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FOREWORD

The theme for the International Day for Biological Diversity (IDB) 2012 has been decided as
‘Marine Biodiversity’. Oceans and marine ecosystem occupy a significant amount of Earth’s surface
and posses enormous diversity that is still to be properly documented. Management of marine
biodiversity is thus critical since the biodiversity occurring there has enormous biological as well as
economic potential.

Conservation and sustainable management of marine environments have received substantial
attention from the Convention on Biological Diversity (CBD) which decided that “By 2010, terrestrially
and 2012 in the marine area, a global network of comprehensive, representative and effectively
managed national and regional protected area systems is established” (Decision VII/28). Further,
the tenth Conference of parties to the CBD “Urges Parties and other Governments to achieve long-
term conservation, management and sustainable use of marine resources and coastal habitats, and
to effectively manage marine protected areas, in accordance with international law, including the
United Nations Convention on the Law of the Sea, in order to safeguard marine and coastal biodiversity
and marine ecosystem services, and sustainable livelihoods, and to adapt to climate change, through
appropriate application of the precautionary approach and ecosystem approaches, including the
use of available tools such as integrated river basin and integrated coastal zone management, marine
spatial planning, and impact assessments”{Decision X/29).

With India gearing up to assume the Presidency for CBD COP 11 meeting, focusing on national
actions related to marine and coastal biodiversity as well as issues related to management of marine
protected areas are critically important.

This book prepared by the scientists of Zoological Survey of India not only deals with the declared
Marine Protected Areas but also gives a detailed account of all the marine areas which have the
potentiality to be declared as the protected areas with a discussion justifying it. Description of the
present status and biodiversity of different marine ecosystems in India, the list of fauna in coastal
and marine areas of different states and the strategies for their conservation and management is
additional useful information presented in this publication. I am sure that this document kindles a
useful debate on the status of marine environment in general and also acts as a guide for providing
protection to the much deserved biodiversity rich areas in the marine realm.

(Balakrishna Pisupati)
Chairman

May 11, 2012 National Biodiversity Authority
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PREFACE

The concept of protecting ecosystems of importance may have evolved to achieving
conservation sustainability of resources when many such systems were challenged with the
effects of pollution and degradation of ecosystems started crossing the resilience limits.
Ecosystems/Biological communicates have a degree of resilience or self repair potentiality to
survive, regenerate or recolonise after periodic stresses like fluctuating salinity, temperature
ranges, storms, cyclones, tectonic activities etc. Fisheries are the prime resource from the marine
environment provides the clue:  declining fish catch per unit effort, reduction in the size of
the fish caught, disappearance of some species acted as the direct indicators to the marine
resource degradation.

MPAs have been recognised as important for marine conservation and management since
the early 1960s. In 1975 Ray was the first to provide a set of objectives for MPAs.  Most
countries were not interested to accept the recommendations at that time.  But, increasing
pressures on the marine environment at all scales compelled them to accept and prompted
the IUCN to conduct a series of international workshops, which culminated in the production
of international guidelines for the declaration of marine and coastal protected areas.  The
resultant sets of guidelines form the basis for much MPA planning at international and national
levels today. The concept of Marine Protected Area is gaining momentum in India and so far
31 Marine and Protected Areas (MCPAs) of which 18 are primarily under the marine
environment and 13 are partly terrestrial  are declared.

Several marine regions which are providing valuable services are not covered under MPAs
and are not adequately explored.  And, there is a paucity of information on the composition
and diversity of the biota, and the extent of coverage of each ecosystem.  Through this book,
it is hoped to present an over view of the several marine ecosystems of India. Habitats of many
of the protected animals occurring outside the PAs need to be given some protection status
for posterity.

Government of India
Ministry of Environment and Forests

ZOOLOGICAL SURVEY OF INDIA
M-Block, New Alipore, Kolkata – 700 053

Dr. K. VENKATARAMAN
Director

(K. Venkataraman)May, 2012
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Much of the world’s wealth of biodiversity
is found in highly diverse marine and coastal
habitats. These habitats range from the coastal
estuaries, saline wetlands, mangrove forests,
shallow coral reefs, mesophotic reefs to soft
sediments of ocean floor thousands of meters
below the surface. The Indian coastline
encompasses almost all types of intertidal
habitats, which include, hypersaline and
brackish lagoons, seagrass and mangrove
ecosystems, estuaries, coastal marsh and
mudflats, sandy and rocky shores with every
degree of exposure and widely varying
profile. It also has coral reefs of fringing and
patchy type on the west as well as the east
coasts. Besides, the near-shore and oceanic
islands of India also bring in lot of natural
wealth by means of the associated habitats.

While the total number of described,
marine species is smaller than that found on
land, scientists are continually discovering
new concentrations of diversity. Regardless of
species counts, marine animals are more
diverse than land animals at the higher,
phyletic levels of evolutionary and taxonomic
differentiation. Major branches on the tree of
life of animals are found in the sea. In
comparison, only about half of all phyla occur
on land. Marine animals also exhibit greater
range of body forms and structures than the
terrestrial species. For example, the filter
feeders sieve plankton and other floating
material for food, range from microscopic
zooplankton to barnacles to sea anemones to
baleen Whales. Till today, marine biodiversity
is lesser known than terrestrial biodiversity,

Fig. 1.1. Map showing the Marine Protected Areas of India

1. INTRODUCTION



2 MARINE ECOSYSTEMS AND MARINE PROTECTED AREAS OF INDIA

due to the practical difficulties of exploring the
marine environment. What is known today
about the marine life is astonishingly little,
even in the most familiar seascapes. For
instance, scientists have identified twenty-two
phyla of meiofauna, two of which were
identified only in the past two decades. These
animals, barely visible to the naked eye, live
on grains of coastal and ocean-bottom sands.
Up to 10,000 such animals can be found in a
single handful of wet sands. And yet only
recently have scientists begun to identify the
important role they play in marine
ecosystems.

To provide protection from indiscriminate
usage and conserving biodiversity, several
marine habitats in India are brought under
Protected Areas (PAs). Declared Marine
Protected Areas (MPAs) – PAs designated
with purpose of protecting marine areas and
the biota in it – are only five: Gulf of Mannar
National Park (GOMNP), Gulf of Kachchh
Marine National Park, Gulf of Kachchh
Marine Sanctuary, Mahatma Gandhi Marine
National Park Rani Jhansi Marine National
Park and the Gahirmatha Sanctuary (Fig. 1.1).
However, there are several PAs due to having
associated marine ecosystems have been

categorized into MPAs - the numbers and
characterization of which varied with
authors (Singh, 2002; Rodger et al., 2002; WII,
2002). While Singh’s (2002) report is in
conformity with India’s Third National Report
to the CBD, which noted 31 Marine Coastal
Protected Areas (MCPAs) of which 18 are
primarily under the marine environment and
13 are partly terrestrial (SCBD, 2006), WII
report claims only 26 PAs as Marine Coastal
Protected Areas. Nonetheless, there are
several marine ecosystems left out, in spite of
the recognition for their ecological services.
And, there is little information on the
composition and diversity of the biota, and the
actual area coverage of each ecosystem.

Through this volume, it is intended to
present an over view of the several marine
ecosystems of India to bring about the
significance of conservation. A habitat-wise
characterization for MPAs and PAs having
substantial marine component is proposed,
and an updated MPA list is produced after
adequate reassessment. Analyses of
representation of MPAs in India with
recommendations are also presented. Marine
biodiversity and conservation strategies are
dealt with in the last two chapters.



OCEANIC ECOSYSTEM – INDIAN
OCEAN

Many of the marine ecosystems of concern
to India are in coastal zones. Little has been
known of the potential oceanic zones of
biological and economic significance. This
section deals with the Indian Ocean, and a
review of scientific studies and pointing to the
ecological significance.

The major bio-geographic divisions of
Indian Ocean are:

Western Indian Ocean along the Indian
Coastline: Southwest coast of India, Central
west coast of India and Northwest coast of
India.

Eastern Indian Ocean: Southeast coast of
India including Palk Bay and Gulf of
Mannar extending up to the Krishna delta,
Northeast coast of India off Andhra
Pradesh and Orissa extending upto the
border of West Bengal and Northern Bay of
Bengal covering the coast of West Bengal.

The Indian subcontinent is blessed with
tremendous marine wealth that comes mostly
from the Indian Ocean. Though smallest of
the three ‘great’ oceans, the Indian Ocean
covers 28,000,000 square miles, and 14% of
the earth surface (Snider, 1960). It is also
geologically much younger. Following the
International Hydrographic Bureau, its
boundaries are as follows:

Western limits: The meridian of Cape
Agulhas to Antarctica.

Eastern limits: South of Australia, Bass
Strait, Cape Grim, Tasmania to Antarctica;
north of Australia - Torres Strait.

Marginal seas of the Indian Ocean include
the Red Sea, Gulf of Aden, Persian Gulf, Gulf
of Oman, Arabian Sea, Laccadive Sea, Bay of
Bengal, Andaman Sea, Malacca Straits and
Singapore Straits. The two additional seas are
the Mozambique Channel and the Great
Australian Bight. The area covered by the
Indian Ocean (excluding Arafura Sea) is

74,917,000 km2, with a mean depth of 387 m.
The maximum depth recorded is 7,437 m
(24,444 feet).

History of Indian Ocean Expedition

The evolution of marine biological research
in the Indian Ocean region is partially linked
to the colonial past of many countries, the
International Indian Ocean Expedition, and
modern-day programs. In most of the
countries during pre-independence era, as in
India and Sri Lanka and some island nations,
collection and cataloguing was done almost
exclusively by European scientists, with the
specimens and data archived in museums
abroad. The importance of their work cannot
be minimized nonetheless. The two-volume
publication in 1878 on the fishes of India by
Francis Day, among others, is a classic
example that is still referred to today. To this
should be added the numerous memoirs and
monographs and expedition reports, such as
those of Challenger (1872-76), Investigator
(1801-03), and Dana (1928-30).

While coastal and marine biodiversity
studies in the Indian Ocean region during the
nineteenth century and early part of the
twentieth century were mostly on those
specimens from neritic waters and physically
accessible habitats, the International Indian
Ocean Expedition (IIOE, 1960-1965) enabled
sampling of the full extent of the Indian
Ocean by 40 research ships, with logistic
support and participation from 20 countries,
including some outside the region. Besides
considerably enhancing taxonomic
knowledge of the open ocean species, mainly
zooplankton, the IIOE is also distinguished in
two other respects. First, it enabled collection
and use of oceanographic parameters to
explain the abundance and distribution of
planktonic species and their productivity in
the IO region. Secondly, it laid the foundation
for modern-day research on marine biological
diversity in most of the regional countries,
both institutionally and in manpower
generation, especially in India.

2. MARINE ECOSYSTEMS OF INDIA
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Research on marine biological diversity in
the current phase (last 5-6 decades) in India
is distinguishable by three traits. The first is
the desire to develop national capacity in
terms of manpower and institutional strength,
a process aided by international, regional and
bilateral training, and collaborative programs.
The second is the awareness of the need to
address biodiversity changes in response to
human effects (and to some extent natural
forces) prevailing locally. The third, and
perhaps the more serious, is the vast
imbalance in capacity to manage the
resources among the neighboring nations. For
example, among the Indian Ocean countries,
India is notable for the large number of ocean-
going research vessels, large scientific and
technical manpower, capability for using
advanced technologies (for example, remote
sensing, DNA fingerprints), and the capacity
for exploring deep seas and the southern part
of the Indian Ocean, extending up to the
Antarctic continent. This imbalance, even
among countries other than India, has a
telling effect on our understanding and
conservation of the biological diversity in the
region.

Oceanography of Indian Ocean

Ocean circulation: The Indian landmass
forms a major physical division between the
Arabian Sea and the Bay of Bengal.
Oceanographically, the Bay of Bengal differs
from the Arabian Sea in maintaining
clockwise circulation of major currents during
both the northeast and southwest monsoons;
The circulation in the Arabian Sea reverses,
with surface water masses circulating counter
clockwise during the northeast monsoon and
clockwise during the southwest monsoon.
There is also a major difference in salinity: In
the Arabian Sea, evaporation exceeds
precipitation and runoff, leading to the
formation of highly saline water masses that
flow south; the Bay of Bengal has
comparatively low salinity due to high runoff
and precipitation i.e., during the southwest
monsoon, maximum salinity is found at
depths of about 500 meters, as highly saline
water moves into the Bay from the Indian

Ocean (Pernetta, 1993). The Bay is over 2
million km2 in extent and acts as the recipient
of two mighty rivers, the Ganges and
Brahmaputra, in addition to Mahanadhi,
Godavari, Krishna and Kaveri. Four states,
West Bengal (157 km), Orissa (476 km),
Andhra Pradesh (974 km) and Tamil Nadu
and Pondicherry (938 km) share the eastern
coastline. The total area of the exclusive
economic zone (EEZ) of India, in the Bay of
Bengal, is 515,500 km2. All the rivers
discharge an estimated 71,650 km3 of water
into the Bay, mainly causing diluting effects
and covering the salinity between 30 and 34
ppt.

Sea Surface Temperature: Sea surface
temperature (SST) around the Indian coast
varies considerably throughout the year. In
general, temperature varies from a minimum
100 C in the southern part to a maximum of
270 C or even higher (>28 0 C) towards central
and northern regions. During the northeast
monsoon, water temperature is relatively less
(24-260 C) in the Arabian Sea and Bay of
Bengal than during other times. Similarly,
beyond 300 S latitude, the temperature is very
low (10-200 C) evidently due to the influence
of the Antarctic Ocean. During the winter
months the surface temperature gradient for
the whole region tends roughly north south.
In the northeastern Bay of Bengal Sea, along
the West Bengal and Bangladesh coast, the
mean winter surface temperature is typically
less than 25 degree centigrade. And in the
summer the temperature gradient runs
approximately North-south on both sides of
the Indian coasts, with highest values of 320

C and upwards obtained along the south-east
coast of the Bay of Bengal Sea, and a summer
mean increase from 28–320 C onwards along
eastern India. The surface layer of the
Andaman Sea is generally well mixed to a
depth of 100 m, but a sharp decrease in
temperature may occur in the eastern side of
the Andaman and Nicobar Islands at depths
of 25 to 50 m.

Salinity: Throughout the Indian coastal
area the total concentration of dissolved salts
falls in low range of about 35-40 ppt.
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However, over much of the Indian coastal
region, seasonal variation in both surface and
bottom salinity is related to the penetration of
oceanic water, having a salt concentration in
excess of 35 ppt. There is a wide fluctuation
in surface salinity in the Andaman and
Nicobar Islands, low salinity occurring during
May to November, a recovery period in
December and January, and high salinity
from February through April. This factor has
high influence on the fauna of this area.

Rainfall: The rain rate measured in mm/
h shows highest values in June over the Bay
of Bengal, the Arabian Sea and the Indian
Ocean in the range of 0.4-0.5 mm/h and
lowest values in March, in the range 0-
0.2mm/h. It has been observed that the
averaged monthly variations of rain rate over
the Indian oceanic region are totally controlled
by monsoon (Hartmann and Michelsen,
1989). The main reason for the strong
development of monsoon is the vast size of
the Indian subcontinent and adjacent sea, and
the presence of the high and extensive
Himalayan mountain system in the extreme
north of the subcontinent. During May and
June, the predominant southwest monsoon
hits the south western part of India with
heavy precipitation. During July-September,
the monsoon advances over the Indian land,
producing heavy rain, whereas low rain rate
is observed over the Indian Ocean region.
During October-December, the monsoon
retreats after hitting the Himalayan region
producing medium to heavy rain fall over the
Bay of Bengal, the Arabian Sea and the Indian
Ocean. During January and February, at the
time of the northeast monsoon, high rain rate
is seen over the Bay of Bengal. During the
summer season (March and April), almost no
or little rainfall is seen over the ocean. In
general, the rain rate is found to be low in the
Arabian Sea compared to those of the Bay of
Bengal and the Indian Ocean (Mishra et al.,
2002). Generally, the rain rate over the Bay
of Bengal, Arabian Sea and Indian Ocean is
found to be higher during May and June due
to the onset of SW monsoon compared to
other months, followed by another increase

during winter due to winter (NE) monsoon.
Low rainfall is found over the ocean during
March and April due to hot and dry weather
(Mishra et al., 2002).

Nutrients: The sampling of the Indian
Ocean for nutrients (phosphates, nitrate and
silicate) was conducted on a widespread basis
during the International Indian Ocean
Expedition (IIOE) from 1st September 1959 to
31st December 1965. Altogether, 9,536
stations were sampled, of which 2,982
stations noted with depths exceeding 1,950 m.
In general, the concentration of inorganic
phosphate in surface waters varied from a
minimum of 0.2 mg at l-1 (most part of the
west, central and East Indian Ocean) to a
maximum 1.0 mg at l-1 (east Somalia, Arabian
Coast; South Indian Ocean below 40° S
latitude). However, exceptionally high values
(4 mg at l-1, 4000 m South Indian Ocean; 12
mg.at.l-1, Andaman-Myanmar Coast, above
coral banks) were noticed. The concentration
of nitrate varied from a minimum of (0.5 mg
at l-1) at most parts of the Ocean to a
maximum of 10 mg at l-1) below 400S latitude
and in one region close to Persian Gulf. The
exception was in deep water where the levels
were about 40 mg at l-1. Silicate ranged from
a minimum of 3 g at l-1 to a maximum of 10
mg at l-1. In Bay of Bengal very high silicate
(130-140) was noticed close to river mouths.
In all these cases, nutrient levels were
appreciably higher during South West
monsoon period (March-October) than at
other times. The nutrient in the Indian Ocean
are determined to a great extent by the
control over circulation exerted in the
northern Indian Ocean by monsoon winds,
which directly transport surface waters away
from offshore Africa, with a resulting
replacement of deep nutrient rich waters. The
high values of inorganic phosphate (0.6-1.0
mg at l-1) off Somalia and Arabia coasts
during May-October (South West monsoon)
were caused by near shore upwelling at these
places. The relatively high (>5 mg at l-1)
silicate values at the Ganges Head (Bay of
Bengal) and off Malaysia are attributable to
river runoff during the same period. In
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general, the concentration of inorganic
phosphate, nitrate and silicate increased in the
direction of Antarctic Sea particularly around
40° S latitude, in the proximity of sub-tropical
convergence. In comparison to other two
oceans namely Atlantic and Pacific, the
concentration of nutrients in the Indian Ocean
are about twice of which found there.

Dissolved Oxygen: Data collected during
IIOE revealed appreciable variations in the
dissolved oxygen concentration. Overall, the
levels remained between 2 and 4 ml l-1.
However, in the Arabian Sea (0.25 ml l-1; 200
m) and central equatorial region (0.3-1.25 ml
l-1; 1200m) the observed values were very low.
In contrast, in surface waters in Gulf of Aden
and in the south (Mozambique channel and
Antarctic bottom water, 4000 m) the values
were at the maximum (>5 ml.l-1). The
presence of O2

 minimum layer in the Arabian
Sea (100-1250 m) is yet another notable
feature of the Indian Ocean. In the upper part
of this layer (down to 600 m) free hydrogen
sulfide was discovered. A quantitative
minimum of plankton was recorded in the
whole thickness of the oxygen minimum in
this area.

Ocean Tides: Tides are a significant factor
in the ecology of marine organisms, as well
as an important consideration for marine
biologists. All coastlines are subjected to
regular vertical changes in sea level although
in some parts of the world these are so small
at times as to be scarcely discernible. Around
the Indian coast tidal ranges are variable,
sometimes complexly so, and some coastlines
experience often spectacular tidal amplitudes.

Productivity: The Indian Ocean extending
up to Antarctica has an area of about 75
million km2, which is roughly one fifth of the
world oceans. But the fish production from
this ocean is only about 5 million tons, i.e.
about one fourth of the world annual catch.
In terms of organic production and yield ratio
Indian Ocean presents a miserably low
percentage as compared to that of Pacific and
Atlantic Oceans. That means the yield ratio,
as percentage of carbon is roughly one third
of the Pacific and one fourth of the Atlantic

Oceans. This clearly indicates the wide gap in
the potential harvestable stock especially in
view of the fact that the average carbon
fixation is almost similar for the Pacific,
Atlantic and Indian Oceans with the western
Indian Ocean indicating even slightly higher
rate of fixation.  The average annual gross
production for all seas is estimated to be about
55-70 g C m2. Assuming a 40% loss through
respiration and an area of 361 million a square
kilometers for all the oceans, the total net
production per year for all the seas is
estimated at about 1.2-1.5 X 1010 tons of
carbon. Ryther (1963) has subsequently
modified this value to 2 X 1010 tons. This value
is practically the same as that estimated for
the production on land. Of the 74,917 km2

which is conventionally taken as the Indian
Ocean region, 3.1 million km2 is considered as
coastal and near shore regions which sustain
the major part of the fishery and have an
annual net production of 560 X 106 tons.
During the Galathea Expedition it was found
that the rate of organic production was
practically high anywhere in the tropics in
shallow waters, which was at variance with
the observations of the earlier expeditions,
which indicated a comparatively low
productivity in the tropical seas. But with
intensive exploration during the International
Indian Ocean Expedition (1961-65) it was
revealed that some of the world’s highest
values of primary production are in the
upwelling regions of Somalia and South of
Arabia. Based on the measurements made by
several vessels during different seasons Qasim
(1977) estimated the production of the Indian
Ocean at about 4 x 109 tones. But there is
quite a large variation in organic production
values both in space and time in the Indian
Ocean in general and coastal areas in
particular. The reasons for these seasonal and
spatial variations can be attributed to various
factors.

Distribution of biodiversity: No marine
species is truly ubiquitous, and even the
commonest and most widely distributed
species do not occur at constant frequency or
density over the whole of their geographical
range. Hence, the fauna of Indian Ocean is
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not evenly distributed. About 1925 pelagic
copepods have been described from marine
waters of India. Also there is generally a
gradual decline in phytoplankton abundance
from coastal to oceanic water. Pelagic life also
includes nekton represented by shrimpfish,
squid, cuttle fish, reptiles, whales and sea
cows. Pelagic life thus has a tremendous
diversity in form and function. Dominant
taxa in the nekton are fish represented by
about 4000 species in the Indian Ocean, of
which about 50% occur in Indian seas.
Majorities of these species occur in coastal
waters supporting valuable fisheries. Among
reptiles, sea snakes and turtles are important
and represented by 50 and seven species in
the world respectively. These are generally
oceanic forms but majorities of these often
swim near to the shore and visit the shore at
some part of their life. About 26 species of
snakes belonging to one family Hydrophiidae
and five species of sea turtles were reported
from seas around India. Till recently deep sea,
which constitute a major part of the ocean,
was perceived as species poor environment.
But now the estimates of the numbers of
species in the deep seas range from 5 - 10
million. This staggering range reflects our
attempt to fill up the gap that hitherto exists
in our knowledge of marine biodiversity. It is
now well established that the oceans are rich
in supraspecific categories, especially at the
phyletic level.

COASTAL ECOSYSTEMS OF INDIA

Coastal zone represents 18% of the earth’s
surface, providing space for 60% of the
human population, since about 70% of the
world cities with population more than 1.6
million are located in the coastal zone. 90%
of the world fish catch is obtained from this
zone. Interestingly, the hydrosphere of the
coastal zone is only about 8% but represents
about 18 to 33% of total primary production.
This zone is biogeochemically more important
as it buries and mineralises 80-90% of organic
matter and the approximate carbonate
deposition is estimated to be 50%. This area
also receives discharges of suspended matter
associated with elevated levels of pollutants

from major rivers and this accounts for 75 to
90 %. This zone has high biological potential
as it serves as feeding, nursery and spawning
grounds with rich biodiversity and as an
intermediary biotope between marine and
freshwater environments. Some coastal
systems such as marshes, mangrove forests
and sea grass beds are characterized by high
biological production rather than high
diversity of species. They are important to
other marine ecosystems such as coral reefs
and larger ocean ecosystems, and to human
development because of the fisheries and
other resources and services they provide (De
Fontaubert et al., 1996).

India has a coastline of 7,516 km, of which
the mainland accounts for 5,422 km,
Lakshadweep coast extends 132 km and
Andaman and Nicobar Islands have coastline
of 1,962 km. The marine jurisdictional area
(the Exclusive Economic Zone; EEZ) is
extensive, spanning 2.02 million km2, which
are 38% of the total (5.30 million km2) marine,
freshwater and land areas of the country. The
coastal ecosystems play a vital role in India’s
economy by virtue of their resources,
productive habitats and rich biodiversity.
Traditionally, coastal areas are highly
populated and developed because they are the
places where trade, transport, communication
and civilization are well developed Nearly 250
million people live within a distance of 50 km
from the coast. Out of the three mega cities
with population more than 10 million - Delhi
(13.2 million), Mumbai 16 million and Kolkata
16.5 million - two of which are coastal cities
i. e. Mumbai and Kolkata. The population
density is also much more in coastal areas
than the national average. In parts of coastal
metros like Mumbai, Kolkata and Chennai the
population density ranged from 20,000 to
50,000 per sq. km. For example, in the state
of Tamil Nadu, the population density in
coastal areas is 528 sq. km against 372 sq. km,
which is the state average.

The coastal area is assuming greater
importance in recent years, owing to
increasing human population, urbanization
and accelerated developmental activities. The
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increased population pressure led to resource
depletion and environmental degradation due
to coastal pollution, disposal of domestic and
industrial wastes. As in most of the
developing nations, the coastal environmental
problems and issues in India are also
concerned with the following three main
conditions: environmental degradation,
resources reduction and user conflicts.
Current approaches to the management of
coastal resources are not capable of
sustainable development and the coastal
environments and resources are being rapidly
degraded and eroded in India. The Integrated
Coastal Zone Management (ICZM) plan has
been recognised as a tool for addressing
options that ensure livelihood security and
environmental stability in coastal zones.

The Indian coast is characterized by several
promontories (e.g., near Beypore in Kerala
State), sand spits (at Karnataka and Andhra
Pradesh), barrier beaches (along Kerala
coast), embayment (Mirya bay in
Maharashtra), estuaries and offshore islands.
Geomorphologicaly the east and west coast of
India are markedly different. The West Coast
is generally exposed with heavy surf and
rocky shores and headlands. The west coast
of India is predominantly rocky consisting of
silt covered rocky flats or lime stone rocks,
often with overhanging cliffs formed of green
to black basalt. Sandy areas, rivers, creeks
interrupt the rocky coast, and back waters.
The East Coast is generally shelving with
beaches, lagoons, deltas and marshes. It is also
relatively low lying with extensive alluvial
plains and deltas. Further, the coastal zone of
India is also endowed with a very wide range
of coastal ecosystems such as estuaries,
lagoons, mangroves, backwaters, salt marshes,
rocky coasts, sandy stretches and coral reefs
which are characterized by unique biotic and
abiotic properties and processes. More than
half of the Indian coastline is sandy. On the
East Coast, small stretches of rocky
formations occur along Tamil Nadu and
Andhra Pradesh. Major coastal ecosystems of
India have been adequately mapped for
demarcating the boundaries (Table. 2.1),
however, with little knowledge of the

resources and their ecological status. Major
coastal ecosystems of India are discussed here,
for their economic use, conservation status,
and the viability of offering environmental
protection.

Economic and Ecological Importance

Marine and coastal ecosystems, and the
diversity of species that compose their
structure, provide a wide range of important
resources and services (Table 2.2). Food from
the sea, in particular fish, crustaceans and
molluscs, is a major component in human
consumption, accounting for about 16 per
cent of the average individual’s intake of
animal protein worldwide (FAO, 1993), and
the proportion is higher in many developing
countries (WRI, 1996). Marine fish provided
about 84 million tons of human food and
livestock supplements in 1993 (FAO, 1995).
The fisheries producing this catch are a major

Table 2. 1: Area (sq km) of major ecosystem/
habitat of the coast of India

Mudflats 2961

Beaches/Spits 1465

Shoal/Bar 93

Coral reefs 1270

Mangroves 3979

Marsh vegetation 370

Mudflat with vegetation 6125

Beach vegetation 290

Lagoon/Backwaters 2132

Flood prone areas 3,437

Coastal dunes 2509

Reclaimed areas 1212

Paleo Beach Ridges 434

Paleo Mudflats 6821

Strand plains 1378

Salt affected areas 697

Salt pans 1617

(Source : Space Application Center 1992)
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source of employment for many of the world’s
coastal States and small-scale fisheries
harvests form a large proportion of the catch.

India with a strong fisheries interest, the
marine fisheries constitute a highly productive
sector, a source of valuable food and
employment.  The largest fish production
comes from the coastal capture fisheries,
which contribute on an average, 62% of the
total fish production (including freshwater
fish production). Over 3651 fishing villages
situated along the 8129 km coastline, about 1
million people are employed full time in
marine capture fisheries. The fishing sector,
which is dominated by small scale and semi-
industrial operators, supports several ancillary
industries such as boat building yards,
processing plants etc.  Of the marine products
export of 385,818 tons valued at 1.1 billion
US $ during 1997-1998, about 310,000 t (80%)
was from the capture fisheries. Marine
fisheries production from inshore waters (<50
m depth), which was only 0.5 million tons in
1950, increased through the time scale and
peaked to 2.7 million tons in 1997 – the
maximum harvest potential in these waters
thus pointing to the fact that further increase
in production is limited.

Marine species provide many other
products as well, including edible seaweed,
ingredients for food and cosmetics, industrial
chemicals and dyes and a host of other
products. Medical researchers have already
identified a number of marine organisms that
produce previously unknown bioactive
compounds, including antiviral and anti
tumor agents, which may soon have medical
applications. One compound derived from a
sea sponge to treat herpes, for example, is
worth US $50 to $100 million annually
(Norse, 1993).

While we tend to measure the ocean’s value
in terms of harvests of particular species used
for food or other purposes, marine and coastal
ecosystems provide important ecological
services that are rarely perceived until they are
lost, which include: a) storing and cycling
nutrients, b) regulating water balances, c)

buffering land and protecting it against
erosion from storms and waves, d) filtering
pollutants, e) play an essential role in
regulating planetary balances in hydrology
and climate, and f) through the ocean’s
photosynthetic pump, removing the primary
greenhouse gas, carbon dioxide from the
atmosphere and producing one third to one
half of the global oxygen supply. Coral reefs,
estuaries, lagoons and shallow coastal waters
are particularly valuable for human
populations because of the goods and services
they provide. They are among the most
biologically productive systems on the earth.
Reefs and mangroves provide sea defenses
and buffer the impacts of tropical storms,
mitigating the erosive effects of waves and
storm surges. All of these systems provide
nurseries and feeding grounds for many
coastal and pelagic species of fish including
many of the most important sources of fish
for human consumption.

Species do not live in isolation, but are part
of, and dependent upon, vast ecological
communities and systems. Thus exploitation
of living marine resources even of single stocks
is a biodiversity issue. The conservation of
biodiversity is therefore an important part of
managing economically valuable living
resources.

MARINE BIODIVERSITY

Out of the total 32 animal phyla, 15 are
represented by the taxa in the marine
ecosystem. They may constitute either
migratory or resident species. The former
includes pelagic crustaceans, coelentrates
(medusae), Cephalopod molluscs, fishes,
reptiles, birds and mammals. The benthic
macro fauna comprises resident species of
polychaetes, molluscs, sipunculas and mud-
burrowing fishes. Free swimmers or nekton
are important components of marine
biodiversity and constitute important fisheries
of the world. The dominant taxa in the nekton
are fish, others being crustaceans, molluscs,
reptiles and mammals. Out of a total 22,000
species, it has estimated that about 4,000
species occur in the Indian Ocean of which
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Table 2.2. Some of the coral reef representatives and their major utility

ANIMAL GROUP Food Ornaments Curios Medicinal Aquarium Culture Building
material

Sponges ++ ++ ++
CNIDARIA

Sea fan ++ ++ ++ ++ ++
Stony corals ++ ++ ++ ++ ++ ++
Black coral ++
Red coral (Not ++
available in India)
Sea anemone ++
Coral or mushroom ++
anemones
Tube anemones ++
Colonial anemones ++
Blue coral ++ ++
Pipe organ coral ++ ++ ++
Soft corals ++ ++
Fire coral ++ ++
Lace coral ++ ++
Jelly fish ++

POLYCHAETA
Sabellid worms ++
(fan worms and feather
duster worms)

MOLLUSCA
Snails ++ ++ ++ ++ ++ ++
Nudibranchs ++ ++
Scallops, Mussels, Oyster, ++ ++ ++ ++ ++ ++
Giant clams
Squid, Octopus, Cuttlefish ++ ++ ++

CRUSTACEA
Crabs ++ ++ ++ ++
Lobsters ++ ++ ++ ++
Shrimps ++ ++ ++ ++

ECHINODERMATA
Sea stars ++ ++ ++
Feather stars ++
Brittle stars ++
Sea urchins ++ ++
Sea cucumbers Beche- ++

de-mer
PISCES

Sharks ++
Sting Rays ++
Sea Horse ++ ++ ++ ++
Anemone fishes ++ ++

REPTILIA
Turtles ++ ++ ++

MAMMALIA
Sea Cow ++
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1,800 species are from the Indian seas.
Majority of the nektonic species is found in the
coastal waters. It is estimated that 40 species
of sharks and 250 species of bony species
represented the oceanic fishes. The biota of
marine habitat also exhibits a diversity of
survival strategies not found on land. The
numerous planktonic life forms of the ocean
drift passively in the water, relying on ocean
currents to transport them to new nutritional
sources and new habitats.

The Indian subcontinent is blessed with
tremendous marine wealth that comes mostly
from the Indian Ocean. The marine fauna of
India is rich and varied (Table 2. 3). Each local
habitat reflects prevailing environmental
factors and is further characterized by its
biota. Among coastal wetlands, estuaries,
mangroves and coastal lagoons are
biodiversity-rich areas, whereas other
brackish habitats have only a few specialized
species. It is generally commented that there
is a reduction in the species number in
estuaries compared to adjacent seas and in-
flowing River system. However, as far as
Indian estuaries are concerned the statement
is partly true. There is lesser number of species
than in the adjacent seas, but the upper
riverine ecosystem does not harbour as many
species as its estuary. It has been observed that
as the distance increases from the sea the
number of species decrease.

Accelerated loss of coastal and marine
biodiversity components in the last few
decades has been of great concern.
Environmental changes, overexploitation and
habitat loss are among the major causes of
species loss that, according to certain
estimates, is of the order of a species per day.
It is not known what fraction of this loss is
from marine environments, a situation that
owes to a lack of systematic coverage of all
faunal and floral classes, with the accent
having been placed often on economically
important groups, or of habitats like deep-sea
where one out of two species collected could
be new to science.

Probable estimates of species diversity have
been variously arrived at, by extrapolation of

known number of species from a section of the
habitat to others. With microbes, such
estimates are even less certain. It is likely that
more than 99% of the potentially existing
microbes are not amenable for detection with
the conventional methods and even the
number of the known ones has been on the
increase. In all probability, the number of
species from all groups and all habitats of seas
could be of the order of several million but we
know only a fraction of that for certain. Even
the most recent and most global inventory, the
Ocean Biogeographical Information System
(OBIS), has no more than 40,000 species
listed. What is unknown of the diversity, thus,
far exceeds what is known. A fraction of the
former, from extreme habitats like polar seas,
hydrothermal vents and deep-sea mounts,
thanks to logistic and technical constraints,
would remain unknowable for quite some
time to come.

India is one among 17 mega-biodiversity
countries and 32 hotspots of the richest and
highly endangered eco-regions of the world.
Among the Asian countries, India is perhaps
the only one that has a long record of
inventories of coastal and marine biodiversity
dating back to at least two centuries.
However, these are so diverse in space, time
and taxon that it is almost impossible to
review all records and reports. The synthesis

Fig. 2.1. Map of India showing information on
the coastal and marine ecosystem.
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of what is known of coastal and marine
biodiversity in India attempted in this paper
relies mainly on systematic accounts, records
and reports of two major institutions
concerned with surveys and inventories of
fauna and flora – the Zoological Survey of
India and the Botanical Survey of India as
well as other research organizations such as
Central Marine Fisheries Research Institute
and National Institute of Oceanography.

In terms of marine environment, India has
a coastline of about 8000 km, an Exclusive
Economic Zone of 2.02 million km2 adjoining
the continental regions and the offshore
islands and a very wide range of coastal
ecosystems such as estuaries, lagoons,
mangroves, backwaters, salt marshes, rocky
coasts, sandy stretches and coral reefs, which
are characterized by unique biotic and abiotic
properties and processes (Fig. 2.1 and Fig 2.2).
A network of 14 major, 44 medium and
numerous minor rivers together with their
tributaries cover practically the entire country
except for the western arid region of
Rajasthan Desert. The total length of the
rivers is estimated at over 40,000 km.

The dissimilarities between the west and
east coasts are remarkable. The west coast is
generally exposed with heavy surf and rocky
shores and headlands whereas the east coast

is generally shelving with beaches, lagoons,
deltas and marshes. The west coast is a region
of intense upwelling associated with
southwest monsoon (May – Sep) whereas the
east coast experiences only a weak upwelling
associated with the northeast monsoon (Oct-
Jan), resulting in marked differences in
hydrographic regimes, productivity patterns
and qualitative and quantitative composition
of fisheries. All islands on the east coast are
continental islands whereas the major island
formations in the west coast are oceanic atolls.

Diatoms

Diatoms are the dominant component of
phytoplankton in all the Indian estuaries and
the coastal waters from where detailed
inventories of floristic composition and
seasonal changes are available. Among the
estuaries of the east coast, phytoplankton
composition has been studied in detail only
from Hooghly, Rushikulya, Godavari, Couum,
Ennore, Adyar and Vellar. A total of 102
species of diatoms belonging to 17 families are
known from the east coast, with the largest
diversity pertaining to Naviculaceae (21 spp)
and Chaetoceraceae and Coscinodiscaceae
(11species each). Several other families like
Biddulphiaceae, Lithodesmiaceae,
Nitzchiaceae, Thalassionemataceae and
Thalassiosiraceae are represented by fewer
species. The diatom diversity along the west
coast is relatively higher, with 148 species
under 22 families. Naviculaceae among them
is the dominant with 22 species, followed by
Biddulphiaceae (16 spp), Lithodesmiaceae (15
spp) and Thalassiosiraceae (12 spp). Five
families – Hemidiscaceae, Stellarimaceae,
Stephanodisceae, Streptothecaceae and
Heliopeltaceae – with one to three species are
known so far only from the west coast. The
families Bacillariaceae, Biddulphiaceae,
Chaetoceracae, Naviculaceae,
Thalassiosiraceae, Thalassionemataceae and
Rhizosoleniaceae are the most cosmopolitan
in distribution. Of the few groups of marine
organisms, planktonic algae appear to have
been more completely catalogued. Their
compilation suggests that the number of
pennate diatoms in the world oceans could

Fig. 2.2. Information on the marine
ecosystems of India
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range from 500 to 784 and that of centric
diatoms, from 865 to 999. Compared with
these, not more than 25% of diatoms species
is recorded in Indian waters.

Dinoflagellates

 The dinoflagellate species diversity in the
east coast estuaries is relatively small (15
species in 7 families) compared to the west
coast estuaries (76 species from 10 families).
The family Dinophyceae is the dominant with
18 species followed by Peridiniaceae and
Ceratiaceae with 13 and 10 species each,
respectively. Unlike the diatoms, the number
of estimated dinoflagellate species in the
marine environment varies from 1000 to 2000.
Compared to these, the current inventory of
dinoflagellates in the Indian waters appears
too small. Such inventories, however, do not
distinguish between truly tropical species and
others that are cosmopolitan.

Marine Algae

Marine algae from Indian coasts have been
fairly well surveyed since several decades. The
latest systematic account lists 844 species
(including forma and varieties) distributed
among 217 genera (Table 2.3). The most
abundant among them are rhodophytes (434
species), followed by chlorophytes (216
species), phaeophytes (191 species) and
xanthophytes (3 species). Among these, the

maximum number of species has been
recorded from Tamil Nadu (302), followed by
Gujarat (202), Maharashtra (152),
Lakshadweep (89), Andhra Pradesh (79) and
Goa (75) (Fig.2.3). The scanty records in other
maritime states, especially the Andaman and
Nicobar Islands, may not necessarily mean a
paucity of algal species but may rather reflect
a lack of intensive surveys.

The seaweeds are harvested mainly for use
as raw materials for the production of agar,
alginates and seaweed liquid fertilizer. The red
algae (Gelidiella acerosa, Gracilaria edulis, G.
crassa, G. foliifera and G. verrucosa) are used
for manufacture of agar and the brown algae
(Sargassum spp., Turbinaria spp. and Cystoseira
trinodis), for alginates and seaweed liquid
fertilizers. Bulk of the harvest is from the
natural seaweed beds of Gulf of Mannar
Islands. Recently, Euchema cottonii has been
introduced in the Gulf of Mannar for
commercial farming. Its effect on native
species, not known so far, remains a matter
of great concern.

Sea Grasses

Fourteen species of seagrasses under 6
genera are known from Indian seas (Table
2.4). They are often found in association with
coral reef areas. Eleven species are known
from the Palk Bay, which include Cymodocea

Fig. 2.4. Map showing the diversity seagrass
species in IndiaFig. 2.3. Seaweed diversity of India
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serrulata, Halophila ovalis sub sp. ovalis,
Halodule pinifolia and Syringodium isoetifolium.
Thirteen species occur in the Gulf of Mannar
Biosphere Reserve, with Halophila, Halodule,
Enhalus and Cymodocea being common among
them. Thalassia and Syringodium are dominant
in coral reef areas and coral rubbles whereas
others are distributed in muddy and fine
sandy soils. Along the west coast, only
Halophila and Halodule species are
cosmopolitan in distribution and Cymodocea
sp. and Syringodium isoetifolium occur as very
small patches at the southern most end of
Thiruvananthapuram. Nine species, among
which Thalassia hemprichiii and Cymodocea
rotundata are dominant, occur in the
Andaman and Nicobar Islands. From
Lakshadweep Islands, 7 species are known,
among which Thalassia hemprichi is dominant.

Mangroves

The Indian mangroves cover about 4827
km2, with about 57% of them along the east
coast, 23% along the west coast and the
remaining 20% in Andaman and Nicobar
Islands. The mangrove formations are of three
types - deltaic, backwater-estuarine and
insular. The deltaic mangroves occur mainly
along the east coast, the backwater-estuarine
type along the west coast and the insular in
Andaman and Nicobar Islands.  A total of

Fig. 2.5. Diversity of mangroves in India

125 mangrove species are known from India
(Fig. 2.5). While several of them are
cosmopolitan in distribution, five of them -
Aegialitis rotundifolia, Heritiera fomes, H.
kanikensis, Rhizophora annamalayana and R.
stylosa - are restricted to the east coast and
one, Lumnitzera littorea, is present only in the
Andaman and Nicobar Islands.

Protozoa

The known number of protozoan species
from India is 2577, equivalent to about 8% of

Table 2.3. The diversity of marine flora and
fauna of India (+ estimated to be more).

Taxon India

PLANTAE (2398)

Diatoms 200+
Dinoflagellates 90+
Macroalgae 844
Seagrasses 14
Mangroves 1250

PROTISTA (1064)

Protozoa 532+
Foraminifera 500+
Tintinnids 32+

ANIMALIA (12,798)
Porifera 486+
Cnidaria 842+
Ctenophora 12+
Platyhelmintha 350
Annelida 338
Chaetognatha 30+
Sipuncula 35
Echiura 33
Gastrotrocha 75
Kinorhyncha 10
Tardigrada 10+
Crustacea 3498
Mollusca 3370
Bryozoa 200+
Echinodermata 765
Hemichordata 12
Protochordata 119+
Pisces 2546
Amphibia (estuarine) 3
Reptilia 35
Mammalia 29
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the total world protozoan fauna. Among
them, 1064 species are marine, and the
remaining are free-living and parasitic species.
Out of seven protozoan phyla only one viz.
Labyrinthomorpha has not yet been reported
from India.

Foraminifera

The most important phase of
documentation of foraminiferan fauna began
with the Challenger Expedition (1873-1876),
giving rise to detailed descriptions of deep and
shallow water Foraminifera. Contemporary
studies began with International Geophysical
Year in 1958 and the International Indian
Ocean Expedition (1962-1965). The major part
of the work on this group was along the east
coast of India. Comparatively less work has
been done on the west coast of India and the
Arabian Sea. Mention may be made on the
description and distribution of 164 species
from Kerala coast, 12 species of benthic
foraminifera from Kochi backwaters,
description of 277 species from bottom
samples near Lakshadweep Islands, 12
species from Juhu Beach, Bombay and a
series of papers describing 84 species from
shallow waters of Gulf of Cambay. The study
on the distribution and ecology of benthonic
and planktonic forms in the sediments of the
Andaman Sea appears to be the only one
from the Andaman and Nicobar Islands
(Venkataraman and Wafar, 2005).

Tintinnid

The order Tintinnida comprises of more
than 1000 species of marine ciliates that form
an important component of the
microzooplankton. A total of 32 species
belonging to 12 genera are known from
Indian waters. The degree of abundance of
tintinnid populations seems to coincide with
diatom and dinoflagellate blooms, however,
the persistence of such “swarms” appear to
be controlled by the larger zooplankton
grazers, such as copepods, chaetognaths,
bivalve and gastropod veligers. More studies
on diversity, biology and other ecological
aspects of the tintinnids are needed.

Sponges

This group has an evolutionary history of
about 570 million years and so far, 486 species
have been described in India. The sponge
fauna of India is dominated by species of

Fig. 2.6. Diversity of Sponges in India.

Desmospongia followed by those of
Hyalospongiae and Calciospongiae. Also 34
species of coral boring sponges (20 from Gulf
of Mannar and Palk Bay, 5 from Andaman
and Nicobar Islands and 18 from
Lakshadweep reefs) have been recorded. The
Gulf of Mannar and Palk Bay region has the
highest diversity (319 species) followed by
Andaman and Nicobar Islands (95 species),
Lakshadweep (82 species and Gulf of
Kachchh (25 species) (Fig. 2.6).

Cnidaria

The global estimates of cnidarian diversity
vary between 9000 and 12,000 species. In
India 212 species of Hydrozoa, 25 species of
Scyphozoa, 5 species of Cubozoa and 600
species of Anthozoa have been reported till
now. Since all groups of Cnidarians have not
received adequate attention of Indian
taxonomists, the above figures cannot be
taken as final.

Hydrozoa

The first description of hydrozoans in India
was by Annandale from Chilka Lagoon and
subsequently 35 species under 28 genera and
116 species belonging to 13 families were
reported from India. Among these forms,
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species of the orders Milliporina, Stylasterina
and Trachylina have received only scant
attention so far.

Siphonophora

Siphanophora are abundant in the Indian
seas and constitute an important part of the
marine plankton. The siphanophores from the
Indian Ocean have been studied by several
workers from the West and East Coasts of
India and those collected by R. V. ‘Vityaz’
along 90-1100 E longitude down 350 S latitude.
A comprehensive account of Siphanophora of
India shows 116 valid, one variety and 3
doubtful species known from the Indian
Ocean of which 89 occur in the Indian Seas.

Anthozoa: Scleractinia

Studies on taxonomy of Indian coral reef
started in India as early as 1847 by Rink in
Nicobar Islands and later in 1988 by Thurston
at Gulf of Mannar region. Brook recognized
8 species of Acropora from Rameswaram,
South East coast of India, out of which A.
multicaulia, A. thurstoni and A. indica were
described as new. Contemporary studies on
corals, which list a total of 218 species under
60 genera and 15 families (Venkataraman et
al., 2003). The recent studies on the hard
corals in Andaman and Nicobar islands by
Zoological Survey of India revealed 301
species. Among the four major reef areas of

India, Andaman and Nicobar Islands are rich
in coral species diversity whereas those of Gulf
of Kachchh is poorer. Lakshadweep Islands
have more number of species than those of
the Gulf of Mannar (Fig. 2.7). Among the
deepwater (ahermatypic) corals so far 686
species belonging to 110 genera and 12
families have been reported from the world
of which 227 species belonging to 71 genera
and 12 families have been reported from the
Indian Ocean region. However, meager
attention has been paid so far to inventorise
the deepwater corals and as a result, only 44
species are known until now from Indian
Seas.

Scyphozoa: Scyphomedusae

The earliest records of Scyphozoa in Indian
Seas were made from Lakshadweep,
Maldives, Sri Lanka and Okhamandal Coast
of Kattiawar. In the Indian seas several
cruises of the R.I.M.S. ‘Investigator’ and
coastal surveys by the Officers of the
Zoological Survey of India have yielded a
collection of 24 species, which form the Indian
National Collections in the Zoological Survey
of India, Kolkata. In addition, several cruises
of the R. V. ‘Chota Investigator’ along the
Madras Coast from 1972 to 1983 revealed the
occurrence of 19 species of which 11 were
already known from the Indian seas. Thus,
out of the 200 species of Scyphomedusae
known from the World Oceans, 34 are known
from the Indian Seas.

Ctenophora

Only 12 species of Ctenophores, among the
100-150 species known from the world ocean,
occur in the Indian seas. This inventory is
derived from sporadic studies carried out
several decades ago. Since then there has
been no studies on Ctenophores in India so
far.

Annelida: Archiannelida

 Pioneering studies on archiannelids of
India were made along Madras coast from
which 2 species of Polygordius, 2 species of
Protodrilus and 4 species of Saccocirrus were
described as new to science. Thus, comparedFig.2.7. Diversity of Hard Corals in India
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to the vast stretch of Indian coast, the
investigations hitherto carried out on
Archiannelida are quite limited and any
further intensive surveys of the fauna in other
areas are quite likely to yield interesting
results. The world records of Archiannelida
hitherto made fall under 5 families, 18 genera
and over 90 species, of which about 20 species
are reported from Indian coasts.

Polychaeta

In the phylum Annelida, the Polychaeta
have received considerable attention from
1909. Survey of this group actually started
with “Polychaeta of Chilka Lake” followed by
the littoral fauna of Krusadai Island in the
Gulf of Mannar (nearly 36 species under 11
families and 119 species under 22 families).
Perusal of literature shows that most of the
records pertaining to this group are either
from the Madras Coast or the Gulf of Mannar.
Central Marine Fisheries Research Institute
(CMFRI) has listed 200 species under 46
families in the catalogue of types and reference
collections. From the collections of Zoological
Survey of India and the Indian Museum 450
species have been described. The catalogue of
the polychaetous annelids from India lists 883
species.

Oligochaeta

Marine Oligochaete fauna is poorly known
in India, and most of the species are recorded
from littoral zones of small freshwater bodies
like ponds, tanks, pools, ditches, etc., all over
the country. The Enchytraeidae (pot-worms)
occur in terrestrial, littoral and marine
habitats, being abundant in acidic soils with
high organic matter. As compared to the
world fauna, only 3% of enchytraeid species
have so far been reported from this region,
mainly from Orissa.

Sipuncula

The pioneering work on the Indian
Sipuncula dates back to early 20th century. Of
the 145 species under 17 genera known from
the world oceans, 35 species under 10 genera
and 5 families occur in the Indian coasts. So
far as the distributional pattern of the

sipunculan fauna is concerned the major
areas of species concentration are Andaman
and Nicobar Islands, Lakshadweep Islands,
Gulf of Mannar and Gulf of Kachchh.

Echiura

 The phylum Echiura comprises of 127
species under 32 genera and 5 families.
Studies on Indian echiuran fauna began only
in the early 20th Century. Subsequent studies
had enriched knowledge on Indian echiuroids
so much so that the current inventory of 33
species under 11 genera is fairly rich in
comparison with what is known (43 species
under 14 genera) from the Indian Ocean.
Maximum abundance of echiurans is in Gulf
of Kachchh, Gulf of Kambath, Lakshadweep,
Andaman and Nicobar Islands and Gulf of
Mannar. Mud-dwelling forms are few in
numbers and are found in Kerala, West
Bengal and Orissa.

Chaetognatha

Chaetognaths (arrow worms or glass
worms) rank second in terms of abundance
after copepods in marine zooplankton and
are cosmopolitan in distribution. They are
mostly marine, but a few species are
estuarine. Among the 120 species known from
the world oceans, about 30 are reported from
the Indian Seas. Chaetognaths have been
extensively studied in Indian waters and from
various coastal and oceanic sites: Mumbay,
Chennai Coast, Kurusadai Island,
Mandapam area, Trivandrum coast, Malabar
Coast, Lawson’s Bay, Waltair, Ennore estuary,
Andaman Sea and coastal and offshore
waters. In contrast with this numerous
studies, chaetognaths of the deeper waters of
the seas around India and those of Andaman
and Nicobar Islands and central and northern
parts of the Bay of Bengal are not well known.

Tardigrada

Tardigrades occur as meiofauna in the
sandy beaches up to 2 or 3 m from water’s
edge of seacoast. Among the three orders of
the Phylum Tardigrada, the Heterotardigrada
is found in marine, freshwater and high
altitude mountains. So far 214 species are
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reported from the world under five families
and 20 genera. However in India only 10
species under two families and three genera
have been reported as meiofauna of marine
region154.

Arthropoda: Crustacea

 Global estimates of Crustacean species
diversity are 150,000 of which 40,000 have
been described so far. Of the 2934 species of
Crustacea that have been reported
(Venkataraman and wafar, 2005) so far,
marine species (94.85%) contribute maximum
to this diversity. In India as many as 139
species of stomatopods (4 families and 26
genera), 26 species of lobsters (4 families, 11
genera), 162 species of hermit crabs (3
families, 40 genera), 705 brachyuran crabs (28
families, 270 genera), 84 species of shrimps
and prawns (7 families, 19 genera) and 159
species of Caridea (15 families, 56 genera)
have been recorded so far. Other than these,
540 species of copepods, 104 species of
cirripeds, 120 species of ostrocods have also
been recorded (Fig.2.8).

Copepoda

Copepods are the most widely studied
group among the marine zooplankton. There
are approximately 210 described families,
2,280 genera and over 14,000 species in the
world. Largely as a result of these studies as
well as several others since then it is now
known that there are 540+ number of
copepod species in Indian waters. Among
these, the most dominant group is Calanoida,
with the Cyclopoida and Harpacticoida being
relatively less important. Only very few
papers dealing with marine Harpacticoida of
India and neighboring seas have been
published so far. A total of 106 species
belonging to 23 families are known from the
east coast estuaries (Fig. 2.8). Among them the
calanoids are the dominant, distributed in 16
families, followed by harpacticoids (5 families
and cyclopoids (2 families). The diversity in
the west coast estuaries is relatively higher,
with 179 species in 31 families. Calanoids are
dominant with 20 families. Though the
number of families of harpacticoids and

cyclopoids are the same (6 families), the latter
is more diverse, with 22 species compared
with 7 species of harpacticoids.

Ostracoda

The Ostracoda are one of the most
successful aquatic crustacean groups with
approximately 8000 living species. The six
extant and extinct orders are ubiquitous and
diverse, with over 50,000 named species and
genera and more awaiting study. Only 60+
species of ostracods are known from the
Indian coast of which 38 species are known
from the east coast and 28 species from the
west coast.

Branchiura

Our knowledge of this group from the
Indian region is rather scanty. It is not until
1951, when Ramakrishna contributed to our
knowledge of the Indian species of arguulids
found parasitic on fishes, that the group
received adequate attention. He described five
species of the genus Argulus of which three
were described as new to science.

Cirripedes

Information on the diversity of Cirripedia
of Indian coast is far from complete, with
only 36 species having been recorded so far.
Even these records are rather sketchy and
have low geographical coverage.

Malacostraca: Mysidacea

The foundation of our knowledge on the
Indian mysids was from the published work
on the ‘Mysidacea of the Indian Ocean’ based
on materials collected from epipelagic waters
down to 200 m during the International
Indian Ocean Expedition (IIOE). There are
about 160 species are more or less restricted
to the littoral environment. About 300 species
are confined to the neritlc region, 30 are
epipelagic and over 200 live in the meso and
bathypelagic regions and in India there are
about 75 species have been reported so far.

Cumacea

Cumacean species are little known from
Indian seas. So far, studies on Indian
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cumaceans revealed 69 species belonging to
3 families and 8 genera.

Tanaidacea

Our knowledge of Tanaidacea is rather
poor from the Indian region. Chilon
contributed a paper dealing with a species of
the group from the Chilka Lake.

Isopoda

Very little is known about the marine
isopods when compared to terrestrial isopods
of India. Chopra contributed a monumental
monograph on the Bopyrid isopods of Indian
Macrura wherein 33 species pertaining to 13
genera were described from Andaman
Islands, Delta of Ganges and Madras and
other areas. Chopra contributed another
paper on the Bopyrid isopods on Indian
Macrura. The collection included 12 species
pertaining to 7 genera collected mostly from
the Andaman and Nicobar Islands, Delta
Ganges, Gulf of Mannar and Bombay. The
contributions on the marine woodborers from
1963 to 1968 by various Indian authors
revealed six species of the genus Sphaeeroma
and nine species of Limnoria from the Indian
waters.

Amphipoda

Studies on the amphipods of the Indian
and the neighboring waters received the

attention of Zoologists only as late as 1885.
Sixteen species amphipods were reported
from Krusadai Island, Gulf of Mannar and the
neighbouring waters. Many amphipod
species were reported from the collection
made from Travancore, Cochin and Bengal
coasts by the Zoological Survey of India.
Apart from the record of the three species of
amphipods off the coast of Mahabalipuram,
a brief note about the occurrence of three
species of amphipods at Adyar in Madras.
Scientists of Zoological Survey of India
compiled a detailed account of the intertidal
Gammarid amphipods from the Indian coasts
and listed 132 species pertaining to 54 genera.

Euphausiacea

The earliest account on Indian euphasids
is known through the work of Wood-Mason
and Alcock. Among the Indian coasts 23
species of euphasids from the Laccadive and
Maldive as well as from adjoining regions two
species from South West Coast of India have
been recorded so far.

Stomatopoda

Kemp published a monograph on Indo-
Pacific stomatopods comprising of 139 species
and varieties known till then. Kemp and
Chopra published papers on the stamatopods
form collection of the John Murry Expedition
(1933 –34) made by Sewell. After a gap of two
decades a series of papers were published
highlighting the present knowledge of
Stomatopoda in the Indian waters. The study
of Stomatopoda of India is, however, far from
complete.

Decapoda: Macrura

Decapoda as a whole has received a good
attention from scientific workers compared to
other groups. The earliest to contribute was
de Man who, in a series of papers, referred
to the Decapod collection from the brackish
water ponds of Lower Bengal. The
contributions of Kemp to the study of Indian
Crustacea are among the most noteworthy of
the group. His contributions on decapod
crustaceans of the Indian Museum published
in 24 parts in the Records of the Indian MuseumFig. 2.8. Diversity of Crustacea in India
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contains systematic account of various marine
and brackish water forms belonging to the
families Hippolytidae, Carangonidae,
Disciadidae, Palaemonidae, Pasiphasidae,
Stylodactylidae, Rhynchocinetidae,
Pacdalidae and Anchistodidae in which,
species from most varied habitats have been
reported. Alcock contributed a comprehensive
catalogue on the penaeid prawns of India.
Since then several Indian researchers have
contributed to inventories of this group.
Although large number of species of prawns
and lobsters are known to occur in and along
the Indian coast, work on this group of
species is very limited. World over 17 families,
67 genera and 383 species have been recorded
as commercially important. A total of 55
species of commercial shrimps and prawns
have been recorded in India. The east coast
of India contributes to about 24.5% and the
west coast contributes 75.3% of countries
shrimp production.

Brachyura

The earliest works on the crabs of Indian
Seas were those of Milne Edwards, Henderson
and de man. The first comprehensive study
of the crabs of west coast was that of
Borradalile. Alcock gave a detailed account of
marine and brackish water crabs. Kemp dealt
with 38 species under six families collected
from the Chilka Lake and in 1923 accounted
for crabs collected from the mouth of Hooghly
River. Chopra in a series of contributions
entitled “Further Notes on Crustacea
Decapoda in the Indian Museum” published
in seven parts dealt with Hymenosomatid,
Dromiacea, Oxystomata, Oxyrhyncha,
Brachyrhyncha and Potamonid crabs. These
series were in continuation of Kemp’s series
entitled “Noters on Crustacea Decapoda in
the Indian Museum’. Many other Indian
authors added to the earlier works raising the
total carcinological fauna to above 250
species. There are about 254 species of crabs
belonging to 120 genera under 24 families
recorded along the west coast of India (Fig.
2.8). Among these, the names of 100 species
have been revised. 22 families and 37
subfamilies represent brachyuran crabs.

Family Leucosiidae represented the higher
number with 20 species followed by subfamily
Thalamitae of family Portunidae (19 species).
Family Xanthidae alone is represented by 10
subfamilies of which the subfamily Zosiminae
is represented by 14 species.

Anomura

Sarojini and Nagabhushanam gave a
detailed account on the Porcellanids from the
Waltair Coast. Scientists of Zoological Survey
of India listed twenty species pertaining to the
families Paguridae and Coenobitidae. The
study on the Anomuran crabs is far from
complete and more studies are needed in this
group.

Mollusca

The history of malacological study in India
is immense and interesting. Studies on Indian
molluscs were initiated by the Asiatic Society
of Bengal (1784) and the Indian Museum,
Calcutta (1814). Benson in 1830 was perhaps
the first author to publish a scientific paper
on Mollusca. Between the years 1830 and
1865 he published a total of about 90 papers
dealing with the land and freshwater
molluscs of the Indian subcontinent. The
beginning of the 20th century is the most
productive and significant period in the
history of Indian Malacology, with the
Zoological Survey of India, Central Marine
Fisheries Research Institute and several
maritime universities contributing immensely
to the knowledge of the molluscan fauna. In
India, till today, 5070 species of Mollusca have
been recorded of which, 3370 species are from
marine habitats. From the available data, it is
possible to identify certain areas having rich
molluscan diversity. Andaman and Nicobar
Islands have a rich molluscan diversity,
which include over 1000 species from the
marine region Gulf of Mannar and
Lakshadweep have 428 and 424 species
respectively (Fig. 2.9). Eight species of Oysters,
two species of mussels, 17 species of clams, six
species of pearl oysters, four species of giant
clams, one species of window-pane oyster and
other gastropods such as Sacred chank,
Trochus, Turbo as well as 15 species of
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cephalopods are exploited from the Indian
marine region.

Bryozoans

Although regarded traditionally as a minor
phylum, the group contains as many as
20,000 described species actually occupying
an intermediate position in the hierarchy of
animal phylum in respect of species
representation. Of these, approximately 4,000
species are living. At least 200 valid species
occur in India. The bryozoa are grouped
under three classes i.e. Phylactolaemata
(freshwater species), Stnolaemata and
Gynolaemata. A total of 126 families are
recognized – 100 from Gymnolaemata (15
form the order Ctenostomata and 85 from
Cheilostomata), 21 from Stenolaemata and
five from Phylactolaemata. In India, as in
other parts of the world, only a few species
of bryozoans inhabit freshwater lakes and
rivers (Phylactolaemata) and most others are
marine or estuarine. It is however to be noted
that vast stretches of the long Indian coastline
still remain unexplored and biology and
ecology of several species still remain
uninvestigated.

Entoprocta

The Entoprocta are predominantly marine
having about 60 species known from the
world with the exception of one genus in

freshwater. Reports of Entoprocta from India
are scanty except for the brackish and marine
water species reported by Annandale and
Harmer. The diversity in Entoprocta is limited
and restricted basically to the following three
families viz., Loxosomatidae, Pedicellinidae
and Urnatellidae. Family Loxosomatidae is
commonly represented in India by two genera
(Loxosoma and Loxocalyx). The family
Pedicellinidae is represented by the genera
Pedicellina, Myosoma, Chitaspis,
Loxosomatoides, Pedicellinopsis, Barentsia,
Gonypodaria and Arthropodaris.

Echinodermata

 Plancus and Gualtire made the first report
on Indian echinoderms from Goa in 1743 and
the next one in 1830 was by Collier on the
beche-de- mer. Subsequently, other studies
accounted a few new species from the Bay of
Bengal. Most of what we know of the
echinoderm fauna is from examination of the
collections from expeditions such as
Investigator, Challenger, Valdivia and John
Murray. India has 765 species (Crinoidea: 13
families, 43 genera 95 species; Astereroidea:
20 families, 81 genera and 180 species;
Ophiuroidea: 15 families, 67 genera 150
species; Echioidea: 28 families, 79 genera 150
species; Holothuroidea 14 families, 62 genera
160 species) recorded until today and about
257 species are known from Andaman and

Fig. 2.9. Diversity of Mollusca in India

Fig. 2.10. Diversity of echinoderms in India
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Nicobar Islands. Lakshadweep has 77 species
and the Gulf of Mannar, 112 species
(Fig.2.10). Economically, only Holothuroidea
are exploited on a commercial scale for export.
Twelve species of Holothurians belonging to
the genera Actinopyga, Bohadschia, Holothuria,
Stichopus and Thelenota are known to be of
commercial importance in India. However,
only three species Bohadschia marmorata,
Holothuria scabra and H. spinifera are being
exploited to a large extent in the Gulf of
Mannar. All holothurians are now included
under Schedule 1 of the Wildlife Protection
Act, 1972.

Hemichordata

Phylum Hemichordata is divided into three
classes, i.e. Enteropneusta, Pterobranchia and
Planctosphaeroidea. Of the four families
known from the world only three families are
recorded from India. So far, 102 species are
recorded from the world of which 12 are
known from India. Genera such as
Ptychodera, Glossobalanus, Glandiceps have
been collected from the Gulf of Mannar, Gulf
of Kachchh, Andaman Islands, Lakshadweep
and Maldive Seas, the Tamil Nadu coast up
to Cape Comerin and the Saccoglossus has
been recorded from the high saline marshy
areas of Sunderbans in West Bengal. The only
commonly available enteropneust worm in
India is Ptychodera flauva.

Protochordata

This phylum includes two subphylum
Cephalochordata and Urochordata.
Worldwide the diversity of cephalochordates
includes 2 families, 2 genera and 24 species
and in India 6 species are reported under 2
families and 2 genera. The subphylum
Urochordata is divided into class Ascidiacea
(sea squirts) that are sessile or benthos
attached to substratum on the coral reef, Class
Thaliacea (= salps) and Class Larvacea that
are planktonic. About 2000 species of
ascidians are reported from all over the world
of which 47 are reported in India (9 families,
21 genera). Out of 57 species of Thaliacea
reported from the world, 48 species (four
families and 19 genera) occur in India and out

of 25 species of Larvacea reported from the
world 18 (two families 14 genera) are reported
from India.

Fishes

The history of ichthyology in India is
colossal and interesting. Brief histories of
Indian Ichthylogy may be found in Day and
Whitehead and Talwar245. Among the books
published on Indian fishes, Francis Day’s
(1875-1878) treatise “The fishes of India” is of
greatest importance. The publications on
“Commercial sea fishes of India” by Talwar
and Kacker is noteworthy in our knowledge
of fish faunal resources of India besides many
other research publications by other scientists.
Fishes comprise about half the total number
of vertebrates. The number of estimated living
fish species might be close to 28,000 in the
world. Day has described 1418 species of fish
under 342 genera from the British India.
Talwar has described 2546 species of fish
belonging to 969 genera, 254 families and 40
orders (Fig. 2.11). The distribution of marine
fishes is rather wide and some genera are
common to the Indo-Pacific and the Atlantic
regions. 57 percent of the Indian marine fish
genera are common to the Indian Ocean and
to the Atlantic and Mediterranean.

The exact number of species associated
with coral reefs of India is still to be found,

Fig. 2.11. Diversity of marine Fishes of India.
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however the number of fishes in Indian Ocean
is 1367 species. The Lakshadweep Islands
have a total of 603 species of fishes. Over 1000
species are found in the Andaman and
Nicobar Islands and about 538 in the Gulf of
Mannar Biosphere Reserve. The categories of
fishes occurring in coral reef ecosystem of
India includes groups such as the damselfishes
(52 species), butterfly fishes (32 species), sweat
lips (16 species), angelfishes (16 species),
parrot fishes (14 species), snappers (42
species) and most of the wrasses (53 species),
groupers (43 species) and surgeonfish (18
species). Another 20% are composed of
cryptic and nocturnal species that are
confined primarily to caverns and reef crevices
during daylight periods.

Reptiles

About 26 species of sea snakes belonging
to the family Hydrophiidae and five species
of sea turtles have been reported from seas
around India. All the sea snakes and four
species of turtles in their marine environment
are known from islands of Andaman and
Nicobar. Studies on sea turtles occurring in the

coastal waters of India and their nesting
grounds were neglected till Smith focused our
attention on these giants among the sea
reptiles. Seven species of sea turtles are found
in the world’s warm oceans of which five
species are reported in India. Of these
Leatherback sea turtle, Dermochelys coriacea is
the sole representative of the family
Dermochelyidae and is a rare species. The
remaining four species namely the Green
turtle (Chelonia mydas), the Olive Ridley
(Lepidochelys olivacea), the Hawksbill
(Eretmochelys imbricata), and the Loggerhead
(Caretta caretta) are contained in a single
family, Cheloniidae.

Marine Mammals

Marine mammals belong to three orders
Cetacea, Carnivora and Sirenia. A little over
120 species are estimated to occur world over
and of these 40 are reported from Indian
Ocean and 29 species of marine mammals
belonging to the order Cetacea and Sirenia
are reported from Indian waters. However, a
majority of these are oceanic forms and
occasionally a few individuals may get
stranded on the shore. Sea cow, Dugong
dugon occurs in near shore waters of Gulf of
Mannar, Gulf of Kachchh and Andaman and
Nicobar Islands. Dolphins and some of the
whales that live or breed in tropical waters,
such as humpbacks, are occasionally seen
near shore areas. The Government of India
has so far listed three species of cetaceans
(Irrawady dolphin, Ganges River dolphin and
sperm whale) and the dugong in Schedule I
of Wildlife Act, 1972 (amended in 1991).

The current inventory of coastal and
marine biodiversity of India (Table 2.3) shows
that many groups that are commercially and
trophically important are the ones that have
been extensively inventorised, leaving several
groups, notably the minor phyla grossly
understudied.Fig. 2.12. Diversity of marine reptiles of India.
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The coastal zone of India is endowed with a
very wide range of coastal ecosystems such as
estuaries, lagoons, mangroves, backwaters,
salt marshes, rocky coasts, sandy stretches and
coral reefs which are characterized by unique
biotic and abiotic properties and processes.

Major coastal ecosystems of India are
discussed here, for their economic use,
conservation status, and the viability of
offering environmental protection.

1. CORAL REEFS

Coral reefs are among the planet’s largest and
oldest structures created by living organisms.
Few genera of corals are supposed to be older
than prairies. This unique ecosystem is most
productive because of its symbiotic association
with an alga called Zooxanthellae (Fig. 3.1).
They are the protectors of the coastlines of the
maritime states, however are very fragile and

vulnerable to natural disturbances, and
human activities. Many maritime states and
the coastal populations mostly depend upon
the coral reef ecosystems for their day-to-day
life.

Reefs are home to more species than any
other ecosystem in the sea for they provide
shelter and nourishment to thousands of
marine flora and fauna with a complex web
of inter-specific interactions. The total number
of reef species in the world is still unknown,
but up to 3,000 species can be found together
on a single reef in Southeast Asia and over
1,000 on a single Caribbean reef. Only tropical
rainforests estimated by some to be home to
a staggering 30 million insects, have a greater
number of species, although due to the vast
number of fish that inhabit them, reefs
contain a larger number of vertebrates than
rainforests. Reefs also contain many more

3. MARINE PROTECTED AREA CHARACTERIZATION
IN INDIA

Fig.3.1. Photograph showing a typical underwater coral reef ecosystem
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major animal groups (Phyla) than any other
ecosystem on land or in the sea. The richest
reefs, with the greatest diversity of plants and
animals are in the region bounded by
Indonesia, Malaysia, the Philippines and
southern Japan. Of the 700 or so reef coral
species that are known in the world, 600 are
found in this region; over 400 are found in the
Philippines and Japan, and about 350 in
Indonesia, and upto 200 corals may occur on
a single reef in this region. This high diversity
extends equally to other reef associates and is
partly because of the greatest area of reefs
found here and partly because of its
geological history. The variety of species on a
reef decreases eastwards across the Pacific.

mainland coast of India has two widely
separated areas containing fringing reefs: the
Gulf of Kutch in the northwest, which has
some of the most northerly reefs in the world,
and Palk Bay and Gulf of Mannar in the
southeast. There are patches of reef growth
on the West Coast, for example coral reefs at
Malvan. The Andaman and Nicobars also
have fringing reefs around many islands, and
a long barrier reef (329 km) on the west coast.
The reefs of Andaman may prove to be the
most diverse in India and those in the best
condition. The Lakshadweep has extensive
atoll reefs.

The absence of reef in Bay of Bengal (North
East Coast) is attributed to the immense
quantity of freshwater and silt brought by the
rivers such as Ganga, Krishna and Godavari.
Satellite imagery (SAC, Ahmedabad) shows
scattered patches of corals in the intertidal
areas and occasionally at subtidal depths
along the West Coast of India notably at
Ratnagiri, Malwan and Rede Port.

A total of 478 species of corals divided
among 89 genera are recorded from India,
including Lakshadweep, the Gulf of Kachchh,
Palk Bay and the Gulf of Mannar and
Andaman and Nicobar Islands,  which is
about 60% of the total known hermatypic
genera from the world. A comprehensive list
of species from the Indian Ocean is not yet
available. Based on the present checklist, the
following numerical list of species under each
family is drawn up (Tables 3.1 and 3.2).
Among the four major reef areas of India,
Andaman and Nicobar Islands are found to
be very rich and Gulf of Kachchh the poorest
in species diversity. Lakshadweep Islands
have more number of species than the Gulf
of Mannar. About 97% of Indian genera
recorded from Andaman and Nicobar Islands,

Fig. 3.2. Map showing the four major coral reef
areas of India

In India, all the three major reef types such
as atolls, fringing reefs and barrier reefs occur,
and the region includes some of the most
diverse, extensive and least disturbed reef
areas of the Indian Ocean, many of which are
among the least scientifically known. The

Table 3.1: Diversity of scleractinian corals in the major reefs of India

 Gulf of Lakshadweep Palk bay and A & NIslands Total

Kachchh Gulf of Mannar

Families 10 13 14 19 19

Genera 25 37 40 86 89

Species 49 104 117 424 478
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Table 3.2: Coral families recorded from A and N islands in comparison with Indian corals.
No. Family India A&N Islands

Genus Species Genus Species
1 ACROPORIDAE Verrill, 1902 4 143 4 126
2 ASTROCOENIIDAE Koby, 1890 2 4 2 3
3 POCILLOPORIDAE Gray, 1842 3 15 3 15
4 EUPHYLLIDAE Veron, 2000 3 7 3 7
5 OCULINIDAE Grey, 1847 1 4 1 3
6 MEANDRINIDAE Gray, 1847* 1 1 1 1
7 SIDERASTREIDAE Vaughan &Wells, 1943 4 14 4 13
8 AGARICIIDAE Grey, 1847 6 32 6 29
9 FUNGIIDAE Dana, 1846 11 48 11 43

10 PECTINIIDAE Vaughan and Wells, 1943 5 13 5 13
11 MERULINIDAE Verrill, 1866 3 8 3 8
12 DENDROPHYLLIDAE Grey, 1847 7 26 7 19
13 CARYOPHYLLIIDAE Gray, 1847 6 11 5 9
14 FLABELLIDAE Bourne, 1905 2 2 1 1
15 RHIZANGIIDAE Orbingny, 1851 2 2 1 1
16 MUSSIDAE Ortmann, 1890 7 23 7 20
17 FAVIIDAE Gregory, 1900 18 81 18 76
18 TRACHYPHYLLIIDAE Milne Edwards & Haime, 1848 1 1 1 1
19 PORITIDAE Grey, 1842 3 43 3 36
 Total 89 478 86 424

Areas harbouring Total reef Name of the Protected (Coral Total Protected Reef area
coral reefs in India area (km2) reef) Area area (including under

islands, reef protection
etc.) (km2) (km2)

Lakshadweep Islands 933.70* Pitti Wild life Sanctuary 0.01 Data not
available

Andaman Nicobar 1021.46* 1. Mahatma Gandhi Marine 281.50 42.60*
Islands    National Park

2. Rani Jhansi Marine National 256.14 14.80*
   Park
3. North Button National Park 0.44 0.40*
4. Middle Button National Park 0,44 Data not

available.
5. South Button National Park 0.03 Data not

available.
6. North Reef Island, Sanctuary 3.48 9.30*

Gulf of Mannar 69.03* 1. Gulf of Mannar Marine 560.00 69.03*
National Park
2. Gulf of Mannar Marine
   Biosphere reserve

Gulf of Kachchh 352.5* 1. Gulf of Kachchh Marine
   National Park
2. Gulf of Kachchh Marine 295.03 Data not
   Sanctuary available.

Palk Bay 6.9* — — —
Malvan 0.28* 3. Malvan Marine Sanctuary 29.22 0.28

* Source: SAC, 2010

Table 3.3. Major coral reef areas and areas under protection

*Doubtfull identification
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where as other reefs constitute merely 40%.
This indicates the high degree of coral diversity
in Andaman and Nicobar Islands.
Interestingly Andaman and Nicobar Islands
has all the families (100%) which are recorded
from other major reefs of India.

The total area of coral reefs in India is
estimated to be 2383.87 km2 (SAC, 2010). All
reef areas in India are not effectively brought
under PA net work, however, it is significant
to note that 3 out of 5 designated MPAs are
meant for the conservation of coral reefs. As
pointed out in Table 3. 3., the reef areas in
Lakhadweep and Palk Bay do not have any
protection. Only 6.61% of the reef area in
Andaman Nicobar is under the coverage of
Marine Protected Area. For Gulf of Kachchh,
the entire reef area is not covered under the
MPA jurisdiction, and the total reef extent
exceeds the total area under MPA. Data on
the actual reef area under protection is not
available for this region.

2. MANGROVES

Mangrove forests form one of the most
extraordinary ecological formations occurring
almost exclusively in the tropics. These are
salt-tolerant ecosystems of tropical and
subtropical intertidal coastal regions near river
mouths. Between latitudes 30oN and 30oS, the
shoreline marsh vegetation is replaced by
mangals (a community of mangroves is
termed as mangal). They form highly
productive ecosystems since the inorganic
nutrients, brought in by the incoming
freshwater from land run-off, are trapped to
form the source of energy for many organisms.
Through the export of decomposable organic
matter into adjacent coastal waters, the
mangroves provide an important nutrient
input and primary energy source for many
tropical estuaries. A mangrove ecosystem
constitutes a reservoir, refuge, feeding ground
and nursery for many useful and unique
plants and animals confined to this region.
Hence, they have great ecological, social and
economic significance. These areas are
important for the marine fisheries, serving as

they do as nurseries for many species of
finfish and shellfish. They also provide a
wide variety of goods and services including
wood production, aquaculture, salt
production and shoreline protection from
cyclones and tropical storms and coastal
erosion control. The multiple uses of the
coastal zone, in general, and the mangroves
in particular, like recreation, tourism, forestry,
agriculture, aquaculture, housing and
commercial fishing are all well known, as also
the fact that this zone is very highly productive
and also thickly populated. A major concern
with the increasing use of this zone and its
resources relates to coastal pollution by
domestic industrial, municipal and
agricultural wastes and of late due to oil
exploration.

Fig. 3.4. Major mangrove regions of India

India has only 2.66% of the world’s
mangroves, 6.42% of mangroves exist in the
South and Southeast Asia, 9.83% in America,
17.29% in West Africa, 25.69% in Australia
and 46.65% of mangroves in East Africa and
Middle East. Three types of mangroves occur
in India viz., deltaic, backwater-estuarine and
insular categories. The deltaic mangroves
occur on the east coast (Bay of Bengal) where
the mighty rivers make the deltas (e.g. World’s
largest mangrove forest, the Gangetic
Sunderbans in West Bengal). The Sunderbans
mangroves are of the deltaic type. The
backwater-estuarine type of mangroves that
exists in the west coast (Arabian Sea) is
characterized by typical funnel-shaped
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   State/UT Total  (km2)*         Name of the protected Total Area
Mangrove              (Mangrove) area covered under

area protection (including
land area, islands,

mudflats, reef,
etc.,) (km2)

West Bengal 2155 1. Sunderbans National Park and 1330.0***

   Tiger Reserve

2. Halliday Sanctuary 5.95***

3. Lothian Island Sanctuary 38.0***

4. Sajnakali Sanctuary 362.40***

Orissa 222 1. Bhitarkanika National Park 672.0***

   and Marine Sanctuary
2. Gahirmatha Marine 1435.0

   Sanctuary

Andhra Pradesh 352 1. Coringa Wildlife Sanctuary 235.7

2. Krishna Wildlife Sanctuary 194.81

3. Pulicat Lake Bird Sanctuary 500.00

Tamil Nadu 39 1. Pulicat Lake Bird Sanctuary 153.67

2. Point Calimere Willife and 17.26

   Bird Sanctuary

Puducherry 1 — —

Andaman and 617 1. Mahatma Gandhi Marine NP, 281.40

Nicobar Islands    Wandoor

2. Rani Jhansi Marine National Park 256.14

3. Lohabarrack Sanctuary 21.57

4. North Button National Park 0.44

5. Middle Button National Park 0,44

6. South Button National Park 0.03

7. North Reef Island, Sanctuary 3.48

8. Galathea Bay Sanctuary 11.44

9. Parkinson Island Sanctuary 0.34

10. Mangrove Island Sanctuary 0.39

11. Blister Island Sanctuary 0.26

Kerala 6 — —

Karnataka 3 — —
Goa 22 1. Chorao Reserve Forest and 1.78**

   Bird Sanctuary

Maharashtra 186 1. Malvan Marine Sanctuary 29.12

Daman & Diu 1.56 — —

Gujarat 1058 1. Gulf of Kachchh Marine Narional 295.03

   Park and Sanctuary

* FSI, 2011

** Kumar, 2000

*** Singh, 2002

Table 3.4. Mangrove areas in India and Areas under protection
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estuaries of major rivers (Indus, Narmada,
Tapti) or backwaters, creeks, and neritic inlets.
The insular mangroves are present in
Andaman and Nicobar Islands, where many
tidal estuaries, small rivers, neritic islets, and
lagoons support a rich mangrove flora.

The total area of mangroves estimated as
per data of 2009 is 4,662 km2 (FSI, 2011). The
Sunderbans has 30 of the 50 species of the
true mangroves in the world. The mangrove
area in Orissa is nearly 222 km2 in extent and
its degradation is placed at 20 km2 over ten
years, as per recent estimates (Fig.3.4).
Andhra Pradesh has 352 km2 of mangrove
area. The area under mangrove ecosystem in
Tamil Nadu is 39 km2. Out of India’s total
area under the mangroves, about 57% are
found on the East Coast, 23% on the West
Coast and remaining 20% on the Bay Islands
(Andaman and Nicobar). No data is available
on the actual extent of mangroves in the
Marine Protected Areas of India. For some of
mangrove states it could be said that the
entire extent of mangrove is not covered
under the protected area, where total
mangrove area (Table 3. 4) is less than the total
area covered under protection. This applies to
the states like West Bengal, Orissa, Andhra
Pradesh, Tamil Nadu and Andaman and
Nicobar Islands. On the contrary,
Maharashtra, Gujarat, Daman and Diu, Goa,
Karnataka, Kerala and Puducherry have
additional mangrove extent outside the
protected area.

3. SEAGRASS AND SEAWEED
ECOSYSTEMS

Seagrasses occur in the infratidal and midtidal
zones of shallow and sheltered localities of
sea, gulf, bays, backwaters and lagoons. They
are submerged monocotyledonous plants and
adapted to the marine environment for
completion of their life cycle under water.
They form a dense meadow on sandy and
coral rubble bottoms and sometime in the
crevices under water.

In India they occur along the east and West
Coast and Andaman and Nicobar and
Lakshadweep Islands. Earlier studies revealed
that about 14 species are found along the
Indian coast. The dominant species are
Cymodium rotundata, Enhalus acorodies,
Halodule pinifolia pinifolia, H. uninervis, H.
wightii, Halophila beccarii H. deeecipiens, H.
ovalis, H. ovta, H. stipulacea, Syringodium
isoetifolium, Thalassia hemprichii and others.
About 9 species of seagrass are extensively
found in Andaman and Nicobar Islands. The
unique ecological importance of the seagrasses
for the conservation of rare and endangered
animal like marine turtles, dugongs, some
common echinoderms, juvenile prawns and
fishes is very well known.

The seaweed communities prefer
somewhat flat and rocky coastal wetlands
that gradually slope towards the sea with
marked tidal effect of complete submergence
during high tide and successive exposure

Seagrasses Seaweeds
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during low tide. Its distribution extends from
open shore formation to interdial lagoons,
bays, rockpools, and puddles or in creeks and
inlets beyond the low tide make along the
infralittoral region of the coast. Different
species are abundant along the West Coast,
Andaman and Nicobar Islands, and
Lakshadweep. Except the places like Chilka,
Pamban, Gulf of Mannar and Cape Comorin,
its occurrence along the East Coast is very
scanty.

About 120 species of seaweeds have so far,
been recorded from the coastal wetlands in
India. Some of the important seaweeds are
Enteromorpha compressa, Ulva lactuca,
Acetabularia crenulata, Dictyosphaeria cavernosa,
Chaetomorpha media, Caulerpa corynephora, C.
paltata, odium iyengarii, C. tomentosum,
Halimeda macroloba, Dictyota atomarica,
Ectocarpus breviarticvulatus, P.olysiphonia
vaariegata, Grateloupia indica, Sargassum
duplicatum and others. These plant
communities serve as sustainable life support
in the field of food, shelter, fertilizer,
production of iodine, potash, glue, agar, algin,
vitamin, antibiotic and others. The detailed
studies on Indian seaweed, their survey,
quantitative assessment and different
problems for extracting valuable products for
commercial export are to be given more
emphasis in the future.

Despite their ecological and economic
significance the area estimates of seagrass and
seaweed dominated ecosystems have not been
carried out for the Indian coastal systems,
with the exception for Palk Bay and Gulf of
Mannar (Manikandan et al., 2011,
Umamaheswari et al., 2009) These ecosystems
outside the MPAs in India are to be mapped
to be identified for offering any MPA status.
Several of the seagrass ecosystems are
designated forage places for dugongs and
turtles have also not been notified. These
lapses have to be urgently met with for the
conservation of these ecosystems and
associated fauna.

4. ESTUARINE ECOSYSTEM

Estuaries are integral parts of coastal
environment. They are the outfall regions of

the river, making the transitional zone
between the fluvial and marine environs.
They are also effective nutrient traps and
provide a vital source of natural resources to
man and are used for commercial, industrial
and recreational purposes. Historically the
term estuary has been applied to the lower
tidal reaches of a river. They may be also semi-
enclosed and sheltered coastal bodies of
water. As they are semi-enclosed they provide
natural harbour for trade and commerce.
Most of the great cities of the world have
developed around the estuaries. Of the ten
largest metropolitan areas in the world, seven
– namely, New York, Tokyo, London,
Shanghai, Buenos Aires, Osaka and Los
Angels - border the estuarine areas. In India,
cities like Bombay, Kolkata and Chennai are
developed around estuaries and the coastal
population density has been quite high since
many centuries. Even at the time of Harappan
civilization, exploitation of estuarine and
riverine resources was intensive; for instance
an active Greek-Roman sea trade flourished
at the Indus delta (Mohan-jo-daro), the
Ganga-Bramaputra delta and the harbours in
Bengal and South India.

Ecosystem diversity is reflected in the
formation of estuaries at the mouth of 14
major rivers, which together account for 83%
of the total catchment area and 85% of the
annual runoff into seas around India (Qasim
and Sengupta, 1984). These estuaries harbour
lush mangrove vegetation which add
subsequently to the organic production. In
some locations along the coast, backwaters
stretch over vast areas and have a few
specialized faunal groups. The total estimated
area under the estuaries is approximately 2
million hectares and the backwater is 1.9
million hectares. Two lagoons, namely Chilka
and Pulicat on the East Coast, are the
important wetlands as far as biodiversity is
concerned.

Biodiversity in this ecosystem is very
impressive. They are the best settling places
for clams and oysters. They also act as
nursery ground for a variety of shrimps and
some finfishes. In India there are 113 major
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and minor rivers. The health status and the
biological diversity of the Indian estuarine
ecosystem are deteriorating day by day due
to man-made activities and dumping of
enormous quantities of sewage into the
estuaries, which has drastically reduced the
population of the mature fishes. It has also
caused considerable ecological imbalance and
resulted in large-scale disappearance of their
flora and fauna.

5. LAGOON ECOSYSTEM

Coastal lagoon is a shallow coastal water
body separated from the ocean by a barrier,
connected at least intermittently to the ocean
by one or more restricted inlets and usually
oriented parallel to shore. The ocean
entrance(s) can at times be closed off by
sediment deposition as a result of wave action
and littoral drift. Coastal lagoons are usually
found on low-lying coasts and are normally
aligned with their largest diameter parallel to
the seashore. A number of lagoons are present
on the east and West Coast of India. There
are 17 noteworthy lagoons (8 on the east and
9 on the west) along the Indian coasts.

East Coast of India: The East Coast of
India, extending from the international border
of India and Bangladesh in the northeast, to
Kanyakumari in the south is 2,545 km long.
It covers the states of West Bengal, Orissa,
Andhra Pradesh, and Tamil Nadu. It is over
2 million km2 in extent and acts as the
recipient of mighty rivers of the subcontinent
viz. the Ganga and Brahmaputra. The lagoons
of east coast of India are Chilka, Pulicat,
Pennar, Bendi, Nizampatnam, Muttukadu,
Muthupet and Gulf of Mannar.

West Coast of India: Along the West Coast
of India, there are nine important coastal
lagoons. With their connecting canals they
stretch from north of Calicut to Trivandrum
on the south. Typical examples are the
Ashtamudi lagoon near Quilon and the
Vembanad lagoon near Alleppey among
others. Other lagoons in the west coast of
India are Paravur, Ettikulam, Veli,
Murukumpuzha, and Talapady.

6. PELAGIC AND BENTHIC
ECOSYSTEMS

The fauna of the marine ecosystem is not
evenly distributed throughout the oceans. It
is estimated that 90 percent of marine species
live in about 50 million sq. km of the total 352
million sq. km. The patterns of biodiversity are
determined by the availability of light in the
sea. The pelagic ecosystem is dominated by
plankton, which is classified on the basis of
size as picoplankton (0.2-2 mm),
nanoplankton (2 - 20 mm) microplankton (20-
200 mm) and mesoplankton (>200mm).
Mesoplankton includes copepods, rotifers etc.
Larvae of many benthic invertebrates
represent mesoplankton. Sponges,
coelentrates, molluscs and echinoderms have
planktonic larvae. Copepods, cladocerans,
mysiids, rotifers, chaetognaths, hemichordates
and protochordates have planktonic adults.
Copepods are important primary grazers.
About 1925 pelagic copepods have been
described from marine waters of India. It is
estimated that there are 3500 to 4500 species
of marine phytoplankton in the world but we
do not have any such data for Indian seas.
Plankton occurs everywhere in the sea and
they differ only in the species composition and
relative abundance.

The rich nutrient present in the coastal
waters forms the basis for the presence of
many species of diatoms whereas the nutrient
deficient oceanic waters contain
dinoflagellates. Also there is generally a
gradual decline in phytoplankton abundance
from coastal to oceanic water. Plankton plays
important role in the primary productivity. It
also produces half of the world’s oxygen and
fixes 27 giga tons of carbon each year. Pelagic
life also includes nekton represented by
shrimpfish, squid, cuttle fish, reptiles, whales
and sea cows. Pelagic life thus has a
tremendous diversity in form and function.
Dominant taxa in the nekton are fish
represented by about 4000 species in the
Indian Ocean, of which about 50% occur in
Indian seas. Majorities of these species occur
in coastal water supporting valuable fisheries.
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Among reptiles, sea snakes and turtles are
important and represented by 50 and seven
species in the world respectively. These are
generally oceanic forms but majorities of these
often swim near to the shore and visit the
shore at some part of their life. About 26
species of snakes belonging to one family
Hydrophiidae and five species of sea turtles
were reported from seas around India. The
seashore offers a veritable feeding and
breeding ground for a number of birds. From
the available data it has been inferred that
there are 12 families, 38 genera and 145
species of seabirds, which occur, in the coastal
ecosystem.

Till recently deep sea, which constitute a
major part of the ocean, was perceived as
species poor environment. But now the

estimates of the numbers of species in the
deep seas range from 5 - 10 million. This
staggering range reflects our attempt to fill up
the gap that hitherto exists in our knowledge
of marine biodiversity. It is now well
established that the oceans are rich in
supraspecific categories, especially at the
phyletic level. Out of the 32 animal phyla
recorded so far from the world, 15 are
endemic to the sea, five have predominantly
marine occurrence. The taxonomic status of
the groups representing the evolutionary
branches off Protista is in a fluid state. The
kingdom is divided into about 70 phyla. As
many as 1000 new species are discovered
every year.  From the recent studies it is found
that the number of benthic invertebrates
includes millions of species instead of 60,000.



Types of protected areas

In general, protected areas are classified
under eight categories as recognized by
IUCN, 1984.

1. Scientific Reserve

Its objective is to protect nature and
maintain natural processes in an
undisturbed state in order to have
ecologically representative examples of the
natural environment available for scientific
study, environmental monitoring,
education and for the maintenance of
genetic resources in a dynamic and
evolutionary state.

2. National Park

It is aimed to protect large natural and
scenic areas of natural or international
significance for scientific, educational and
recreational use under management by the
highest competent authority of the nation.

3. Natural Monument

It is to protect and preserve nationally
significant natural features because of their
special interest or unique characteristics.

4. Wildlife Sanctuary

It is to ensure the natural conditions
necessary to protect nationally significant
species, biotic communities or physical
features of the environment requiring
human intervention for their perpetuation.

5. Protected Landscape

To maintain nationally significant natural
landscapes characteristic of the harmonious
interaction of people and land while
providing opportunities for public
enjoyment through recreation and tourism
within the normal life style and economic
activity of these areas.

6. Resource Reserve

To protect the natural resources of the area
for further use and curb development that
could affect the resource pending the
establishment of objectives.

7. Anthropological Reserve

To allow societies live in harmony with the
environment to continue their way of life,
undisturbed by modern technology.

8. Managed Resource Area

To provide for the sustained production of
water, timber, wildlife, pasture and outdoor
recreation; the conservation of nature is
primarily oriented to the support of
economic activities.

History of Protected Areas

The practice of protecting outstanding
natural areas for their scenic beauty and for
recreation and enjoyment by the general
public is scarcely more than a century old.
The first “national park”, Yellow stone was
proclaimed in the United States in 1872.
The growth of the national park movement
continued slowly until World War II. After
the end of the war, however, the number
of parks around the world began to
increase sharply (Dixon and Sherman,
1990). Since the mid-1970s, most of the
new national parks have been located in
developing countries (Malik, 1984). In 1985
the international Union for the
Conservation of Nature and Natural
Resources (IUCN) updated its list of
protected areas. This list contains more than
3,500 sites in 136 countries and territories.
The establishment and management of
parks and protected areas are receiving
increasing attention worldwide. The
establishment of protected areas is on
constant increase worldwide.

4. REASSESSMENT OF MARINE PROTECTED AREAS
IN INDIA
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Since 1986, the IUCN Commission on
National Parks and Protected Areas (CNPPA)
has been promoting the establishment and
management of a global representative system
of Marine Protected Areas (MPAs). According
to IUCN (1998) “Marine Protected Area”
means: Any area of intertidal or subtidal
terrain, together with its overlying water and
associated flora, fauna, historical and cultural
features, which has been reserved by law or
other effective means to protect part or the
entire enclosed environment.

According to Singh (2002) and the SCBD
report (2006) there are 31 MPAs in India,
which also include PAs which have territories
confined to land (under categories II and III),
such as island sanctuaries though have
marine ecosystems adjacent to their
boundaries. These ecosystems are generally,
mangroves, coral reefs, and seagrass beds
which need equal protection from a different
perspective. For example in Andaman
Nicobar Islands, there are only three Marine
Protected Areas with territories marked in the
marine areas. The several island sanctuaries
which constitute the number arrived at by the
above mentioned reports have no marine areas
marked within their territories and hence
designated MPAs cover only 1.2% of the total
area of the PAs in Andaman Nicobar Islands
(Mathur and Padalia, 2010). However, the
PAs declared as containing marine habitats
encompass all the constituent ecosystems
including terrestrial zones. This discrepancy
has been observed in the assessment by Wells
et al. (1995), Dwivedi et al. (1994) and
Pernata (1993) who showed that for the
number of marine and terrestrial PAs in
Central Indian Ocean Marine Region, the
boundaries in the seaward side are not clear,
which include habitats important in terms of
Marine Biodiversity.

Hence it is required to suggest demarcation
boundaries of existing PAs in India,
incorporating adequate ecosystem
representation, niches, biological richness of
species, etc. It is also required to establish new
MPAs of areas which also so far received
lesser representation of above said features.

Identification based on information by
Dwivedi et al. (1994) in to PAs which have
marine focus and which are primarily coastal
land suggested that there are 10 marine sites
and 19 coastal sites (Wells et al., 1995)

Fig. 4.1. Number of Marine Protected Areas in
India

Fig. 4.2. Total area (sq km) of Marine Protected
Areas in India

Drawing from Singh (2002), Wells et al.
(1995) the categories are re-defined as below:

Category I: MPAs as per IUCN criterion,
and where marine areas are in focus with
boundaries marked in the seaward side or
intertidal/subtidal areas, include, coral reefs,
seagrass beds, mangroves, mangrove creeks /
backwaters, lagoons, swamps, marshy/saline
lands estuaries, turtle nesting sites/beaches
(where trawling or fishing regulations are
required in the sea) etc.

Category II: PAs where the current area
of focus is terrestrial, including islands - and
boundaries confined to land - however have
important marine biodiversity areas adjoining
their territories which require marking
boundaries in the seaward side, and
substantial in size to the PA in focus. (This
category PAs have the potential to be brought
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under Category I, if amalgamated into
clusters and the seaward boundaries notified).

Category III: PAs where areas in focus are
primarily terrestrial, however these are coastal
sites and islands and have important marine
areas in the fringes (usually smaller in size to

the area of PA). e.g., Great Nicobar Biosphere
Reserve.

In the following list (Table 4.1) the PAs in
India are reassessed as per the above
categories and presented.

Table 4.1. Marine Protected Areas in India

CATEGORY - I

1 Mahatma Gandhi Marine National
Park (MNP), Wandoor, South
Andaman

2 Lohabarrack (Salt water Crocodile)
Sanctuary, Wandoor, South
Andaman

3 Rani Jhansi MNP (Richies
Archipelago),  South Andaman

4 Gulf of Kachchh MNP, Jamnagar,
GujaratMarine Sanctuary (MS), Gulf
of Kachchh, Jamnagar, Gujarat

5 Gulf of Mannar MNP,
Ramanathapuram, Tuticorin, Tamil
Nadu

6 Malvan Marine Sanctuary,
Sindhudurg, Maharashtra

7 Gahirmatha Marine Sanctuary MS,
Kendrapara, Orissa

8 Coringa WLS, East Godavary,
Andhra Pradesh

9 Sundarbans National Park and Tiger
Reserve, North & South 24-Pargana,
West Bengal

10 Chilka (Nalaband) Wildlife Sanctuary
(WLS), Kundra, Puri, Ganjam, Orissa

11 Pulicat Lake (Bird) Sanctuary,
Tiruvellore, Tamil Nadu

12 Sajnakhali Sanctuary, South 24-
Pargana, West Bengal

CATEGORY - II

Group 1 (North Andaman)

13 Chanel Island Sanctuary,

14 Landfall Island Sanctuary

15 East Island Sanctuary ,

Group 2 (North Andaman)

16 West Island Sanctuary

17 White Cliff Island Sanctuary,

18 Reef Island Sanctuary,

Group 3 (North Andaman)

19 Mayo Island Sanctuary,

20 Paget Island Sanctuary,

21 Point Island Sanctuary

22 Shearme Island Sanctuary

Group 4 (North Andaman)

23 Tree Island Sanctuary,

24 Trilby Island Sanctuary,

25 Table (Delgarno) Island Sanctuary,
North
Table (Excelsior) Island Sanctuary,
North Andman

26 Temple Island Sanctuary,

27 Turtle Island Sanctuary,

Group 5 (North Andaman)

28 Jungle Island Sanctuary,

29 North Island Sanctuary,

30 Wharf Island Sanctuary,

31 Ox Island Sanctuary,

32 Ross Island Sanctuary,

33 Brush Island Sanctuary
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Group 6 (North Andaman)

34 Shark Island Sanctuary,

35 Kwangtung Island Sanctuary,

36 Lattouche Island Sanctuary

37 North Reef Island Sanctuary,

Group 7 (North Andaman)

38 Bamboo Island Sanctuary

39 Blister Island Sanctuary

40 Curlew Island Sanctuary, Middle

41 Dot Island Sanctuary

42 Oliver Island Sanctuary

43 Goose Island Sanctuary

44 Gander Island Sanctuary

45 Oyster Island - I Sanctuary

46 Orchid Island Sanctuary

47 Egg Island Sanctuary

48 Curlew B. P. Island Sanctuary

49 Dottrel Island Sanctuary

50 Girjan Island Sanctuary

51 Swamp Island Sanctuary

Group 8 (Middle Andaman)

52 Sea serpent Island Sanctuary

53 Snake Island - 1 Sanctuary

54 Buchanan Island Sanctuary

55 Bondoville Island Sanctuary

56 Entrance Island Sanctuary

57 Surat Island Sanctuary

58 Spike Island–1 Sanctuary

59 Bennet Island sanctuary

60 Ranger Island Sanctuary

61 Roper Island Sanctuary

62 Interview Island Sanctuary

Group 9 (Middle Andaman)

63 South Reef Island Sanctuary

64 Elat Island Sanctuary

65 Mask Island Sanctuary

66 Tuft Island Sanctuary

67 Hump Island Sanctuary

Group 10 (Middle Andaman)

68 Oyster Island – II Sanctuary

69 Parkinson Island Sanctuary

70 Cone Island Sanctuary

Group 11 (South Andaman)

71 North Button Island National Park

71A Middle Button Island National Park

72 South Button National Park

73 East or Inglis Island Sanctuary

74 Sir Hugh Rose Island Sanctuary

Group 12 (South Andaman)

75 Stoat Island Sanctuary

76 Talabaicha Island Sanctuary

77 Mangroves Island Sanctuary

78 Bingham Island sanctuary

79 Bluff Island sanctuary

80 Spike Island sanctuary

Group 13 (South Andaman)

81 Duncan Island sanctuary

82 Pitman Island sanctuary

83 Potanma Island sanctuary

84 Kyd Island sanctuary

85 James Island sanctuary

Group 14 (South Andaman)

86 Patric Island sanctuary

87 Defence Island sanctuary
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103 Pitti Island sanctuary, Lakshadweep

104 Halliday Island sanctuary,
Sunderbans, West Bengal

Protected areas under MPAs
CATEGORY - III

105 Narcondam Island sanctuary, North
East of Andaman Islands

106 Barren Island sanctuary, East of
Middle Andaman Islands

107 Saddle Peak National Park, North
Andaman

108 Cuthbert Bay Island sanctuary,
Middle Andaman

109 Mount Harriet National Park, South
Andaman

110 Great Nicobar Biosphere Reserve,
Nicobar

111 Megapode Island sanctuary, Nicobar

112 Tillongchang Island sanctuary,
Nicobar

113 Bhitarkanika Wild Life Sanctuary,
Orissa

114 Point Calimere Sanctuary, Tamilnadu

115 Lothian Island Sanctuary,
Sunderbans, West Bengal

88 Montogemery Island sanctuary

89 Clyde Island sanctuary

Group 15 (South Andaman)

90 Cinque Island sanctuary

91 Passage Island sanctuary

92 Sisters Island sanctuary

93 South Sentinel Island sanctuary

94 North Brother Island sanctuary

95 South Brother Island sanctuary

CATEGORY – II MPAs, [outside the
clusters] in India

96 Peacock Island sanctuary, North
Andaman

97 Rowe Island sanctuary, North
Andaman

98 Arial Island sanctuary, South
Andaman

99 Belle Island sanctuary, South
Andaman

100 Sandy Island sanctuary, South
Andaman

101 Snake Island II sanctuary, South
Andaman

102 Baltimalv Island sanctuary, Nicobar

fringing the islands and the patch reefs, the
islands also have dense mangrove forests at
the island fringes and several hectares of sea
grass beds.

Other Habitats: The 15 islands and several
islets, which fall within the boundaries of the
Marine National Park, are covered with
tropical evergreen forests. There are also
creeks which do not support coral growth.

Key species: Corals and associates (fishes,
sea cucumber, sea anemones etc.), dolphins,
saltwater crocodile, sea turtles (Green & Olive
Ridley), Dugong, Manta Ray and Common
Dolphin, ~300 species of birds, Spotted deer,
wild boar, Himalayan palm civet and flying
fox.

A brief characterization of each the
Protected Areas in the above list, with
recommendations and proposals are given
below:

Protected areas under MPA Category - I

1. Mahatma Gandhi MNP, Wandoor, South
Andaman

Area: 281.50 km2 (Total area of islands and
the territorial waters are 61.0 and 220.5 km2

respectively)

Year of Declaration: 1983

Major Habitats: Created for the purpose
of conserving the biodiversity rich reefs
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In terms of species diversity, the coral reefs
and associated marine fauna of the park, is
richest amongst all marine national parks in
the country. Alsom their association with rich
tropical evergreen and mangrove forests is
unique.

Conservation Needs:

 Measures to control sedimentation and
pollution due to coastal developments are
necessary.

 Mangrove deforestation in the coastal zone
needs to be checked.

 Guidelines under CZRA notification (2011)
have to be implemented.

 Fishing in the park area needs to be halted.

View of Jolly Buoy Island in MGMNP View of Grub Island in MGMNP
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the sanctuary is approximately 1000. As
per the report by the Range Officer
Lohabarrack Sanctuary, there are 50
families living in the border areas of
Sanctuary. Substantial percentage of the
population depends on marine resources
and hence monitoring of the resource uses
necessary.

2. Lohabarrack (Salt water Crocodile)
Sanctuary, Wandoor and South Andaman

Area: 100.00 km2

Year of declaration: 1983

Major habitats: The Lohabarrack
(Saltwater Crocodile) sanctuary lies between
the geo-coordinates: Latitude: 11º 35' 38" to
11º 40' 08", Longitude 92º 35' 02" to 92º 39'
00". The sanctuary was established in 1983
mainly to conserve the salt water crocodile
and its habitat. Lohabarrack Sanctuary has
got the distinction of being one of the very few
salt water crocodile sanctuaries created in
India in the early eighties. The mangrove
fringed creeks along the sanctuary from
suitable habitats for the salt water crocodiles
in this sanctuary.

Other habitats: Mangroves and patchy
reefs with stress tolerant species.

Key species: Reptiles - Salt water
crocodile, sea turtle (Hawksbill, Leather
backed, Olive Ridley, Green), water monitor;
mammals - dolphin, wild boar, spotted deer,
Indian elephant, Himalayan palm civet; birds-
Andaman dark serpent eagle, crested serpent
eagle, white bellied sea eagle and harriers.
Apart from this, the Sanctuary also hosts
variety of marine life such as corals, fishes,
dolphins, turtles etc.

Conservation Needs:

 The total population of the villages around

 Crocodile population census needs to be
conducted.

 Monitoring surveys for the effectiveness of
the purpose of Sanctuary.

 Mangrove deforestation in the coastal zone
needs to be checked.

 Guidelines under Coastal Zones Regulation
Act Notification (2011) have to be
implemented.

3. Rani Jhansi Marine National Park
(Ritchie’s Archipelago) South Andaman

Area: 256.14 km2

Year of Declaration: 1996

Location: Rani Jhansi Marine National
Park (RJMNP) is comprised of three islands
viz. Henry Lawrence Island (Lat. 12° 12.598'
N, Long. 93° 03.883' E), John Lawrence Island
(Lat. 12º 04. 075' N, Long. 93º 00.398' E) and
Outram Island (Lat. 12°12.346' N, Long. 93º
05.753' E).

Major Habitats: Coral reefs are the habitat
of focus in this MNP. The islands have
fringing reefs with a maximum extent up to
500 m from the shore.

Key Species: Corals and associated marine
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life, salt water crocodile, dugong, dolphin, sea
turtle and birds.

Conservation Needs:

 Effect of sedimentation is obvious in some
reefs, where erosion is also prevalent.

 Felling of mangroves needs to be curbed.

 Extensive poaching (for sea cucumbers) is
reported in the RJMNP, where ~500
poachers apprehended in the year 2011 -
12. Further strengthening of coastal
security as well as holding bilateral
dialogue with the neighbouring countries
could be an only solution to addressing this
issue.

4. Gulf of Kachchh Marine National Park
& Sanctuary

i). Gulf of Kachchh Marine National
Park (Jamnagar) Gujarat

Area: 162.89 km2

Year of Declaration: 1982.

ii). Gulf of Kachchh Marine Sanctuary,
(Jamnagar) Gujarat

Area: 295.03 km2

Year of Declaration: 1980

The Marine National Park covers 37
islands, which include: They are: Samiani
Island, Chandri Reef, Bet Shankhodhar (Bet
Island or Bet Dwaraka), Kyu Island, Paga
Reef, Boria Reef, Asab Island, Lefa Bet,
Dabdaba Island, Devdi island, Merodi Bet,
Nora Tapu (Bural or Chank Reef), Bhaidar

Tapu (Bural or Chank Reef), Kara Chusna
Island (Bural or Chank Reef), Mitha Chusna
Island (Bural or Chank Reef), Chank Tapu
(Bural or Chank Reef), Ajad Tapu, Khimra
Khat Tapu, Shiyardi Bet, Sanbeliya Bet, Garu
Bet, Vudda Kudda Reefs, Panero Tapu, Roji
Bet, Gandhiya KadoTapu, Dhani Bet,
Kalubhar Tapu, Narara Bet, Goos Reef,
Mundeka Bet, Dideka Bet, Bhains Bid, Pirotan
Island, Chhad, Jindra Bet, Rozi Island,
Balachadi Rocks and Mungra Reef. An
additional 5 islands are covered under the
Marine Sanctuary: Badia, Mangunda, Dona,
Pashu, Guda Kudda, Mangunda and Pashu,
where the latter two have good growth of
corals.

Major Habitats: Coral reefs, mangroves, 5
islands (Badia, Mangunda, Dona, Pashu,
Guda Kudda) have scrub forests. Mangunda
and Pashu have good growth of corals.

Other Habitats: Intertidal mudflats, creeks
and beaches.

Key Species: Corals and associated marine
life, dugong, fishes, crabs, prawns, shark,
mammals - dolphin, porpoise, jackal; reptiles
– sea turtle, sea snakes, and 208 species of
birds. Gulf of Kachchh and the adjoining
coast of Gujarat have some significant fauna
that do not occur elsewhere in India. The
neretid mollusc Nerita textilis is one such
species that has restricted distribution in
Arabian Sea and occurs only along the
Gujarat coast. A scleractinian coral
Acanthastrea hillae is also known only from
Kachchh and recently 3 species of
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scleractinians are added to the hard coral
fauna of India, namely Barabattoia amicorum,
Favia lacuna and Turbinaria frondens among
which genus Barabattoia is reported for the
first time from the Indian region.

Conservation Needs:

 Rejuvenation of denuded mangroves at the
fore reef intertidal expanses to effectively
curb sedimentation to reef areas.

 Monitoring and controlling industrial and
sewage pollution into the reef areas.

5. Gulf of Mannar Marine National Park
and Biosphere Reserve

(Ramanathapuram/ Tuticorin), Tamilnadu

i) Gulf of Mannar Marine National Park

Area: 6.23 km2

Year of declaration: 1980

ii) Gulf of Mannar Marine Biosphere
Reserve

Area: 560 km2

Year of Declaration: 1989

Major Habitats: Corals reefs are the
dominant ecosystem in the park. Mangroves
dominate the intertidal zones of the park
islands. They consist of species belonging to
the Rhizophora, Avicennia, Bruguiera, Ceriops
and Lumnitzera genus. The vast area of
intertidal zone offers habitat for huge number
of cryptic fauna, molluscs, echinoderms and
others.

Other Habitats: The 21 islands ranging in
size from 0.25 ha to 130 ha have scrub forests.

Key Species: Corals, marine life, sea
anemones, fishes, sharks; mammals-dugong,
dolphin; reptiles-sea turtle, sea snakes, water
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birds, sacredchank, pearl oysters and 10
species of sea grasses.

Abundance of sea-weeds and sea-grasses
in grazing ground attract Sea cow (Dugong
dugong) – the flagship species of the protected
area. Other marine creatures like Dolphins,
Sea-horse, Sea-cucumber, and Sea-anemone
are common here. 117 species of corals found
in the reef and they harbour 3600 species of
plants and animals. A ‘living fossil’
Balanoglosses, linking invertebrates and
vertebrates, is endemic to this park. Sandy
shores of islands is feeding ground for five
endangered marine turtles – Green, Olive
ridley, Hawksbill, Leatherback turtle and
Loggerhead, and the first two are known to
breed in this waters..

The islands form a good habitat and a
stopover between ChilkaLake, Point Calimere
and Sri Lanka for migratory birds. Nearly 180
birds are reportedwhere waders and sea-birds

being most common. Lesser sandpiper,
Curlew sandpiper and Little stint are
abundant; Rare birds like Red knot, Eastern
knot, Crab plovers Bar tailed Godwit, Broad
billed Sandpiper, Dunlin, Long toed stint, Red
necked phalarope are regulars and Little tern,
Kentish plover, Stone plover, Stone curlew,
Lesser crested sterna breed here. Thousands
of larger flamingos winter here before
returning towards Rann of Kachchh.

Conservation Needs:

 Strict implementation of the ban on
trawlers in the buffer zone of the Biosphere
Reserve and in lieu promoting artisanal
fishing,

 Closing down fishing and other resources
harvesting in the core zone, and

 Identifying sources of pollution in to the
reefs and advising for treatment before
disposal
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6. Malvan Marine Sanctuary
(Sindhudurg) Maharashtra (1987)

Area: 29.12 km2

Year of declaration: 1987

Major Habitats: The Malvan (Marine)
Wildlife Sanctuary has a core zone of 3.18 sq
km and the rest (25.94 km2) as the buffer
zone. The core zone includes the Sindhudurg
fort, Padamged Island and other submerged
rocky structures. The rocky structures provide
ideal substratum for marine lifemaking it one
of the biologically richest coastal regions in
Maharashtra. The sanctuary also covers some
patch reefs.

Other Habitats: Intertidal area and sandy
beaches.

Key Species: The marine fauna here
pertains to corals, and associated marine life
(sea anemones, mollusks, polychaetes, pearl
oyster, seaweed and mangroves).Over 220
species of bird belonging to 54 families have
been sighted over the waters and the fringing
mud-banks-these include black - headed gulls,
plovers, terns, ducks, water-fowl and egrets. 
The land portion of the sanctuary has barking
deer, sambar, wild borars, nilgai, leopards and
claw-less others.  Twenty-seven species and
sub-species of fish belonging to six families
have been recorded in the Sagar’s waters.
Some of the important commercial varieties
are - Labeodero (Gid), Labeorohita,
LabeoCalbasu, Tor putitora (Mahsir), and
Mystusseenghala (Singhara). 
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Conservation Needs:

 Only the coral reef area has been mapped.
 Mangroves and other marine habitats need

to be mapped.

7. Gahirmatha Marine Sanctuary

Area: 1435 km2 including 27 km2 of land
area

Date of Declaration: 22nd September 1997

Major habitats: Estuarine habitat with
offshore marine waters upto a distance of 20
km from high tide level.

Other habitats: Intertidal beach with
sandy and muddy bottoms

Key Species: Olive ridley, hawksbill, green
and leatherback turtles, Batagur turtle,
Irrawady dolphins, Humpback porpoise,
whale shark, sperm whale, Sea snakes, and
horseshoe crab. The sanctuary is one the main
nesting sites for Olive ridleyturtle, which
migrate in huge numbers from the beginning
of November, every year, for mating and
nesting along the coast of Orissa.

Conservation Needs:

 There are incidental capture of sea turtles
and other fauna including dolphins and
whales in the offshore waters of
Gahirmatha due to intensive fishing. The
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area need to be demarcated properly and
proper patrolling is required to check
illegal fishing.

8. Koringa wildlife Sanctuary, East
Godavary, Andhra Pradesh

Area: 235.70 km2

Year of Declaration: July 1978

Major habitats: Predominantly mangrove
forest with mudflats and muddy shores

Key Species: Mudskippers, Crabs and
Molluscs, Smooth Indian Otters, Fishing Cat,
Olive Ridley turtle, More than 125 species of
birds including Crested Serpant Eagle, Scarlet
Minivet, Indian Roller, Black capped
Kingfisher, Oriental Dwarf Kingfisher, White
bellied Woodpecker etc.

Conservation Needs:

 Management required to minimize the
increasing pressure on the mangrove
forests due to urbanization, industrial-
ization and intense aquaculture practices.
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9. SundarbansNational Park, North &
South 24-Pargana, West Bengal

Area: 1330.10 km2

Year of Declaration: The present
Sunderbans National Park was declared as
the core area of Sundarbans Tiger Reserve in
1973 and a wildlife sanctuary in 1977. On
May 4, 1984 it was declared a National Park.

Major habitats: This region is densely
covered with mangrove forests. There are
seven main rivers and innumerable
watercourses forming a network of channels

at this estuarine delta. The Sunderbans
mudflats are found at the estuary and on the
deltaic islands where low velocity of river and
tidal current occurs. The mudflats are exposed
in low tides and submerged in high tides, thus
being changed morphologically even in one
tidal cycle. The interior parts of the mudflats
are the best suited environment for
mangroves.

Key Species: The Sunderbans forest is
home to more than 400 tigers, which have
adapted to living in the saline waters. Apart
from Tiger, Fishing Cats, Leopard Cats,
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Macaques, Wild Boar, Indian Grey Mongoose,
Fox, Jungle Cat, Flying Fox, Pangolin, Chital,
are also important species in the Sunderbans.
Some of the fishes and amphibians found in
the park are Sawfish, Butter Fish, Electric rays,
Silver carp, Star Fish, Common Carp, King
Crabs, Prawn, Shrimps, Gangetic Dolphins,
Skipping Frogs, Common Toads and Tree
Frogs. The Sunderbans National Park houses
an excellent number of reptiles as well,
including estuarine crocodiles, chameleons,
monitor lizards turtles, including Olive Ridley,
hawksbill, and green turtles; and snakes
including pythons, king cobras, rat snakes,
Russell’s vipers, Dog faced water snakes,
Chequered Kill backs and Common Kraits.

Conservation Needs:

 Developing guidelines for regulating
resource usage

 Adherence Coastal Zone Regulation Act
2011 to curb the extension activities in the
mangrove forests.

 Awareness to the fishermen regarding
conservation and sustainable use of
resources.

10. Chilka (Nalaban) Wildlife
Sanctuary (WLS), Kundra, Puri, Ganjam,

Orissa

Area: 15.53 km2
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Date of Declaration: 17th December 1987

Major Habitats: Submerged Island with
weed vegetation.

Other habitats: There are submergible
islands surrounding Nalaban, in the Chilika
Lake. The lake has numerous islands. The
larger islands, separated by shallow channels,
lie between the barrier and the main body of
the lake. The eastern side has a long barrier
beach formed by the northerly currents of Bay
of Bengal. There is abundant availability of
aquaticand fauna, micro and macro forms on
the island, some of which are preferred food
materials for the visiting waterfowl.

Key Species: The core area of about 9 sq.
km attracts around 400,000 waterfowls of
different species. The most prominent bird is
the Greater Flamingo, which migrate from the
Rann of Kachchh in Gujarat. Besides, Gull
billed tern, River tern and Little tern which
are also known to nest in a few selected
places of Nalaban. The surrounding islands
are also wintering grounds for white bellied
sea eagles, ospreys, golden plovers, sand
pipers, flamingos, pelicans, shovellers, gulls,
include migratory ones. Large flocks
of Greater flamingos from Iran and the Rann
of Kachchh in Gujarat, feed in the shallow
waters of the lake. Other-long legged waders
seen around Nalbana Island are the Lesser
Flamingos, Goliath heron, Grey herons
and Purple herons, Egrets, Spoonbills, Storks
and Black-headed Ibis. Rare birds reported in
the lake are Asiatic Dowitchers, Dalmatian
Pelican, Pallas’s Fish-eagles, the very rare
migrant Spoon-billed Sandpiper and Spot-
billed pelican. The White-bellied Sea Eagle,
Pariah Kite, Brahminy Kites, Kestrel, Marsh
harriers, and the world’s most widespread
bird of prey, peregrine falcon, are among the
raptors seen here. Many short-legged
shorebirds are seen in a narrow band along
the shifting shores of the lake and islands.
These include Plovers, Collared Pratincole,
Ruff, Dunlin, Snipes and Sandpipers. Larks,
Wagtails and Lapwings are also found on the
mudflats. Feeding in deeper water are the
longer-legged Avocets, Stilts and Godwits.

As per the Chilka Development
Authority’s (CDA) updated data (2002), 323
aquatic species, which includes 261 fish
species, 28 prawns and 34 crabs are reported
out of which sixty five species breed in the
lake. 27 species are freshwater fishes and two
genera of prawns. The remaining species
migrate to the sea to breed. 21 species
of herrings and sardines of the family
Clupeidae are reported. Between the year
1998 and 2002, 40 fish species were recorded
here for the first time and following the
reopening of the lake mouth in 2000, six
threatened species have reappeared,
including: Milk fish, Indo-Pacific tarpon, Ten
pounder, Bream, Hilsa and Mullet.

The Irrawaddy Dolphin (Orcaella
brevirostris) is the flagship species of Chilka
Lake. Chilka is home to the only known
population of Irrawaddy dolphins in
India and one of only two lagoons in the
world that are home to this species. It is
classified as Critically Endangered, in five of
the six other places it is known to live. A small
population of Bottlenose dolphins also migrate
into the lagoon from the sea, when Irrawaddy
Dolphins and Bottlenose Dolphins meet in the
outer channel, the former get frightened and
are forced to return toward the lake.

Conservation Needs:

 The resultant change after the opening of
the new mouth in ChilkaLakehas led to
new challenges. The bird congregation
which was largely confined to Nalaban
has now dispersed to peripheral areas. This
has posed a serious concern for protection
of the bird populations thereby requiring
protection status to the adjacent areas of
the PA.

11. Pulicat Lake (Bird) Sanctuary,
Tiruvellore, Tamil Nadu

Area: 153.67 km2

Year of Declaration: 1980

Major habitats: Pulicat lake bird
sanctuary is a saline backwater lake lying
along the Tamil Nadu and Andhra Pradesh
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coast. The lake is drained by ArniRiver while
the Buckingham canal brings in the drainage
water. At the southern end is an opening on
to Bay of Bengal through a shallow mouth of
200 m in width. The rest of the lakes’ eastern
boundary is closed by a sand bar (Sriharikota
Island) running parallel to the Bay of Bengal.

Key Species: The sanctuary is notable for
the many Greater Flamingos. Large-billed grey
pelican, ducks, sea gulls are commonly seen.
Besides, there are a number of waterside birds
and waders such as curlews, stilts, plovers,
sand pipers, lapwings, red shank. Egrets,

herons, kites etc. are some other birds found
here. The water body by virtue of the mixing
of fresh water with sea water is found to be
an ideal habitat for diverse life-forms. 160
species of fish, 25 species of polychaete
worms, 12 species of prawn, 19 species of
molluscs and 100 species of birds are well
documented apart from a number of other
aquatic flora and fauna.

Conservation Needs:

 Rapid siltation is an issue of serious
concern and quick action is need in this
front.
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12. Sajnakhali Wildlife Sanctuary

Area: 36.24 km2

Year of Declaration: 1976

Major Habitat: The Sajnakhali sanctuary
is regarded as a part of the Sunderbans
National Park and dense mangrove forest
covers the sanctuary.

Key species: Renowned for its rich avian
population, is a breeding site for many
migratory and resident birds. The sanctuary
is also rich in population of different species
of wildlife.Common wildlife include Spotted
deer, Rhesus macaque, Wild Boar, Tiger,
Water Monitor Lizard, Fishing cat, Otter,
Crocodile, Batagur Terrapin and other
migratory birds.



51VENKATARAMAN et al. : REASSESSMENT OF MARINE PROTECTED AREAS IN INDIA

Protected areas under MPA Category –
II from Andaman Nicobar Islands,

Proposed Groups 1- 15

Group I

The island sanctuaries1.Chanel Island
Sanctuary 2.East Island Sanctuary and 3.
Landfall island Sanctuary, are recommended
for upgrading into a National Park under

group 1 cluster, Owing to the lack of
dependency of the local population on the
resources. This if implemented which also
would serve this area to function as the
reserve (marine area) for replenishment of
resources at the reef areas on the south.

13. Chanel Island Sanctuary, North
Andaman

Area: 0.13 km2

Year of Declaration: 1987

Major Habitat: Littoral and semi
evergreen forests.

Other Habitats: Coral reefs

Key Species: No information is available
on the terrestrial fauna of this island.

Conservation Needs:

 The subtidal habitats need to be assessed
for the benthic fauna.

 Recommended for upgradation to Land
fall National Park / Group 1 cluster.
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14. & 15.Landfall & East Island
Sanctuaries, North Andaman

i) Landfall Island Sanctuary

Area: 29.48 km2

Year of Declaration: 1987

Major Habitats: Ever green Forests

Other Habitats: Coral reefs, mangroves
(tidal swamp) and beaches.

Key Species: Corals and associated marine
life. No reports are available on the terrestrial
fauna from this island.

Conservation Needs:

 Extensive coral reef areas were exposed
due to the seismic uplift in the north side
of the island during the earthquake in
December 2004, and heavy damages
incurred.

 The intertidal areas in the west side of the
island have good coral cover.

 Data are available on coral status and
diversity for this area.

 Studies on the Northern side for coral
status assessment are necessary.

 The marine areas need to be included
under the sanctuary for protection.

 Recommended for upgradation to Land
fall National Park / Group 1 cluster.

ii) East Island Sanctuary

Area: 6.11 km2

Year of declaration: 1987

Major Habitats: Evergreen forests,
beaches.

Other Habitats: Beautiful reefs surround
the western part of the Island. Despite the
damages caused by the seismic up-lift in Dec
2004, the reef is in a very healthy state. Data
on status and diversity available.

Key Species: Corals and associated marine
life. No reports are available on the terrestrial
fauna from this island.

Conservation Needs:

 Coral reef zones should be mapped.

 The inclusion of reef areas in the protected
area territory and recommended for
upgradation to Land fall National Park /
Group 1 cluster.
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Group 2

The island sanctuaries in this group (Group
-2),1. West Island Sanctuary, 2. Whitecliff
Island Sanctuary, and 3. Reef Island
Sanctuary, are recommended for upgrading
into a National Park under the Group – 2
cluster.

 The inclusion of reef areas in the protected
area and upgradation of this sanctuary to
a National Park(Group- 2 cluster) is
proposed.

17. White Cliff Island Sanctuary, North
Andaman

Area: 0.47 km2

Year of declaration: 1987

Major Habitats: Littoral forests

Other Habitats: Coral reefs, sandy
lagoons, beaches

Key Species: Coral reefs and associated
marine life.

Conservation Needs:

 Coral reef zones should be mapped.

 The inclusion of reef areas in the protected
area and upgradation of this sanctuary to
a National Park (Group- 2 cluster) is
proposed.16. West Island Sanctuary, North

Andaman

Area: 6.40 km2

Year of Declaration: 1987

Major Habitat: Littoral and Mangrove
Forests

Other Habitats: Extensive beaches and
coral reefs.

Key Species: Intertidal fauna, Coral and
associated marine life. No information
available on the terrestrial fauna.

Conservation Needs:

 Coral reef zones should be mapped.

18. Reef Island Sanctuary, North
Andaman

Area: 1.74 km2

Year of Declaration:1987

Major Habitat: Littoral Forests

Other Habitats: Coral reefs, sandy
lagoons, beaches

Key Species: Coral reefs and associated
marine life.

Conservation Needs:

 Coral reef zones should be mapped.
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 The inclusion of reef areas in the protected
area and upgradation of this sanctuary to
a National Park (Group- 2 cluster) is
proposed.

Group 3

The island sanctuaries in this group 1.
Mayo Island Sanctuary, 2. Paget
IslandSanctuary, 3. Point Island Sanctuary
and 4. Shearme Island Sanctuary which are
recommended for clustering into a Santuary
under Group – 3 Cluster.

Key Species: No reports are available on
the fauna of this island.

Conservation Needs:

 The extent of coral reefs on the seaward
side of the island need to be assessed

 The beach as a potential turtle nesting site
need to be assessed.

 The inclusion of reef areas in the protected
area and clustering of this sanctuary into
Group 3 sanctuary is proposed.

20. Paget Island Sanctuary,
North Andaman

Area: 7.36 km2

Year of Declaration: 1987

Major Habitat: Littoral and evergreen
forests

19. Mayo Island Sanctuary, North
Andaman

Area: 0.10 km2

Year of declaration: 1987

Major Habitats: Sandy bars and beaches

Other Habitats: Coral reefs on the
seaward side of the island.

Other Habitats:Coral reefs

Key Species:No information is available
on the terrestrial fauna of this island. Corals
and associated marine life.
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Conservation Needs:

 Coral reef zones should be mapped.

 The inclusion of reef areas in the protected
area is recommended

 The inclusion of reef areas in the protected
area and clustering of this sanctuary into
Group 3 sanctuary is proposed.

21. Point Island Sanctuary,
North Andaman

Area: 3.07 km2

Year of declaration: 1987

Major Habitats: Evergreen and littoral
forests

Other Habitats: Coral reefs - this island
has exposed sandy and coral reef terrace
almost ¾th of the island’s size. A well
developed coral reef is present on the north
east of the Island. Brief fringing reefs occur all
around the island.

Major Habitats: Evergreen forests
Other Habitats: Surrounded by

mangroves and wide beaches.
Key Species: Mangrove associated and

other marine life. No reports are available on
the terrestrial fauna from this island.

Conservation Needs:

 The mangrove area in the island needs to
be mapped.

 This island falls under category III MPA
and clustering it with group 3 sanctuary to
notify as buffer zone is recommended.

Group 4

The island sanctuaries inthis group 1. Tree
Island Sanctuary, 2.Trilby IslandSanctuary,
3.Table (Delgarno) Island Sanctuary, 4.Table
(Excelsior) Island Sanctuary, 5. Temple Island
Sanctuary, and 6. Turtle Island Sanctuary,
are recommended for upgrading into a
National Park under Group-4 Cluster.

Key Species: Coral and associated marine
life. No reports are available on the fauna of
this island.
Conservation Needs:

 Inclusion of coral reefs within the territorial
limits of the sanctuary.

 The inclusion of reef areas in the protected
area and clustering of this sanctuary into
Group 3 sanctuary is proposed.

22. Shearme Island Sanctuary, North
Andaman

Area: 7.86 Km2

Year of declaration: 1987
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23. Tree Island Sanctuary, North
Andaman

Area: 0.03 km2

Year of Declaration: 1987

Key Species: No reports are available on
the terrestrial fauna of this Island. Corals and
associated marine life.
Conservation Needs:

 The extent of reef area needs to be assessed
and notified.

 This island sanctuary is recommended to
be upgraded and included in the Group 4
cluster National Park.

25. Table (Delgarno)and
Table (Excelsior) Island Sanctuaries

i) Table (Delgarno) Island Sanctuary

Area: 2.29 km2

Year of Declaration: 1987

Major Habitat:Intertidal sandy stretches
and Coral reefs

Other Habitats:A small patch of exposed
land on the centre of the island

Key Species: Corals and associated
marine life.

Conservation Needs:

 The extent of reef area needs to be assessed
and notified.

 This island sanctuary is recommended to
be upgraded and included in the Group 4
cluster National Park.

24. Trilby Island Sanctuary, North
Andaman

Area: 0.96 km2

Year of Declaration: 1987

Major Habitat: Littoral and semi evergreen
forests.

Other Habitats: Extensive beaches suitable
habitat for turtle nesting, and coral reefs
surrounding them.

Major Habitats: Evergreen Forests
Other Habitats: Coral reefs are found on

the bay side and on the South and Eastern
side of the Island.

Key Species: Corals and associated marine
life.

Conservation Needs:

 No reports are available on the terrestrial
fauna from this island

 Coral reef area need to be mapped and
notified under the Sanctuary.

 This island sanctuary is recommended to
be upgraded and included in the Group 4
cluster National Park.
ii) Table (Excelsior) Island Sanctuary

Area: 1.69 km2

Year of Declaration: 1987
Major Habitats: Evergreen Forests

Other Habitats: Coral reefs.
Key Species: Corals and associated marine

life.
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Conservation Needs:

 No reports are available on the terrestrial
fauna from this island

 Coral reef area need to be mapped and
notified under the Sanctuary.

 This island sanctuary is recommended to
be upgraded and included in the Group 4
cluster National Park.

26. TempleIsland Sanctuary,
North Andaman

Area: 1.04 km2

Year of Declaration: 1987

Key Species: Information on terrestrial
fauna is not available for this island. Corals
and associated marine life.
Conservation Needs:
 The extent of reef area needs to be assessed

and notified.
 This island sanctuary is recommended to be

upgraded and included in the Group 4 clus-
ter National Park.

Group 5

The island sanctuaries in this group
1. Jungle Island Sanctuary, 2. Wharf Island
Sanctuary, 3. North Island Sanctuary 3. Ox
Island Sanctuary, 4. Ross Island Sanctuary
and 5. Brush Island Sanctuary, are
recommended for clustering into Group 5
Sanctuary.

Major Habitat: Littoral forests and semi
evergreen forests

Other Habitats: Extensive sandy beaches
and coral reefs.

Key Species: Corals and associated
marine life. No information is available on the
terrestrial fauna of this island.

Conservation Needs:

 The extent of reef area needs to be assessed
and notified.

 This island sanctuary is recommended to
be upgraded and included in the Group 4
cluster National Park.

27. Turtle Island Sanctuary,
North Andaman

Area: 0.39 km2

Year of Declaration: 1987
Major Habitat:Evergreen and littoral

forests

Other Habitats: Coral reefs are found on
the north, north west and western sides of the
islands.

28. Jungle Island Sanctuary,
North Andaman

Area: 0.52 km2

Year of declaration: 1987
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Major Habitats: Evergreen forests
Other Habitats: Mangrove

Key Species: Mangrove associated and
other marine life. No reports are available on
the terrestrial fauna from this island.
Conservation Needs:

 The faunal diversity is not known.

 The forest types need reassessment.
 Clustering of this sanctuary into group 5

Sanctuary is proposed.

29. North Island Sanctuary, North
Andaman

Area: 0.49 km2

Year of Declaration: 1987

 Coral reef extent to be mapped.

 Clustering of this sanctuary into group 5
Sanctuary is proposed.

30. Wharf Island Sanctuary, North
Andaman

Area: 0.01 km2

Year of Declaration: 1987

Major Habitat: Evergreen forests
Other Habitats: Coral reefs and shallow

sandy stretches
Key Species: No information is available

on the terrestrial fauna of this island. Coral
associated fauna.

Conservation Needs:

 The faunal diversity needs assessment.

Major Habitat: Ever green and littoral
forests.

Other Habitats: Coral reefs and mangrove
cover on the northeast of this island.

Key Species: Corals, mangrove associated
marine life. No information is available on the
terrestrial fauna of this island.
Conservation Needs:
 The forest types need reassessment.
 The mangrove and coral extent to be

mapped
 Clustering of this sanctuary into group 5

Sanctuary is proposed.

31. Ox Island Sanctuary, North
Andaman

Area: 0.13 km2

Year of Declaration: 1987
Major Habitat: Evergreen forests.
Other Habitats: Dense mangrove forests

surround the island.
Key Species: Mangrove associated marine

life

Conservation Needs:

 The forest types need reassessment, and the
mangrove extent to be mapped

 Clustering of this sanctuary into group 5
Sanctuary is proposed.
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32. Ross Island Sanctuary,
North Andaman

Area: 0.01 km2

Year of Declaration: 1987

Conservation Needs:

 The shallow waters around this island and
the coral reefs need to be assessed for
benthic cover and notified in the PA
territory.

 Clustering of this sanctuary into group 5
Sanctuary is proposed.

Group 6

The island sanctuaries inthis group
1. Shark Island Sanctuary, 2. Kwangtung
Island Sanctuary, 3. Lattouche Island
Sanctuary, 4. North reef Island Sanctuary, 5.
Temple Island Sanctuary, and 6. Turtle Island
Sanctuary, are recommended for upgrading
into a National Park under Group – 6 cluster.

Major Habitats: Evergreen Forests
Other Habitats: Coral reefs are found on

the lagoon side (facing Smith Island) and on
the North.

Key Species: Corals and associated
marine life,

Conservation Needs:

 Coral reef area need to be mapped and
notified under the Sanctuary.

 Clustering of this sanctuary into group 5
Sanctuary is proposed.

33. Brush Island Sanctuary

Area: 0.23 km2

Year of Declaration: 1987

Major Habitat: sandy bars, littoral
forests and rocky intertidal habitats

Other Habitats: coral reefs.
Key Species: No information is available

on the terrestrial fauna of this island. Corals
and other marine fauna

34. Shark Island Sanctuary,
North Andaman

Area: 0.60 km2

Year of Declaration: 1987
Major Habitat: Sandy beaches and coral

reef.
Other Habitats: A small forest patch is

available in the centre of the island
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Key Species: Corals and associated Marine
life.

Conservation Needs:

 Coral reef area for this island needs to be
mapped.

 This island sanctuary is recommended to
be upgraded and included in to the cluster
-Group 6 Islands National Park.

35. Kwangtung Island Sanctuary,
North Andaman

Area: 0.57 km2

Year of Declaration: 1987

 This island sanctuary is recommended to
be upgraded and included in to the cluster
-Group 6 Islands National Park.

36. Lattouche Island Sanctuary

Area: 0.96 km2

Year of Declaration: 1987

Major Habitat: Littoral and semi-evergreen
forests, beaches

Other Habitats: Extensive coral reefs are
surrounding the island beyond the broad
shallow lagoon.
Key Species: Information on terrestrial fauna
is not available for this island. Other fauna
include corals and associated fauna.

Conservation Needs:

 The lagoon and coral reef area need to be
mapped and notified under the PA
territory.

Major Habitat: Semi evergreen forests
Other Habitats: Coral reefs around the

island
Key Species: Corals and associated

marine life, No information available on the
fauna of this Island.

Conservation Needs:

 The coral reef area need to be mapped and
notified under the PA territory.

 This island sanctuary is recommended to
be upgraded and included in to the cluster
-Group 6 Islands National Park.

37. North Reef Island Sanctuary,
North Andaman

Area: 3.48 km2

Year of Declaration: 1977
Major Habitats:Island – ever green forests,

dried-up swamps, long shores.

Other Habitats: Wide stretches of coral
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reef occur in the south, southwest and north
west of the island.

Key Species: Marine fauna including
corals and associates, sea snakes, turtles, etc.,

Conservation Needs:

 Marine Environment is not included within
the territory.

 A detailed survey is required to map the
actual coral area cover.

 The teal habitat has dried up due to the
landmass uplift.

 This island sanctuary is recommended to
be upgraded and included in to the cluster
-Group 6 Islands National Park.

Group 7

The island sanctuaries in this group, 1.
Bamboo Island Sanctuary, 2. Blister Island
Sanctuary, 3. Curlew Island Sanctuary 3. Dot
Island Sanctuary, 4. Oliver Island Sanctuary,
5. Goose Island Sanctuary, 6. Gander Island
Sanctuary, 7. Oyster Island Sanctuary, 8.
Orchid Island Sanctuary, 9. Egg Island
Sanctuary, 10. Curlew B. P Island Sanctuary,
11. Dottrel Island Sanctuary, 12. Girijan Island
Sanctuary, and 13. Swamp Island Sanctuary,
are recommended for clustering into Group 7
Sanctuary.

Major Habitat: Littorel forests
Other Habitats: Mangrove habitats on the

fringes
Key Species: Information on terrestrial

fauna of this island is not available. Marine
life associated with Mangrove and intertidal
zone.
Conservation Needs:

 Mapping of forest types necessary.

 This island sanctuary is recommended for
clustering under Group 7 Sanctuary

39. Blister Island Sanctuary
(North Andaman) Andaman

Area: 0.26 km2

Year of declaration: 1987

38. Bamboo Island Sanctuary,

Area: 0.05 km2

Year of Declaration: 1987

Major Habitats: Mangroves.

Other Habitats: Mangroves cover the
entire island

Key Species: Mangrove associated marine
life - crabs, fishes etc.,

Conservation Needs:

 Mangrove Area mapping necessary.
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 This island sanctuary is recommended to
be clustered under Group 7 sanctuary

40. Curlew Island Sanctuary,
Middle Andaman

Area: 0.03 km2

Year of Declaration: 1987

Major Habitat: Mangroves and littoral
forests

Other Habitats: The island lies in the creek
benthic characterization is mostly muddy.

Key Species: Mangrove associated marine
life.
Conservation Needs:

 Mangrove Area mapping necessary.

 This island sanctuary is recommended to
be clustered under Group 7 sanctuary.

42. Oliver Island Sanctuary, North
Andaman

Area: 0.16 km2

Year of Declaration: 1987
Major Habitat:Mangroves and littoral

forests

Major Habitats: Ever green Forests
Other Habitats: Coral reefs
Key Species: Corals and associated marine

life, No reports are available on the terrestrial
fauna from this island.

Conservation Needs:

 Coral reefs fringing these islands have to
be mapped and considered for inclusion in
the sanctuary

 This island sanctuary is recommended to
be clustered under Group 7 sanctuary

41. Dot Island Sanctuary,
North Andaman

Area: 0.13km2

Year of Declaration: 1987

Other Habitats: The island lies in the creek
benthic characterization is mostly muddy.

Key Species: Mangrove associated marine
life
Conservation Needs:

 Mangrove Area mapping necessary.

 This island sanctuary is recommended to
be clustered under Group 7 sanctuary

43. Goose Island Sanctuary, North
Andaman

Area: 0.01 km2

Year of Declaration: 1987
Major Habitat: Littoral forests

Other Habitats: shallow intertidal habitats
Key Species: Marine intertidal fauna.

Information on terrestrial fauna of this island
is not available.
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Year of Declaration: 1987

Major Habitat: Mangroves and littoral
forests

Other Habitats: The island lies in the creek
benthic characterization is mostly muddy.

Key Species: Mangroves and littoral
forests
Conservation Needs:
 Mangrove Area mapping necessary.
 This island sanctuary is recommended to be

clustered under Group 7 sanctuary

46. Orchid Island Sanctuary,

Area: 0.10 km2

Year of Declaration: 1987

Conservation Needs:

 The intertidal waters need to be assessed
for benthic characterization.

 This island sanctuary is recommended to
be clustered under Group 7 sanctuary

44. Gander Island Sanctuary, Middle
Andaman

Area: 0.05 km2

Year of declaration: 1987

Major Habitats: Evergreen forests
Other Habitats: Mangroves

Key Species: Mangrove associated and
other marine life. No reports are available on
the terrestrial fauna from this island.
Conservation Needs:
 The mangrove area in the island needs to

be mapped.
 This island sanctuary is recommended to be

clustered under Group 7 sanctuary

45. Oyster Island - I Sanctuary,
Middle Andaman

Area: 0.08 km2

Major Habitat: Mangroves and littoral
forests

Other Habitats: The subtidal waters may
have corals and associated fauna

Key Species: Mangrove and associated
marine life.
Conservation Needs:
 Benthic characterisation necessary for the

marine area surrounding the island.
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 This island sanctuary is recommended to be
clustered under Group 7 sanctuary

47. Egg Island Sanctuary

Area: 0.05 km2

Year of Declaration:1987

Conservation Needs:
 The subtidal waters need to be assessed for

benthic characterization.
 The coral reef areas should be marked un-

der the PA territory.
 This island sanctuary is recommended to be

clustered under Group 7 sanctuary

49. Dottrel Island Sanctuary

Area: 0.13 km2

Year of Declaration: 1987

Major Habitat: Littoral forests and sand
bars

Other Habitats: Coral reefs
Key Species: Information on terrestrial

fauna of this island is not available. Other
faunal components include corals and
associated marine life.
Conservation Needs:
 The shallow waters around this island and

the coral reefs need to be assessed for benthic
cover and notified in the PA territory.

 This island sanctuary is recommended to be
clustered under Group 7 sanctuary

48. Curlew B. P. Island Sanctuary

Area: 0.16 km2

Year of Declaration: 1987

Major Habitat: Littoral forests, and
beaches

Other Habitats: Coral reefs
Key Species: Information on terrestrial

fauna is not available for this island. Coral
and associate fauna.

Major Habitat: Littoral forests and beaches
Other Habitats: Coral reefs

Key Species: Information on terrestrial
fauna of this island is not available. Coral and
associated fauna.
Conservation Needs:
 The subtidal waters need to be assessed for

benthic characterization.
 The coral reef areas should be marked under

the PA territory.
 This island sanctuary is recommended to be

clustered under Group 7 sanctuary

50. Girjan Island Sanctuary, North
Andaman

Area: 0.16 km2

Year of Declaration: 1987
Major Habitat: Mangrove, littoral forests

and beaches

Other Habitats: Shallow intertidal habitats
and coral reefs at subtidal depths

Key Species: Mangrove associated marine
life and coral reef fauna
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Conservation Needs:
 The extent of mangrove cover needs to be

assessed.
 The subtidal waters need to be assessed for

benthic characterization.
 The coral reef areas should be marked un-

der the PA territory.
 This island sanctuary is recommended to be

clustered under Group 7 sanctuary.

51. Swamp Island Sanctuary, Middle
Andaman

Area: 4.09 km2

Year of declaration: 1987

Group 8

The island sanctuaries1.Sea serpent Island
Sanctuary, 2. Snake Island Sanctuary,
3.Buchanan Island Sanctuary, 3. Bondoville
Island Sanctuary, 4. Entrance Island
Sanctuary, 5. Surat Island Sanctuary, 6. Spike
I Island Sanctuary, 7. Bennet Island
Sanctuary, 8.Ranger Island Sanctuary, 9.
Roper Island Sanctuary, and 10. Interview
Island Sanctuary are recommended for
clustering into Group 8 Sanctuary.

Major Habitats: Mangrove island,
Other Habitats:—
Key Species: Mangrove associated marine

life.
Conservation Needs:
 Extensive and major cover of mangrove and

mud flats require mapping.
 This island sanctuary is recommended to be

clustered under Group 7 sanctuary.

52. Sea serpent Island Sanctuary,
Middle Andaman

Area: 0.78 km2

Year of declaration: 1987

Major Habitats: Ever green Forests and
Littoral Forests

Other Habitats: Mangrove stretches are
found on the eastern side of the Island
covering almost half of the island.
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Key Species: Marine life including sea
snakes
Conservation Needs:
 The marine area needs to be investigated for

its inclusion.
 Mapping of mangrove, coral reef and other

marine areas is necessary.
 This island sanctuary is recommended to be

clustered under Group 8 Island sanctuary.

53. Snake Island - 1 Sanctuary,
Middle Andaman

Area: 0.73 km2

Year of declaration: 1987

Key Species: Mangrove associated marine
life.
Conservation Needs:
 The extensive cover of Mangrove cover in

this island needs to be mapped.
 This island sanctuary is recommended to be

clustered under Group 8 Island sanctuary.

55. Bondoville Sanctuary

Area: 0.23 km2

Year of Declaration: 1987

Major Habitats: About ¾ of the island
contains mangroves and marshy lands.

Other Habitats: A small exclusively
terrestrial patch is found on the west of the
island.

Key Species: Mangrove associated marine
life - crabs, fishes etc., and sea snakes

Conservation Needs:
 Mangrove cover in this island needs to be

mapped.
 This island sanctuary is recommended to be

clustered under Group 8 Island sanctuary.

54. Buchanan Island Sanctuary,
Middle Andaman

Area: 9.33 km2

Year of declaration: 1987
Major Habitats: ~80% is of the island is

mangrove or marshy area
Other Habitats: Littoral forests

Major Habitat: Mangroves and littoral
forests.

Other Habitats: Beaches on the eastern
side of the island

Key Species: Mangrove associated fauna.
The terrestrial fauna is not known

Conservation Needs:
 The extent of mangrove cover needs to be

mapped.
 Monitoring turtle nesting in the beaches of

this island and the area to be notified as
potential turtle nesting sites.

 This island sanctuary is recommended to be
clustered under Group 8 Island sanctuary.
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56. Entrance Island Sanctuary, Middle
Andaman

Area: 0.96 km2

Year of declaration: 1987

Major Habitat: Littoral forests

Other Habitats: Extensive marshy
intertidal area surrounds island

Key Species: Mangrove associated and
other marine life. No reports are available on
the terrestrial fauna from this island.

Conservation Needs:
 Mangrove forests cover needs to be mapped.
 The marshy intertidal area covering the is-

land to be investigated for the marine fauna
and to be included in the proposed MPA
cluster

 This island sanctuary is recommended to be
clustered under Group 8 Island sanctuary.

58. Spike Island–1 Sanctuary,
Middle Andaman

Area: 0.42 km2

Year of declaration: 1987

Major Habitats: Evergreen forests
Other Habitats: The island is surrounded

by mangroves, and sand bars.
Key Species: Mangrove associated and

other marine life. No reports are available on
the terrestrial fauna from this island.

Conservation Needs:
 Mangrove forests cover needs to be mapped.
 The intertidal zone has to be investigated

for the marine fauna.
 The sand banks/ sand bars adjacent to the

island need be considered for inclusion in
the MPA.

 This island sanctuary is recommended to be
clustered under Group 8 Island sanctuary.

57. Surat Island Sanctuary, North
Andaman

Area: 0.31 km2

Year of Declaration: 1987

Major Habitats: Extensive mangrove and
swampy areas cover the island on the east
and south.

Other Habitats: The north side has
marshy intertidal expanse.

Key Species: Mangrove associated marine
life - crabs, fishes etc.,
Conservation Needs:
 Mangrove cover in this island needs to be

mapped.
 The extensive and major cover of mangrove

and mud flats to be investigated for the
marine fauna and to be included in the pro-
posed MPA cluster

 This island sanctuary is recommended to be
clustered under Group 8 Island sanctuary.
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59. Bennet Island sanctuary,
middle Andaman

Area: 3.46 km2

Year of declaration: 1987

Major Habitats: Mangroves and littoral
forests.

Other Habitats: This sanctuary is a cluster
of 2-3 islands, which are surrounded by
extensive mangroves. Exclusively terrestrial
land is very little.

Key Species: Mangrove associated marine
life - crabs, fishes etc.,
Conservation Needs:
 Mangrove cover in this island needs to be

mapped.
 This island sanctuary is recommended to be

clustered under Group 8 Island sanctuary.

61. Roper Island Sanctuary, Middle
Andaman

Area: 1.46 km2

Year of declaration: 1987

Major Habitats: ~50% of the sanctuary
area is covered with mangroves.

Other Habitats: Littoral forests

Key Species: Mangrove associated marine
life.

Conservation Needs:
 The mangrove area needs to be mapped.
 The intertidal zone has to be investigated

for the marine fauna.
 The marshy intertidal area covering the is-

land to be investigated for the marine fauna
and to be included in the proposed MPA
cluster

 This island sanctuary is recommended to be
clustered under Group 8 Island sanctuary.

60. Ranger Island Sanctuary,
Middle Andaman

Area: 4.26 km2

Year of declaration: 1987

Major Habitats: Evergreen forests

Other Habitats: Extensive mangroves
surrounding the land part of the Island.

Key Species: Mangrove associated marine
life - crabs, fishes etc. No reports are available
on the terrestrial fauna from this island.

Conservation Needs:
 Mangrove forests cover needs to be mapped.
 This island sanctuary is recommended to be

clustered under Group 8 Island sanctuary.

62. Interview Island Sanctuary,
Middle Andaman

Area: 133.00 km2

Year of declaration: 1985

Major Habitats: Evergreen forests
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Other Habitats: Coral reefs and
Mangroves

Key Species: Mammals – Indian elephant
(feral), wild boar, spotted deer, Dog
(domestic/feral); Reptiles - Salt water
crocodile, sea turtle (Hawksbill), Water
monitor; Chestnut headed bee-eater. Fairy
blue bird, Red vented Bulbul, Indian Lorikeet,
Hill Myna, etc.,
Conservation Needs:
 Due to up-lift of landmass considerable

amount of coral mortality occurred.
 The species wise mortality and loss of %

cover data are available.
 Information available on the marine fauna

and reef in the interview islands could be
used for marking the marine zones under
the sanctuary.

 The mangrove patches on the south east and
coral reefs on the east west of the also need
to be mapped and to be notified in the pro-
posed MPA cluster

 This island sanctuary is recommended to be
clustered under Group 8 Island sanctuary.

Group 9

The island sanctuaries in this group which

are recommended for clustering into Group 9
MPA Sanctuary are 1. South reef Island
Sanctuary, 2. Elat Island Sanctuary 3. Mask
Island Sanctuary 4. Tuft Island Sanctuary,
and 5. Hump Island Sanctuary, where Elat
and South reef are recommended to be
upgraded as National Parks forming the core
area of the Sanctuary.

63. South Reef Island Sanctuary
(Middle Andaman) Andaman

Area: 1.17 km2

Year of declaration:1987

Major Habitats: Beaches
Other Habitats: Luxuriant coral cover

may be found in the North - area between the
two islands. And rather deep reefs in the
south.

Key Species: Marine fauna including
corals and associates, sea snakes, turtles,
etc.,
Conservation Needs:
 To not to interfere with the livelihood of the

fishermen who might use this area as fish-
ing zones, it is proposed that the reefs sur-
rounding the Island may be declared as a
sanctuary where guidelines could be issued
regarding any resource extraction.

 Extension in the boundary require including
marine area by a new notification.

 This island sanctuary is recommended to be
upgraded into a National Park forming one
of the core areas under the cluster Group 9
Island sanctuary.

64. Elat Island Sanctuary

Area: 9.36 km2

Year of Declaration: 1987
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Major Habitat: Mangroves and littoral
forests

Other Habitats: Shallow intertidal habitats
and coral reefs at subtidal depths

Key Species: Mangrove associated marine
life and coral reef fauna

Conservation Needs:
 The extent of mangrove cover needs to be

assessed.
 The subtidal waters need to be assessed for

benthic characterization.
 The coral reef areas should be marked un-

der the PA territory.
 This island sanctuary is recommended to be

upgraded into a National Park forming one
of the core areas under the cluster Group 9
Island sanctuary.

65. Mask Island Sanctuary,
North Andaman

Area: 0.78 km2

Year of Declaration: 1987
Major Habitat: Evergreen forests and

Mangroves

Other Habitats: Beaches

Key Species: Mangrove associated fauna.
Information on the terrestrial fauna is not
available.
Conservation Needs:
 Mangrove cover needs to be mapped.
 The beaches to be monitored for turtle nest-

ing activities.
 This island sanctuary is recommended to be

clustered under Group 9 Island sanctuary.

66. Tuft Island Sanctuary,
Middle Andaman

Area: 0.29km2

Year of Declaration: 1987

Major Habitat: Littoral Forests
Other Habitats: Coral reefs, beaches and

with a vast shallow intertidal lagoon.

Key Species: Corals and other associated
marine life. No information is available on the
fauna of this island.
Conservation Needs:
 The coral reef extent needs to be mapped.
 The beaches to be monitored for turtle nest-

ing activities.
 The marine habitats to be included in the

island sanctuary and the proposed MPA
cluster.

 This island sanctuary is recommended to be
clustered under Group 9 Island sanctuary.

67. Hump Island Sanctuary, Andaman

Area: 0.47 km2

Year of declaration: 1987
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Major Habitats: Evergreen Forests.
Other Habitats: Surrounded by beaches

and shallow lagoons.
Key Species: Marine life, crabs and birds.

No reports are available on the terrestrial
fauna from this island. The existence of coral
reef has to be verified.
Conservation Needs:
 The significance of the beaches as the turtle

nesting sites needs to be investigated.
 The coral reef extent needs to be mapped.
 The marine habitats to be included in the

island sanctuary and the proposed MPA
cluster.

 This island sanctuary is recommended to be
clustered under Group 9 Island sanctuary

Group 10

The island sanctuaries in this group 1.
OysIter Island - II Sanctuary, 2. Parkinson
Island Sanctuary, and 3. ConeIsland

Sanctuaryare recommended for clustering
into Group 10 MPA Sanctuary.

68. Oyster Island – II Sanctuary,
Middle Andaman

Area: 0.21 km2

Year of Declaration: 1987

Major Habitat: Semi evergreen forests and
mangrove forests

Other Habitats: The marine area is not
known for significant benthic characteristics
given the location of this island in the enclosed
bay.

Key Species: Mangrove associated fauna.
Conservation Needs:
 The mangrove forests in the island need to

be mapped.
 This island sanctuary is recommended to be

clustered under Group 10 Island sanctuary

69. Parkinson Island Sanctuary,
Middle Andaman

Area: 0.34 km2

Year of declaration: 1987
Major Habitats: Evergreen Forests, Littoral

Forests and Mangroves.
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Other Habitats: Mangroves cover almost
all the islands except a small patch of other
flora in the centre.

Key Species:

Mangrove associated marine life - crabs,
fishes etc., No reports are available on the
terrestrial fauna from this island

Conservation Needs:

 This creek in middle Andaman on its either
side has mangrove forests which need to be
mapped.

 This island sanctuary is recommended to be
clustered under Group 10 Island sanctuary.

70. Cone Island Sanctuary, Andaman

Area: 0.65 km2

Year of declaration: 1987

Major Habitats: Evergreen forests and
Mangroves

Biosphere Reserve are 1. North Button
National Park, 2. Middle Button National
Park, 3. South Button National Park, 4. East
or Inglis Island Sanctuary, 5. Sir Hugh Rose
Island Sanctuary. The Amalgamation requires
the Ritchie’s Archipelago Islands, and the
Button National Parks and Rani Jhansi
Marine Natonal Park areas to be notified as
the core area of the Biosphere Reserve.

71. North Button and Middle Button
Island National Parks, Andaman.

i) North Button Island National Park

Area: 0.44 km2

Year of Declaration: 1979

Other Habitats: Extensive mangrove
patches on the western side cover 1/2th of
the Island.

Key Species: Mangrove associated marine
life – crabs, fishes etc., No reports are available
on the terrestrial fauna from this island

Conservation Needs:

 The mangrove coverage needs to be
mapped.

 This island sanctuary is recommended to be
clustered under Group 10 Island sanctuary

Group 11

The island sanctuaries in Group 11 which
are recommended for clustering into a

Major Habitats: Island and shore
Other Habitats: Coral reefs

Key Species: Marine fauna including
corals and associates, sea snakes, turtles,
saltwater crocodiles etc.
Conservation Needs:
 The extent of coral reef equals the island area

(SAC, 2010) and sport good coral cover.
 The reef areas need to be included in the

jurisdiction of the NP and to be notified as
the core area of the proposed Biosphere
Reserve.
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 This island National Park is proposed to be
clustered under Group 11 Islands Biosphere
Reserve.
ii) Middle Button National Park,

Andaman.

Area: 0.44 km2

Year of Declaration: 1979

Major Habitats: Island and shore
Other Habitats: Coral reefs
Key Species: Marine fauna including

corals and associates, sea snakes, turtles,
saltwater crocodiles etc.,

Conservation Needs:
 The coral reefs sport good coral cover.
 The reef areas need to be included in the

jurisdiction of the NP and to be notified as
the core area of the proposed Biosphere
Reserve.

 This island National Park is proposed to be
clustered under Group 11 Islands Biosphere
Reserve.

72. South Button National Park,
Andaman

Area: 0.03 km2

Year of Declaration: 1979

 This island National Park is proposed to be
clustered under Group 11 Islands Biosphere
Reserve.

73. East or Inglis Island Sanctuary,
South Andaman

Area: 3.55 km2

Year of declaration: 1987

Major Habitats: Evergreen and littoral
forests

Major Habitats: Island and shore
Other Habitats: Coral reefs

Key Species: Marine fauna including
corals and associates, sea snakes, turtles,
saltwater crocodiles etc.,
Conservation Needs:
 The coral reefs sport good coral cover.
 The reef areas need to be included in the

jurisdiction of the NP and to be notified as
the core area of the proposed Biosphere
Reserve.

Other Habitats: Extensive reefs are found
surrounding the island. The reef flat in the
east is at a distance of 0.25 km. The shallower
water body comprising coral reefs extends to
a maximum of 0.77 km from the shore. No
reports are available on the fauna of this
island.

Key Species: Corals and associated marine
life
Conservation Needs:
 Information on diversity and coverage of

corals and other associated fauna are not
available except a few one-time observations
of fishes.

 Inclusion of coral reefs within the territo-
rial limits of the PA is required.

 This sanctuary is proposed to be upgraded
to National Park and to be notified as the
core area of the proposed Biosphere Reserve.

 This island sanctuary is proposed to be clus-
tered into Group 11 Islands Biosphere Re-
serve.

74. Sir Hugh Rose Island Sanctuary,
South Andaman

Area: 1.06 km2

Year of Declaration: 1987
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Major Habitat: littoral and semi
evergreen forests

Other Habitats: Extensive reefs are
found surrounding the island.

Key Species: Corals and associated
marine life
Conservation Needs:

 Information on diversity and coverage of
corals and other associated fauna are not
available

 The reef areas need to be mapped.
 The Island sanctuary is proposed to be

upgraded in to a NP by including the coral
reef extent surrounding the island, and to
be notified as the core area of the proposed
Biosphere Reserve.

 This island sanctuary is proposed to be
clustered under Group 11 Islands
Biosphere Reserve.

Group 12

The islands in this group 1. Stoat Island
Sanctuary, 2. Mangrove Island Sanctuary,

3. TalabaichaIsland Sanctuary, 4. Spike Island
II Sanctuary, 5. Bingham Island Sanctuary
and 6. Bluff Island Sanctuary are
recommended to be clustered into Group 12
MPA Sanctuary. Bluff Island Sanctuary is
recommended to be upgraded to National
Parkand the core area of the sanctuary in
order to offer protection to the extensive coral
reefs fringing this island, which could serve
as a reserve to replenish the resources at the
sanctuary.

75. Stoat Island Sanctuary, Andaman

Area: 0.44 km2

Year of declaration: 1987

Major Habitats: Evergreen forests and
Littoral forests

Other Habitats: Corals may be available
given the room for oceanic or open water
circulation in the north.

Key Species: No reports are available on
the terrestrial fauna from this island
Conservation Needs:
 The coral reef area in the north of this PA

need to be investigated.
 The mangrove extent needs to be mapped.
 The Island sanctuary is proposed to be

clustered under Group 12 Marine
Sanctuary.

76. Talabaicha Island Sanctuary,
Middle Andaman

Area: 3.21 km2

Year of Declaration: 1987

Major Habitat: Evergreen forests and
Mangroves
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Other Habitats: Intertidal marine
habitats to be assessed for benthos
charaterization

Key Species: Mangrove associated
species. No reports are available on the
terrestrial fauna of this island

Conservation Needs:
 The mangrove extent in the sanctuary needs

to be mapped.
 The Island sanctuary is proposed to be clus-

tered under Group 12 Marine Sanctuary.

77. Mangroves Island Sanctuary
(Middle Andaman) Andaman

Area: 0.39 km2

Year of declaration: 1987

 The status of coral reefs needs to be assessed.
 The Island sanctuary is proposed to be clus-

tered under Group 12 Marine Sanctuary.

78. Bingham Island sanctuary,
South Andaman

Area: 0.08 km2

Year of declaration: 1987

Major Habitats: Mangroves.
Other Habitats: There is coral growth

fringing on the south and west sides of the
island.

Key Species: Mangrove associated
marine life - crabs, fishes etc.,

Conservation Needs:
 Extension of the protected area to include

the reefs is proposed.

Major Habitats: Evergreen Forests and
Mangroves

Other Habitats: The Island has mangrove
zones in the fringes.

Key Species: Mangrove associated fauna.
No information is available on the fauna of
this island.

Conservation Needs:
 No information is available on the Fauna

and flora of this island sanctuary.
Biodiversity inventorisation should be car-
ried out for this island and surrounding
subtidal habitats.

 The intertidal area that stretches up to
0.4 - 0.8 km surrounding the island need to
be studied for marine ecosystem and fau-
nal characterization.

 The Island sanctuary is proposed to be clus-
tered under Group 12 Marine Sanctuary.

79. Bluff Island Sanctuary, Andaman

Area: 1.14 km2

Year of declaration: 1987

Major Habitats: Evergreen forests and
Littoral forests.

Other Habitats: Surrounded by extensive
coral reefs, Sandy patches / bars, reef lagoons
etc.



76 MARINE ECOSYSTEMS AND MARINE PROTECTED AREAS OF INDIA

Key Species: Corals and associated
marine life. No reports are available on the
terrestrial fauna from this island
Conservation Needs:
 The coral reef status needs to be assessed.

The reef area should be included under PA
and re-notified.

 The Island sanctuary is recommended to be
upgraded to National Park and notified as
core area of the cluster Group 12
MarineSanctuary.

80. Spike Island -2 Sanctuary,
South Andaman

Area: 11.70 km2

Year of declaration: 1987

 There may be coral reefs at the intertidal
regions which need to be investigated.

 The Island sanctuary is proposed to be
clustered under Group 12 Marine
Sanctuary.

Group 13

The island sanctuaries in this group,
1.Duncan Island Sanctuary, 2. Pitman Island
Sanctuary, 3. Potanma  Island Sanctuary, 4.
Kyd Island Sanctuary,and 5. James Island
Sanctuary are recommended for clustering
into Group 13Marine Sanctuary.

Major Habitats: Evergreen forests
Other Habitats: A small strip of mangrove

is found along the east side of the island. The
western side has beaches.

Key Species: Mangrove associated and
other marine life. No reports are available on
the terrestrial fauna from this island.

Conservation Needs:
 Mangrove forests cover needs to be mapped.

81. Duncan Island sanctuary, South
Andaman

Area: 0.73 km2

Year of declaration: 1987

Major Habitats: Ever green forests,
swamps
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Other Habitats: Coral reefs. The shallow
water body in this island extends to a
maximum width of 0.24 kms from the shore.

Key Species: Corals and associated marine
life. No information is available on the Fauna
and flora of this island sanctuary.
 The presence of corals or fringing reefs in

this area need to be investigated.
 The Island sanctuary is proposed to be clus-

tered under Group 13 Marine Sanctuary.

82. Pitman Island Sanctuary, Andaman

Area: 1.37 km2

Year of Declaration: 1987
Key Species: Fauna information is not

available for this island

Conservation Needs:
 Faunal assessment of this island required

including the benthic characterization of the
surrounding marine area.

 This island sanctuary is proposed to be clus-
tered under Group-13 Marine Sanctuary.

84. Kyd Island Sanctuary, Andaman

Area: 8.00 km2

Year of declaration: 1987

Major Habitat: Littoral Forests and
Mangrove forests

Other Habitats: There are healthy coral
reefs in the eastern side of the island. Pachy
reefs are found at the adjoining waters.

Key Species: Mangrove associated fauna,
Corals and marine life.
Conservation Needs:
 The extent of mangroves and coral reefs need

to be mapped and notified within the
boundary of the proposed MPA sanctuary.

 This island is proposed to be clustered un-
der the Group-13 Marine Sanctuary.

83. Potanma Island Sanctuary, Andaman

Area: 0.16 km2

Year of Declaration: 1987

Major Habitat:A small least vegetated
Island.

Other Habitats:The marine area
surrounding islands need to be investigated
for benthic characteristics.

Major Habitats: Evergreen forests and
Littoral forests.

Other Habitats: The leeward side has
mangroves and the seaward side has corals

Key Species: Coral reef and Mangrove
associated marine life. No reports are
available on the terrestrial fauna from this
island
Conservation Needs:
 The mangrove extent and coral cover need

to be mapped.
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 The reef area to be considered for inclusion
in the proposed MPA sanctuary.

 This island sanctuary is proposed to be clus-
tered under the Group-13 Marine Sanctu-
ary

85. James Island Sanctuary, Andaman

Area: 2.10 km2

Year of declaration: 1987

The islands proposed for Group 14 Marine
sanctuary include 1. Patric Island Sanctuary,
2. Defence Island Sanctuary, 3. Montogemery
Island Sanctuary, and 4. Clyde Island
sanctuary, where the Patric and Motogemery
Islands are recommended to be upgraded to
National Park status and also to be notified
as the core area of the sanctuary.

86. Patric Island Sanctuary, South
Andaman

Area: 0.13 km2

Year of Declaration: 1987

Major Habitats: Evergreen forests and
Littoral forests.

Other Habitats: Mangroves
Key Species: Mangrove associated marine

life - crabs, fishes etc., No reports are available
on the terrestrial fauna from this island

Conservation Needs:
 It needs to be verified that the mangrove

stretch has been included in the notification
of the Sanctuary

 This island is proposed to be clustered un-
der the Group-13 Marine Sanctuary.

Group 14

Major Habitat: Littoral forests and
extensive beaches

Other Habitats: Extensive coral reefs are
found fringing the island and in patches at
sub-tidal depths.

Key Species: Corals and associated
fauna. No information is available on the
terrestrial fauna from this isaland.

Conservation Needs:
 The coral reef area need to be mapped and

status assessed.
 The reef extent needs to be notified under

the Protected Area.
 This island sanctuary is proposed to be up-

graded to a National Park clustered under
the Group-14 Marine Sanctuary

87. Defence Island Sanctuary, Andaman

Area: 10.49 km2

Year of declaration: 1987

Major Habitats: Evergreen forests and
Littoral forests.
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Other Habitats: On the east and south
east side of the island has mangrove forests.
The Northern side seems to be devoid of
mangroves but with sandy beaches and coral
reefs.

Key Species: Coral reef and Mangrove
associated marine life. No reports are
available on the terrestrial fauna from this
island

Conservation Needs:
 The extent of coverage of coral reefs and

health status need to be assessed.
 This island sanctuary is proposed to be clus-

tered under the Group-14Marine Sanctuary

88. Montogemery Island Sanctuary,
South Andaman

Area: 0.21 km2

Year of declaration: 1987

the terrestrial fauna from this island. Corals
and associated marine life.
Conservation Needs:
 Inclusion of coral reefs within the territo-

rial limits of the sanctuary and the area
needs to be investigated for diversity and
status.

 This island sanctuary is proposed to be up-
graded to a National Park clustered under
the Group-14Marine Sanctuary

89. Clyde Island Sanctuary, Andaman

Area: 0.54 km2

Year of declaration: 1987

Major Habitats: Littoral forests.
Other Habitats: Shallow reef extending to

0.8 km in the North East of this island and
the continuation of it towards south of this
island.

Key Species: No reports are available on

Major Habitats: Littoral forests and
Evergreen forests

Other Habitats: Extensive mangrove
growths around the island.

Key Species: Mangrove associated
marine life - crabs, fishes etc., No reports
are available on the terrestrial fauna from
this island
Conservation Needs:
 The mangrove flora and associated fauna

need to be studied.
 The mangrove cover is included in the PA

territory need to be verified.
 The mangrove cover needs to be mapped.
 This island sanctuary is proposed to be clus-

tered under the Group-14 Marine Sanctu-
ary

Group 15

The islandsantuaries proposed for Group
15 MPA and proposed for upgradation to
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National Park include 1. Cinque Island
Sanctuary, 2. Passage Island Sanctuary, 3.
Sisters Island Sanctuary, 4.South Sentinel
Island Sanctuary, 5. North Brother Island
Sanctuary, and 6. South Brother Island
Sanctuary.

90. Cinque Islands Sanctuary (South
Andaman) Andaman

Area: 9.51km2

Year of declaration: 1987

 The extent of coral reefs needs to be mapped
and notified under the proposed MNP.

 This island sanctuary is recommended to be
upgraded under the cluster Group-15
Marine National Park.

91. Passage Island Sanctuary,
South Andaman

Area: 0.62 km2

Year of Declaration: 1987

Major Habitats: Evergreen forests, and
beaches.

Other Habitats: The two islands notified
under this sanctuary have extensive coral reef
patches especially at the eastern side of the
sand bar at the North Cinque Island. Reefs are
also present in patches at the south of south
Cinque Island

Key Species: Marine fauna including
corals and associates, sea snakes, turtles, etc.,
Conservation Needs:
 No status report available on the health of

the reefs.

Major Habitat: Evergreen forests.
Other Habitats: Information on the

adjoining marine habitat is not available.
Key Species: Fauna information is not

available for this island PA.
Conservation Needs:

 Assessment of marine ecosystem adjoining
this island sanctuary necessary.

 The extent of coral reefs need to be notified
under the proposed MNP.

 This island sanctuary is recommended to be
upgraded under the cluster Group-14 Ma-
rine National Park.

92. Sisters Island Sanctuary, South
Andaman

Area: 0.36 km2

Year of Declaration: 1987
Major Habitat: Littoral Forests.
Other Habitats: The marine habitats

surrounding the island need to be assessed for
benthic characterization.

Key Species: Fauna information on the
marine and terrestrial environment is not
available for this island sanctuary.
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Conservation Needs:
 Inventory on the terrestrial fauna required.
 The marine habitats need to be mapped for

extent and assessed for faunal characteriza-
tion.

 The extent of coral reefs needs to be noti-
fied under the proposed MNP.

 This island sanctuary is recommended to be
upgraded under the cluster Group-14 Ma-
rine National Park.

93. South Sentinel Island Sanctuary,
South Andaman

Area: 1.61 km2

Year of Declaration: 1977

 This island sanctuary is recommended to be
upgraded under the cluster Group-14 Ma-
rine National Park.

94. North Brother Island Sanctuary,
Andaman

Area: 0.75 km2

Year of declaration: 1987

Location: 103 km from Port Blair.

Major Habitat: Tropical evergreen , littoral
forests, mangroves (tidal swamp) and sandy
beach.

Other Habitats: Coral reefs.

Key Species: Water monitor, flying fox,
Nicobar pigeon, saltwater crocodile, sea
turtles.
Conservation Needs:
 The extent of coral reefs need to be mapped

and notified under the proposed MNP.

Major Habitats: Littoral forests and
Evergreen forests

Other Habitats: Whether has coral reefs,
mangroves, seagrass ecosystems is not known.

Key Species: No reports are available on
the terrestrial fauna from this island

Conservation Needs:
 Mapping of habitats is required.
 The extent of coral reefs need to be mapped

and notified under the proposed MNP.
 This island sanctuary is recommended to be

upgraded under the cluster Group-14 Ma-
rine National Park.

95. South Brother Island Sanctuary,
South Andaman

Area: 1.24 km2

Year of declaration: 1987
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Major Habitats: Littoral forests and
Evergreen forests

Other Habitats: Surrounded by beautiful
beaches and marked by a shallow water body,
which indicate the presence of coral reefs.

Key Species: Corals and associated marine
life. No reports are available on the terrestrial
fauna from this island
Conservation Needs:
 The status of the reefs in this island need to

be assessed.
 The extent of coral reefs need to be mapped

and notified under the proposed MNP.
 This island sanctuary is recommended to be

upgraded under the cluster Group-14 Ma-
rine National Park.

Category – II MPAs,
[outside the clusters] in India

96. Peacock Island Sanctuary

Area: 0.42 km2

 Year of declaration: 1987

97. Rowe Island Sanctuary,
North Andaman

Area: 0.01 km2

Year of Declaration: 1987

Major habitats: Littoral forests.

Other habitats: Mangrove forests are
available in the east of the island. The
intertidal area surrounding the island
needbenthic characterization,

Key Species: No information is available
on the Fauna and flora of this island
sanctuary, and the marine area.
Conservation needs:
 The intertidal stretch is covered within the

sanctuary area of 5 ha needs to be verified
for benthic characteristics and the fauna
need to be assessed.

 The coral reef extent surrounding the island
need to be mapped and notified under the
boundary of PA

Major Habitat: Littoral forests
Other Habitats: sandy beaches
Key Species: No information is available

on the fauna of this island
Conservation Needs:
 Faunal assessment required for this island.
 The marine area required to be assessed for

the benthic habitat and notified under the
PA

98. Arial Island sanctuary,
South Andaman

Area: 0.05 km2

Year of declaration: 1987
Major habitats: Littoral forests.
Other habitats: An intertidal stretch

(sandy or muddy) is connecting this island to
a mangrove patch in South Andaman.
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Key Species: No information is available
on the Fauna and flora of this island
sanctuary, and the marine area.

Conservation needs:

 The intertidal stretch is to be verified for
benthic characteristics and the fauna need
to be assessed.

 The marine area need to be notified under
the PA.

99. Belle Island sanctuary, South
Andaman

Area: 0.08 km2

Year of declaration: 1987

Major Habitats: Mangrove

 The coral reef extent need to be mapped and
notified under the PA.

101. Snake Island – II Sanctuary

Area: 0.03 km2

Year of Declaration: 1987
Major Habitat: Rocky terrain Island with

little vegetation.

Other Habitats: The islands being situated
in the mangrove creeks may not have
important benthic characterization.

Key Species: Mangrove associated marine
life.

Conservation Needs:

 Faunal assessment is required for this
islandsantuary.

100. Sandy Island Sanctuary (South
Andaman) Andaman

Area: 1.58 km2

Year of declaration: 1987

Major Habitats: Sandy island area.

Other Habitats: Sandy stretches, partly
submerged,

Key Species: Marine life, crabs and
birds.

Conservation Needs:

 Possibility of coral reefs around this sand
bar needs to be investigated.

Other Habitats: The adjoining marine
habitats have no significant benthic
characteristics.

Key Species: Sea snakes.

102. Baltimalv Island Sanctuary

Area: 2.23 km2

Year of Declaration: 1985
Major Habitat: Ever green forests.
Other Habitats: Mangroves and Coral

reefs
Key Species: Faunal information not

available.
Conservation Needs:
 Faunal inventories required.
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Russell’s vipers, Dog faced water snakes, and
Common Kraits. The sanctuary is known for
many species of fishes, which include
Sawfish, Butter Fish, Electric rays, Silver carp,
Star Fish, Common Carp, King Crabs, Prawn,
Shrimps, Gangetic Dolphins, Skipping Frogs,
Common Toads and Tree Frogs. Sanctuary
harbours estuarine crocodiles, chameleons,
monitor lizards turtles, including Olive Ridley,
hawksbill, and green turtles;

Conservation needs:
 Marking of seaward boundaries to cover the

intertidal swamps which offer habitat for
water fowls is necessary.

Protected areas under MPA Category – III

105. Narcondam Island Sanctuary, North
East of Andaman Island

Area: 6.81 km2

Year of declaration: 1977
Major Habitats: Evergreen, Moist-

deciduous, littoral and Mangrove forests and
swamps

Other Habitats: Possible existence of coral
reefs in the peripheries.

Key Species: Narcondum hornbill

 Extent of marine habitats such as coral reefs
require mapping and inclusion within the
PA boundary.

103. Pitti Island Sanctuary,
Lakshadweep

Area: 0.01 km2

Year of Declaration: 2000
Major Habitat: Sandy and coral Rubble

Island forming a nesting habitat for at least
two varieties of turns.

Other Habitats: Coral reefs surround the
entire Island upto a depth of ~20 m.

Key Species: Sea birds (terns), crabs and
coral and associated marine life.
Conservation Needs:
 The extent of coral reefs surrounding the

Pitti Island needs to be notified under the
PA territory.

 The island is recommended to be upgraded
to National Park (see also chapter 5.)

104. Halliday Sanctuary

Area: 9.75 km2

Year of Declaration:

Major Habitats: Tropical evergreen forests
and mangroves. Situated to the south of the
Sunderbans Tiger Reserve, Halliday Island
Wildlife Sanctuary provides ideal habitat for
Barking Deer and birds. 

Other Habitats: The intertidal Swamps
surrounding the island sanctuary provide
ideal habitat for the water fowls.

Key species: Spotted deer (Axis axis), wild
boar (Sus scrofa) and rheus macaque
(Macacamullata) are common. The reptiles
include, turtles (Cheloniamydas) and snakes
such as pythons, king cobras, rat snakes,
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(endemic to this island) and ~38 species of
birds; Reptiles – Banded Gecko, Dwarf Gecko,
Emerald Gecko, water monitor, Sea snake etc.,
Conservation Needs:
 No information on fauna other than Birds

available for this island.
 Marine ecosystems need assessment.
 This island sanctuary is recommend for

upgrading to National Park status.
106. Barren Island Sanctuary,

Area: 8.10 km2

Year of Declaration: 1977

Other Habitats: The marine area in the
fringes.

Key Species: Andaman Horseshoe bat,
Indian wild boar, Himalyan Palm civet,
spotted Deer, Flying fox, Andaman shrew,
and birds such as Heron, Kingfishers,
Imperial pigeon etc.,
Conservation Needs:
 The marine area needs to be assessed.

108. Cuthbert Bay Sanctuary
(Middle Andaman) Andaman

Area: 5.82 Km2

Year of declaration: 1987

Major Habitat: Contains the only active
volcano in India. Sparse vegetation on the
sides of the old volcano.

Other Habitats: Marine habitats have not
been understood for their benthic
characterisation which might hold some
unique fauna.

Key Species: No records so far of the
Island fauna except the feral goats.
Conservation Needs:
 Marine habitats need investigation.

107. Saddle Peak National Park

Area: 32.54 km2

Year of Declaration: 1979

Major Habitat: Evergreen, Wet Bamboo,
and littoral

Major Habitats: Beaches and creek.
Other Habitats: Coral Reefs.

Key Species: Sea turtles, reticulated
python, dugong, crab eating macaque and
Nicobar megapode.
Conservation Needs:
 No reports are available on the terrestrial

fauna from this island
 Coral reef area needs to be mapped and

notified under the Sanctuary.

109. Mount Harriet National Park,
South Andaman

Area: 46.62 km2

Year of Declaration: 1979

Major Habitat: Dense Evergreen and
Semi Evergreen forests.

Other Habitats:Mangroves on the coastal
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belt and marine habitats such as coral reefs
and sea grass beds.

Key Species: Mammals such as Horse
Shoe bat, Wild boar, Himalayan Palm Civet,
Barking deer, Spotted deer, Flying fox and
Andaman Island Spiny Shrew. Bluebird
Fairy, Andaman Drango, Crested Serpent
Eagle, Three toed King fisher, Indian
Lorikeet, Large Brown throated Spinetail
Swift, The Swift, Grey Teal Pale footed Bush

Warbler are some of the bird representatives.

Conservation Needs:
 Period monitoring of the faunal status.
 Assessment of feasibility of inclusion of

marine areas into the PA.

110. Great Nicobar Biosphere
Reserve, Nicobar

Area: 885 km2 (Zone I – 610 km2; Zone II
– 275 km2; Transition zone – 159 km2)

Year of Declaration: 6 January 1989
Habitats: Falling under Indo-Malayan

Biogeographic zone (9B), the Great Nicobar
Biosphere has a rugged topography with hilly
ranges, valleys and flat plains in the coastal
region. The forests are lowland swamp,
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Evergreen hill forests and littoral ones. 5
perennial and small rain fed rivers constitute
the major fresh water ecosystem in the island.

Other habitats: Coastal lagoon, Estuaries,
Seagrass beds, Mangroves and Coral reefs.

Key Species: Great Nicobar is home to a
number of endemic animals: A total of 12
mammals, 35 Birds, 7 Reptiles, 4 Amphibians
and about 100 insects are endemic to this
region. Macacafascicularisumbrosa(Nicobar
Crab eating Macaque), Tupaianicobaricasurda
(Nicobar Tree Shrew), Susscrofanicobarica
(Nicobar Wild Pig), Megapodiusfreycinetabbotti
(South Nicobar Megapode), Spilornisklossi
(Great Nicobar Crested Serpent Eagle) and
Python reticulatus (Reticulated python) are
some of the unique endemic representatives.
Conservation Needs:
 The coastal plains, sea grass beds, man-

groves and coral reefs required to be noti-
fied under PA territory.

111. Megapode Island Sanctuary,

Area: 0.12 km2

Year of Declaration: 1985

112. Tillongchang Island Sanctuary,
Nicobar Islands

Area: 16.83 km2

Year of Declaration: 1985

Major Habitat: Semi-evergreen , littoral
mangroves (tidal swamp). Keyspecies: water
monitor, Andaman wood pigeon, white
bellied sea eagle.

Other Habitats: Coral reefs
Key Species: The Megapode Bird.

Conservation Needs:
 The coral reef area on the eastern side of

the island need to mapped and notified in
the PA.

 The island sanctuary is recommended to be
upgraded into National Park status.

Major Habitat: Tropical evergreen forest,
semi-evergreen forest, littoral forest,
mangroves (tidal swamp).

Other Habitats: Coral reefs
Key Species: Water monitor, salt water

(estuarine) crocodile, Indian wild boar,
spotted deer, megapode, Nicobar pigeon,
Andaman wood pigeon, crested serpent
eagle, whater bellied sea eagle.

Conservation Needs:
 The fringing reefs around the island are one

of the undisturbed reefs in Andaman
Nicobar Islands and the reef area need to
be mapped and notified under the PA terri-
tory.

 This island sanctuary is recommended for
upgrading to National Park status.

113. Bhitarkanika Wild Life Sanctuary

Area of Bhitarkanika Sanctuary: 672 km2

Year of Declaration: 1975
Habitat: The Sanctuary consists of dense
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mangrove forest and patchy swamps, which
lies in the river delta of the Brahmani,
Baitarani, and Dhamara rivers. Eastern side
lies the turtle nesting beach and Gahirmatha
Marine Sanctuary. Bhitarkanika is declared as
a Ramsar site of wetlands of International
Importance in the year 2002 and proposed to
be included in the list of World Heritage sites

Fauna of particular importance:  The thick
mangrove forests and the beach provide an
ideal habitat for terrestrial and aquatic
wildlife. Sambar, chital, and wild boar besides
leopards, jackals, hyenas, porcupines, otters
and fishing cats are some of the prominent
animals found here.

The topography is ideal for amphibians
and reptiles. Five species of amphibians, nine
species of lizards, seven species of turtles and
eighteen species of snakes including banded
kraits are found in the sanctuary. The area
harbours a large breeding and conservation
program for salt water crocodiles.
Mudskippers and the limulus crab are also
the significant animals in the sanctuary.

 More than 170 species of resident and
migratory birds occur in the area and a large
water bird rookery is situated here. The Bar-
headed Goose, Grey Pelicans Bramhiny Duck
and Lesser Whistling Teal are some of the
birds in the area. Asian Open bills, six species
of Kingfisher, five species of Egrets, the Black-
headed Ibis White-bellied Sea Eagle. Kites,
Common Snipes, Curlews, Sand Pipers and
Darters are also inhabit the
shores. Shovellers and
Cormorants are observed in
the shallow waters.

Conservation Needs:

 Management required to
minimise anthropogenic
pressures due to human
habitation inside the
sanctuary.

 Stringent actions to curb
incidental hunting of
wild animals from the
sanctuary.

 Developmental activities (Ports and Jetties)
proposed close to the sanctuary need to be
evaluated for the environmental impacts.

114. Point Calimere Sanctuary, Tamil
Nadu

Location : Located in the coastal district
Nagapattinam in Tamil Nadu

Background: Point Calimere Wildlife and
Bird Sanctuary (PCWBS) was created in 1967
with 21.47 km2 of protected area along
the Palk Straight, where it meets the Bay of
Bengal at Point Calimere at the southeastern
tip of Nagapattinam District. The 7 km2core
area of this sanctuary has been proposed as
a National Park.

Habitat: Sanctuary consists of Tidal
swamps, Thorny scrub around the
backwaters, Dry evergreen forests and
Mangroves.



89VENKATARAMAN et al. : REASSESSMENT OF MARINE PROTECTED AREAS IN INDIA

Fauna of particular importance: The
sanctuary is famous for large congregations
of water birds, especially Greater Flamingos
and mainly created for protecting the near
threatened Blackbuck Antelope, an endemic
mammal in India. Other important animals of
the sanctuary include spotted deer, Jackal,
Civet, Wild boar, Jungle Cat, Bonnet
Macaque, Black naped Hare and Common
Indian Mongoose. A notable feature of the
sanctuary is the presence of feral horses.

Olive Ridley turtles have been regularly
nesting in the sanctuary beach during winter.
Dolphin sighting is common along the
sanctuary coast.

With the arrival of north east monsoons,
migratory birds start congregating in and
around the sanctuary. More than a hundred
species of migratory birds visit the sanctuary.
They include Flamingo, Painted Storks,
Pelicans, Teals, Terns, Ducks and a variety of
shore birds. About 20000 Flamingoes visit the
Sanctuary every year. The rare Spoonbill
Sandpiper has also been sighted in the
sanctuary. White bellied Sea Eagle, Montagu’s
Harrier, White-eyed Buzzard, Peregrine
Falcon, Common Kestrel, Osprey, Blue faced
Malkoha, Pied Cuckoo, Blue tailed Bee eater,
Yellow billed Babbler, Chestnut-tailed starling,
Asian Paradise- flycatcher, Greater Flamingo,
Lesser Flamingo, Spot billed Pelican, Great
Cormorant, Grey Heron, Purple Heron,
Western Reef Egret, Eurasian Spoonbill,
Northern Shoveler, Red-crested Curlew,
Spoon-billed Sandpiper, Black tailed Godwit,
Asian Dowitcher, Pallas’s
Gull, Caspian Tern, Great
Crested Tern, Black-capped
Kingfisher are some of the
other important species.

Present Status

Major threats to the
natural biodiversity and
ecological balance of the
sanctuary are: loss of
habitat for waterbirds, soil
and water salinisation by
adjacent salt pans, spread of

the invasive Prosopisjuliflora, cattle grazing
and scarcity of fresh water.

115. Lothian Island Sanctuary

Lothian Island Wildlife Sanctuary

Location: It is situated in South 24
Parganas district of West Bengal.

Background: Lothian Island Wildlife
Sanctuary is lying to the south of the
Sunderbans Tiger Reserve. Total area of the
sanctuary is 38 sq.km.

Habitat: Mangroves, Estuaries and
Swamps

Fauna of particular importance: Gangetic
Dolphins, Skipping Frogs, Common Toads
and Tree Frogs. Sanctuary harbours estuarine
crocodiles, chameleons, monitor lizards
turtles, including Olive Ridley, hawksbill, and
green turtles; and snakes including pythons,
king cobras, rat snakes, Russell’s vipers, Dog
faced water snakes, and Common Kraits.
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INTERNATIONAL RECOGNITIONS

India is party to World Heritage and
Ramsar conventions and two MPAs,
Sunderbans National Park and Chilka Wild
life Sanctuary have received inscriptions as
World Heritage site (the only marine site in
Asia) and Ramsar site respectively. India also
has a National MAB Committee under
UNESCO Man And Biosphere (MAB)
Programme. Along with the proposal of
several MPAs of India to be included under
the category of Ramsar sites (Point Calimere
Wildlife Sanctuary, Khijadia Bird Sanctuary
and Gulf of Kachchh Marine National Park),
many also have been proposed for inclusion
under MAB net (Gulf of Kachchh, Gulf of
Mannar Marine Biosphere Reserve, Chilka,
the Sundarbans and Great Nicobar Biosphere
Reserve). World Wide Fund For Nature
(WWF), under Biodiversity Hotspot
Conservation Programme (BHCP), in 1994,
recognized Andaman Nicobar Islands as
subsidiary hotspots to the two hotspots in
India (Eastern Himalaya and Western Ghats)
as among the 18 sites of the Globe and
identified coral reefs of Andaman Nicobar
Islands to be fragile ecosystems to develop
action plan for coral reef conservation
(Krishnakumar, 1997). The islands, along
with Little Ran of Kutch (Wild Ass Sanctuary)
also have been identified and included in the
list of natural properties of World Heritage
quality in an indicative survey by IUCN for
the Indomalayan realm (IUCN, 1982).
Nonetheless, recognitions from Andamans,
Nicobars and the West Coast of India are still
absent. And additions to the world’ list of PAs
are needed to completing the Indomalayan
network of protected areas and for effective
management of existing protected areas in the
realm (Thorsell, 1985).

REGIONAL REPRESENTATION AND
NEW PROPOSALS

Assessment of regional priorities in the
establishment and management of MPAs in

5. STATUS OF REPRESENTATION OF MPAs IN INDIA AND
RECOMMENDATIONS

the Indian Ocean Region was made in the
report prepared for IUCN-CNPPA by
Dwivedi et al., (1994), Wells et al., (1995), and
Thorsell, (1985), which observed that most
MPAs are located in the Eastern Indian Ocean
biogeographic zone (that includes 8 MPAs, 4
of these in Sri Lanka and 4 along east coast
of India), 4 MPAs along the west coast of
India in the Western Indian Ocean zone, 1*
in the Andaman Nicobar Islands in the East
Bay of Bengal zone, and 2 MPAs (Sundarbans
NP and BhitarKanika Wildlife Sanctuary in
India) in the Northern Bay of Bengal zone.
The gaps identified in the representation of
MPAs in effectively conserving the
representative range of habitat and
ecosystems types within each zone (and of
relevance to India) are: 1. Bangladesh,
Maldives, Myanmar and the Chagos
Archipelago have no subtidal MPAs; 2. the
atoll groups of the Laccadive-Chagos chain
and the coast of Myanmar are not
represented; more MPAs are required in the
Andaman and Nicobar island group (Wells et
al., 1995).

BIOGEOGRAPHIC AND NATIONAL
REPRESENTATION OF MPAS

Rodgers (1985) provided a review of
biogeographic classification for India for
planning protected area networks country-
wide, where the islands and coasts fall under
the major biogeographic zone of Indo-
Malayan realm with subdivision as Andaman
Islands, Nicobar Islands, Lakshadweep
Islands, Western coasts and Eastern Coasts.
On analyses of the representation of PAs in
these biogeographic zones, Rodgers and
Panwar (2004) for Andaman Nicboar Islands
observed that the current protected area cover
is insufficient to protect all representative
biogeographic zones, habitats and species,
and corroborated with similar reports which
recommended a much greater development of
protected areas to cover the full range of
biomes in each island division, including all
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off-shore islands. The representative PAs and
up-gradation of protection status proposed by
Rodger and Panwar (2004) for Andaman and
Nicobar are as below, which indicated a
redesign of the PAs in Andman Nicobar
Islands.

1. North Andaman:

i) Northern-most peninsula past
Shyamnagar as WLS

ii) the central ridge from Nischinatpur to
Swarajgram as WLS

iii) Mangrove areas in the South-West near
Austin to Kishorinagar as WLS

2. Middle Andaman:

i) The area around Mount Diavolo to the
east of the Grand Trunk Road as a 200
sq km park and surrounding 200 sq km
as sanctuary buffer

3. South Andaman:

i) Extension of Mount Harrient NP to
North to cover additional 70 sq km

ii) West Rutland sanctuary from Mount
Ford to act as buffer for Wandoor MNP

4. Ritche Archipelago: To add Outram Island
to existing Button National Parks

5. Little Andamans: 300 sq km of National
park for the entire south-western half of
the island.

6. Nicobars:

i) To create a 50 sq km sanctuary on
Kamorta Island

ii) All Little Nicobar and surrounding Islets
(Pulo Milo, Treis, Track, Menchel) as NP

iii) The northern area of Great Nicobar,
north of Casuarina Bay – Dogan River
and Mount Thullier as WLS (200 sq km)
with the core area around Mount
Thullier and Laful (100 sq km) as NP.

7.  The existing tiny individual island
sanctuaries to be amalgamated into 10
logical groups

West coast:

i) Shearme group of 11 islets as NP (also
to be upgraded)

ii) Interview Islet group of 10 Islets

iii) Spike group of 6 Islets

iv) Defense group of 4 islets

North East and South Coast:

i) Landfall group of islets as NP (also to be
upgraded)

ii) Table – Brush group of 12 islets as NP
(also to be upgraded)

iii) Kyd group of 4 islets

iv) Sound group of 12 islets

v) Oyster group of 3 islets

vi) Cinque Island group of 6 islets

8. Existing sanctuaries to be upgraded to NPs
due to the international significance

i) Narcondum Islands (7 sq km) – the only
area for Norcondum hornbill

ii) North Reef Island (3 sq km) – Andaman
teal ** and salt water crocodile
population

iii) South Sentinel Island (2 sq km) –
population of robber crabs and a large
green turtle nesting beach

iv) Barren Island (2 sq km)- an isolated
volcano, with little closed forest cover,
if the feral goats are removed islands
ecological succession could be
monitored.

* Rani Jhansi MNP declared in 1993 and
Lohabarrack (saltwater crocodile) sanctuary
declared in 1987 were not covered in these
reports

** The Andaman teals moved to south
Andaman due to loss of their habitat; the
saline marshy land got uplifted and was
dried-up after the seismic up-lift in December
2004 with no chance of inundation due to
tidal influx.
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RECOMMENDATIONS

Actions needed to more effectively plan and
manage PAs of the Indo-malayan realm were
charted in the Corbett Action Plan for
Protected Areas for the Indo-Malayan Realm
(Thorsell, 1985). Though most of the national
activities listed are under implementation in
respect of 5 major goals set under the action
plan, the first goal – aimed at having adequate
representation of PAs within the Indo-Malyan
realm is still is not addressed, especially for
the island and coastal biogeographic zones of
India. Activities which require immediate
attention and with regard to scope of this
book are: 1. Mapping the major habitats and
their faunal communities, 2. identify where
additional PAs are required and where
conservation measures are required, 3.give
priority for adequate conservation status to
areas considered fragile and threatened,
which include Andaman and Nicobar,
Lakshadweep, Gulf of Mannar, and 4.
providing particular attention to protecting
coastal and marine areas, including
identifying important marine areas.

Drawing from Rogers and Panwar (1985),
Pernetta (1993) and Pande et al. (1991) the
more important areas for biodiversity
conservation are proposed by Wells et al.
(1995). The list has been amended by the
authors and is presented below.

Proposed new MPAs:

1. Gulf of Khambhat Wildlife Sanctuary:
Important for mangroves, shorebirds,
green and olive Ridley turtle nesting
beaches

2. Kundapar Wildlife Sanctuary and
estuaries of Karnataka coast: Important
for mangroves and shorebirds.

3. Palk Bay: Protection status to Sea grass
habitats and coral reefs.

4. Kazhiveli Wildlife Sanctutary:
Mangroves, waterfowl; lagoon and
estuarine systems on the east coast of
India; recommended as a Biosphere
Reserve.

5. Little Andamans: 300 square kilometer
National Park proposed for southwestern
half of island to include turtle nesting
beaches and coconut crabs.

6. Little Nicobar with surrounding islets:
proposed as a National Park.

7. Great Nicobar: northern area (north of
Casuarina Bay-Dogma River and Mt
Thullier) to be a wildlife sanctuary.

8. Lakshadweep Archipelago (National
Parks & Biosphere Reserve): Protection is
urgently needed for the only coral atoll
chains in India. Except the Pitti Island
(Bird) Sanctuary, there are no PAs in this
area. The entire Laccadive archipelago is
recommend to be declared as a Biosphere
reserve. The core areas in this case shall
be the uninhabited islands such as
Perumal Par and Pitti Islands and
submerged reefs, Baliapani and
Cheriapani, where, the seaward
boundaries could be marked to cover the
entire extent of coral reefs and notified as
National Parks.

Existing MPAs that require amendments:

9. Chilka Lake Wildlife Sanctuary
Extension: Proposed extension to the
existing Sanctuary to include Nanda
Island and important turtle nesting
beaches.

10. Point Calimere National Park: Existing
coastal terrestrial Sanctuary is proposed
to be upgraded to National Park, with
the extension to include turtle nesting
beaches and possible designation of
adjacent marine areas.

11. Andaman and Nicobar Islands:
Although there are more number of PAs,
the marine area is not represented
adequately. Marking of seaward
boundaries encompassing coral reef
extent and sea grass beds etc., is required
for all the island sanctuaries. A group-
wise amalgamation, and upgradation of
many coastal and offshore islands are
necessary (presented in Chapter IV) for
improved management and effective
protection.
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The priorities include:

1. Upgrading of some Sanctuaries to Park
status:

 Narcondam Island
 North Reef Island

 South Sentinel Island
 Barren Island
 All islets in the Shearme group, the

northern Landfall group, and the east
coast Table- Brush group.

2. Extension of Mount Harriet National Park
to include a marine area.

3. Amalgamating the individual island
sanctuaries into larger units for more
efficient administration and for bringing a
larger area of mangroves and coral reefs
into the protected area network, which
include creation of:
 North Andaman Peninsula Wildlife

Sanctuary.
 West Rutland sanctuary to act as a

buffer for the Mahatma Gandhi Marine
National Park.

 Button Islands National Park by
including Outram Island and
surrounding waters.
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Though human impacts on marine and
coastal biodiversity are less understood and
publicized than those on terrestrial systems,
their potential effects are no less threatening.
The major direct threats to marine and coastal
biodiversity can be divided into five
interrelated categories: pollution (from land
based and other sources), over exploitation of
marine living resources, introduction of alien
species, habitat degradation caused by coastal
development, and global climate change and
ozone depletion. Some of the harmful human
impacts on marine biodiversity stem from
ignorance and lack of understanding of the
importance of marine biodiversity and how it
can be affected, which put marine resources
on a lower priority level vis-a-vis land
biodiversity. Unregulated use of resources,
increase in demand for the resources and
rapidly expanding coastal development put
the marine resources at considerable risk. The
belated realization of the need for action after
the damage becomes apparent (and often
when it is too late) perpetuates this
destructive cycle. Communities that depend
on marine resources face the long-term
challenge of sustainability yet are often
confronted with immediate economic
hardship. For the developing country like
India, action is hardly ever preventive, but is
usually undertaken only after irreversible
damage has occurred.

In the face of this increasing uncertainty,
the adoption of a precautionary approach is
a sine qua non to the conservation of marine
and coastal biodiversity. The precautionary
principle, which is now widely recognized as
the emerging part of customary international
environmental law, requires that no harmful
action be undertaken until all the effects on
marine and coastal biodiversity have been
clearly identified and weighed against the
expected benefits. Moreover, this
precautionary approach should cover all the
activities of past, present and future, bearing
in mind the cumulative impact that these

6. MARINE BIODIVERSITY CONSERVATION

activities combined will have on marine
biodiversity.

The following are the important
instruments with greatest potential for
synergy with the Convention on Biological
Diversity.

 United Nations Convention on the Law of
the Sea, Montego Bay, (UNICLOS).
Agenda 21, Rio de Janeiro, 1992.

 UN Agreement on Straddling and Highly
Migratory Fish Stocks, New York, 1995,
and FAO Code of Conduct for Responsible
Fishers, Rome 1995.

 The UN General Assembly Drift-Net
Resolution 46/15, 1991.

 UNEP Conference on Protection of the
Marine Environment from Land Based
activities, Washington, 1995.

 Protocol on Substances that Deplete the
Ozone Layer, 1987 (Montreal Protocol).

 The Framework Convention on Climate
Change, Rio de Janeiro, (FCCC).

 United Nations Conference on the
Sustainable Development of Small Island
Developing States, Bridgetown, 1994.

 Convention on International Trade in
Endangered species, Washington, 1973
(CITES)

 International Convention for the
Prevention of pollution from Ships
(MARPOL), 1973-1978.

 The Convention on the Prevention of
Marine Pollution by Dumping of Wastes
and other Matter, London, 1972 (London
Convention).

 Convention on Wetlands of International
Importance Especially as Waterfowl
Habitat, Ramsar, 1971 (Ramsar
Convention).

 International Convention for the
Regulation of Whaling, Washington, 1946
(ICRW).
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conference on Marine Protected Areas in
Tokyo. The report of that conference noted
increasing pressures upon marine
environments and called for the establishment
of a well-monitored system of Marine
Protected Areas representative of the world’s
ecosystems. In 1981, a workshop was
organized as part of the UNESCO Division of
Marine Science COMAR (Coastal and
Marine) Program to consider research and
training priorities for coral reef management.
An outcome of this workshop, which was held
in conjunction with the IV International Coral
Reef Symposium, was the publication of the
UNESCO Coral Reef Management
Handbook. In 1982, the IUCN Commission
on National Parks and Protected Areas
(CNPPA) organized a series of workshops on
the creation and management of marine and
coastal protected areas as part of the III
Worlds Congress on National Parks held in
Bali, Indonesia.

UNESCO organized the First World
Biosphere Reserve Congress in Minsk, USSR
in 1983. In that meeting it was recognized
that the Biosphere Reserve concept is
potentially applicable to the marine
environment and that an integrated, multiple
use Marine Protected Area can confirm to all
of the scientific, administrative and social
principles that define a Biosphere Reserve
under the UNESCO Man and Biosphere
(MAB) Program.

In 1987, the World Commission on
Environment and Development (WCED)
published its report “Our Common Future”,
which highlighted the importance of marine
conservation. In November of the same year,
the General Assembly of the United Nations
welcomed the WCED report. At the same
time, it adopted the “Environmental
Perspective to the year 2000 and Beyond”,
which was developed by UNEP in tandem
with the WCED report. In 1988 UNEP AND
IUCN published the three volumed “Coral
Reefs of the world”, a global directory of coral
reefs prepared by then IUCN Conservation
Monitoring Center. These and other
publications have highlighted the serious
threats, which confront marine areas around
the world.

RELEVANT INTERNATIONAL
AGREEMENTS (in place for conservation

and management of marine and coastal
ecosystems)

The need to devise methods to manage and
protect marine ecosystems and resources
became widely recognized internationally
during the course of the 1950s and early
1960s. Thus, the World Conference on
National Parks (1962) considered the need for
protection of coastal and marine areas, but the
development of practical responses to this
need required a legal framework for
addressing the sovereignty and jurisdictional
rights of nationals to the seabed, beyond the
customary three-mile territorial sea. In 1958
three conventions, known collectively as the
Geneva Conventions on the Law of the Sea
were adopted: the Convention on the
Continental Shelf; the Convention on the High
Seas; the Convention on Conservation of the
Living Resources of the High Seas. Increasing
technical capability to exploit mineral
resources on or beneath the seabed and to
exploit fishery resources in deep waters led to
the long-running Third United Nations
Conference of the Law of the Sea, held
between 1973 and 1982. During the 1970s
there was increasing recognition and
mounting concern regarding the regional
nature of the environmental problems of the
marine living resources of the world. In 1971,
the Convention of Wetlands of International
Importance especially as Waterfowl Habitat
(Ramsar Convention) was developed, defining
wetlands to include many coastal marine
habitats. In 1972, the Convention for the
Protection of the World Cultural and Natural
Heritage (known as the World Heritage
Convention) was developed to give
international recognition to areas ‘of
outstanding universal value’; these could
include marine areas.

Also in 1972, the Governing Council of the
United Nations Environmental Program
(UNEP) was set up and given the task of
ensuring that emerging environmental
problems get adequate consideration by
Governments. In 1975, IUCN conducted a
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The Convention on Biological Diversity is
a legally binding agreement opened for
signature at the Earth Summit in Rio de
Janeiro in 1992. Over 145 countries are
Parties. The Convention’s objectives are the
conservation of biological diversity
(biodiversity); the sustainable use of
biodiversity’s components; and the equitable
sharing of benefits derived from genetic
resources. The Convention defines biodiversity
as ‘the variability among living organisms
from all sources, including, inter alia,
terrestrial, marine and other aquatic
ecosystems and the ecological complexes of
which they are part: this includes diversity
within species, between species and of
ecosystem’. Under the Convention, each Party
is required to protect components of coastal
and marine biodiversity within its national
jurisdiction. As defined by the law of the sea,
embodied in the United Nations Convention
on the Law of the Sea (UNCLOS), coastal
States can exercise jurisdictional rights over
vast areas of the marine realm, including
inland waters, the terrestrial sea, the
contiguous zone, the exclusive economic zone
(EEZ), and parts of the continental shelf.

Action in the following eight general
categories will be critically important in the
application of the Biodiversity Convention to
the marine and coastal realm. The first five
areas are those identified in the Jakarta
Mandate (see below). The last three actions
aim to support implementation of the
Mandate. While these eight areas of action are
priorities in most marine and coastal
ecosystems, each Party will select or develop
its own means of implementation and
priorities within these eight areas. The action
items are the following:

1. Institute integrated coastal area
management (ICAM)), including
Community-based coastal resource
management, and prevention and
reduction of pollution from land-based
sources;

2. Establish and maintain marine protected
areas for conservation and sustainable use;

3. Use fisheries and other marine living
resources sustainably;

4. Ensure that mariculture operations are
sustainable;

5. Prevent introduction of and control or
eradicate harmful alien species;

6. Identify priority components of
biodivetrsity and monitor their status and
threats to them;

7. Build capacity to study and share the
benefits from marine genetic resources;

8. Take responsibility for transboundry harm
and global threats to marine biodiversity.

Action Items 1 to 5 correspond to priorities
identified in the Jakarta Mandate adopted by
the second Conference of Parties (COP) in
1995. Action Items 6 through 8 are
recommended, as actions needed to support
the first five items.These ambitious set of
actions reflects the Biodiversity Convention’s
comprehensive approach that seeks
conservation and development in every sector
that affects biodiversity. Implementing these
actions will require major changes in policies
and programs in all Parties to the Convention,
both developed and developing. Many
countries, however, have very limited
resources to devote to reshaping policies and
institutions for sustainable use and
conservation; this is especially true for
developing countries.

CONSERVATION ACTIONS,
THREATS AND PROBLEMS

India has signed and ratified several
international conventions relating to oceans
and related activities. The important ones are
the following: MARPOL 1973/1978; London
Dumping Convention 1972; Convention on
Civil Liability for Oil Pollution Damages (CLC
1969) and its Protocol 1976; Fund 1971 and
its Protocol 1979 and Convention on
Biodiversity (1992).  Besides, many acts and
rules related to coastal and marine activities
exist in the country. The following are the
important ones. Indian Fisheries Act 1897
and its Amendments 1920 and 1980; Indian
Ports Act 1902; Merchant Shipping Act 1974;
Wildlife (Protection) Act 1972; Water
(Prevention and Control of Pollution) Act
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1974; Indian Coast Guard Act 1974; and
Marine Zones of India (Regulation of Fishing
by Foreign Vessels) Act 1981 and
Environment Protection Act 1986.

As per the Coastal Regulation Zone (CRZ)
notification, 1991 the coastal states must
prepare a Coastal Zone Management Plan
identifying and classifying the CRZ areas
within 1 year from the date of CRZ
notification (Ministry of Environment and
Forests Notification, August, 1994). The CRZ
notification also stated that during the interim
period till the coastal zone management plans
are prepared and approved, all developments
and activities within CRZ should not violate
the provisions of this notification. As per the
CRZ notification and as per Environment
Protection Act, 1986 the following activities
are banned in the land part of the country.

1. Setting up and expansion of new
industries, fish processing units except
those, which require waterfront.

2. Manufacture or handling or storage of
disposal of hazardous substances and
discharge of untreated waste and
effluents from industries, cities or towns
and other human settlements.

3. Dumping of fly ash from thermal power
stations and other solid waste dumping.

4. Land reclamation, bunding or disturbing
the natural course of seawater.

5. Mining of sand, rocks and other
substrate materials other than raw
minerals.

6. Drawal of ground water within 200 m
of high tide level.

7. Any construction activity between the
low and high tide line, and

8. Altering of sand dunes and other
natural features including landscape
changes.

9. In the ecologically sensitive areas,
construction of civil and other man-made
structures like breakwaters for harbour,
floating industries, laying of pipelines,

reclamation of sea and its bed, sea bed
mining and ship breaking activities are
prohibited. However, they can be
permitted at a no-impact distance from
the outer limit of Environmentally
sensitive areas.

10. Discharge of untreated and treated
domestic, industrial, aquaculture wastes,
nuclear and thermal power plants,
dredged materials and operational
discharges are prohibited in
environmentally sensitive areas.

Although marine ecosystems have a larger
coverage than the other ecosystems these are
poorly represented among world’s protected
areas. Only 100 of the 1162 National Parks of
United Nation List include or adjoin reef
ecosystems. In India, only seven out of the 504
protected areas (National Parks 86,
Sanctuaries 448 and Biosphere Reserves 7) are
with reference to marine ecosystems. These
are Gulf of Mannar Marine National Park and
Biosphere Reserve, Gulf of Kachchh Marine
National Park and Santuary, Marine National
Park of Andaman and Nicobar Island
(Mahatma Gandhi Marine National Park)
Rani Jhansi Marine National Park,
Lohabarrack (salt water crocodile) sanctuary,
Gahirmatha Marine Sancturay and Malvan
Marine Sancturay. The protected areas (a
total of about 102) of the Andaman and
Nicobar Islands cover substantial areas of
marine waters also.

Despite the above mentioned acts and
regulations marine ecosystems in India are
subjected to over-exploitation of their
resources, besides pollution from land-based
sources as population influx and increased
tourism to some the coastal areas causing
indiscriminate destruction of marine
resources. Recent spurt in aquaculture
activities increased the demographic pressure
and the related environmental manipulation.
All the above mentioned reasons leads to
biodiversity conservation problems in India
which may be reduced by taking examples
from other regions of the world where the
marine ecosystem representation at a larger
scale is reflected in the protected area
networks.
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“The future historians of science may well
find that a crisis that was upon us at the end
of the 20th century was the extinction of the
systematist, the extinction of the naturalist,
the extinction of the biogeographer-those who
would tell the tales of the potential demise of
global marine diversity’’.

Carlton (1993, p.507)

Thirst for understanding changes in
marine biodiversity resulting from human
activities, calls for ecological and
oceanographic research spanning a broad
range of spatial scales, from local to regional,
and over approximately long time scales for
capturing the dynamics of the system under
study. This is now possible because of recent
technological and conceptual advances within
the ecological, molecular, and oceanographic
sciences.

       A well-defined set of biodiversity
lessons learnt in other regions of the world is
proposed for implementation in several
different types of regional-scale marine
ecosystems. These ideas will permit
meaningful comparisons across different
habitats of the causes and consequences of
changes in biodiversity due to human
activities. This lesson requires significant
improvement in taxonomic expertise for
identifying marine organisms and
documenting their distributions, in
knowledge of local and regional natural
patterns of biodiversity, and in understanding
of the processes that create and maintain
these patterns in space and time.

Biodiversity Conservation in India can be
best managed by the following guidelines:

 Clear understanding of what is valuable

 Application of anthropogenic objectives of
maintaining biodiversity so that it is of
actual or possible value to humankind.

 Local people priority recognized

 Biodiversity Conservation practiced with a

7. STRATEGIES FOR CONSERVATION OF MARINE
ECOSYSTEMS OF INDIA

precise definition and with clear targets.

 Need for rapid expansion in taxonomy in
order to interpret, manage, conserve and
use biodiversity sustainably and need to
pull together existing data from all sources
by forming an information network of all
agencies in the country.

 Knowledge about the extent and state of
biodiversity is necessary to understand the
measures of Biodiversity Conservation.

 Priorities for Biodiversity Conservation
need to be identified based on what values
are important, which genes/species/
habitat, how much biodiversity should be
conserved and how should biodiversity be
conserved.

The pressure on natural habitats associated
with increasing population and economic
growth will continue to lead to the loss of
biological diversity. Recognition of the scale of
problem, the nature of the underlying causes,
and the limited resources available to
counteract powerful destructive trends will
definitely lead to a best way of conserving the
Biological Diversity of the Marine Ecosystems
of India.

A. BETTER UNDERSTANDING OF
INDIA’S COASTAL, CONTINENTAL

SHELF AND ADJACENT OCEAN
BASINS

The coastal tract constituting the land-water
interface represents the most fragile and
changing lands on the earth. The natural
processes active in the coastal region are
altered often by human interventions, which
in turn affect the marine biodiversity. In fact,
the protective measures like break-waters,
jetties, groins and sea walls change the natural
character of the coastal processes. The studies
on coastal dynamics rest on a) stratigraphic
evidence, b) geomorphic evidence, c) geodetic
evidence and d) historical evidence.
Investigation of the coast, continental shelf
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and adjacent ocean basin thus comprises a)
determination of sea-bed configuration in the
off-shore region, b) determination of
stratification of sea floor materials, c) physical
properties of the sea-bed and d) coastal
materials including the sediment character.
Coastal lands and sediments are in fact
constantly in motion. Breaking waves
transport the sand along the coast. They also
transport the eroding sand from one area and
deposit on another adjacent beach. Tidal
cycles carry sand onto the beach and bring it
back to the surf. Sediments are carried to the
coast by rivers which results in building deltas
into the open water. Storms cause deep
erosion in one area and leave thick over wash
in another. The coastal dynamics are also
affected by natural processes, which change
the water level. The knowledge of the
dynamics and mineral and biological
resources of the coastal, shelf and ocean basin
throughout the Indian territory is highly
variable with greatest knowledge in those
areas that have not only been subject to
exploration for oil and gas but also for the
fishery and biodiversity point of view. It is
estimated that there are likely to be substantial
undiscovered mineral as well biological
resources in coastal, continental shelf and
deepwater areas beyond those currently
economic for exploration. To develop the
knowledge base and reduce risk in resource
exploration, India needs to continue to
explore its continental shelf.

JUSTIFICATION

1. Practically the whole of the conventional
fisheries lie in the shelf area

2. All exploitable placer deposits lie in this
area. By implication, mining for these
placer deposits will affect benthic and
possibly neritic biodiversity

3. Critical ecosystems like coral reefs and
islands are on the shelves

4. Shelf hydrography exemplified by
upwelling and coastal currents condition
the marine environment and by extension
the biodiversity therein.

STRATEGIES

 To develop and implement a programme
of systematic research to investigate the
framework of the entire continental
margin, using appropriate vessels and a
full range of geoscientific tools, in order to
define its gross structure, crustal character
and tectonic elements;

 To investigate the distribution, architecture
and evolution and crustal dynamics of
India’s continental shelf sedimentary
basins;

 Develop new models describing the
evolution of the continental shelf and the
adjacent ocean basin and their interaction
with the biodiversity.

Principal Organisations: Geological
Survey of India, National Institute of
Oceanography, Department of Ocean
Development and Zoological Survey of India.

B. MAPPING INDIA’S SEABED

The information on the form and nature of the
seabed and associated benthic ecosystems and
an understanding of the processes operating
and below the seabed are fundamental to the
development of our offshore petroleum,
fishing and aquaculture industries and are
also needed for seabed minerals exploration,
defense and conservation.

The form and nature of the seabed are not
adequately known for the majority of the
Indian coastal areas. The data are only
available along profiles that are frequently
some kilometers apart. There is a need for the
coordinated and systematic collection,
analysis and archiving of bathymetric data,
seabed core samples, seabed habitat and
biodiversity data from areas throughout the
Indian waters, but more generally to generate
the knowledge base that we need to
understand, sustainably develop and manage
our marine resources.

Most human exploitative activity is located
on the shallow continental shelf (less than 300
m water depth), but this largely is
uninformed by relevant seabed data. The
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coverage of suitably detailed bathymetry and
substratum data is inadequate, and the
coverage of maps of biological habitat types
amounts to less than 2% of the shelf area.
Mapping seabed habitat poses many
challenges. A few areas of India’s coastline
have been surveyed and mapped to show
where different marine habitats are, while
even less has been mapped to show the type,
distribution and vulnerability of the life they
support.

In addition, a large amount of shallow-
water bathymetric seabed mapping
information already exists which could, if
integrated with biota, provide detailed
information on the nature and structure of
much of India’s continental shelf. However,
the data sets have been collected using
different specifications, are stored in different
forms and reside with various government
agencies (Naval Hydrography and Geological
Survey). If we are to plan adequately for the
further exploration, coastal development and
multiple use management of our offshore
areas, a better understanding of the
topography of those areas is basic. An initial
step in this respect would be to collate, and
digitize into a standard form, the offshore
seabed data sets that are already available.
The output of such an exercise, a digital
mapping database, would facilitate much
wider access to this information, and be a
valuable national resource. The database
should provide a whole view of maritime
jurisdiction, focused on providing baseline
information for sustainable resource
development and utilisation, coastal and
offshore planning and environmental
management. It would contribute also to the
avoidance of major mistakes.

There is an associated need to develop
common standards and formats for recording
data collected by different mapping
techniques. Useful seabed mapping
technologies include satellite imagery (for sea
surface and seabed to depths of
approximately 20 m), Laser Airborne Depth
sounding (for bathymetry to a maximum of
50 m in clear water), multi-beam sonar swath

systems (for three-dimensional bathymetry
mapping), acoustic signal processing systems
(for classification of seabed type), and rapid
deployment sampling devices such as videos,
dredges and grabs (for recording biological
habitats and representative specimens as
indicators of biodiversity). Such work requires
appropriate levels of research, search training
and the training of skilled personnel for
modern seabed mapping techniques. There is
a critical need to continue to develop these
techniques to allow rapid and cost-efficient
seabed surveys throughout the Indian coast,
for resource use and conservation planning.

The most important priorities are
development of common standards and
formats for the handling of bathymetric data,
and the capture of existing bathymetric data
sets into a national digital bathymetric
database, implementation of a national swath
mapping program and seabed data
digitization program on a priority basis
determined by the regional marine planning
process and the continued development of
cost-effective and rapid marine habitat
assessment techniques. This study would
further our knowledge of the geological
history of India, of its current substrates, and
of the potential nature and extent of seabed
mineral and biological resources and their
interactions.

STRATEGIES

 To develop and implement a systematic
national program to swath-map the
seabed, and to sample the seabed substrate
and benthic biota of the Indian coast. For
deep-water surveys, the program should
include planning to obtain or access the
necessary equipment and infrastructure for
its implementation. In addition to swath
mapping equipment, consideration of
portable equipment should include a mini
Remotely Operated Vehicle (ROV) and a
Portable Remotely Operated Drill (PROD),
to acquire samples for both geo scientific
and climate change research.

 To refine and implement techniques to
assess seabed environments cost-effectively
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and rapidly, with habitat descriptions that
combine depth, topography, sediment
type, geological nature of the substratum,
biological productivity, present coverage of
vegetation and seabed fauna density and
the type and abundance of associated fish
communities.

 To develop a digitized coastal seabed
mapping database containing all existing
bathymetric data in standard format and
to agreed specifications. This database is to
be readily accessible as part of the Indian
Spatial Data Infrastructure.

 To develop a coordinated research
program to examine the relationship
between biology and the physical
environment and develop surrogates for
mapping biological habitat and
biodiversity. As part of this programme
implement studies in each of the Indian
major biomes in which both biological and
geographical attributes are sampled.

 To develop and provide comprehensive
information, maps and databases on the
topography substrate character and
benthic biota in the Indian marine coast.

 To develop standards and formats for
recording seabed data.

 To develop a repository for samples of the
biota associated with the seabed.

 To upgrade the storage and curation of
samples in National museums and
research departments.

Principal Organisations: Geological Survey
of India, National Institute of Oceanography,
Department of Ocean Development and
Zoological Survey of India

C. MAINTENANCE OF MARINE
ECOSYSTEMS THROUGH

SUSTAINABLE MANAGEMENT
PRACTICES

The extent, diversity and regional variation
in the environmental, economic and social
features associated with India’s marine
regions are vast. Accordingly management
responses to the issue need to be designed

carefully to ensure that they are addressed at
the right geographical scale and within the
right time frame, recognizing the importance
of ecosystems and the effect that direct and
indirect human activities may have on these
ecosystems.

Our knowledge and understanding of
mechanisms that govern the behavior of the
majority of Indian marine ecosystems are
poor. This is especially true for ecosystems in
the open ocean and coastal regions. To have
confidence that use of resources is sustainable
and that ecosystems maintain their health,
productivity and functionality, it is necessary
to develop national environmental indicators
that distinguish ‘natural’ variability and
trends in ecosystems from change caused by
human activity. Knowledge of India’s marine
environment is currently insufficient to meet
these challenges, and must be supplemented.

India’s marine zones encompass most
climatic types, different depth ranges, and
include many different types of ecosystems.
Human uses and subsequent direct and
indirect impact on these ecosystems range in
scale from minimal to significant. However,
there is limited understanding of how human
activities affect marine ecosystems and of
how managing human activities in Marine
Protected Areas (an important provision of “
Agenda 21 “) may be used as an instrument
to manage for sustainability.

Improved understanding of why marine
ecosystems behave as they do, how human
activity affects ecosystems and organism
behavior, and the utility of marine protected
areas as management instruments, is needed
to underpin informed and robust
management of the many uses we make of
our maritime zones.

Proper mapping and monitoring is
necessary to develop national resources for
facilitating coastal planning decisions,
reducing uncertain for industry, and
increasing certainly for conservation
objectives. It is also important to improve our
understanding of land-sea interactions and
the role these play in ecosystem dynamics. In
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this regard, there is a strong need to develop
an integrated approach to land, freshwater
and marine research, monitoring and
management. A truly comprehensive
monitoring and information system should
integrate economic and social data to
maximize its usefulness as a management tool.

In the Antarctic marine environment, the
Schirmacher Oasis at the Princess Asterid
Coast, is an area that India manages within
an agreed international framework. The
primary agreements are the Antarctic Treaty
and associated international conventions such
as the Convention on the Conservation of
Antarctic Marine Living Resource (CCAMLR)
and the Madrid Protocol Environment.

PRIORITIES

1. Specific areas where improved
knowledge is needed are:

2. Quantifying patterns of natural
variability and change in marine
ecosystems and elucidating the
mechanisms that cause this variability.

3. Developing techniques for monitoring
human impacts and controlling human
activities affecting the marine
environment, particularly in the more
remote areas of the ocean;

4. Determining the effect on ecosystems of
introduced marine species, loss of
habitats, and harvesting of marine
resources, and potential changes from
other uses of the ocean;

5. Determining the effect of shipping on the
marine environment, particularly in
relation to the risk of introducing harmful
marine organisms via ships’ ballast water
and on ships’ hulls;

6. Understanding the effect of aquaculture
and fishing activities on marine systems,
and the means to minimize impacts;

7. Studying the movements and effect of
pollutants, including oil and chemical
dispersants, on ecosystems;

8. Determining the cycling of nutrients and
toxicants between the water column,
sediments and biota;

9. Identifying vulnerable species, habitats
and biological communities, and their
occurrence, distribution and conservation
requirements; and

10. Determining the utility of Marine
Protected Areas (MPAs), and zoning
strategic such as ‘no-take’ areas within
MPAs, in sustaining and restoring marine
biodiversity, including fisheries.

STRATEGIES

 To conduct integrated, multidisciplinary
research programs in marine ecosystems;

 To increase knowledge and understanding
of the structure and dynamics of Indian
marine ecosystems on a regional scale;

 To provide a strategic and conceptual
framework within which local research
can be conducted;

 To provide a framework for assessment of
ecological impacts;

 To standardize sampling schemes across
ecosystems;

 To provide the knowledge base to
implement integrated ecosystem
management practices, including
addressing the impact of land-based
activities on the marine environment;

 To improve capacity to identify, monitor
and assess the impacts of use on marine
ecosystems, including multiple and
sequential uses by existing and emerging
industries;

 To develop, implement and evaluate
appropriate indicators of ecosystem
function to monitor the condition of
ecosystems;

 To develop, implement and evaluate
monitoring strategies to assess trends in
ecosystem integrity and the effectiveness of
management measures;

 To encourage development and use of new
and cost-effective monitoring methods and
technologies;

 To establish baseline data sets through
existing and new monitoring programs,
and commence new programs in areas of
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highest human impact, such as coastal and
near-shore waters;

 To develop methods of regional
environmental assessment incorporating
analysis of risks to regional environmental
health from various uses or events;

 To maintain ‘state of the marine
environment reporting’ linked to overall
state of the environment reporting,
involving mapping and monitoring of the
major regions of our marine region, at the
level of major physical processes (ocean
climate, seabed geology), and major
ecological communities;

 To assess the severity of existing threats to
the structure and function of marine
ecosystems, including mineral extraction,
fishing pollution, containments, habitat
alteration, terrestrial activities, and
introduced marine species;

 To continue to utilize marine radio tracer
technology in monitoring sediment
movements in near-shore zones;

 To identify potentially threatening
processes, threatened species and their
habitats and direct further research toward
critical problem groups;

 To identify unique or vulnerable habitats
and communities, and those representative
of typical marine habitats for biodiversity
protection;

 To assist in the development of generic
guidelines for the management of Marine
Protected Areas, and evaluate the
effectiveness of MPAs for resource
sustainability; and

 To enhance socio-economic research to
incorporate human-use information more
effectively into evaluations of strategies for
MPA management.

Principal Organisations: National Institute
of Oceanography, CAS Marine Biology,
Zoological Survey of India, Ministry of
Environment, Zoological Survey of India,
Botanical Survey of India, Coastal State
Government Departments, Universities and
NGOS

D. UNDERSTANDING THE IMPACT
OF LAND-BASED HUMAN

ACTIVITIES ON THE MARINE
ENVIRONMENT

The Dynamic Earth System: Nature as whole
is a finely balanced system. Each and every
process that occurs on land, sea or
atmosphere is interrelated and
interdependent. Any change in one process
has its impact on other processes, causing
significant environmental changes. Continents
and oceans are two parts of a continuous
system, existing in equilibrium with each
other. The two environments are intimately
connected since they in fact interchange
themselves during geological periods. Study of
plate tectonics tells us that oceans are created,
they grow in size and finally are consumed
and so do continents. The evolutions of
landforms in the continents are directly
related to changes in oceanic regime, by way
of transfer of material from land to sea,
isostatic adjustments, shore-line processes etc.
The various geological agents cause transfer
of material - in solid, liquid or dissolved form
- from land to sea. Such natural processes are
an ongoing part of the earth’s dynamic
system.

Interruption of the Natural Processes:
Any interruption of the natural processes
leads to imbalances in the system is it on local,
regional or global level. Man is the primary
agent causing such imbalances through a
variety of activities, on land, along the coast,
or offshore. Some of the more important
interruptive activities leading to
environmental backlash are discussed in the
following paragraphs.

Impounding of Surface Water:
Construction of large dams lead to
phenomenal growth in food production
across the world and in the economy of many
a country. In fact they form the backbone of
the national economy of countries like India.
However they do have a negative impact on
the oceanic environment in the short run and
possibly on the global environment (including
on land) in the long run. The flow of water
in rivers to the sea is a normal and natural
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occurrence. It is also an essential part of the
natural balance. The river water supplies
sediments, fresh water and dissolved solids to
the oceanic regime. This sediment load is
instrumental in maintaining and prograding
the coastal topography as well as in the
development and maintenance of beaches.

Cessation of sediment supply seriously
affects delta formation. This often causes
seawater incursion inland through the river
channels, causing salinity problems.
Reduction in sediment supplies also affects the
fertility of the alluvial soil in the flood plains
served by the river system, due to reduction
in organic material supply along with the
reduced sediment supply.

Non-availability of sediments also
significantly affects beach formation and
growth. A normal supply of sediments helps
maintain a beach because these sediments
brought by the river are redistributed along
the coast by the coastal currents; a well-
formed beach is an excellent dissipater of
wave energy, which is essential to avoid
coastal erosion. Sea waves breaking on a hard
compact shoreline (in the absence of sandy
cover) will cause erosion because the energy
will be used to loosen the rock material along
the coast. Thus a well-formed beach acts as a
buffer zone between the land and an
ingressing sea and for this a continuous
supply of sediment is essential.

Studies have shown that construction of
dams across rivers has greatly reduced the
sediment supply to sea. The beaches along
coastal California have been seriously affected
by the construction of dams and sediment
supply declining by as much as 50%
construction of the Akoso dam in Ghana has
apparently induced faster coastal erosion to
the extent of nearly 15m per year. The supply
of fresh water is of considerable importance
in maintaining a healthy coastal environment.
Periodic inflow of fresh water helps maintain
the quality of groundwater as well in the
coastal belts. Fresh water debouching to the
sea, often considered as a wasteful flow, is an
important aspect of the coastal environment.
A majority of life-sustaining nutrients, as well

as life-giving oxygen, is supplied to the coastal
waters by this incoming fresh water. With a
decline in this essential input, the biotic
environment of the coastal seawater
deteriorates, leading to drastic reduction in
marine life. Studies have shown that the
contraction of the Aswan high dam has
resulted in significantly lower fish catch along
coastal Mediterranean waters.

Addition of fresh water is also required to
maintain optimum salinity conditions in the
coastal waters, Impounding of river waters
feeding the Caspian and Black Seas caused a
significant increase in the salinity of these
water bodies. It is estimated that commercial
fishing has seen a decline of as much as 90 %
in these two areas. Studies in the mouth and
contiguous coastal belt of the Indus River have
revealed that reduced input of fresh water (by
as much as 80 %) has led to the mangroves
in the areas being badly affected.

The reduction of marine life in oceanic
water has an important bearing on climate
change / global warming as well. The healthy
water bodies are known to be effective sinks
for atmospheric carbon, as the CO2 in the air
is fixed by the organisms. Decline in life
activity due to non-availability of nutrients
will lead to increased CO2 content in the
atmosphere, which is a harmful
environmental condition.

Thus it is seen that the activity of man,
particularly in altering natural processes and
systems, has a definite and significant
negative impact on the marine environment.
This discussion, however, is not an argument
against development but is only intended to
highlight some aspects of environmental
degradation.

To develop our capacity to minimize the
impacts of land-based human activities, we
must understand the linkages between
terrestrial and marine ecosystems, how these
links vary in space and time, and what
environmental processes govern change.

India’s population density is increasing
rapidly and the coastal communities create
pressures on the marine environment through
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activities including coastal clearing and
construction, recreation, domestic and
industrial waste-water disposal, storm water
and agricultural drainage, shipping, fishing
and aquaculture. Land clearing for
agriculture, especially in topical catchments,
has accelerated erosion and the amount of
sediment reaching the estuaries and ocean. In
some places, this has caused reduced water
quality and the smothering of marine plants
and animals by mud.

The major human impact in coastal water
is increased nutrients, introduced mainly by
rural and urban runoff and sewage disposal,
and exacerbated by reduced water flow
caused by dammed rivers and breakwaters.
High nutrient levels cause changes in the
ecological balance and may lead to harmful
algal blooms. Other major impacts are
sediment runoffs and the introduction of
toxicants, which may be damaging to both
ecosystems and human health; and the
physical destruction of habitats - for example,
mangroves and seagrasses - through the
construction of ports and other coastal
facilities.

In the coastal environment, nutrients
undergo complex chemical and biological
cycling in both the water and sediments.
Nutrients and toxicants are carried by water
currents and may be stored in sediments.
Toxicants may accumulate and magnified in
fish.

Elimination of sources, particularly of
nutrients, is impossible in the near future. Our
major coastal cities all have sewerage systems
focused on marine outfalls. Urban and rural
runoff is difficult, and expensive, to control.
The biological productivity of coastal waters
is dependent on the delivery of nutrients by
coastal rivers and subsequent removal or
recycling by agrochemical and biological
processes. These processes are strongly
coupled to the physical oceanographic
environment, which also plays an important
role in determining the impacts and fates of
land-based pollutants, including sediments
and nutrients from agricultural land.

PRIORITIES

At a national scale, the largest source of land-
based inputs to the marine environment is
from agricultural activities. At local scales, the
inputs from coastal villages and towns are
significant. At both scales, priority needs to be
given to determining the sources of this input,
assessing the relative importance of different
inputs to different marine environments,
designing cost-effective methods to minimise
the most significant inputs, and evaluating the
success of these measures. India’s Ocean
Policy should include a Government
commitment to the development of national
marine and estuarine water quality standards.
The development of the scientific basis for such
standards will be a high priority, recognizing
that the appropriate standards will be
different for different ecosystems and
geographical areas.

STRATEGIES

 To develop techniques to distinguish
sources of nutrients, including diffuse
(runoff) and point (outfall) sources;

 To identify land use practices, which
generate pollutant runoff, and the soil and
climatic conditions in which those practices
occur, and combine terrestrial and coastal
marine regional management in an
integrated ecosystem management
framework;

 To develop a strategic approach to
assessing the impacts of coastal zone
development on the marine environment;

 To study the responses of marine
populations and ecological processes to the
various land-based inputs, especially
runoff of nutrients, sediments and
containments from agricultural lands, and
urban pollutants, including wastewater
and sewage

 To conduct studies of the processes of
nutrient cycling in both water and
sediments, including the role of physical
dynamics;

 To conduct algal bloom research;
 To further develop nutrient and
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phytoplankton dynamic models to support
scenario prediction and management
decisions;

 To conduct ecotoxicological studies of the
impacts of major toxicants on specific
ecosystems, including the potential for
chronic and bioaccumulative effects;

 To identify effective and efficient
techniques for monitoring the dispersion
patterns and impacts of the major sources
of land-based pollution on coastal
environments;

 To conduct further research on
wastewater reuse options, and investigate
and map opportunities for wastewater
reuse at coastal discharge sites;

 To continue assessments of the potential
geographic extent of acid sulfate soil
runoff, and assist in identifying remedial
strategies and rehabilitation projects and
evaluating the success of such projects;

 To provide the scientific basis for water-
quality standards for marine and estuarine
waters in India, recognising that the
appropriate standards will be different for
different ecosystems and geographical
areas; and

 To evaluate the cost-effectiveness of the
various approaches used to reduce land-
based inputs to the marine environment
through biophysical, social and legal
research.
Principal Organisations: National Institute

of Oceanography, Central Marine Fisheries
Research Institute, Fisheries Colleges,
Agricultural Universities, Zoological Survey
of India, Ministry of Environment and Forests,
Town Planning Departments, Pollution
Control Departments, Universities and NGOs.

E. TO PROVIDE THE SCIENTIFIC
BASIS FOR THE PLANNING AND

IMPLEMENTATION OF
SUSTAINABLE MULTIPLE-USE

MANAGEMENT PRACTICES IN THE
MARINE ENVIRONMENT

Many competing activities take place in the
varied regions that comprise our marine
environment. They include shipping and

transport; resource use and development;
aquaculture; effluent and waste disposal; the
operation and laying of submarine cables and
pipelines; tourism and recreation; and
scientific research. These uses interact with
one another and the ecosystems, but
conventionally, management programs for
our marine environment and its resources
have been individually focused on each user
sector.

India’s Ocean Policy should recognize that
managing our oceans on an industry-by-
industry basis would not be sustainable in the
long run. Activities such as tourism, shipping,
aquaculture, coastal development and
petroleum production must be collectively
managed to be compatible to each other, and
with the ecological health of the ocean. The
government should be committed to each
other based on planning and management for
multiple uses of our oceans. This commitment
will be implemented by linkages between
different sectors and across jurisdictions.

Four fundamental principles viz. 1.
Ecosystem integrity 2. Wealth generation and
resource use 3. Equity and 4. Participatory
decision-making underpins multiple use
management. A key in multiple-use
management is recognising, and considering
in decision-making, the full range of uses and
their impact on marine ecosystems. The
successful implementation of multiple- use
management will require stakeholders to meet
objectives and performance measures which
are based on these principles and which are
related to ecologically meaningful units and
regions. To be ‘ecologically meaningful’, these
areas must be defined to recognise and
accommodate the hierarchy of spatial and
process and ecosystems linkages. Ecosystems
have complex dynamics that are poorly
understood, and scientific support for
decision-making must include both explicit
treatment of uncertainty, and the
development of robust adaptive management
strategies to link monitoring observations to
the decision process.

 Successful multiple-use management relies
on further strong scientific support
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 Objective definition of ecologically
meaningful regions for multiple-use
management of the Indian marine regions;

 Objective identification of both the benefits
and impacts of use;

 Predicting the propagation of impacts
through the ecosystem;

 Objective evolution of the socio-economic
and biophysical benefits and costs of
proposed management initiatives;

 Other strategies to achieve sustainable
wealth generation in a regional ecosystem
context; and

 Protection of biodiversity and ecosystem
integrity.

Adoption of multiple use and sequential-
use resource management will require a
regional capacity for resource assessment,
which must involve integrated scientific
research support. This identifies the need for
a scientific framework to provide a basis for
decision making that takes into account
multiple-use objectives, utilises available
knowledge of marine ecosystems, quantifies
the uncertainty in impact prediction and
identifies adaptive management strategies
that can respond to future monitoring and
research.

PRIORITIES

Definition of the ecological units for multiple-
use management;

 Understanding the interacting socio-
economic and biophysical trade-offs
associated with use;

 Development and application of scientific
and socio-economic methodologies for
evaluating alternative management
strategies (including strategies based on
Spatial zoning);

 Extension of the scientific methodology for
visualizing information, assessing resource
use and alternative management scenarios
from single-sector to multiple-sector and
ecosystems application; and

 Demonstration of practical scientific

support for multiple-use management
through some selected case examples.

STRATEGIES

 To survey and define the main regional
ecosystems in India’s oceans, including
critical habitats

 To assess the economic, environmental,
social and cultural values of ocean
resources, and assess the impacts of
proposed uses from both land-based and
sea-based activities on those values.

 To establish a series of demonstration
studies, in selected regional ecosystems,
developing the scientific basis for multiple-
use management, and make this available
to regional industries and managers.

 To provide the infrastructure required
responding to the research needs of
multiple-use management.

 To develop a scientific methodology for
visualising and evaluating the biophysical
consequences and social benefits and
impacts of prospective multiple use
management strategies, including adaptive
strategies and strategies that use spatial or
temporal zoning for use and for
conservation areas.

 To define and apply a series of ecosystem
and industry sustainability indicators;

 To use Marine Protected Areas reference
regions for biodiversity in developing and
implementing sustainable multiple use
regimes in the marine environment;

 To develop coupled biological-
oceanographic models to assess the effect
on regional ecosystem processes and
ecosystem biodiversity and integrity, and
to predict the propagation through
ecosystems.

 To investigate the impacts of land-based
and sea-based uses, and the interactions
between uses; and to facilitate cross-
sectional, cross-disciplinary interactions
among the scientists; managers and
stakeholders involved with marine
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industries and conversations via the
Regional Marine Steering Communities.

Principal Organisations : Ministry of
Environment and Forests, Department of
Ocean Development, Department of
Biotechnology, Department of Science and
Technology, Central Marine Fisheries
Research Institute, National Institute of
Oceanography, State Forest and Fishery
Departments.

F. REDUCING OFFSHORE
PETROLEUM POLLUTION AND

PROMOTING PERIODIC
ENVIRONMENTAL MONITORING

Offshore Oil Drilling in Indian Waters
began in 1973 and the first oil strike was
made in 1974 in the Bombay High structure
in the Arabian Sea. Since then about 800
exploration wells and about 1000
development wells have been drilled. So far
exploration has been undertaken up to water
depths of 200 meters only, with a few
extending upto 400 meters in recent days. But
the emphasis is particularly moving towards
deep-water exploration and seismic and other
surveys are carried out upto 3000-meter water
depths. In recent years the offshore petroleum
industry has been seen picking up their
activities as several successful explorations
have resulted in oil / gas field developments
with substantial successful production
facilities. Also this has motivated oil
companies to enhance more and more drilling
activities offshore. In the process they can also
lead to considerable environmental damage to
the marine environment due to various
pollutants discharged from these activities.
Sometimes the effect of pollution could be too
severe and irrecoverable unless they are
periodically monitored and corrected in time.

In this, an attempt is made to discuss the
following: 1.Various pollution-causing events
to the marine environment by offshore
petroleum operations. 2. Statutory
requirements to monitor and control pollution
levels and 3. Marine monitoring methods are
generally adopted around offshore operations.

IMPACT OF PETROLEUM
OPERATIONS ON THE MARINE

ENVIRONMENT

Pollution of the marine environment by
petroleum operations could be possible during
drilling, production, storage and
transportation operations. Low-level
hydrocarbons from offshore operations have
been recognized as having long ecological
consequences even when there are no visible
evidence of acute effect. However major oil
spills on the sea will tend to accumulate in the
proximity of the shallow regions and could
confound issue resultant from rapid
emulsification. There have been major
research efforts focused for over two decades
on determining the acute toxicity of drilling
fluids / drilling cutting and water soluble
fraction of crude oil from offshore operations
and its biological effects in the sea.

However periodic monitoring by way of
sampling and analysis of the water column
and seabed will greatly help to track the effect
of chronic impregnation of various pollutants
from the ongoing operations.

Pollution during Drilling

The main pollutants during offshore
drilling are the drilling fluids and the drilling
cuttings. During drilling operations, drilling
mud is used as drilling fluid, which is essential
to cool and lubricate the drill bits and carries
the cuttings generated to the surface. Also it
forms a protective coating on the sides of the
well and provides the primary means of
controlling the pressure in the formations by
balancing any pressures encountered in the
well with the weight of the drilling fluid. The
composition of this fluid depends on the
geology of the well and may be adjusted as
drilling progresses across different depths.
There are two main types of drilling muds
generally used: 1. Water Based Muds (WBM)
and 2. Oil Based Muds (OBM).

Water-Based Muds contain 40 - 70 %
water and other components such barite,
bentonite, lignite and lingo sulphonate. The
discharge of WBM cuttings may risk the
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benthic fauna primarily through burial or
smothering after deposition on the seabed.
The extent of the area affected is dependent
on the water depth and current speeds. In
high-energy environments, there may be little
to no area effected as the cuttings are rapidly
dispersed during descent.

Recovery of the affected area begins soon
after completion of drilling. Field data
suggests that any elevated heavy metal
concentrations associated with deposited mud
will return to background within 6 months
and recovery of the seabed take place within
2 - 6 months. Oil-Based Muds have been used
in the past for their better performance
against difficult drilling conditions compared
to other mud systems. However, with
increasing evidence of significant
environmental effects, the use and discharge
of oil-based muds has decreased and in some
countries, including India strict controls
introduced on the use and discharge of OBM.

Drill cuttings of water-based mud shall
have to be thoroughly washed / cleaned
before disposal. Drill cutting of oil-based muds
/cuttings from hydrocarbon-bearing
formations shall have to be washed to the
extent of removing oil upto the allowable oil
levels in the drill cuttings before disposal.
Selection of more toxic muds (WBD or OBD)
and inadequate washing methods before
disposal of drilling fluids / drill cuttings can
result in damaging the marine environment.

Pollution during Production

Typically an offshore production facility
will draw crude oil through sub sea lines from
a number of wells and discharge the
processed oil to a storage vessel moored to
SBM. From a properly designed and
engineered system there will not be any
pollution to the sea during routine operations.
However lack of inadequate operating
controls and procedures may lead to pollution
from discharge of produced water, beck
washings, bilge water, ballast water and
process leaks. Major oil pollution is possible
during emergencies like sub-sea line failures,
export oil failure, SBM failures, vessel
accidents, etc.

Pollution during Storage and  Transportation

Normally crude oil produced for several
days will be stored in a floating storage vessel
limited by its capacity. When the storage
reaches the capacity, an off take vessel will be
mobilized to transfer oil from the storage
vessel and transport it to an assigned port for
delivering the oil to refineries. Spilling of oil
into the sea is also possible during pumping
of oil from the storage vessel to the off take
vessel. If the oil field happens to be located
close to the shoreline it is also possible to
pump the oil to onshore storage tanks through
sub-sea pipelines. Possible leaks en route
through the pipelines might also be
contributing towards marine pollution.

STATUTORY REQUIREMENTS
ON

MARINE MONITORING

The following statutory requirements are
generally imposed on the offshore operators
towards protection of the marine
environment:

 Well-wise data on quantity of drilling
fluids /muds and cuttings generated,
slurry volume, slurry properties (practical
size distribution, temperature, viscosity,
solid content, weight, etc.,) are to be
submitted periodically.

 Static sheen test or any other approved test
for the drilling fluids and drill cuttings that
are discharged to the sea are to be
performed to ensure that there is no
discharge of free oil into the sea. Strict
compliance with a maximum discharge
standard of 40 mg / 1 oil content should
be ensured.

 An adequate number of monitoring
stations within an area of 400 meters
around each of the drilling rig / processing
platforms, the point of discharge of drilling
muds and drilling fluids are to be set up
and the water column and the bottom
sediments are to be monitored as per
standards. Usually analysis of relevant
parameters including chemicals, heavy
metals, petroleum hydrocarbons, etc., in
water, sediments and their concentration
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level in sediments of fauna, flora and fish
tissues etc., will be required.

 The produced water is to be regularly and
periodically monitored before and during
the discharge into sea. Oil spill control
centres at vulnerable areas are to be
established to mitigate high pollution
damage potential. Adequate infrastructure
facilities like booms, skimmers, chemical
dispersants, etc., shall be provided. Efforts
should be made to contain oil slicks within
500 meters of each of the installations.

Sometimes the authorities can also ask for
a Marine Impacts Assessment to study the
effect of particular operations on the marine
environment. The study may cover upto a
specified distance around the operations (say
5 to 10 km) and include the parameter such
as water, sediments, sediments on marine
biota / fish tissues, population of different
marine species etc. Also, sampling and
analysis of different parameters in sensitive
ecosystems like mangroves, coral reefs,
estuaries, etc., will also be asked for.

 MARINE MONITORING
PROGRAMME

The overall objective of environmental
marine monitoring is to assess the effect and
extent of the spreading of oil, chemicals and
other toxicants discharged from the offshore
installation into the marine environment
which could affect the marine organisms
including the benthic communities.

Design of a monitoring programme should
include:

 Study depending on the seasons

 Duration depending on the number of
stations for sampling

 Various teams and facilities for sampling,
analysis, data gathering, compilation and
reporting

 Logistics arrangements

 Choice of analytical methods (chemical or
biological etc)

 Quality control systems and procedures

 Documentation.

Baseline Study

Before commencing operations in the
offshore field, a baseline marine monitoring
study will be required to be carried out. The
parameters obtained and the conclusions
arrived in this study will be the basis for
comparison of similar parameters obtained on
subsequent monitoring of the same field. Quite
often these baseline study reports will be part
of the Environment Impact Assessment
Report submitted to statutory bodies as part
of the Environmental Clearance for
commencing the operations in the field.

Frequency of Monitoring

The area in the vicinity of installations
should be monitored as long as the operations
are in progress. The frequency will be fixed
by the statutory authorities depending on the
type of field and operations carried out. It will
normally vary from drilling to production
operations and gas to oil among production
operations. However the first survey should
preferably take place during the first of the
operations.

Restoration and Restitution Monitoring
Study

If any adverse conditions on the marine
environment are observed at the end of the
operations, statutory agencies may direct the
operator for carrying out post operation
environmental monitoring programmes after
a specified number of years to confirm
restitution and restoration of the
environment.

Setting up of Sampling Stations

The sampling stations are normally
arranged in a grid system, which covers the
installation at the centre of the axis system
parallel to residual current direction. Another
axis system of the grid will run perpendicular
to this and form the grid. The number of
sampling points and distance between them
and the installation will be determined based
on several variables such as depth, sea current
velocities, type of sediments and type of fauna
and flora at locations, etc.
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The data on following parameters such as
offshore Environmental Parameters, Marine
Water Quality, Chemical Parameters, Heavy
Metals, Biological Parameters, Marine
Sediment Quality, Physico - Chemical
Parameters are to be collected. A vessel cruise
will have to be planned for collecting all
samples from different sampling stations.
Some of the analysis will be done on board
and some samples will have to be preserved
as per standards and procedures for analysis
to be carried out onshore.

The sampling vessel should have the
following facilities:

 Global Positioning System (GPS) for
recording the latitude and longitude of
each sampling location.

 Echo sounder for recording the depth of
the water column.

 Winch for lowering and rasing raising the
sediment grab sampler.

 Anchor to hold position during the period
of sampling.

 Cold storage facility for preservation of
samples.

Sampling of Water

Seawater samples will normally be
collected from three depths of the water
column at each sampling station. 1. Surface
(within 1 meter from surface) 2. Mid depths
(Approximate middle section) 3. Bottom (2-5
m above the bottom sediments). Different
types of sampler are available for this purpose.
Depth measurements will be made to the
nearest 1 m using a digital counter attached
to the pulley. Protected thermometers will be
fixed on the sampler frame for measuring in
situ temperatures at different depths.

Sampling of Sediments

The sediment samples from the seabed will
be collected by dropping a “grab” consisting
of two buckets hinged together in an open
position. On touching the bottom, the
lowering rope will slacken and allow a release
to operate the hinge and close the buckets
together. In the process about 1.0 to 1.5 kg of
sample will be hauled into the grab, which

will be pulled up and recovered for analysis.

Sampling of Plankton

Plankton samples will be collected using
plankton net of 50-ì mesh size for horizontal
and surface hauls. The plankton net is towed
horizontally from the cruise vessel for 10
minutes using three bridles connected to the
ring of the net. While making the collection,
the speed of the vessel will have to be
maintained very low at 1 to 2 nautical miles
per hour. After sampling, the net will be
washed thoroughly. After careful removal of
excess water, the plankton sample will be
preserved in 5 % formaldehyde solution. For
collecting plankton samples within a
particular water column, different types of
plankton net, such as the Heron Tranter
Plankton net of 300 ì mesh size will be used.

It should be noted that during daytime
when the water temperature is high and the
sunlight is bright, the zooplankton migrate to
subsurface water. For more realistic values on
zooplankton, sampling during night hours is
preferred.

Interpretation of Results

The data collected during the study cruise
and the results of the analysis of samples of
seawater sediments, plankton, fishes and
other biota will be tabulated under different
heads. These results will be compared with
the baseline study data and various sea data
available from different national and
international marine bodies and pollution
control agencies. Interpretation will be made
of different specific observations and
deviations found in the results. A summary
and recommendations will be made from
these interpretations.

Hydrographic Features

Parameters of seawater samples obtained
such as temperatures at different locations
and at different depths, salinity, pH, turbidity
and suspended solids will help to find whether
they are retaining the properties pertaining to
that season of the sea and the homogeneity
of water maintained.
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Chemical Characteristics

Nutrients such as nitrite, nitrate,
phosphate and silicate are required for the
growth of microscopic plants and
phytoplankton. Their concentrations generally
indicate the basis for the productivity of the
region. Reduction in these nutrients due to
pollutants discharged from the operations will
require remedial actions.

The difference between dissolved oxygen
content at the surface and at depth is
compared. Relatively low value around the
installation indicates the extent of impact of
operations on water. The presence of toxicants
like ammonia and hydrogen sulphides,
petroleum hydrocarbons, and heavy metal
concentrations will indicate the influence of
operations on the seawater. Mixed surface
plankton from the 60-µ plankton net will
contain phytoplankton and zooplankton
together with other floating impurities. In
addition to quantifying the total plankton, the
quality of phytoplankton and zooplankton
will be also be evaluated. Constituents of
zooplankton will be counted on a plankton
counting chamber under a microscope. The
quantity of phytoplankton is determined by
the availability of biomass containing
chlorophyll II - which is the plant pigment
essential for photosynthesis. The quantity of
total plankton and the type and quantity of
phytoplankton and zooplankton should be
comparable to the baseline data and earlier
historical data available from marine
biological institutions.

Marine Sediment Quality

The result of sediment samples collected
from different locations will give some idea on
the type of seabed at the field locations and
the impact of operations in the area under
study. The constituents of soil such as sand,
silt and clay are found out and the texture of
the sample determined from the grain size
analysis. Levels of petroleum hydrocarbon
and heavy metal concentrations in the
sediment samples in comparison to the

baseline data and the previous data available
for the sea location will give indications on the
influence of operations.

Microbenthos (of size above 45 ì and less
that 500 ì) will normally be available in
capillaries and interstices of the bottom
deposits. Macro benthos (of size above 500 ì)
includes both epifaunal and infaunal
organisms. These benthos being bottom
dwelling are more sedentary or slow movers
and hence the worst sufferers of any type of
environmental changes. Therefore they are
recognised and widely used as positive
accumulators and indicators of marine
pollution. The quantity and type of these
microbenthos and macro benthos evaluated
at different locations will be compared with
baseline data and earlier historical data
available from marine biological institutions.
However any variance in value could also be
due to biological variability of the region and
not necessarily due to the operations in the
field. Only marine biologists could well study
this.

G. IMPROVING THE
UNDERSTANDING OF THE

RELATIONSHIP BETWEEN FISHED
STOCKS AND THE ECOSYSTEMS

THAT SUPPORT THEM

Management of India’s fisheries resources
is a complex mix of central and state
responsibility and, for some stocks,
international conventions and treaties. India’s
marine fishing industries comprise wild
harvest commercial operations, aquaculture,
and indigenous and recreational fishing.
Fisheries resources make a sustainable
contribution to the Indian economy and have
a high domestic and international political
profile.

PRIORITIES

There are well-established networks at the
state and district levels for setting fisheries
research priorities. There is a continuing need
for research in support of industry and
fisheries managers to promote the sustainable
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use of resources, including increased
knowledge of wild fish resources and fish
habitats, environmental effects of fishing, stock
enhancement, improved resource access and
sharing mechanisms, and improved fisheries
management.

In additional to these priorities there are
national issues of R&D, such as the
development and adoption of quality
assurance for seafood products, both in terms
of enhancing market value and assuring food
safety. For fisheries decision to be accepted
widely by the fisheries industry, it will be
important to evaluate the economic and social
impacts of alternative fishery management
regimes. In collaboration with industry and
conservationists, it will be important also to
discuss and agree on co-management
approaches to fisheries.

STRATEGIES

Identify key fishery habitats and key
ecosystem processes that sustain fisheries
within the large marine bioregional domains;

 Evaluate natural fluctuations within fish
stocks (which may occur over very long
periods), and distinguish these effects from
the effect of fishing, the effect of pollution,
and other impacts;

 Assess the potential for and environmental
impacts of stock enhancement of wild
capture fisheries;

 Evaluate effects of fishing on the
environment, including changes in
ecosystem dynamics;

 Evaluate the effectiveness of Marine
Protected Areas to enhance resource
sustainability;

 Minimise the environmental impact of
fishing practices such as dredging,
trawling and long-lining by improving
fishing techniques, developing new
technology to reduce by catch, and
developing new management strategies to
reduce bycatch and minimise the physical
impacts of trawling and dredging.

 Examine the commercial potential of some
current marine bycatch species that are not
the subject of conservation concerns;

 Develop new methods of post-harvest
handling and storage that improve seafood
quality and safety;

 Support improved fisheries management
through;

 Improved fishery resource assessments of
fish stocks and management strategies for
important commercial, indigenous and
newly emerging fisheries, including
evaluation of impacts on associated and
dependent species.

 Identifying causes of variability in fish stock
size and recruitment;

 Identifying appropriate sustainability
indicators and developing new
methodologies for risk assessment and
management decision rules;

 Recognizing the importance of, and
accounting for, uncertainty in stock
assessments;

 Evaluating various enforcement,
surveillance and education strategies for
competitive levels, and the cost-
effectiveness of these strategies;

 Evaluating management strategy potion
for resource sharing between competitive
groups, the economic and social impacts of
fishing industry restructuring programs
and alternative fishery management
regimes;

 Continue research into ways in which
aquaculture can assist fisheries quality and
stock enhancement;

 Continue research to minimise the impacts
of waste disposal (e.g., bioaccumulation of
toxins) on fisheries and the ecosystem;

 Continue research to counter the presence
or further introduction of introduced
marine organisms in Indian coastal wild
harvest fisheries;

 Identify regional (international) presence
with regard to shared straddling or highly
migratory fish stocks and mechanisms to
deal with them;

 Assess the relative impacts of commercial
and recreational fishing on fish stocks and
biodiversity;

 Support research to identify new fisheries
and to establish sustainable management
regimes;
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 Develop recognised environmental
standards for incorporation into fishery
certification processes;

 Improve understanding of marine wildlife
disease, parasites, pathogens and vectors
and their roles in undistributed marine
systems and in commercially important
marine species; and

 Develop techniques for diagnosis,
identification and treatment of aquatic
diseases.
Principal Organisations: National Institute

of Oceanography, Central Marine Fisheries
Institute, Zoological Survey of India, Fisheries
Survey of India, State Fisheries Department,
NGOs and Universities.

H. TO ENSURE THAT SHIPPING
AND ALLIED TRANSPORT

OPERATIONS ARE CARRIED OUT
EFFICIENTLY, SAFELY AND WITH
MINIMUM ADVERSE EFFECT ON

THE MARINE ENVIRONMENT

India relies heavily on shipping for the
transport of goods between different States,
as well as internationally, ranking as one of
the largest users of shipping in the world.
Because India

is one of the world’s largest exporters, it is
one of the world’s largest importers of ballast
water. Approximately 11,000+ vessels visit
our shores each year, departing from
approximately 650 overseas ports, and
arriving at fewer than 70 ports in India. The
vessels carry about 150 million tonnes of
ballast water.

Major issues facing the shipping and
transport industry relate to environmental
concerns, such as minimizing or eliminating
marine pest introductions through
appropriate ballast water and hull fouling
management, ports management, the
prevention of oil pollution, and technical
advances and greater efficiencies in ship
operations and production.

Safety in shipping and transport is most
important to safeguard lives, property and
the marine environment. On-board

instrumentation systems such as Differential
Global Positioning Systems (DGPS), Electronic
Charting Display and Information Systems
(ECDI) and better forecasting technologies,
Automatic Identification of Shipping (AIS)
and Traffic Management Systems are
revolutionizing navigational efficiency,
accident prevention and response. These
efficiency gains are also assisting the
protection of the marine environment and the
marine biodiversity. Nevertheless, continuing
technological improvement is needed,
particularly in the context of managing and
monitoring shipping through the Indian
Marine Region in future years. This need will
also be addressed through the continuing
development of Global Navigation Satellite
Systems (GNSS). In addition to meeting
navigational requirements, further GNSS will
provide for automatic position reporting,
vessel and cargo tracking, voyage recording,
interfaces with electronic chart and distress
communication, docking and mooring and
other vessel control functions. GNSS also has
applications in hydrographic survey, channel
design and dredging and search and rescue.

PRIORITIES

India’s Oceans Policy should provide funds
for comprehensive marine pest incursion
management systems, to be implemented
jointly with state and central governments.
The Policy should also support the
development, by the Indian Quarantine and
Inspection Services, of a single national ballast
water management regime. It also affirms a
commitment to phase out the use of the highly
toxic tributylin in Indian anti-fouling paints.
Research supporting these policy
commitments should continue. Ballast water,
anti-foulants and other maritime issues are
international problems, and consequently it is
very important that Indian research and
development be coordinated effectively with
overseas efforts.

STRATEGIES

 Work within relevant international and
regional organizations and with relevant
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countries to improve compliance with, and
implementation of, international treaty
instruments on maritime safety and marine
pollution prevention;

 Monitor the effect of oil pollution, ships’
wastes and anti-fouling chemicals on the
health of the marine environment, and
devise response strategies;

 Monitor India’s ports to determine the
presence or absence of introduced marine
organisms and the factors that allow their
establishment, to enable more effective risk
minimization management procedures to
be put in place;

 Facilitate international cooperation in
research and development on preventing
the introduction of exotic species by ships’
ballast water and other vectors, and
minimizing the impacts of marine pests
that do become established in Indian
waters;

 Develop a ready response capability to
identify and combat new incursions of
harmful aquatic organisms;

 Assist the shipping industry to deal with
wastes and contamination by undertaking
research into tin-free antifouling substances
developing treatment and management
processes for ship-borne liquid and solid
wastes, and to kill harmful marine
organisms in ship’s ballast tanks or prevent
their uptake or discharge;

 Improve port waste reception facilities and
waste disposal facilities for recreational
craft;

 Develop treatment processes for
contaminated shipyard wastes.

Principal Organisations: National
Environmental Research Institute, National
Institute of Oceanography, National
Quarantine Department, Ministry of
Environment, Port Authority of India,
Shipping Corporation of India, National
Institute of Ocean Technology.

I. TO PROMOTE THE POTENTIAL OF
NEW AND EMERGING INDUSTRIES,

SERVICES AND TECHNOLOGIES

It is very important to identify “A number
of emerging marine industries that could be
significant in the long term” by the scientific
organizations of India. Similarly, leading-edge
research needs linkage with and support from
relevant industries, to improve
commercialisation opportunities for emerging
technology-based industries.

Our high technology instrumentation needs
are currently met, overwhelmingly, through
imports. Leading-edge expertise in scientific
and marine instrumentation technology exists
in India, in different research laboratories, but
linkages between them and with industry are
very weak. Strengthening these links would
bring existing and emerging innovative
technology that addressed pressing marine
science needs to the market place, without
having to import it. Indian marine
biotechnology and chemicals research is
currently a small but world-class effort.
Significant opportunities exist to screen our
unique marine living resources (e.g.,
microalgae, macro algae, marine fauna,
microorganisms) for compounds useful in the
production of pharmaceuticals, nutriceuticals
(including oils) and agrochemicals.

Further research into environmentally
benign antifouling substances also holds much
promise. Fouling by marine plants, animals
and microorganisms of marine structures
cause problems not only for shipping but also
for aquaculture (on cages and barriers), and
for the oil and gas industry (rings and piping).
It is also a problem for seawater intake and
outlet pipes. Some of the coastal metros have
recognised the potential for fresh water
extraction from seawater as an emerging
opportunity. The development of new
affordable technologies applied to the
extraction of fresh water could be of
significant benefit to India.

More generally, the development and
commercial application of new technologies
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can have net socioeconomic benefits, both
direct and indirect, through skills
enhancement, income from leasing / licensing
the development of new industries, and
enhanced employment in regional areas in
fields of the technology’s application, be it
tourism, aquaculture, or coastal engineering.
India’s Ocean Policy should commit the
government to facilitate the development of
new and emerging industries technologies
and marine byproducts, to maximize
commercialisation opportunities, and to
improve industry’s links with marine research
institutions and with agencies involved in
marine skills and technology development.

PRIORITIES

The Government of India should examine
means to improve links between emerging
industries and the providers of R&D,
encouraging research that will support the
growth of these industries, services and
technologies and that will enable them to be
internationally competitive while addressing
key environmental and social issues.

STRATEGIES

 Establish a new marine biotechnology
centre;

 Continue and expand collaborative public
and private sector research to assist in the
development of marine industries,
including extraction of fresh water from
the sea, anti-fouling technologies options
for sequestering greenhouse gases, and
marine instrumentation;

 Improve management of collection of
marine biological specimens in herbaria,
marine research institutes, museums and
universities as a basis for marine
biotechnology;

 Support the discovery and utilization of
novel bioactive molecules and other natural
products from marine biota;

 Promote the provision of marine scientific
consulting services, for example marine
engineering services and management, and
environmental management and impacts
assessment.

Principal Organisations: Department of
Biotechnology, National Institute of
Oceanography, Centre for Cellular and
Molecular Biology, Regional Research
Laboratories of the Council of Scientific and
Industrial Research, Centre for Drug Research
Institute and Universities, National Institute
of Ocean Technology.

J. TO SUPPORT ECOLOGICALLY
SUSTAINABLE COASTAL AND

MARINE TOURISM AND
RECREATION

Coastal and marine tourism and
recreational business are some of India’s
largest export earners, major employers, and
hold excellent prospects for continued growth.
Much of India’s tourism and recreation is
focused in the marine and coastal zone and
has specific land and water requirements. The
current broad distribution of tourism
destinations - tropical islands, remote sites,
and popular attractions in urbanized locations
- poses a challenging range of management
issues and environmental protection is closely
linked with access to suitable sites, and the
maintenance of those sites in attractive,
sustainable and healthy states.

While India’s marine and coastal tourism
industry has the advantage of our extensive
and diverse coastline, it relies heavily on
access to high-quality marine sites and the
biodiversity of India’s marine environment.
Coastal and marine tourism and recreation
are sustainable and fast-growing industries
that depend on the continued enjoyment of
well-managed coastal and estuarine
environments, and some unique flagship
resources such as the Andaman and Nicobar
Islands and Lakshadweep Islands. Coastal
and marine tourism involves the direct
interaction of large numbers of people with
environmental resources, some of which are
quite fragile. It also involves the development
of shore-based infrastructure in coastal cities.
Such infrastructure has its own
environmental implications and impacts.

Integrated management and good industry
coordination are therefore important to the
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sustainable growth of this sector of the
industry. However, the marine tourism
industry is highly fragmented. Work is needed
to define this important sector, including
identifying the impediments or constraints to
its further development. In due course further
work will be required to implement systems
that facilitate the sustainable growth of the
sector, particularly in smaller regional
communities where much of the further
growth, resource and product opportunities
are expected to be found.

More accurate information is required on
the extent, definition, opportunities and effect
of marine and coastal tourism, to enable
integrated planning and to support the
development of a sustainable tourism
industry. Information on the impediments to
sustainable growth is also required. In
particular, there is a need for economic, social
and cultural research and studies to support
and inform sustainable management of
marine tourism and recreation, particularly
where effective management involves multiple
use considerations. Underlying this is the need
for improved basic information about marine
environments, including biological and
physical characteristics and the development,
evaluation and application of planning tools
to promote environmentally sustainable
development of marine tourism and
recreation. It is generally recognised that
biological systems data, and associated data
on the impact of tourism, are inadequate.
Increased research effort is needed for
categories of coastal and marine tourism
activities. These include studies of vulnerable
and fragile regions, analyses of high-use
temperate, tropical and sub -tropical
destinations, research into developments in
cruise tourism and analysis of the sports
fishing tourism sector.

Mainland coastal regions are the usual
targets of such research, but the
environmental effects of tourism on Andaman
and Lakshadweep Islands also require
assessment, and environmental best practice
to minimise human impacts should be
facilitated. Tourism in India has potential for

growth. A scientific basic for determining
both the levels and type of tourism in the
Andaman and Nicobar and Lakshadweep is
required. Some research attention should be
turned also to Andaman and Lakshadweep
Islands, including its protected areas. Tourism
is significant in islands close to the mainland.

A major issue confronting the tourism
industry is how to integrate the many
demands for developing a successful business
in a context of maintaining long-term
environmental health. A full understanding of
the coastal and marine environments is critical
in addressing problems such as erosion,
habitat degradation and loss of water quality.
Furthermore, the needs of India’s growing
marine wildlife watching industry, and the
economic impacts of the industry, should be
investigated. Biological research also has a role
to play in enhancing the quality of the
tourism product or experience. The intangible
nature of the tourism product means that
social and socioeconomic research needs to be
part of a multi-disciplinary research
approach. For example, the quality of the
tourism product is measured in part by
attitudinal surveys. It is also recognised that
while the quality of the environment may be
the ultimate determinant of long-term
success, there are many other immediate
issues, which determine the short-term success
of tourism, at both a business and regional
level. A research agenda that addresses these
issues is needed.

The Oceans Policy reiterates the
Government’s commitment to the sustainable
development of a marine tourism industry
that maintains the environmental quality on
which it depends.

PRIORITIES

Investigate impediments to the sustainable
development and diversification of the marine
tourism industry, including investigation of
the economic, social and environmental
effects, and distribute findings to industry.

Adequately resource the collection of more
accurate data on the marine tourism industry
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and its effects on the marine environment,
particularly in the context of developing the
Regional Marine Plans as a priority for India’s
Ocean Policy. The Government of India
should encourage the ecologically sustainable
growth of the industry through targeted
research in areas such as marine tourism
infrastructure design, and waste disposal
strategies.

STRATEGIES

Develop partnerships with the tourism
industry to identify more clearly the marine
and coastal tourism sector and develop
networks to obtain information and data to
investigate the definition, extent and diversity
of marine and coastal tourism;

 Initiate research into impediments to the
sustainable growth and diversification of
the marine tourism industry, including
investigation of the economic, social and
environmental effects, and distribute such
findings to industry in an effective manner;

 Develop partnerships with the tourism
industry to collect more accurate data on
the value of the marine tourism industry,
particularly in regional economies;

 Develop cost-effective, low-impact
technologies and engineering techniques
for construction, energy and water
supplies, waste management, and
provision of services to marine tourist sites
and activities both offshore and in the
coastal zone;

 Measure the environmental effect of
known tourist activities on ecosystems, and
determine the limits of acceptable change
in protected and fragile environments;

 Develop and evaluate planning tools to
promote the ecologically sustainable
development of tourism;

 Utilise Marine Protected Areas in tourism
strategies;

 Develop the research base of present and
future patterns of recreation, tourism, and
tourism development in marine
environments;

 Facilitate the participation of local
communities in the monitoring and
management of marine tourism and
recreation areas;

 Measure tourist satisfaction with marine
tourism products in order to improve
products;

 Investigate the potential contribution by the
tourism industry to the introduction and
spread of introduced marine organisms,
and the possible effects of introduced
marine organisms on India’s key marine
tourist ecosystems and recreational fishing;

 Model the ecological, economic and
experiential interaction between tourist
and marine habitats to determine
sustainable development use;

 Work with tourism operators to enhance
the quality of their product through the
development of educational and cultural
experiences;

 Encourage the expansion of tourism
training programs to include information
about environmental monitoring data
collection, the use and effectiveness of
environmentally friendly technologies, and
the role of R&D in the ongoing
development of the tourism industry; and

 Design and implement informed
management and education strategies for
different regional and encourage local
government, in particular, to be involved
in management.

Principal Organisations: Central and
Stare Tourism Departments, Universities and
NGOs.

K. TO UNDERSTAND AND
DOCUMENT THE IMPLICATIONS OF
MARINE LAWS AND POLICIES FOR

EFFECTIVE MANAGEMENT OF
MARINE RESOURCES

The Government of India must study
and manage its marine environment and
resources not only because that is in the
national interest, but also because it has
agreed to discharge a number of marine-
related international responsibilities through
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its links to other nations, international
organisations, and treaties. Particularly
important is the UN Convention on the Law
of the Sea (UNCLOS), which entered into
force for India in November 1994. Part XIII
of UNCLOS relates to Marine Scientific
Research, Part XII relates to protection of the
marine environment, and Part XIV to the
Development and Transfer of Marine
Technology. Significant articles are Article 239
which prescribe that States should promote
and facilitate marine scientific research;
Article 246 which indicates that, while
coastal States have “the right to regulate,
authorise and conduct marine scientific
research in their exclusive economic zone and
on their continental shelf, “they should
normally consent to such research being
carried out in these areas by other countries;
and Article 275 which requires States to
promote both the establishment of national
marine scientific and technological research
centres and the strengthening of existing
national centers and Article – which requires
states to protect the marine environment.

In additional to UNCLOS, India has
commitments to:

 Agenda 21, Chapter 17, which requires
(although it is not legally binding) that the
national biodiversity be surveyed and
protected by, inter alia, the establishment
of marine protected areas;

 Regular State of the Environment
Reporting (required as a member of the
OECD); and

 The Convention on the Conservation of
Antarctic Marine Living Resources
(CCAMLR, 1980).

The Government of India is committed to
maintaining a permanent presence in
Antarctica, and places a high priority on its
activities in the Antarctic marine environment
in support of its international obligations.

India is also a party to a number of other
conventions and agreements that require
scientific information on and understanding
of marine systems, for example:

 Climate Change Convention (1992);

 Convention on Biological Diversity
(1992);

 Convention on International Trade in
Endangered Species of Wild Fauna and
Flora (CITES, 1973);

 Convention for the Protection of World
Cultural and Natural Heritage (1972);

 The Convention on Wetlands of
International Importance Especially as
Water Flow Habitats (the Ramsar
Convention, 1971);

 Convention of the World Meteorological
Organisation (1947);

 International Convention for the
Prevention of Marine Pollution by
Dumping of Wastes and other Matter
(the London Convention, 1972);

 International Convention for the
Regulation of Pollution from Ships and
its Protocol of 1978 (MARPOL, 1973 /
78)

Domestically, international conventions are
reflected in national law. The Quarantine and
Inspection Services currently operate under
the authority of the Quarantine Act (1980) in
relation to ballast water management. The
International Maritime Organisation (IMO) is
considering the adoption of new ballast water
standards, and the Government of India
should implement these through the
introduction of mandatory national
arrangements for ballast water management.
It is considered that the Quarantine Act is
robust enough to authorise implementation,
although some aspects of the proposed IMO
regulatory framework may require
administration, through the Government of
India.

We need also to bring into law
amendments to the Environment Protection
(Sea Dumping) Act 1981, which is
administered by the Ministry of Environment,
Government of India. This Act implements the
London Convention (1972) in India. The
amendment, which has been introduced to
Parliament, will implement the 1996 Protocol
to the Convention, which India signed in
1998. The amendment will place beyond
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doubt that the construction of artificial reefs
is regulated in Indian waters, and will
implement recent international developments
relating to the protection of the sea - the
Protocol does this by limiting the categories of
substances for dumping or incineration at sea.

PRIORITIES

The priorities are to apply marine science and
technology to the protection and preservation
of the marine environment; to demonstrate an
ongoing commitment to the international
conventions to which India is a party; and to
participate effectively in international
programs by gathering and disseminating
relevant data.

STRATEGIES

Improve understanding of international
laws and conventions and their impact on
management of the ocean, and conduct
research to support India’s obligations;

 Investigate the enforcement of regulatory
controls of the marine environment;

 Investigate the efficacy of existing national
law to meet the objective of sustainable use
of the oceans, and make recommendations
for change where necessary;

 Conduct research to assist the more
effective management of Sanctuaries,
Marine Protected Areas, Biosphere
Reserves and World Heritage Areas;

 Improve understanding of the relationship
between law and science,

 Improve understanding of ethical in
marine science.

Principal Organisations: Department of
Law, Ministry of External Affairs, Ministry of
Environment and Forests, Department of
Ocean Development, Department of Science
and Technology, Department of
Biotechnology, Council of Scientific and
Industrial Research, National Institute of
Oceanography, Zoological Survey of India,
Botanical Survey of India, Universities and
NGOs.

L. TO ACHIEVE BETTER
COORDINATION OF MARINE DATA

MANAGEMENT

The need for a cross-sectoral, nationally
coordinated approach to access, store and
distribute marine data more effectively has
been identified by numerous reviews of India’s
marine environment and its management.
Marine scientific data are a vital
underpinning to the understanding and
sustainable utilization of our marine resources
and environment.

Increasing larger volumes of marine science
data are being collected, analysed and stored
each year by the States / Union Territories
and local government organisations and the
private sector. The effectiveness of data
management within these organisations is
highly variable, as is the commitment of
resources to this task. The volume and
complexity of data now being collected,
however, dictate that a distributed data
management model must be pursued.
Individual organisations can no longer expect
to keep a comprehensive and up-to-date
database, nor maintain the expertise to
manage the wide variety of marine data types
being captured. Nationally, we need to
strengthen the data management capacity
within the organisations collecting and
managing marine data and to integrate data
dispersed amongst these organisations in a
seamless manner to create an accessible
knowledge base. Current impediments to
achieving this goal are:

The existing ad-hoc approach to data
management has been within many
individual organizations, lack of an effective
national data management coordination
mechanism; and lack of an agreed framework
of standards and protocols to enable the
development of a nationally distributed data
network.

A number of organizations within the
marine sector currently execute collection,
analysis, data management and national
archive responsibilities (e.g., Department of
Ocean Development, Science and Technology,
National Institute of Oceanography etc.).
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There are also many states, local and private
organisations with marine data management
functions. Despite this, most of our data sets
are not well coordinated or compiled, and the
data are poorly integrated and not readily
accessible.

Whilst the existing organisation’s activity
and voluntary initiatives form within the
marine science community from a good base
for further developments in marine data
management, more needs to be done at both
the agency level and nationally to develop a
more coordinated approach to marine data
management. Recognised benefits of such an
outcome include:

Maximizing returns on expenditure on
data collection, promoting increased
opportunities for partnerships and for private
sector development, avoidance of duplication,
greater consistency and accessibility of data
and information to facilities improved data
manipulation, synthesis and cross-sectoral
application, and a stronger and wider base of
information for decision-making, policy
development and resources management.

The Ocean Policy recognises that the
provision of high-quality, accessible and
timely information concerning the margins of
the Indian Marine Region is essential for
marine planning, and it supports the
development of a nationally coordinated
approach to marine data management.

PRIORITIES

The main priority is to develop a more
coordinated approach to marine data
management by establishing a formally
recognised National Marine Data group,
serviced by a permanent secretariat and
accountable to an appropriate Ministerial
body.

Priority must also be given to
strengthening the data management capacity
within organisations that deal with marine
data.

STRATEGIES

 Establish a National Marine Data group,

serviced by permanent secretariat in India
and reporting through the Department of
Ocean Development to the Minister for
Industry, Science and Technology and the
Ministry of Environment and Forests.

 Consider including data management
deliverable in funding contracts issued by
government and incorporate funding
agencies, as a means of assisting
organisations to strengthen their data
management capacity;

 Implement a process to develop a national
policy for marine data exchange, access
and distribution;

 Support the development of distributed
data and metadata management software;

 Maintain relevant satellite reception
facilities and access to domestic and
international satellite data sets;

 Develop mechanisms to include private
sector data in the national data archives

Principal Organisations: Department of
Ocean Development, Department of Science
and Technology, Ministry of Environment,
Department of Biotechnology, Council of
Scientific and Industrial Research, Central
Drug Research Institute, National Institute of
Oceanography, National Informatics Centre,
Zoological and Botanical Survey of India,
Universities and NGOs.

M. TO BUILD PROFESSIONAL
EXPERTISE AND KNOWLEDGE

THROUGH INCREASED
INVOLVEMENT IN REGIONAL AND

GLOBAL MARINE SCIENCE AND
TECHNOLOGY PROGRAMS

The Indian marine science, engineering
and technology community is well regarded
internationally. This provides opportunities
for research collaborations, consultancy work
and transfer of technologies to other countries.
The benefits of international collaboration and
consultancy services flow back to India in a
range of ways.

Such work provides personal development
through international experience for Indian
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Researchers, expanding their knowledge and
experience of marine ecosystems beyond the
Indian marine region; Builds understanding
within India of the marine sectors of our
regional neighbors, especially SAARC and
SACEP/ SAS and the BOBLME, enabling
India to manage its own resources more
successfully; Enhance the capacity of regional
neighbors to manage their marine resources,
and, in the case of our near neighbors, this
enhanced management is likely to result in
reducing the potential for pressure on India’s
resources through illegal fishing and other
incursions; promotes international awareness
of India’s marine industries, scientific
capabilities and education services in the
marine sector. Participation in regional and
global marine science programs provides a
strategic benefit to India through sharing in
the development of new technology and
access to global data sets.

Principal Organisations: National Institute
of Oceanography, Department of Ocean
Development, Zoological Survey of India,
Fisheries Survey of India, Universities and
other Research Institutes.

CONCLUSION

Long-term environmental marine monitoring
is a very useful tool for both the operator and
the statutory authorities. The monitoring data
provide the status of the quality of biotic and
abiotic environment. The result of marine
monitoring will reflect the operator’s careful
project planning, design, engineering and
safe operations. To militate against
unexpected emergencies and failures,
progressive operators will put in place a
comprehensive management system that
includes regular audits, updates and review.
In fact an offshore operator could very well
verify the effect of its environment
management systems from the outcome of the
results of the marine monitoring. If the results
are found to be undesirable, this knowledge
will help the policy makers to review the
operating practices and modify the directions
as required. This also helps the regulatory
bodies to review their guidelines and
enactments. Environmental monitoring data
are also useful for long-term assessment of the
fate of pollutants, known and unknown.
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Annexure

Checklist of fauna of Marine Protected Areas in different states
of India

(AN= Andaman and Nicobar; TN=Tamil nadu; AP= Andhra Pradesh; OR=Odisha; WB= West Bengal;
GO= Goa; MH=Maharastra; GU= Gujarat; LK= Lakshadweep)

Sponges
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CHECKLIST OF SOFT CORALS OF INDIA
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CHECKLIST OF HARD CORALS OF INDIA
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CHECKLIST OF CRUSTACEA OF EAST COAST OF INDIA
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CHECK LIST OF MOLLUSCA OF EAST COAST OF INDIA
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CHECKLIST OF ECHINODERMS OF EAST COAST OF INDIA
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CHECKLIST OF FISHES OF EAST COAST OF INDIA
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CHECKLIST OF REPTILES OF INDIA

CHECKLIST OF AVES OF INDIA
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