tree
base; C, built on or around a dead log or stump (Dekker,
1992; Sankaran, 1995b; Sankaran & Sivakumar, 1999; Siva-
kumar, 2000) and the sources of heat that create suitable
incubation conditions vary with mound type, location and
dimensions (Jones, 1987; Bowman et al., 1994; Palmer et al.,
2000; Sinclair, 2002; Sinclair et al., 2002; Sivakumar &
Sankaran, 2003).

Historically the Nicobar megapode occurred on all
Nicobar Islands (Hume, 1874; Kloss, 1903; Dekker, 1992;
Sankaran, 1995a,b) except Car Nicobar (Butler, 1899),
Chaura (Abdulali, 1967) and Bati Malv (Sankaran, 1995a).
There are a few records of megapodes from the Andaman
group of islands (Hume, 1874; Butler, 1899; Sewell, 1922)
and from the Coco Islands further north (Kloss, 1903;
Abdulali, 1964). None of the records from the Andaman
group are of recent origin and the species is now believed to
be absent there (Sankaran, 1995a,b). In 1994 the population
of M. n. abbotti was estimated to be 3,400-6,000 and the
number of active mounds 849 (Sankaran, 1995a). The
population of breeding adults of M. n. nicobariensis was
estimated to be 1,200-2,000 and the number of active
mounds c. 300 (Sankaran, 1995a). Habitat loss, hunting
and egg collection are considered the major threats to the
megapodes (Jones et al., 1995; Sivakumar & Sankaran, 2003).

The 1994 survey of the Nicobar megapode (Sankaran,
1995b) was the only one made before the tsunami.
I therefore took this as a baseline for comparison with
the status and distribution of the megapode in 2006, one
nesting season after the tsunami. Post-tsunami restoration,
especially of coastal habitat, is still required in the Nicobar
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Fic. 1 Megapodius nicobariensis occurs as
two subspecies: M. n. nicobariensis on the
Nancowry island group north of the Som-
brero channel and M. n. abbotti on the Great
Nicobar island group south of the channel.
The locations of the transects on each island
are indicated as black circles. The inset
indicates the location of the islands in the
Bay of Bengal.

islands. However, any ill-planned restoration could ad-
versely affect the coastal-living megapodes. I therefore
studied the post-tsunami conservation status of the coastal
populations of the Nicobar megapode to provide informa-
tion to support appropriate conservation action.

Study area

The Nicobar Islands can be subdivided into three sub-
groups based on ornithological affinities (Sankaran, 1995a).
To the south lies the Great Nicobar group consisting of two
islands > 100 km?, nine islets > 5 km® in area, and a few
rocks. Among them, Great Nicobar, Little Nicobar, Kondul
and Pilo Milo are inhabited, and Meroe, Treis, Trax,
Menchal, Megapode, Cabra and Pigeon are uninhabited.
Fifty-eight km north of the Great Nicobar group is the

Nancowry group (Fig. 1) comprising three islands >100 km?,
two of 36 and 67 km?, three <17 km?, two small islets and
a few rocks. Except islets, all other islands of the Nancowry
group are inhabited. The northernmost subgroup com-
prises Batti Malv and Car Nicobar, which are 88 km north
of the Nancowry group. Batti Malv is uninhabited and Car
Nicobar has a population of >19,000 people (Sankaran,
1995b).

Two groups of indigenous people inhabit the Nicobar
Islands, along with settlers from the Indian mainland. The
Shompen, who now number <150, are a semi-nomadic
hunter-gather tribe who inhabit the forests of the central
uplands. The Nicobarese, who have several settlements
along the coast, constitute the largest tribal group of
> 27,000 people. The entire population of coastal-living
Nicobarese, including settlers, were adversely affected by
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the tsunami and these people still need to be provided with
new housing and, in most cases, alternative livelihoods.

Methods

This study was carried out during February-May 2006.
Because the Nicobar megapode is shy and cryptic and
therefore difficult to see in the forest whereas nesting
mounds are stationary, inanimate and represent breeding
signs, the easiest way to estimate and monitor a megapode
population is by counting the number of active mounds
(Dekker, 1992; Sankaran, 199sb; Sivakumar & Sankaran,
2003). Surveys conducted in 1994 (Sankaran, 1995b) also
utilized mound counts, thus facilitating a pre-tsunami
comparison with the data collected in 2006.

The coastlines of the 15 islands on which the species was
reported in 1994 were surveyed for mounds using a stan-
dardized survey protocol (Sankaran, 1995b). To estimate the
total number of active mounds the coastline of each island
was divided into suitable and unsuitable coastal habitat
for mound building. Coastal habitat suitable for mound
building has a sandy-loam substratum and littoral forests
(Sivakumar, 2000). The extent of these two coastal habitat
types was measured using satellite images (from 2006) and
vegetation maps (Sankaran, 2005).

Variable width transects of 10-600 m were used to count
all the mounds present within a surveyed area (the low
lying coastal littoral forests are of varying width). Transect
length and distance between transects was determined by
island size but was uniform for an island. The mean length
of a transect was 2 km but in some islands, the entire coast
was surveyed because the total coastline was <2 km. The
census was carried out with seven observers walking at
20-m intervals parallel to the shore; for transects > 140 m
wide we walked the transect more than once to cover the
entire width. The interior forests of Great Nicobar, Little
Nicobar, Camorta, Katchal and Teressa islands were sur-
veyed, by seven observers, with 1-km transects of 140 m width
and 1 km long. The total number of active and abandoned
mounds, mound size, green canopy cover over mound,
and the distance between high tide mark and mounds were
recorded.

Active mounds were identified by signs of recent digging
by megapodes or by whether the soil was compact and
hard, with vegetation growth (i.e. an abandoned mound) or
loose and easily penetrable with a stick (i.e. an active
mound; Sankaran, 1995b).

Because the distribution of mounds was not uniform
(Sankaran, 1995b) the suitable and unsuitable segments of
coastal areas were surveyed separately. A total of 328 km of
coastal habitat was identified as suitable, of which 157.5 km
were sampled in 8o transects (68 of 2 km, 10 <2 km, and
two > 2 km). Of the 358.8 km of unsuitable coastal habitat,
77.9 km were surveyed in 39 transects (29 of 2 km, five
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> 2 km and five <2 km). On most islands mound distri-
bution was not uniform and therefore mound abundance, D,
on an island was estimated using the following formula:

where N = total number of mounds found in S,, a = habitat
type (suitable or unsuitable), S = total length of coastal area
sampled in habitat a and H = total length of coastal area
available for habitat a. Standard error of the mean number
of mounds present per km of coast of an island was
estimated when there were>2 transects on an island
(Table 2).

Up to 20% of the megapodes are estimated to live in the
interior forests of the islands (Dekker, 1992), which com-
prise 72% of the total area of the islands. Because of the
difficulty in working in such forests survey intensity was
lower, with 11 transects on Great Nicobar, four each on
Little Nicobar and Camorta, three on Katchal, and two each
on Teressa and Nancowry islands.

Basal circumference, height and diameter of mounds
were measured. As mounds are uneven in shape and have
a cone-like appearance, volume was calculated approxi-
mately using the equation for the volume of a cone: 1/37r°h,
where r is the radius and h the height (Sivakumar &
Sankaran, 2003).

More than one pair of megapodes may use a mound.
Sankaran (1995a) used two pairs per mound for the lower
limit and 3.5 pairs as the upper limit but Sivakumar (2000)
observed that a mean of 2.5 pairs used a mound. Most of the
mounds that I observed were <1 year old (based on their
size and the fact that most mounds were washed away by
the tsunami) and too small to accommodate more than two
pairs (Sivakumar & Sankaran, 2003). Thus, for the pop-
ulation estimate I used one and two pairs as the lower and
upper limits, respectively.

Results

In 2006 I found the Nicobar megapode on all but two islands
(Trax and Megapode) from where it had been reported
in 1994 (Sankaran, 1995a). Comparing the distribution of
mounds from the shore inland there were significant differ-
ences between 1994 (Sankaran, 1995a) and 2006 (Wilcoxon
signed ranks test, Z=-2.934, P<o0.005 Fig. 2). In
2006 > 90% of mound nests were within 30 m of the shore
and, of these, c. 16% of mounds were within 5 m of the shore.

I found significantly fewer active mound nests than
reported in 1994 (paired sample #-test, t = 2.061, df =14,
P < 0.05). Based on an estimated total of 394 active mounds
(Table 1), I estimate that 394—788 breeding pairs of Nicobar
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FiG. 2 Distance of active Nicobar megapode mound nests from the shore in 1994 (before the tsunami) and in 2006 (after the tsunami).

megapode now occur on the coastal habitat of the islands,
which is <70% of the numbers reported in 1994.

Suitable coastal habitat for M. n. nicobariensis on the
Nancowry island group (Fig. 1) shrank after the tsunami
and only 37% of the coastal habitat is now available for

mound building, with an estimated 97 active mounds and

thus 97-194 breeding pairs. I did not find any active nest

mounds in unsuitable coastal habitat (coconut plantations,
mangroves, human habitation and cliffs). The islands of
Tillanchang and Trinket, despite their relatively small size,

TasLeE 1 Summary of the survey of the two subspecies of Nicobar megapode Megapodius nicobariensis carried out on 14 islands (Fig. 1)
in 2006 in suitable and unsuitable habitat for mound building (see text for definitions), with total length of the coast of each island,
length of coast surveyed and number of transects used, number of active mounds found, estimated total number of active mounds
(extrapolated to the whole coast, see text for explanation), and estimated number of active mounds per km (with SE; suitable habitat

only).
Suitable coastal habitat Unsuitable coastal habitat
Estimated
Estimated  Active Length total
Length Length surveyed, km Active  total active mounds Length surveyed, km Active  active
Island (km) (no. of transects) mounds mounds + SE (km) (km) (no. of transects) mounds mounds
M. n. abbotti (Great Nicobar island group)
Great Nicobar 130 42.5 (20) 64 195.8 1.46 £ 0.24 83 12 (6) 1 7
Kondul 1 1(1) 1 1.0 6.5 2(1) 0 0
Little Nicobar 55 17.5 (9) 25 78.6 146 £ 039 23 6(2) 1 4
Megapode 0 0 0 0 0 0 0
Menchal 1 0.5 (1) 3 6.0 2.3 1(1) 0 0
Meroe 2 2 (1) 2 2.0 3.3 1(1) 0 0
Pilo Milo 0 1.5 (1) 0 0 3 3 (1) 0 0
Trax 0.1 0.1 (1) 0 0 1.2 1.2 (1) 0 0
Treis 2 2(1) 3 3.0 0.7 0.7 (1) 0 0
Subtotal 191 67 (35) 98 286 155+ 0.67 123 27 (14) 2 11
M. n. nicobariensis (Nancowry island group)
Nancowry 17 16 (8) 7 7.4 044 +020 273 10 (5) 0 0
Katchal 30 14 (7) 4 8.6 029 +0.18 48 12 (6) 0 0
Camorta 35 21 (11) 4 6.7 0.23 £ 0.10 77.5 12 (6) 0 0
Tillanchang 15 9 (5) 16 26.7 1.80 £ 0.12 27 6 (2) 0 0
Trinket 15 11.5 (6) 20 26.1 175+ 051 15 4(2) 0 0
Teressa 20 16 (7) 7 8.8 0.46 £ 0.22 333 6 (3) 0 0
Bampoka 5 2 (1) 5 12.5 7.8 1(1) 0 0
Subtotal 137 90.5 (45) 63 96.8 1.05 £ 0.35 236 51 (25) 0 0
Total 328 157.5 (80) 161 383 1.32 £ 039 358.8 77.9 (39) 2 11
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X0

TaBLE 2 Estimated total number of active mounds and breeding pairs of the two subspecies of Nicobar megapode in 1994 (Sankaran,
1995b) and 2006 (this study; number of active mounds is a sum of the estimated total number of active mounds in suitable and
unsuitable habitat from Table 1).

Estimated no. of Estimated no. of Estimated no. of breeding Estimated no. of breeding

818
75

Island active mounds in 2006 active mounds in 1994 pairs in 2006 (range) pairs in 1994 (range)
M. n. abbotti (Great Nicobar island group)

Great Nicobar 203 515 203-406 1,030-1,803
Kondul 1 11 1-2 22-39

Little Nicobar 82 311 82-164 622-1,089
Megapode 0 2 0 4-7
Menchal 6 2 6-12 4-7

Meroe 2 1 2-4 2-4

Pilo Milo 0 0 0 0

Trax 0 3 0 6-11

Treis 3 4 3-6 8-14
Subtotal 297 849 297-594 1,698-2,972
M. n. nicobariensis (Nancowry island group)

Nancowry 7 60 7-14 120-210
Katchal 9 69 9-18 138-242
Camorta 7 20 7-14 40-70
Tillanchang 27 10 27-54 20-35
Trinket 26 8 26-56 16-28
Teressa 9 119 9-18 238-417
Bampoka 13 26 13-26 52-91
Subtotal 98 312 98-196 624-1,092
Total 394 1,161 395-790 2,322-4,064

now hold nearly 50% of the population of this subspecies.
The megapode populations on the larger islands of Camorta,
Katchal, Teressa and Nancowry was estimated to be c. 63
breeding pairs, 88% less than estimated in 1994 (Table 2).
M. n. abbotti occurs on all of the islands of the south-
ern Great Nicobar group (Fig. 1) except for Pilo Milo,
Megapode and Trax where the megapode now appears to
be extinct (megapodes were not found on Pilo Milo in
1994). Of the 314-km coast 61% contains suitable habitat,
and I found a total of 286 active mounds. In unsuitable
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coastal habitat I found 11 active mounds. I estimate that
297-594 breeding pairs occur on the coastal habitat of these
islands. I found the largest population of this subspecies on
Great Nicobar, with an estimated 203-406 breeding pairs.
The second largest population is on Little Nicobar. These
two islands are the largest in this group and provide
breeding habitats for 96% of the total population of the
subspecies.

There was a significance difference in the composition of
mound types between 1994 and 2006 (y* =354, df =2,

o FiG. 3 Frequency distribution of mound nest
volume of the three mound types (see text for
details) of the Nicobar megapode.
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P < 0.001). In 2006 and 1994, respectively, 11 and 21% were
Type A, 17 and 41% Type B, and 72 and 37% Type C.
Mounds varied in volume (0.01-71.45 m’). Of the 217
observed mounds, the majority (84%) were <5 m? and 67%
were < 1m’. Less than 6% of mounds were > 20 m? and all of
these were type A. Because most of the mounds were new
and constructed after the tsunami the mean volume (3.78 £
SE 0.62 m®) was smaller than in 1994 (6.34 + SE 0.16 m%
Wilcoxon signed ranks test, Z = -2.497, P < 0.05). Type A
mounds were generally of a greater range of volumes than
Types B and C, which were generally small in size (Fig. 3).
Green canopy cover above mounds was significantly less
in 2006 than in 1994 (Wilcoxon signed ranks test, Z =
-2.090, P < 0.05; Fig. 4).

Of the 26 transects surveyed in the interior of the is-
lands, mounds were found only on three transects, one on
the southern tip of Great Nicobar, and two mounds from
two different locations on Camorta. These mounds were
not included in our population estimates.

Discussion

The major reason for the decline of the Nicobar megapode
since 1994 appears to be the tsunami, which washed away
both suitable habitat and nest mounds. In addition, the
tsunami appears to have been the cause of the extirpation of
the megapode on the islands of Megapode and Trax.
Megapode was fully submerged for 3 weeks after the
tsunami and the coastal areas of Trax were fully inundated.
The Nicobar megapode appears preferentially to build
mound nests in coastal areas because of the sandy-loam
substratum there (Sivakumar, 2000; Sivakumar & Sankaran,
2003). Compared to the previous survey (Sankaran, 1995b)
the mounds were closer to the shore, possibly because the
tsunami reduced the extent of suitable coastal habitat. These
mounds, which were built near to the high tide mark, could
be affected by abnormally high tides or waves. Maintaining

11-20 21-30 3140 41-50 51-60 61-70 71-80 81-90 91-100

Nicobar megapode mound nests in 1994
(before the tsunami) and in 2006 (after the
tsunami).

mound temperature at a constant rate is important for
successful egg incubation (Sivakumar & Sankaran, 2003),
and any influence of the nearby sea water on incubation
temperature could adversely affect the hatching success of
these mounds and lead to further population declines.
I observed that human threats to the megapode, such as
habitat degradation, hunting and egg collection, continue in
the Nicobar islands.

I found the largest population of M. n. nicobariensis on
Tillanchang despite its smaller size, and the population
there is approximately the same size as in 1994. Tillanchang
is the only Wildlife Sanctuary within the range of this
subspecies, although I observed evidence of megapode
hunting there. Because the intensity of the tsunami waves
was diminished by the islands of Camorta, Katchal and
Chaura before reaching Tillanchang, the impact of the
tsunami was less on this island. However, the tsunami caused
a drastic change in the number of mounds on all other
islands (Table 2). As the earthquake occurred south of the
Great Nicobar island group the tsunami waves arrived there
first, and this may explain the 65% decrease in the population
of M. n. abbotti on this island group compared to 1994.

The sources of heat that create suitable incubation
conditions within a mound nest vary with mound type,
location and size (Bowman et al., 1994; Palmer et al., 2000;
Sinclair, 2002; Sinclair et al., 2002; Sivakumar & Sankaran,
2003). Type A mounds are larger in size and normally used
by > 3 pairs (Sivakumar & Sankaran, 2003) but the number
of such mounds was greatly reduced by the tsunami. I saw
a greater number of type C mounds, probably because of
the availability of dead trees after the tsunami; type C
mounds may become type A once the tree decomposes fully
(Sivakumar & Sankaran, 2003). Types B and C are normally
smaller in size and accommodate fewer birds (Sivakumar &
Sankaran, 2003). The active mounds were mostly small in
volume (Fig. 3), indicating that they were constructed after
the tsunami.
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The temperature generated through fermentation of
vegetative material inside a mound probably aids incuba-
tion (Sivakumar & Sankaran, 2003) although ambient
temperature may also have an influence (Jones, 1987;
Sinclair, 2002; Sinclair et al., 2002). The reduced green canopy
cover above mounds in 2006 compared to 1994 means that
more direct sunlight is now falling on the mounds, which
may therefore warm up more quickly (Sinclair, 2002; Sinclair
et al,, 2002). If temperatures become too hot this could have
a detrimental effect on egg development.

The Nicobar megapode is included in Schedule I of the
Indian Wildlife (Protection) Act, 1972 and is categorized as
Vulnerable on the IUCN Red List (BirdLife International,
2008). However, as the population has decreased by c. 70%
since 1994 and habitat destruction and hunting are still
adversely affecting the species it probably qualifies for
categorization as Endangered based on criteria (IUCN,
2001) A1lacd, i.e. a reduction in population size (A), with an
estimated reduction of =70% over the last 10 years (1)
based on direct observation (a), an index of abundance (b)
and a decline in extent of occurrence (c).

Island ecosystems are known for their resilience be-
cause of the possibilities for restoration by recolonization
(Gunderson, 2000; Elmgpvist et al., 2003). In this context,
habitat restoration will be crucial for the long-term viability
of the Nicobar megapode populations. There are currently
two National Parks and two Wildlife Sanctuaries within
the range of the megapode. Both National Parks are on
Great Nicobar. Although these Parks offer some protection
to M. n. abbotti, large extents of potential coastal habitat,
especially along the west coast, are outside protected areas.
The Wildlife Sanctuary of Megapode Island was completely
submerged by the tsunami and no megapodes survived.
Tillanchang Wildlife Sanctuary, which includes the whole
of the island, is the only protected area that protects
M. n. nicobariensis. Overall <5% of the range of this sub-
species is protected.

The tsunami washed away most of the planted as well as
wild coastal coconut Cocos nucifera and areca nut Areca
catechu palms and re-establishment of these plantations is
important for the future survival of the islands’ people.
However, in the absence of appropriate planning the
ongoing planting may encroach upon the coastal habitat
of the Nicobar megapode.

Following the tsunami hunting pressure on the mega-
pode has increased. Although the Nicobarese attach
traditional cultural values to megapodes (the species is
a symbol of love because of its monogamous breeding
behaviour), scarcity of animal protein has forced them to
hunt the species. A conservation education programme
addressing this issue needs to be initiated. The two
aboriginal tribes, the Nicobarese and Shompens, are ex-
empt from the Indian Wildlife (Protection) Act, 1972.
Considering the changing lifestyle of these two peoples
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(Math et al, 2006) either this immunity needs to be
reviewed or the tribes need to be involved in the conser-
vation and management of both the megapode and the
islands’ protected areas.

The Andaman & Nicobar Forest Department has
already adopted some of the recommendations of this
study, such as inter-departmental coordination in the
re-establishment of coconut plantations so as to avoid plan-
tation in prime megapode habitat. In addition, the De-
partment has agreed, in principle, to initiate a programme
to eradicate introduced cats and dogs, known to predate
the megapode (Sivakumar, 2000), from the coastal areas of
the Nicobar islands. The Department has also initiated
a long-term monitoring programme of the habitat of the
megapode.
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Abstract

The d- g Nicobar wpode occurs as two sub-
species Megapodius nicobariensis nicobariensis and M.
n. abbotti, both endemic to the Nicobar Islands. Thought
to be endangered, this survey found it on almost all Nico-
bar islands where it historically occurred and concluded
that, as a species, it was currently not threatened, and
has probably become extinct only on inhabited Pilo Milo
island, While M. n. abbotti is secure other than on small
outlying islets, M. n nicobariensis is threatened on all
but three islands of its range. Loss of population in M. n.
nicobariensis was indicated both by significantly lower
mound densities and by a higher proportion of abandoned
to active mounds, when compared with M. n. abbotti.
Data were collected for 127 active mounds of M. n.
abbotti and 85 active mounds of M. n. nicobariensis,
and it was estimated that 849 and 312 active mounds,
respectively are present, the population of the species
being between 4500 and 8000 adult birds.

Though hunting and collection of eggs exists, the main
threat to megapodes is loss of habitat, mainly due 10 con-
version of coastal forest, the megapode’s primary nesting
habitat, 1o coconut plantations. Expanding urbanization
and construction of coastal roads are other serious prob-
lems. The single largest threat is a proposal 1o make
Grear Nicobar a free-trade port which, if implemented,
will destroy the Andaman and Nicobar islands.

1989; Jones & Birks, 1992), and has featured in several
lists of endangered spemu (eg Collar & And!.w.
1988). The d under
Schedule 1 of the Indian Wlldhfe Protectlon Act (1972)
whereby hunting and trade is prohibited. The ethnic
tribes of the Nicobar islands (Nicot and Shom-
pen) are exempt from the Act. In 1988, the extinction
of the megapode from Kondul was reported, a popula-
tion of less than 400 birds from Great Nicobar was
estimated and the extinction of this species was predicted
in the next 10 years (Anon., 1988). However, Dekker
(1992) estimated the population of M. n. abbotti at
about 780 breeding pairs (if not more) in the coastal
area of Great Nicobar and concluded that it was not
threatened there. The status of the species on other
islands, however, was still unknown.

The purpose of the paper is to document precisely
the present distribution and status of the Nicobar
megapode (M. n. nicobariensis and M. n. abbotti) and
to identify threats to this species.

Study ares

The Andaman and Nicobar islands (latitudes 6°4S'
and 13°41’ and longitudes 92°12' and 93°57) in the
Bay of Bengal arch from Arakan Yoma in Mayanmar
in the north to Sumatra in Indonesia in the south (Sal-
danha, 1989; Dagar ef al., 1991). The islands cover an
arca of 8249 km?, with a total coastline of 1962 km—

Keywords: meg Nicah de And
andNncnbanslands

INTRODUCTION

The family Megapodidae consists of 19 species in six
genera, most of which are island forms occurring in
Australia, New Guinea, castern Indonesia, the Philip-
pines, Niuafo’ou (Tonga), the Palau and Mariana
islands and the Nicobar istands in India (Dekker, 1990).
Throughout their dlstnbuuon, megapodcs are threat-
ened by habitat d ion of pred
and over-exploitation of their eggs (Dekker. in press),
and nine of these 19 species are threatened (Jones,
1989; Jones & Birks, 1992)

The Nicobar

Y5 g POy

the And: group with more than 325 islands (21 in-
habited) covering 6408 km?, and the Nicobar group
{Fig. 1) with over 24 islands (12 inhabited) with an area
of 1841 km? (Singh, 1981; Saldanha, 1989).

The Nicobar islands can be subdivided into three dis-
tinct subgroups. To the south the Great Nicobar group
consists of two islands vver 100 km? in area, nine islets
of less than 5 km?, and a few rocks. Four islands are
inhabited. The human population on Great Nicobar
(6831 people) has both tribal (8%) and mainland
Indians including settlers. The tribals are thinly distributed
along the souther, western and northern coasts. Of the
mainlanders, 55% are in the township Campbell Bay
midway up the east coast, and the remainder pursue
agrarian livelihoods along the southeastern coast. Little
Nicobar has no mainland settlers and the tribals are

B4P

was idered to be seriousl d

d (Jones,

distributed all around the island. Kondul and Pilo Milo
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Table 1. Summary of details of islands in this survey
Island Area Coastline Noof Transects % coast Survey Population
tkm?) (km) transects (km) surveyed days
Tribal  Mainlander

Great Nicobar 10451 213 19 304 14 56 536 6295
Little Nicobar 1591 78 12 127 16 18 295 13
Megapode Island 0125 24 1 10 42 1 ¢ o
Meroe <3 525 1 525 100 3 0 0
Treis <1 27 1 27 100 05 Q 0
Trak <02 12 1 12 100 025 0 0
Menchal <2 33 1 15 46 2 0 ]
Kondul 46 15 1 2 27 2 139 8
Pilo Milo 13 30 i 25 83 2 109 13
Camorta 188-2 125 8 122 11 17 1406 1567
Trinkat 363 30 2 40 23 5 350 0
Nancowry 669 43 4 10-25 7 4 907 107
Katchall 174-4 78-0 3 8 10 8 2491 2581
Teressa 1014 5325 5 1195 224 12 1617 162
Bompoka 133 1275 1 22 173 2 sl [
Tillanchong 16-82 42 4 62 14-8 7 ] 0

are inhabited islets; Meroe, Treis, Trax, Menchal,
Megapode, Cabra and Pigeon are uninhabited.

uninhabited, are Wildlife Sanctuaries. Great Nicobar is
a Biosphere Reserve (885 km?*), whose two core areas

The Na y group (middle Nicobar islands), 58
km north of the Great Nicobar group, consists of three
islands larger that 100 km? two of 36 and 67 km?
three less than 17 km?, two small islets and a few rocks.
Seven islands in the Nancowry group are inhabited,
with a population of 12,464 comprised of both tribals
{64%) and mainlanders. The tribals are distributed all
around the islands. Mainlanders do not own fand in
the nancowry group, and about 80% are either
employed by various government agencies, tribal co-oper-
ative societies or trade sectors. Twenty percent of main-
landers in the Nancowry group are Sri Lankan
repatriates who have been settled on Karchall and who
work on the 600-ha rubber plantation. Tillanchong is
the only uninhabited island of the group.

The northernmost subgroup, composed of Batti
Malv and Car Nicobar, is 88 km north of the Nan-
cowry group. Batti Malv is uninhabited and Car Nicobar
has a population of over 19,000 people, 80% of whom
are tribals. The mainlanders are mainly employed in
government and trade sectors.

The habitat characteristics of the islands vary. In the
Great Nicobar group, all islands are completely forested.
A small proportion of the coast of the larger islands is
mangrove. In the Nancowry group of islands, the
central portion of all islands, except Katchall and
Tillanchong, are grasslands (over 60% of Trinkat and
Teressa, 30-50% of Camorta and at least 20% of
N y and Bompoka), often extending to the
coast itself. Within the grasslands there are patches of
forest. A substantial amount of the coastline of
Camorta, Trinkat and Nancowry is mangrove. Thus
habitat available for the pode is iderably less
in the Nancowry group than in the Great Nicobar
group.

Four islands in the Nicobar group have areas protected
as wildlife preserves, and most islands are tribal reserves.
Tillanchong, Batti Malv and Megapode Island, all

are Ni 1 Parks (536 km?).
The mound of the Nicobar megapude
The Nicot je builds ds of sand, loam,

coral bits and rotting vegetation within which eggs are
laid. Mounds vary in height from 10 cm to 2-1 m and
im basal circumference from 7 to 45 m. Basically thres
types of mounds are built by the Nicobar megapode
and have been described by Dekker (1992) as: type ‘A’
mounds or true mounds, regular in shape and built on
an open spot away from trees; type ‘B’ mounds, irregu-
lar in shape, built against the buttress or stem of a
large living tree; type ‘C’ mounds, also irregular in
shape but built against, around, under or over a dead
rotting tree stump or log (Fig. 2),

Mounds are usually made close to the shore but may
also be present some distance inland (Hume & Mar-
shall, 1878; Baker, 1930). This preference for nesting
near the beach is common to at least one other species,
M. freycinet (Stucbing & Zazuli, 1986). Of the 188
active mounds for which measurements were taken
during this study, 97% were found within 100 m (80%
within 60 m) of the beach. A few mounds were further
inland (as far as 15 km inland on Great Nicobar), but
these were difficult to find because of hilly terrain and
much lower densities.

METHODS

The historical distribution of the Nicobar megapode
was learnt from literature and this was followed by a
survey of the Nicabar group of islands from 10 Decem-
ber 1992 to 5 April 1993, and 20 December 1993 to 31
March 1994, The coastline of 17 islands was sampled by
walking around each island 50 that the entire range of
this species was d

sites varied between 5 and 8 km on larger lslands and
the entire coast of small islands was surveyed (Table 1).
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As ds are i 'y, inani and rep

breedmg, the best way to estimate and monitor

pulations is by ing the number of
acnve mounds (those in use), identified by signs of
recent digging. When such signs were not obvious, as
when rains obliterated marks, the state of a mound was
identified by checking whether the soil was compact
and hard (abandoned) or if the soil was loose and eas-
ily penetrable with a stick (active). A mound that was
not active (i.e. not in use) was considered abandoned. I
preferred this classification over Dekker (1992), who
called such mounds inactive, because ‘inactive’ implics
that a mound is periodically inactive and active, while
in reality most abandoned mounds had not been used
for considerable periods, were in stages of obliteration,
and often had vegetation growing on them. This indi-
cated that in the Nicobar megapode, few if any
mounds are brought back into use after being aban-
doned.

As mounds are predominantly placed in a narrow
strip of forest along the seashore (Dekker, 1992; this
study), the survey concentrated on forests abutting the
beach. The census consisted of two observers walking
between 30 and 50 m abreast parallel to the seashore,
with the observer closest to the sea about 20-30 m
from the beach. As mounds within 20 or 30 m of the
observer are easily located, most mounds within a belt
of forest about 100 m wide starting from the beach
were thus counted. The length of this modified belt
transect was about 1-5-2 km (av. 1-7 km, SD = 1.3 km,
range 0-2-8 km, n = 64). Only three transects were less
than 0-5 km, in terrain where available habitat was fim-
ited to the length of the transect, ¢.g. small bays amidst
cliffs. The data from such transects have not been
appended to other transects.

The census data d of three p (a)
length of the transect; (b) distance between mounds;
and (c) distance between the mound and the beach. I
calculated mound density (per km?) by the equation, D
= m/l X w, where m = number of active mounds, / =
length of transect (km) and w = width (100 m) as 97%
of mounds in coastal forests were found within 100 m
of the beach. Mounds beyond 100 m from the beach
were excluded from the estimates.

where n = ber of a particular
segment, S; = length of segmem L; = total length of
transects within a segment, M, = total number of active
mounds within L,

Megapodes also occur in the forests in the interior of
the islands, and in the larger fragments of forests
within grasslands in the Nancowry group. These popu-
lations have not been considered in my estlmates

M of di were app. Dis-
tances in the field were measured using a pedometer set
at 45 cm, arrived at by comparing strides taken to sur-
vey 1-5 km of megapode habitat abutting a metal road,
and on the road. Distances between the mound and the
beach were measured either by pacing, or visual esti-
mates, Coastlines were measured from 1:150,000 scale
hydrographic charts. Signs of predation, both natural
and human, were recorded for every active mound seen.

RESULTS AND DISCUSSION

Distribution

M. nicobariensis, endemic to the Nicobar istands, is
geographically isolated, with its nearest congeneric about
1600 km away (Olson, 1980). Two subspecies are rec-
ognized — M. n. nicobariensis, present on the Nan-
cowry group of islands north of the Sombrero
Channel, and M. n. abbotti, on the Great Nicobar
group of islands to the south (Ali & Ripley, 1983; Fig.
1). As the two subspecies have significant dialectic diff-
erences in their vocalizations, subspecific identification
is possible in the field (this study).

The Nicobar megapode occurred on most Nicobar
islands (Hume, 1874; St John, 1899; Kioss, 1903) but
was not found on Car Nicobar (Butler, 1899) and
Chaura (Abdulali, 1967). Tiiere were a few records
from the Andaman group of islands (Hume, 1874; But-
ler, 1899; Sewell, 1922) and from the Caco islands fur-
ther north (Kloss, 1903; Abdulali, 1964). None of the
records from the Andaman group are of recent origin
and the species is believed to be absent there.

Three theories have been put forward for the absence

To estimate the total number of active ds, the
coastline of each island was divided into

of megapodes from the Andaman islands. Kloss (1903)

based on similarity of habitat. This was necessary
because the distribution of mounds was not uniform and
they were not present or were very rare where cliffs or
mangrove swamps abutted the shore or the forest was
low-lying and periodically inundated (e.g. dominated
by Areca or Pandanus palms), or the forest has been
placed by Thus, a was based on judg-
ing overall similarities in habitat and its suitability for
des. The total ber of ds for the forest
abuttmg the coast (probably comprising 75% of
mounds in Great and Little Nicobar, Katchall, Bom-
poka and Tillanchong, and over 90% of Camorta,
Trinkat, Nancowry, and Teressa) was then calculated
by the equation:

believed that podes were introduced to the Nico-
bars by the Malays and explained their absence from
the Andamans because voyagers were deterred from
those islands by hostile natives, thus preventing their
introduction, Olson (1980) supgests that megapode dis-
tribution is a result of competitive exclusion by other
galliforms, but as wild galliforms are absent in the
Andamans, this does not explain their absence there.
Dekker (1989) argued that because mound-nesting
megapodes are unable to survive in the presence of
large carnivores, their absence in the Andamans might
be explained by the i jon of the palm civet
Paguma hermaphroditus and masked palm civet P. lar-
vata (Kloss, 1903; Dekker, 1992), and considers the
Nicobar de as a relict population. H , of
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the two civets in the And. only P. hermaph

is introduced; P larvata tytleri is a subspecific endemic,
and it is th possible that megapodes were not
able to colonise the Andamans at ail.

Whether the megapode existed in the Andaman
group needs confirmation as there are no specimens
from those islands and shooting records appear to be
hearsay. It is possible that the mound reported by
Hume (1878) was a nest of the king cobra Ophiophagus
hannah, a likely error if one had not seen a
megapode mound before. Spot sampling in South
Andamans failed to reveal old mounds (this study), traces
of which can be present for over 1000 years (Stone,
1991). Many taxa are exclusive cither to the Nicobars
or the Andamans and this is probably also true for the
Nicobar megapode. Tangible evidence, in the form of
abandoned mounds, is needed before we can conclude
that this species indeed existed in the Andaman group
of islands.

I found the Nicobar megapode to be present on all
but one island (Pilo Milo, where it is probably extinct)
in the Nicobars from where it had been reported. It
may have existed on Car Nicobar (78 km north of Ter-
essa, the nearest megapode population) a century age
(Kloss, 1903; this study) but I found no traces of
mounds. Chaura is only 11.5 km from Teressa and
considering the megapode’s occurrence on the more
remote Tillanchong there is no reason why it should
not have existed there. Even if it did occur in the past,
both Car Nicobar and Chaura are much too densely
populated for the species to exist there now.

Status

Crucial to a population estimate is the number of pairs
that use a mound in a year, whether larger mounds
attract more pairs, differences in types of mounds and in
the number of pairs using them, presence of mound
tenacity, egg-laying frequency, number of eggs laid and
duration of reproductive period. This information is as
yet ilable and any populati i will be ten-
uous. Thus, the best indicator of the status of mega-
podes is an estimate of the number of active mounds in
an island. However, Dekker (1992) estimated an aver-
age of two pairs per mound (for all three types), and
emphasized that this was an absolute minimum, indica-
tive of the breeding population for the month of March
only. As the breeding is said to be through the year (Ali
& Ripley, 1983), the actual number of pairs that use a
mound in a year would be more (cf. Dekker, 1992).
That more than two pairs use the same mound was also
evident from trappers who had snared scveral birds
from the same mound. In two other mound-building
megapodes, a maximum of four and five pairs have
been estimated as using the same mound (Rand &
Gillard, 1967; Stuebing & Zazuli, 1986). Thus for the
population estimate, I used two pairs per mound for the
lower limit and 3-5 pairs per mound for a conservative
upper limit (the mean of the minimum of pairs per
mound for M. nicobariensis and the maximum recorded
for megapodes in the literature).

Megapodius nicobariensis abbotti

On Great Nicobar, M. n. abbotti was believed to have
disappeared from all arcas colonised by mainlanders
{(Dekker, 1992). However, megapodes still survive there
and four active mounds were located over a distance of
11 km. In areas not colonised by mainlanders, active
mounds were present in ali forests abutting the shore,
as was the case with all of that part of Little Nicobar
which has no mainland settlers. I estimated over 800
active mounds in Great and Little Nicobar and a popu-
lation of aduit breeding birds between 3300 and 5750
birds (Table 2).

Dekker (1992) estimated 390 active mounds on Great
Nicobar as against this study’s 515, though sampling
intensities were similar (26 and 30-4 km, respectively).
Dekker, however, surveyed three areas, whereas 1 sam-
pled 19 locations all round the istand. In his study the
west coast was under-sampled (3 km at one location);
this coast had the least disturbance and the best
megapode habitats (I surveyed 12 km at nine loca-
tions), His other two transects pass (one partly)
through habitat that had been subjected to human
activity such as road building or quarrying and are not
representative of mound abundance. Lastly, by divid-
ing the coast into segments (this study) a truer estimate
of mound numbers was obtained than by a simple
arithmetical extrapolation (Dekker, 1992).

Seven of nine islets in the Great Nicobar group had
habitat suitable for megapodes and two (Cabra and
Pigeon) were too small. Over 50% of the forests of un-
inhabited Meroe, Treis, Trak, Menchal and Megapode
Island have been converted to coconut plantation by
the inhabitants of neighbouring istands. On Megapode
Island and Meroe only one active mound each was
found and a high proportion of abandoned mounds
was indicative of a dwindling population, A dense
ground cover of germinating co-onut on Meroe has
ruined potential mound-building areas. Only Treis and
Trax, with four and three active mounds each, had a

zap populati Less than 10% of
M "’scoastls itable for pode as most of
the island is rocky. Only one active : mound was found
there. The only level area in Kondul is inhabited and of
the three active mounds found, one was just behind the
South Point village. About half of Pilo Milo is inhab-
ited, and the islet is mostly under coconut palms.
Megapodes are apparently extinct on this islet, though
reports of calls heard indicate that it may still survive.
The ber of active ds in the outlying islets in
the Great Nicobar group is esumatcd to be 23, with an
adult breedi 90 and 160 birds
(Table 2). Thus ‘the population of M. n. abbouti is be-
tween 3400 and 6000 birds.

Megapodius nicobariensis nicobariensis

M. n. nicobariensis occurs on seven islands of the Nan-
cowry group. On Camorta, Katchall and Trinkat, it
was patchily distributed, with very few locations having
active mounds and even fewer where mounds were
abundant. For instance, on Camorta, only one location,
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Table 2. Population estimate of the Nicobar megapode

Estimated no.  Estimate of number of

of active mounds  breeding pairs (range)”
M. n. Abbotri 849 1698-2972
Great Nicobar 515 1030-1802
Little Nicobar 311 622-1088
Megapode Island 2 47
Pilo Milo 0 0
Meroe 1 24
Treis 4 8-14
Trak 3 611
Menchal 2 4-7
Kondul 11 22-39
M. n. nicobariensis 312 624-1093
Camorta 20 40-70
Trinkat 8 16-28
Nancowry 60 120-210
Katchall 69 138-242
Teressa 119 238-417
Bompoka 26 52-91
Tillanchong 10 20-35

“Lower limit at two pairs per mound, upper limit at 3-5 pairs
per mound.

a small promontory near Kakana village, had a high
density of active mounds. Elsewhere in the island,
active mounds were either very rare or absent. Very
few active mounds were located on Trinkat. At
Kaichall, considered by Kloss (1903} to be the home
of the megapode, a few mounds were distributed
through much of the coast, but only a single location
had a high density. The southern half of Nancowry
had mound densities similar to that of Great and Little
Nicobar. I estimated over 150 active mounds of M. n.
nicobariensis in these four islands, and an adult breeding
population of between 600 and 1100 birds (Table 2).

It was only on Teressa and Bompoka that good
populations of megapode existed, with a similar density

of active mounds as that of Great and Liitle Nicobar
{Table 3). Tillanchong is mainly hilly with very little
level coastat forest; thus megapodes are naturally
scarce except in the level forests. The small popula-
tion that exists is apparenliy secare. Thus the total
pop! ion of aduit b birds of M. n. nico-
ba is is d 10 be b 1200 and 2100
blrds and the number of active mounds to be a little
over 300.

Population loss

To assess which islands have undergone population
loss, and the reasons behind the reductions, the mean
density of mounds and the proportion of abandoned to
active mounds for each of the transects traversed were
calculated, and comparisons made between islands.

The densities of active mounds are similar for six
islands, Great and Little Nicobar, Trax, Nancowry,
Teressa and Bompoka, where densities ranged between
30 and 36 mounds km? (Table 3). In all other islands,
densities ranged between 3 and 22 mounds km?. In the
best habi active ds were encc d at least
once every 200 m, and similar densities have been
reported for M. reinwardt (Lincoln, 1974; Crome &
Brown, 1979) and for M. cumingii (Stuebing & Zazuli,
1986). The significantly lower densities in M. n. nice-
bariensis in Camorta, Trinkat and Katchall and of M.
n. abbouti in the outlying islets of the Great Nicobar
group thus poses the question whether the lower num-
ber of mounds encounterad for the northern subspecies
is natural or whether there has been a loss or reduction
in the populations.

Reduction in the populations is best indicated by the
proportion of abandoned mounds. The two islands
with the least damage to coastal forests are Great and
Little Nicobar, of which Great Nicobar had a greater
proportion of undisturbed coast. All other islands had

Table 3, Summary of census data of megapode mounds

M. n. abborti

M. n. nicobariensis

GN MI LN PM MR TR TA MN KN CM TR NN KT TS BP Ti

No. of aclive mounds
Type A 20 123 0 1 3 I 1 [} 7 2 9 1 18 6 4
Type B 25 0 14 0 0 0 0o 0 1 1 0 2 1 3 0 2
Type C 21 0 12 [ 0 I 2 o 2 0 L] 3 2 12 1 2
Total 66 1 4 0 1 4 3 1 3 8 2 14 14 33 7 8
No. of abandoned
mounds 50 3 B 4 14 14 13 0 5 4 16 15 29 113 25 14
Mean % abandoned

mounds 4 75 57 100 93 78 81 0 63 82 9 53 70 72 78 67
Mean mound density (km?) 33 10 36 3 16 30 7 15 W 4 30 22 30 32 13
% mounds with signs of

egg collection 75 0 2 — 0 0 o 0 0 ] [ 0 0 ¢ o 0
% mounds with snares 12 o i8 — 0 0 1] 0 [} 0 [} 8 o 0 14 38
% mounds with monitor

lizard signs 8 0 18 — 0 ¢ 0 0 0 25 [ 0 3 28 13
No. active mounds
(extrapolated) 515 2 31l 0 1 4 3 2 1 20 8 60 69 119 26 13

GN, Great Nicobar; MI, Megapode Island; LN, Little Nicabar; PM, Pilo Milo; MR, Meroe; TR, Treis; TA, Trak; MN,
Menchal; Kn, Kondul; CM, Camorta; TR, Trinkat; NN, Nancowry; KT, Katchall; TS, Teressa; BP, Bompoka; T1, Tillanchong.
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of forest to

plantauons The proportion of abandoned to active
mounds in the other islands was between 1-6 and 23
times that of Great Nicobar, and 1-2-1'6 times that of
Little Nicobar (Table 3). The only exoepnon was Nan-

23

on the west coast of Little Nicobar and rare or uncom-
mon over much of the Nancowry group, particularly
Kondul, where continued adherence to traditional val-
ues resulted in lesser levels of exploitation. Where tradi-
nonnl values have been eroded (as by the complete

cowry where the proportion of aband was
similar to Great and Little Nicobar.

The highest number of abandoned mounds were
present in thosc areas where primary forest has been

of Christi ), localised heavy to exces-

sive huntmg pressures may exist. At Tahiywol, 71 lzgs,
ly of 36 des, had been strung up and

shot dunng the week of a full moon. Such hunting

converted into coconut plantauons In one
on Camorta, of the 16 mounds seen in a I- S-km transect,
14 (87-5%) were abandoned, in another on Teressa
56 were abandoned and four active mounds were seen
in 275 km, and in very old plantations only traces of
abandoned mounds were visible. However, where there
was a mixture or mosaic of coconut and forest, or the
ground vegetation was not cleared, megapodes built

ds. They app ly abandon pure stands of
coconut because they requirc sufficient ground and
middle-storey vegetation cover, and probably also
because mounds become unworkable due to the cover
of dead coconut fronds, and falling and germinating
nuts.

Teressa and Bompoka are ions b while
mound densitics are similar to lhat in Great and Little
Nicobar, they have a significantly greater proportion of
abandoned mounds (Table 3}, since much of the coast
on these istands has been converted to coconut. There
is, h -, an persion of natural babi-
tat within the plautatlons and large tracts of optimal
megapode habitat.

The first sign of a declining population is pert
high proportion of abandoned ds, foll
decline in the density of active and g

a
d by a
d Lo g

, Were p I, and in the entire
range of the species were seen only at two locations
(Tahiyuol and Pilo Milo). Megapodes are also shot on
Mero¢ and Treis, thus seriously threatening already
depleted populations.

Megapode eggs are apparently not an important
source of food. Thus, unlike other species where high
egg collection pressures exist {Bishop, 1978; Todd,
1983; Stuebing & Zazuli, 1986; Dekker & Wattel, 1987;
Jones, 1989), a low number of mounds had been exca-
vated for eggs (Table 2). The Shompen and some Nico-
barese do occasionally collect eggs (but apparently all
Nicobarese do not collect (or eat?) megapode eggs and
egg collection is only done occasionally.) Bompoka is
an exception, and megapode eggs from there are gifted

to people on neighbouring Teressa. Localised, heavy
hunting p on the megapode by Nicob. are
a recent ph b of the isation

Pop

of airguns. The traditional method, with a cross bow,
was rare and I saw it being used only on Bompoka
and at one location in Katchall. Most Nicobarese
do not use snares, and its use is even resented because
pigs and chicken get caught or injured by the nylon
nooses.

Mainland:

in population loss. This can be seen as a i in

particularly labourers on construction

the larger islands (Table 3), which also corresponds o
the availability and quality of habitat. Great Nicobar
had a high density of active mounds and the least pro-
portion of abandoned mounds while Little Nicobar
had a high mound density but a greater proportion of
abandoned mounds. Teressa and Bompoka had high
mound densitics but liigh proportions of abandoned
mounds, Katchall with a lower mound density and a
high proportion of abandoned mounds and Camorta
and Trinkat with both low mound densities and high
proportions of abandoned mounds.

Threats

The main threats to the Nicobar megapode can be clas-
sified into hunting of birds for meat and egg collection,
predation and habitat loss,

Hunting and egg collection

Because megapodes have spiritual and medicinal values
attached to them, the Nicobarese do not hunt or collect
epgs of this species extensively. There were, however,
inter- and intra-island differences. In some villages
hunting or egg collection is present (e.g. Tahiyuol, on
Littl Nicobar), while in others it is not (e.g. Pilo
Pakka, also on Little Nicobar). Hunting was greatest

, trap megapodes, £.g. on Great Nicobar while
work on Project Yatrik (which opened up the island to
colonisation) was under way. With the phasing out
of the project, and the bcner implementation of

Wildlife P laws, have
declined. I did not come across any sign of mainlanders
digging up mounds for eggs.

Very high h p albeit localised

from Thai poachers who camp in isolated paris of
Tillanchong, Great and Little Nicobar. Snares for
megapode and wild pig Sus scrafa nicobarica had been
placed ively in the north n coast of Great
Nicobar and most mounds near Thai camps had snares
on them. Several active mounds where building was

freq; were also indicative of a that had
suffered recent losses. About 5% of Great Nicobar's
coast is affected in this manner. Thai poachers also col-
lect eggs.

Predation

Having evolved in habitats free of large carnivores,
megapodes are particularly vulnerable to predators
(Dekker, 1989). In the Nicobars, introduced wild
predators are absent. Only the monitor lizard Varanus
salvator, the reticulate python Pythan reticulatus and
species of raptors are p of megap
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and their eggs. The lizard d
both to prey on eggs and to lay its own eggs (cf.
Dekker, 1992). However, this is not a problem and as
monitor lizards are extensively hunted for meat, the
numbers of this predator are kept in check.

Dekker (1992) suggested that cats and dogs pose a
threat to megapodes in the Nicobar islands. I made a
few observations that were contrary to this, the most
striking of which was an active type ‘A’ mound within
30 m of an inhabited hut with ﬁve dogs and four cats.
At night the megapod d on an adj tree.
Todd (1983) also stated that in the 100-odd years that
cats have been resident of Niuafo’ou, M. pritchardii has
not become extinct. Dogs and cats are currently not a
threat to the Nicobar megapode, except on Meroe,
where cats were released in 1991 to control a very high
population of rats that were seriously damaging the
coconut crop. The most visible change on Meroe since
then has been a flush of germinating coconut palms,
1-5-2 m high, forming a dense ground cover, greatly
reducing the area available for mound building.
Because of the density of ground cover, the essentially
cursorial megapode will also be increasingly incapable
of avoiding predators.

Habitat loss

The primary threat to most species of megapodes is
loss of habitat (e.g. Bishop, 1978; Dekker, 1980), and
this is also true for the Nicobar megapode. Demo-
graphic Nicob:

in the ? have fted in
widespread loss of habitat, being most acute in the
Nancowry group of islands.

The Nicobarese subsist on coconut and have clear-
felled forest to plant banana, papaya and tuber-bearing
plants, As tribal populations are the highest in the nan-
cowry group, most damage has occurred there. An
approximately 35-km long strip of forest along the
southeastern coast has been depleted on Great Nicobar
due to settlement of mainland Indians. Over 600 ha of
primary forests were replaced by rubber plantations on
Katchall. Expanding townships and villages, roads,
airstrips and infrastructure of defence establishments
have all resulted in the loss of habitat, which is the sin-
gle biggest threat to megapodes.

Conservation perspectives

The long-term perspective for the Nicobar megapode is
bleak due to persisting loss of habitat. The problem is
most acute in the Nancowry group where suitable habi-
tat, both for and h is iderably

Though megapedes are not being extensively hunted
(or . their cggs oollected) m the Nicobar Group of
Islands, i i T emsl and
may eause localised rarity or extinction. The
however, is not yet alarming.

The most immediate threat in the Nicobars is the
proposal to make Great Nicobar a free port and to cre-
ate a dry dock and sefuelling base for international
shipping at the mouth of the Galathea river. If and
when imp! d, all the Nicobar islands will be lost
to conservation.

The Nicobar megapode, as a species, is not endan-
gered. The only two criteria (IUCN criteria for threat-
ened status; Col'ar et al., 1594) for which the species
qualifies are B2c (continuing decline in area, extent and
quality of habitat) and C1 (decline over the last 10
years may be greater than 20%, though there are no
data for this). The species should therefore not be clas-
sified as threatened, but as it qualifics for one of the B
codes, I propose that it be classified as volnerable and
its status be periodically re-evaluated.
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Data collected during an ongoing study on incubation mounds and the social organization of the
Nicobar megapode Megapodius nicobariensis Blyth, 1846, are reviewed. Microbial decomposition of
organic matter in mounds is likely to be the major source of heat production within incubation
mounds of the Nicobar megapode, though a direct relation between the rate of organic activity and
the temperature could not be shown. The size of a mound was found to be the most important factor
in the stabilization of incubation temperatures at optimal levels. Data on the social organization of the
Nicobar megapode are presented. The use of mounds by multiple pairs, territorial behaviour, extra-
pair copulations and the break-up of pairs are highlighted. The mating system in the Nicobar
megapode is briefly discussed.

Introduction

The Nicobar megapode Megapodius nicobariensis Blyth, 1846, is a monomorphic
mound building megapode, endemic to the Nicobar Islands in the Bay of Bengal. It is
separated from its nearest congeneric for about 1600 km (Olson, 1980). Two sub-
species are recognized: M. n. nicobariensis Blyth, 1846, which is found in the Nan-
cowry group north of the Sombrero Channel and M. n. abbotti Oberholser, 1919, from
the Great Nicobar group lying south of it (Hume & Marshall, 1878; Abdulali, 1964; Ali
& Ripley, 1983; Jones et al., 1995; fig. 1), a separation which conforms to other avifau-
nal assemblages in the Nicobar islands (Sankaran, 1997). The Nicobar megapode was
considered to be seriously endangered (Collar & Andrew, 1988; Jones, 1989; Jones &
Birks, 1992). However, a survey of Great Nicobar indicated that M. n. abbotti was not
threatened (Dekker, 1992; Dekker & McGowan, 1995), and based on population esti-
mates of the Nicobar megapode on all the Nicobar islands between 1992 and 1994,
Sankaran (1995a, b, 1998) concluded that M. n. nicobariensis is vulnerable and M. n.
abbotti near threatened, and designated the species as vulnerable.

Studies by Dekker (1992) and Sankaran (1995a, b) have described the incubation
mounds of the Nicobar megapode. Sivakumar & Sankaran (in press) have quantified
site and habitat selection of mounds as well as mound use patterns in this species.
This paper presents the preliminary results of an ongoing ecological study of the
Nicobar megapode which was initiated in 1995, and focuses on two aspects: incuba-
tion conditions within mounds and social organization. Specific questions include:

— do heat sources (microbial decomposition or solar radation) that create suitable
incubation conditions in a mound vary with mound dimensions? Which source pro-
vides the most stable incubation conditions?

— do heat sources and mound dimensions have a bearing on the number of pairs
that use a mound, the number of eggs laid, and hatching success?
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— what relation do home range and/or territory of a pair have to the location of
the mound it uses?

— do home range and territory vary between breeding and non-breeding phases?

— how are pair bonds formed, and how permanent are they ?

In this paper, we present our preliminary findings based on data collected over
two breeding seasons. A more detailed treatment will follow later, when data have

been collected over more breeding seasons.

Study Area

The Andaman and Nicobar
Islands (6°45" to 13°41’ latitude,
92°12" to 93°57’ longitude) in
the Bay of Bengal arch from
Arakan Yoma in Mayanmar in
the north to Sumatra, Indone-
sia, in the south (Saldanha,
1989; fig. 1). The islands cover
an area of 8,249 km2, with a A . Narcondarn
total coastline of 1962 km. The

X North Andaman

Andaman group with more Andaman
than 325 islands (21 inhabited) Middle Andaman  Islands
cover an area of 6,408 kmz, the
Nicobar group with over 24
islands (13 inhabited) cover an
area of 1,841 km? (Singh, 1981;
Saldanha, 1989).

We have been studying the
ecology of the Nicobar mega- Ten Degree Channel
pode since January 1996 at the
southern tip of Great Nicobar 0 Car Nicobar
(fig. 2). Our study area lies on
the coast, is about 4 km long, " 1, Nancowry Nicobar
and is bisected. by a disused M. 1. nicobariensis ok Islands
metal road which ends at the Sombrero Channel
light house at Indira Point. The v
intensive study area is a narrow M. n. abbotti {;) Great Nicobar
strip of forest between 40 and
300 m wide, that is bounded by
the beach to the east and by "IN Y

either wetlands or forests that = ’ (\N
. . e INDONESIA
are inundated during the mon-

soons to the west. The soil with-

in this strip of forest is sandy  Fig. 1. The Andaman & Nicobar Islands showing the distribu-
and loamy, and the dominant tion of the two subspecies of the Nicobar megapode
trees are Barringtonia asiatica ~ Megapodius nicobariensis.

WANMAR

¢ Preparis

1 Gt Coco

@
3

South Andaman

Bay of Bengal

ﬂ Little Andaman

Andaman Sea
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Kurz., Terminalia bialata Steud., Terminalia catappa L., Syzygium samarangense (Blume)
Merrill & Perry, Thespesia populnea Soland. ex. Correa, and Macaranga spp. The study
area has dense stands of Pandanus tectorius Parkinson ex J.P. du Roi and P. odoratis-
simus L. in patches, and the road is fringed by stands of Leea angulata Korth. ex Miq., L.
grandifolia Kurz., and Draceana spp. There are a few patches where the ground is open
and with little vegetation. The soil of the forest type to the west of this coastal forest, is
wet and clayey and covered with Areca spp. as well as trees like Ixora barbata Roxb.,
Pongamia pinnata Pierre, Alstonia kurzii Hook.f., Aisandra butyracea (Roxb.) Baehni,
Myristica irya Warb., M. andamanica Hook.f., and Celtis timorensis Span.

Indira Point la

Field Station

e Mounds at start of study
0 Mounds built during the study
Road
== Sea Shore
# Mound Identity

200 m

Fig. 2. The southern tip of Great Nicobar island where the ecology of the Nicobar megapode is being
studied. The figure shows the location of incubation mounds that were present at the start of the
study in January 1996, and the mounds that were subsequently newly built.

Methods

Incubation conditions within mounds

The basal circumference, height and diameter of mounds were measured once a
month. The mound size, expressed in m3, is derived from the equation for the volume
of a cone: 1/ 3nr2h, where r is the radius and h the height.

In 1996 we implanted four temperature probes, at depths between 20 and 75 cm,
in seven mounds that were selected for intensive studies. However, after about two
months these probes malfunctioned, probably due to high humidity and rainfall. In
1997, we used a temperature probe placed at the tip of a 1 m long steel tube which
was inserted to depths of 30, 60 and 90 cm. The temperature of all mounds in our
study area was measured once a month and for the target mounds once every ten or
15 days.

Microbial activity was measured indirectly using a soil respirometer (PP Systems
EGM-1 Environmental Gas Monitor with a SRC-1 Soil Respiration System), assuming
that in those mounds where organic activity was high, greater amounts of CO, would
be emitted. The soil respirometer measures CO, changes in a fixed volume over a
known period of time and fits a quadratic equation to the data to arrive at a SR value
which is the soil respiration rate in g CO,/m</hour.
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The intensity of light falling upon a mound at different times of the day was mea-
sured using a Lux meter. Both soil respiration and light intensity were measured at
least once in a fortnight for seven mounds which were under intensive study. The
temperature, soil respiration, and light intensity data presented here are means of all
data points. Temporal variations are not dealt with in this paper.

All mounds in the study area were visited twice a day, when we recorded any
activity, allowing us to identify whether and when eggs were laid in a particular
mound. Whenever possible, a newly laid egg was located by digging into the mound,
and the egg was marked. The egg was monitored by relocating it once every 15 days.
Incubation temperatures near the egg were measured once every 15 days.

Territory & social organization

We observed megapodes mostly on the mound and opportunistically away from
the mound using the focal animal sampling method (Altmann, 1974). We colour-
marked 23 birds, which represented 16 paired and two unpaired birds. Their posi-
tions were plotted on detailed maps of the study area. All sightings, calls and fights
were plotted on this map.

Results
Incubation conditions within mounds

The size of mounds

The size of a mound varies during the season. Between January and June 1996,
eight mounds increased in size, four decreased, and nine showed no change (n = 21;

33 4
32.6 4
32
31.6 4
31

30.5 1

Temperature (°C)
-

30

29.6 1

29

7 on ow oww wm w = 2
Incubation period (days)

Fig. 3. Relation between core mound temperature (°C) and incubation period (days) of eggs of the
Nicobar megapode.
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Table 1. The history of 27 incubation mounds of the Nicobar megapode.

Mound Months during which the mound was active Size of the mound (m?)
1D 1996 1997 1996 1997
] F M A M ] ] F M A M ] Jan  June Jan June

1 0.4 0.4 06 03
la —_— 0.8
1b _— 1.3
2 0.4 0.4 04 04
3 4.1 2.8 14 32
4 6.5 6.9 79 147
6 0.8 0.7 08 1.8
6a 0.1 0.2 03 02
7 0.1 0.1 01 05
7a 0.1 0.8 08 0.8
8 45 4.0 37 62
8a e — 0.1 0.1 01 01
9 52 5.6 21 73
9a 0.2 0.2 02 22
9b 0.1 0.1 01 01
9c _ 01 0.1 2.2

10 256 281 25.6 24.1
10a e 0.2 02 44
11 0.2 0.2 02 03
1la 0.1 0.1 0.1 0.1
12 0.8 0.8 09 43
12a 0.9 15 1.6 57
12b _— 23 71
13 11.1 128 13.3 13.1
13a _— 1.8 1.8
13b _— 04 05
14 6.5 59 8.8 42

table 1). Between January and June 1997, 13 mounds increased in size, four decreased,
and seven showed no change (n = 24; table 1). Of the 15 mounds which were active
over the entire study period from January 1996 to June 1997, 11 mounds increased in
size, and four decreased (table 1). Overall, of the 22 mounds for which size has been
monitored for 1996 and 1997, 15 mounds have become larger in volume by 1.5 to
nearly 25 times between January or June 1996 and June 1997, three have become
smaller, and four mounds showed no size change (two of which had been abandoned
during the course of the study).

Incubation temperature

We monitored the temperature near 26 eggs in 12 mounds, and recorded the incu-
bation period for 23 eggs. Three eggs did not hatch. The shortest incubation period
was 72 days (fig. 3). The mean temperature near eggs hatching on the 72nd day was
32.1°C.
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The effect of mound size on incubation temperature

We studied the effect of mound size on the temperature in 27 mounds (fig. 4).
Mound size varied from 0.006 m> to 24.27 m> (x =348 m3). We found that small
mounds (< x) are more likely to have a variable, more fluctuating temperature, rang-
ing from 29.2-34.4°C (x = 31.4 = 0.35°C, n = 19), than larger mounds (> x) where the
temperatures range from 31.9-35.0°C (x = 33.4 = 0.34°C, n = 8).

36 q

35 4 u

Temperature (°C)

3041 W

29 4

28

0 5 10 15 20 25 30
Mound size (m?)

Fig. 4. Relation between mound size (m%) and temperature (°C) in mounds of the Nicobar megapode.

The role of light intensity and soil respiration on the incubation temperature

Solar radiation does not seem to play a role of significance in establishing suitable
incubation temperatures within the mound of the Nicobar megapode as was evi-
denced by mound surface temperatures usually being 2-4°C less than the temperature
within the core of the mound.

The increase in microbial activity inside a mound and the consequent increase in
temperature in the same mound in two different years seems to indicate that micro-
bial activity is the primary source of heat in mounds (table 2). The lack of a clear rela-
tion between microbial activity and mound temperature may indicate that while
microbial activity is the main source of heat production, it may not play a role in
either the optimalization or the stabilization of core mound temperatures. Our data
indicate that optimalization and stabilization of mound temperatures are probably
governed by mound size (fig. 4).

Egg laying and hatching success
Of the 32 mounds that have been active in the study area in 1996 or 1997, eggs
have been laid in at least 30. In 1996, 22 mounds were active and contained eggs. Five
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Table 2. Factors influencing mound temperature in the Nicobar megapode. The values are means of
all data collected between January and June in each year.

Mound ID Size (m®) Temperature (°C) Soil respiration Light intensity
(gCO,/m?/h) (lux)
1996 1997 1996 1997 1996 1997 1996 1997
3 3.1 3.1 31.5 34.4 41 5.7 1066 3460
8 41 85 315 333 5.2 6.5 1748 2640
9 5.4 3.9 358 342 5.1 6.3 6393 1119
10 27.4 24.3 32.3 35.0 3.7 6.1 7006 5230
13 112 132 314 324 6.8 74 2893 1170
14 6.2 8.4 316 332 5.5 6.5 6768 6430

of these mounds were not used for egg laying in 1997: two were abandoned, while in
the remaining three megapodes did some digging, albeit rarely.

There is a relation between mound size and the number of eggs in a mound (fig.
5, table 3). Overall, the smallest mounds (<1 m3) contain the least number of eggs (x =
1.6 = 0.56 eggs, n = 16), though there are exceptions and two mounds in this sample
contained six and eight eggs respectively. Medium sized mounds (1-5 m®) have a
larger number of eggs laid in them (x = 6.7 = 1.48 eggs, n = 6), while, in general, the
largest mounds contained the largest number of eggs (x = 8.2 + 1.91 eggs, n = 6) (fig.
5).

Number of eggs

0 5 10 15 20 25 30

Mound size (m?)

Fig. 5. Relation between mound size (m?) and the number of eggs in the Nicobar megapode.
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Table 3. The number of pairs of Nicobar megapode, the number of eggs laid, and the hatching success
in mounds of different sizes. Data only for mounds in which eggs were marked and monitored.

Mound size in m? No. of marked No. of eggs No. of eggs No. of marked
(No. of mounds (+ unmarked) pairs (mean eggs/) marked and  eggs that hatched
in size class) using the mound mound monitored (%)

[# of mounds]

<1(7) 1(+1), [1] 26 (37) 11 10 (90)
1-3 (4) - 17 (43) 11 8(73)
3-5 (5) 2(+2),11] 28 (5.6) 17 16 (94)
5-10 (3) 5(+2), [3] 34 (11.3) 2 15 (68)
>10 (3) 1(+ 1), [1] 18 (6) 5 2 (40)

Hatching success was recorded in 22 mounds. Our clumped data indicate that the
highest hatching success was recorded in small and medium sized mounds (table 3).

Social organization

Our study area has a population of more than 50-60 pairs of megapodes as well as
several unpaired birds of both sexes. In 1996 and 1997, 23 megapodes were colour
marked, which at the time of capture represented 15 pairs and four unpaired individu-
als, two of which later paired with each other. Of these 16 pairs, both male and female
were colour-marked in five pairs.

Distribution of mounds

At the start of the study in January 1996, there were 18 active mounds in our
study area (fig. 2). Between January and June 1996, four new mounds were construct-
ed. Between December 1996 and June 1997, an additional eight mounds were built.
Two mounds had been abandoned between June 1996 and December 1996. In Sep-
tember - October 1997 two more mounds were constructed, and by November 1997,
30 mounds were actively used within our study area. Two mounds which were active
at the commencement of this study had been abandoned.

While mounds are present throughout the study area, some degree of clustering
is discernible (fig. 2). Of the 32 mounds studied, eight clusters can be recognized: one
cluster of four mounds, one of three and six of two mounds each. Of the 14 new
mounds built, eight were built so as to add on to an existing cluster (n = 2), or form a
new cluster (n = 6). There did not appear to be a relationship between the size of a
mound, and the propensity for additional mounds to be built so as to form a cluster.

Mound use

At least 65% of the mounds were used by more than one pair. The mean number
of pairs per mound is 2.3 + 0.3 (n = 29). Ten of the smaller mounds were used for egg
laying by only one pair each. However, data obtained from colour marked birds indi-
cated that even more pairs used a mound than we had calculated from observations
of an unmarked population. Between January and June 1997, six mounds were used
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by one to five colour marked pairs (x = 3.0 + 0.67 pairs per mound). This is a mini-
mum value as also unmarked pairs used these mound simultaneously. Of the 16
colour marked pairs, 12 pairs (75%) laid eggs in a single mound only, three pairs
(18%) used more than one mound for egg laying, and one pair changed mounds.

Territory

The Nicobar megapode is a strongly territorial species. Typically, a territory has a
fairly large exclusive area with a mound at one corner. Here, the territory overlaps
with that of other pairs that use the same mound (fig. 6). In case of one particular
mound, which was not part of a cluster, one of four colour marked pairs had a partic-
ularly large territory which included two mounds (G14/014 in fig. 6). This pair used
both mounds for egg laying. In another case where four mounds occurred in a tight
cluster, more than one territory overlapped at the cluster (fig. 7): one of three colour
marked pairs used two adjacent mounds (9 and 9c in fig. 7), one pair used three
mounds (9, 9a and 9c) and one pair initially used three mounds (9, 9c and 9b) but sub-
sequently shifted to a distant mound (10b in fig. 7). The position of the territory varies
between egg laying and non egg laying periods. It appears that territories either
shrink to exclude the mound outside the egg laying season or the birds establish a

Megapode ID
————YRI4

~ /’/ P . === Road
e VA \ ©® Mound
: B ' # MoundID
30m

©6a e .
/ \ M Field station
v
// \

Fig. 6. Most Nicobar megapode incubation mounds are used by more than one pair of birds, whose
territories overlap at the mound. Some pairs, like G14, 014, may have large territories that have within
them two or more incubation mounds in which the pair may lay eggs.

new territory away from the mound.

Defence of a territory is through frequent duetting, physical fights and chases.
The duet (contra Jones et al., 1995) is usually initiated by the female. Up to eight birds
may aggregate in a very small area calling aggressively. Physical fights take place
between pairs, or between solitary birds and pairs, and is largely sex based. The
majority of the territorial disputes which result in physical encounters take place in
the areas immediately around the mound and the area of overlap between two or
more territories (fig. 7).
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Megapode ID
- ~
\ @13 . —— — — Y9%,Gr9
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Fig. 7. The territories of four colour marked pairs of the Nicobar megapode. Territories overlap at the
incubation mound which may be used by more than one pair, or a pair may use more than one
mound present within its territory. The majority of territorial fights take place at or near the mound,
and in the area of overlap between two adjacent territories.

There seems to be a strong hierarchy between pairs that use a mound at any given
time. This hierarchy is evidenced by the dominant pair (the pair in which both male
and female are dominant) usually spending most of the time at the mound, its greater
involvement in mound defence and the likelihood of it disrupting other pairs while
working on the mound. The defence of a territory requires equal participation of both
sexes. However, this hierarchy varies temporally and spatially. The dominant pair
maintains its position at the mound apparently only as long as it is laying eggs, sub-
sequent to which its hierarchial position is occupied by either a pair which was
already present at the mound, or by a new pair. Subdominant pairs may shift territo-
ries to occupy a different mound (BP9 in fig. 7), or may lay eggs in two mounds
(GOFS8 in fig. 8). Dominant pairs may also lay in more than one mound (G14, 014 in
fig. 6). Solitary birds of either sex do not defend territories, but usually attach them-
selves to a mound, working on it when pairs that use that mound are absent. Solitary
birds as a rule do not vocalise in response to duets, but have been recorded calling on
occasion during aggressive encounters.

Pair bond, pair formation, copulation & displays

Pairs L8 and P8 which were colour marked in 1996 had, by the commencement of
the 1997 season, separated from their original partner. The female of L8 was paired
with an unmarked male and laid two eggs in the mound in which she laid eggs in
1996, when along with the male L8, she formed the dominant pair (fig. 8). The male of
L8 had paired with an unmarked female who was later ringed as GO8. While paired
with male L8, GOS8 laid two eggs in the same period and in the same mound in which
female L8 laid her eggs (fig. 8). Male L8 and GOS8 became the dominant pair. In
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Weeks Identity of birds
Unknown LF8 LMS8 GOF8 YM9c¢  GRF9 PMS8 PF8 Unknown
Jan 1
2
3 ............................
. .
Feb 1
2 [
3 o
4
March 1 o
) o , ................
3 o o H
4 o
April 1 o
2 o o
3 [
4
May 1 o
2
3
4
June 1
2

Fig. 8. Pair bonds in the Nicobar megapode in 1997. The tenure of pair bonds is tracked by solid or
dashed vertical lines. The solid lines indicate frequent use of a mound and the dashed line indicates
infrequent use. The ‘0’ sign indicates the laying of an egg. F or M in the individual identity indicates
sex, and the number indicates the mound used by that individual. Note changes in partners midway
through the egg laying period of the female.

March, male L8 and female L8 rejoined and became the dominant pair of the mound
again, and together laid two more eggs (fig. 8). GOS8 paired with an unmarked male
and continued to use the same mound. They became the dominant pair when pair L8
had completed egg laying in April (fig. 8). The male and female P8 who, after their
separation, were paired with unmarked birds, did not rejoin.

We only have one instance of a new pair being formed from two colour marked
birds that were unpaired when trapped (fig. 8). Male Y9c¢ built a new mound (9, fig.
7) adjacent to an existing mound where solitary female GR9 had attached herself to (9
in fig. 7). We suspect that, to form a pair, a solitary bird either has to attach itself to a
mound or construct a new one. One marked solitary megapode has now remained
unpaired for nearly two years, though it had briefly formed a pair for about one
week. This solitary male has a home range that included at least three mounds.

Copulation within a pair has been observed three times. On one occasion, a male
chased its partner and mated with her repeatedly. On another occasion, a male
chased its partner onto a branch and copulated with her on the branch. The third
observation was after a fight with another pair, after which the winning male
returned to its partner and mated with her.

Extra-pair copulation has also been recorded. On one occasion in 1997, the male of



86  Dekker et al. Proceedings Third Internationa ;S ega!ode Symposium. Zool. Verh. Leiden 327 (1999)

a pair copulated or attempted copulation six times with the female of another pair
during a fight which lasted for about 45 minutes, and during which it continually
chased the female of the other pair into trees where copulation was attempted. Their
respective partners were calling but neither fought or attempted mating. In 1998,
extra-pair copulation was seen twice, in both instances it was part of physical fights.
The second instance was between nine birds that included three pairs and three
unpaired birds, two of which were males. In this instance the fight was initiated
between a pair and an unpaired female who was raped by the male. They were then
joined by another pair, whose male raped both the paired and unpaired female. These
were then joined by two unpaired males, and then by one more pair. Intra-sexual
physical fights and inter-pair copulation took place apparently indiscriminately for
about an hour. In at least five other instances, rape has been attempted but copulation
was not observed by us.

We have not observed any intra-pair displays between a male and female Nicobar
megapode. On one occasion a male exposed food two to three times while working
on a mound when the female reacted to his signals and ate it. The maintenance and
confirmation of the pair bond appears to lie solely in the duetting, the joint defence of
territories and mounds, and in the digging of mounds. Pairs may keep in touch by
low contact calls, and display anxiety when separated.

Discussion

Incubation conditions within mounds, egg laying and hatching success

Megapode mounds are amongst the largest structures made by any non-colonial
bird, and represent the harnessing of the energy produced by microbial respiration
(Seymour et al., 1986; Jones, 1989) and/or solar radiation (Frith, 1956). Incubation
temperatures in megapode mounds show considerable fluctuation, and while the
negative effects of these fluctuations on eggs are largely offset by a variable incuba-
tion period (Booth, 1987), there are strategies to balance both heat loss and gain
(Jones, 1989; Jones & Birks, 1992). While mound maintenance is thought to play a role
in maintaining suitable incubation temperatures, Seymour (1985) proposed, for
mounds of the Australian brush-turkey Alectura lathami ].E. Gray, 1831, and
malleefowl Leipoa ocellata Gould, 1840, that heat production and heat loss tend to sta-
bilize mound temperatures at an equilibrium. This is due to the great thermal inertia
of mounds once they reach certain dimensions, because they have an adequate mois-
ture content, and because of the regular incorporation of fresh, moist organic materi-
al. However, the incubation mound of the Nicobar megapode does not fully fit these
assumptions. First, the size of the mound can vary in height from ten cm up to 2.1 m
and in basal circumference from seven to 45 m (Sankaran, 1995b). Second, the propor-
tion of organic material in a mound varies (Sivakumar & Sankaran, in press), and
third, the gap in the canopy above a mound varies resulting in differences in the
amount and duration of sunlight falling on a mound. This might indicate that the
heat sources which create suitable incubation conditions within a mound may vary,
with some mounds appearing to rely on organic decomposition and others on sun-
light.

Solar energy, however, probably does not increase mound core temperatures
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directly. The canopy above a mound causes direct sunlight to fall on a mound only
for very short periods, with the result that both ambient temperature and mound sur-
face temperatures are almost always lower than mound core temperatures. Thus, the
role of solar energy is probably restricted to warming the surface of the mound,
whereby dissipation of heat is reduced.

Microbial respiration is the primary source of heat harnessed by most mound
building megapodes in their mounds (Jones et al., 1995). A clear relation did, howev-
er, not exist between mound temperatures and organic activity as evidenced from soil
respiration. An overall increase in mound temperatures and soil respiration between
years in the same mounds indicated that organic activity is probably the primary
source of heat in the mounds of the Nicobar megapode. Microbial respiration, howev-
er, does not have a linear relation to the temperature of the mound, and mounds with
higher levels of soil respiration did not necessarily have higher temperatures (table 2).
Two factors could be responsible for this. First, there might be differences in the
amount of heat produced by decomposition due to the kind of leaves and other
organic litter added to the mound. Second, the rate of heat loss probably differs
between mounds, caused by differences in the proportion of surface area to the vol-
ume of mound or to the amount of moisture content within the mound (Jones et al.,
1995).

Our observations on the influence of mound size on mound temperatures are con-
sistent with the model of mound homeothermy (Seymour, 1985; Jones et al., 1995).
Small mounds show a greater variation in mound temperature than large mounds,
with small mounds showing temperatures below, at or above optimal incubation
temperatures (32-35°C; Dekker, 1990) while the incubation temperatures of large
mounds lay within the optimal incubation temperature range. Thus, while the rate of
microbial respiration is independent of size, and small mounds may have higher lev-
els of microbial activity, stabilization at optimal incubation temperatures is consistent
only in large mounds. One would therefore expect that eggs in large mounds are
more likely to hatch successfully than those in smaller mounds. However, hatching
success does not reflect these trends. Small and medium sized mounds had a higher
hatching success than the largest mounds. We do not have an adequate explanation
for this as yet, though more digging activity in larger mounds, and consequently
greater exposure of eggs to the atmosphere is a possible factor.

The optimalization of incubation conditions in large mounds is reflected in an
overall trend of a greater number of pairs using these mounds, and consequently, a
greater number of eggs laid in them. However, we interpret the exceptions, that is
small mounds having a greater number of eggs, or larger mounds having fewer eggs,
an indication that size is not the only criterion. The quality of the mound, and the
number of pairs using a mound, which appears to be somewhat independent of
mound size, are probably other determining factors. The data indicate that medium
sized mounds have the largest number of eggs. The smallest mounds probably have
physical limitations as to the number of eggs that can be laid in them, and the largest
mounds are probably moribund, and hence used by fewer pairs.

Social organization
The social organization of megapodes is poorly understood. Most megapodes,
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particularly those belonging to the genus Megapodius, are believed to be monogamous
as most species exhibit features such as monomorphism, highly synchronised behav-
iours, and duetting (Jones et al., 1995). These characteristics indicate that pair bond in
most megapodes is strong therefore excluding the need for and the chance of extra-
pair copulations (Jones, 1989). It is also believed that monogamy is inevitable in
mound building species since high paternal investment can only be expected if male
parental care benefits their own progeny (Jones, 1989). Monogamy in megapodes,
however, is an anomaly as female emancipation from parental care, and the presence
of resources (the incubation mound) that can be dominated by males, should result in
a polygynous mating system (cf. Orians, 1969). Promiscuity has been documented or
suspected in some mound building megapodes that exhibit sexual dimorphism
(Jones, 1989; Jones et al., 1995), and an instance of polygamy has also been document-
ed for the monomorphic malleefowl which was believed to be strictly monogamous
(Weathers et al., 1990; Jones et al., 1995).

Though the Nicobar megapode exhibits characteristics of permanent pair bonds
which are consistent with several other species of mound building megapodes
(Crome & Brown, 1979; Jones et al., 1995), our finding is that the break up of pairs
either between years, or within the breeding season, is prevalent. Moreover, extra
pair copulation does occur, and is probably a regular component of the innumerable
agonistic interactions. This indicates that the pair bond in this species, and possibly in
other mound building megapodes, may be far less permanent than was thought (cf.
Jones et al., 1995).

The apparently equal role of both sexes in the defence of a territory and the incu-
bation mound, and the temporal hierarchies that are evident between pairs that use
the same mound, indicate that the pair bond in the Nicobar megapode serves the pri-
mary function of giving a pair access to an incubation mound, and enabling them to
defend this access. Either sex may therefore change partners to improve access to or
defence of a mound. That access to a mound appears to be the primary function of the
pair bond is also evidenced by the total absence of courtship display that in most
other monogamous species serves as precopulatory display and strenghtens or rein-
forces the pair bond. The lack of courtship display is apparently consistent in most
megapodes.

The presence of sexually mature unpaired birds of both sexes for apparently
extended periods of time is of particular interest. Megapodes probably remain
unpaired due to absence of space within which to establish a territory. This appears
to be a key function of pair formation. The frequent fights between solitary birds and
pairs, and the intra-sex fights that takes place during such encounters, may indicate
that solitary birds attempt to steal mates from existing pairs. Unpaired birds of either
sex, however, probably do breed successfully. Unpaired males attempt to forcibly
copulate with the females of pairs during agonistic interaction, and unpaired females
have been recorded copulating with males of pairs. Also, solitary females have been
observed egg laying eggs. It is not known whether unpaired males and females copu-
late, though a very brief pair bond was formed between two such individuals.
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Executive Summary

The Wildlife Institute of India conducted a status survey of the Nicobar
megapode along with other coastal endangered species in the Nicobar group of
islands in an effort to document the adverse impacts on their populations due to
tsunami that occurred on 26" December 2004. The endemic Nicobar megapode
population showed a dramatic decline (nearly 70%) in the number when
compared to previous survey carried out in 1993-94. In 2006, there are
approximately 800 breeding pairs in the coastal zones of these island group.

. There was no evidence of Nicobar megapode in Megapode Island WLS and Trax
Island during this survey where megapodes was reported earlier.

Crucial megapode habitats such as littoral forests of the island group were
adversely affected. The populations of indicator species of the littoral forests
Barringtonia asiatica and Terminalia bialata were severely impacted. However,
regeneration of these species was found on the coastal region.

The island ecosystem are known for their resilience due to their ability for re-
populating habitats and promoting regeneration. However, the restoration of the
original biodiversity is possible only if the natural process such as recolonization
is facilitated. The aftermath of the tsunami has left the trail of homeless families
who need rehabilitation. Finding proper homes and alternate livelihood for them
should not undermine ecosystem resilience. Raising plantation crops to generate
revenue in the littoral forests should take into account the long term effects of
habitat alteration.

Significant levels of wildlife habitats have been occupied by the tribals under the
leadership of the tribal chiefs (known as Village Captain). Any conservation
awareness programme with the help of these Village Captains would be useful for
implementing recovery plans of declining species.

The Nicobar Division of the State Forest Department needs to be strengthened to
facilitate wildlife protection and to take up appropriate wildlife management
actions.

A total of 37 permanent monitoring plots have been identified and marked (Table
2) for long term monitoring of megapodes and its habitat. With some basic
training, forest staff can collect data from these plots and within a weeks time all
islands can be surveyed and collected data analyzed for developing appropriate
conservation and management measures.
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Chapter 1
The Nicobar megapode

1.1. Introduction

The megapodes are a unique group of birds as they utilise external sources of heat to
incubate their eggs (Jones er. al. 1995). The Megapodiidae, literally meaning big feet after
the disproportionately large feet of the birds, were first described to science during
Magellan's 1519-1522 expedition to the Far East (Frith 1956 & 1959). The family
Megapodiidae consists of 22 species in seven genera, most of which are island forms
occurring in Australia, New Guinea and surrounding islands, eastern Indonesia, the
Philippines, Niuafo’ou Island, the Palau and Mariana Islands and the Nicobar Islands
(Dekker 1989, 1990 & 1992). Thirteen of these 22 species are currently threatened by
habitat destruction, introduction of predators and over-exploitation of eggs (Jones er al.
1995).

Megapodes are heavy-bodied birds of the forest floor and resemble Galliformes in body
shape and plumage. Most megapodes are brown, blackish, or grey in colour. Many have
virtually bare areas on their face or neck and this exposed skin may be coloured yellow,
blue, or dull red. Megapodes are opportunistic ground foragers, eating a wide variety of food
such as insects, seeds, and fallen fruits. Although all are able to fly, and some make
considerable flights on a daily basis, most species move primarily by walking (Jones ef al.
1995).

The taxonomic position of the family Megapodidae is still subject to debate (Jones er al.
1995). In the past, megapodes were believed to have more affinities with Charadriiformes,
Columbiformes, Passeriformes and even Falconiformes. Later megapodes were included in
the order Galliformes along with Guans and Curassows which are sometimes classified
under a separate order Craciformes (e.g. Sibley and Monroe, 1990). In 1899, Sharpe divided
the Galliformes into several suborders, the “megapodii” was first among them. -After
studying the osteological, karyological and biochemical properties of egg white proteins of
megapodes and other galliformes, Megapodiidae was considered as the sister group of all
remaining Galliformes (Jones ef al. 1995).

The family Megapodiidae contains seven genera : Megapodius, Macrocephalon, Talegalla,
Aepypodius, Alectura, Leipoa and Eulipoa. The genera Megapodius and Eulipoa have the
smallest megapodes and their geographical variation is considerable but most are domestic-
chicken-sized birds with short tails and a short pointed nuchal crest (Beehler ef al. 1986).
The monotypic genus Macrocephalon is closely related to the genus Megapodius. The
Talegalla species do not have wattles and are large sized black coloured megapodes.
Alectura is considered to be closely related to Talegalla and Aepypodius, a group known as
the Brush-turkeys, each having a bare neck and face that may be brightly coloured (Jones et
al. 1995). Alectura and the two Aepypodius species also possess inflatable necksacs or
wattles and combs, and have brilliantly coloured heads and necks (Jones ef al. 1995). The
Brush-turkeys are the only group in which sexual dimorphism is evident, with the males
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CHAPTER - VI
NICOBAR MEGAPODE: POST TSUNAMI STATUS AND MOUND ATTRIBUTES

Megapodes (Megapodiidae) are the most peculiar of all Galliformes which show an
aberrant strategy of incubating eggs in mounds of sand and leaf litter where heat is
generated by microbial decomposition (Dekker 2007). Nicobar Megapode Megapodius
nicobariensis, endemic to Nicobar Islands, 1s geographically isolated from its neares:
congener about 1,600km away (Olson 1980%*). According to Dekker (2007) Nicobar
Megapode is probably a relic species and once occurred on the Greater Sunda Islands
from which they disappeared either through predation or competition. Historically.
Nicobar Megapode occurred 6n most of the Nicobar Islands, but not on Car Nicobar
and Chowra. Sankaran (1995) reported the species from 15 of 17 islands surveyed, thus
confirming its occurrence in all islands where it has been historically recorded. The
species occurs as two distinct subspecies namely, Megapodius nicobariensi:

nicobariensis in the Nancowry group and M. n. abbotti in the Great Nicobar group (Al

/

& Ripley 1983). Prior to tsunami, the species was found in greatest concentrations =

littoral forests due to the propensity of megapodes to build incubation mounds close

the beach (Sankaran 1995b; Sivakumar 1999).

The mega earthquake that triggered the tsunami of December 26, 2004, caused Nicobar
Islands to subside in places by nearly 4.75 m (Sekhsaria 2009) destroying vast tracts of
littoral forest (Sankaran 2005). Nicobar Megapode was considered as the one of the
most severely affected species due to 1"035 of coastal habitats which species preferred i«
build incubation mounds. Sankaran (2005) conducted a rapid impact assessment of the
Nicobars two months after the tsunami to assess the impact of tsunami on Nicobar
Megapode -and he estimated that nearly 1,100 nesting mounds had been lost =
systematic post-tsunami study in 2006 by Sivakumar (2007) showed nearly 7

decline in the number of individuals when compared to pre-tsunami populations. T

Islands where rapid regeneration of coastal ecosystem is under way.
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6.1. Methodology

Sioht islands in Great Nicobar group and seven in Nancowry group of islands with
known distribution of megapodes were surveyed both in the tsunami-affected littoral
zone and adjacent potential habitats. Selection of sites was largely based on criteria
such as variation in damage level, terrain, vegetation community, and current and
predicted levels of anthropogenic pressures. A reconnaissance field trip was made to
Great Nicobar Islands during March-May 2009. Intensive studies were conducted

between October 2009 and August 201 1.

Sivakumar (2007, 2010) categorized 687 km coastal line of islands as (a) suitable
habitat (328 km) and (b) unsuitable habitat (359 km) for megapodes. During the
present study, a total of 73 km coastline habitats (34.9 km of suitable habitat and 38.1
km of unsuitable habitat) in 44 sites of 15 islands (Fig. 19) with previously known
distribution of megapodes were surveyed. Direct sighting of the species, calls and the

presence of its mounds were recorded. Surveys Were done mostly from 0600 hrs to

1130hrs.

6.1.1. Population status and mound attributes

Enumeration of active mounds was carried out in the previous studies (Sankaran
1995b; Sivakumar 2007) to assess the population of Nicobar Megapode. In fhe present
study also, active mounds were considered for population estimation. Mounds were
GPS located during bird point count surveys. The paths taken during the point counts

were considered as transects.

Mounds of megapode were characterised basically into three types: Type A, regular in
shape and built on an open spot away from trees; Type B, irregular in shape and built
against the buttress of stem of a large living tree; Type C, also irregular in shape but
built against, around, under or over 2 dead rotting tree-stump OF log (Sankaran 1995b).
Mounds were considered active if the soil was loose and there were signs of recent
digging by megapodes, regarded as abandoned if the mound was compact, hard and
impenetrable with a stick and vegetation growing on it. Mounds were considered
inactive, if there was no sign of recent digging and when the soil was loose without
any vegetation on it (Sivakumar 2007). Only active mounds were considered for

population estimation.
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Distance of mounds from sea-coast, canopy cover (%) and height over the mounds
were estimated visually. GPS Jocations and clevations of mounds were noted. Size
(volume) of the mound and average aumber of birds that use @ mound are two pre-
requisites for estimating the population of megapodes (Sankaran 1995b, Sivakumar
2000). One pair/mound was set as lower limit and two pairs/ mound was upper limit
while considering average number of birds that use @ mound (Sivakumar 2010).
Mound diameter, height and basal circumference were measured. The mound size,
expressed as volume, was calculated using the equation for the volume of a cone:

(1/3)[1r2 h, where ‘1" 1s the radius and ‘h’ the height (Sivakumar 2007, 2010).

6.2. Results and discussion

6.2.1. Sight records

Megapodes were sighted from 13 of the 17 islands surveyed namely, Kamorta,
Nancowry, Trinket, Katchal, Teressa, Bompoka, Great Nicobar, Little Nicobar,
Menchal, Kondul, Cubra, PiloMilo and Treis Islands. No Megapodes could be sighted
or heard in Meroe, Chowra, Tillangchong and on Pigeon islet. However, in Meroe two
active mounds were located. Lack of sightings from Tillangchong was probably due to
execution of very limited surveys during adverse weather conditions. Trax and
Battimalv islands could not be visited. There had been no records of megapodes from
Car Nicobar in the recent past. Sankaran (1995, 2005) and Sivakumar (2007) did not
record Nicobar megapode from Pilo Milo after tsunami and remarked that the species
had been extinct from the island. However, twO individuals of megapodes Were
recorded from Pilo Milo during the present study (on 13 May 2011). According to
Qjvakumar (2007) Cubra islet is t00 small for the megapode to occur. A pair of
megapodes was sighted during this survey on Cubra islet (on 6 May 2009) which
occupy an area of about 0.1 km?. Nevertheless, on 2 later visit (on 31 May 2011) to

Cubra, the species couldn’t be recorded.

The first sight records of Nicobar Megapode from pilo Milo and Cubra during the
present study is interesting. According to Dekker (2007), all Megapodius species are
strong flyers and they can easily cover vast areas of open water, even at the chick
stage. He also states that it is therefore no coincidence that species of Megapodius are

widely distributed and occur oOn islands in the Pacific, eastern Indonesia, the




Philippines, and the Mariana and Nicobar islands. Locations of detections of 2
Megapode during the present study are presented in Appendix 4. Detections

exceptionally high in Bompoka and low in Trinket and Kamorta islands.

6.2.2. Population status and mound attributes

Of the total 73 mounds recorded, Type C mounds were common (46.6%), followed by
Type A (27.45%). Low representation of Type B mounds could be due to scarcity of
large live trees in the coastal areas after the tsunami (Sivakumar 2007). Status of
mounds located included, active (40, 54.8%), inactive (17 mounds, 23.3%) and
abandoned (15mounds, 20.5%) and the status of one case was uncertain. Signs of
recent digging by Monitor Lizards were evident in a few mounds. Mean distance of
the mounds from the coast was 85.5m (SD +146.3), and maximum mound diameter

and height were 4.6m (SD % 2.1) and 0.7m (SD +0.3) respectively.

Twénty cight mounds (44.4%) were found within 10m from the beach while 35
mounds (55.6%) were recorded within 10-600m (Fig. 24; Table 18). Occurrence of
mounds close to the beach was high especially at sites with narrow flat coastal area

between hill and sea as noted by Sivakumar (2007).

Fig. 24. Distance of mounds from shoreline
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Fig. 25. Distribution of three mound types across various mound size classes
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Mean size (volume) of active and inactive mounds was 3.98+4.18m’ (range 0.2m’ to
26.8m’; Fig. 25). The size of the mounds were smaller compared to pre-tsunami study
(Sivakumar & Sankaran 2003), which indicates that active and inactive mounds were
constructed after tsunami (Sivakumar 2007, 2010). Type B mounds were distributed in
smaller and bigger size classes, while Type C and A mounds were found largely in

smaller size classes (Fig. 25).

Sand-loamy or sandy substrates were largely preferred to loamy or gravel mound
substrates. Average canopy cover and height over the mounds were 47.5+22.8% and
19.5£12.6m respectively. Ambient temperature influences the incubation process
especially in the case of Type A mounds which are built on an open spot away from
trees (Sivakumar 2007). Sivakumar (2007) reported that canopy cover over newly
constructed mounds was less or nil. However, the moderate amount of canopy cover
over the mounds (Fig. 26) found during the present study was due to the regeneration

of habitat that is being undergoing for the last 6 years after tsunami has occurred.

This study shows similar patterns in the case of distance of mounds from coast, mound
type and size, as observed by Sivakumar (2007), which indicates that no major change

in mound characteristics of the Nicobar Megapode has happened in Nicobar Islands.

Based on the 40 active mounds located along 73 km long coastal habitats surveyed, it
is estimated that 376 mounds to occur along 687 km long coastline of Nicobar Islands
within the known distribution range of megapodes. Approximately, 376-752 breeding
pairs of Nicobar Megapode were estimated to occur in Nicobar Islands when one pair
per mound is set as the lower limit and two pairs per mound was set as the upper limit
(Table 17). A post-tsunami study by Sivakumar (2007, 2010) estimated 394-788
breeding pairs to occur in Nicobars. The present study indicates that the population of

Nicobar Megapode has remained stable after tsunami.

High incidence of active mounds (Table 18; Fig. 27) was noticed from Bompoka
Island which has only an area of 13.3 km®. The island is mostly hilly and forested with
narrow flat coastal area between hill and sea. According to Sankaran (1995, 2005),
Bompoka had a large population of Nicobar Megapode before tsunami. Though

Sankaran (2005) reported high run up and ingress of tsunami waves at places in the

68
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island, the present study indicates that megapode population in Bompoka had been less

affected by tsunami. Even an active mound built on soil substrate was recorded on the
central hillside at an elevation of 93msl and megapodes were detected from hill top
mixed forest (c. 178msl) on the island. Bompoka Island should be given priority in the
conservation programs for Nicobar Megapode in the central group of islands. No
instance of hunting or predation of the species was recorded during the study.
However, Burmese and Thai poachers who secretly camp in isolated pockets of
Bompoka, Tillanchong, Katchal, Great Nicobar and other islands are potential threat to
the existing population of Nicobar Megapode since they are notorious for plundering
whatever wildlife comes on their way. It is suggested to continue the monitoring of the

surviving population of this species.

Table 17. Estimated number of active mounds and breeding pairs compared to
previous studies.

Estimated no. of Estimated no. of breeding
Year (Reference) . o 7 %
active mounds pairs (range)*
1994 (Sankaran 1995b) 1161 2,322-4,064
2006 (Sivakumar 2007, 2010) 394 394-788*
2009- 2011 (Present study) - 376 376-752%

*(Lower limit: 1pair/mound, Upper limit: 2pairs/ mound)
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Fig. 27. Freshly excavated mound (above) at Bompoka Island. High incidences of active
mounds were found in the island. Nicobar Megapode pair (below) at Atluch, Bompoka.

Table 18. Locations and characteristics of mounds of Nicobar Megapode recorded during October 2009- August 2011 in Nicobar Islands.
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Chapter 16

Habitat Preference of the Nicobar Megapode
Megapodius nicobariensis in the Great Nicobar
Island, India

K. Sivakumar and R. Sankaran

Abstract Mound-nesting Nicobar megapodes are threatened due to their clumped
distribution toward coastal areas of Nicobar group of islands. Despite the obvious
importance of habitat to these specialized birds, there have been no detailed studies
on habitat preferences in this group. Hence, we have studied the habitat preference
of the Nicobar megapode in the Great Nicobar Island based on the nesting and
foraging site preferences between 1996 and 1998. Most of the mounds were
distributed within 200 m from the high tide mark. Sandy and sandy-loam substrates
and the microhabitats of Pandanus spp. mixed stands were highly preferred for
mound construction. Microhabitats dominated with Pandanus, Macaranga, and
Dracaena stands were highly used for breeding as well as foraging in both dry
and wet seasons of the year. There was no change in the habitat selection of the
Nicobar megapode between seasons (P > 0.488). Based on the findings, it is
suggested that for the conservation and management of the Nicobar megapode in
the Nicobar Islands, all coastal habitats which have sandy and sandy-loam
substrates or species of Pandanus, Macaranga, and Dracaena (dominated habitats)
will need to be taken into consideration.

Keywords Great Nicobar Island ¢ Habitat preference ¢ Mounds ¢ Nicobar
megapode
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16.1 Introduction

Unlike other birds, the megapodes incubate their eggs in incubation mounds where
microbial activity generates heat or in burrows in geothermally heated grounds
(Jones et al. 1995). As a result of their unique breeding behavior, megapodes have
specific habitat requirements. Most megapodes inhabit forests, the sole exception
being the mallee fowl Leipoa ocellata, which is present in arid and semiarid
habitats (Jones et al. 1995). Mound-building megapodes require habitats where
mounds have adequate organic decomposition to provide necessary heat for incu-
bation (Dekker 1990). Despite the obvious importance of habitat to these
specialized birds, there have been no detailed studies on habitat preferences in
this group.

The Nicobar megapode Megapodius nicobariensis usually build their mound
close to the shore; however, some mounds are also present away from the shore
(Hume and Marshall 1878; Sankaran 1995). Various types of mounds are built, and
these have been described (Dekker 1992; Sankaran 1995; Sivakumar and Sankaran
2000, 2003, 2005). In the Nicobar Islands, 97% of mounds of the Nicobar
megapode were found within 100 m of the beach (Sankaran 1995) where the habitat
present is generally classified as the “coastal forest” which is composed of both rain
forest as well as deciduous species (Thothathri 1962). This kind of nesting near the
beach is also common in some other megapodes (Stuebing and Zazuli 1986). As
coastal forests are subject to increasing anthropogenic pressures, understanding
habitat requirements of the Nicobar megapode is critical to its habitat management.

16.2 Study Area

The ecology of the Nicobar megapode was studied between December 1995 and
May 1998 on Great Nicobar Island (6°76’ and 6°79'N, 93°81’ and 93°84'E). The
study period included three dry seasons (period of egg laying) and part of one wet
season. Our study area, on the coast, was about 4.5 km long and was bisected by a
disused metal road that ended at the lighthouse at Indira Point. The intensive study
area was a narrow strip of forest between 40 and 300 m wide that was bounded by
the beach to the east and by either wetlands or forests that were inundated during the
monsoons to the west (Fig. 16.1). The substrate within this strip of forest was sandy
and loamy, and the dominant trees were Barringtonia asiatica, Barringtonia
racemosa, Terminalia bialata, Terminalia catappa, Syzygium samarangense,
Thespesia populnea, and Macaranga spp. The study area also had dense stands of
Pandanus tectorius and Pandanus odoratissimus in patches, and the road was
fringed by stands of Leea angulata, Leea grandifolia, and Dracaena spp. There
were a few patches where the ground was open and with little vegetation. The
substrate of the forest type to the west of this coastal forest was wet and clayey and
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covered with Areca spp. as well as trees like Ixora barbata, Pongamia pinnata,
Alstonia kurzii, Aisandra butyracea, Horsfieldia irya, Myristica andamanica, and
Celtis timorensis.

16.3 Methods

The study area was systematically surveyed and mapped with the aid of a compass
and measuring tapes. The positions of incubation mounds and other landmarks
such as the road, huts, and wells were plotted on this map. All the mounds were
numbered.

The vegetation of the study area was classified into 14 microhabitats that were
dominated by one or more plant species. These microhabitats could be easily
identified where measured and plotted to scale on the map. To study the abundance
and dominance of flora, ten 20 m x 50 m quadrates were laid. All the trees with a
girth at breast height (GBH) of 25 cm or above were recorded. Relative frequency,
relative dominance, relative abundance, and important value index (IVI) for each
species were calculated. Each substratum category was identified by following
Costa and Baker (1981). Habitat preference was arrived at by comparing the
available area of the microhabitat with the number of sightings of the birds. Ratio
of the sightings per unit area of the respective microhabitat was estimated by using
the following formula

Si = Ci/A;

where §; is ratio of the sightings per unit area of ith microhabitat; C; is proportion of
sightings in ith microhabitat out of the total sightings on total available area; A; is
proportion of total available area of ith microhabitat out of total available area.
All the dead and living tree species present in or around the mound were
identified and recorded for studying the tree selection by the Nicobar megapode
for mound building. The ratio of the mounds distributed per unit area (M) of the
various soil substrates or microhabitats was estimated by using the formula

M =Py/P,

where P, is proportion of mounds distributed in particular substratum or micro-
habitat, and P, is proportion of area available for that substratum or microhabitat.

For identifying the preference or avoidance of specific microhabitat by the
Nicobar megapode, Neu et al. (1974) analysis was used, whereby the observed
sighting in each microhabitat type is used in proportion to its availability. When a
significant difference in use versus availability is detected by the test, a Bonferroni
Z-statistic (Miller 1981) is used to determine the habitat types used more or less
frequently than expected.
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Table 16.1 Distribution of the mounds in the various substrates available for the Nicobar
megapode

Type of substrate Proportion of the Number of Proportion of Ratio of proportion
area available mounds present  mounds present  of mounds to
proportion of area
Sand 0.17 15 0.395 2.32
Sandy loam 0.48 19 0.50 1.04
Loam (moist) 0.35 4 0.105 0.30
60 -
504 ]
g 40
o
g 30 1
<]
Z 201
104
| N

50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 > 450
GBH (cm)

Fig. 16.2 Distribution of trees (GBH >25 cm) on the Nicobar megapode habitat

16.4 Results

16.4.1 Habitat of the Study Area

The earth of the study area was differentiated into three types of soil substrates:
sand, sandy loam, and moist loam. Sand substratum was present mainly along the
seashore, while the area to the interior, which comprised the majority of the study
area, was composed of sandy loam, and the area beyond this was composed either
of sandy-loam or moist-loam substrates. The soil to the west of this was clayey.
Proportion of these three soil substrates of this study area is presented in Table 16.1.

The majority of the trees in the study area were small in girth. Large trees, with
a girth greater than 200 cm, accounted for less than 5% of the trees present
(Fig. 16.2). The vegetation in the study area was not homogenous, and the
associations seen could be classified into 14 categories. There was some relation-
ship between the distribution of plants and soil substrates. For example, Pandanus
and Dracaena sp. were seen in sand and sandy-loam substrates, while Macaranga
peltata was restricted to sandy-loam and moist-loam substrates. Moist-loam
substratum was also seen in the interior of the forest, where Areca triandrus
was present.
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Fig. 16.3 Distribution of mounds of the Nicobar megapode in the study area with respect to
distance from the beach

Microhabitats of open mixed forest, dense mixed forest with swamp, and dense
mixed forest without swamp were the dominant habitats toward the interior island.
Habitats, which had Pandanus stands, were distributed toward the coastal area
where a large number of mounds were present.

16.4.2 Distribution of Incubation Mounds

Incubation mounds were present throughout the study area. At the start of the
study in January 1996, 16 active mounds were located which were under the
use of megapode. At the end of the study, the study area had 30 active mounds;
two mounds, which were active at the commencement of this study, had been
abandoned, and six mounds were not being used, thus making a total of 38 mounds.

The sizes of the incubation mounds varied from 0.15 m? to 40.24 m® with a mean
size of 4.78 m® (SE 1.19). Of the 38 mounds that were present in the study area,
36 mounds (94.74%) were found within 200 m of the beach and 23 mounds (60.53%)
were found within 100 m of the beach (Fig. 16.3). Only two mounds were present
beyond 200 m of the beach, and no mounds were located beyond 250 m of the beach.

16.4.3 Microhabitat Selection for Mound Construction

Of the 38 mounds in the study area, 15 (39.5%) had been constructed on sandy
substrate, 19 (50%) in sandy-loam substrate, and the remaining four (10.5%) in
loamy area. None of the mounds had been constructed in soils that were inundated
during the wet season. However, when the proportion of the mound distribution
according to available soil substrates was considered, the most suitable substrate for
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Table 16.2 Distribution of mounds in different microhabitats available to the Nicobar megapode

Type of vegetation Proportion of ~ No. of Proportion of  Ratio of proportion of
area available mounds the mound mounds to proportion
present of area

Areca triandrus 0.057 0 0.000 0.0

Dense Pandanus stands 0.097 7 0.184 1.9

Dense Pandanus and 0.011 3 0.079 7.2
Acanthaceae

Dense Pandanus and 0.015 2 0.053 3.5
Macaranga peltata

Dracaena 0.024 3 0.079 32

Dracaena and Pandanus  0.020 2 0.053 2.7

Eupatorium adentoforium  0.009 0 0.000 0.0

Macaranga peltata 0.047 2 0.053 1.1

Open forest with Pandanus 0.062 8 0.211 34

Open mixed forest 0.179 7 0.184 1.0

Clerodendrum 0.002 0 0.000 0.0
paniculatum

Dense mixed forest 0.183 4 0.105 0.6

Dense mixed forest with 0.196 0 0.000 0.0
swamp

Wetland 0.097 0 0.000 0.0

mound construction was sand (2.32 mounds/unit area) followed by sandy loam
(1.04 mounds/unit area, Table 16.1).

Of the 14 types of habitats identified, mounds were present in all habitat types
except the area under A. triandrus, dense mixed forest with swamp, wetland with
grass, Clerodendrum paniculatum, and Eupatorium adenophorum. The highest
number of mounds was present in open forest with Pandanus (8 mounds), dense
Pandanus stands (7), followed by open mixed forest (Table 16.2). However, when
the proportion of available habitats was accounted for, dense Pandanus with
Acanthaceae, dense Pandanus with M. peltata, Dracaena bush, and open forest
with Pandanus were preferred for the construction of mounds (Table 16.2).

The mean canopy cover above the mound was 58%, and it was less than the
mean percentage (81%) of canopy cover of the nonmound area (Student ¢ test:
t = —1594, P < 0.01, df = 81).

16.4.4 Selection of Trees for Mound Construction

Of the eight species of dead trees that were identified at the mound,
S. samarangense was the most frequently seen, followed by B. asiatica and
Hernandia peltata (Fig. 16.4). A total of 11 species of living trees were present in
or around the mounds of the Nicobar megapode. Of these, Pandanus was present in
21 mounds and Syzygium samarangense present in seven mounds (Fig. 16.4).
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Fig. 16.4 Living and dead trees preferred by the Nicobar megapode for mound construction

Table 16.3 Sandy-loam substratum was highly preferred by the Nicobar megapode irrespective
of seasons

Substrate types ~ Expected Utilization levels in the dry Utilization levels in the wet
utilization level or season season
proportlon of area Upper Lower Upper Lower
available

Sand 0.17 0.38 0.02 0.02 0.01

Sandy loam 0.48 0.60 0.56 0.85 0.75

Loam (moist) 0.35 0.07 0.05 0.02 0.01

Confidence interval from Bonferroni Z-statistic test is given as utilization level

16.4.5 Seasonal Difference in Substrate and Microhabitat
Utilization

Of the major soil substrates available to the Nicobar megapode, the majority of
sightings in dry season were on sandy loam followed by sandy substrates; however,
in wet season, more sightings were in the sandy-loam substrate. When the propor-
tion of available area of the three major substrates was considered, sand substrate
was used more during the dry season and loam substrate in wet season. In both
seasons, sandy-loam substrates were utilized significantly higher than expected
(Table 16.3).

Both in dry and wet seasons, the majority of sightings were recorded in
C. paniculatum and Pandanus habitats (Table 16.4). In general, there was no differ-
ence in the habitat preference of the Nicobar megapode between seasons (Student
t test: t+ = —0.704, df = 26, P > 0.488). Microhabitats of M. peltata, dense
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Table 16.4 Pandanus, Macaranga, and Dracaena stands are highly preferred by the Nicobar
megapode in both dry and wet seasons

Habitats Expected utilization ~ Utilization levels Utilization levels
level or proportion (dry season) (wet season)
of area available

Upper Lower Upper Lower

Areca triandrus 0.06 0.04 0.03 0.02 0.01

Dense Pandanus stands 0.10 0.13 0.10 0.16 0.06

Dense Pandanus and 0.01 0.09 0.07 0.10 0.02
Acanthaceae

Dense Pandanus and 0.02 0.11 0.08 0.14 0.05
Macaranga peltata

Dracaena spp. 0.02 0.03 0.01 0.04 0.01

Dracaena sp. and Pandanus ~ 0.02 0.02 0.01 0.09 0.02

Eupatorium adentoforium 0.01 0.02 0.01 0.09 0.02

Macaranga peltata 0.05 0.20 0.16 0.22 0.10

Open forest with Pandanus ~ 0.06 0.12 0.09 0.02 0.01
Spp.

Open mixed forest 0.18 0.16 0.13 0.34 0.19

Clerodendrum paniculatum  0.01 0.07 0.05 0.05 0.01

Dense mixed forest 0.18 0.13 0.11 0.21 0.09

Dense mixed forest with 0.20 0.02 0.01 0.02 0.01
swamp

Wetland 0.10 0.02 0.01 0.02 0.01

Confidence interval from Bonferroni Z-statistic test is given as utilization level

Pandanus, and dense Pandanus with M. peltata were highly preferred by megapode in
both summer and rain season, while microhabitats of A. triandrus and wetland with
grass were barely used in both seasons. Microhabitats, which were dominated by or
having Pandanus, M. peltata, and Dracaena, were utilized by the megapode more
than expected in both seasons (Table 16.4). However, open forest with Pandanus
microhabitat was utilized more in the dry season than in the wet season.

16.5 Discussion

16.5.1 The Distribution of Mounds According to Substrate and
Microhabitat

Of the three major types of soil substrates present in the study area, the Nicobar
megapode preferred to construct mounds in sandy substratum, followed by sandy-
loam and the least in moist-loamy substratum, probably because those substrates
are easier to dig into and of superior drainage (Sivakumar and Sankaran 2003).
Since the coastal habitat of the Nicobar Islands is mainly composed of sand and
sandy-loam soil (Thothathri 1962; Saldanha 1989), this would account for the
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clumped distribution of the Nicobar megapode toward the coastal region (Dekker
1992; Sankaran 1995; Jones et al. 1995).

The microhabitats preferred by the Nicobar megapode also occurred predomi-
nantly either on sandy or sandy-loam substrates. Of the 14 microhabitats distin-
guished, Pandanus-dominated microhabitats were used for mound construction.

16.5.2 Seasonal Difference in Substrate and Microhabitat
Utilization

As the summer is the peak period of the egg laying, megapodes were concentrated
around the incubation mounds, and consequently, most sightings of the Nicobar
megapode were on sandy-loam substrates. Areas with greater leaf litter are believed
to be richer in soil invertebrates (Goth and Vogel 1995). As relative abundance of
food resources were not studied, the influence of this in both substrate and micro-
habitat selection could not be determined. Choice of substrate in the dry season
would be largely governed by location of mounds, whereas in the wet season food
could be the main criteria of habitat selection, and choice of substrates would be
governed largely by food. It is probable that sandy-loam substrates are richer in
food than sandy substrates, indicating as to why this substrate was preferred in the
wet season. During the wet season, most of the available moist-loam substrates
were inundated with rainwater.

Of the 14 microhabitats, C. paniculatum, dense Pandanus with Acanthaceae,
and dense Pandanus with M. peltata were used the most. Alien species of
C. paniculatum was distributed along either side of the road and not away from it
with the result that the total available area of this vegetation type was the least. Most
of the mounds in the study area were between the seashore and the road. Thus,
megapodes from the interior forest had to cross the road to access mounds. As the
majority of sightings were from the road, this was the most probable reason for the
maximum sighting in C. paniculatum in both dry and wet season.

Compared to the dry season, in the wet season the vegetation patches like
C. paniculatum, dense Pandanus with Acanthaceae, open forest with Pandanus,
and Dracaena sp. were utilized less. On the other hand, dense Pandanus with
M. peltata, Dracaena with Pandanus, and Eupatorium patches were highly utilized.
Uses of mounds were the least during the wet season, thus vegetation around
mounds or along the road were utilized less.

In general, there were no microhabitat-specific activities in the Nicobar
megapode. Microhabitats of M. peltata had high sightings, as the seed of M. peltata
was a preferred food for the Nicobar megapode (Sivakumar and Sankaran, 2005).
Fighting mostly took place in the habitats, which were around the mound,
indicating that the mound was the most important factor in location of fights.
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16.5.3 Conservation Implications

The clumped distribution of the Nicobar megapode toward the coastal forest, due to
its preference for sandy-loam and sandy substrates for breeding especially mound
building, is an indicator that the preservation of primary coastal forest is critical to
the survival of this species. The major threat to coastal areas in the Nicobar Islands
stems from the spread of human habitation and coconut plantations in coastal
habitat. There is therefore need to bring adequate areas of coastal forest into the
protected area network (Sankaran 1997), thus conserving adequate habitats crucial
to the Nicobar megapode. The removal of the dry and dead trees or snags from the
coastal habitat should be prohibited since these are necessary for the construction of
incubation mounds.
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IMPACT OF TSUNAMI ON CERTAIN RARE AND
THREATENED SPECIES OF NICOBAR GROUP OF ISLANDS
WITH SPECIAL REFERENCE TO THE NICOBAR MEGAPODE
MEGAPODIUS NICOBARIENSIS

K. SIVAKUMAR*
Wildlife Institute of India, P.O. Box. No. 18, Chandrabani, Dehradun-248 oo1, Uttarakhand

INTRODUCTION

The Andaman and Nicobar Islands (latitudes
6°45' and 13°41' and longitudes 92°12’ and 93°57')
situated in the Bay of Bengal arch from Arakan
Yoma in Mayanmar in the north to Sumatra in
Indonesia in the south (Saldanha, 1989; Dagar et
al.,, 1991). The Islands cover an area of 8,249
km?2, with a total coastline of 1962 km; the
Andaman group has more than 325 Islands (21
inhabited) covering 6,408 km?, and the Nicobar
group has over 23 Islands (12 inhabited) with an
area of 1,841 km? (Fig. 1) (Saldanha, 1989). Islands
have a hot, humid and uniform tropical climate
and vegetation is mostly evergreen forests and
mangrove.

The earthquake of magnitude 9.15 with its
epicentre at 3.29° N and 95.94° E off the coast of
Sumatra with a focal depth of 30 km occurred on
26 December 2004 at 06:28:50 hrs. The tsunami
waves reached the coast first, causing a
phenomenon called draw down, where the sea level
dropped considerably. The draw down was
followed by the crest of the wave, which resulted
in sea inundating land, also known as the run-up.
The waters took several days to recede completely,
leaving in its wake a devastation of unimaginable
magnitude on the people and wildlife of Nicobar
Islands (Sankaran, 2005). It was expected that the

highly diversified coastal biodiversity with high
endemism might have been adversely affected by
the tsunami, which include the coastal living
Nicobar megapodes (Megapodius nicobariensis).
Hence, this study was carried out to assess the
impact of tsunami on the certain threatened
species in the Nicobar Islands.

MATERIAL AND METHODS

The Nicobar Islands have been surveyed
between February and May 2006. As mounds of
Nicobar megapode are stationary, inanimate and
represent breeding signs, the best way to estimate
and monitor the megapode populations is by
assessing the number of active mounds (Sankaran,
1995b; Sivakumar and Sankaran, 2003). The
coastline of 15 islands where the species was
reported earlier has been surveyed for mounds by
following standardized survey protocols
(Sankaran, 1995b). To estimate the total humber
of active mounds, the coastline of each island was
divided into two segments such as ‘Potential
Coastal Habitat for Megapode (PCHM)’ and ‘Non-
conducive Coastal Habitat for Megapode (NCHMY
Potential coastal habitat of megapode was
identified based on habitat preference of this
species (Sivakumar, 2000). Extent of these two
coastal habitats was measured using the satellite
imageries (2006) and vegetation map.

Email : ksivakumar@wii.gov.in

881



436

Recem in Biodiversity of Andaman and Nicobar Islands

Little Nicobar gabra
Kondul
>
Great Nicobar o
N
Megapod
————a
50 km

Car Nicobar
O Batti Malv
(-]
Tillanchong
Chaura (O
O Isle of Man
Teressa Q Bompoka

Camorta 8 Trinkat

Q Nancowry

Katchal

Cambrero Channel

Trax

ag

oo Treis

Pulo Milo o/ \ g Menchal
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Variable width belt transect was used to count
all the mounds and presence of other threatened
species within sampled area. Length of transect,
and distance between the two transects was set
according to the size of the islands but it was
uniform for any given islands. Average length of
belt transect was 2 km, however, in some cases
the length of transect was small due to smaller
sizes of islands. Width of the each transect varied
depending upon the extent of low lying forest from
the shore to near by hills The census was carried
out with seven observers walking at 20 m interval
abreast parallel to the seashore. Interior forests of
Great Nicobar, Little Nicobar, Kamorta, Katchal
and Teressa islands were also sampled with fixed
width transect i.e. 140 m width and 1 km long. A
total of 328 km long coastal habitat was identified
as PCHM; of these, 157.5 km coastal forests were
sampled in 80 transects. Of the 80 transects, 68
transects were 2 km long, 10 transects were less
than 2 km and two transects were more than 2
km. Of the 358.8 km long NCHM, 77.9 km long
coastal stretches have been sampled in 39
transects. Boat survey also carried out in the
nearest offshore water along the coastline of the
all Nicobar islands. Total number of active mounds
of the Nicobar megapode Megapodius
nicobariensis, presence of Coconut Crab Birgus
latro, Long-tailed Macaque Macaca fascicularis
umbrosa, Reticulated Python Python reticulatus
and Malayan Box Turtle Cuora amboinensis were
also recorded in the each transects.

RESULTS

Present distribution and status of certain
threatened fauna of the Nicobar Islands

Giant coconut crab Birgus latro : Giant
coconut crab usually prefers coastal habitat which
have been severely affected due to tsunami. There
was no sign of adult giant coconut crab presence
in most of these islands; however, evidence of their
presence was seen in the Menchal, Tillanchang
and Katchal islands, five sites in Menchal, 21 sites
from Katchal and one site from Tillanchang Island
were recorded.

Malayan box turtle Cuora amboinensis :
This is the only semi-aquatic land turtle present
in this group of islands. A total of 16 dead shells
were found on various parts of the coastal habitat
of Great Nicobar islands showing that this species
has also been badly hit by the tsunami.
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Reticulated python Python reticulatus :
Though this species was reported all over the Great
Nicobar Island and young ones were commonly
seen in the lowland forests (coastal region) during
1996-98 (Sivakumar, 2000) but, during this survey
after spending 42 field days there was no single
record of python in this group of islands especially
in the lowland forests which have been badly
destroyed by the tsunami.

Sea turtles : Though the survey periods was
not coincide with the sea turtles peak nesting
season, 140 sea turtles crawls were found on the
Great Nicobar Island and 54 sea turtles crawls
were observed on the Trinket and Tillanchang
islands. Several new nesting beaches have been
formed all along the west coast of the Great
Nicobar Island. Northern part of the Galathea bay
which was known for leatherback turtle nesting
has severally damaged, however, southern beach
has improved for the turtle nesting. Pigs and
monitor lizards were observed eating turtle’s eggs
on most of the beaches.

Coral reef : Good patches of coral reefs were
seen around the Nicobar group of islands before
tsunami (Baskar and Rao, 1992; Sivakumar,
2000). Of these, most of the coral reefs, especially
from the west coast of all islands were damaged
by the tsunami. However, patches of coral reefs
were seen undisturbed from the North-eastern
coasts of most of the islands.

Sea grass beds and Dugong Dugong
dugon : Of the 15 islands were surveyed by boat
for sea-grass beds and dugong, two patches of sea
grass beds were seen between Camorta jetty and
Champin jetty of Nancowry Island. A dugong
mother with a calf was sighted in this patch. Apart
from this, it could not locate any other seagrass
patches of these islands. It is believed that sea
grass are also one of the most affected habitats
due to tsunami and hence Dugong.

Nicobar megapode Megapodius
nicobariensis : After tsunami 2004, the Nicobar
megapode continued to be found on all but two
islands viz. Trax and Megapode in the Nicobars
from where it had been reported earlier. The
Megapode Island was fully submerged due to rise
in sea water level due to tsunami. More than go
per cent of mound nests were built within 30 m
distance from the shore. Of these, around 16 per
cent of active mounds were found within 5 m
distance from shore.
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Of the total 687 km long coastal line of
megapode lands, 328 km long coastal forest was
identified as the ‘Potential Coastal Habitat for
Megapode’ and remaining 359 km long coastal
forests were identified as ‘Non-conducive Coastal
Habitat for Megapode’. It was estimated that about
800 breeding pairs of the Nicobar megapode occur
on the coastal habitat of the Nicobar islands, which
is nearly 70 per cent less than what was reported
a decade ago (Table 1).

Blue-breasted quail Coturnix chinensis :
Blue-breasted quail, a sub species endemic to
Nicobars, was common on Car Nicobar, Trinket
and Camorta Islands. Around 12-15 sightings were
recorded during year 1993-04 (Sankaran, 1995a).
However, a rapid survey which was carried out in
grasslands of Camorta, Trinket, Teressa and
Bamboka islands during the month of June 2006.
Total of 54 birds were recorded while flushing out
these birds in the grasslands by walking by six
people. More number of birds recorded in the
grasslands of Camorta (29 birds) followed by
Teressa, Bomboka and Trinket. Blue-breasted quail
were sighted often with Yellow-legged button quail

Turnix tanki, however, sightings of this button
quail was not rare in the Nicobar islands.

Long-tailed Macaque Macaca
fascicularis umbrosa : A total of 16 troops of
Long-tailed Macaque were sighted from the 62
sampling stations. 11 troops from Great Nicobar,
two troops from Little Nicobar and three troops
from Katchal Island. The group size ranged from
seven to 98 individuals with a mean size of 23
individuals. The largest group was sighted in the
Katchal (Kapanga). Near Indira Point, a skull of
Long-tailed Macaque was found near the sea shore,
which may have been killed by tsunami waves.

DISCUSSION

Status and distribution of the Nicobar
megapode

After tsunami 2004, the Nicobar megapode
continued to be found on all but two islands viz
Trax and Megapode in the Nicobars from where it
had been reported earlier. Compared to previous
survey (Sankaran, 1995b), the concentration of
mounds towards fringe of sea shore was high and

Table 1. Past and present status of the Nicobar megapode

Island Estimated no. Estimated no. Estimated no. Estimated no.
of active of breeding of active of breeding
mounds in 1994* pairs 1994* mounds in 2006 pairs 2006
Great Nicobar 515 1416 203 405
Kondul 11 31 1 2
Little Nicobar 311 855 82 165
Menchal 2 6 12
Meroe 1 2 4
Pilo Milo 0 0 o
Trax 3 o)
Treis 4 10 3 6
Nancowry 60 165 7 15
Katchal 69 190 9 1
Camorta 20 55 7 13
Tillanchang 10 28 27 53
Trinket 8 22 26 52
Teressa 119 328 9 18
Bampoka 26 72 13 25
Total 1159 3190 394 ~88

* Source Sankaran, 1995b.
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it might be due to tsunami which had significantly
reduced the coastal habitat. Around 16% of active
mounds were found within 5 m distance from
shore which may probably be influenced by high-
tide water during full or new moon days.
Maintaining mound temperature at a constant rate
is important for the successful egg hatching
(Sivakumar and Sankaran, 2003), however,
influence of sea water on the incubation
temperature is expected to adversely affect the
hatching success of those mounds which are very
close to the shore. Maximum of 800 breeding pairs
of the Nicobar megapode occur on the coastal
habitat of the Nicobar islands, which is nearly 70%
less than what was reported a decade ago. Tsuanmi
was believed to be the major cause for this decline.

It is believed that the temperature generated
through fermentation of vegetative materials inside
the mound is a major source of incubation
temperature (Sivakumar and Sankaran, 2003),
however, ambient temperature is also thought to
contribute to the incubation process. Most of active
mounds found on Nicobars were built at the base
of available trees on the coastal area. Since most
of trees dried due to tsunami waves, green canopy
cover over mounds was less or nil. Direct fall of
sunlight on the mound through day may not be
good for the incubation mound of the Nicobar
megapode, as direct sunlight for a longer period
may warm up the mound quickly and killing the
embryo in an egg. It is a serious concern for the
long term survival of this species. However, natural
resilience of coastal ecosystem of islands may
change this situation provided there is no human
intervention.

Status and distribution of certain other
threatened fauna of the Nicobar group of
islands

Blue-breasted quail was common on Car
Nicobar, Trinket and Camorta islands before
tsunami (Sankaran, 1995b). Since there was no
detailed and systematic survey carried out on this
species before and after tsunami it would be
difficult to comment on their status with respect
to tsunami. However, after tsunami, most of the
grasslands in Camorta and Teressa were used for
housing and plantations without considering their
ecological values, which definitely have
endangered this species and its habitat.

Before tsunami, a status survey of the Long
tailed macaque, which was also mainly carried out
along the coastal areas had recorded 788 groups
and the group size ranged from 25 to 56
individuals with a mean size of 36 (Umapathy et
al., 2003). During the present survey, only 16
troops and troop size ranged from seven to 98
individuals with a mean size of 23 individuals were
recorded during this survey which was carried out
after tsunami. However, this data may not be
compared with previous survey as the previous
survey had few transects interior forests. It is
believed that majority of the macaque may have
escaped from the killer waves but they have lost
their important food resources such as Pandanus
spp., Termunalia spp. and coconut and coastal
habitat due to tsunami.

Giant coconut crab was commonly sighted
along the undisturbed coastal areas of the Nicobar
islands (Baskar and Rao, 1992; Sivakumar, 2000).
They prefer to live inside the fallen log, under the
base of the Barringtonia asiatica tree or
sometimes in a small burrow (Sivakumar, 2000).
These crabs normally were seen in more numbers,
where barringtonia, pandanus and coconut strands
were more (Sivakumar, 2000). After tsunami the
habitat of coconut and pandanus were severally
damaged or washed away from majority of the
coastal areas. However, evidence of their presence
in the Menchal, Tillanchang and Katchal islands
are giving a hope for resilience of this species in
the islands in future.

The other important threatened terrestrial
species, which have been adversely affected by the
tsunami are Malayan box turtle and Reticulated
python These two species were not common even
before the tsunami (Baskar and Rao, 1992) and
now it become very rare. Juveniles of Reticulated
python were commonly seen in the lowland forests
of the Nicobar islands (Sivakumar, 2000),
however, during this entire survey period, not even
single python sighted. Another critically
endangered mammal Dugong, which was often
sighted from the west and southern coast of Great
Nicobar, Katchal Nancowery and Camorta islands
(Baskar and Rao, 1992; Das 1996) was also
assumed to be severally affected by the tsunami.
Presently, during this survey this species was
sighted between Nancowry and Camorta islands.
This endangered species already under severe
threat due to poaching and habitat loss (Baskar
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and Rao, 1992; Das, 1996). After tsunami, which
damaged most of the sea grass beds had left this
species at the verge of extinction.

Post tsunami impact

The tsunami waves have washed away most of
the planted as well as wild coastal coconut (Cocos
nucifera) and acreca nut (Areca catechu) palms,
therefore, plantation of these palms has become
important for the future survival of people in this
region. It is highly possible that in the absence of
appropriate measures, the ongoing plantation
activity would encroach upon the majority of the
Nicobar megapode and its associated species. After
tsunami, most of the low-lying coastal areas
submerged and megapodes have built their
mounds in evacuated villages. But when the people
started returning, they began hunting the
megapodes. In years to come, it is expected that
tribals will be left with fishing and hunting of
wildlife for their survival apart from livelihood
support from the Government.

CONSERVATION

The island ecosystem is known for their
resilience due to their ability for re-populating
habitats and promoting regeneration (Lance,
2000; Thomas et al., 2003). However, the
restoration of the original biodiversity is possible
only if the natural process such as re-colonization
is actively facilitated (Lance, 2000). The aftermath
of the tsunami has left the trail of homeless
families who need rehabilitation. Finding proper
homes and alternate livelihood for them should
not undermine ecosystem resilience. Raising
plantation crops to generate revenue in the littoral
forests should take into account the long term
effects of habitat alteration.

The Nicobar megapode and other above
mentioned threatened fauna are protected by the
various Schedules of the Wildlife (Protection) Act,
1972. Around 70 % of the population of Nicobar
megapode had disappeared over the last 12 years.
The major reason for the sharp decline is believed
to be the tsunami which washed away their habitat
along with nests. However, habitat destruction and
hunting are the major human induced factors still
adversely affect the megapodes, and these forces
are likely to continue until a serious conservation
programme is implemented.

At present, two National Parks and two Wildlife
Sanctuaries cover the megapode and other coastal
living fauna. Yet major portions of the potential
coastal habitat especially along the west coast are
outside protected areas. Inadequate coverage of
Protected Areas in the Nicobar group of islands
has already threatened several endemic fauna here
(Sanakaran, 1997). Therefore, Nancowry group of
islands may be declared as the ‘Conservation or
Community Reserve after obtaining the willingness
from the local communities so that the Nicobar
megapode and its associates in this region will get
a better protection.

Symptoms of avian cholera were noticed in
megapodes when the outbreak of this disease killed
more than 50% of introduced domestic fowl in
the Great Nicobar in 1997 (Sivakumar, 2004).
After tsunami, the State Administration had a plan
to supply 4,00,000 fowl and 9000 ducks to
farmers and tribals which may threaten the native
birds including megapode. Introduced dogs and
cats are also known for threatening egg laying
Nicobar megapodes (Sivakumar, 2000). Therefore,
invasive species eradication programme need to
be initiated immediately in this region.

After tsunami, hunting on megapodes seems
to be on increase in several folds. Though, the
Nicobarese attach traditionally cultural values to
megapodes, scarcity of animal protein has forced
them to hunt megapodes intensively. The two
aboriginal tribes of Nicobar islands viz. Nicobarese
and Shompens are exempt from the Wildlife
(Protection) Act, 1972. Considering the changing
lifestyle of these tribes, this immunity may be
reviewed. In particular, the Nicobarese should be
brought under the purview of the Wildlife
Protection Act, 1972, while Shombens may be
allowed to hunt wild animals.
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Peak Hour Passengers — PHP), Township & Area Development and 450 MVA Gas and
Solar based Power Plant in 16610 ha, at Great Nicobar Island, Nicobar District

Chapter-1
ALK REATH .
ax]\ml:('o Introduction

71 species of birds, 26 species of reptiles, 10 species of amphibians, and 113
species of fish have been reported. The region also harbours endemic and
endangered species of fauna. To date, 11 species of mammals, 32 species of
birds, 7 species of reptiles and 4 species of amphibians have been found to be
endemic. Of these, the well-known species are Crab-eating Macaque, Nicobar
Tree Shrew, Dugong, Nicobar Megapode, Serpent Eagle, saltwater crocodile,
marine turtles and Reticulated Python.

The area harbours coral reefs. These reefs are present around the island with
varied thickness and diversity. The corals were severely affected due to 2004
tsunami. In 2008, due to rise in sea water temperature, significant number of
corals were bleached all over the world; the corals of Nicobar Island also
experienced bleaching. However, the exact quantity of coral bleaching has not
been estimated. The corals generally exist along the rocky coastal stretches.
The island has plates of dead and live corals. In few areas, new coral recruits
were also observed. As a part of the EIA study for this development, Zoological
Survey of India (ZSI) has surveyed the area and the final report is attached as an
Attachment 1 to this EIA report.

Along the coastal beaches of the Nicobar Island, Leatherback and Olive Ridley
turtles are known to nest. The tsunami of 2004 modified the coastal morphology
significantly and the turtles stopped visiting the beaches for nesting. However,
with the passage of time, some turtles have returned for nesting.

Megapode nesting sites can be seen in various places around the island.
Megapodes are mainly solitary birds that do not incubate their eggs with their
body heat as other birds do but bury them in mound consisting of decaying
vegetation. The megapods before tsunami mainly used to nest near to the shores.
However, as the shoreline got modified after the tsunami, there has been a
tendency amongst the megapods to nest away from the shores. ZSI has
conducted a short-term study on the megapode nesting sites as a part of the EIA.
However, a long-term study on megapode has been initiated by ZSI.

Ci-13
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Figure 2.6: Depth Profile along the NW-SE Center Line
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2.4.2 Side Scan Sonar Survey

2.4.3

With respect to the side scan sonar survey data, the entire survey area, in
general, is marked with medium reflectivity which appears to be smooth in nature
and can be loose in nature and can be interpreted Clayey SILT/ Sandy SILT, Silty
SAND with traces of fine SAND as well as Coral Fragments. The area marked with
high reflectivity appears to be rugged in nature and the sediments also appears
to be consolidated in nature.

Thirty-Five (35) numbers of sonar contacts were observed in the survey area
during side scan sonar survey at the water depth of 9 m to 21 m. No pipeline
crossings were observed with in the survey area.

Geotechnical Investigation

As part of investigations, ten (10) boreholes i.e. (06) marine boreholes and (04)
land boreholes as presented in Table-2.4 & Figure-2.7 were undertaken and
samples were collected & analysed during previous studies, and the details of the
strata encountered landside and marine side are presented in Table-2.5 and
Table-2.6 respectively.

C2-15
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a straight line. It falls along the extremely important and fragile zone of Northern
boundary of Bhitarkanika National Park. This major deepwater port facility at
Dhamra, dredged nearly 19 km-long approach channels, aside from land-raising
and construction activities on land. The port at Dhamra envisages building of 13
berths, mechanized loading and unloading and an entry channel from North side.
The port is one of the largest on the east coast of India with the ability to handle
Cape size vessels (180,000 tonnes) and dredged a 19 km long channel through
the sea with a draft of 18 m. While obtaining of the environmental clearance, one
of the most pressing concerns was on turtles (dredging, lighting, shipping, ballast
water discharge, current changes and their impacts, noise pollution, impacts from
an expanding local population, ancillary development) as well as other impacts on
the ecosystem of the area, on Bhitarkanika National Park and on Gahirmatha
Marine Sanctuary. The Dhamra port is fully operational and there is no impact
known on sea turtle nesting at Gahirmatha and adjoining areas where sporadic
nesting takes place.

Paradip is one of the major ports of India in the east coast commissioned after
independence situated in the mouth of Mahanadi and there are sporadic nesting
sites along both side estuary and are not known to be impacted by port activities.

The Kakinada Sea Ports Limited (KSPL) is situated near the Hope Island and
Coringa Wildlife Sanctuary and sporadic nesting of sea turtles have been
occurring in Hope Islands and Sacramento uninterruptedly.

Similarly, the Kolkata Port Trust is a riverine port in the city of Kolkata and is the
oldest operating port in India and there is a deep-water dock at Haldia Dock
Complex, Haldia. There are number of Cargo ships handled at this port and
impact to marine life including sea turtles due to ship movement is not known.

Mitigation Measures with respect to Galathea Bay ecology:

ZSI has also suggested several mitigation measures that needs to be followed to
ensure minimum disturbance to the nesting of the leatherback turtles.

(1) Dredging of immediate offshore bottoms as well as shallow estuarine habitats

Reef restoration and coral relocation due to coastal development and/or dredging,
are among the most common reasons for transplantation. Dredging activities in
the nearshore waters of the developmental projects during the construction phase
will apparently destroy the corals and coral beds, but transplantation is a
worldwide solution which could be easy executed in Great Nicobar island in
alternate suitable offshore habitats. Successful coral reef restoration has
previously been accomplished by ZSI in Gulf of Kachchh and the transplanted
corals had >90% survival and effectively transformed into a functional coral reef.
Towards this, the developers should support with suitable funding.

Similarly, although the offshore congregation of leatherback turtles and other
species of turtles are not known to occur in and around Galathea, however as a
precautionary measure, installation of a deflector on the drag-head to push the
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turtles (any species) out of the path of the dredger along with an observer
programme to detect any such entrainments is solution to minimize casualties in
the offshore waters during dredging for navigational channel for the port. A pilot
study is needed for this and towards this, the developers should support with
suitable funding. The same practice has been recommended by the IUCN to
Dharma Port Corporation Limited.

As per the WII study (Attachment II); the variations in the nests laid by the
leatherback between years could be due to variations in the environmental
settings or conduciveness of the beaches for nesting as leatherback known to be
having the poor nest site fidelity. It may change the nesting site temporarily if the
environmental settings of the beach are not favourable for nesting (Kelly et al.,
2014). 3. Leatherbacks are known to distribute nests up to 460 km apart within a
nesting season in Florida, USA (Kelly et al., 2014). Therefore, the Leatherbacks
appears to have adopted a regional rather than a local optimum for nesting,
possibly due to their poor nesting beach fidelity and the frequent erosion and
degradation of their nesting beaches (Kamel and Mrosovsky, 2004; Kelly et al.,
2014). Indian Institute of Science, Dakshin Foundation and ANET have earlier
tagged 10 leatherbacks using satellite transmitters from the Little Andaman and
monitored for their movements from 2011 to 2014. WII report mentioned that
“one of these, turtle that laid eggs at Little Andaman was observed laying eggs in
February, 2021 on the beach of the Galathea Bay, Great Nicobar by ZSI Team
(pers: C. Sivaperuman, ZSI) that reiterate the weak nesting site fidelity of
Leatherback as well as it reveals that the leatherback may distribute nests in
different places between years”.

Leatherback turtles generally nests on the western flank of the Galathea bay. The

nests have also been reported by ZSI on western and eastern beaches of the

GNI. The Galathea area where the turtles nest have been kept untouched of the

development activity. In addition, ZSI have suggested the following to ensure

that there is no disturbance to the turtles during the nesting seasons:

i. stoppage of night construction work during the nesting season of the
Leatherbacks,

ii. modification of lighting in the port area,

iii. reduction of underwater noise etc as suggested by ZSI has been adopted

for the project. All these measures will be adopted for the project.

Not much of work has been undertaken to understand the movement pattern,

nesting fidelity of the leatherbacks. Detailed long-term study, including the

satellite tagging, have been suggested. Adequate budgetary provisions have also

been kept as a part of the Monitoring (Chapter 6).

(2) Translocation of corals

As per the ZSI report, no coral exists in the bay portion of the Galathea Bay.
However, some coral were found on the eastern flank near the peninsular part.
These patches of coral are not in the port construction area. However, coral
colonies, if affected, due to the construction of the project at the proposed
transhipment areas and dredging channels, to be translocated in suitable place
where the similar environment as well as topographic features prevails in the
Great Nicobar Island.
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towards research in support of wildlife species especially towards their
conservation by the developers, as part of the Corporate Social Responsibility,
species specific EMP could be drafted accordingly by a recognized national agency
of repute with experience in Island ecosystem monitoring and submit to the
developers. Towards this, the developers should support with suitable funding.

(6) Tracking of wildlife through Radio Telemetry and Satellite Telemetry studies

Radio telemetry and by using advanced molecular tools viz. e-DNA and phylogeny
of displaced species viz. Nicobar Megapode, Coconut Crab and Long-Tailed
Macaque of Nicobar Islands may be an effective tool, being much on their biology
and behaviour is unknown and these studies may be able to guide towards
developing suitable strategies for their future survival. Similarly, Satellite
telemetry of at least 100 leatherback turtles, e-DNA and phylogeny of leatherback
turtles from Great Nicobar Island will reveal many facets on their biology and
behaviour by which one can understand other alternate sites for leatherback
turtle conservation based on environmental, ecological and economic
considerations in a long-term basis. Towards this, the developers should support
with suitable funding.

During the construction and operation, there is a possibility that Megapod mounds
may reduce. ZSI has initiated a long-term study of the Nicobar megapods. If the
study concludes that megapods are getting affected and their nests are getting
reduced due to the project activity, translocation of megapods, could be
considered.

(7) Disposal of dredged soil

During the construction phase, the dredged soil to be disposed as per the
international dredged soil disposal guidelines in which the area should have
minimum of 200 m depth and free from coral reefs, sea mount etc. This will be
helpful to maintain the water quality in the nearshore region,

(8) Temporary halting of onshore and offshore activities

Construction phase is generally considered as the destructive phase of the
project. Therefore, during the construction phase offshore activities to be halted
to the possible extent especially during November to February the period in which
the Nicobar Megapode, Coconut Crab and Long-Tailed Macaque of Nicobar Islands
as well as Leatherback turtles nesting reported. All the activities during the
construction phase to be suspended during night hours which will pave a
movement of turtles for nesting and other wildlife for their feeding, breeding and
roosting.

(9) Reduction of underwater noise pollution
The main sources of underwater noise pollution are shipping, dredging, and

seismic surveying. Measures to reduce the noise from shipping vessels include
modifying propellers and/or hulls and performing regular maintenance,
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Table 4.3: Design Ships and Dredged Levels at Berths

1 Container 19,650 398 61.5 16.6 -19.0
Vessel TEU

4.4.2.3 Criteria for Selection of Dredge Disposal Location

As per the recommendations of ZSI, the dredged material will have to be
disposed at the depth of 200m. In GNI area, the continental shelf in the area is
very short and gives way to continental slope within a short distance. The
purpose of recommendation of ZSI to dispose the dredged material at 200m
depth is due to the fact that coral and benthic life is low in such depth as there is
limited penetration of sunlight.

As per the plan, the dredged material will be disposed in the SE area of the GNI
peninsula at a depth of about 600m. The model result shows that the sediment
plum will disperse within a short distance and therefore not going to have any
significant impact in an area where the sunlight penetration is practically nil and
the marine life is rare. Very few marine flora and fauna is reported at a depth of
600m at a distance of 7500m from the nearest shoreline. Refer figure below:
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One more ecological impact that is envisaged during construction related to
lighting in the construction area. Light generally affects birds and especially the
nocturnal ones. All care should be taken to ensure that excessive lighting does
not happen in the area. Using a smaller number or lower intensity lights;
repositioning, shielding, redirecting, lowering, or recessing fixtures are some of
the available options for reducing illumination in the construction site.

For the airport, a creek which was formed due to tsunami will be reclaimed. The
creek was agricultural land and was used for cultivation before tsunami. Tilting of
the SW part of the GNI caused ingression of the sea into the land and small
mouth opened which caused flooding of these agricultural land. Initially,
immediately after the tsunami, there was a total loss of the then existing ecology
as trees were uprooted. However, Over the years, the submerged area developed
its own ecology and now few saltwater crocodiles have been reported. There have
been incidents of crocodile attack on humans and the villagers wanted the
removal or culling of the crocodiles. While reclaiming the creek area, the
crocodiles will have to be relocated to suitable habitat. Since many crocodile
habitats exist in the Island, there should not be problems in relocating the
crocodiles. Further, any shifting of crocodiles must be done only with the prior
written approval of Chief Wildlife Warden under Section- 11 of Wildlife
(Protection) Act, 1972.

The airport will also need to reclaim small part on both ends of the runway. The
total reclaimed land will be 194 ha. To ensure that the ecology of the area is only
affected to minimum extent, the runway length has been reduced from 4000 m to
3120 m. Now the area which is being designated as reclaimed area will be piled
for lighting the runway. This will have only marginal impact on the ecology of the
area as there will be practically no change in the tide or current pattern. ZSI,
however, have reported few coral patches on the southern end of the runway
lighting piles. The coral reefs are further south of the piled area and not in the
area where piling is to be undertake, However, during the construction some
small patches of coral reefs may get affected. The precise amount of loss will
have to be determined just before the construction as the growth and bleaching
of corals are common in the Island. However, even if there is any loss of corals
during construction, it would not exceed 1-2 ha at the maximum. Even if there is
no loss, the project can take some proactive actions and restore some area with
coral replantation.

The construction activities lead to inward migration of a huge labour force in the
area and thus there would be pressure on trees in the area due to increase in fuel
demand. Care will be taken that the labours do not cut small trees or branches as
fuel wood, for their requirement in cooking and other purposes. The area being an
aviation zone, impact on terrestrial fauna will be negligible.

Mitigation measures for ecology restoration during construction

Various mitigation measures to reduce the ecological impacts will include:
e Reduction of noise levels with proper maintenance of the construction
equipment and vehicles.
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e Innovative lighting in the construction face. Using a smaller number or lower
intensity lights; repositioning, shielding, redirecting, lowering, or recessing
fixtures are the options available for light reduction.

e Careful relocation of few crocodiles that inhabit the creek area which will be
reclaimed with due consultation from the forest department.

Care to be taken while piling the runway extensions for airport lighting.
Coral restoration and replantation measures.

4.2.9 Construction Workers Camp - impacts & mitigation measures:

The following data is to assess the impact of labour colonies and suggest
suitable remedial measures so that the construction of the project could be
managed with minimum damage to the environment.

Total number of construction labours are given

Estimated labour requirement

Phase I Phase 11

1200 1470

Estimated labour + Family + Support requirement

1680 [>058 |
Water requirement and source (Ipcd)

252000 [308700 |

Quantity of waste generated and fractionation (organic, hazardous, recyclable and
biomedical) (Kg/day)

600 | 735

Fuel requirement (kg/day)

405 | 495

Water treatment system for the labour colonies: -In the initial stages of
construction, the treated water will be provided through tankers till the
proposed trunk infrastructure is laid down in GNI. Compact waste water
treatment plant / Septic tank shall be installed within the labour colonies
during the initial phase of construction. However, one the infrastructure is
ready, the waster will be supplied through the central waste treatment plant.
All the waste water generated in the labour colonies will be treated before
discharge. In the initial stages the wastes from the toilets will be treated
through septic tanks. However, once the central treatment plant is ready, all
the waste water will be directed to the treatment plant and will recycled. No
water is expected to be discharges. However, some makeup might be required
for operation of the plant and the quantity will be used for gardening
purposes.

Municipal waste management system that is Collection, transportation
treatment and disposal system for the labour colonies. (Details of
MSW system is given in chapter 2C (2.7.4), Township)

Separate bins will be installed within the labour colonies for dry and wet
waste.
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ZS1 recommendation on the Galathea Bay site for ICTT

Technical Reason: Based on the thorough scrutiny and examination, Galathea Bay
is selected for the ICTT as it was considered as the best site in terms of distance
from the international sea route (nearly 40 km away), lesser risk of rock dredging,
lesser requirement of reclamation of land to develop onshore storage facilities and
lower cost, required availability of natural breakwater, no requirement of hill
cutting to use the land, remoteness of habitation and tribal population. Some
environmental challenges are investigated for all the proposed sites and Galathea
Bay has some ecological and environmental issues like some portion of the
designated area is falling under ICRZ Zone 1A; the presence of 117 species of
scleractinian corals along with the live coral cover of 17.46%, 8 species of
holothurians, saltwater crocodile (Crocodylus porosus Schneider, 1801) in adjoining
Galathea River along with mangrove patches, predominant nests of vulnerable
leatherback turtle Dermochelys coriacea (Vandelli, 1764), 3 species of marine
mammals are sighted, 14 breeding pairs along with 7 active mounds of endemic
Nicobar Megapode Megapodius nicobariensis abbotti (Oberholser, 1919), and the
Long-Tailed Macaque Macaca fascicularis umbrosus (Miller, 1902). These issues are
required to be address with a proper ecological restoration program and
recommendations which are illustrated in this report. Prediction of Environmental
Impacts, Envisaged Benefit of the Project, Evaluation for Alternate Sites,
Environmental Management Plan, Mitigation Strategies in Marine Environment at
Proposed Project Sites, and Recommendations are given in details in the report for
the proposed 14.2 Million TEU (Twenty Feet Equivalent Unit) ICTT Port, (main
project), Airport (4,000 Peak hour passenger, Category 4F), Township and Area
Development for 14,960 Ha and Power Plant (405MVA Gas +Diesel) (Additional 45
MVA from solar power will be included in total power generation).

Ecological Reason: Sea turtles are global species and they are known to nest on
the sandy beaches in the close proximity to existing and operational coastal
facilities globally. Several ports and jetties exist on the eastern and western coast
of India (Haldia, Dhamra, Paradeep, Nuagarh, Visakhapatnam, Kakinada, Ennore,
Tuticorin, Cochin, Goa, Ratnagiri, Veraval, Diu, and Jafrabad) and despite these
coastal facilities, sea turtles continue to nest in close proximity to the
establishments. Some examples of existence of major Ports and sea turtle nesting
habitats along the east coast of India are illustrated below.

Dhamra port, in Odisha coast is located near the famous mass nesting beaches of
Olive Ridley turtles, the Gahirmatha Marine Sanctuary in a straight line. It falls
along the extremely important and fragile zone of Northern boundary of
Bhitarkanika National Park. While obtaining of the environmental clearance, one of
the most pressing concerns was on turtles (dredging, lighting, shipping, ballast
water discharge, current changes and their impacts, noise pollution, impacts from
an expanding local population, ancillary development) as well as other impacts on
the ecosystem of the area, on Bhitarkanika National Park and on Gahirmatha
Marine Sanctuary. The Dhamra port is fully operational and there is no impact
known on sea turtle nesting at Gahirmatha and adjoining areas where sporadic
nesting takes place.
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Site Evaluation

S\ Evaluation Criteria

North Site Central Site South Site

Crocodile Infested
Areas
Corals Not affected May get affected May get affected
10 Megapodes Nests reported Not affected Not affected
Minimal impacts on
the southern side of
11 the runway:
ICRZ Partly in ICRZ Zone
IV B
12 Access can be planned by:
a Road Yes Yes Yes
b Speed Boats Yes Yes
c Sea Aerodrome Yes

Site Selection recommendation: The number of sites on Great Nicobar Island
suitable for development of an international airport on Great Nicobar Island are
very limited. The island terrain is characterised by hills with only a relatively
narrow strip of land on the eastern and southern coasts where urban and tourism
development can take place. Various National Parks, environmentally sensitive
areas and local tribal areas add further development constraints. The significant
constraints imposed by the island terrain and characteristics mean that there is
no perfect site available on the island. All sites are compromised to some degree
and the most suitable site is the one where these compromises can be managed
and the one which provides a high degree of runway usability in line with ICAO
recommendations, with aircraft approaches and take-offs available to/from both
ends of the single runway. Based on our comparative site assessment and
selection analysis, only the South Site should be pursued as this is the only site,
we believe can be developed without wholescale terrain modification to allow
runway operations in both directions. Having said that, the South Site does
present some challenges that still need to be overcome, these include the
following:

o The need for some terrain modification to reduce penetration of the
aerodrome safeguarded surfaces by natural terrain obstacles to ensure
safe aircraft operations, and also to provide an airport platform onto which
the airfield and apron areas can be constructed to stringent ICAO
longitudinal and transverse profile standards;
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Environmental Monitoring Program

Environmental
Management  Cell
/Unit of the existing

Responsibilities

The cost of the
environmental
management cell

of the proposed
rehabilitation and
resettlement under
LARR act 2013.

respect to LARR
act 2013

is completed

Environmental projects and roles will be : . v‘{'” bemCIl.Jded

10 | Management department to decided before the During construction B in the project
Cell/ Unit ensure ) commencement of phase cost

implementation and

- work.
monitoring of
environmental
safeguards.
Flora and Fauna for
the whole
development  and | Health of the flora
adjacent area will | and fauna. -Igztvac-:l-lopnGwZI
be monitored. Loss/ proliferation nt site with
Ecological of Coral and other special
monitoring as | marine flora and ference to
suggested by ZSI. fauna. geafarfhea

11 | Ecology For long term | Leatherback and | Oncein a year Ba 190

understanding of | other turtle ParZw’a a
the leatherback | species change of Ba Y
turtle, Megapode | nesting behaviour. Jo yi’nder
nesting, ZSI | Satellite tracking naggar
suggest Radio | of Turtles and beach
telemetry and by | Megapodes :
using advanced

molecular tools.

12 | Changes in Coastal  structure | Continuous Once a year Total 100
Coastline/Sho like breakwater, | monitoring of coastline of
re line Berth, Jetty, etc. | shoreline with the the

might cause | help of  high- developmen
sedimentation/ resolution satellite t area
erosion and needs | imageries during
to be monitored construction and

operation phase.

13 | Public Installation of ten | Temperature, Continuous Along the 70 It's a one-time
information display boards at | Humidity, Air Central cost
system various locations to | quality index, spine road

inform the public | probable Tsunami and

on the air quality Administrati
met conditions and ve buildings
Tsunami

predictions.

Similar information

will be displayed to

the key public

officers.

14 | Socio- Regular monitoring | All socio-economic | Once in 6 months | Project area 20
Economics of implementation | parameters with | till the R&R process

6.4.2 Monitoring Schedule during Operation Phase

During operational stage, continuous air emissions from aircrafts, GSE, traffic,
powerhouse, wastewater treatment, non-hazardous solid waste and hazardous
used oily wastes are expected from airport project and continuous air emissions

from gas engine exhausts,

wastewater treatment plant,

brine water from

desalination plant, hazardous used oily wastes are expected. The following
attributes which merit regular monitoring based on the environmental setting and
nature of project activities are listed below:
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6 Marine Water Quality

Marine Water

quality
monitoring
near the
outfall point.
Marine water
quality at the
work phase

and adjacent
areas

Parameters such
as pH,
Temperature,
Conductivity,
TSS, TDS, BOD,
DO, MPN
Coliform Iron and
Heavy metals
(Hg, Cd, Cr, Pb,
Zn, As, Cu)

Physico chemical
properties
including
sediments

Quarterly

Once a month
during working
period

Marine water
quality at 3
locations once in
3 months

Atleast 6 points

50

Flora and
Fauna for the
whole

development
and adjacent
area will be

Health of the
flora and fauna.

monitored. Loss/
Ecological ; )
o proliferation  of
monitoring - as Coral and other
suggested by .
marine flora and
ZSL. fauna
For long tz_arm Leatherback and Total G_NI
understanding Development site
other turtle ) )
of the ] h with special
Ecology leatherback species  change ’ reference to
7 - of nesting Once in a year
turtle nesting, ’ Galathea Bay,
ZSI  suggest behaviour. Pamaya Ba
) 99 Satellite tracking ay Y
Radio of Turtles Joginder  nagar
telemetry and ' beach.
b ; Through long-
Y USING | term study the
advanced h ; Y
molecular migration routes,
locations and
tools. )
A long-term duration of the
migratory  birds
study to -
will be observed.
understand
the migration
pattern of the
birds in and
around GNI.
Fire protection
and safety
measures  to
Emergenc :iarlée carea:df Mock drill
gency . records, on site
8 preparedness, such explosion Once a month -
as fire fighting hazards, to be | SMergency plan,
! evacuation plan.
assessed and
steps taken
for their
prevention.
Compliance Cost is
with the MSW Comprehensive included in
Rules, and the Waste the
Hazardous & Management All labour construction
Solid waste other Wastes Plan should be in Once in a - cost.
colonies and
management (Management place and month . .
. construction sites
and available for
Transboundary | inspection on-
Movement site.
Rules).
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Chapter-10

Environment Management Plan

Table-10.1: Environment Management Measures — ICTT Project (Construction phase)

developed within the
offshore. Other
infrastructure facilities like
Container Storage, Internal
Roads, Port & Utility
Buildings, parking etc. will
be developed on the
landside adjacent to the
reclaimed land of the port.
Overall, for the all phases
put together, total 3.27km
(2.53 East & 0.74 West)
breakwater will be
constructed.

concepts to minimise
major landscape
changes. Land
reclamation and
change in land use
pattern will be
limited to the
proposed port limits
and will be carried
out in such a way
that to ensure the
proper drainage by
providing surface
drainage systems
including storm
water network, etc.

Sr. Attribute Potential Impact Mitigation Measure Responsibility Broad Remarks
No cost in
INR
Lacs/ Yr
1 Land The proposed project The planning will be Project SPV 500 This is one-
Environment facilities berth and harbor in accordance with time cost and
area with breakwater will be | landscape planning will be

included in the
Projects cost

The breakwaters often serve
as an anchor for growth of
corals, sea grasses, and
forms the habitat of benthic
animals.
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Environment Management Plan

western side is to be
densified with the
same existing
species to avoid
erosion during high
wave incidence and
also to ensure that
any future
development at
inland area of west
coast have no impact
on the turtle nesting
site.

4 Coral Reefs

As per the ZSI report, coral
do not exist in the Galathea
Bay area, however, on the
eastern peninsula part
(Outside the construction
area) some corals were
noticed.

Translocation of
corals: If the coral
colonies in the
proposed
transhipment areas
and dredging
channels area is
affected then it
needs to be
translocated in
suitable place.

SPV

2000

Dredging activities in the
nearshore waters of the
developmental projects
during the construction
phase may affect some
corals patches

This is one-
time cost for
Coral
translocation
cost for entire
project has
been included
under the
Airport
operation EMP
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Table-10.3: Environment Management Measures — Airport Project (Construction phase)

The proposed area is
sparsely populated and
there are only two

R&R measure as per
RFCTLAR&R (Right to
Fair Compensation and
Transparency in Land

Cost will be provided
by UT Administration

1 Land Environment | villages in the area of Acquisition SPV after SIA as per
proposed airport where | p oo liation and RFCTLAR&R Act 2013
form families may be Resettlement) Act
displaced 2013. ’

This is one-time
Area for runway cost. .

L Approximately 4ha
extending into sea. The of Coral restoration
options for selecting of has been
Sesr';lce flionr'liig dalrgrc])rt t?‘]ﬁi Coral restoration, if considered.

2 Reclamation island. the present site corals are affected SPV 3200 This cost though

needs to reclaim land
approximately 71 Ha of
land in order to
establish an operational
airport.

during the
reclamation activity.

apportion to the
Airport, involves
restoration for the
entire project
including Port,
Power plant and
Township
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Environment Management Plan

Table-10.9: Cost summary table for EMP for all projects - Construction

EMP cost during Construction Phase

All cost in INR Lacs

SN Attribute Responsibility Broad cost Remarks
1 Land Environment/Soil Erosion Project SPV 500 One Time
2 Changes in Coastline/Shore line Project SPV 5000 One Time
3 Reclamation Project SPV 1000 One Time
SPV 10 Per Year
4 Ecology Project SPV (ICTT) & UT Administration 400 One Time
Project SPV (ICTT) 300 One Time
5 Coral Reefs SPV 2000 One Time
6 Lighting Project SPV Part of Project Cost
7 Road construction Contractor + SPV 10 Per Year
. Included in
8 Air Emission PieyeEs SR = EaniiEEer Monitoring Cost
Contractor 70 One Time
9 | Noise Pollution Project SPV Included in
Monitoring
10 Waste Water Project SPV 4 Per Year
11 Solid Waste Project SPV 100 One Time
12 Social SPV 30 Per Year
Total Capital Expenditure on EMP for ICTT
(Construction Period 8 Years) 9770
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India’s presence in the Andaman & Nicobar Islands must be strongly demonstrated
to counter position their aggressive consolidation in the region. The development
of GNI as an economic and defense powerhouse will be the most powerful answer
to the above challenge.

Improving connectivity with Indian mainland and other global cities

At present there is very limited connectivity of the GNI with the Indian mainland
and other global cities. The only modes for travelling to GNI are through Air and
Sea. However, there is very limited infrastructure which is further dependent on
weather conditions. To strengthen the presence at GNI, it is important to improve
the transport infrastructure of GNI. The proposed Greenfield airport and
International Container Transshipment Terminal (ICTT) will provide the required
infrastructure not only to improve the connectivity but will also provide the
economic benefits.

Promoting sustainable tourism

Like the rest of the Andaman and Nicobar Island group, GNI has long been isolated
from the rest of the country. The project aims to tap the tourism potential by
creating the required infrastructure.

Tourism development can capitalize on the exceptional tourism assets to attract
high-end tourists interested in tropical forests, adventure tourism, beach tourism,
water sports as scuba diving, snorkeling etc.

Socio-economic growth of local populace

The financial costs are significantly high with significant environmental issues. The
presence of indigenous tribes and concerns for their welfare are key factors for
island development. The government is aiming to develop the GNI which will
ultimately enhance the socio-economic growth of the local populace and usher in a
new era for their all-round development.

Detailed feasibility studies were carried out for each of the interlinked projects.
Alternatives were identified and evaluated against specific predetermined criteria,
including environmental impact, ecological and biodiversity. Specific studies for
endangered species like leatherback turtles, corals megapods etc, were
undertaken by reputed organization like Zoological Survey of India (ZSI) and
Wildlife Institute of India (WII). The criteria like coastal morphology, density and
diversity of the terrestrial and aquatic ecosystem, compliance with ICRZ
notifications and impact on the tribes like Shompen and Nicobarese people were
also studied in detail. The basic aim for EIA Study and site selection was to ensure
that the natural habitat and its attributes are preserved, the deleterious impact of
the construction and operation of the project is minimised to an acceptable level
and the beneficial impacts are enhanced to the maximum level.

This EIA Study has been structured as per the MoEF&CC notification on EIA, 2006
to cover all the essential required aspects, described in detail under respective
sections as given in the above notification.

Ci11-2
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11.1.4. International Airport

The master planning and design for the airport is done taking into consideration, the
most optimum site with respect to minimal environmental impact to rich biodiversity
of the island, traffic projections (passenger and cargo), sustainable Planning etc.

In order to work out the optimal size of the airport which will be able to accommodate
the anticipated services over next three decades, a comprehensive air traffic forecasts
have been made. Figure below shows the projected forecasts.

Table 1: Total Annual Passenger Forecasts (M), Worst, Base and Best cases

Year Worst Case Base Case Best Case
2025 0.07 0.40 0.50
2030 0.12 0.78 0.97
2040 0.35 1.54 2.48
2052 0.81 3.28 5.08

Airport siting studies were carried out and possible sites on the island were assessed
for their suitability; the sites were evaluated for their complementing aspects with
respect to the proposed population centres, interlinked projects and its impact on
environment. Alternatives were identified and evaluated against predetermined
criteria, including environmental impact, operational performance, and economic
viability. Sub-criteria included coastal morphology, density and diversity of the
terrestrial ecosystem, density and diversity of coral, compliance with ICRZ
notifications, and impact on the Tribal people. The basic aim of site selection exercise
is to ensure that the natural habitat and its attributes are preserved to the maximum
and the impact of the construction and operation of the project is at minimum and
acceptable level.

It is proposed to locate the airport at Gandhi Nagar and Shastri Nagar (South site) as
it was the only site within the project area that is flat enough to facilitate bidirectional
take-off and landing. Moreover, the flight path of the aircrafts will be over sea, thus,
there will be minimal disturbance to local population and the tribal areas due to over
flying of aircrafts at low altitude. Some of the existing families in those villages will be
affected by the project. The site includes a large area of revenue land, and minimal
forest land will be affected.
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Figure 5: Proposed layout for Greenfield International Airport at GNI

The runway lengths have been kept at 3000 m with provision for further expansion if
required. Similarly, other facilities have been safeguarded for future development. A
defense enclave has suitably been incorporated in the overall layout with a separate
apron for the Defense.

The reclamation of the seashore and the occupation of CRZ has been kept to
minimum. Only the peripheral runway safety / support systems are encroaching into
the sea / CRZ on reclaimed land at both the North and South ends of runway. The
central part of airport also runs over water inlet North Shastri Nagar which will require
requisite CRZ / environmental clearance. This inlet area is revenue land which got
submerged during Tsunami. The existing corals have been avoided through careful
siting of reclamation at South end.

11.1.5. Power plant and Power infrastructure

Power demand of 450 MVA has be projected for all types of industries, non-industrial
buildings (residential, commercial & Institutional building), industrial amenities and
common utilities (water supply, STP, CETP, street lighting, ICT)..

The power plant is proposed as a combination of Diesel based (about 15%) and Gas
based (85%). Initially the plant will run on the diesel, which shall be HSD with low
Sulphur and DG sets shall be air cooled with no discharge of water. However, after
the system for the safe delivery of the gas are put in place, the gas-based generation
will start.

The gas-based power plant will be based on natural gas which has an increasingly
role in the global natural gas market. Natural gas is a relatively clean energy source,
which produces much less pollution than conventional thermal plants. The gas-based
power plant shall have gas turbines in combination to stream turbine for optimized
sustainable usages. The Plant shall be air cooled thus mitigating the cooling water
discharge and sustaining the environment.
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Zoological Survey of India (ZSI) has undertaken a marine ecological study in Eastern,
southern and south western part of GNI.

Wildlife Institute of India (WII) has carried out a rapid assessment study to
understand the biological or ecological significance of five sites identified for the
port. This study was conducted with an aim of assessing the current status of turtle
nesting beaches with special focus on leatherback turtles. Study was also aimed to
assess the status of megapodes and dugong habitats along these beaches.

GNI consists of Tidal Swamp Forest (Mangrove Forest), Littoral Forest (Beach
Forests), Low level Evergreen Forests (Coral Reef Forests), Tropical Evergreen Forests
(True Tropical Forests), Southern hill-top evergreen forests and fern breaks. The
members of the families Euphorbiaceae, Rubiaceae, Arecaceae, Orchidaceae,
Cyperaceae, Poaceae and Annonaceae show high representation in GNI. The distinct
flora of the area can be visualized by the fact that the genera Otenthera and Astronia
of Melastomataceae, Cyrtandromea of Scrophulariaceae, Cyrtandra of Gesneriaceae,
Stemonurus of Icacinaceae, Rhopaloblaste from Arecaceae and Spathoglottis of
Orchidaceae and many more species are endemic to these areas. A total of 330
species of fauna are recorded from the Campbell Bay National Park area including 28
species of mammals (including 3 marine mammals), 97 species of birds, 23 species
of reptiles, 10 species of amphibians, 52 species of butterflies, 24 species of odonates,
20 species of spiders and 76 species of aquatic Hemipterans.

Social Environment

The information on socio-economic aspects of the study area has been compiled from
secondary sources, which mainly include census data of 2011. The salient features of the
demography and socio-economic profile are as follows:

- Total population is 8,367.
- There are no scheduled castes (SC)
- There are 1,324 persons scheduled tribes (ST)

The percentage of male literates to the total literates of the study area works out to be
63.70%. The percentage of female literates to the total literates, which is an important
indicator for social change, is observed to be 36.30% in the study area as per 2011
Census records. Total work participation rate in the project study area is 45.91%. The
distribution of workers by occupation indicates that the non-workers are the predominant
population. There are 237 number of Shompen and 1087 number of Nicobaries within
the Great Nicobar Island.

11.5. Anticipated Environmental Impacts and Mitigation Measures

The proposed integrated development projects will result in certain environmental
impacts during construction and operational phases

11.5.1. International Container Transshipment Terminal
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During construction phase changes in land use/land cover may change and the
topography may change. Due to construction activity and soil compaction/
consolidation, it may cause loss of vegetation, tree cover & soil pollution.

No quarrying is proposed to be carried out in GNI. All the quarry material will be
transported from either the main land or from Indonesia depending on the quality of
the material and economic feasibility.

During operational phase of ICTT, it is proposed that there will be not be any dusty
cargo, dry bulk cargo such as coal, iron ore or hazardous cargo, etc. Hence, direct
impact on water due to cargo handling will be insignificant. If no care is taken, the
marine water may get polluted as a result of release of contaminants into the marine
system. The contaminants include leakage/ spill of oil in port and its surrounding area.
As a mitigation measure, no untreated water will be discharged either during the
construction or operation phase of the project.

It is proposed that the Port operator will prepare a spill prevention, control, and
counter measure plan which will be consistent with the IMO Manual on QOil Pollution
Section II - Contingency Planning. All the ship related waste with a potential to cause
pollution to the marine environment will be disposed according to the guidelines
stipulated by the MARPOL Convention.

As mentioned earlier, the western flank of Galathea Bay has leatherback turtle nesting
sites. In order to ensure that turtles are not disturbed during the nesting seasons
(between November and February) no offshore construction activity will be
undertaken to the extent possible. This is in line with as per ZSI recommendations.
Considering that these turtles are sensitive to light, ZSI has recommended low
pressure sodium lighting in the port area for minimum disturbance to the turtles. ZSI
has also recommended the reduction of underwater noise for minimal disturbance to
leatherback Turtles. ZSI has also recommended, long term satellite tacking of
leatherback turtles.

Galathea port area does not have any coral reefs. However, few Sporadic coral reefs
are reported on the eastern peninsula part from the work area, if impacted, the same
may be replanted in a suitable area. Adequate financial provisions have are being
kept for the coral replantation work as contingency.

11.5.2. Greenfield International Airport

The activities that take place during construction phases of airport project inlcude
levelling of site, construction and erection of main airport structures like terminal
building, aprons, runway, construction of blast pads at extreme ends of runway,
provision of runway shoulders, for aerodrome reference code. There are impacts on
land use, soil, air quality, ecology, demography and socio-economics, access roads
and public expectation due to these activities.

Environmental impacts associated with the operation of the project will be minimized
by implementing the key design and planning strategies,.

Exhaust emissions from vehicles and equipment deployed during the construction
phase also result in marginal increase in the levels of SO2, NO2, PM, CO and unburnt
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hydrocarbons. However, the impacts will be reversible, marginal, and temporary in
nature.

It is proposed that a small part of the sea needs to be reclaimed due to the lighting
and radar installation of the runway. As per the ZSI report the specific area does not
have corals but they may be present in nearby areas. However, if any coral is affected
due to the reclaimation, the same will be replanted in a suitable area. Adequate
financial provisions have been kept for the coral replantation work.

11.5.3. Power Plant

The probable impacts during construction phase will be on various sectors of
environment (such as air, water, soil, socio-economic environment etc.). The present
land use of the project site falls under protected or deemed forest category. There
will be change in land use after installation of the proposed power project from forest
to non-forest category. Also, the proposed project is not likely to have any adverse
impact on the surrounding land use during the construction period. Appropriate soil
conservation measures associated with improved construction techniques will
minimize such impacts. Timely afforestation activities are proposed which will
contribute towards soil conservation. The hazardous waste from the construction site
is proposed to be collected in the designated area and will not be allowed to come in
contact with the soil.

The dust will be the main pollutant affecting the ambient air quality of the area during
the construction phase. The impact will be confined within the project boundary and
is expected to be negligible outside the plant boundaries.

The present river water may be impacted due to non-point discharges of solids from
soil loss and sewage generated from the construction work force stationed at the site.
However, the overall impact on water environment during construction will be
insignificant. Temporary sanitation facilities (septic tanks) will be set-up for disposal
of sewage generated by the work force.

The construction equipment may have high noise levels, which can affect the
personnel who will be operating the machines. Use of proper personal protective
equipment will mitigate any significant impact of the noise generated by such
equipment on the labours working during construction.

The power plant is near to Shompen habitation. In order to ensure that there is no
trespassing of labour, in the tribal reserve, adequate number of check points have
been proposed.

Apart from localized construction impacts at the plant site, no adverse impact on soil
in the surrounding area is anticipated.

The power plant emissions will be monitored through continuous emission monitoring
equipment.

11.5.4. Township and Area Development

Township construction will involve cut and fill earthworks which has the potential to
change the topography of the land and disrupt the natural drainage of the area.

Due to the increased vehicular movements, there will be an increase in NOx and CO
concentrations at the project site. However, the increase in pollution levels in the
ambient air is temporary and will be negligible. It is proposed that most of the
construction equipment will be mobile, thus the emissions are likely to be fugitive and

C11-30

910



453 ANNEXURE A26

Conservation and Management Plan for Coral Reefs

of
Great Nicobar Island

Submitted by

Z00LOGICAL SURVEY OF INIIA
Ministry af Enviranment, Forest and Climate Chunge



463

Caral reefs are the most priomtive liviag ecosystom of the nmanne ota, & stoctore b by,
colopies of tiny coral animuls over millions of vears. Due 1o its enormous productively in
oceans environment, comls reefs are ofien called as ‘Rain Forest of the Sea’. The
extmordinnry beauty, bnght palette of coloms, and oddly pattemed mbabitants, are really p
means ol deliglited arena of this Earth’s most important ecosystems. The biodiversity ol the
reef system supports a vast interdependent food web, from microscopic plants and animals 1o
hwmans. Comls are the important strocturml Teature of reefi i shallow ropical sens sinee the
100 million years ago (o tll date. The highly productivity and biologieal diversity made the
corals most sustainable in this changing environiment.

LINTRODUCTION

Tlie cormal reels are the natural heditage and stock of biological diversity of the wotld
which supports o grest deal of funal communities. 1t hay been estimated that between -9
million species live on coral reefs (Ramnkrshan ef al, 2000}, It 15 o lmoting ground, a safe
place 1o hide, o plice to breed, o mise voung, and 1o grow old. The productivity of healtly
coral reels not only gives supports Tor the corals but also to sustam a rich interlinked system
of species which hns been the main source of food aod resources. The reef dwelling species
are viglding influentiol chemicils efective m reutment of disease.

Coral reefs take a great role to form naturel brealowsters protecting the fertile coastal
Tands and hwnan settlements of many ilands and continentnl nations from erosion by starm
wives and other climatic or natuml problems. Bul the degradation of coml reel environmen)
has been spreading all over the world ocean gradually due to namral calnmines as well as
anthropopenic sitesses. The podsible watnung of our climate wilh assocuted warmng of
oceun temperstures, increased  sedimentstion from  development along  coastal  anens,
pollution, and nnsnstninable fishing methods are cnly some of the threats to reefs worldwide.
As humiing change the environmest on the surfiuce af the Earth, the conditions undementh tie
surface of our oceans change accardingly. From the microscapic plants that live within the
tissues of the corals to the divemity of mvenebmites and fishes that find food and shelter
within the colourful caves and ercvices, the reel systom’s millions of species dlso provide
important food resources for sharks, sea turiles and dolphins

Millions of people throughout the world depend directly on the reels for their
livelihood, Coral reels cover less than 0.2% of the total area of oceans but act as house of
25% of all marne creatures (Ramakrishna or af, 20005 Coral reels are dynamic syslems,
producing lime stones al the mte of 400-2000 wWnes per heetare per year (Chave of al,, 1972).
Coral reefs influence the chemical balance of world's oceans (Smith, 1978), Sclemetinian
corals are strong calcareons amgonite strocture formed by gradual deposition of calenmm
cirhonste by the living bssues of corals os the secreted msterals with the presence of
supportable marine enviranment. The reef eavironment supports a pristing caviromnent of
marme fmmnl communities to monage balanced ecosystems. The benthic hiotic enviromment
supports o greal composition of Jorml and funsl components. 1t defined ns ~all of the bottom
terrain from the wave-washed shoreline al flood-tide level to the greatest deeps™ (Sverdrup af

-

912



P4

al, 1942), The high water mark on the shoreward side to the boundary marked by the
continentil sell is defined us the ol zone. The standard distance coversd by the littoral
zooe from the shoreline mto the seaward side 5 200 m. The litoral zone 15 further marked
from the shoreling up to 30 m as culittoral and from 50m o 200 m as subilitlors] 2one. The
eulitroml zone further may divide into intertidal zone and submerged eulittoml benthic zone.
Thus the enlittorm] benthic zone which lies beyond the low waler mark comiprises of biota that
always remain below water level and are not affected by tidol chanpes. The cosmopaliton
eulittoral fanna, which extends from the ligher nusk into the sea comprises of nterstitial
fnuna,  mtetidal founa (macrofaune),  meaobentos, mcrobenthos and  muembenthos
cotmumities.  This present praposal deals with the survey, monitoring and conservationnl
aspecis of ihe coral reef ecosystems,

1 GENIRAL MRACTICE FOR CORAL CONSERVATION

Coml reefs are notural breakwaters substitute as a first line of defense for coastal
communitics, protecting the coastline from wave cnergy and preventing coastal crosion and
flooding (Zepedn-Centeno er af, 2019). The lugh complexity and rugosity n the reef crest
may cotsidernbly dissalve wave enerpy thnt crosses the reel towards the coast (Harmelin-
Vivien, 1994; Alcolodo er of, 2009 Busutil er of, 2011; Gardner er af, 2005; Zepeda-
Centeno o al, 2019), So, a strong. healthy and physically complex coral community can
deliver the churacleristics nesded o merease and mwintmn constal protection (Zepeda-
Centeno of al, 2019), Coral reefs deliver extensive ecosystem goods and services worth
hundreds of billions of dolluss globully every year. But tias 15 wnfonunne thin ibe coml real
ccosystems of the world are rapidly dedlining due to climatie and anthropogenic disturbances.
As per recent reports of TPCC. up 1o 20% ol conil reels could be lost by 2050, even if
warning 15 Lmited 1o an inerease of 1.5°C. Urgent climate action is required along with bold
locil manngement 1o halt declines and support coral reel resilience now and mnto the fture
Caral reet restoration ean be used ns part of a hropder management strategy o combat
declines i coral heslih globully. The restorstion metbodology 15 nol designed 1o reduce
climnte unpacts, but miker, it is intended os a complementary tool to support natuml recovery
following disturbanee in lugh-value areas (ICR1, 2021),

In 2004, the Society for LEcological Restorabon Internationsl Sciesce & Policy
Waorking Group desetibes restorslion a8 “the process ol assiiling the recovery ol an
ecosyitem that hns been degmded, damnged, ar destroved”, Further, “restomtion atempts to
relum an ecosystem 1o ils historic tmjectory™. Hestoration projects dially require no
attendance once they are mature, Cwrently for coral reefs, the tem restormtion 5 used to
epcompais both “restoration” and “rehebilitation”; with the latter emphasising “the repuration
of ecosystem processes. productvity and services. . " withoul meaning o renmn to pre-
existing hiotie conditions, and oflen requinng some aitendance. A restored  ecosysiom
“contans sufficient biotic and abiotic resources to continue its development without further
assistance or subsidy” (Bostro"m-Eingrgson o af, 2020). The svermll concept of the eoral
restoration may mclude the direct tronsplantation of corl fragments oo the resf, coml
gardeming where corals are frngmented, grown in murserics, and planted back on the reef
larval propagalion where coral lirvae are reared until ready 1o sttach (o e réel and released,
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and the use of artificinl stmetures with planted coral with the pool of protecting coastil arens
(ICRI, 2021).

The technigues for coral restoration are depending on the bagic principle that secures
hroken corals so they will survive. Asexual reproduciion in carals 15 the pnme contributor for
tis process. In restoeing corml reel theough ssexuil propagition knd the seeurement of coral
lrugments sre wsed to inerease solid structures availible for coral growth, o inerewse cornl
coverage and to alter growing conditions. These objectives can also be referred 1o strucniral,
hinlogical, and physical conditions, Structuml restorntion normally meludes the halding of
aritficinl reets, sinking of wrecks, or relocation of mocks/dend coml heads. The goal 15 to surge
the guantity of reel construction snd environment accessible for the eorals ad other reofl
arganisms fo popagate, Physical restorntion is requited in areas were the reel has been
vanished or exponentially reduced due to disturbances, In areas which have been redueed o
rubble or saml, coruls will not huve solid structure to attneh to and will end vp being abraded
or buned dunng high waves: Hinlogieal vestormation genemally includes increasmg the amount
of living corals on the reef in areas were strocture 15 alrendy avaiable. This s normally
attmined by collecting nnd rehtbilitating noturally broken coral fragments, propagating eoral
colonies, culturing coral larvae, or tmnsplanting living corl colonies. The overall wim of
biological restoration s 1o regrow corals in aress where populations have been dinnnished or
lost. Physical restomtion comprses addressing the conditions m which the comls are
developing to improve their health, growth mtes, or fecnndity, These methods have gencrally
been developed maore recently, and sonie are still in the experimental stages. Methods inelude
mid=water corn] nurseries or inineral secretion deviees such as Biorock teclinology, The
detuiled methodologies for the coral trmnsplantation in global level are cited below.

L1 Direct transplantation

The carliest ond most cotmon method of coral redlortion mvolves the direet transplontation
of coral fragments, from a donor to o recipient reel.  Owverall, direet transplantation studies
reported an average survivil of 64%, with 20% reporting =90% survival of trapsplanted
corals. Direct tmaosplantation has primanly involved fast-growing cormls, with more than
three-qunriers of case studies using branching cornl morphologies (Bostro™m-Emnrssan er al,
2020),

1.2, Coral gardening

Cantinuons: harveshing of com! fingments may hove dettmentnl effects on dopor comls and
populutions. In response Lo his, L more sustainable model lins been developed where coral
recrults or small opments are mised n intermedinle nurseries, prior o oulplunting on
restoration sites. The nursery phase protects cordls from damaging conditions during their
mivst villnermble stoges, with the mtention of planting them onto damaged reels onee they
have reached o size threshold o which therr post-transplantation survival 15 lugher. In
additnon. once fmgments hove reached a suttable size ibey can be broken o smnller preces.
and these can be grown in the nursey, multiplying the number of frapments availoble to
oulplunl. In this review, 48% of case studies imvolved coral gardening, will o majonly of
records focusing on the wansplantation phase of the concept (ransplantation phase 24%,
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nursery phase 16%, both phases 8%), Corals wore raised in either field-based Lin sftu), or
land-bused (ex situ) nurmeries, depending on Jocal conditions. Pructitioners advoeating the use
of a coral musery phase for reef restomtion highlipht lnproved growtl and survivorship rafes
ol fragments, compared to direct transplontation. Coml gardening studies exhibited an
average 66% survival e the ouiplanting phose, compared to 64% survival m direct
trsraplitttion studics (Rostro m-Einasson o o, 2020).

1.3, Micro-fragmentation

Less than 5% of transplanintion studies hove been conducted with comals charnctensed by
dlow growing life listories: Mossive cornls Tuve largely been overlooked, mninly due 1o their
slow growth and thicker skeletons, which are less ameéndble to frapmenting. The micro-
fragmentation’ techmgue (developed by Mote Manine Laboratory) that enahles massive and
encristing corals to be produced and outplanted using concepts developed for coral gardening
(Fosman ot al, 2015). A diamond blade saw 15 used to cof small fragments (len) of
massive corals. which wre then mounted on tles. Afier opproxumntely 12 months, the
fragments can either be further sub-divided to gencrate new micro-fraoments or outplanted.
Micro-fragments that are secured 1o reel substrutes or dend coral skeletons in an army will
readily fuse together to form & larger colony (termed ‘re-skinning’). The research outeomes
show high survival and mapid growth of fmgments (Forsman er af,, 2015; Bostro m-Emamsson
eraf, 2020),

2.4, Larval enhancement

Larval enbancement methods aim to incrense mies of comnl fertilisation, larval survival and
recruptmient. Larval enhuncement can be seen grovped imto two mun 1ypes: one where lnrvae
are settled on artificial structures, and one where larvae are seitled directly onto the reef.
Conerele letrpods sre used for “seeding”, Approxunalely 0% of setlled Jarvae survived, gnd
56% of seeding units harboured. The second larval enhancement technigue mcloded
collection of éoral gametes during spiwning and rearing in holding lunks or on the reel, afler
which lorvoe are released directly onto the reef in enclosures that retan them over the target
substrate dunng the seitlement period (Bostro me-Einarsson e al, 2020,

L5, Arilficial reels

The ereation of substratum mvolves struciures that ore ploced on the seabed deliberately,
sometunes to munic chamctenstics of a natural reet. or for the purpose of ncreasing poteatial
hahimt for reel (o, Oshienes production, recreational diving opporiumibies. or the
prevention of tawling. The developments of artificinl reels are presently widely used Jor
coral transplantation (Hostro”m-Einarsson o2 of | 2024).

L6. Substratam stabilisarion
The direct physical restoration of damaged substratum mostly invelves stibilising tubble in

an aren Lt hos been affected by stotms or ship groundings. The mbtionale for stubilisation is
that survival mies for coral recruits are low on loose substeatum. The most commaon method
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is to install mesh or netting over the ribble 1o prevent furber movement. This ie generally a
precursor 1o the transplantalion of corals onto the damaged ares and/or additions] deployinent
of artificinl structures. The survival rate of the comal can be 80% (Bostro™m-Einarsson e al,
2020),

L7, Substratum enhancement with electrielty

The aim of the technique 15 to mimic the chemical and physical properties of reef lmestone,
by encoumging the precipitntion of calcium and magnesium on arificial substrata (Goreaw,
1996, A direct elecincal current 1s esinhbshed between elecirodes, and calcmum carbonnie
und mugnesiam hydooxide precipitntes 01 the cathode, while oxygen ind ¢hlonne ure
produced a1 the anode (Hilbertz, 1976), The purpose of this mineal accretion is o potentially
increase the calcificution of corl polyps, therchy boosting colony growth and resilience o
stressors {Dostro" m-Finorsson of af,, 2020).

A Z8Us EXPERIENCE IN CORAL CONSERVATION

Zoologieal Survey of India has the distinction of carrying out prestigions and umque first of
its kund Ecological Restoration in coml reef areas i the recent past in the present stndy sife
(Gulll of Kachehl) itsell” with the able support of the Marine Nutional Park Authority of
Gujarat Forest Depariment, while a couple of agencies have tried and given up, 281 restared a
1otnl of nbout 2000 squnre weter degraded corl reef uren along 1he Gull of Knchchh region
by emploving site specific strutegics and multidisciplinery approaches and by involving local
conununity { Satyanarayana and Chinndran, 2017).

A total of 232 cement structures with 2320 pative corml and branching coral transplant
were restored in Pirolan site. In Nararn site, 1170 pative coral transplants were restored 1 214
cemini siructures and a totl of 110 coment structures, 30 iron frames were used o restore
1050 pative cornl transplants ot Midiapur restoration site. Although high survival mtes of
transplanted native coral species were recorded in all restoration sites after one year of
conlinuous motormg. Prrotin site recorded moximum (97.24%), than the Nuram (96.50%)
and Mithepur (96.57%) restorstion sites (Fig. 1), As far s concern with the restored
branching coral transplants, survival mte of Arrapore transplants was recorded 85.25% m
Mithmpur restornon site and 68.73% ut ihe Pirotm site. Bul the survival mte of Monripora
tranaplints was recorded higher in Pirotan restoration site 78.57% than the Mithapur site
(59.40%) (Sutyanmayany and Chandran, 2017) Piotan recorded highest survivorship
(97.24%) than the other two sites. Corl Trogments simched on the artificid comenviron/pye
structures were found started encrusting on the cement plates by overgrowing on the tied
nvlon and copper tugs from the 2% month %) (Sutyanwmyens and Chapdmn, 2017),
Restaration 15 bemng done an m Guif of Kachehh arca (Narare Reef], Kalubar Island), Aboui
9000 corals from 49,000 m® area (40 tunes bigger than the MNP-ZSI ICZM (runsplantation
elfort earmed ol from 2012-2018) will be trunslocated. The alorementioned project work eost
around Bs, 4,00,00,000,00 (only for salary and some consumahle) whereas ather all the
support will be made by the sponsonng agency.,
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4. STATUS OF CORAL REEFS IN GREAT NICOBAR ISLAND

Greal Nicobar Islund 15 the lurgest nod southernmost wslind of the Nicobur group of slaods of
Andutmun wnd Nicobar Tslunds. The noarrow aod shallow constal water of Great Nicobar Islund
harbors fringimg-type coral reefs. The detatled status of the reel areas of Great Nicobar [slund
15 represented below.

4.1 Distribution of Scleratinlan Corals at proposed sites

A Lol of 245 species of selernctinion corals undor 53 geners und 15 families (including 2
genera under Seleractima dncertie Sedin) are recorded from seven sites including the propesed
project site of Greal Nicobar [sland during the present study, No myor coml reel exists
within the wark ares of fhe project. However, seattered coral reelk are dvailable at the
peninsular part of the Galmhes Bay. A maximum of 117 species is documented from the
Cialuthen Hay followed by 111 species  Sastn Nagar, 107 species from Campbell Bay, 102
species fromw [ixman Beacly, 76 species from Gandli Noear, and 25 species from Anderson
Bay, and only 15 species from Laxmi Nagar, The oceurrence sharmg of three groups of
corals {Abundantly seen, commaonly seen, and rarely seen) are plotied below (Fig. 1), The
seleractinian comals of Galnthiea Doy are scaltered with obout 117 speci¢s of comls ad are
reported on the eastem and westemn peninsular Manks of the bay.

o Abundonce ®Common o Rare

Inmum ﬁunp’r:ll .\rulm-rm Lavmmi Nager Ganehi Nagar Sastn Nugar Gulathe Py

Fig. 1: Species nchress of Sclemetinian comls from seven selected nreas of Great Nicobar Island
42 Diversity
The statisticol analysis was made fo evalunte the ecological sintus of sclemctinian corals from
Uie seven siles ol (he Greal Nicobar Tdland. The dominanee index (1) ol lie species ranses
from (.01 to 0.07. Five study sreas out of the seves reprezented the dominance of 0.01 while

T
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Anderson Bay represented (0,04 while Taxo Nagar showensed the lowest numerical value of
0,07 for the dominance index. The Simpson density index suggesied the rnges between 0,93
1o (199, Frve sudy ancas such as Laxman Beoeh, Campbell Bay, Gandlu Nogar, Sastm Nagar,
and Gulathes Bay harbor o maximum valie of 0.99 as Sinpson diversity index lor each arca
while & minimum of (093 15 recarded from Laxuu Nagar. The species diversity index was
measured by means of the Shomnon mdex (H) which s mnged from 2.45 al Laxon Nagar (o
4.42 at Golothea Bay. Other ecological indices like Brillouin's, Menhiniek's, and Maorgalef s
indices also compreliensively sugpested the maximmn speciss diversity from the Galathea
Hay region and the mimymum from the Laxmn Nogar aren ( Table 1),

Tlhk l l'a.uluxu.nl uuln,n ui seven :rml} nr::u urlj-mu ]Nu_uhhl I;L.mj

0TS 07 073 nT? 073 n4 a.71

CH a1 2.65 123 X786 w2 a.14
1405 LN 268 189 4,63 57 £9]
1635 17.47 337 330 4340 iseF 194

4.3, Benthic cover

Thorough studies were cwmed oot i the seven sudy arens of Great Nicobar Tsland 10
estimnte the benthic cover. A maximum of 39.27%% of live coml cover wis recarded from the
Camphbell Buy region [ollowed by 30.81% from Gandly Nogar, 25.59% [rom Sastri Nagar,
2410 from Loeman Heach, 19,929 from Anderson Baur, 1746 from Galathea Hay, and the
minimum of 13.45% from Laxmi Nager. Among the other algae, o maximm of S1,75% was
recorded from Galuthes Bay while o mimimum of 5.52%6 from Anderson Bay (Tuble 2),

Table 25 Summary detaila of Bamhic cover of re=i scosystem of Grest Nicobar Tnland
Parampters  Laxmap) mﬁﬂi m tm Gandii ’Qlilq- Giﬁin MEAN
Dead Corsl. 4,35 oz JA-D 554 380 0,40 1.13 im

mdl.ﬂ- 24,10 1923 19.92 1345 3081 2559 1748 2487
{ 645 4.56 o) 2.48 8,00 389 248 6,06

ther algae 2415 6.95 55 1378 1977 B 3 2226
Abiotie 41,05 4020 6357 STTS 3762 3635 16,59 4329

The present study indicates o totnl of 491.7975 hn. reef nreas pcross the seven study
areas (Fig 2) including 1164173 o of reel’ areas st Galathes Bay which is distributed up to
the maximmm extent of 1200m (perpeadienlar) from the coastline on the eastern and western
penmsular lanks of the bay while most of the reels sre seatlered m distnbution withig the
limit of & mean distunee of 300m whereas the teef arcas of Sastrl Nogar are recorded with thie
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total distributional cover of nround 1038703 hin. along with the mean distributional range
from the coast 15 250m (perpendicular) along with the maximum of 500m while Laxman
Beach represears the minumum of 344921 ha. of reef areas within the mean proximity of
130 from W coust while the maximum distributional ranges are willin 350m (Fig 3). 1L s
sigmificant to mention that about 17.46% are live corals are reported among the 1164173 ha
ol reef ureas ol Galathen Bay.

Fig. 2; Stindy areas of Great Nicohar Estind

1164173

103.8703
86,8344
3124
16,0458  36.0120
314811 I

Laxngnn  Campbell Andorson Lz Gandlhi Sastni Calathea
Bench Bay Ehay Napay Najgar Nugar Bay

Flg. 3: Reef nrea cover (L1 ha. b of seves study areas of Greal Nicdbar Inland
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44.  Simiarity Index of Benthic communitics

The grovping nmong the smdy sites was camied ont based on the bentlye covers and life
forms of e sludy nreas. The parmmdters such s percentuge cover of tead coml. live coral,
ather animals, other algae, and abintic were considered during the preparation of this
dendrogrmm. The maxmum similanty was found in the benthic components of Gnodhi Nagar
und Taxman Beach, followed by Anderson By and Lixnn Nagar. The charmctenstic fealures
af the benthue communities of Galathea Bay are maximally different from all the study arcas
(Fig. 4).

Fig & Deudrogrnm o8 Euclidenn distues 1o make gronpice besed on benthic cover st the stuly sites of
Grost Nicobmr Tnfumd

4.5, Similarities and dissimilates based on life forms

The sumilarities and dissoilites among e study oress were also calculuted based on e
availability of live coral life forms such as dcropora - Branching, Focrusting, Submassive,
Digitnte, mod  Tubuln and non-dcropors - Braoching, Encrusting, Foliose, Maszive,
Submussive, Mushroom, Heliopora, Millepara, and Tubipors. The muxinum similinty wus
recarded between Anderson Bay and Laxmi Nagar; followed by Sastri Nagar and Galathea
Bay. The physical attobutes of live coml life forms of Loxman Beach were with the
proximity (o the clusier of Anderson Hay dnd Leom Negar whereas Gandhi Nagar und

Campbell Bay were seen as the representation of a different subset of the cluster (Fig. 3).

10
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4.6, Correlation of scleractinlin species

Stodies on cluster analysis were attnhuted based on the Raup-Crick mdex availing nbsence-
presence ditn of sclemetinian species and found 1thot the vecurrence 10 o vatiely of species
availability contributed a major mle lo denote area-wise cluster formation. The data
suggested that the species of communities are normited a close relationship belween Laxmi
Nagar and Campbell Bay while the muximum of dissimilarity was found berween Laxmuan

Beach and Sustri Nagu (Fig. 6).
4 &8s

i

[,

03
-8 2

074

I

Flg. 6: Bray.Curiis similarity-dissimilarily closter ol seleroctinian cormle nlony ssven itudy areas ol Greal
Nicaobar Inlam
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5. TRANSLOCATION/RESTORATION SITES OF GREAT NICODAR ISLAND

As a part of the project on Holistic Development of Great Nicobar Islond, it is proposed o
Imnslocnts and restore the comls mlling on (he proposed project site.

5.1 Overall observatlon

As per the above-menhoned analysis, the overall besthic community of Galathen Buy (s
mostly different from other study areas. All the study areas are situated in close proximity to
Great Nicobar Island within o range of neacly 20 km. (nennl distance). The thorough serutiny
of the benthic cominunities resulted in this differentintion. Another study signified Galuthen
Day and Sastri Nagar are sharing maximum similacity in lve coral life forms and species
oceurrence followed by Camphell Bay, Gandhi Nagar, I axman Beach, and Anderson Ray.
The environmental sinmus and physicochemucnl stams of tie study areas wre conduecive with
the oligotrophic enviromment.

5.2.  Prabable sites and justifications

The detrils of the probable sites for corl ranslocation/ restomtion nre given below (Tahle 3).

Table 3: Probable sites for coal traitslocation cestoration

Laxmun Beach 4o 102 Tucrease of reof cover and habitt

Anglernon Ty (North. 46,0468 25 Tnerense of reel cover and habim

|| BastBayregion), _ _ alang with species diverany.
Grandhi Nngar 35.124 16 ucrense of reef cover and habimy
Camphell Bay |South-  K&6.5344 Lor Tucrease of reefl cover and halim
Fiaat Pay region) alang with species diversity.

The species diversity, density, and composition of Galathea Bay are maximally cogrelated
with Sastri Nagar. As Sastri Nagar is sifusted near the Gakathea Bay (the proposad project
site], the developmentnl works muy have some tempomry negutive mmpact on ihe coasml
waters which may affeet the immediate translocation)’ restoration of sclemctiniun coruls. So
Sastn Nagar is oot selected as the probable site for transloeation’ restoration,
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6. METIHODOLOGIES FOR CORAL TRANSLOCATION! RESTORATION
6.1, Site Selection

The site selection is completely dependent on the objechives of the work, Here the muajor
objectives of the proposed work depend on the transplantation studies. Hepee, site selection
will be made ns Donor Site nnd Recipieat Site.

Donor Site- The proposed project deals with the transplantation and restortion of comls.
Comls will be extmeted from Gulathen Bay ol Great Nicobar sland with the help of coml
cutting saw, lomimer & chisel. ond hydraulic underwoter hanumer drill ete. Though no
dredping will be undertaken near 1o (he eastem and westem flunks of the peninsular area of
the bay, some corals may get affected due to the dredming i the nearby arcas due to the
deposition of the dispersed sediments Tt lias beeit presumed thit that sbout 4 la of corals mny
wal afTected,

Recipiem Site- The coral tansplantition will be mnde o1 other siles of Greal Nicobar Tshind
to restore the coral reefs. Corals will be imtially transplanted at Laximan Heach and Joginder
Nagar Beach ares (Anderson Bay). Tmosplantotion can be made ot Gondhi Nagar or
Cumpbell wren dlso (5 nequired. These arens will be the recipien] sites.

6.2.  Henthlc cover detalls of Galuthen Bay

*  Tolal benthic cover of Galithen Bay: 1164173 ha.

o Henthie eover of live corul in Galuthen Bay: 20.32 hi

*  Density of coral colonies 51.67 individuals! 10 m = 10m area
Density of coral colomes 3167/ ha
Drepth mnge 5-25 m.

6.3. Coral colonles for Transplantation

*  Corl cover required (o be trunsloeated from the proposed site: 4 o Table 4)

*  Corml colonies reguired (o be translocated from the proposed site: 20668 (Total Value)

* Colomes will be translocated; 16150 { Approximate)

« Tofal aren reguired for the coml trapsplantstion: 4 ha, (The coml colonies or
fragmented segments will be attached! fixed with some olid substratum and will be
places gradually one by one)

Table-!.Bul!hmcmumdLumn.Lum bu: nms].nnulni munmmu:-

310 i
1346.30
51426
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62137 600

1242.74 200

41425 200

92350 98 1000

il 130192 1000

11836 1

Tublpors ' 0712 150
~ TOTALCOVER 20668.00 16150

6.4, Setup and process of translocatlon/ restoration

The first step for coral translocation is to minimize stress and prevent damage to comls. Tor
successiul transplantntion of comls species immslocation will be made in suitable selected
areas that have very similar environmental conditions as the areas they ongmally came from,
especially water Dow depth gradient and turbidity. Diita on key physicocliemical parameters
(tneluding salinity, temperature, waler current gradients and limits, and wrbidity) at both the
donor and recipient areas will be collected and also measured using fixed dat loggers. The
coral colonies will be tageed using colors and codes depicting the deptl, location, growth
form, and type of species before translocation from the domarcated sites, carried at the same
depth while transpoming them, and will be placed at the same depth nod similor environment
al the recipien) site. Extraction of the coral colonies will be made [rom the substralum with
help of caral eutting saw. hammer & chisel, and hydraulic underwater hammer drill ete. Coral
colomes will be translocated entirely as n whole ohject, liffed from the sea bottom, and
loaded 1o the cdrrving travs fixed st the ship/boat bottom wl the satne depth of exeavilion
carefully with lift bags. The lifled corals will be transfened carefully to hanging and
submerged metal eages with soft carper ar the bottom, hanging at required depths ar the sides
ol the earryving vessel, avouding e exposure and depth difference (o the tanloeited cormls.
Ambient waler quality parmmelers such as ses surface waler temperaiure and dissolved
oxygen will be measured once (with at least three replicntes) ar the coral donor sites on the
day of coral translocation. Corals will be ransported w the suituble recipignl sile us s000 os
possible an the same day Wllowing the removal. The vessel will be progressing at a slow and
steady speed when approaching close to the recipient site. After ammving ot the coral recipient
site, the colomies will be lxed with the boulders gradually o minimze disturbanee related 1o
sedintent. The coral colonies will be placed at similar depths and orentations similar to the
recipient sites as [ar ns possible. Every tmnslocated colony al the recipient site wall be tagged
with waltetproo! labels depicting important details pertnting to Uil particolsr coral. All the
corals will be finuly anchored or attached to the substratum using epoxy withoul causing
lethal damage to the comls. All tags will be nailed m the vicimily of the cornl colonies at
distances not so close to mierfering with the polental growth, This would allow the
identification and recording of the rehiabilitation progress of corals during post-trunslocation
monitoring { Table 4),

14
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7. CONSERVATION AND MANAGEMENT

The following parameters wall be monitored on monthly basis for the perod of five years
initindly to conserve (he corals ol the translocated site us well as donor site.

7.1.  Physicochemical Data Collection

Physicochemical parnmeters of the water sample indicste the environmental status of the said
ecosvsiem. Datn on varions pammeless will be collected systematically and seasonally to
mdemstand ecological cohesion of the coral resf ecosystem of the smd project sites (Table 3,
Plate 1).

740, pH

The pH mdicates the concentration of ™. In water samples it ranges from 1 0 14, The
snmple with pII 7.0 mdicates the neutrnl stale while pIl 1.0 is most acidic and pllld4.0 is
considered as most alkaline. The pH of reel waler can be seen within 4 stipuliled mnge [fom
(75 1o 8.4). As salimiy 15 one of the most important physicochemical siates for the corals.
variation o pIl level can be uselul for the documenintion of threats on carals which may be
the effeet of pollution and so on. The pH can be measured with & simple pH meter, The data
will be callected contimously over three-month intervals.

7.1.2. Temperature

Temperature 15 wosl umportant parmmeter for the coml reels, The temperature of the wr and
wiater can be measured by holding a simple mercury thermometer 0.5 m below the surfiice or
at the depth of study site. T 15 recommended to record the data while the bulb end is still in
the water. A better measurement 15 to use o maximumd'minmum thermometer which
ineasures batl the warmedt and the caldest that tie water has been sinee the thermometer was
lust seb. Data can be obluined in regular interval (o record the temperature gradient of the
srudy site. The dat will be collceted continuously over three-month intervals,

T3 Turbidity or Transparvency of water

Light is most tequired phiysical agent for the corals reef for the continuntivn of zooxanthallate
life tirough photosynthesis, Turbidity indieated the cloudy state of water, and i a measure of
how fiar an observer can see under water amd how far dovwn the light can go. 18 s mensured
witl a secclu dise. Tt is a dise 20 em in diameter painted black and white and attached to 4
welghled ope which s marked ench metre 1o show its length. Vertical and horizontal
transparency can be mensured with the secelu dise. The disc can be amached by o non
strelchable rope. Lower the disc mito the water until observer can no longer sees. Slowly pull
up the dise uniil you can just see il again from the surface, and write down the distance (o the
disc as measured by the marks on the ope. 1fyou do oot know which mark it is, count them

15
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as you pull the dise back up. The data record should me made several times about the same
time of a day it different location o gel compurative dita

Turbidity meter or nephelometer s o useful ol for te measurement of turbidity. The
waorking principle depends on the passing a beam of light through a warer sample amd
measuring the bght scattered by the particulsles ot the 90° angle 1o the hght benm and
directly propartionsl to the turbidity. Nephelometer Turbidity Units (NTU's) i& the reading
mepsures, Turbidity meter — TUTWCIL 15 used for the analysis of murbidity, The data will be
collected contimuously over threcsmonth mtervals,

7.14. Sediment deposition

The mte of sediment deposition is one of he most unportant parametet which mukes the
entire reel vulnerable due o dredging operation und erosion. I can be measured on (he basis
of collected suspended materials, Sediment traps can be fixed o a stand and should be kept
[or particular disys (ool wore oy 14 days), e jor should be capped and brought 1o e
laharatory for analysis, If there is any small animal in the jar, that should be removed. The
sampled sediments will be poured on whotman filter paper and will be filter by Buchner
funnel. The fltration process will be mude several times 1o fremove sulls. Then e sedimen
sumpled will be doed in drving oven ol 70°C, Caleulation will be made to acqure
sedimentation rate as mg of sediment per em© per day, The sediment weight is the total
weiglt minus the filter weight, and the area of the jar opening is ar’, The dotn will be
collected continuously vver three-month intervals,

Sedimentation mie=(Sediment weinht' No, of days ot site = 7r')
T.1.5. Salinity

Salinity 1s 8 measure of salt is in the water. There are three simple ways 10 messure salimity,
To measure splinity, you will need to collect o sample of water from the surfnce ot the same
place where measured the urbadity was moade, Put (he sample in o clesn boitle of o size
appropriate to the technigque being used, and take it back to the shore for measurement.
Hydromeler 15 n weighted glass tube that floats st n different depth in the water depending on
the salinity (or specific gravity), Put the hiydiomeler in o trapsparent cylinder or deep jar and
fill with sample waler until the hydrometer floats. Then put your eye al the level of ihe water
and read the mumber on the hydrometer scale. Data will be recorded along with temperature.
Relmelometer is o liitle ke o telescope with o measuring scale in i Take o small sunple of
the water and put it under the little cover. Hold the cover down without hlocking the light
and read the salimty (or refractive index) by looking through the eye piece. Hand
Relfuctomeéler-RES-10 is used for (e process. Data will be recorded. Conductivity meter 15
warking by passing electacity through the water, The data will be collected continuously
over three-month intervals.

16
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For nutnent analymis, water samples wall be collected w polypropylene bottles, stored an
leabox and trunsported (o the lnbordtory for pomediote analvses, Samples will be filtered
nsing Millipore APFC filter papers (12 pm pore size and 47 nun dmameter) for analysis of
1ol suspended: solids und nutoents. Nitote, nitrate, iorganic phosphate and silicale were
analyzed following the standord methods (Grasshoff or of, 1999). Data quality will be
checked by careful standardization, procedural blank measurement and by triplicate samples,
finally avernge readings were Wken o sceount. The precision of nitmie + minte
(NO:+NO,), ammonium, phosphate. and silicate will be 20.02, 0.02, 0,01, and 0,02 M.
respectively, The datn will be collected continiously over thres-month intervals,

T.L6. Nutrient

7.1.7. Chlerophyil-a and dissolved oxigen

Chlorophyl-ao pagments will be estimated following Spectrophotometric method (Parsons
al., 1992), Tot estimation. one liter of seawater will be callected in polypropylene bottles and
filtered through Millipare Glass Fibre prefilters (0. 7pum pore size, 47 mum diameter) under a
pressure less than 100 mm g The pigment will be extrneted in 90% acetone nad filtrates
wete kepl in refnperator for 24 his. under dock condition. The extract will be centrifugid md
the supernatant will be used (o determine chlorophyll *¢ following the spectrophotomelne
method and optical density will be measured at the wavelength of 830 10 730 for chloroplivil-
@, Winkler's litmtion method will be ollowed for Dissolved Oxyvgen (Strickland and
Parsons, 1972), Seasonal means for DO will be collected based on diay amd night
measrements. The dam will be collected contimomsty over three-month intervals.

Table 8 Monitoring of the phyvaicochsmical pornmeters of the proposed project sites

Cument speed [mf 5]

- - -
Temperatuis [“C] . . -
Salinity [PSU] . . .
Dissolved oxygen [mg/] . . -
Turbidity [NTU] . . .
Cliloropliyll-o [pe/L) . . .
Inorganic nutrients [uM] ’ . .
Sedimentntion rate [m_!.r'm".fduy]- . . .
Onganie content of sediments [mg/m*day) . . .
C:N o of sediments . . .
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Plate 1: Phymcochemical Parmneters documentsilan

Turbiidity weter — EUTWCH

&

Sedmem| impper Refmactometer-RHS- | 0 for Salmity
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Deployment of water sunples Water smmpler with open ends

Water sampler with messenger

SYSTRONICS water sample ammlyzer

)rpu of wcr e
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7.2, Survey methods for Macro-benthos (Intertidal and Subtidal Fauna)

The fauna oceurfing m the interiidul yone which s the anen between (he lighest High water
mark and the lowest low water mark of the seaconst. The present investigntion of GIS
requires detmls of quality and quantity of species composition stressing mumne hiodiversity
arca. To nchieve this target, the followime methodology should be adopted. A general survey
of the area 15 0 be made to asess the fumal diversity both qualitntively and also
quanitahvely to pote the demmant group, This date should be recorded separatoly.

T2 Methadoelogy

Tutertidil faunn are conveniently collected duringe low lide peniod fom the exposed coast, tie
substratum of which may be rocky, muddy, sandy, dead coralline beds, sea prass or algal
beds etc

7.2.2. Oualitanive analysis

This fiwin are: hond-picked, seooped oul of sundy bollom, ulhisels out of thie rocky or disl
coral substratum or washed oul of the sea grass or algal beds. The collected specimen shoul)
first be kept i the o soe seawater and bronght to the labomtory,

Samples which are contmetile i nature ond react instantoneously even for mild
slimulus, should be marcolised prior o preservahion. Tn order lo narcolise, place the spevimen
1n containers of seawnter and allow the specimen to expand or attun ifts nomral form. Add o
imero-doses, the norcolisér in e medivm so 0s 1o respond mildly. Gradually inerease e
dosnge until the specimen ceases 1o respond (o stimuli. At this stage, the nareotised specimen
may be tmnsferred to 4 to 10% nentralised sea water formalin for preservation and
identifeation

The type of narcotiser used differs depending on the faunastic group of the specimen and
is ns follows:
1. Magnesium Chiloride — Coclenterates (Anthozoans & Alevonurums), Clenophones
Magnesimun Sulphate — Asteroides, Oplinroides, Holothuroides & Molluses
Menthol Crystals — Turbellanians, Nudibranchs { Mollusca), Ascidinns
Alcohol Polychnetes, Brachiopods & Protocliordntes
Chloml hvdrate  —Tolychaetes & Molluses
Hmmswd samples may he preserved in 4-10% novimbised sea water formalin solution.

Wk

5.63. Oumntitative unalysis

Tntefise quantiative assessment of dominam elements of both ecalogienlly snd economienlly
important species muy be made as per the Transeet Quadrate Method.

5.63.1. Transeet Quadrat Method (TQM)
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The i sfin quantitative analysis for intertidal fiina 18 done by Trawseer Quadrar Method,
which is recommended here as an easily adaptable method both with the view of collecting
dota and for analysis, after perusing thoough the other methods like Plots and Transact
Mothod of Lova (1978), Random sample method of Bokus (1990) and Line Intercepl
Transact Method of English o of, (1997), The presently recomunended Transect Quadat
Method (TQM) 15 10 cover 100 m along the shore and 50 m wlo the sea (euhitoml zone)
which would cover a sector of culittordl zone of an arca of 3000 sq. m. (Fig. 27). The TQM
sector of 100 m wide of a critical habitat may selected either at random., if the ecosystem
ware 1o be umiform, or as one sector of 100 m wide of each type of ecosystem, e, gnss
beds, coral reefs, rocky and sandy coast, ate., tepresented in the eritical habitat. This decision
of selecting the TQM sector should be based on » preliminary survey of the eritical babital.
Muostly the process s preferred durmg intertidal stodies. Where soorkelling and SCUHBA
diving is possible, this process can be applied. During sub-tidal studies, mote mai power is
required 1o complete the work.

o Tguipmetil reguired

i, Six picces of nylon ropes each to cover S0m from the high tide mark into the sca
and morked ot every 3m distance in order to fix Quadmte stations.

i A gun metil! brass’ copper Qusdrate structure of 1 sg.m. baving o mesh of
2020 em to conduct quaniitative analysis of fixed stations

u. GPS to fix stations.

iv. Snorkelling equipments (Mask, Snorkel, Reef shoe, Fins)

v. SellConlained Breathing Apparstus  (SCUBA) diving equipments  (Mask,
Snockel, Dving Cylinders, BCD, Regnlatar, Reef shoe, Fins, Dive compuoters,
Weigh! belt with weiglits)

vi. Plastic slate with peneil

b, TProcedure
. Fix a point at the lighwater mark with a woouden or metal peg,

i, Drow the ovlon rope, marked of every 5m distance, from this pomt mto the sen
Ture 50hm 50 08 1o form a trunseel line perpendicular o the const

i, Deaw similar transect lines at a distanee of every 20m paralle! to the first transect
Iime upto 100m. This will give tolally 6 trimsect lines perpendicular to the shore
nnd parnllel to each other.

iv. TFix five stations at [0m distance on each transect line beginnmg at 5/10m on
altlernate transecl lines &5 shown an the Fig. 3 so as to fix a total muomber of 30
stutions oul of JO00 sg. m. arew.

v.  Each station Is to be inventorised for biotic companents with a | sqm. Quadrant
fmme partitioned by 20<20 cm mesh, by placing the Quadrant on the stations.
Thus sampling 15 done in gl 30 siatons, which covers 6% of the total dren of
S000 sq.
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Cornl cover is estimated using a 1 m® quadrar frame divided mto 100 (20<20cm) smaller
sygitares, The ohserver visudlly estimales corl cover in situ and records (he diln on an
underwater writing slare. The observer uses the grd to estimate fotal area of eacl species
encountered. A trunsect line 15 ool reguired because the frume can be (hpped 25 lupes (o
measure contigpous non-aovetlapping aress without reference to the line. In this study, the
quadiat was moved successively nlong (he entire 25 m transect line withow overlap,
encompassing @ total area of 23 o, The coml coverge by species was estimated m each
frame (Jokiel ef ol | 2005).

5.032 Quadiat Method

5.633, Photo-Quadrats

Documentstion of coral reels through the process of Philo-quisdrat 15 one of the good
monitoring methods of sams evaluton. But it 5 recommended for all kind of datn
interpretation. T can provide sceussle informntion on reel cover bul Wie snalysis of
photographs can be time consuiming (Rogers o al, 1994).

Photo. Quisdrale Wl iw xiiy conditie
a Quuolitstive Representation:
At every | sq. m. area of study, count the number of coral types (er. CM= Coral mussive,
CTF~ Comal Fohos, CF = Coral Encrusting, efc. ) and the assocmted fuuna and sum up the toial
of cach species for all the 30 Quadrates. Coleultion given below will represont thie
percentage of quality compaosition of 30 sq. m. aren as o sumnple of the total 5000 sq. m.

Percentage of live form (benthos) Nos. represented of one species
in quality = “ 100
Total pumbers of all specics
b. Quantitntive Representation:

Al each study square ares, measure the ares of coral and faunal 1ypes represented and
caleulates it for 30 Quadrates with the help of the quadmt frame of | sq. m. and compute the
results as [ollows:
%% of live forn (benthos) Total area covered by each type for 30 quadrates
In guambily = = 100

Avea surveyed (305g.m.)
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Ling Intereept Transects (1.T) are used 1o colleel duta on the sessile and non — sessili benthic
organisms sucl as Porifera, Coidaria, Mollusca, Crustacen, Echinodermata and other coral
reef nssocialed orgpnisms. This method 15 used mmnly wherever coral reefs are present and
are more than 50 m. away from the shore, Coral reefs and the asspeiated faunn are part of the
intertidal community, other than the fmma present in the sandy bottom. These commumities
are chametenzed by life form categones, which will provide a elear deseniption of the reef
commumity for GIS mapping of the intertidal corl reefs and other associated faunn
mentioned above. The LIT is used (o estumate the life form cover of the coml reel and also
the reef nssociated organgms within a specified arco by ealoulating the length of the line that
is imtercepled by the object (different coral species- Mollusca, Delunodermatn and others),
This measure of cover is expressed as o percentage, which is consitdered to be an unbissed
estimate of the propomon of the total area covered by that coral reef and associated
orgamsms provided the stze of the coral reel is relative 1o e length of the line and e lengih
af the line is small relative to the area of interest. This method of LIT and Quadrate 15 used
maialy where the corl reefs are present.

Quadent LINE INTERCERT THANSECT
b H = =

Cewril rewf

Dingrum showing thie methind af Liying TIT and Quudbrate on o coral re=fal intertidal region

The dum collected using LIT 15 also substanuated by o one square meter quadmie
dlong the line of intercept which will give o clear cut idea of the faunsl composition of
benthic organisms both qualitatively and quantitatively, Onee the transect is laid, the observer
moves slowly along the transect recording onio the underwater wrting pad aboul the life
forms encountered under the tpe. At cach point where the benthic lifeform changes, the
observer records the transition point in centimeters and the code of the Lifeform (Table 6,

24
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Plates 2-T), Hence, along the Leneth of a transect (XY o percont of intercept poiuts (1) are
recorded for each of lifeform. The length of ench lifefomm encountered under the innsect (L)
14 the difference berween the tmnsimion points recorded for cach Nfeform. After complenon of
LIT & quadral 15 ploced over the line (lape) ut every 5/ 10 or 20 m depending on the lifeform
preseut to callect and substantiate the LIT datn.

o Equipment s required

i GI'S (Porable)

1. Snorkeling cqumpment s (Mask, Snorkel. Reef shoe, Fins)

iii Self-Contained Breathing Apparatus (SCUBA) diving equipment
{Mask. Snorkel, Diving Cylinders, BCD, Regulator, Resl shoe, Fins, Dive compulers,
Weight helt with weights)

iv, Undersater writing pad with peneil

v, Plastic meusuring tupes (50 m lenath),

Vi, PVS quadrate

Vil Nail and plustic ropes

viil, Unglerwaler camera with housing for digitization

by. Sile Selechion

i A general survey of (he area to know where the reefs are present.

. At least 2 aites should be selected. I distinet windward and Jeewand
zanes exist, sites should be selecled in each hahitat,

itk The locution ol sites should be recorded with s GPS.

c. Anlilysis

Summary of duts showimng pereent cover and mumber of oceurrences ol each lifeform miy be
calenlated nsmg the bine mtercept and mquadmt datn. After calenlnting the intercept (length)
frotn the tmosibons poiols recorded along the brunsedt e percenl cover of o lilelonm
category 18 caleulnted as follows,

Length of cotegory = 100
Percent cover -

Length of transect

LIHL3+ES v % 100

Pereeitl cover Lifelom 1
Lengil of transect

12414406 = 100
Percent cover Lifefomm 2 -
Length of trunscet
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These analyses will provide guantitative information on the community stracture of
(e sumple sites. Successive samples can also be compared from dilferent areas of the coral
reef.

Tahle 62 Lilzform extegories and coilz

e Recently dmd. white to diny white,
DCA  This coml is m skeletal
struelure can still be seen
Hranching ACR  Af least 27 branching, eg. Acropura
patlmare, A. formesa
Encrusting ACE m-lly the bese plate of imumsture

pora forws, eg. 4. palifira and
. Ao _
Submassive ACS Raobust with knob or wedge like form
_ - -Hmftfm _
Digitate. ACD ranching, typically includes
.d. mn;, Al d@g&m and .4
B gemmefera
Tubulnr ACT  Horzontal flattened plates eg 4
hvecinthag
CB At least 27 brane

Encrusiing CE Mujor portion attached 1o substrarum
as o laminnr plate eg. Forires
vaughani, Montipara imdulata

Foliose r Coral stmolied at one or more. jmmn. |
leallike, o plate like appeatance eg.
Merulina  ampliata,  Mantipora.
aequitiberculat

Massive ™ Solid boulder or mound eg. Planveven
daodalea

Submussive s ‘Tends 1o form smnll columns, knobs
or wodges' Ex Porftey, lickan,

_ mocora digitata
Musliroom CMR Snlimry,. fiee living corals of Fungia
Milleporn CME lrm le
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Finte 2: Lifciorm cecgones with potona] reprosesiinion

ACB (feraporg formiosg) ACE iderapora cuiiseain)

ALS (deropora palifera) ACD (Aeveapara gemmiffra)
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CH { Serfatapoim bty

CE | Munfigsora windital

CM {Planew cluiealiilig) C8 (Poammmmie i ali it |



& A0

CATE (Milegione sp)

Ly

SC (Soly corul) SP (Sponge - Cloweio upfi)
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£0) | Sooemnithids ) O1 { Ascidin- Lhdemmmmm moflo)

OT (Gotponians- Fermutella coroit]

r -
OT {Coant Clisme Trdeong Eign) AA {A.l-g.al Assemhlage)



HA (Hnlimeado 5p.)

CA (Cmotnse comline algac)

MA (deepshuforso I'um& TA (Tusf alear)
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SL{Ssuy WA (Water)
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Finie 3: Bembie coverund LIT pudie
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Plate 4 Benthic cover and LIT stodies at Loxanan Beachy, Great Nicober [aland

d
.
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Fhite 5: Prettlic cover i TTT snnifics ap Sestn Wagsr, Geent Nicohar ]..llluu_l
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) Flnte 6 Bemhic cover mnd LIT stidics ar Galathea, Grent Nicobur Dilud
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Plinte 7: Sclesnctivian comle Geest Nicobar Taland

i L N,
Mernifing gmplintn (Elis and Solander, 1TRG)
: C - -

LY =

#
2 Y

Acrupera [Torido | Duna, 10406}

R SRR

LR 4 P 405
A =, . e s W
Labactiz sevrrin {Lnmarcke, 1801) Diipreneraee marama (Veron, Pichon & Wijuman-
Bewt, 1977)

3.6.3.5. Belt Transec|
The belt transeet inethod nvolves surveying a configuous area along a line tansect. It may
be conmdered as a wideming of the ling transect or a contimuous line of quadmis. As with the

line transeet, information of fanna and flora identified within the belt is recorded. The rapid
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ccological ussessment belt ransect method provides information on coral demographics and
condition. The coral divers guther data along five evenly spaced semments (each 2.5 « | m; 0-
25 me 5.0-75 m 10-125 m; 15-17.5 m: 20-22.5 m) wlong each of the same two 25-m
Iransect lines implemented in tie TP survey. This stmlegy was designed 1o masimize lime
for capturing spatinl heterogencity per transect, Within each 2.5 m” transect section, all coml
colonies whose center falls within 0.3 m on either side of ench imnsect line are identified nnd
2 planar mensurements recorded. For each coral colony identified the extent of mortality is
estimnted, dedicating specinl attention to any evidence of disease. Perceninge of colony
ulfectied as well us lestion severity und levels of coml predution were nlso recorded (NOAA.
2014),

5.63.0. Pomn Intercept Transeci

Pomty Intercept Transect s unollier way to gather duls documentabion [or the estimation of
percent cover, relatrve abundnnee and diversity, The tereept method 15 simpler and guicker
lo mannge datn documentation for a large aren. n this procsss obaerved records only what 15
lneated at each specified point along the line on every 20 em. The aumber of point scored by
o given species divided by the towml number ol poinis vields the percent cover.

¢, Requiremmeni
I SCUBA diving equpments
il. Wylone rope nnd nnil
iit. Measuning tupe
w. Underwater wrating pad with peneil

5637 Unalerwater Video Trinsecl

Underwaler video sampling provides lughly precise quantilotive estimate ol corml cover and
abundiance of common benthic taxa. The video technigue in combination with independent
spmpling, 1.2, oo peed o establish permanent tronsects, has proven to be o sintisiically
powerfil methodology for compurison of univarinte and mullivariste paramelers in repeat
surveys of identified sites of modemte — high coral cover (normally >20 %), This method
mvalves the recording of stundardized belt transects using a number of replicate imnsects of
pre-determined length and filmed from o standardized height (approx. 40cm), Video [ooiage
is subsequently amtlvzed 1o extract quantitative corsl dila using a point sampling method. A
digital video camera in an underwater housing 15 used to recard the substraie along two 25m
trmnsects ploced end (o end willy o 3 m separntion. A red filler in the hovsing is vsed over the
lens at depths greater than — 4. The videoprapher swims approximately | m ahove the
transect line with the camern lens pointing directly downward, and sdditicnally records 360°
views of the surrounding nres ol the beginning and end of each transect line, Analysiy ol the
dats will be made accardingly Kenyon «f ol (2005).
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Underwater vidoo tmnsect

a. Requirements
1. SCUBA diving equipments
ii. Nylone rope and nail
iit, Measuring lape
. Underwater wniting pad with pencil
v. Underwater video camera with housing

5.638. Manta Tow Survey

The munts tow fechnigue 19 used to nssess hroad chinges i the benthic communitics of corml
reefs where the interest is ofien an entire reef, or large portion. Tl enables visual assessment of
lnrge wneas of reel witlm a short time and is nghly recommended for determmmng the effecis
of lnrge seale distwrbances such cyelonie stonns, coml bleaching and erown-of-thoms
starfish. The technigque 1s also useful for selecting sites that arc representative of lorge areas
of reel. The munntn board ks attached 1o a mwotor boat with a 17 m length of rope wiach has
buoys pluced ol distenees of 6 moand 12 m from the board. A snockeller geips the board and is
towed for nppraximately 2 mimites, at the end ofwhich the boat panses to allow the surveyor
1o record datn, The covernge of bottom fentures moy be recorded on o perceninge scale or on
n scale of |-3, where § indicates the greatest cover and 0 js used for absence. However, o
seale of |5 does have the shortcoming that observes may be tempted to place a
disproportionately lirge number of values i the middle entegory, thus crenting obsarver bins,
If possihle, a scale of 16 or 14 is more desirable (Done af of, 1982; Kenchington, 1984),

o Requirements
& A small boatwith an outbonrd motor [s used [or towing observers. The boat should be
fitted with & towing bridle,
i A 17 m tow rope connects the manta board to the boat. The rope should be hraided
und ppproximately [0oun in diameter, Two buoys pre ploced on the rope, ope at 6 m
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from the mantn board, and the other at 12 in. These buoys allow tie abserver to
eatimte visibility i standard maner,

nr The dimensions of the mantn board are 6000020 mm (length « hreadth =
thickness), 1t is recommoended that the bodrd be made from manne ply and painted
white. Two mdented handle gnps are positioned towards each corer of the front
bourd. A single handhold 15 locoted centrally af the back of the bourd,

. A dotasheet 18 lield in position witliin a rovess of the eentre of the board. The data
sheet should be pre-printed to assist the observer record a set of biological vanable
und other sigmficant observations.

BOAT

Wiz

=

I C—H )
- Eem i -
L]
Hand grip Pencll
Munta torw metliod
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This method mvolves towing two SCUBA divers belund a boat at 4 constant speed (~1.5
knots). One diver muanocuvres the “benthie lowboard” {onother name for manta board)
equipped with either a downward-facing video camem or a still cumern o photogmaph the
benthos at selected intervals. The other diver manoeuvres the “hsb lowboard” equipped with n
forwurd-fheing video camera to record fish ond general reefl topography. Towed diver survevs
are good (o obtain a general descoption of a large reef aren, assess large-scale disturbaoce.
They are best for covenmg lorge distunees af low levels of mxonomie resolution.  Henthie
diver attempts to manoeuvre towboard | m tbove bottom. Each mimite the benthic diver
mirks the habital type on the data sheel. Al 5 minute intervals, benihic diver estimaies
pereent cover of myor components on data sheet. Macro-invertehrates are reconded when
observed in each 5 punite segment on e duta sheet, A standaed survey losts 50 tunites
(Hi and Wilkinson, 2004),

5.03.9. Video Mt Tow

n. Requirements
& 60 m long, 9.5 mm diameter, low-streteh towing rope
i Towmg bnidle affixed to towboard,
it Towhoard with [ited cut-ouks or mouants o dilseh ciimers and other instruments
iv. Hovsed digital video cumera, or hovsed still camers
v. 2strobes and slave sensors (when using housed still camern)
vi Deptl/temperature recorder
vii. Waterprool watch with countdown function (o signal intervals for visual assessment
VL Separate woterproof watch as backup and to monitor dive rime
. Deplh gavuge bottom timer (TWATEC)
x. GPS unil(s) in towing boat 1o geo-reenfy survey track (Hill and Wilkinson, 2004),

7.3, Preanid Post Tranvlocatlon Monltoring

The growth mte of the true comls is very slow mmd sensitive to seveml ecological frctors.
Peripdicsl monitorng will be made (o record the suceessul trunslocation’ restorntion. Corals
will be monitored for a minimun perind of 10 years constanily, irrespective of falr ar rongh
weather conditions. The translocated coral colomies as well ns the tagged natural corml
colanies at the recipient sne will be momored mosily dnily or a1 least 15 doys per monihy for
a period of 1" vear, In the 27, 3% 4% and 5% vears the intensity of monitoring will be
reduced gmdunlly depending on the results (Table 7). The data will be eollegted quarterly
during 6% 10 10* Year.
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Table 7: Time Schedule of the projest for corl fuosplantation’ restrsion

= sl 4| g| g 2| 2| g %

= = B | E| 2

- = 2| 2| 2 = 2 2 :
Turgets g L % & % B %] & S
ESTAHLISHMENT

Heenuiteent af Stall

Pmctirement af Aaterial

Tieh! lub set up
FRELIMINARY 5TUDY

Sediment traps in sslected arsas 1
priistiteie e selimei) Eun e
Recipient shie data collsction, selection
e gridding

Mrysieochemical Farmpetors

Excavation ares data collection,
pridding aomd coral tagping

Trmsloeation

SUB-TIDAL

Maotographing amd tagging the species
fe be franslocaied

Sub-lidal Coenl translocation
INTER TIDAL

Phatperapling s rapping e species
tn be tranulocuied
Irte didad Coral frnslocation,

Pt Tesnafocation Moantoring [N I I O A
Moenjueing the Relocatid corals '
(eauniering the Hrests until e comls

murvive wedl )

8. LONG TERM MONITORING PROGRAMME

Long-teem goals aligned with montoining and supporting teel edosyslom services., These
goals are nog-exclusive and can complement one another. In planning for coral restoration
efforts, clearly articuliting the project goal(s) should be the fist point of setion. Then,
objectives can be defined to tmek and sccomplish the goals over shorer time periods like |-3
vears followed by long-leom monitormg and adoptive mmpgement like 3-10 years. To
mnnnge ecosysteins effiectively, objedtives should be SMART (Specific, Measurable,
Adhievable, Relevant, and Time-bound), informed by reference ccosyatems, and consider
anticipated environmental change (ICR1, 2021),

Sustimn  or  recover Sustnin or re-establish the regulating ecosystem services
coustul proleation provided by reefs 1o protect cosstal cominunilies wnd
infrastmcture by altenunting wave enerey and mitigating
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disturbanees such as erosion and coastal flooding
Sustain or  Tecover Sustain or re-cstahlish the provisioning services delivered.

fishenes production: by resls m providing hobitnt snd pursery areps for
commercially important fisheries

Susinin  or  edhonce Muntnin reel aesthetics o support local reel (ourism

local lourism and/or provide oppartunitics for cco-tourism expericnces

apportumties

Promote local coral reef  Support local cammunities and/or Indigenous traditional

‘stewardship owners 1o engape and reconnect with the local resf

envitonment, improve reel custodinnship and promote
intrinsic value of reefs (spiritual, traditionul, worship)

Re-establish reef  Rehobilitate the fimction, structure, diversity amd henlth of
ecosystom function and  degraded coral reef coosystems

slyuctire

Mitigate population Assist the recovery of endongered cornl populations, and
declines and  preserve preserve innule reel blodiversily from gends lo phenotvpes
biodiversity to ecosystems

Milignle tmpacts and Stipport tesinanee and recovery processes 1o reduce ridks
promote reef resilience of impact and ensure thot resfs persist through current and
in the lsce of climale projecied changing climate conditions
change

Respond 10 noute Assist unmral recovery process when reefs nre affected by

disturbanee 1o acute disturbanees such as storms, prodator outbrenks,

aceelerle reef recovery ship groundings. aml other structural damnges

Mitigate  inticipated.  Adopt an effective 'no net loss® mitigation policy wherelly

com! loss pnor o if a distwbance (e.g coastal development) camnot be

disturhimee avoided, it shauld be pummised and offset for example by
relocating anticipaled losses prior 1o dishirbonce

9. BUDGET

The upproximate budget for the cornl ransplantution/restorntion will be Rs. 53,57, 50,000.00
for a total of 4 ha. which i= cited below (Table 8). The amount was estimated considering the
remole  locolity and  comnectivity  of Gresd NWieobur  Islund. The cost of the
transpluntntion/restomtion will be Rz [3,30,37 500,00/1n.

Table 8: Approximate bndpget coml ransplagtaton eatoration
e, B A i

i Salunes for 2 Project Scientiar, 5 SRT, 12 TR, 15 Field Asistinm, 3 10,00,00.000
Motor Car Dnvers

* Fqitipment Infrstrmcture’ Vehiclss' Set-up materils 30,040 (HLO00.00

3. Travel 2580 (00000
T2/ for Seiontists awd Sclentific Staif

4 Vesss| Boar biclng clurges 1o camduet msarine surveys 3,060,000 00000

5 Consuzables 150, 00.000,00
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[ Contingeiises 150,000 00,00
7 Prepamtion of Reparts aod Publicanons 50,00,000.00
5. Cupacy budiling s Awnreness 150,080,000 00
i Suliomi 50,50,00,000000.
2. Addmimistesitive Charges 815% (Excluding Egupment Infragirocitire 1.07.50,000,00

Velucles' Set.up nmicnals)

Globally-Coral reel restoration cosls estimated from $1,717 up to $2,879.773 USD/La,
(Baymktarov of ol 2013) which 1s equal to Rs. 1.31,315.13 10 22,02,43.311.18/hn.

1. GENERAL PRECAUTIONS TO BE TAKEN DURING THE CONSTRUCTION

AND OPERATION OF THE PROJECT LIKE
*  Proper routing ol barpes and ships (bringing construétion materiul) avoiding the coral

areas.
+ Control of mmoefl of the construction motenil 1o ensure thot coruls don’t gel adfected
due 1o wrbidity,

Precaunons to be raken during capital and mamtenanece dredging.

Precautions to be tuken during the roady on stilt for the wildlife cocrodores.

No discharge of any effluents into the sea during construction and operation.

Introduetion of permil svstem for souba aod snorkelling 1o ensure thal unantborised

persons do not disturb and stamp on the live corals.

+ Potential impacts to shoreline vegetnnion, wetlands, coral reefs. fisheries, bird life, and
othier sensitive lermestrinl and nguatic and near-sliore hobitots during port construction
andd operation should be fully assessed thoroughly.

e Periodical surveys. assessmemt md  modeling of metocean.  hydrological.
sedimentological as well ns coastal peomorphiological siluations should be exmmined
together with an identification of polential adverse mpacts on constal processes such
s erosion and necretion. from the placement of pew plrvsical stroctures.

o Coasial processes montoring and minsgement plan should be munaged in proper way
by means of condnening a nsk assessment of limaml sedunent transport, shoreline
morpholegy and erosion paltemns and trends, and coastal inundation profiles.

e The construction and operstion phuases ol the projects with sigmficant sources of wir
cmussions, and potential for significant impaets 1o ambient air quality, should prevent
of minumize umpacts by ensunng that the emissions do nol rssull in pollutant
concentriglions that reach or exceed relevant ambient quality guidelines and stundards
by applying national legislated standards. or in their absence, the current WHO Aur
Quality Guidelines and CPCB Air Quality Guidelines,

* Discharges of process wastewaler, sanitary waslowater, wastewnler from  the
construction and operational sites and plants 1o surfnce water should not result in
contuminnl concentrations m excess of local ambienl water guality eriterin o, in the
nhsence of local eriterin, other sources of ambient water quality. CPCH guidehnes
should be stricily followed.
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& Water conservation programs should be implemented commensurate with e
mugmitude wnd cosl of waler use. These progmns should promote the continuous
reduction i waler consumption and nchieve savings in the water pumping, freatment
and  disposal costs, Whaler conservation mensures may  nclude  water
monitoring/manngement lechnigues; process and coolmg/beating waler recveling.
reuse, and other technigues; and sanitary water conservation techmigues.

*  Wasle management should be addressed through o Wasle munagement system hat
nddresses 1ssues lmked lo wasle mmimismbion, generation, trimsport, disposal, and
monilorng.

* Noise prevention and mitigation messures should be applied where predicted or
mepsured nose ympaets from o projeet faality or operations exceed the apphicable
noise level puideline af the most sensitive polnt of reception

+  Contarmmation of land should be sveuded by preventing or controlling the release of
haznrdous  materials,  hozardous  wasies, or ol 0 the  environment.  When
contnmination of land is suspected or confirmed during any project phose, the cause
of the uncontrolled release should be wentified and comrected o aviid luriber releases
noil nssocinted adverse unpacts,
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