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Foreword

I am pleased to introduce the book Towards Conservation and Management of
Mangrove Ecosystems in India published by the International Union for
Conservation of  Nature and Natural Resources.

Mangroves are remarkable ecosystems that thrive in the transitional zone
between the land and the ocean. They survive high salinity, tidal extremes,
strong wind velocity, high temperature and muddy anaerobic soil – conditions
normally hostile to other terrestrial plants. Mangroves protect coastal regions
from the fury of  cyclones and tropical storms, prevent soil erosion, buffer
coastal waters from undesirable land-based influences such as sediment,
contaminant or nutrient run-off, and are vital for sustaining fisheries.

The 1999 super cyclone in Orissa and the 2004 Indian Ocean tsunami
highlighted the importance of  mangroves in protecting human lives and
property in the coastal regions. Mangroves can serve as a natural “bio-shield”
against tsunamis, and we are committed to their protection and regeneration.

This publication is an edited version of  the papers presented at the workshop
on “Conservation and Management of  Mangrove Ecosystems in India –
Stakeholder Consultation for Assessment of  Training and Capacity Building
Needs and Design of  National Strategy and Action Plan” held in 2008 with
relevant updates from the latest literature on the topic. I am told that the
workshop was a great success and provided a common platform for all
stakeholders to discuss, learn and share experiences regarding mangrove
ecosystems in India.

I am happy that this book is brought out on the occasion of the culmination
of  the International Year of  Biodiversity 2010 and the dawn of  the UN Decade
on Biodiversity 2011-2020, as well as the current International Year of  Forestry
2011. It is hoped that this publication will be useful not only in India but also
in many other countries where mangroves are found.

I congratulate all those who were involved in this assignment, in particular
Shri B. S. Parsheera, former Special Secretary, Shri M. F. Farooqui, Additional
Secretary and Chairman of  National Coordination Body of  the MFF (India)
Programme, Dr. J. R. Bhatt, Scientist-F and Dr. B. P. Nilaratna, Joint Secretary
in the Ministry.

(Jairam Ramesh)
 Minister of  State (Independent Charge)

Environment & Forests
Government of  India
New Delhi - 110 003
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Introduction

Mangrove forests are among the world’s most productive ecosystems
situated at the interface between land and sea in tropical and subtropical
latitudes. Often called ‘tidal forests’, ‘coastal woodlands’ or ‘oceanic
rainforests’; these ecosystems are of  great environmental significance and
socio-economic value in terms of  their role in protecting shores from
wind, waves and water currents; preventing soil erosion and siltation;
protecting coral reefs, seagrass beds and shipping lanes; supplying wood
and other forest products; providing habitats and nutrients for a variety of
organisms; and, supporting coastal fisheries and livelihoods (Kathiresan
and Bingham, 2001; Kathiresan and Qasim, 2005). These ecosystems have
been often associated with high economic values owing to their wide range
of  ecosystem services (Costanza et al., l997; Khaleel, 2008).

The global cover of  mangroves has been estimated to be 15.2 million
hectares (FAO, 2007), of  which 90% are in developing countries and are
nearing extinction in 26 countries. Long term survival of  mangroves is at
great risk due to fragmentation. It is possible that the ecosystem services
offered by global mangroves may be totally lost within 100 years (Duke et
al., 2007).

The current paper is aimed at providing an overall status of  mangroves in
India, highlighting their status in terms of  cover and biodiversity. The paper
also outlines major knowledge gaps which need to be addressed for their
conservation and management.

Mangrove forest coverage

Mangrove forests within India are
found along the coastlines of 9 states
and 3 union territories. Their overall
cover has been estimated to be 4,639
km2, of  which about 60 % along the
east coast (Bay of  Bengal), 27 % along
the west coast (Arabian sea) and the
remaining 13% on the Andaman and
Nicobar Islands. The state of  West
Bengal has the maximum cover (2,152

A patch of  Rhizophora mucronata
surrounded by water, Kannur, Kerala
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km2), followed by Gujarat (1046
km2) and the Andaman and
Nicobar Islands (615 km2) (SFR,
2009; Table 1). The mangrove
cover is large and widespread on
the east coast of India due to the
nutrient rich alluvial soil formed by
the mighty rivers (Ganga,
Brahmaputra, Mahanadhi,
Krishna, Godavari and Cauvery)
and the perennial supply of
freshwater along the deltaic coasts.
But deltas with alluvial deposits are
almost absent on the west coast of
India and their place is taken by the
funnel shaped estuaries or
backwaters (Gopal and

Krishnamurthy, 1993). The east coast has a smooth and gradual slope which
provides a larger area for colonisation of  mangroves, whereas the west
coast has a steep and vertical slope due to the presence of  the Western
Ghats. Mangroves are present in the Andaman and Nicobar Islands where
many tidal estuaries, small rivers, neritic islets and lagoons support a rich
flora.

Table 1. State-wise cover of  mangrove forests of  India in km2

State/UT Very Moderately Open Total Change
dense dense mangrove between

mangrove mangrove 2005-2007

Andhra Pradesh 0 126 227 353 -1

Goa 0 14 3 17 1

Gujarat 0 188 853 1046 55

Karnataka 0 3 0 3 0

Kerala 0 3 2 5 0

Maharashtra 0 69 117 186 0

Orissa 82 97 42 221 4

Tamil Nadu 0 16 23 39 3

West Bengal 1038 881 233 2152 16

Andaman & Nicobar 285 262 68 615 -20

Daman and Diu 0 0 1 1 0

Pondicherry 0 0 1 1 0

Total 1405 1659 1575 4639 58

(Source: State Forest Report, 2009)

A view of  mangrove forests, Kannur,
Kerala
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Status of  forest cover

The mangrove cover within the country has been classified in terms of
density of  cover, as very dense, moderately dense and open types based on
percentage of  its green cover: >70%, 40-70% and 10-40% respectively.
The extent of  very dense cover is 1,405 km2 (30.29%), moderately dense
is 1,659 km2 (35.76%) and open type is 1,575 km2 (33.95%) (SFR, 2009;
Table 1).

Trends of  change

Mangrove cover showed a net increase of  58 km2 in the 2007 assessment
compared to the 2005 assessment (SFR, 2009). This is mainly because of
Gujarat which has shown an increase of  55 km2 in mangrove cover due to
plantations and protection.  There was also an increase of  16 km2 in
mangrove cover of  West Bengal, 4 km2 in Orissa and 3 km2  in Tamil
Nadu. However, there was a loss of  20 km2 in Andaman and Nicobar
Islands due to the effect of  tsunami in December 2004. This loss was
reduced by 1 km2 as compared to the previous assessment in 2005. In
general, the mangroves in India are well protected in spite of  the growing
threats by nature and humans due to the efforts of  Government of  India
(Table 1).

Total number of  species

The mangrove ecosystem supports genetically diverse groups of  aquatic
and terrestrial organisms. Mangrove habitats include diversified habitats
such as core forests, litter-forest floors, mudflats, water bodies (rivers, bays,
intertidal creeks, channels and backwaters), adjacent coral reefs and seagrass
ecosystems wherever they occur. Mangroves can exist and flourish under
wide ranges of  salinities, tidal amplitudes, winds, temperatures and even in
muddy and anaerobic soil conditions.

Indian mangrove ecosystems are known to have a total of  4,011 species
that include 920 plant (23%) and 3,091 animal (77%) species (Table 2).
The zoological component is about 3.5 times greater than the botanical
component. No other country in the world has recorded so many species
in mangrove ecosystems.

Current status of  research on
mangrove flora

Indian mangroves are diverse with 125
species, 39 mangroves and 86 mangrove
associates (Kathiresan, 2008a). About 56%
of  the world’s mangrove species occur in
India. Mangrove associates have 30 tree
species, 24 shrubs, 18 herbs, six climbers,
four grasses and four epiphytes. Eleven
mangroves and eight associates are rare in

Rhizophora annamalayana, the only
endemic among Indian
mangroves, flower
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occurrence and restricted in distribution. Only one species, Rhizophora
annamalayana Kathir., is endemic to India
occurring at Pichavaram. Mangrove species
diversity including associates is the highest in
Orissa (101 spp.) followed by West Bengal (92
spp.), Andaman and Nicobar Islands (91 spp.),
Andra Pradesh (70 spp.), Tamil Nadu (70 spp.),
Kerala (64 spp.), Maharashtra (63 spp.),
Karnataka (58 spp.) and Goa (53 spp.); the lowest
diversity is observed in Gujarat (40 spp.)
(Kathiresan, 2008a).

An intensive floristic survey conducted in nine
districts of Andhra Pradesh has recorded a total
of  65 plant species belonging to 52 genera in 32
families(Swain and Rama Rao, 2008). Of  these,
19 species under 12 genera and 10 families are

Table 2. Total number of  species in mangrove ecosystems of  India

No. of  species

Flora

Mangroves 39
Mangrove associates 86
Seagrass vegetation 11
Marine algae (Phytoplankton + seaweeds) 557
Bacteria 69
Fungi 103
Actinomycetes 23
Lichens 32

Fauna

Prawns and lobsters 55
Crabs 138
Insects 707
Molluscs 305
Other invertebrates 745
Fish parasites  7
Finfish 543
Amphibians 13
Reptiles   84
Birds 426
Mammals 68

Total 4011

(Source: Kathiresan and Qasim, 2005; Kathiresan, 2009)

Scyphiphora hydrophyllacea, a
rare mangrove, fruits.
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mangroves. Among the mangroves, the dominant family is Rhizophoraceae
followed by Avicenniaceae. Among the mangrove associates,
Chenopodiaceae, Fabaceae and Poaceae form the most dominant families.
Two rare mangroves, Aegialitis rotundifolia and Scyphiphora hydrophyllacea, are
present in Nachugunta Reserve Forest in Krishna district and Kandikuppa
Reserve Forest in East Godavari district respectively. An important
mangrove associate Brownlowia tersa is present in Ramannapalem of  East
Godavari, which forms an addition to the
mangrove flora of  Southern India (Venu
et al., 2006; Swain and Rama Rao, 2008).

Biodiversity studies of  mangroves in
Ratnagiri and Sindhudurg districts of
Maharashtra state reveal the presence of
24 mangroves, 11 halophytes and 9
associates. Sindhudurg district has more
floristic diversity than Ratnagiri district
(Bhosale, 2008). A similar survey was
made in Kali estuary at Karwar of
Karnataka state. This survey recorded a
total of 130 species belonging to 106
genera and 50 families, which included
three new records: Bruguiera cylindrica,
Lumnitzera racemosa and Acrostichum aureum
(Nayak and Andrade, 2008). The coast of  Karnataka is predominantly
occupied by Rhizophora mucronata, accounting for 56.3% of  the total stand
followed by Avicennia officinalis (15.6%), Sonneratia apetala (13.4%) and Kandelia
candel (10.9%). The mean density of  trees was 1,740.6 per hectare. The
above-ground biomass ranged from 29.2 to 120.1 tons per hectare with a
mean biomass of  71.9 tons per hectare. This suggests low biomass status
that can be attributed to high human pressure. Carbon stock in these sites
varied from 14.6 to 60.05 tons per hectare with a mean value of  35.9 tons
per hectare. This low carbon stock indicates  degrading status of  the
mangroves (Bhat et al., 2008).

The mangrove forest of  Puduvypu in Cochin, Kerala has 28 plant species,
eight true mangroves, five semi-mangroves, five grasses, one fern, five herbs
and four climbers. Avicennia officinalis is dominant with the maximum number
of  individuals in the height class of  greater than three metres (Gopikumar
et al., 2008). The mangroves of  North Malabar have 14 true mangrove
species and 40 mangrove associates (Khaleel, 2008). Kerala state has
altogether 15 true mangrove species and 49 mangrove associates (Anupama
and Sivadasan, 2004).

Eco-anatomical characteristics of  wood have been studied in 12 mangrove
species.: Aegiceras corniculatum, Avicennia marina, A. officinalis, Bruguiera
gymnorrhiza, B. cylindrica, B. sexangula, Excoecaria agallocha, Kandelia candel,
Rhizophora mucronata, R. apiculata, Sonneratia caseolaris and S. alba

Lumnitzera racemosa, flowers
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(Neriamparambil et al., 2008). Vessel morphological characters such as vessel
diameter, vessel frequency, vessel length, vessel vulnerability and vessel
mesomorphy were used to characterize mangrove species as belonging to
mesophytic or xerophytic sites. Values of  vessel vulnerability and vessel
mesomorphy can be used to arrange the mangrove species according to
their tolerance to salinity and water stress. The information is also useful
to find the zonation pattern of  mangrove species. Mangrove species
arranged according to values of  vessel vulnerability and vessel mesomorphy

are zoned from the sea towards the land
as follows: Aegiceras corniculatum <
Avicennia marina < Sonneratia alba <
Sonneratia caseolaris < Bruguiera sexangula <
Bruguiera gymnorrhiza < Bruguiera cylindrica
< A. of ficinalis < Kandelia candel <
Rhizophora apiculata < Rhizophora mucronata
< Excoecaria agallocha (Neriamparambil et
al., 2008).

Recently, the phenology and reproduction
of  mangroves have increasingly been
understood. The flowers are not
specialized to any kind of pollinator in
species of  Bruguiera, Ceriops and
Rhizophora. In these species, flowers

persist for 2-8 days and pollen-ovule ratio is very high (1:18,000–1:1,00,000).
Bruguiera and Ceriops are entomophilous while Rhizophora exhibit
anemophilous adaptation. All the species exhibit low flower to fruit and
seed to ovule ratios (0.01-0.02). Pollen fertility is over 80% in Bruguiera and
Ceriops. However, Rhizophora exhibits inbreeding depression (70-80% pollen
sterility). In general, reproductive success is very low in all the species
(Nagarajan et al., 2008). However, reproductive success in Bruguiera cylindrica
is high when compared to other mangrove taxa (Sophia et al., 2008).
Rhizophora annamalayana exhibits high pollen sterility and premature fall of
flowers (99.9%), as a result of  which, fruit setting in this species is extremely
poor (Kavitha and Kathiresan, 2008). However, in Bruguiera sexangula, pollen
fertility is about 95% and isolated individuals show normal fruiting, which
is an indicator of  self-compatibility and moderate reproductive success.
Species recovery is possible by conducting controlled pollination and
developing ex situ conservation stands (Krishnamoorthy et al., 2008).

Floral biological variations are significant between species of  the genus
Ceriops. Flower production per panicle varies in Ceriops decandra (2-10) and
C. tagal (8-10). Ceriops decandra flowers are mild scented, produce huge
amounts of  pollen (18-20 μm) and are pollinated by diverse insect taxa.
Ceriops tagal flowers are highly scented. Ceriops tagal pollen (14-16 μm) are
more fertile (95%) than that of  C. decandra (65%). Ceriops decandra has high
bud and flower abortion (83-90%) when compared to C. tagal (50-75%).
Regeneration in the proximity of  the mother trees is poorer in C. decandra

Bruguiera cylindrica, flower
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than in C. tagal due to the varying architecture of  the propagules (Pandiarajan
et al., 2008).

Insect visiting flowers of  Rhizophora mucronata
and Avicennia officinalis, the major constituents
of  the mangroves on the Karnataka coast,
have been studied by Chatterjee et al. (2008a).
The flowering season, pollination biology and
insect visitation are different for each species.
Rhizophora mucronata has white coloured bell
shaped flowers. They remain only for three
days and produce a huge amount of  powdery
pollen as reward but no nectar. They are
protandrous and attract Hymenopteran
visitors like Apis dorsata, Apis cerana and species
of  Trigona and Amygella. A wasp and a species
of  Xylocopa are occasional visitors to this flower. Avicennia officinalis starts
flowering in June and the season lasts to late September. The flower has a
disc shaped landing site of  2-3 cm diameter, a bright yellow colour, pungent
smell, sticky pollen and nectar. Members of  seven Dipteran families visit
this flower, the Caliphoridae are the major visitors followed by
Sarcophagidae, Tephritidae, Tabanidae and Drossophilidae (Chatterjee et
al., 2008b).

Cyanobacteria are an important component of  the microbial flora of
mangroves. Six species dominantly occur in the root-soil of  mangroves
and they are Spirulina subsalsa, Phormidium tenue, P. fragile, Synechocystis salina,

Oscillatoria willei and O. cortiana. Their counts vary
between 3.1x103 and 4.1x104 colony forming
units per gram of  soil with the maximum
occurrence during summer (May) and the
minimum in post monsoon (December) along the
east coast of India (Nabeel et al., 2008).

Lactobacilli are beneficial bacteria that occur in
the root-soil of  mangroves. The dominant species
of  marine lactobacilli are Lactobacillus delbrueckii,
L. lactis, L. casei, L. xylosus, L. plantarum and L.
curvatus. Their counts vary from 3x102 to 3.1x104
colony forming units per gram of  soil with the
maximum occurrence in post monsoon
(November) and the minimum in summer (May)
along the east-coast of  India (Thiruneelakantan
et al., 2008).

There is also a high biodiversity of  fungi in
mangrove ecosystems. In Kerala, a total of  17
pathogenic fungi, 32 endophytic fungi and 14
wood-degrading fungi (lignicolous fungi) have

Rhizophora mucronata, flowers

Oscillatoria cortiana, a
dominant cyanobacterium
(Top) and Lactobacillus
plantarum, a common
bacterium (Bottom) in
Indian mangroves



8 J. R. Bhatt and K. Kathiresan

been recorded (Mohanan, 2008). Cytospora species are associated with the
die-back disease of  Sonneratia caseolaris whereas both Cytospora and Endothia
species are responsible for stem infection in Rhizophora mucronata. Three
lignicolous fungi are widely distributed and they are Hexagonia apiara,

Microporus xanthopus and species of  Phellinus. All the
mangrove roots are in association with arbuscular
mycorrhizal fungi ranging from 2% in Kandelia candel to
80% in Aegiceras corniculatum. The mycorrhizal fungi occur
in the root-soil of  mangroves in a range from 1.9 to 31.4
per gram of  soil. Among the mycorrhizal fungi,
Acaulospora, Glomus and Gigaspora are the widely distributed
genera. The dominant endophytic fungi are Cladosporium
cladosporioides, Colletotrichum gloeosporioides and species of
Phoma, Phomopsis, Phyllosticta and Nigrospora (Mohanan,
2008).

Yeasts are a group of  basidiomycetes and ascomycetous
fungi. The dominant species in the root-soil are Candida
tropicalis, C. albicans, Cryptococcus dimennae, Debaryomyces
hansenii, Geotrichum sp., Pichia capsulata, P. fermentans, Pichia
salicaria, Saccharomyces cerevisiae, Rhodotorula minuta,
Trichosporan sp. and Yarrowia lipolytica. Their counts range
from 1x102 to 1.4x104 colony forming units per gram
of  soil with the maximum occurrence during post
monsoon (November) and the minimum in Summer
(May) (Manivannan and Kathiresan, 2008).

Lichen is a composite organism consisting of  a symbiotic
association of  a fungus and algae (either green or blue-
green).  Thirty two species belonging to 13 families are
reportedly present in Sundarbans (Santra, 1998). Ramalina
species are commonly occurring as epiphytes on
Rhizophora spp. in Pichavaram and Gulf  of  Mannar areas
of  Tamil Nadu.

Current status of  research on mangrove fauna

Animal communities in the mangroves include both resident and visiting
or transient fauna. Majority of  the visiting terrestrial fauna are insects,
birds, mammals and reptiles. Sundarbans is the only mangrove tiger land
in the world. The aquatic visiting fauna are mainly fish and crustaceans
with some molluscs and echinoderms. The visitors invade mangroves from
the adjacent habitats such as forests, coral reefs, estuaries, creeks and bays.
Resident fauna of  mangroves are mainly benthic fauna of  intertidal habitats,
which are grouped under two broad categories viz.: infauna and epifauna.
Infauna animals which burrow and penetrate the substratum predominantly
comprise polychaetes, brachyuran crabs, wood-boring animals, mud
burrowing bivalves and gobiid fishes. Epifauna include the commonly
occurring gastropods and some sessile bivalves like oysters, Modiolus spp.

Geotrichum, a
dominant yeast
genus (Top) and

Pichia capsulata, a
common yeast
(Bottom) in Indian
mangroves
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and barnacle crustaceans. Resident terrestrial fauna include birds such as
the Black Capped Kingfisher (Halcyon pileata), Brown Winged Kingfisher
(Halcyon amauroptera) and Mangrove
Whistler (Pachycephala grisola) and insects like
Polyura schreiber (Lepidoptera: Nymphalidae)
(Ramakrishna, 2008).

Faunal diversity in different sites of
mangroves continues to be studied. The
Puduvypu mangroves in Cochin of  Kerala
have recorded 70 bird species, 10 mammals,
12 reptiles, 12 fishes and three amphibians
(Gopikumar et al., 2008). The mangroves
of  North Malabar have 109 bird species in
which 34 are migratory (Khaleel, 2008). In
Ratnagiri and Sindhudurg districts of
Maharashtra, 13 species of  crustaceans, 12
gastropods, 11 bivalves, 36 estuarine fishes,
50 birds and three mammals have been
registered recently (Bhosale, 2008).

Insect and plant relationships with reference to herbivory in the mangroves
of  Karnataka state have been studied. A total of  8,638 individual insects
belonging to 13 orders and 305 species have been collected. Coleoptera
represented the maximum diversity at species level followed by Lepidoptera,
Orthoptera and Diptera. The effect of  herbivory on the mangrove plants
varies with species and the effect of  herbivores is significantly site specific
for Avicennia officinalis and Sonneratia alba but not significantly different for
Rhizophora mucronata (Remadevi et al., 2008a). Latheef  et al. (2008) studied
seed predation on Rhizophora mucronata propagules by a moth borer. About
51.6% of  the propagules are attacked by the moth borer. Germination
reduces with the propagule damage. The propagules belonging to the
damage classes of  1 hole, 2 holes, 3 holes and 4 holes show increasing
trend in loss of  sprouting. Propagules with more than 3 holes exhibit a
total loss of sprouting (Latheef et al., 2008).

Nocturnal insect diversity in Coringa mangroves in Andhra Pradesh has
been studied using solar powered light traps. There are 90 species of  insects
belonging to eight major orders. Hemipterans are dominant followed by
Coleoptera, Hymenoptera and Diptera. In Hemiptera, the family
Notonectidae is the most dominant with four different species followed
by Cydnidae, Fulgoridae and Pentatomidae. Family Staphylinidae belonging
to the order Coleoptera is the dominant one comprising 12 species followed
by Carabidae, Hydrophillidae and Trogossitidae. In case of  the order
Hymemoptera, the family Formicidae is the dominant one with respect to
the number of  species (Remadevi et al., 2008b). A similar study on nocturnal
entomo-fauna has been made in Karnataka state. In this study Coleoptera
was found the largest order followed by Hemiptera, Diptera, Homoptera

Black Capped Kingfisher,
Sundarbans
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and Hymenoptera. However, on the east coast, Hemiptera is the major
insect order followed by Coleoptera, Diptera and Hymenoptera (mostly

Formicidae) (Remadevi et al., 2008c). Regarding the
diversity of  oribatid mites in mangroves of  Calicut
district of  Kerala state, there are a total of  11 species
belonging to 9 genera and 9 families at mangroves
of  Beypore while 13 species belonging to 13 genera
and 10 families occur at Kottakadavu. Some species
such as Javacarus kuehnelti foliates, Tegeocranellus sp.,
Rostrozetes foveolatus are abundant in both the
mangrove ecosystems (Julie et al., 2008).

Mosquitoes are an important faunal component of
mangroves. Mosquitoes breed in tree holes, crab
holes and swamp pools of  mangroves. In Indian
mangroves, 62 species of  mosquitoes belonging to
19 genera and 21 sub-genera have so far been
recorded (Rajavel and Natarajan, 2008).

Like wise, marine woodborers constitute an important component of
mangrove fauna which play a vital role in the biodegradation process. At
least 27 species have so far been recorded from the mangroves of  India,
of  which Bactronophorus thoracites, Dicyathifer manni and Martesia nairi are almost
specific to mangrove habitats (Santhakumaran, 2008). Studies of  marine
wood borers at the mangroves of  Kothakoduru and Bangarammapalem
in Visakhapatnam district of Andhra Pradesh recorded the presence of 17
species of  Teredinids belonging to six genera. The genus Bankia represented
by nine species was the most dominant. Four species are new records to
Indian waters and one new to the mainland of  the Peninsula. Despite this
fairly rich diversity in the study area, it is
interesting to note the absence of  Teredo
furcifera and pholadids that generally show
universal distribution along the Indian coasts.
The frequency of  another ubiquitous species
Lyrodus pedicellatus is also meager in the
localities explored (Rao et al., 2008).

Crabs play an important ecological role in
the productivity of  mangroves. Their
biodiversity has recently been studied in
mangroves of  Goa, Maharashtra and Kerala.
There are a total of  35 species under 25
genera and 10 families in the study areas. The
highest diversity of  crab species is in Kerala
(27 spp.) followed by Goa (17 spp.) and
Maharashtra (12 spp.) and the highest
diversity of  species is encountered in the
family Grapsidae (12 spp.) followed by

Crab burrow in a
mangrove forest

Metopograpsus messor (Top)

Metopograpsus latifrons (Bottom),

two mangrove crabs
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Portunidae (8 spp.) and Ocypodidae (6 spp.) (Dev Roy and Nandi, 2008).
Crabs exhibit significant biomass in pre-monsoon and post-monsoon
months in Nalallam and Kadalundi of  North Kerala (Sasikumar, 2008).
The density of  the crab species Neosarmatium smithi and Parasesarma plicatum
increases with mangrove vegetation (Shanij et al., 2008). The predatory
effect of  Neosarmatium smithi has been experimentally studied on Avicennia
officinalis seedlings. After introducing the crabs into an enclosure set up in
the natural habitat the crabs caused more than 50% mortality of  seedlings
after predation. In the natural environment predation controls the density
of  the mangrove species (Praveen et al., 2008).

There are about 522 species of  birds in coastal ecosystems of  Karnataka
state. Dakshina Kannada and Udupi districts harbour
about 366 bird species. Uttara Kannada is home to
424 species. In a one hour study on the coast of
Karnataka, 1611 individuals and 92 bird species were
recorded. The Bay Owl was first reported from Uttara
Kannada district. The White Bellied Sea Eagle which
has now become rare was breeding in Mangalore taluk
of  Dakshina Kannada district. However, vultures
(King Vulture, Eurasian Griffon, White Backed
Vulture, Long Billed Vulture and Scavenger Vulture)
that were commonly reported 20 years ago have
drastically declined (Bhat, 2008). The Gangolli estuary
complex (Kundapura taluk, Udupi district) has about
14 migratory birds and 21 resident birds but in recent
years, some of  the long distance migrants have
altogether disappeared and the other migratory birds
have either become rare or stopped visiting the
mangroves. This is mainly due to intensive prawn
culture, change in agriculture pattern and habitat
conversion (Madhyastha and Aravind, 2008).

Overall status of  biodiversity

The floristic as well as faunal diversity of  mangroves
is under threats to varying degress. In terms of
floristic diversity, 13 species have been associated with lower risk and 26
are threatened. Of  the 26 threatened species, 11 belong to the IUCN
category (1991 version)of  ‘endangered’ and 15 are ‘vulnerable’ (Table 3).
The 11 endangered species need priority intensive care and immediate
attention for their protection and propagation for recovery. Rhizophora
annamalayana Kathir. is a natural hybrid derived between R. apiculata and R.
mucronata (Kathiresan, 1995, 1999). Novelty of  this taxon as a new species
is confirmed using DNA markers (Parani et al., 1997). Only 171 individual
trees of  the species, mostly located among its parental species in Pichavaram,
have been recorded. This species requires utmost care for immediate
conservation. Xylocarpus species are becoming rare in the Sundarbans due

Excoecaria indica, a
critically endangered
mangrove,
Sundarbans
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Acanthus
ebracteatus –  – – – r – – – – r EN
Acrostichum
speciosum – r – – r – – – – – EN
Cynometra
ramiflora c r – – r – – – – – EN
Excoecaria
indica r – – – – – – – – r EN
Lumnitzera
littorea – – – – f – – – – – EN
Nypa
fruticans r – – – f – – – – – EN
Rhizophora
annamalayana – – – r – – – – – – EN
Rhizophora
lamarckii – – – – r – – – – – EN
Rhizophora
stylosa – r – – f – – – – – EN
Scyphiphora
hydrophyllacea r – r – c – – – – – EN
Sonneratia
griffithii r r – – r – – – – – EN
Aegialitis
rotundifolia c c r – r – – – – – VU
Bruguiera
parviflora c r – – c – – – r – VU
Bruguiera
sexangula f f – – r – – – – r VU
Ceriops
decandra c c c c r – – – – – VU

Table 3. Mangroves at threat in India
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to past over-exploitation (Naskar and Mandal, 1999). Brownlowia tersa,
reportedly growing abundant near to large creeks of  the Middle Andamans
and Dhanikhari creek some 80 years ago, is now rarely observed there
(Hajra et al., 1999).
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Threats are not limited to plant species alone but in varying degrees to
animal species also. In the Sundarbans, four reptile, three bird and five
mammal species are extinct and 10 reptile, three bird and two mammal
species are at threat (Table 4-6; Chaudhuri and Choudhury, l994).  In
Gujarat, three bird and two turtle species are at threat (Table 7; Wesley
Sunderraj and Serebiah, l998). Of  the 52 species of  marine fish assessed,
nine are vulnerable and two are endangered (Table 8); of  the 41 invertebrates
assessed, four species are endangered, four species are vulnerable and one
species is critically endangered (Rao et al., l998; Table 9).

Current efforts for biodiversity conservation

The Ministry of  Environment and Forests under the Government of  India
has overall responsibility for maintaining biodiversity in mangrove forests.
The Government provides 100% financial assistance for implementation
of  management action plans and research activities related to biodiversity
of  mangrove forests. There are 38 areas under implementation of  a
management action plan. New sites are identified by State Governments/
UTs for their inclusion in the management action plan. Planting of

Ceriops
tagal r r – r c r c r c c VU
Cynometra
iripa c c – – r – r – – – VU
Dolichandrone
spathacea r r – – c – r – – c VU
Heritiera
fomes r a – – – – – – – – VU
Heritiera
littoralis – c – – f – – – – – VU
Pemphis
acidula – – – f c – – – – – VU
Sonneratia
alba – r r – r – a f c r VU
Sonneratia
apetala f f c r r r r – – – VU
Sonneratia
caseolaris f r – – f – c c r r VU
Xylocarpus
granatum c c r r f – r – – – VU
Xylocarpus
mekongensis f r – r c – r – – – VU

EN = Endangered, VU = Vulnerable, a – Abundant, if  the species is present in
81-100% of  the sampling points; f  – Frequent, if  the species is present in 61-80%;
c – Common, if  the species is present in 31-60%; r – Rare, if  the species is present
in 1-30%, - = Not recorded.
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Table 4. Threatened and extinct reptile species in the Sundarbans

Name of species Family

Crocodylus porosus Crocodilidae
Varanus bengalensis Varanidae
V.  salvator Varanidae
V. flavescens Varanidae
Chelonia mydas* Chelonidae
Eretmochelys imbricata* Chelonidae
Lepidochelys olivacea Chelonidae
Caretta caretta* Chelonidae
Dermochelys coriacea* Chelonidae
Lissemys punctata Trionychidae
Trionyx gangeticus Trionychidae
T. hurum Trionychidae
Batagur baska Emydidae
Python molurus Boidae

(Source: Chaudhuri and Choudhury, l994. * Extinct species)

Table 5. Threatened and extinct bird species in the Sundarbans

Name of species Family

Pelecanus philippensis Pelecanidae
Theskiornis melanocephalus Threskiornithidae
Leptoptilos javanicus* Ardeidae
Ardea goliath Ardeidae
Sarkiodornis melanotus* Anatidae
Cairina scutulata* Anatidae

(Source: Chaudhuri and Choudhury, l994. * Extinct species)

Table 6. Threatened and extinct mammal species in the Sundarbans

Name of species Family

Panthera tigris Felidae

Muntiacus muntjac* Felidae

Bubalis bubalis* Felidae

Rhinoceros sondaicus* Felidae

Cervus deruchea* Cervidae

Axis porcinus* Cervidae

Platanista gangetica Platinistidae

(Source: Chaudhuri and Choudhury, l994. *Extinct species)
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Table 7. Threatened species of  animals in mangroves of  Gujarat

Name of species Family

Platalea leucorodia Threskiornithidae
Pelecanus philippensis crispus Pelecanidae
Pelecanus philippensis Pelecanidae
Chelonia mydas Chelonidae

Lepidochelys olivacea Chelonidae

(Source: Wesley Sunderraj and Serebiah, l998)

Table 8. Threatened species of  marine fish in mangrove ecosystems of
India

Name of species Family

Boleophthalmus dussumieri** Gobiidae
Scartelaos viridis** Gobiidae
Arius subrostratus Ariidae
Psammaperca waigiensis Centropomidae
Elopes machnata Elopidae
Boleophthalmus boddarti Gobiidae
Periophathalmus koelreuteri Gobiidae
Leiognathus splendens Leiognathidae
Secutor ruconius Leiognathidae
Muraenichthys schultzei Muraenidae

Desyatis uarnak Trygonidae

(Source: Rao et al., l998. ** Endangered)

Table 9. Threatened species of  invertebrates in the mangrove ecosystems
of India

Name of species Family

Cardisoma carnifex*** Gecarcinidae
Gelonia erosa** Geloindae
Uca tetragonon** Ocypodidae
Macrophthalmus convexus** Ocypodidae
Pilodius nigrocrinitus** Xanthidae
Sesarma taeniolata* Grapsidae
Penaeus canaliculatus* Palaemonidae
Penaeus japonicus* Palaemonidae

Meretrix casta* Veneridae

(Source: Rao et al., l998. *** Critically endangered, ** Endangered, * Vulnerable )
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mangroves is carried out using three possible models depending on the
local conditions and the objectives of  plantation (Table 10).

Table 10. Types of  mangrove plantation models followed in India

Name of model Objective of  plantation

Protective plantation To provide a physical barrier to
stabilize the mudflats and to protect
shorelines against natural calamities

Productive plantation To enhance the total productivity of
mangrove ecosystems so as to develop
ecology

Biodiversity To increase biodiversity and mangrove
enrichment plantation genetic resources with special reference

to threatened and extinct species of
that area.

(Source: Untawale et al., 2000)

Achievements in conservation and restoration of  mangroves

From 2002 to 2006, the total area restored under mangroves in South
India was 4195.28 ha. The largest area of  mangroves restored was in Andhra
Pradesh (1978 ha.) since 1987, mostly in East Godavari and Krishna districts.
In this state, three species are used for restoration work, Avicennia alba, A.
officinalis and A. marina. For nursery raising, the germinated seeds are trapped
during low-tides using nets. These are sown at a spacing of  3-4cm in the
primary nursery with raised beds of  10m x 1m x 30cm. When the seedlings
attain a height of  5 to 10cm, they are transferred into polybags or a
secondary nursery made in sunken beds regularly inundated with sea water.
For planting in the field, improved techniques like the ‘V’ shaped trench
method were followed and now trenching in a‘fish bone pattern’ is adopted.
The earlier method of  pit-planting in blanks did not give good results.
This has increased the survival rate of  seedlings from 55 to 93%.
Approximately 800 saplings per ha. are planted at a spacing of  3.5x3.5m.
The cost for raising mangrove plantations amounted to Rs. 31,000/ha. for
three years, including trenching, planting and second and third year

maintenance. The Andhra
Pradesh Forest Department
has formed Joint Forest
Management Committees to
protect the plantations
(Bhaskar et al., 2008). An area
of  about 520 ha. of  degraded
mangroves was restored
through a participatory process

Mangrove plantation in Godavari, Andhra
Pradesh
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in Godavari and Krishna mangrove
wetlands of  Andhra Pradesh
(Ramasubramanian et al., 2008).

In Tamil Nadu state, about 840 ha.
(Pichavaram, 345 ha., Muthupet 295 ha.
and Ramanathapuram 200 ha.) are
under mangrove plantations and more
than 5200 hectares are still available for
mangrove restoration. Nurseries were
raised using propagules. In a few cases,
the propagules collected from a natural
source were used for direct planting
during the planting season. The three
major species planted were Avicennia
marina, A. officinalis and Rhizophora
mucronata. Survival of  the plantations
ranged from 80 to 100%. Seedlings are planted at a density of  1000 seedlings
per hectare at a spacing of  3.2x3.2m. The prorate of  the Forest Department
for mangrove restoration work is Rs. 14,000/ha., which includes collection
of  germinated seedlings (Rs. 700/ha.) and planting and digging canals (Rs.
13,300/ha.). Tamil Nadu Forest Department has formed Joint Forest
Management Committees to protect the plantations (Bhaskar et al., 2008).

In Karnataka state, since 2000, the total area restored under mangroves
has been 1,244.50 ha. (Honnavar Division 667.50 ha., Karwar Division
190 ha., Mangalore Division 227 ha. and Kundapur Division 160 ha.). The
major species used for plantation are Rhizophora mucronata and R. apiculata.
Raising tall seedlings and planting them directly in mudflats is the technique
adopted. In a few cases, propagules are collected and directly planted in
the field. The survival rate of  plantations ranges from 45 to 95%. The cost
of  raising propagules/seedlings is estimated at Rs. 19,568/-10,000 plants
and that of  seedlings raised from seeds is estimated at Rs. 29,292/-. Planting
cost is estimated at Rs. 16,295/- ha. (Bhaskar et al., 2008).

In Kerala state, since 1997, the total area restored under mangroves has
been 134.78 ha. (Kannur Division). The major species used for plantation
are Kandelia candel and Rhizophora apiculata. The nursery techniques are the
same as those followed in Karnataka. Seedlings are planted in pits and
staking is provided to each seedling with a bamboo stick. Mangrove
plantations are protected with bamboo
fencing and a full time watcher is
appointed to guard the plantation. The
survival rate of  plantations ranges from
52 to 85%. Planting cost is estimated
at Rs. 16,295/-ha. and the cost of
bamboo fencing at Rs. 116/- meter
(Bhaskar et al., 2008).

Fish bone technique, Coringa, Andhra
Pradesh

Mangrove plantation, Muthupet, Tamil
Nadu
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Mangrove conservation with the involvement of  the private sector has a
great potential in India. The best example is ‘Soonabai Pirojsha Godrej
Marine Ecology Centre (SPGMEC)’ of  Godrej private sector. The centre
protects the mangrove forests in Vikhroli, a suburb of  Mumbai through
research, education and awareness building, regular monitoring and
restoration. A mangrove Interpretation Centre has been established to
disseminate information regarding the importance of  mangroves and their
conservation through film and slide shows, seminars, nature trails, camps,
poster exhibitions and lectures. Around 20,000 visitors are educated every
year about the importance of  mangrove conservation by using various
innovative methods (Mahajan, 2008).

Requirements for biodiversity promotion

In order to ensure biodiversity in restored areas, Untawale et al. (2000)
suggested the following:

i Avoid large scale planting with fast growing species of  Avicennia as
this species will suppress the growth of  slow growing species of
Rhizophora, Xylocarpus, Aegiceras, Ceriops and Bruguiera. This practice
will also promote loss of  biodiversity arresting monoculture planting.

ii Plant local species following their zonation and succession patterns.

iii Plant species which are compatible to local species by collecting them
from other places within the country.

iv Plant species based on their requirements and suitability of soil
structure, texture, composition, salinity and plant associations.

Visitors’ shed, Muthupet, Tamil Nadu
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v Planting for gap filling should be based
on their requirement of light intensity
and plant associations.

vi Develop nurseries for as many species
as possible so as to ensure a continuous
need-based supply of propagules for
plantation programmes.

vii Provide special attention to species
which are endemic to specific places to
help their propagation and development.

viii Provide special care for species which are at threat to help their
propagation and development.

ix Give preference to the locally extinct species of  the specific area.

Major threats contributing to biodiversity loss

With increasing human pressure and climate change even the species
currently widely distributed in Indian mangrove forests may decline in the
near future. There are eight important issues related to biodiversity loss in
mangrove ecosystems and they are discussed here-under.

Habitat loss and fragmentation: In the Sundarbans, due to a reduction in
freshwater inputs, species like Nypa fruticans and Heritiera fomes which are
less salinity tolerant got reduced in population density. Interbreeding among
those limited populations may reduce genetic vigour and resilience to stress.
This may likely place the populations at greater risk of  local extinction
(Duke, 2006). Therefore, it is necessary to protect larger mangrove areas
or improve the extent of  mangrove areas and/or connect corridors of  a
series of  smaller areas. On Caribbean reefs, it was recently proved that
mangroves strongly influence the community structure of  fish on
neighbouring coral reefs. The biomass of  several commercially important
species is more than doubled when the coral habitat is connected with
corridors of  mangroves. After removal of  mangroves, the largest
herbivorous fish in the Atlantic, Scarus guacamaia, suffered extinction
(Mumby et al., 2004).

Poor ecosystem health: Indian mangroves are generally not healthy. Very
dense mangrove forests are largely absent except in West Bengal, Andaman

and Nicobar Islands and
Orissa (Table 1). The
poor health condition
of  plants makes the
population with reduced
genetic vigour, resilience
and ability to respond
to changing environ-
mental conditions. It
will also lead to a loss of

Community nursery, Coringa

Boardwalk in Muthupet Mangroves, Tamil Nadu
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reproductive potential and regenerative capability. ‘Top dying disease’ is a
serious problem in Heritiera fomes, the reason for which is still not known.
A similar disease is observed with other mangrove species such as Sonneratia
apetala, Xylocarpus granatum and Avicennia marina. Insect attacks on mangrove
leaves are common, especially in Avicennia species throughout the country.
It is necessary to find out the causative factor(s) for the mangrove health
issues and suitable remedial measures to control the damages, so that the
mangrove population can be converted into a healthy ecosystem.

Reduction of  freshwater and tidal water flows: Mangrove forests are highly
dependent upon water sources. Freshwater from upstream regions or rainfall
is required for reduction of  salinity, which facilitates the germination and
sprouting of  seedlings. Seawater is required for the salt requirement of
mangroves and making their habitat wet at regular intervals. The reduced
freshwater flow due to dam and embankment construction has led to
increase the salinity. This has resulted in reduction of  seed germination,
changes in species composition, increases in hyper-saline mudflats, changes

in fish migration and damages to
wildlife. The river mouths are
heavily silted, which prevents the
entry of  seawater into the
mangrove forests along the east
coast of  India. In the Sundarbans,
due to reduction in freshwater
inputs, the freshwater loving
species like Nypa fruticans and
Heritiera fomes are reduced in
population density. These species
are getting replaced with the salt
tolerant species belonging to
Rhizophoraceae. Taking all these
into consideration, mangrove
conservation plans have to ensure
the critical input of  freshwater
from upland and tidal water from

the sea. Research studies are largely required to determine the critical
requirement of  water for sustenance of  mangroves and their fishery and
wildlife resources.

In Tamil Nadu, the tidal amplitude (the difference in the water level between
high tide and low tide waters) is very low with a maximum of  50 cm. So
the tidal inundation into the interior area is only partial and limited to the
areas immediately abutting the water bodies. Due to the partial inundation
and stagnation of  tidal water in the interior areas, soil salinity is high, varying
from 12.5 to 125 g per kg of  soil. This high soil salinity inhibits the growth
of  vegetation. Soil of  the area is generally dry for most part of  the year.
The area has more evapo-transpiration than precipitation. Therefore,
digging of  canals is necessary to leach out the excessive salts present in the

Canal bank plantation of  Rhizophora and
Avicennia, Muthupet, Tamil Nadu
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mangrove soil. Canal bank planting is the most suitable method in those
areas as proved in Tamil Nadu and Andhra Pradesh.

Poor natural regeneration: Propagules are abundantly produced in most
of  the mangrove forests but their dispersal, survival and establishment are
of  serious concern. Dispersal of  the propagules is restricted by the land
barriers blocking current flow and the wide expanses of  water (Duke, 2006).
In Gujarat, seedling performance is seriously affected by the heavy growth
of  algal species belonging to Enteromorpha and Ulva. Therefore, it is
necessary to assess natural regeneration for its constraints and implement
correction measures for facilitating the dispersal and establishment of
mangrove propagules.

Invasive species: There is a growing problem with invasive species which
disrupt the ecological balance and dynamics of  the mangrove ecosystem.
For example, the aggressive colonization of  Prosopis species in Tamil Nadu
and Andhra Pradesh, the twining and strangulating of  the mangroves by
Derris trifoliata in the Sundarbans and the profuse growth of  the aquatic
weeds Eichhornia crassipes and Salvinia in mangrove waters.

Over exploitation of  mangrove resources: Over exploitation of  juvenile
fish is a serious problem as it adversely affects the food chain and fishery
resources. For example, in the Sundarbans, 540 million tiger prawn juveniles
are collected every year by 40,000 fishers and during this operation 10.26
billion other juvenile fish are killed. About 48 to 62 species of  finfish
juveniles are wasted per net per day. Annually, a single haul may destroy
1,79,47,050 kg of  other fish juveniles! Undersized fish are harvested and
other fish at their reproductive stages are overfished using nets of  a very
small mesh size (Abhijit and Kakoli, 2005). A variety of  molluscan species
are also exploited to unsustainable levels to obtain shells for manufacturing
lime.

Fishing – a livelihood matter, Sundarbans
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vii. Climate change: A growing threat to the global mangrove ecosystem is
climate change associated with increasing temperatures, changing hydrologic
regimes, rising sea level and increasing magnitude and frequency of  tropical
storms and natural calamities like tsunamis. Mangroves are likely to be one
of  the first ecosystems to be affected, especially in low-lying areas because
of  their location at the interface between land and sea. In the Indian
Sundarbans, two islands, Suparibhanga and Lohacharra, have recently been
submerged and a dozen other islands on the western end of  the inner
estuary delta are under the threat of  submergence (http://www.
thedailystar.net/2006/12/22/d61222011611.htm). As sea level rises,
mangroves would tend to shift landward. Human encroachment at the
landward boundary, however, makes this impossible. Consequently, the
width of  mangrove systems is likely to decrease with sea level rise. This
habitat loss might cause a gradual depletion of  the rich biodiversity of  the
mangrove forest flora. However, there are a few genetically superior plant
and animal species which can overcome any climatic change (Rajendran
and Kathiresan, 2006). Those species have to be identified, propagated
and introduced into the areas that are vulnerable to natural calamities and
sea level rise. Further research is recommended to record plant species
with details of  their flowering, germination, propagation,  growth as well
as the behaviour of  animals as related to changing climatic conditions
(Kathiresan and Faisal, 2006) to determine the climate change induced
effects on plant and animal species.

Current knowledge gaps

Effective conservation and management of  mangroves require addressing
of  several research gaps which are discussed below (Table 11).

Ecosystem services

Effective conservation and management of  mangroves involve
understanding their ecosystem services, i.e. the benefits people derive from
these ecosystems. The Millennium Ecosystem Assessment (2005) identified
four broad categories of  services, which include provisioning, supporting,
regulating and cultural. In most of  the circulstances, decision makers are
unaware of  the connection between ecosystem state, services and well-
being. Sustained provision of  these services also mandates maintaining a
balance between these services and addressing tradeoffs which might result

from enhancing one cateogory of
services ( for example provisioning)
by diminishing other forms of
services, ( for example regulatory). An
example is enhancing extraction of
timber and non-tomber forest
produce from mangroves, which
deplete regulating services as storm
buffering.

Major threat – mangroves for
construction and fire
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Table 11. Knowledge gaps identified for mangrove ecosystem of  India

Biological groups Requirement of  research studies

Mangrove and faunal species Understanding basic biology and
at threat and overexploited behaviour.Analysis of  habitat and limiting
fishes(as given in Tables 4-10) factors for population reduction.Research

programme on species recovery.

Mangrove species under Assessment of  morphological, chemical
taxonomic dispute and genetic variations among related taxa.
(Avicennia, Ceriops, Rhizophora,
Acanthus etc.)

Health of  mangrove Top dying disease in Heritiera fomes,
ecosystem Sonneratia apetala, Avicennia marina etc.Role

of insects in pollination and pest
problems of  mangroves, especially
Avicennia.

Biomass and growth enhancement studies
through genetic and tree breeding
techniques.

Wildlife of  mangrove Feed preference studies to delineate the
ecosystem food requirement budget of  the

ecosystem and develop eco-model for
making the system sustainable
(Bhitarkanika).

Mangrove ecosystem Efficient techniques for restoration and
remediation of  damaged mangrove
habitats.
Impact of  mangrove ecosystem on coral
reefs, seagrass beds and seaweeds and
their interrelationship (trophical linkages)
in biodiversity enrichment.
Assessment of  genetic resources of
microbes and fauna associated with
mangrove gene pool of  Kalibhanjadia
island, at macro, micro and molecular
levels (Bhitarkanika).
Bioprospecting of   mangrove ecosystems
for high value products.

Mangrove environment Hydrodynamic studies in mangrove
environment to delineate critical
requirement of  water for sustenance of
mangroves and their wildlife and fishery
resources.



24 J. R. Bhatt and K. Kathiresan

Economic valuation is a useful way of  expressing various services in
economic terms and thereby helping informed decision making.

Unfortunately, research on valuation
of  ecosystem services in India is still
in its infancy, with only a handful of
studies available to guide policy and
decision making on these aspects. Das
and Vincent (2009) estimated the
opportunity cost of  saving a life by
retaining mangroves and it was
assessed to be Rs. 11.7 million per life
saved.  Hirway and Goswami (2004)
have attempted to estimate the
economic value of  mangroves of
Gujarat. The study has focused on
determining the cost of  full
regeneration of  dense and sparse
mangroves to 1998 levels using site
specific costs. Badola and Hussain
(2005) carried out economic
assessment of  storm protection

function of  Bhitarkanika mangrove ecosystem and estimated cyclone
damage avoided in three selected villages, taking cyclone of  1999 as
reference. Economic assessments indicated the highest loss in village that
was not sheltered by mangroves but by embankments, with the least per
capita damage in village with mangrove as barrier. Das and Vincent (2009)
validated the storm protection function of  mangroves of  Orissa on Indian
east coast established that villages with wider mangroves between them
and the coast experienced significantly fewer deaths than ones with narrower

or no mangroves. These benefits are
not expected with concrete coastal
protection structures (Danielsen et al.,
2005).

Biodiversity monitoring

Monitoring the mangrove areas is
essential to detect changes in
biodiversity over a period of  time.
These may be (i) positive trends due

Impact of   mangroves in carbon
sequestration and green house gas fluxes
(N

2
O, CH

4
).

Impact of  sea level changes, storm and
siltation on mangrove ecosystem using
remote sensing tools.

Fishing in creeks, Muthupet, Tamil
Nadu

Watch tower for mangrove monitoring,
Muthupet, Tamil Nadu
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to effective management interventions, e.g., protection and restoration and/
or (ii) negative trends due to human activities or natural disasters (Wagner,
2005). However, the monitoring should be done frequently enough on a
long-term basis. This will help in making timely predictions of  changes for
better management of  biodiversity in mangrove habitats. Hence, a national
biodiversity monitoring programme in mangrove areas across the country
is highly necessary. In this regard, three approaches are suggested for
collection and interpretation of  data: (i) Forest level monitoring (ii)
Documentation of  local knowledge and (iii) Analysis of  data using GIS
(Wagner, 2005). This can be executed by participation of  two groups of
people: (i) Local community and (ii) Scientists including social scientists.
Local communities can be involved in regular forest level monitoring after
providing them proper training. Scientists can participate in all the three
approaches, especially in analysis of  GIS data.

Forest level monitoring

Internationally recognized scientific techniques recommended by the
Australian Institute of  Marine Science (AIMS) (English et al., 1994) can be
used for monitoring forest structure. In this technique, the ‘Transect Line
Permanent Plots’ are marked. Plots (each 10m x 10m) are taken randomly
along transects perpendicular to vegetation types. Within each plot,
mangrove plants are counted by species and classified by three maturity
classes (seedling, sapling and tree based on height <1m, 1-3m and >3m
respectively). The heights of  seedlings and the girth at breast height (GBH)
of saplings and trees are recorded. Stumps are also measured and counted
by species as an indication of  cutting pressure. Benthic macrofauna are
monitored in some sites by counting them according to major taxonomic
groups in 0.25m x 0.25m quadrats. The number of  crab holes will also be
recorded.  Moreover, GPS readings are recorded for every plot or transect
monitored so that data can be fed to a GIS database.

Documentation of  Local Community Knowledge

While collecting the field data, local community
knowledge can be documented with respect to past
threats and trends in the ecosystems. Recent trends
and on-going threats can also be recorded.
Sociologists can play a role in this activity. The
knowledge will be gained through discussions with
local community members, as well as other people
encountered in or around the ecosystems during
the fieldwork. Information gained will thus be site
specific and, when compiled, will lead to a clear
picture of  the drivers of  change in the area.

Analysis of  GIS data

Data are fed to GIS databases and processed to

Excoecaria agallocha
worshipped in a tree
temple in Chidam-
baram, Tamil Nadu
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obtain distribution and location of  resources, status of  resources in terms
of  changes and species composition. The data recorded in mangrove forests
will be analyzed to obtain information on species diversity, density and
basal area of  each species besides ecosystem maturity and regeneration
capacity. The level of  degradation due to cutting pressure will also be
ascertained. Changes in ecosystem condition will be analysed to detect any

possible significant changes over a period of  time
to understand the drivers of  change. The
programme will also enable predictions about
future ecosystem conditions.

Advantages of  the participatory monitoring
programme

The effort greatly increases the manpower
involved but that will help in collection of  large
amounts of  data in a short time at a low cost of
expenditure. The effort will educate the local
community, enhance a feeling of  “ownership”
of  those ecosystems and create motivation
among the local people to protect and conserve
the biodiversity of  mangrove ecosystems.

Biodiversity indicator species

Some mangrove species do indicate certain
environmental changes and habitat conditions
(Table 12). They can be used as indicator species
to understand indirectly the habitat change in
the biodiversity monitoring programme.

Table 12. Indicator species of  mangrove habitat

Species Environmental conditions

Salt marsh species
(Suaeda sp., Salicornia sp. etc.) High salinity

Avicennia marina Aridity, high salinity, high organic
load, agriculture chemicals like
herbicides

Acanthus sp. Low salinity

Nypa fruiticans, Heritiera fomes,
Sonneratia caseolaris Freshwater inflow

Species with tall trees High nutrients and high rainfall

Rhizophora sp. Storm damage

Acrostichum sp. Acid sulphate soil, degradation of
mangrove habitat

Sonneratia caseolaris, fruit
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Concluding remarks

Mangrove ecosystems of  India are gifted with rich biodiversity. It is a matter
of  urgency to protect the biodiversity with increasing man-made pressure
and natural calamities. It is in this context, some priorities and actions
required for long term management of  biodiversity of  mangrove
ecosystems are suggested (Table 13).

Table 13. Priorities and action required for management of  biodiversity of
mangrove ecosystems in India

Priority aspect/issue Action required

Threatened species of Understand basic biology,
mangrove ecosystem behaviour and limiting factors of

population reduction.
Implement species recovery
programme.

Over-exploited wildlife Develop sea-ranching programmes
including fish for the over exploited fish.

Conduct more research studies on
wildlife for the species which are
less studied such as the water
monitor lizard.
Develop more breeding farms for
economically important species
such as crocodiles, reptiles and deer.
Provide supplementary livelihood
options to the fishermen.

Mangrove degradation Find out the factors responsible for
and loss of health degradation and poor health.

Develop efficient techniques for
restoration and remediation of
damaged mangrove habitat and
conversion of  mangroves to a
healthy population.
Study ‘top dying’ disease and insect
attack for their remedial measures.
Improve biomass production
through selection and plantation of
fast growing trees.

Mangrove habitat loss Improve the extent of  mangrove
and fragmentation areas by planting diverse species of

mangroves.
Connect corridors of  a series of
smaller areas and coastal marine
ecosystems.
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Occupying just 0.29% of  Indian coastal area, the mangroves are
contributing to 2.2% carbon burial as against only 0.93% by salt marshes
and 0.42% by seagrasses. Thus the mangroves are efficient habitats for
carbon burial, about 2.4-fold as high as saltmarshes and 5.2-fold as high as
seagrasses. The mangroves sequester as much as 50 times the amount of
carbon in their sediment per hectare of  tropical forest (Kathiresan, 2008b).
Therefore, mangrove restoration can be new counter-measure for global
warming issue.
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Introduction

Mangroves in the Indian subcontinent are viewed as an extension from
the Persian Gulf  around the coast of  India, Pakistan and Sri Lanka to
Myanmar including the Andaman and Nicobar Islands. About 4460 km2

of  littoral regions including the deltas, estuaries, backwaters, lagoons and
islands are covered by mangroves in India (Anonymous, 2003). An earlier
estimate with regard to mangrove cover gives a relatively higher figure of
6740 km2. (Saenger et al., 1983; Anonymous, 1987). This is about 7% of
the world’s total area of  mangroves. The major mangrove areas on the east
coast are in the Gangetic Sundarbans in West Bengal, the Mahanadi delta
in Orissa, the Godavari-Krishna estuaries in Andhra Pradesh and the
Cauvery delta (Pichavaram and Muthupet) and the Gulf  of  Mannar in
Tamil Nadu (Gogate, 1982). No major deltas are found on the west coast
but the smaller estuaries of  the Narmada and Tapti  rivers and a few other
hyper saline shallow estuaries in the Gulf  of  Khambat and the Gulf  of
Kutch of  Gujarat, Mumbai, Ratnagiri, Malvan, Devgad and Vijayadurg in
Maharashtra and the Mandavi-Zuari estuary in Goa have significant patches
of  mangroves. Kerala with a coastline of  about 550 km has long stretches
of  backwaters and a series of  lagoons running parallel to the sea, estuaries
and river deltas. They cover Thiruvananthapuram, Kollam, Kottayam,
Ernakulam, Kozhikode and Kannur districts in Kerala. Mangroves occur
as scattered in these areas. There are a few patches in the Lakshadweep
Islands. On the east coast, the mangrove distribution is 43.63% in West
Bengal, 4.41% in Orissa, 8.15% in Andhra Pradesh, 0.43% in Tamil Nadu
and 19.83% in the Andaman and Nicobar Islands, while on the west coast
it is 21.17% in Gujarat, 2.22% in Maharashtra, 0.1% in Goa, 0.06% in
Karnataka and sparse in Kerala.

Diversity in mangroves

A wide variety of  plant species
can be found in mangrove
habitats; but of the recognized
114 species of  mangroves and
mangrove associates in the
world (Tomlinson, 1986), only
54 species in 20 genera and 16
families constitute ‘true
mangrove species’ that occur
almost exclusively in mangrove

Muthupet mangroves, Tamil Nadu
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habitats and rarely elsewhere. In India there has often been a mix up with
mangrove inventories as many times mangrove associates and halophytes
found on mud flats were included in the lists. Thus, as many as 68 species
were claimed to be found in India.

A mangrove identification manual was prepared by Banerjee et al. (1989)
to facilitate their documentation from various regions of  the country. The
French Institute of  Puducherry  prepared a multimedia identification system
of  mangrove species based on morphological features (Mangrove V.1.0 by
J. Prosperi, B.R. Ramesh, P. Grard, L.P. Jayatissa, S. Aravajy, and D.
Depommier). MANDATE is the database created for Indian mangroves
based on the available literature. Some revisionary studies were done on
certain mangrove taxa to properly evaluate the various taxa published in
the group concerned (Mitra and Banerjee, 1979; Paul and Nayar, 1988;
Rao, 1996; Sreekumar and Kala, 1998; Arisdason et al., 2008). The present
paper lists 68 true mangrove species for India.

Acanthus ebracteatus Vahl
A. ilicifolius L.
A. volubilis Wall.
Acrostichum aureum L.
A. speciosum Willd.
Aegialitis rotundifolia Roxb.
Aegiceras corniculatum (L.) Blanco
Aglaia cucullata (Roxb.) Pellegr.
Avicennia alba Blume
A. marina (Forssk.) Vierh
A. marina var. acutissima Stapf  &

Moldenke
A. officinalis L.
Brownlowia tersa (L.) Kosterm.
Bruguiera cylindrica (L.) Blume
B. gymnorrhiza (L.) Lam.
B. parviflora Wight & Arn. ex

Griff.
B. sexangula (Lour.) Poir.
Caesalpinia crista L.
Cerbera manghas L.
Ceriops decandra (Griff.) Ding Hou
C. tagal (Perr.) C. B. Rob.
Clerodendrum inerme (L.) Gaertn.
Cryptocoryne ciliata Blume
Cynometra iripa Kostel.
C. ramiflora L.
Dalbergia spinosa Roxb.
Derris trifoliata Lour.
Dolichandrone spathacea (L.f.) Baill. ex

K. Schum.

Excoecaria agallocha L.
E. indica (Willd.) Muell.-Arg.
Fimbristylis ferruginea (L.) Vahl
Finlaysonia obovata Wall.
Flagellaria indica L.
Heritiera fomes Buch.-Ham.
H. littoralis Dryand.
H. kanikensis Majumdar & L.K.

Banerjee
Hibiscus tiliaceus L.
Hoya parasitica (Roxb.) Wall.
Intsia bijuga (Colebr.) Kuntze
Ipomoea tuba G. Don
Kandelia candel (L.) Druce
Lumnitzera littorea (Jack.) Voigt
L. racemosa Willd.
Merope angulata (Willd.) Swingle
Mucuna gigantea (Willd.) DC.
Myriostachya wightiana (Nees ex Steud.)

Hook. f.
Nypa fruticans (Thunb.) Wurmb
Pemphis acidula J.R. Forst.
Phoenix paludosa Roxb.
Porteresia coarctata (Roxb.) Tateoka
Rhizophora annamalayana Kathir.
R. apiculata Blume
R. mucronata Lam.
R. stylosa Griff.
Salvadora persica L.
Sarcolobus carinatus Wall.
S. globosus Wall.
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Among the listed, Aegiceras, Avicennia, Lumnitzera, Bruguiera, Ceriops, Kandelia,
Rhizophora, Sonneratia and Xylocarpus are considered dominant genera and
Acanthus, Fimbristylis, Excoecaria, Pemphis, Aegialitis and Acrostichum, less
dominant.

Acanthus ebracteatus

A. volubilis

Aegialitis rotundifolia

Brownlowia tersa

Bruguiera sexangula

Cryptocoryne ciliata

Cynometra iripa

Dolichondrone spathacea

Finlaysonia obovata

Heritiera fomes

H. kanikensis

Intsia bijuga

Lumnitzera littorea

Merope angulata

Mucuna gigantea

Nypa fruticans

Phoenix paludosa

Rhizophora stylosa

Scyphiphora hydrophyllacea

Sonneratia alba

Tylophora tenuis

Xylocarpus rumphii

Twenty two species mentioned below come under rare and threatened
category.

Scyphiphora hydrophyllacea C.F.Gaertn.
Sonneratia alba Sm.
S. apetala Buch.-Ham.
S. caseolaris (L.) Engl.
S. griffithii Kurz

Tamarix troupii Hole

Thespesia populneoides (Roxb.) Kostel.
Tylophora tenuis Blume
Urochondra setulosa C.E. Hubb.
Xylocarpus granatum J. Konig
X. moluccensis (Lam.) M. Roem.
X. rumphii (Kostel.) Mabb.

Mangroves and mangrove associates of  West Bengal: The Sundarbans is
the largest deltaic complex of  the river Ganges and is shared by Bangladesh
(62%) and India (38%). The Indian Sundarbans covers about 4200 km2 in
the 24 Parganas of  West Bengal. It is bound on the west by the river
Moriganga and on the east by the rivers Haribhanga and Raimangal. Other
major rivers flowing through the ecosystem are the Saptamukhi, Thakuran,
Matla and Goasaba. There are numerous publications on mangroves and
mangrove associates of  the Sundarbans (Roxburgh, 1814; Clarke, 1896;

Prain, 1903; Curtis, 1933; Rao
et al., 1965; Mukherjee and
Mukherjee, 1978; Sanyal et al.,
1984; Naskar and Guha
Bakshi, 1987; Anonymous,
1997). Avicennia alba, A.
marina, Aegialitis rotundifolia,
Bruguiera parviflora, Ceriops tagal,
Sonneratia grif fithii, and
Porter esia coarctata are
dominant in the estuarine

Heritiera fomes, flower
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mouth. In the riverine zone, with a number of  creeks and channels, Aegiceras
corniculatum, Avicennia alba, Bruguiera gymnorrhiza, Ceriops decandra, Excoecaria
agallocha, Kandelia candel, Rhizophora apiculata, R. mucronata, Sonneratia apetala
and Xylocarpus granatum are dominant. The riverine semi-mangrove zone
with the influence of  more clayey soil and fresh water flow is dominated
by Aglaia cucullata, Brownlowia tersa, Cerbera manghas, Cynometra iripa, Excoecaria
agallocha, Heritiera fomes, Intsia bijuga and Nypa fruticans. Acanthus ilicifolius,
Clerodendrum inerme, Dalbergia spinosa, Derris trifoliata, D. uliginosa and Thespesia
populnea are dominant in the riverine transitional mangrove zone. Phoneix
paludosa forms pure stands on elevated fringes and on drier borders.
Acrostichum aureum, a mangrove fern, usually colonizes near creeks. Salt
marshes dominated by species of  Suaeda, Salicornia, Arthrocnemum indicum,
Cressa cretica and Trianthema portulacastrum are frequently found in degraded
areas. There are 26 true mangrove species and 58 mangrove associates,
giving a total of  84 species for the Sundarbans (Banerjee, 1998).

Mangroves and mangrove associates of  Orissa: The Orissa coast, also
known as the Utkal coast, is about 400 km long and lies between the rivers
Subarnarekha and Rushikulya and includes the delta of  Mahanadi and the
coastal lagoon of  Chilka. The mangrove vegetation of  Mahanadi delta

covers 215 km2. The most
important physiographic unit of
the Mahanadi delta is the Chilka
Lake. Another important
mangrove formation can be seen
in the Brahmani-Baitarani delta
which is known as Bhitarakanika.
Subernarekha, Devi and Dhamra
are other important mangrove
sites in Orissa. There are
numerous publications on
mangroves of  Orissa (Haines,
1922 – 1925; Sanyal, 1957; Rao et
al., 1970; Rao and Mukherjee,
1971; Banerjee and Das, 1975;
Banerjee, 1984, 1987; Banerjee

and Rao, 1985, 1990; Brahmam and Saxena, 1994; Banerjee et al., 1998;
Banerjee and Rao, 2001).

The mangroves of  Bhitarakanika can be divided based on topographic
differences, tide influence and salinity. Small variations in these along the
estuary bring about difference in distribution and composition. Three
distinct sub-forms – typical, less pronounced and hinterland mangrove
formations – can be noticed. The outer estuarine formation is mainly
dominated by Avicennia marina followed by Aegialitis rotundifolia, Avicennia
alba, Bruguiera cylindrica, B. parviflora, Ceriops tagal, Lumnitzera racemosa, Sonneratia
alba, S. griffithii and sometimes with Phoenix paludosa. The newly exposed
areas are covered with saline grass, Porteresia coarctata. In the inner estuarine

Aegiceras corniculatum, flowers
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formation the flora is richer and more diverse due to its sheltered situation
and fresh water flow from the upper catchments. In the hinterland, tidal
flats occur with high numbers of  creeks and channels, the salinity is lower
than the outer estuaries but tidal velocity is higher due to the large number
of  creeks. It is dominated by Rhizophora apiculata, R. mucronata, Kandelia
candel and Aegiceras corniculatum followed by Xylocarpus granatum, Excoecaria
agallocha, Bruguiera gymnorrhiza, Ceriops decandra, Avicennia officinalis, Phoenix
paludosa, Merope angulata, Dalbergia spinosa and some climbers such as
Finlaysonia obovata, Derris scandens, Tylophora tenuis and Hoya parasitica. Tidal
flats along the middle part of  the inner estuarine areas are away from the
bay and near to fresh water sources where salinity is lower due to more
influence of  fresh water flow. It is dominated by Heritiera fomes in association
with Brownlowia tersa, Cynometra iripa, Aglaia cucullata, Cerbera manghas, Bruguiera
sexangula, Sonneratia apetala and S. caseoloris. Banerjee and Rao (1990)
enumerated the following 23 species of  mangroves from Orissa.

Mangroves and mangrove associates of  Andhra Pradesh: Andhra Pradesh

Aegialitis rotundifolia

Aegiceras corniculatum

Avicennia alba

A. officinalis

Brownlowia tersa

Bruguiera gymnorrhiza

B. parviflora

Ceriops decandra

Dalbergia spinosa

Derris trifoliata

Excoecaria agallocha

Finlaysonia obovata

Kandelia candel

Lumnitzera racemosa

Merope angulata

Phoenix paludosa

Rhizophora apiculata

R. mucronata

Sonneratia apetala

S. caseolaris

Tamarix troupii

Xylocarpus granatum

X. moluccensis

has only 582 km2 of  mangrove forest cover, representing only 0.9% of  the
state’s total forest cover (Ravishankar et al., 2004). The state is popularly
known as a “river state” as nearly 75% of  its territory is covered by the
three major rivers viz., Godavari, Krishna and Pennar and their tributaries
(Budameru, Chandravanka, Cheyyeru, Chithravathi, Dindi, Errakalva,
Hundri, Indravathi, Kadam,
Kunderu, Manair, Manjira, Musi,
Naguleru, Papaghni, Pedavagu,
Pranahita, Sabari, Tammileru,
Tungabhadhra and Wyra). In
addition to these, there are 17 small
rivers in Andhra Pradesh. Bahuda,
Champovathi, Gosthani,
Gundlakamma, Nagavali, Pampa,
Sarada, Swarnamukhi, Thandava,
Vamsadhara and Varaha are some of

Rhizophora mucronata, flowers
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the important ones. Almost all of  them flow from the west to the east and
discharge in to the Bay of  Bengal. The Godavari and Krishna deltas in the
state along the East Coast support one of  the best and the third largest
mangrove covers in India. Apart from East Godavari, Guntur and Krishna
districts, the state supports small patches of  mangroves in Visakhapatnam,
West Godavari, Nellore and Prakasam districts. The documentation of
mangroves was done exclusively or in association with districts or state
flora (Venkateswaralu, 1944, 1972 ; Rao, 1959; Rao et al., 1972; Reddy,
1982; Pullaiah, 1997; Pullaiah and Chennaiah, 1997; Pullaiah and Moulali,
1997; Pullaiah et al., 2000; Subba Rao and Kumari, 2002; Suryanarayana
and Sreenivasa Rao, 2002; Raju, 2003; Ramasubramanian et al., 2003;
Ramasubramanian and Ravishankar 2004; Ravishankar et al., 2004; Venu et
al., 2006; Arisdason et al., 2008). Families such as Avicenniaceae,
Rhizophoraceae and Sonneratiaceae are the dominant ones with luxuriant
growth of  their species. These apart, species belonging to families,
Acanthaceae, Asclepiadaceae, Combretaceae, Euphorbiaceae, Fabaceae,
Meliaceae, Myrsinaceae and Plumbaginaceae are found as predominant
constituents. Arisdason et al. (2008) reported 20 eumangroves and 48
mangrove associates from the mangroves of  Andhra Pradesh. The
following 36 species are commonly found in the Godavari and Krishna
estuaries.

Acanthus ilicifolius

Aegiceras corniculatum

Arthrocnemum indicum

Avicennia alba

A. marina

A. officinalis

Bruguiera cylindrica

B. gymnorrhiza

Caesalpinia crista

Ceriops decandra

C. tagal

Clerodendrum inerme

Cressa cretica

Dalbergia spinosa

Derris trifoliata

Excoecaria agallocha

Hibiscus tiliaceus

Ipomoea tuba

Lumnitzera racemosa

Myriostachya wightiana

Porteresia coarctata

Rhizophora apiculata

R. mucronata

Salicornia brachiata

Sarcolobus carinatus

S. globosus

Sesuvium portulacastrum

Sonneratia alba

S. apetala

Suaeda fruticosa

S. maritima

S. monoica

S. nudiflora

Tamarix troupii

Thespesia populneoides

Xylocarpus granatum

X. moluccensis

Brownlowia tersa (Tiliaceae), Scyphiphora hydrophyllacea (Rubiaceae) and Aegialitis
rotundifolia (Plumbaginaceae) are found very rare.
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Mangroves and mangrove associates of  Tamil
Nadu: In Tamil Nadu mangroves are confined to
the Cauvery delta and the Gulf  of  Mannar. Other
sites include Ramnad, Pulicat and Kazhuveli. A
good effort has been made to document mangroves
and their associates in Tamil Nadu (Rao, et al., 1963;
Marlange and Meher-Homji, 1965; Daniel, 1967;
Rao and Sastry, 1972; Blasco and Caratini, 1973;
Rao and Sastry, 1974; Rao and Sastry, 1977; Daniel
and Umamaheshwari, 2001; Kathiresan and
Bingham, 2001; Eganathan, 2002; Selvam et al.,
2002, 2005; Kathiresan, 2004. Mangroves in the
Cauvery delta cover about 150 km2. All mangrove
species, which are present in the Godavari-Krishna
delta except Scyphiphora hydrophyllacea, are present in these deltas. Rhizophora
apiculata, R. mucronata and one new hybrid species R. annamalayana grow
luxuriantly. Fourteen mangrove species were listed from Pichavaram.

The Gulf  of  Mannar located beyond Chatram in the Thanjavur district on
the East Coast is the only Biosphere Reserve harbouring mangroves with
some diversity. On the mainland coast the total area under mangroves is
187 ha with 40 ha at Kundhukal, 10 ha around Tuticorin and 137 ha at
Punnakayal (Neelakantan, 1994). The islands of  the Mandapam group and
Pamban, now connected to the mainland by road and rail, have mangroves
with many species. There are large shrubs of  Avicennia marina at Veppalodai
where this large stream meets the sea. There are also large areas of  small
shrubby A. marina in the vicinity of  the Tuticorin harbour. However, those
at Punnakayal in the Tambraparani delta are extremely stunted. Kurusadai,
Pumarichan, Pullivasal, Manoli and Manoliputti Islands have large areas
of  mangroves with species like Aegiceras corniculatum, Avicennia marina,
Bruguiera cylindrica, Ceriops tagal, Lumnitzera racemosa, Rhizophora apiculata and
R. mucronata. However, Muyal and Shingle Islands have only Avicennia marina
and Lumnitzera racemosa. The occurrence of  Aegiceras corniculatum and R.

apiculata is extremely rare whereas that of
Excoecaria agallocha is common. In the
Keelakarai group only Thalaiyari and Valai
Islands have good patches of  mangroves with
Avicennia marina and Lumnitzera racemosa, and
Avicennia marina and Pemphis acidula,
respectively. The Tuticorin islands are very
poor in mangroves. Upputhanni Island has
only Avicennia marina. Kaswari Island has a
small patch with A. marina and Pemphis acidula
which appears to be getting stabilized.
Aeluropus lagopoides, Arthrocnemum glaucum,
Atriplex repens, Clerodendrum inerme, Fimbristylis
ferruginea, F. polytrichoides, Halosarcia indica,

Avicennia marina, fruits

Bruguiera gymnorrhiza, flower



42 M. Sanjappa et al.

Ipomoea violacea, Pandanus fascicularis, Salicornia brachiata, Salvadora persica,
Sesuvium portulacastrum, Sporobolus tremulus, Suaeda maritima, S. monoica, S.
nudiflora and Thespesia populnea are the main associates (Daniel and
Umamaheshwari, 2001).

The mangroves on the East Coast are dwindling and species vanishing due
to anthropogenic activities. The Gulf  of  Mannar is no exception. There
are indications that it is overexploitation that has led to degradation and
shrinkage of  mangroves and vanishing of  certain species. Species such as
Bruguiera gymnorrhiza and Acanthus ilicifolius earlier collected in Rameswaram
and Pemphis acidula in Pamban have not been recollected in recent years.
Likewise, Acanthus ilicifolius and Excoecaria agallocha earlier collected on
Kurusadai Island have not been recollected. Destruction of  mangroves
on Muyal and Pullivasal for firewood has its toll on mangrove vegetation.
Effects of  rapid industrialization all along the mainland coast, particularly
around Tuticorin, and pollution from existing industries on the ecosystems,
particularly on the islands, do not seem to have been quantified. The increase
in the extent of  salt pans is yet another factor leading to the shrinkage of
mangroves, particularly around Tuticorin (Daniel and Umamaheshwari,
2001).

Mangroves and mangrove associates of  Gujarat: The mangrove vegetation
in Gujarat coast covers an area of  991 km2. Some recent surveys suggest
that it is about 1324 km2 (Singh et al., 1999). Mangrove inventories for the

state were published by different
authors for different regions (Kulkarni,
1959; Jain and Deshpande, 1960; Jain
and Kanodia, 1960; Jain, 1968 ; Shah,
1978; Untawale, 1980; Singh, 1996). A
large area is covered by mudflats
without any vegetation. Mangrove
vegetation is essentially found along the
Gulf  of  Kutch (77%) and the
remaining in the Gulf of Khambat.
The Gulf  of  Khambhat and the
western side of  the Gulf  of  Kutch are
dominated by Avicennia marina with the
association of  Urochondra setulosa, a
grass. It forms a pure community along
the tidal creeks and shallow mud flats.
Some upland areas are completely

covered with salt marshes dominated by Atriplex stocksii, Salicornia brachiata,
Suaeda fruticosa, Tamarix troupii and others. Jamnagar sea coast, the Tapti
river mouth and the eastern part of  the Gulf  of  Kutch are dominated by
Avicennia marina with a sparse distribution of  Acanthus ilicifolius, Aegiceras
corniculatum, Avicennia officinalis, Rhizophora apiculata and Sonneratia apetala.

Mangroves and mangrove associates of  Goa: The mangrove cover in Goa
is about 200 km2, of  which 90% occur along the Mandavi-Cumbarjua canal

Avicennia officinalis, flower
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Zuari estuarine complex and other
parts of  Galgibag, Talpona, Sal,
Chapora and Terekhol river mouths.
The mangroves of  Goa comprise 15
to 18 species (Untawale et al., 1973,
1982; Dwivedi et al., 1974; Rao, 1985,
1986; Naskar and Mandal, 1999;
Kothari and Rao, 2002). A recent
study by Kothari and Rao (2002)
listed 16 true mangroves, six obligate
halophytes with 67 associates from
Goa. Avicennia marina grows in the
estuarine mouth, Aegiceras corniculatum,
Kandelia candel, Rhizophora apiculata, R.
mucronata and Sonneratia alba in the
riverine true mangrove phase, and
Acrostichum aureum, Acanthus ilicifolius,
Derris heterophylla and Excoecaria
agallocha along the riverine transitional phase. Though Dagar and Singh
(1999) mention the occurrence of  Sonneratia apetala and Xylocarpus granatum,
these could not be recollected in the recent survey made by Kothari and
Rao (2002).

Mangroves and mangrove associates of  Maharashtra: Mangrove vegetation
of  Maharashtra covers an area of  300 km2 spreading along the tidal river
creeks and backwaters of  Achara, Deogadh, Vijaydurg, Ratnagiri, Kundalica
and Mumbra-diva of  the Mumbai region. Others include Veldur, Vikroli,
Shreevardhan, Vaitarna, Vasai-Manori and Malvan. These areas were studied
by various workers (Cooke, 1901–1908; Blatter, 1905; Bharucha and
Navalkar, 1950; Navalkar, 1951; Satyanarayana, 1958; Shah, 1962).
Vegetation consists of  estuarine mangroves with Avicennia marina, Lumnitzera
racemosa and Porteresia coarctata, riverine true mangroves with Aegiceras
corniculatum, Bruguiera gymnorrhiza, B. cylindrica, Ceriops tagal, Kandelia candel,
Rhizophora apiculata, R. mucronata and Sonneratia alba and riverine transitional
mangroves with Acanthus ilicifolius, Clerodendrum inerme, Derris trifoliata and
Excoecaria agallocha. Much of  the areas in Maharashtra under mangrove
vegetation have been degraded and lost due to land reclamation,

overexploitation and
coastal industrial
pollution. Some of the
species of  Bruguiera,
Lumnitzera and Rhizophora
which were reported
common in the Bandra
area have almost
disappeared and the area
is now represented by

Avicennia marina, flowers

Aegiceras corniculatum, fruits
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Acanthus ilicifolius and Avicennia marina. Ratnagiri coast is dominated by the
luxuriant growth of  Aeluropus lagopoides, Cressa cretica, Cyperus bulbosus and
Sonneratia alba. Pandanus tectorius, Pedalium murex, Spinifex littoreus and Tribulus
terrestris occur where the soil is sandy and the coast is not muddy.

Mangroves and mangrove associates of  Karnataka: The mangroves of
Karnataka is confined to Uttar Kannada and Dakshina Kannada and cover
about 90 km2. They spread along the river mouths of  Kalinadi, Honavar
and Kumpta in Uttar Kanada and Kundapur, Basrur, Malpe in Dakshina
Kannada (Arora and Agarwal, 1960; Rao and Suresh, 1990; Singh et al.,
1999). Avicennia marina, A. alba and Lumnitzera racemosa are dominant in the
estuarine mangrove zone. Aegiceras corniculatum, Ceriops tagal, Excoecaria
agallocha, Kandelia candel, Rhizophora apiculata, R. mucronata, Sonneratia alba
and S. caseolaris are found in the riverine true mangrove zone. Acanthus
ilicifolius, Acrostichum aureum, Cerbera manghas, Derris trifoliata, D. scandens and
Thespesia populnea are dominant in the riverine transitional mangrove zone.
Honavar and Kundapur are represented by luxuriant growth of  Ceriops
tagal, Cerbera manghas and Sonneratia alba. Acrostichum aureum grows luxuriantly
along the banks of  backwaters.

Mangroves and mangrove associates of  Kerala: Kerala has a coastline of
about 550 km with a long stretch of  backwaters and a series of  lagoons
running parallel to the sea. Mangroves cover about 17 km2 in the entire

backwater system, lagoons and some of  the
intertidal areas of  Kochi, Vembanad, Kollam,
Thiruvananthapuram, Kannur, Kozhikode
and Kottayam. These areas are well studied
(Mohanan, 1984; Ramachandran et al., 1986;
Chand Basha, 1992; Mohanan and Henry,
1994; Mohanan, 1999; Anupama and
Sivadasan, 2004; Kathiresan, 2004; Naskar,
2004). There are 15 eumangroves and 48
mangrove associates in Kerala (Anupama and
Sivadasan, 2004). The dominant species are
Avicennia of ficinalis, A. marina, Bruguiera
cylindrica, B. sexangula, B. gymnorrhiza, Ceriops
tagal, Cerbera manghas, Dolichandrone spathacea,
Acanthus ilicifolius, Derris trifoliata, Rhizophora
apiculata, R. mucronata and Sonneratia caseolaris.

Mangroves and mangrove associates of  the Andaman & Nicobar Islands:
The mangroves of  the Andaman & Nicobar Islands cover an area of  1190
km2. These oceanic islands surrounded by sea water get fresh water from
rain and small rivers flowing from adjacent hill ranges. There are a number
of  mangrove inventories carried out either exclusively for the Islands, for
a group of  islands or for the entire Union Territory (Parkinson, 1923;
Chapman, 1976, 1977 ; Thothathri, 1981; Dagar and Dagar, 1986; Dagar et
al. 1991; Anonymous, 1992; Duke, 1992; Sreekumar and Kala, 1998; Hajra

Bruguiera sexangula, flowers
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et al., 1999; Sinha, 1999; Dagar and
Singh, 1999; Sampath Kumar,
2005). Mangroves mostly occur on
the fringes of  creeks, backwater
and muddy shores. Sampath
Kumar (2005) listed 32 species of
principal mangroves in the
Andaman group of  Islands
whereas only 15 of them are
known to occur in the Nicobar
group of  islands. The luxuriant
growth of  Rhizophora apiculata, R.
mucronata, Bruguiera cylindrica, B.
gymnorrhiza, B. parviflora, Excoecaria
agallocha, Sonneratia caseolaris, S.
griffithii, Heritiera littoralis, Phoenix
paludosa and Xylocarpus granatum is seen in many parts of  the Andaman
Islands. Xylocarpus rumphii is rarely seen. Nypa fruticans and Rhizophora apiculata
form impenetrable thickets along the inner side of  the creeks and canals in
the Nicobar islands.

Mangroves and mangrove associates of  Lakshadweep: The Lakshadweep
comprises 36 islands. They are low atolls and due to the absence of  clay
the ecological conditions are not appropriate for the growth of  mangroves,
though a small patch of  Bruguiera parviflora was reported in the Minicoy
Islands.
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Introduction

Mangrove fauna in Andaman & Nicobar Islands has received considerable
attention during the last decade and a database has been formed. However,
there are still gaps in our knowledge on the total biodiversity of  the
mangrove ecosystem. There is no data on plankton and microorganisms
such as protista (protozoa), bacteria and fungi. Some of  these organisums
play significant roles in litter formation. Several others, more particularly
amphipods, decapod larvae, nematodes and polychaetes in association with
bacteria and fungi cause biodegradation of  mangrove litter to particulate
organic matter and to fine detritus, which support benthic and pelagic
communities of  mangroves and their adjacent ecosystems.

Faunal diversity

The fauna of  the mangrove ecosystem consists of  terrestrial and aquatic
components. Faunal diversity from all the available data reveals that there
are 928 species of  macrofauna and 53 species of  meiofauna in the mangals
of  the Andaman & Nicobar Islands (Table 1). However, several species of
shrimps, prawns, hermit crabs and insects collected from the mangrove
areas of these Islands are yet to be identified and named up to species
level. It is estimated that when thoroughly sampled, the biodiversity of  the
mangrove ecosystem in the Islands may encompass about 1000 species,
the richest for any mangrove area in India.

Terrestrial elements: Terre-
strial species constitute about
42.7% of  the total fauna. The
highest taxonomic diversity
was recorded among insects
followed by vertebrates, the
major constituents of  which
were birds. There are a few
species of molluscs and
crustaceans that may be
terrestrial to some extent but
are basically dependent on
water. The pulmonate snails
belonging to the family

Mangrove Interpretation Centre, Rangat,
Andaman & Nicobar Islands
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Ellobiidae (nine species) were always seen above the water level and may
be considered semi-terrestrial.

A total of  311 species of  insects belonging to 10 orders were reported
from the mangroves of  the Islands. Of  the total known insects, 232 are
herbivores, 43 parasitoids and 36 predators. Mangroves also give shelter to
pests of  plants of  economic importance. There are 16 pest species
belonging to four orders, viz., Homoptera, Coleoptera, Lepidoptera and
Hymenoptera. Among the herbivores, Lepidoptera, Coleoptera and
Hemiptera comprise the majority of  the species. Over 85% of  the
herbivorous species were found to be monophagous while only 25 species

were observed to feed on
more than one species. Each
mangrove species may play
host to many species of
insects. About 55 species of
insects were recorded from
Rhizophora and 33 species
from Avicennia. Rhizophora
occupies the largest area in
the mangals. The other
common genus Bruguiera was
found to host at least 30
species of  phytophagous

Nematoda 29

Annelida  
Polychaeta 13

Archiannelida 1

Gastrotricha 1

Kinorhyncha 1

Mollusca

Polyplacophora 1

Gastropoda 67

Bivalvia 32

Cephalopoda 1

Sipuncula 2

Arthropoda  

Insecta 311 *

Crustacea 95

Myriapoda 3

Arachnida 3

Echinodermata  

Asteroidea 2

Holothuroidea 5

Chordata  

Fishes 290

Amphibia 3

Reptilia 7

Aves 53

Mammalia 8

Total 928

Table 1. Faunal diversity reported from the mangroves of  the Andaman &
Nicobar Islands

Phyla/Class No. of  species

*Includes 200 unidentified species.

Mangroves at Rangat, Andaman & Nicobar
Islands
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insects. Sonneratia and Excoecaria were found to harbour 22 and 20 species
of  insects respectively. Parasitoids belong to one order Hymenoptera while
predators were classified into six orders. Insects in the mangals of  the
Andaman Islands appear to be more diverse than those of  the mainland.
The folivorous and frugivorous Coleoptera, Diptera and Lepidoptera have
better representation in the Islands. Herbivorous insects were reported to
affect leaves, buds, flowers, fruits and inflorescences. Some bore into
seedlings, terminal shoots and propagules. The species of  Diptera,
Lepidoptera and Acarina form galls on the leaves and stems. However,
overall, it was observed that insects do not cause much damage to mangrove
plants.

The mangrove ecosystem provides a subsidiary habitat for many of  the
terrestrial fauna of  these Islands, which mainly invade mangroves as visitors.
Only a few are residents. Mammals, birds and reptiles stray into the
mangroves for foraging. A number of  insects, bats and birds visit
mangroves, take shelter in foliage and derive food from leaves, flowers and
fruits. But the importance of  the ecosystem as a refuge for several of  the
animals cannot be overlooked. Moreover, many of  the vertebrate species
reported from the mangals are endemic in the Islands. Out of  the eight
species of  mammals reported from the mangals, five are endemic (62.25%)
either to the Andaman or Nicobar Islands. Among birds, 30 species (56.6%)
are endemic while 10 are resident, 12 are winter visitors and one is an
introduced species. There are some species of  birds which generally prefer
mangroves or tidal swamps such as the Andaman teal, Serpent eagle, Night
heron and Kingfishers. Some birds have also been reported to build nests
on mangrove trees.

Aquatic elements: About 57.3% of  the mangrove fauna consist of  aquatic
and semi-aquatic species. The truly aquatic mangrove fauna encompasses
molluscs, crustaceans, polychaetes and fish constituting about 14.8% of
the total aquatic fauna. These are generally represented by abundant
populations while all other species are represented by sparse populations.
Among the vertebrates, fish are dominant. The aquatic fauna mainly consists
of  plankton, nekton and benthic forms. No detailed data are available on
plankton. However, adults of
a few crustaceans and larval
forms of  crustaceans,
molluscs and fish are mainly
represented in zooplankton.
Juveniles of  many
commercially important
species such as grouper,
Epinephelus malabaricus and
prawns settle in the mangrove
area during the course of
their development and some
move to coral reef  areas after

Mangrove plantation at Rangat, Andaman &
Nicobar Islands
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attaining a certain size. Plankton from the mangrove area is the base for
many commercially important species.

Nekton in the mangrove area has a dominant component of  fish and a
few species of  crustaceans. The latest studies by Kamla Devi and Rao
(2007) reported  290 species of  fish belonging to 68 families. The number
of  species is the highest for any mangrove though many of  them are visiting
fauna which invade mangroves from the adjacent coral reefs, rocky habitats,
creeks and bays. Previously, the highest number of  fish species recorded
was 262 from the southwest lagoon of  New Caledonia (Thollot, 1996).
The most common mangrove family Gobiidae is represented by 30 species.
There are four other families, viz.: Carangidae, Clupeidae, Serranidae and
Lutjanidae represented by 12 to 15 species each. About 22 families have
one species each. Only Callogobius andamanensis is endemic in the Andaman
Islands and the majority of  fishes have wide Indo-Pacific distribution.

Macrobenthic fauna of  the mangrove ecosystem is the most diverse and
abundant. It mainly consists of  invertebrates and a few species of  gobiid
fishes. Benthic fauna is represented by those that burrow into the substratum
(infauna) and those that crawl on the surface of  the substratum or on trees
(epifauna). Although there are some species of  free swimming crabs and
prawns, the majority of  crustaceans may be considered as infauna.
Polychaetes were found to be dominant in the mangroves of  the mainland
while in the Andamans they do not seem to be so at least in species diversity.
Molluscs are conspicuous in the mangroves of  the Islands but species
diversity is less than that in the Sundarbans, which has been thoroughly
investigated. Among the crustaceans, brachyuran crabs are very conspicuous
and well studied (Dev Roy and Das, 1999) (Table 2).

Table 2. Brachyuran crabs in the Andaman & Nicobar Islands

Family No. of  species in
World A&N Islands and the Sunderbans Percent

Geocarcinidae 4 1 25

Grapsidae 166 26 16

Mictyridae 1 1 100

Ocypodidae 87 19 22

Portunidae 5 3 60

Xanthidae 12 3 25

The mangrove fauna of  the Islands has a dominant marine element due to
the absence of  typical estuarine conditions and the occurrence of
mangroves on the outer seaward fringe and in between the creeks. At many
places such as Wandoor, Chidiyatapu, Neil Island, Aerial Bay, Austin
Harbour and Stewart Island mangroves are found on or near the wave
swept rocky shores and coral reefs. Therefore, fish, crustaceans and molluscs
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are mostly marine and very rich in diversity as they move into the mangroves
from the adjacent rocky habitats or coral reefs. The strong ecosystem
linkages seen in the Islands are also reflected in their fauna.

Several crab species such as Thalamita crenata, T. prymna, Charybdis (Charybdis)
helleri, C. (C.) orientalis, Actaeodes tomentosus, Atergatis floridus, A. intergerrimus,
Platypodia cristata, Leptodius exaratus, L. sanguineus, Pilodius nigrocrinitus, Pilumnus
vespertilio, Carpilius convexus, C. maculatus, Epixanthus frontalis, Lydia annulipes,
Eriphia sebana, Grapsus albolineatus and Metopograpsus frontalis which are
common in coral reefs and rocky shores are sometimes available in the
mangroves of  these Islands. Likewise, many species of  fish also migrate to
the mangroves. Larvae of  molluscs inhabiting the rocky coasts also settle
in the mangroves where there are suitable habitats.

Distribution of  Brachyuran crabs: A large number of  portunid crabs viz.:
Portunus pelagicus, P. sanguinolentus, Charybdis (Charybdis) helleri, C. (C.) orientalis,
Thalamita admete, T. crenata, T. prymna and the calappids such as Matuta banksii

and M. lunaris enter the mangroves
during high tide retreating to deeper
water as the tide recedes. A good
number of  mangrove dwelling crabs
are burrowers. The crabs belonging
to the families Ocypodidae,
Grapsidae, Portunidae, Mictyridae
and Gecarcinidae were observed to
live in self  constructed burrows. In
general, the burrows extend through
the oxygenated layer of  the mud into
the anaerobic layers. Depths of  the
burrows are, however, restricted by
the fibrous matted root systems of
the mangroves. Gecarcinids and
Ocypodids are efficient burrowers. A

good number of  species belonging to these groups inhabit the substrate
consisting of  soft mud or sand. Gecarcinids excavate relatively unspecialised
tunnels. Burrowing is most diverse and specialised in ocypodids. None of
the crabs belonging to the families Xanthidae, Pilumnidae, Carpilidae and
Menippidae (with the exception of  Baptozius vinosus) were found to construct
burrows. Among the portunids, the mud crab, Scylla serrata, is the only crab
which makes a burrow. Some species of  grapsids were observed to occupy
the burrows of  other crabs. In general, burrowing is considered to be a
poorly developed form of  activity among the grapsids as it is due to this
fact that they have adapted to the land from the rocky intertidal zone.
Occasionally, males of  some species build different types of  special
structures over the burrow entrance, for example, a ‘sand-pyramid’ by
some species of  ocypodid, ‘chimney’, ‘pillar’ and ‘hood’ by several
species of  Uca, “igloo” by Dotilla and some species of  Uca and ‘castle’ by
Cardisoma.

Scylla serrata, an economically important
crab
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Decaying logs in mangroves have been found to harbour a number of
crab species. Besides providing refuge to the crabs, logs also protect these
animals from desiccation. Six species viz., Epixanthus dentatus, Grapsus
albolineatus, Metopograpsus frontalis, M. oceanicus, Sesarma (Parasesarma) plicatum
and Metasesarma rousseauxii were collected from mangrove logs riddled by
marine borers, especially the teredinids. Some of  these crabs may also occur
beneath the bark of  logs.

An overall analysis of  distribution reveals that 44 species of  crabs of  the
Andaman mangroves are distributed throughout the Indo-Pacific region
from Africa in the west to Australia and the Hawaiian Islands in the east.
The remaining seven species, viz.: Platypodia cristata, Macrophthalmus (Mareotis)
depressus, Nanosesarma andersoni, Neoepisesarma (Muradium) tetragonum, Metaplax
crenulata, M. distincta and M. elegans are known to be restricted to the Indian
Ocean. Three species, viz.: Lydia annulipes, Nanosesarma andersoni and Sesarmops
intermedium are recorded for the first time from India, while seven species
viz.: Charybdis (Charybdis) orientalis, Platypodia cristata, Macrophthalmus (Mareotis)
depressus, Leipocten sordidulum, Neoepisesarma (Muradium) tetragonum, Metaplax
crenulata and M. elegans are new records for the Andaman and Nicobar
Islands.

Similarity in distribution of  crabs with South-East Asia: A perusal of
literature shows that mangroves bordering the Bay of  Bengal, Malay
Peninsula, Philippines, Singapore, Thailand, Indonesia, Japan and Australia
are very rich in crab fauna. The breeding biology and behaviour of  the
crab species from the mangrove environment of  the Andamans show
significant similarities to those in Malaysia and other South-East Asian
regions. This may be due to the prevailing abundant and luxuriant mangrove
forests in these regions and due to the presence of coral reefs adjacent to
mangroves in some of  the areas including the Andamans offering diversified
habitats for the crabs. The crab fauna of  the Andaman mangrove is very
rich and next to that of  Australia (93 species), Malay Peninsula (87),
Singapore (77) and Indian part of  the Sundarbans (55 species). A similar
pattern can be seen for fish and molluscs.

Role of  crabs in mangrove ecosystem: Mangrove crabs have been shown
to be ecologically significant in many ways as they keep much of  the energy

within the forest by burying and
consuming leaf  litter. Crab
faeces may form the basis of  a
coprophagous food chain
contributing to mangrove
secondary production such as
food for juvenile fish inhabiting
the adjacent waterways
indicating that crabs also help
near shore fisheries. Crabs
themselves are food for
threatened species such as the

A mangrove crab on Rhizophora mucronata
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crab plover. Their burrows alter the topography and sediment grain size
of  the mangrove and help to aerate the sediment. Smith et al. (1991)
found that removing crabs from an area caused significant increases in
sulfides and ammonium concentrations which in turn affects the
productivity and reproductive output of  the vegetation. Their findings
support the hypothesis that mangrove crabs may function as keystone
species in the ecosystem.

Foulers and borers: Twenty eight species of  borers were reported from
different mangrove areas of  the Andaman and Nicobar Islands. Although
the level of  study is not the same in every mangrove ecosystem in India,
the borers in the Islands form about 43% of  the total species reported
from all the mangroves in the country. These borers, mainly molluscs,
crustaceans and insects attack dead stumps, roots and logs in the mangroves.
Some insect borers were also found to attack mangrove fruits and
germinating seedlings. There were a few instances of  teredinid borers
attacking live pneumatophores and cable roots of  mangroves in Great
Nicobar. The faunal list does not include many species of  foulers but studies
have recovered byrozoans, barnacles and other cirripeds and ascidians.

The first publication in 1954 by Roonwal on the wood boring molluscs of
mangroves of  India causing extensive damage reported the occurrence of
the teredinid borer Bactronophorus thoracites as a ‘pest’ in the Sundarbans.
Since then the species diversity and damage caused by several species have
been recorded from various parts of  the country. Among the ten species
of  Teredinids, six species viz.: Teredo furcifera, Nausitora hedleyi, Bankia bipennata,
Bankia rochi, Nototeredo edax and Uperotus rehderi are reported from the
Andamans and four species viz.: Bactronophorous thoracites, Dicyathifer manni,
Lyrodus pedicellatus and Nausitora dunlopei have been recorded both from the
Andaman and Nicobar Islands. Several other bivalves such as Isognomon
ephippium and Modiolus striatulus also densely cover the underground roots
and stems of  the mangroves.

Vertebrate fauna

Amphibian diversity is comparatively low and limited to freshwater species
intruding onto the mangrove
area. Three amphibious species
of the family Ranidae viz.:
Rana limnocharis limnocharis
Wiegmann, Rana limnocharis
andamanensis Stoliczka and Rana
cancrivora Gravenhorst are
found distributed in the
mangals of  the Andaman and
Nicobar Islands.

Reptiles that inhabit the
mangroves include crocodiles,

Batagur baska, a tortoise, Sundarbans
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snakes and lizards. The salt-water crocodile Crocodylus porosus is found on
almost all the large Islands of  the Andaman & Nicobars. The Andaman
water monitor lizard (Varanus salvator andamanensis) is found common during
the breeding season of  the crocodiles, as the lizard is fond of  poaching
crocodile eggs. Salt water crocodiles that once occurred in almost all the
mangrove swamps built nests in cane belt areas near the transitional zone.
The dog faced water snake, Cerberus rynchops, is frequently seen showing
that reptiles penetrate deep into the mangroves. Furthermore, many lizards
of  the genus Goniocephalus subcristatus, Calotes versicolor, Mabuya carinata and
M. dissimilis were seen throughout the mangroves. Turtles and terrapins
are represented by Batagar baska, Lepidochelys olivacea, Trionyx gangeticus, Trionyx
hurum and Lissemys punctata. Of  these, Lepidochelys olivacea is found to be
distributed in all the mangrove areas of  the country.

Birds of the Andaman & Nicobar Islands

Birds use mangroves as roosting and feeding sites. It is common to see
Grey herons (Ardeola cinera), Night herons (Nycticorax nycticorax) and Egrets
(Egretta intermedia and Egretta garzetta) in the Sundarban mangroves, and as
many as 16 species belonging to the family Ardeidae have been recorded.
For kingfishers, six species have been recorded from the Sundarbans and
eight species from the Andaman & Nicobar Islands, viz.: Alcedo atthis, Halcyon
smyrnensis, H. pileata, H. chloris, H. coromanda, Ceryle rudis, Pelargopsis amauropera
and P. capensis. Acridotheres tristis tristis (Linnaeus), the common Myna bird,
was the one introduced but there are 30 bird species endemic to the
Andaman & Nicobar Islands as mentioned below.
Ardeola striatus spodiogaster (Sharp) Andaman Little Green Heron.
Anas gibberifrons albogularis (Hume) Andaman Grey Teal
Spizaetus cirrhatus andamanensis Tytler Andarnan Crested Hawk Eagle.
Spilomis cheela davisoni Hurne Andaman Pale Serpent Eagle.
Amauromis phoenicurus insularis Sharpe Andaman White breasted Waterhen.
Ducula aenea andamanica Abdulali  Andaman Green Imperial Pigeon
Psittacula eupatria magnirostris (Ball) Large Andaman Parakeet.
Psittacula alexandri abbotti (Oberholser) Andaman Red breasted Parakeet.
Psittacula longicauda tytleri (Hurne) Andaman Red cheeked Parakeet.

Endemic

Psittacula longicauda nicobarica (Gould) Nicobar Red cheeked Parakeet.
Centropus andamanensis Beavan Andaman Crow-Pheasant.
Caprimulgus macrurus andamanicus Hume Andaman Long tailed Night jar
Collocalia fuciphaga inexpectata Hume Andaman Grey rumped Swiftlet (Hawa bill)
Alcedo meninting rufigaster Walden Andaman Blue eared Kingfisher.
Pelargopsis capensis osmastoni (Baker) Andaman Stork billed Kingfisher.
Pelargopsis capensis intermedia Hume Nicobar Stork billed Kingfisher.
Halcyon coromanda mizorhina (Oberholser) Andaman Ruddy Kingfisher.
Halcyon smyrnensis saturatior Hume Andaman White breasted Kingfisher.
Halcyon chloris davisoni Sharpe Andaman White-collared Kingfisher.
Halcyon chloris occipitalis (Blyth) Nicobar White-collared Kingfisher.
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Dryocopus javensis hodgei (Blyth) Andaman Black Woodpecker.
Picoides macei andamanensis (Blyth) Andaman Fulvous-breasted Pied Woodpecker.
Griolus chinensis andamanensis Tytler Andaman Black-naped Oriole.
Griolus xanthornus reubeni Abdulali Andaman Blackheaded Oriole.
Dicrurus paradiseus otiosus (Richmond) Andaman Racket tailed Drongo.
Artamus leucorynchus humei Stresemann White breasted Swallow Shrike.
Coracina striata dobsoni (Ball) Barred Cuckoo-Shrike.
Nectarinia jugularis andamanica (Hume) Andaman Olive backed Sunbird
Nectarinia jugularis klossi (Richmond) Nicobar Olive backed Sunbird.
Nectarinia jugularis proslia (Oberholser) Car Nicobar Olive backed Sunbird

Mammals

Mammals present in the mangroves include monkeys (Macaca fascicularis
umbrosa in the Andamans, Macaca mulatta in the Sundarbans) and flying
foxes (Pteropus melanotus, Pteropus giganteus and Cynopterus sphinx). Several casual
visitors of  bats are also on record such as Megaderma lyra, Rhinopoma
hardwickii, Hipposideros lankadiva, Pipistrellus mimus and Scotophilus kuhli. Wild
pigs also frequent the mangroves (Sus scrofa andamanensis and Sus scrofa
nicobarica). The other endemic species of  mammals are Tupia nicobarica
nicobarica (Zelebor), the Nicobar Tree Shrew and Paguma larvata tytleri (Tytler),
the Andaman Masked Palm Civet.

Faunal distribution pattern

Table 3. Distribution of  key faunal species

Principal habitat Key faunal species

Tree canopy Bats, birds, insects, mites and spiders

Higher trunk Littorina scabra, Lamprid beetles,

Lower trunk and roots Littorina scabra, Onchidium and Sesarma

Mud flats Terebralia palustris, Cerithedia alata and fiddler
crabs (Uca spp.)

Coralline/rocky flat Cerithium corallinum, Planaxus sulcatus,
Grapsus strigosus and Thalamita sp.

Coast mud of  mangrove edge Polychaetes, Bivalves (Batissa and Gelonia
spp.)

Seaward mangroves Sessile fauna (Modiolus striatulus, Isognomon
ephippium, oysters, barnacles, and serpulid
worms

Dead trees and stumps Marine wood borers, sessile fauna

Edge of  streams and rivulets Scylla serrata, Periophthalmus spp.
Boleophthalmus boddarti and Cerberus rynchops

Creeks and bays Shrimp, prawns, and fish
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Faunal distribution in mangroves is usually associated with tidal expanse
and tidal amplitude for shore animals. For mangrove associated fauna the
distribution is also related horizontally, from the land towards the sea, as
well as vertically, from the tree canopy to the lower parts of  the plants
(Table 3).

Community utilisation of  animal resources

Increasing interest shown by the Government in tribals of  the Andaman
& Nicobar Islands and an upsurge in respect of  knowledge held by these
tribals demonstrate a fundamental change in attitude towards these tribes,
their skills and talents. The tribes in the Andamans & Nicobars are the
major users of  the mangrove forests. There are three potential types of
use for plants in tribal society: food, medicines and other purposes including
tools and weapons. Recent exploration carried out by the scientists of  the
Zoological Survey of  India (2002) in the tribal dominated areas of  the
Andamans & Nicobars showed their dependency on the faunal resources.
The main vertebrate components of  the mangrove fauna are the fish and
birds which are mostly transitory. Besides spearing fish, tribals make use
of  various types of  fish traps located near the mangroves. The mangrove
monitor (Varanus indicus) and the estuarine crocodile (Crocodylus porosus) are
also consumed by these people occasionally. The crustaceans and molluscs
are the other main food resource in the Andamans for the tribals. The
mud crab, Scylla seratta, is another important food source. Prawns and shrimp
are other components of  the crustacean fauna of  the mangroves but they
usually occur in small numbers. Telescopium telescopium, Terebralia palustris,
Nerita nerita, Pugilina cochlidium, Saccostrea and Crossastrea are also exploited
as food. In respect of  the usage of  animal resources, there appears to be a
similarity with the aboriginals of  Australia. Whether this is accidental or
due to the similarity in distribution pattern of  faunal elements is a matter
to be investigated.

Values

The coastal environment with its resource system is interlinked with human
activities on both land and marine environments. The coastal zone may
encompass a wide variety of  diverse habitats and ecosystems such as
estuaries, lagoons, mangroves, coral reefs and sea grass beds. These
ecosystems have inbuilt features often known as ‘functions’ in context of
the coastal resource system. These functions may be in the form of  primary
and secondary productivity to sustain a large percentage of  the flora and
fauna and to form the linkage with the marine, terrestrial as well as the
mangrove vegetation in the coastal environment. In mangrove communities,
much of  the primary production is exported to other coastal communities
that are related to function and energy flows in the coastal ecosystem.
Although not quantified separately, mangrove fisheries have a major share
of  fish and crustacean products exported from the Islands. Some of  the
species of  molluscs, insects and crustaceans are zoogeographically
significant. There are species reported only from the mangals of  the Islands
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and not from the mainland (Cerithidea quadrata and Cerithidea alata).
Veenakumari et al. (1998) reported rare and intresting species of  moths
and butterflies from the Islands. One of  the largest moths in the world,
Attacus mcmulleni Watson, and a ‘very rare’ nymphalid butterfly, Polyura
schreiber andamanica Tsukada, occur in the mangals of  these Islands.

Borers and foulers though reported from the Islands, the preliminary data
do not suggest any damage caused by fauna to mangrove vegetation. There
were some reports of  parakeets feeding on mangrove leaves and affecting
the trees. Spotted deer was reported to feed on mangrove foliage and cause
damage. Mangroves in general suffer from degradation caused by illegal
felling, overexploitation of  their living resources and conversion of  their
habitats into aquaculture farms. Official felling of  mangroves was stopped
more than a decade ago in the Islands. Aquaculture is so far not practised
in the Islands. The intensity of  fishing in the mangroves is not known, but
preliminary data suggest that there is danger of  overexploitation of  targeted
species such as mud crab.

Das and Dev Roy (1989) listed 15 species of  molluscs, seven species of
crustaceans and seven species of  fish as species of  economic value. Today
there is no commercial exploitation of  marine molluscs. However, tribal
people eat the flesh of  Batissa similis. Crustaceans and fish are commercially
exploited in the Islands as well as the shrimp species Penaeus semisulcatus, P.
indicus, and P.monodon, and the mud crab Scylla serrata which is exported live
from the Islands. The crab is collected live from the mangroves of  Andaman

Mangrove plantation, Mayabunder, Andaman & Nicobar Islands
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and Little Andaman. Mayabunder is a big center for live crab collection.
Live crab collection has been going on since 1994. The Fisheries
Department gives licences and collects royalty based on the quantity of
exported crabs. The crabs are collected indiscriminately and almost
throughout the year. A careful monitoring of  the resource is needed to
keep the harvest within sustainable limits.

About 66% of  the fish reported from the mangroves are of  commercial
value but there are no statistics about the fishing activity in the mangroves
of  the Islands. However, the mangroves are well known nursery grounds
for species of  snappers (Lutjanidae), jacks (Carangidae), groupers
(Serranidae) and mullets (Mugilidae).

Resource management

There is no management plan for the exploitation of  commercially valuable
prawns and fish. The records show that
from 1994 to 95, large quantities of  crabs,
lobster and prawn have been exported from
the Islands. In 1994only 374 kg of  crabs
were exported. A maximum of  26,446 kg
were exported from 1997 to 98, which was
reduced to 20,815 kg by the following year.
There are no notified regulations to monitor
the catches or to observe a closed season.
In 1995 the royalty was fixed at Rs 25 per
kg of  captured crab/prawn/lobster. In 1997
it was brought down to Rs 10 per kg.
Presently, the rate fluctuates on demand and
supply. Professional crab fishers mainly
come from the settlers and agricultural
community. Hooks and baited lines are
mainly used in crab fishing. The demand
for crabs is on the increase. It is wise to

take precautionary measures to manage the crab resource which is slowly
gaining importance in the export market.

The following are some of  the areas which need special attention.

i Crustaceans especially the banana prawn, Penaeus merguiensis, and the
mud crab, Scylla serrata, were indicated as candidate species for
mariculture but so far no attempt is made to culture these species.
Some experimental studies were carried out by CARI and NIOT and
these studies may be taken up seriously to realise the much talked
about mariculture potential of  the Islands.

ii Survey of  the mangrove areas for assessing potential yields of  crab
resources.

iii Collection of  data on the number of  persons involved in the trade
and yield per unit is essential for future planning.

Mangroves damaged by tsunami,
Andaman & Nicobar Islands
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iv A pilot phase project to study the biology of  mud crab in the Islands,
the feasibility of  culturing it on a commercial scale, fixing an optimum
size for commercial exploitation and assessing a closing season is
highly desired.

Conclusion

Productivity in mangroves is very high and it has a direct impact on the
health and functions of  the marine ecosystem. The primary production is
exported to other coastal communities that are related to function and
energy flow in the coastal system. Aquatic, semi-aquatic and terrestrial
communities adapted to stress conditions generally represent mangrove
fauna. The richness and diversity of  fauna in the mangrove ecosystem are
very high and are distributed in three conspicuous zones viz.: 1. Proximal
zone 2. Middle zone and 3. Distal zone. Crustaceans are one of  the most
important pervasive invertebrate groups found in the marine environment
and mangrove community. Being living resources, mangroves are self-
maintaining and renewable.
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Introduction

Gujarat, with the second largest mangrove cover (1046 km2) in the country,
represents about 83.15% of  the total mangrove cover on the west coast of
India (FSI, 2009). The state has registered 5.55% increase in its mangrove
cover as compared to the assessment periods of  2005 and 2007. The
diversity and distribution of  mangrove forests in Gujarat have been studied
by many (Untawale, 1980; Singh, 1994; GEC, 1996; GUIDE, 2001; GEER,
2004; Bhatt and Shah, 2008; Pandey and Pandey, 2009). Despite the large
mangrove cover, the diversity of  mangrove species is found low in the
state. This paper deals with the distribution and diversity of  mangroves in
Gujarat.

Methodology

The mangrove cover in Gujarat is broadly distributed in four areas (Table
1). Field observations were made in these four areas during 2007-2009 by
laying transects (Snedaker and Snedaker, 1984) in 0.1% mangrove sites of
each area to know the floristic diversity and natural recruitment.
Identification of  mangrove species was authenticated at Botanical Survey
of  India, Kolkata. Plants of  <50cm height were treated as recruits.

Mangrove habitats

Kachchh

The mangrove forests of  Kachchh are predominantly concentrated in Kori
creek, the northernmost mangrove forests of  the country. These forests
are represented by a single species,
Avicennia marina (Forsk.) Vierh.
However, plantations of  Ceriops
tagal (Perr.) Robinson, Rhizophora
mucronata Lamk. and Aegiceras
corniculatum (L.) Blanco have been
raised in the southern portions by
Gujarat Forest Department. The
average width of  intertidal zone
in this area is the largest among
the four mangrove areas of
Gujarat (Table 2).

Apart from the mangrove species,

Bruguiera cylindrica, fruits
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Salicornia brachiata Roxb. and species of  Suaeda are reported from this area.
The average number of  natural recruits of  mangrove species per hectare
was found 8641, 8092.5 and 2970.8 in dense, moderately dense and sparse
mangrove forests respectively.

Gulf  of  Kachchh

The mangroves in Gulf  of  Kachchh have been reported from coastal
areas as well as 20 islands (out of  the 42 islands). These forests are mostly
sparse represented by Avicennia marina, Aegiceras corniculatum, Rhizophora
mucronata and Ceriops tagal. Among them Avicennia is the dominant species.
There are 283 species of  mangrove associates in the mangrove habitats of
the Gulf  of  Kachchh (GEER, 2004).

The average number of  natural recruits of  mangrove species per hectare
was found 15561.9, 9192.6 and 2746 in dense, moderately dense and sparse

Table 1: Distribution of  mangrove cover in Gujarat

Mangrove Districts under Mangrove % of total
region the region cover (Km2) mangrove

cover

Kachchh Kachchh 775 74.1%
(including northern
part of  Gulf  of
Kachchh)

Gulf of Jamnagar and Rajkot 159 15.2%
Kachchh districts and area

under Marine National
Park and Sanctuary

Gulf of Bhavnagar, Ahmedabad, 106 10.1%
Khambhat Anand, Vadodara,

Bharuch and Surat
South Gujarat Navsari and Valsad 6 0.6%

Total 1046 100%

(Source: FSI, 2009)

Table 2: Intertidal zone in the four mangrove regions

Region Average length (m)

Kachchh 9300.00

Gulf  of  Kachchh 4705.36

Gulf of Khambhat 7135.59

South Gujarat 1086.04
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mangrove forests respectively. The intertidal region is relatively smaller
compared to Kachchh. Further, most of  the mangrove forests fall under
the area of  Marine National Park and Sanctuary.

Gulf of Khambhat

The natural mangrove forests of  Gulf  of  Khambhat are represented by
Avicennia marina , Avicennia officinalis L. Acanthus ilicifolius L. and Sonneratia
apetala Buch.-Ham. However, Rhizophora mucronata and Ceriops tagal have
been introduced in plantation sites. A number of  rivers such as Dhadhar,
Tapti, Kim, Mahi and Narmada form several small estuaries in this area.
These estuarine areas support dense mangrove forests. Avicennia alba, A.
officinalis, Acanthus ilicifolius and Sonneratia apetala have been reported from
these estuarine forests. Ceriops tagal, Bruguiera cylindrica, B. gymnorhiza and R.
mucronata are introduced in mangrove plantations. Several mangrove
associates like Aeluropus lagopoides, Bothriochloa intermedia, Caesalpinia crista,
Calotropis procera, Carissa congesta, Chloris barbata, Clerodendrum inerme, Cocculus
hirsutus, Coldenia procumbens, Cressa cretica, Cyperus rotundus, Ipomoea pes-caprae,
Lantana aculeata, Lawsonia inermis, Maytenus senegalensis, Paspalidium geminatum,
Portresia coarctata, Prosopis chilensis, Salicornia brachiata, Salvadora persica,
Schoenoplectus articulatus, Sesbania cannabina, Sesuvium portulacastrum, Suaeda
monoica, Suaeda nudiflora, Thespesia populnea, Urginea indica, Vernonia anthelmintica,
Vernonia cinerea and Xanthium strumarium have also been reported from this
areas. The intertidal zone of  this area is smaller than that of  Kachchh but
larger than that of  Gulf  of  Kachchh. The average number of  natural
recruits of  mangrove species per hectare was found 10157.7, 6650 and
4164.3 in dense, moderately dense and sparse mangrove forests respectively.

South Gujarat

The extent of  mangrove cover decreases significantly as one moves from
north to south, Kachchh to Valsad. The conspicuously low extent of
mangrove cover in South Gujarat, in fact, hosts the best mangrove forests
in terms of  diversity. The area harbours  14 species of  mangroves, viz.:
Avicennia marina, Avicennia officinalis, Avicennia alba, Ceriops tagal, Ceriops
decandra, Aegiceras corniculatum, Excoecaria agallocha, Sonneratia apetala, Rhizophora
mucronata, Bruguiera cylindrica, Acanthus ilicifolius, Bruguiera gymnorhiza, Kandelia
candel and Lumnitzera racemosa. Of  these 14 species, Kandelia candel was
reported for the first time in Gujarat from Par estuary. Excoecaria agallocha
was reported only from Umargam taluka of  Valsad district. Similarly,
Lumnitzera racemosa was reported only from near Kalai river in Valsad district.
The two species of  Bruguiera have been reported from Ambika and Purna
estuaries of  Valsad and Navsari districts. Sonneratia apetala, Acanthus illicifolius
and Avicennia officinalis abundantly grow in Purna estuary. In case of  Bruguiera
gymnorhiza, only a few plants were reported. However, Bruguiera cylindrica
was found more frequently in Purna, Ambika and Waroli estuaries. Ceriops
tagal, Rhizophora mucronata and Aegiceras corniculatum were reported from areas
near Waroli river of Valsad district. Apart from the true mangroves, 109
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mangrove associates like Aeluropus lagopoides, Cadaba fruticosa, Caesalpinia crista,
Casuarina equisetifolia, Clerodendrum inerme, Cressa cretica, Derris scandens, Derris
trifoliata, Grewia abutifolia, Ipomoea fistulosa, Ipomoea pes-caprae, Kyllinga bulbosa,
Lantana aculeata, Manilkara hexandra, Pentatropis capensis, Phoenix sylvestris,
Portresia coarctata, Sesuvium portulacastrum, Suaeda monoica and Thespesia populnea
were reported from these areas. The intertidal zone of  this area is the
smallest of  the four mangrove areas (Table 2).

Rhizophora apiculata earlier reported from Gujarat (Kothari and Singh, 1998;
Shah, 1978) could not be documented during the present survey. Mangrove
associates reported from various mangrove habitats of  the state are
mentioned as Annexure I.

Conclusion

Kachchh which holds the largest mangrove cover in the state is largely
represented by only one mangrove species, Avicennia marina. Gulf  of
Kachchh and Gulf  of  Khambhat respectively representing 15.2% and
10.1% of  Gujarat's mangrove cover have four mangrove species each.
However, South Gujarat with only 0.6% of  mangrove cover hosts 14

Rhizophora mucronata, fruits
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mangrove species. Hence, the extent of  mangrove cover does not hold
any positive correlation with species diversity in Gujarat. Interestingly, the
direct dependence of  human population on mangroves is also maximum
in South Gujarat. Dependence of  humans on mangroves appears to be
influenced by the width of  the intertidal zone (Pandey and Pandey, 2009).
Areas where the intertidal zone is smaller, the human settlements are closer
to mangroves and, therefore, the anthropogenic pressure on mangroves is
more. In South Gujarat, the human settlements are generally closer to the
mangrove areas. This results in reduced mangrove cover.  Better climatic
conditions in South Gujarat may possibly be facilitating more species
diversity.
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Annexure I

Mangrove associates

1 Abelmoschus moschatus Medik.

2 Abrus precatorius L.

3 Acacia leucophloea (Roxb.) Willd.

4 Acacia nilotica ssp.  indica (Benth.) Brenan

5 Acacia senegal (L.) Willd.

6 Acanthus ilicifolius L.

7 Achyranthes aspera L.

8 Adansonia digitata L.

9 Aegle marmelos (L.) Corr.

10 Aeluropus lagopoides (L.) Trin. ex Thw.

11 Aerva lanata (L.) Juss.

12 Alangium salvifolium (L.f.) Wang.

13 Aloe barbadensis Mill.

14 Alternanthera sessilis (L.) DC.

15 Alysicarpus longifolius (Rottl. ex Spr.) W. & A.

16 Alysicarpus tetragonolobus Edgw.

17 Alysicarpus vaginalis (L. ) DC.

18 Amaranthus spinosus L.

19 Amberboa ramosa (Roxb.) Jeffrey

20 Ammannia baccifera L.

21 Ammannia multiflora Roxb.

22 Ampelocissus latifolia (Roxb.) Planch.

23 Anisomeles indica (L.) O.Ketze.

24 Apluda mutica L.

25 Arachis hypogaea L.

26 Argemone mexicana L.

27 Arisaema tortuosum (Wall.) Schott.

28 Aristida adscensionis L.

29 Aristolochia bracteolata Lam.

30 Arthrocnemum indicum (Willd.) Moq.

31 Artiplex stocksii (Wt.) Boiss.

32 Asparagus racemosus Willd. var. javanicus

(Kunth) Baker

33 Azadirachta indica A. Juss.

34 Azima tetracantha Lam.

35 Balanites aegyptiaca (L.)  Del.

36 Barleria prionitis L.

37 Bauhinia racemosa Lam.

38 Bergia ammannioides Roth.

39 Bergia capensis L.

40 Bergia suffruticosa Fenzl.

41 Blepharis linariaefolia Pers.

42 Blepharis maderaspatensis (L.) Roth

43 Blepharis repens (Vahl.) Roth

44 Blumea mollis (D.Don.) Merr.

45 Boerhavia chinensis (L.) Druce

46 Boerhavia diffusa L.

47 Boerhavia verticillata Poir.

48 Borreria articularis (L.f.) F.N. Will.

49 Borreria stricta (L.f.) K. Schum.

50 Bothriochloa intermedia (R. Br.) A. Camus

51 Bougainvillea spectabilis Willd.

52 Butea monosperma (Lam.) Taub.

53 Cadaba fruticosa  Druce.

54 Caesalpinia crista L.

55 Calotropis gigantea(L.) R. Br.

56 Calotropis procera(Ait.) R. Br.

57 Capparis cartilaginea Decne.

58 Capparis decidua Edgew.

59 Capparis sepiaria L.

60 Cardiospermum halicacabum L.

61 Carissa congesta Wt.

62 Cassia auriculata L.

63 Cassia italica (Mill.) Lam. ex F. W. Andrews

64 Cassia occidentalis L.

65 Cassia pumila Lam.

66 Cassia tora L.

67 Casuarina equsetifolia L.

68 Catharanthus roseus (L.)  G. Don

69 Cayratia carnosa (Lam.) Gagnep.

70 Ceiba pentandra (L.) Gaertn.

71 Celastrus paniculatus Willd.

72 Celosia argentea L.

73 Cenchrus ciliaris L.

74 Chloris barbata Sw.

75 Chrozophora rottleri (Geis) Juss.

76 Cissampelos pareira L.

77 Cissus quadrangularis L.

78 Cistanche tubulosa Wt.

79 Cleome gynandra L.

80 Cleome simplicifolia Hook. f. & Thomson.

81 Cleome viscosa L.

82 Clerodendrum inerme (L.) Gaertn. f.

83 Clerodendrum multiflorum (Burm. f.) O. Ktze.

84 Clitoria ternatea L.

85 Coccinia grandis (L.) Voigt

86 Cocculus hirsutus (L.) Diels

87 Cocculus pendulus ( Forst.) Diels

88 Cocos nucifera L.

89 Coix lachryma-jobi L.

90 Coldenia procumbens L.

91 Commelina benghalensis L.

92 Commiphora wightii (Arn.) Bhandari

93 Convolvulus microphyllus (Roth) Sieb. ex Spr.

94 Corchorus aestuans L.

95 Corchorus depressus (L) Stocks.

96 Corchorus olitorius L.

97 Corchorus tridens L.
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98 Cordia gharaf  (Forsk.) E. & A.

99 Cressa cretica L.

100 Crateva nurvala Buch.-Ham.

101 Crotalaria filipes Benth.

102 Crotalaria filipes Bth. var. trichophora (Benth.

ex Baker) T. Cooke

103 Crotalaria medicaginea Lam.

104 Cryptostegia grandiflora R. Br.

105 Cucumis callosus (Rottl.) Cogn.

106 Cucumis prophetarum L.

107 Cuscuta reflexa Roxb.

108 Cyamopsis tetragonoloba (L.) Taub.

109 Cyperus arenarius Retz.

110 Cyperus pangorei Rottb.

111 Cyperus rotundus L.

112 Dalechampia scandens L.

113 Datura metel L.

114 Derris indica (Lamk.) Bennet.

115 Derris scandens Benth.

116 Derris trifoliata Lour.

117 Dichanthium annulatum (Forssk.) Stapf.

118 Digera muricata (L.) Mart.

119 Dioscorea bulbifera L.

120 Dipteracanthus patulus (Jacq.) Nees

121 Dopatrium junceum (Roxb.) Buch.-Ham.

122 Drimia indica (Lamk.) Bennet.

123 Eclipta prostrata (L.) L.

124 Echinops echinatus Roxb.

125 Enicostema hyssopifolium (Willd.) Verdoon

126 Ephedra foliata Boiss. ex C. A. Mey

127 Eragrostis ciliaris (L.) R. Br.

128 Eragrostis pilosa(Thunb.) Trin.

129 Eragrostis tremula (Lam.) Hochst. ex Steud

130 Erythrina variegata L.

131 Euphorbia hirta L.

132 Euphorbia neriifolia L.

133 Euphorbia nivulia Buch.-Ham.

134 Euphorbia prostrata Ait.

135 Euphorbia tirucalli L.

136 Evolvulus alsinoides (L.) L.

137 Fagonia cretica L.

138 Ficus benghalensis L.

139 Ficus racemosa L.

140 Ficus religiosa L.

141 Glinus lotoides L.

142 Goniogyna hirta (Willd.)  Ali

143 Grewia abutifolia Vent.

144 Grewia tenax (Forsk.) Fiori.

145 Grewia villosa Willd.

146 Helichrysum cutchicum (C.B. Clarke.) Rao Roll

& Deshp.

147 Heliotropium curassavicum L.

148 Heliotropium indicum L.

149 Heliotropium marifolium Koen. ex Retz.

150 Heliotropium ovalifolium Forsk.

151 Heliotropium strigosum Willd.

152 Hemidesmus indicus (L.) R.Br.

153 Hibiscus ovalifolius (forsk.) Vahl.

154 Holoptelea integrifolia (Roxb.) Planch.

155 Hydrilla verticillata (L. f.) Royle

156 Hygrophilla auriculata (Schum.) Heine

157 Hyphaene indica Becc.

158 Indigofera caerulea Roxb. var. occidentalis Gillett

& Ali

159 Indigofera cordifolia Heyne ex Roth

160 Indigofera linifolia Retz.

161 Indigofera linnaei Ali.

162 Indigofera oblongifolia Forsk.

163 Ipomoea aquatica Forsk.

164 Ipomoea fistulosa Mart. ex Choisy

165 Ipomoea pes-caprae (L.) Sw.

166 Ipomoea pes-trigrridis L.

167 Ipomoea obscura (L.) Ker-Gawl.

168 Ixora pavetta Andr.

169 Jatropha gossypiifolia L.

170 Kickxia ramossisima (Wall.) Janch.

171 Kirganelia reticulata (Poir.) Baill.

172 Kyllinga bulbosa Beauv.

173 Lantana camara var. aculeata (L.) Mold.

174 Launaea procumbens (Roxb.) Ram. & Raj.

175 Launaea sarmentosa (Willd.) Alst.

176 Lawsonia inermis L.

177 Lepidagathis trinervis Wall.

178 Leptadenia pyrotechnica (Forsk.) Decne

179 Leptadenia reticulata (Retz.) W. & A.

180 Leucaena leucocephala (Lam.) de Wit

181 Leucas aspera (Willd.) Spr.

182 Leucas biflora R. Br.

183 Leucas cephalotes Spreng.

184 Limonia acidissima L.

185 Lotus garcini L.

186 Maerua oblongifolia A. Rich

187 Manilkara hexandra  (Roxb.) Dub.

188 Martynia annua L.

189 Maytenus senegalensis ( Lam.) Excell.

190 Melanocenchris jacquemontii Jaub. & Spach

191 Melia azedarach L.

192 Melilotus indica (L.) All.

193 Merremia turpethum (L.) Shah & Bhatt.

194 Mimosa hamata Willd.
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195 Momordica charantia L.

196 Moringa oleifera Lam.

197 Mukia maderaspatana (L.) M. Roem.

198 Neuracanthus sphaerostachys (Nees) Dalz.

199 Nerium indicum Mill.

200 Ocimum sanctum L.

201 Oldenlandia corymbosa L.

202 Opuntia elatior Mill. Gard.

203 Parkinsonia aculeata L.

204 Parthenium hysterophorus L.

205 Paspalidium geminatum (Forsk.) Stapf

206 Pedalium murex L.

207 Pentatropis capensis (L.f.)  Bullock

208 Pentatropis spiralis (Forsk.) Decnce.

209 Pergularia daemia (Forsk.) Chiov.

210 Periploca aphylla Decnce

211 Phoenix sylvestris (L.) Roxb.

212 Phyllanthus fraternus Webst.

213 Phyllanthus maderaspatensis L.

214 Physalis minima L.

215 Pithecellobium dulce (Roxb.) Benth.

216 Polycarpaea corymbosa (L.) Lam.

217 Polycarpaea spicata Arn.

218 Polygala chinensis L.

219 Polygala erioptera DC.

220 Polygala irregularis Boiss.

221 Polygonum plebeium R. Br.

222 Porteresia coarctata (Roxb.) Tateoka.

223 Portulaca quadrifida L.

224 Premna integrifolia L.

225 Prosopis chilensis Stuntz.

226 Prosopis cineraria (L.) Druce

227 Pulicaria wightiana (DC.) Cl.

228 Pupalia lappacea (L.) Juss.

229 Rhynchosia minima (L.) DC. var. laxiflora

230 Rhynchosia minima (L.) DC.

231 Rivea hypocrateriformis Choisy

232 Rungia repens (L.) Nees

233 Salicornia brachiata Roxb.

234 Salsola baryosma (Schult.) Dandy

235 Salvadora oleoides Decne.

236 Salvadora persica L.

237 Sarcostemma acidum (Roxb.) Voigt

238 Schoenoplectus articulatus (L.) Palla.

239 Sesamum indicum L.

240 Sesbania cannabina (Retze.) Poir.

241 Sesbania sesban (L.) Merr.

242 Sesuvium portulacastrum (L.) L.

243 Sida cordifolia L.

244 Sida spinosa L.

245 Solanum surattense Burm. f.

246 Sonneratia apetala Buch.- Ham.

247 Sphaeranthus indicus L.

248 Sporobolus maderaspatensis Bor

249 Sporobolus virginicus (L.) Kunth.

250 Streblus asper Lour.

251 Suaeda fruticosa (L.) Forsk. ex Gmel.

252 Suaeda maritima A. Gray

253 Suaeda monoica Forssk. ex. Gmel.

254 Suaeda nudiflora (Willd.) Moq.

255 Tamarindus indica L.

256 Tamarix dioica Roxb.

257 Tamarix indica Willd.

258 Tephrosia purpurea (L.)  Pers.

259 Tephrosia senticosa  (L.)  Pers.

260 Tephrosia strigosa (Dalz.) Sant. & Mahesh.

261 Teramnus labialis (L.f.) Spreng.

262 Terminalia catappa L.

263 Thespesia populnea (L.) Sol. ex Corr.

264 Thevetia peruviana (Pers.) Merr.

265 Tinospora cordifolia (Willd.) Hook.f. &

Thomson

266 Trianthema portulacastrum L.

267 Tribulus terrestris L.

268 Trichodesma zeylanicum (Burm. F.) R. Br.

269 Trichosanthes cucumerina L.

270 Triumfetta rhomboidea Jacq.

271 Triumfetta rotundifolia Lam.

272 Urgenia indica (Roxb.) Kunth

273 Urochondra setulosa (Trin.) Hubb.

274 Vahlia digyna (Retz.) O. Ktze.

275 Vernonia anthelmintica (L.) Willd.

276 Vernonia cinerea (L.) Less.

277 Viola cinerea var. stocksii (Boiss.) Beck.

278 Withania somnifera (L.) Dunal.

279 Xanthium strumarium L.

280 Zizyphus mauritiana Lam.

281 Zizyphus nummularia  (Burm. f.) W. & A.

282 Zizyphus xylopyra (Retz.) Willd.

283 Zornia gibbosa Span.

284 Zoysia matrella (L.) Merr.
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Introduction

It is widely recognized that the existing knowledge on different mangrove
ecosystems is inadequate for current conservation and management needs
(Rodriguez, 1987; Alongi 1989; Hatcher et al., 1989; Hanley, 1992, 1993;
Ecosystems, 1993). Evolving strategies for conservation and management
is further complicated by our ignorance about the dynamics being operated
in the complex mangrove ecosystem. The lack of  knowledge on the linkages
between different components of  this ecosystem hampers the efforts to
conserve and manage the mangroves. The intricate links involved in nutrient
cycling from one trophic level to the other and the role played by consumer
species within the food web are to be systematically analysed for such
purposes. The evaluation of  habitat needs of  the species and interactions
among them hold the key for conservation practices.

After realizing the importance of  plant-animal interaction in conservation
and management of  species, communities and ecosystems, the interaction
studies have received serious attention and gained remarkable significance.
Many novel ecological concepts like keystone species (Paine, 1969, 1995;
Terborgh, 1986), flagship species (see Simberloff, 1998), indicator species
(Noss, 1990), umbrella species (Launer and Murphy, 1994) and nuclear
species (Jonzen, 1998) have evolved based on interaction studies, which
tremendously altered the approach to species conservation and
management.

The study of  mangroves is largely limited to the identification of  species,
vegetation mapping, assessment of
threat and mangrove physiology
with little focus on the aspects of
interactions between plant and
animal groups. A plant-animal
interactive study in the mangrove
ecosystem has so far received only
very scanty attention. Analyses
made by Rodriguez (1987),
Hatcher et al. (1989) and Hanley
(1993) hold enough proof to this
statement. Although India has
4,871 km2 of  mangrove forests, no
significant work has been carried

Uca in burrowing activity
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out on any major aspects of  plant-animal interaction in the mangrove
ecosystem except, perhaps, in pollination ecology.

Crab community in the mangrove ecosystem

Mangrove forests generate a considerable amount of  detritus, such as leaf
litter and woody debris. This constitutes an ideal environment for many
detritus dependent fauna and flora. Among the animals which dwell in the
mangrove ecosystem, crabs are the most dominant group. Studies
conducted in Australia portray crabs as the major group and identified
them as keystone species in the mangrove ecosystem. The brachyuran crabs
are the dominant mangrove fauna because they are morphologically,
physiologically and behaviourally well adapted to this ecosystem.

Crabs aerate the sediments by burrowing (Micheli et al., 1991), modify
topography and grainsize distribution (Warren and Underwood, 1986), trap
energy within mangrove forest (Robortson, 1986; Robortson and Daniel,
1989; Lee, 1998; Ashton, 2002), create microhabitat for other fauna (Bright
and Hague, 1972; Gilikin et al., 2001), contribute to secondary production

(Lee, 1997), increase the amount of
nutrients and decrease the sulphide
concentration in the sediment by a
plethora of  activities (Smith et al.,
1991) and play a key role in the
dynamics of  mangrove species (Smith,
1987a, b).

Feeding and burrowing activities of
crabs can have profound
consequences for the structure and
functioning of  a productive, detritus
based mangrove ecosystem. Sesarmid
crabs feed on an assortment of
organic matter including both living
and dead plant materials, while
Ocypodids depend on detritus. In

mangrove forests, Sesarmid crabs can process large quantities of  fallen
mangrove leaves and seeds. Their feeding activities speed the decomposition
of  leaf  litter and facilitate the release of  nutrients to the ecosystem. Study
of  the feeding behaviour of  crabs is, hence, an important step in assessing
their role in the dynamics of  the mangrove ecosystem.

Crabs as ‘keystone species’

Smith et al. (1991) studied Australian mangrove forests and suggested that
Sesarmid crabs might occupy a keystone position in the overall ecology of
Australian mangrove forests. The potential role of  crabs in cycling materials
in mangrove communities has been recognized for some time. Malley
(1978), for example, studied aspects of  the feeding biology of  the crab
Chiromanthes onychophorum and concluded that “it may therefore be a

Parasesarma plicatum in mangrove forest
floor, Kunhimangalam, Kerala



Towards Conservation and Management of  Mangrove Ecosystems in India

© IUCN

75

significant agent of  mangrove leaf  degradation to detritus-sized particles
in swamp areas where it is abundant”. The potential significance of  this
process in the Indo-West Pacific did not, however, become clear until
Robertson (1986) showed that the crabs removed up to one-third of  the
annual litter fall and consumed 80%,
or more, of  this within 6 hours. In
Hong Kong, Lee (1989) found crabs
capable of  removing more than 57%
of the daily leaf litter production.
This activity of  the crabs appears
critical in two ways. First, by collecting
leaves and other plant material the
crabs conserve nutrients within the
forest. Second, by shredding and
eating the litter, the crabs break it into
smaller particles which are much
more readily colonized by bacteria
and fungi, thus accelerating the
cycling of  nutrients (Giddins et al.,
1986).

Crabs avoid their predators by retracting into their burrows. They may
impart indirect effects through this burrowing activity. Experiments by
Smith et al. (1991) showed that reductions in crab abundance led to increased
sulphide and ammonium concentrations in the soil and to reduced
productivity and reproductive output by the mangroves. He found
“experimental reduction of  fiddler crab density for a single growing season
decreased aboveground production by 47%” and burrowing by the crabs
increased “soil drainage, soil oxidation-reduction potential and the in situ
decomposition of  below ground plant debris”. Not only do the crabs appear
to play a key role in nutrient cycling in mangrove communities, but they do
probably have a major effect on the substantive structure of  the forest
(Smith 1987a, b, c). Crabs can play a key role in controlling over population
of  a particular species increasing diversity in the mangrove forests.
Moreover, it appears there is a mechanism in the ecosystem by which crab
predators control the crab population. A perusal of  literature on Indian
mangroves shows that the association of  the crab community with the
mangrove ecosystem has not been a subject of  investigation in India to
date.

Plant-crab interaction – A case study from Kerala

Kerala has a 590 km long coastline consisting of  long stretches of
backwaters with a series of  lagoons. Mangrove forests occupy an area of
about 17 km2, a large reduction from the previously occupied 700 km2

(Basha 1992). They are mainly distributed in Veli (Thiruvananthapuram
district), Asramam, Neendakara (Kollam district), Kumarakom (Kottayam
district), Kannamali, Chetwai (Thrissur district), Thirur (Malappuram

The swept away appearance of
mangrove forest floor, Kunhimangalam
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district), Nadakkavu, Vadakara (Kozhikkode district), Edakkad, Pappinisseri,
Thalasseri, Kunhimangalam and Chitteri (Kannur district).

Important mangrove species occurring in
Kerala are Acanthus ilicifolius, Acrostichum
aureum, Aegiceras corniculatum, Avicennia
marina, A. officinalis, Bruguiera gymnorrhiza,
B. parviflora, Ceriops tagal, Derris trifoliata,
Excoecaria agallocha, E. indica, Kandelia candal,
Lumnitzera racemosa, Rhizophora apiculata, R.
mucronata and Sonneratia caseolaris. Important
associates include Barringtonia racemosa,
Calophyllum inophyllum, Cerbera odollam,
Heritiera littoralis, Pandanus fascicularis and
Premna ser ratifolia (Rama Rao, 1914;
Ramachandran and Mohanan, 1987;
Basha, 1991, 1992; Anupama and
Sivadasan, 2004).

Since crab-mangrove interaction is said to be one of  the strongest bonds
of  this ecosystem, a study was undertaken in March 2006 for three years
with the following objectives:

� Document spatial and temporal variations in mangrove and crab
community

� Study the spatial and temporal variations in herbivory and litter processing

� Determine feeding preference of  crab community and their impact on
 mangrove vegetation

� Assess the role of crab
communities in litter decomposi-
tion and nutrient cycling and

� Analyse the role of crabs in the
mangrove forest structure.

This paper presents an overview of  the
work carried out at Kunhimangalam,
our study area, in Kerala on some of
these aspects.

Study area

Kunhimangalam in Kannur district is
located at 120 15’ North and 750 13’
East, and it has 5 km2 of  mangrove
forests, the biggest and least disturbed
in Kerala.

Results

Phenology: Phenology and vegetation

Study area, Kunhimangalam

Kandelia candel, flowers

Avicennia
Excoecaria
Rhizophora
Kandelia
Bruguiera

N
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structure were studied to correlate them with the feeding behaviour and
food preferences of  the crabs. Kunhimangalam mangrove forests harbour
10 species of  mangroves (Table 1). The area is characterized by three types
of  vegetational structure:

� Rhizophora dominant area occupying the fringe portions followed by
Avicennia spp. and Aegiceras corniculatum towards the land side.

� Avicennia and Excoecaria mixed stands with representations of  Avicennia
marina, Rhizophora mucronata, Aegiceras corniculatum and Acanthus ilicifolius.

� Mixed area comprising all the representative species.

A phenological study showed that the monsoon was the reproductive period
for the majority of  mangrove species.

Density: The density of  mangrove species was studied following Macintosh
et al. (2002). Kunhimangalam mangrove area has a density of  34,642.86
mangrove plants/ha. Acanthus ilicifolius is abundant with a density of
25,171.43 no/ha. It is followed by Aegiceras corniculatum (3,314.28/ha),
Avicennia officinalis (1,757.14/ha), Avicennia marina (1,371.42/ha), Excoecaria
agallocha (1,000/ha), Bruguiera cylindrica (728.57/ha), Rhizophora mucronata
(514.28/ha), Kandelia candel (500/ha) and Rhizophora apiculata (285.71/ha).

Density of seedlings and saplings: Seedling and sapling densities of
mangrove plants were recorded from the study sites during the monsoon
in the month of  September (2006) to correlate with the crab density and
seedling recruitment. Aegiceras corniculatum has the highest seedling density
value of  13.5229 nos./m2 followed by Bruguiera cylindrica (4.2823 nos./m2),
Acanthus ilicifolius (1.4414 nos./m2), Avicennia officinalis (1.2629 nos./m2),
Excoecaria agallocha (0.7143 nos./m2), Avicennia marina (0.5714 nos./m2),
Rhizophora mucronata (0.1886 nos./m2), Kandelia candel (0.0943 nos./m2) and
Rhizophora apiculata (0.0471 nos./m2). For saplings Aegiceras corniculatum also
has the highest density of  1.1414 nos./m2 followed by Acanthus ilicifolius

Table 1. Mangrove species in Kunhimangalam

Plant name Family Local name

Acanthus ilicifolius L. Acanthaceae Chulli

Aegiceras corniculatum (L.) Blanco Myrsinaceae Pookandal

Avicennia marina (Forssk.) Vierh Avicenniaceae Cheru-uppatti

Avicennia officinalis L. Avicenniaceae Uppatti

Bruguiera cylindrica (L.) Blume Rhizophoraceae Kuttikandal

Excoecaria agallocha L. Euphorbiaceae Kannampotti

Kandelia candel (L.) Druce Rhizophoraceae Nalllakandal

Rhizophora apiculata Blume Rhizophoraceae Vallikandal

Rhizophora mucronata Poir. Rhizophoraceae Prantankandal

Sonneratia caseolaris (L.) Sonneratiaceae Chakkarakandel
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(1.0929 nos./m2), Bruguiera cylindrica (0.8629 nos./m2),  Kandelia candel (0.2857
nos./m2), Avicennia marina (0.1429 nos./m2), Avicennia officinalis (0.13 nos./
m2), Rhizophora mucronata (0.1014 nos./m2), Rhizophora apiculata (0.0943 nos./
m2) and Excoecaria agallocha (0.0043 nos./m2).

Crab density: Mangrove crabs in the study sites were collected and identified.
Crab density was measured by selecting nine 1x1 m2 subplots from six
10m x 10 m sites representing all the three vegetational structures.
Preliminary identification was done using the work of  Sethuramalingam
and Ajmal khan (1991). Crab counts were taken employing a 15 minute time
based sampling technique following Ashton (2002) spending 2hrs 25 minutes
per 10x10 m plots. Juveniles were also counted. Along with the crab density,
density of  burrows in the study sites was studied because at times burrow
density was considered as an index to crab density.

Fifteen crabs were recorded from the study area (Table 2). The major crabs
found were blue (Sesarmops intermedius), red (Parasesarma plicatum), white lined
(Metopograpsus messor), green marbled (Metopograpsus latifrons) and fiddler (Uca
lactea annulipes). Crabs were found more abundant during the low tide.
Among these crabs, Sesarmops intermedius and Parasesarma plicatum were found
in all the six sites selected for the study (S

1
-S
6
) whereas Metopograpsus messor

was observed at S1, S2, S4 and S5. Uca lactea annulipes was recorded at S4
and S6 only. The site wise observation of  the crabs is also given in Table 2.

The mean crab density was recorded monthly in the study area. Both
Sesarmops intermedius and Parasesarma plicatum showed the highest density.
Sesarmops intermedius was recorded in the highest number in October 2006
(3.06/m2) and in the lowest number in April 2007 (0.07/m2), whereas

Mangrove seedlings in mangroves of  Puthuvypu, Kerala
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Parasesarma plicatum showed the highest number in September 2006 (3.85/
m2) and the lowest in May 2007 (0.46/m2).

Food and feeding of  mangrove crabs:
Food and feeding behaviour of  seven
species of  crabs were studied by direct
observation method. It was found that
blue and red crabs showed a high degree
of  interaction with the mangrove plants.

Blue crab (Sesarmops intermedius)

The blue crab lives in burrows in the
mudflats in and around the mangrove
area just above the tidal reaches. They
mainly feed on leaves and detritus. Food
consists of  green or senescent leaves of
Avicennia spp., Excoecaria, Kandelia and Rhizophora spp. They sometimes feed
on small twigs of  mangrove plants. Occasionally they feed on dead crabs
too. In most of  the observations, these crabs were found engaged in
translocation of  food materials to the burrows. While feeding around its
burrow area, it holds the leaf  in one chelate arm and the other chela is
used for cutting and tearing off  the leaf  into small pieces starting from the

Table 2. Crab species observed at each study site

Crabs Observed at

Blue crab (Sesarmops intermedius) S1,S2,S3,S4,S5,S6

Red crab (Parasesarma plicatum) S1S2,S3,S4,S5,S6

White lined crab (Metopograpsus messor) S1,S2,S4,S5

Grey Mud crab (Scylla serrata) S1,S2,S4,S6

Grey crab* S4,S5,S6

Orange tiger crab* S4,S5,S6

Green marbled crab (Metopograpsus latifrons) S4,S5

Striped fiddler crab (Uca lactea annulipes) S4,S6

Dotted fiddler crab (Uca triangularis bengali) S4,S6

Tubercled crab (Plagusia dentipes) S6

Blue tiger crab* S4

White tipped crab* S4

Hairy crab* S4

Green mud crab (Thalamita crenata) S6

Purple marbled crab (Metopograpsus thukuhar) S5

* Identification in progress

Clistocoeloma balansae
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margin. To feed on small twigs and roots of  some
mangrove plants, usually both chelate legs are
used to place the food into the buccal cavity. In
most of  the observations, it was noticed that the
leaves were translocated to the burrows. The crab
may feed on the leaves without translocating them
into the burrow if  the surrounding area is calm
and quite and when competitors and predators
are absent.

Red crab (Parasesarma plicatum)

The food of  the red crab comprised of  detritus,
decaying and green leaves and small twigs of
mangrove plants (especially of  Avicennia), dead
crabs and fish. They also fed on the bark of
pneumatophores and silt and algae matter
covered on them. In most of  the observations,
the red crab is seen feeding on detritus and silt
that remain after tidal flow. It does not feed
constantly from a single spot and changes feeding
spots quite frequently. Generally, they are found

associated within the aerial root system of  Avicennia and Rhizophora or are
found in the crevices in and around the basal part of  the trunks of  plants
like Excoecaria, Kandelia or Bruguiera. During feeding, chelate appendages
are used to handle the food. Smaller individuals forage mainly on detritus
positioning themselves beneath the fallen leaves and on pneumatophores.

Leaf litter quantification

The litter fall was quantified daily by placing a 1x1 m net 0.5 m above the
forest floor. It was found that A. officinalis produced an average 1.35 g of
fresh litter (0.83 g dry weight) and R. mucronata 1.02 g of  fresh litter (0.52 g
dry weight) daily per m2.

Quantification of leaf litter translocation

An experiment was conducted to standardize the optimum amount of
leaf  litter a crab translocates per day to its burrow. For this purpose, fresh
senescent leaves of  Avicennia officinalis and Rhizophora mucronata were used
and Sesarmops intermedius as the
experimental animal in  plastic
tubs (T1,T2,T3) of 50 cm
diameter and 40 cm depth.
Three replicate samples for each
species were used. Minimum
specific quantities of  leaves were
given to the crabs per day to
know the maximum amount of

Litter quantification using litter trap

Sesarmops intermedius (Top)
Parasesarma plicatum (Bottom)
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leaf  required by the crab per day. Results showed that a maximum 3.2 g
leaf  of  Avicennia officinalis and 4.4 g leaf  of  Rhizophora mucronata were
translocated by Sesarmops intermedius per day. The maximum amount of
leaves translocated being 4.4 g, a higher quantity (7 g) was fixed as the
quantity of  leaves to be supplied to a crab in ex situ translocation
experiments.

Experiment on leaf translocation

An experiment was conducted to determine the amount of  leaf  litter
translocated by Sesarmops intermedius. For this experiment, leaves of  Avicennia
officinalis and Rhizophora mucronata were used as they were the predominant
species found in areas where a high density of  Sesarmops intermedius was
observed. The results showed that 3.23 g of  Avicennia officinalis and 1.42 g
of  Rhizophora mucronata were translocated at an average rate by a single
crab per day.  No prominent difference in translocation rates between males
and females could be observed.

Litter consumption by crabs

Litter consumption rate of  this crab was calculated by assessing the amount
of  leaf  litter consumed by S. intermedius out of  the total amount translocated
into the burrows. In the experiment, crab burrows in each tub were
excavated and the remaining leaf  litter was retrieved, washed, dried and
weighed. This quantity was deducted from
the quantity of  litter translocated to get the
amount of  litter consumed by the crab. It is
found that 15.19 g dry weight leaf  of  A.
officinalis was translocated by a crab during
10 days. Of  this, 1.62 g dry weight was
retrieved after excavation. This shows that
13. 57 g dry weight of  leaf  was consumed
by the crab or 1.36 g dry weight of  leaf  on
average per day (89.33 % consumption).
Again 7.91 g dry weight leaf  of  R. mucronata
was translocated by the crab during 10 days.
Of  this, 1.8 g dry weight was retrieved after
excavation. This showed that 6.11 g dry
weight of  leaf  was consumed by the crab or 0.61 g dry weight of  leaf  on
average per day (77.24 % consumption).

Seedling predation by crabs

Seedling predation by Sesarmops intermedius was studied on Avicennia officinalis
to know the effect of  crab feeding on seedlings. S. intermedius dominated
500 m x 25 m transect was selected at Kunhimangalam where the vegetation
was dominated by A. officinalis trees. The predatory effects were investigated
following Sherman (2003) and Dahdouh-Guebas et al. (1997). Experiments
were conducted erecting 16 enclosures of  1m x 1m x 0.3m size in the area

Litter consumption experiment



82 T. S. Nayar

where the crab enjoyed an average density of  6/m2. Four exclosure controls
(without crab) and four open controls (seedlings without enclosures
available to crabs and other predators if  any) were also maintained. Seedlings
of  A. officinalis belonging to four age groups (20 days, 30 days, 40 days and

50 days) were raised in a nursery and fed
to the crabs. To study their preference in
predation, seedlings of  two different age
groups were introduced simultaneously (20
days and 40 days; 30 days and 50 days old
seedlings) in to the enclosures, exclosures
and open controls and observations were
made for 15 days.

The study showed that 58.13% of  the total
seedlings exposed to crabs were predated
and destroyed by the crabs. Maximum
attack was observed within the first three
days.  Seedlings of  all age groups were
affected. Overall mortality was found at
40% within the first three days.  The
predation rate was gradually reduced and

18% mortality was observed in remaining 12 days. Ninety percent of  the
mortality was due to uprooting by the crabs. The uprooted seedlings were
translocated to the burrows.

It was found that S. intermedius preferred 20 days and 30 day old seedlings
to 40 day and 50 day old seedlings. Fifty day old seedlings were preferred
the least. No predation was observed in the exclosures. This confirmed
that the crabs were the potential predators of  mangrove seedlings.

Similar work was conducted on Rhizophora mucronata in the enclosures. Here,
they were placed horizontally and vertically in separate enclosures. It was
found that Sesarmops intermedius preferred 20 day old seedlings to all other
age groups (30, 40 and 50 day old ones). Interestingly, the percentage of
attack on horizontally placed 20 day old seedlings was 82%, almost fatal
and that on vertically placed seedlings was 9%, almost negligible.

Conclusions

Burrows are the primary
indicators in the mangrove
ecosystem to denote the
presence of  crabs. There is a
tendency to equate burrow
density with crab density. The
present study indicated that the
burrow density could not be
equated with crab density as
more than three openings

Seedling predation by Sesarmops
intermedius

Crab burrows
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appeared as ramifications of  a single main burrow. This was revealed when
burrows were excavated. This could be correlated with the strategy evolved
by crabs to avoid the risk of  being predated.

The present study showed that rainfall and relative humidity have a positive
influence and temperature negative influence on crab density. High crab
density was recorded during the monsoon months (September was highest)
and low density during non monsoon months. A comparative study of
crab density and vegetation diversity failed to establish any relation between
them. Mangrove diversity in site 1 was 0.05 and site 2 was 0.03, whereas
Sesarmops intermedius density in site 1 was 4.85/m2 and in site 2 was 5.89/
m2. Site 6 had a mangrove diversity of  0.78 and a density of  Sesarmops
intermedius at 2.11/m2 and Parasesarma plicatum at 4.89/m2. Site 3 recorded a
mangrove diversity of  0.76, but density
of  Sesarmops intermedius and Parasesarma
plicatum were 0.44/m2 and 2.11/m2

respectively. It is clear from the results
hardly any correlation could be drawn
between vegetational diversity and crab
density. For example, sites 1 and 2 with
least diversity recorded the highest
density of  S. intermedius.  According to
Ravichandran (2001) a combination of
factors like topography, tide, textural
composition, nutrient abundance, root
mat density of  mangroves, food source,
environmental variables and
physiological adaptations are responsible
for brachyuran crab abundance and
distribution.

Ashton et al. (2003) found a clear correlation of  crab abundance with
environmental variables like salinity, pH and redox potential, and vegetative
characteristics like tree abundance, basal area and seedling abundance. The
present results also show the influence of  environmental variables like
temperature, rainfall and relative humidity on crab density though they are
different from those indicated by Ashton et al. (2003). The increased
abundance of  Sesarmops intermedius at sites 1 and 2 and Parasesarma plicatum
at sites 4, 5 and 6 indicates the influence of  topography on their distribution.
Sites 1 and 2 are more landward with hard muddy substratum while sites 4,
5 and 6 are marshy intertidal areas where there is frequent tidal influence.
The high crab density recorded in monsoon months and relatively low
density in other seasons clearly show the influence of  rain and relative
humidity. Low crab density in summer months indicates the low activity
of  crabs in hot weather.

The leaf  translocation studies indicated that crabs had species preferences.
It was found that Sesarmops intermedius translocated three times more the
leaves of  Avicennia officinalis than the leaves of  Rhizophora mucronata. Analysis

Sesarmops intermedius translocating
mangrove leaves
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of  the nutrient content of  both these species, which are in progress, may
answer reasons for the preference shown by the crabs. Since a crab can
translocate 3.23 g of  fresh senescent leaves of  Avicennia officinalis per day
and the maximum density of  S. intermedius observed from the study area in
the month of  October was 3.06/m2, it is inferred that S. intermedius can
translocate 9.88 g of  leaf  litter of Avicennia officinalis per meter square and
from an area of 10 m x 10 m it can translocate 988g (0.99 kg) of leaf litter
to their burrows per day. If  it has a density of  8.33/m2, it can translocate
from the same area 2690.59 g (2.69 kg) of  leaf  litter per day.

Likewise, if  a crab can translocate 4.59 g of  fresh senescent leaves of
Rhizophora mucronata per day and the maximum density of  S. intermedius
observed from the study area in the month of  October was 3.06/m2, it is
inferred that S. intermedius can translocate 14.05 g of  leaf  litter of Rhizophora
mucronata per meter square and from an area of  10 m x 10 m it can
translocate 1405 g (1.405 kg) of  leaf  litter to their burrows per day. If  it
has a density of 8.33/m2, it can translocate from the same area 3823.47 g
(3.823 kg) of  leaf  litter per day.

This gives sufficient indication to show that the crab functions as an
important component in the food web and plays a major role in the litter
dynamics of  the mangrove ecosystem. This crab also helps the litter
dynamics by acting upon the translocated (not consumed) litter in the
ecosystem. This act helps to reduce the particulate size and accelerate
microbial activity on leaves, thereby facilitating the trapping of  nutrients
in the ecosystem.

As Sesarmops intermedius showed a clear preference to 20 day old and 30 day
old seedlings, seedlings of  higher age class should be used for any restoration
practices at places where there is a dominant population of  this crab.
However, in an Avicennia officinalis dominated mangrove ecosystem, this
crab does not pose any serious threat to the natural restoration process.
This is because Avicennia officinalis can produce many more seedlings than
required for their survival. This may also help the ecosystem as crabs may
control the over population of  seedlings. This in turn may promote to
have more species diversity in the ecosystem. Smith’s observation (1987 a,
b) that crabs play a major role in controlling the over population of
mangrove species appears to be a factor operating at Kunhimangalam.
However, whether it would negatively affect afforestation programs, as
suggested by Dahdouh-Guebas et al. (1997), has to be confirmed from
further investigations.

Likewise, experiments conducted on Rhizophora mucronata seedlings showed
that Sesarmops intermedius preferred the youngest 20 day old seedlings. Also,
of  these 20 day old seedlings, if  they were horizontally placed they were
heavily fed and caused a fatal attack whereas vertically placed ones attracted
almost no attack from the crab. This shows that regeneration of  these
species in the ecosystem will be fatally affected if  ±20 day old seedlings of
Rhizophora mucronata fall on the ground in a horizontal position. Thus, this
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type of  feeding behaviour can determine the population of  Rhizophora
mucronata in an ecosystem where Sesarmops intermedius has a high population
density.

The preliminary studies on litter translocation, consumption and seedling
predation by Sesarmops intermedius undoubtedly show its significant role in
mangrove ecosystem dynamics. More importantly, this study sheds light
on how crabs, their density and their feeding preferences on mangrove
seedlings are of  vital importance when restoration and management
practices are carried out in mangrove reclamation programmes. Currently
138 crab species and 69 mangrove species are reported from the mangrove
forests of  India but we know little about the dimensions of  their interaction
and their possible impacts on the ecosystem.
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Introduction

The Sundarbans covering about 9,600 km2 of  mangrove forests and water
(of  which 40% is in West Bengal, India and the rest in Bangladesh) is part
of  the world’s largest delta (80,000 km2) formed from sediments deposited
by three major rivers, the Ganges, Brahmaputra and Meghna, which
converge in the Bengal basin. The whole of  the Sundarban area is
intersected by an intricate network of  interconnecting waterways, of  which
the larger channels are often a mile or more in width and run in a north-
south direction.

Mangroves are the most dominant flora in the Sundarbans and out of  the
50 species of  mangroves recognised in the world, over 35 species are known
to occur in the Sundarbans. The Sundarbans derive its name from a
particular mangrove species known as the sundari tree (Heritiera fomes).
However, today, the Indian part of  the Sundarbans is almost devoid of
sundari trees except for a few stunted ones that occur in the core region of
the Sundarbans Tiger Reserve.

Records indicate that human settlement in
the Sundarbans region and the exploitation
of  its vast untapped forest products started
as early as 1757 when Mirjafar handed over
the 24 Parganas to the East India Company.
Thereafter, reclamation of  the forest land
for cultivation and exploitation of  timber,
honey, fish etc. started and degradation of
the pristine environment set in. Thus began
the indiscriminate felling of trees and
unplanned reclamation of forest land
resulting in large scale depletion of  forest
wealth and exposure to serious ecological
imbalance. Rampant destruction of  forest
was so much that it has now become almost
impossible to find out the natural
forest ranges in the Sundarbans except
the protected reserve forest area of  4,263
km2.

Heritiera fomes, a rare mangrove
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The major objective of  this study is to create an information system on
the resources of  the Sundarbans using a Geographical Information System
incorporating components of  Remote Sensing and an external database.
This would help decision makers in effectively monitoring and managing
the biological wealth of  this area. Consequently, a Sundarbans Resources
Information System (SUNRISe) was developed using relational-hybrid GIS.

History

Pre-independence, the Sundarban mangroves were a part of  the Sundarbans
forest division which had its headquarters at Khulna. When Radcliff
Commission awarded the western portion of  the Sundarbans to West
Bengal in 1947, this was named as 24 Parganas Forest Division with
headquarters at Alipore, Calcutta. In the year 1973, about 2,585 km2 of
this mangrove forest situated in the eastern part and adjoining Bangladesh
was declared a Project Tiger Area with the objective of  protecting and
conserving the famous Bengal Tigers. With this aim in view, a core area
totally protected from all human interference and a buffer area in which
resources could be used in a sustainable basis were created. The area outside
this core and buffer area consisting of  about 1,678 km2 forms the 24
Parganas (South) division which falls under the south circle. Within the
Sundarbans Biosphere Reserve there are three Wildlife Sanctuaries and
the core area was subsequently declared as a National Park. Within the
Core area of  the reserve forest, an area of  about 124.4 km2 was preserved
as a Primitive Zone to act as a Gene Pool.

Sonneratia trees with wide spread pneumatophores, Sundarbans
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Historical events - a chronology

Formation of  24 Parganas Division : 1947
Declaration of  Project Tiger Area : 1973
Formation of  Sajnekhali Wildlife Sanctuary : 1976
Formation of  Lothian Island Sanctuary : 1976
Formation of  Haliday Island Sanctuary : 1976
Declaration of  Sundarbans National Park : 1984
Recognised as a World Heritage Site : 1989
Declaration of  Sundarbans Biosphere Reserve : 1989

Sundarbans Biosphere Reserve – Administrative control

The Sundarban Biosphere Reserve (SBR) declared in 1989 is one of  the
three marine biosphere reserves in India. The main objective of  the marine
biosphere reserve is protection, conservation and judicious utilization of
the marine environment. The reserve has a mangrove area of  4,263 km2.
The Sundarbans Project Tiger and National Park and the three Wildlife
Sanctuaries viz.: Sajnekhali, Lothian Island and Haliday Island are located
within the Biosphere Reserve. The other areas in the reserve are habitations
and cultivated fields. People living in these forest areas are predominantly
either fishermen or farmers.

The SBR has been divided into two regions for effective management.

� The Sundarbans Tiger Reserve under
the Field Director (Gosaba).

� DFO Parganas South (Alipore).

Zones

The SBR has been classified into a core
zone, manipulation zone and restoration
zone that conform to the buffer zone and
transition areas respectively. The details of
classification of  the various zones are given
in Table 1.

a. Core zone (1,700 km2) coincides with the
Project Tiger Area. The core area is
bounded by Matla river in the west,
Haribhanga on the east and Netidhopani
and Gosaba rivers in the north. The
Sundarbans National Park is constituted
with 1,330 km2 of this core area.

b. Manipulation zone consists of  2,225 km2

of forest area where restoration of
mangrove vegetation and silviculture
activities are carried out along with
research, education and training. This zone

The sentinal in Sundarban
mangroves
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comprises 5,460 km2 of  agriculture area where eco-development activities
are carried out with the co-operation of  local communities.

c. Restoration zone occupies an area of  245 km2 where restoration of
mangroves and other conservation works are carried out.

Salient features

The SBR stands distinguished from all the other mangrove sites in the
world due to the following salient features unique to this region:

� The Sundarbans is the single largest mangrove forest in the world.
� It is the only marshy mangrove tiger land in the World Heritage Site.
� This region houses a very high biodiversity with unique flora and fauna.
� The mangrove forest offers effective protection and acts as a natural

barrier against storms and erosion.

Table 1. Classification of  SBR zones ( in km2)

          Manipulation zone
Zone Area Total Forestry Agriculture Restoration

area zone

1 Between Sagar 90 - 75 15
Mohisani
Ghoramara-
Sand Head Group
of islands

2 Between Mohisani 900 - 700 200
Island on West &
Thakuran river on
the East

3 Between Thakuran 1600 1370 200 30
and Matla rivers

4 Core Area STR 1692 Core area of  biosphere reserve

5 Buffer zone of
Tiger Reserve 893 893 - -

6 Settlement area 4455 - 4455 -
north of  the Forest
area of  Tiger
Reserve and East
of Matla

Total area 9630 2263 5430 245

(Source: Sundarbans Biosphere Reserve, MoEF Project Document 10, 1989)
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• Tidal amplitude and fluctuations of
the Sundarbans mangroves are very
high (7 m).

• The Sundarbans mangroves support
coastal fisheries on the East Coast of
India.

• The Sundarban Mangroves are home
to many endangered species like the
Royal Bengal Tiger (Panthera tigris),
estuarine crocodiles (Crocodylus porosus),
marsh crocodiles (Crocodylus palustris),
fishing cats, wild pigs, deer and marine
turtles (Lepidochelys olivacea, Eretmochelys
imbricata and Chelonia mydas).

Topography

The mangroves of  the Sundarbans are housed in a deltaic mass on the Bay
of  Bengal formed jointly by the river Meghna in the East (now in
Bangladesh) and the Ganga in the West (West Bengal, India). This forested
part is actually a collection of  a large number of  small and big islands.
Each island with its discontinuous land mass is surrounded and traversed
by the water system which regularly floods the land mass. However, different
parts of  the island receive different tidal influence and this difference is
due to the frequent land surface undulations. Thus, there is a wide range
of  gradation of  land water relationships. From the shoreline to the centre
of  the island, three geomorphological zones viz.: mudflats, slopes and ridges
have been identified. The eastern side of  this region is more elevated (about
7 m) than the western side.

Rivers and channels

The Sundarbans have numerous rivers, creeks and channels. It is bounded
in the west by the river Hooghly and on the east by the river Saptamukhi.
East of  Calcutta flows the Bidyadhari which along with other streams
forms the river Matla. The river Kaikalmari joins Matla downstream. The
other main rivers are Gosaba and the Harinbhanga. The river Raimangal
flows along the Indo-Bangladesh boundary.

All the rivers are criss-crossed by canals through which tidal water flows in
and out leaving alluvium rich soil and clay-mud on the banks. The banks
are habitat for myriads of  flora and fauna. Tidal water flowing from two
ends of  the canals gives them the name of  duoniya (two ends), which
leads to silt deposited in the still water in the middle where the tidal flows
meet. This network of  canals with mudflats offers natural protection to
the forests in the Sundarbans.

Islands

The Sundarbans consists of  54 islands interspersed by innumerable rivulets,

An adult estuarine crocodile,
Sundarbans
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tidal rivers and creeks which were originally covered with thick and
impenetrable mangrove forests. The Sagar is the largest island and is now
fully inhabited. Kakdwip, as the name signifies, was an island but now it
forms part of  the eastern mainland. The Naryachara Island formed about
hundred years ago from the remains of  the eroded landmass of  an equally
big island which existed near the confluence of  the Haldi with the Hooghly
is uninhabited. Ghoramara Island which is inhabited is situated on the
eastern side of  Nayachara and is heavily eroded. Other islands which have
been lost due to erosion in the recent past are Bed Ford and Mud Point.
South of  Sagar is the Jambudwip with mixed forest cover. The Mousami
Island which gets submerged during high tide has luxuriant growth of
mangroves. Frasergunj Island bounded by the Hooghly in the east, the
Saptamukhi in the west, the sea in the south and the Dogra Canal in the
north is one of  the biggest islands in the Sundarbans. Its once mangrove
rich land is now inhabited and cultivated, except for the southern and
eastern fringes, which still retains mangrove cover. Prentiss and Lothian
Islands in the Saptamukhi are now the first islands in the western part of
the Sundarbans to have full cover of  mangroves. The other islands in the
Sundarbans are Bulchari and Gosaba. The forest had been gradually cleared
from 18th century for habitation and settlement. At present, 5,430 km2 of
the area is habitated.

Geomorphology

The Sundarbans is a low-lying floodplain. Most of  the silt carried by rivers
like the Ganges and Bramhaputra is lost in the trench of  the Bay of  Bengal.
However, a large amount of  silt is deposited on the east side shore causing
land accretion, particularly in the south-eastern region forwarding the
coastline towards the sea.

The coastal morphology is influenced by a high annual sediment load carried
by a vast anastomosis of  rivers coupled with strong tidal and wind actions.
The high sediment load exerts a basic influence on the coastline and helped
by the circulation system, results in a net accretion of  the sediment and
erosion in the south-western part. The rivers also carry untreated municipal
wastes, industrial effluents, agro-chemical residues etc.

Hydroclimatic condition

Temperature, rainfall and humidity: The Sundarbans enjoys a tropical
monsoon climate. The average
annual rainfall of  the region
amounts to approximately 1750-
1800 mm. More than 80% of the
total rainfall occurs between June
and September. During the
summer, temperature varies
between 260C and 400C. The
climate is pleasant during winter

A boat capsized in a cyclone, Sundarbans
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with temperature rarely descending below 100C. Humidity ranges normally
between 70% and 80%.

Cyclones: Cyclones, tidal waves and storms are very common in the
southern region of  the district as this area lies in the path of  the cyclones
emerging from the Bay of  Bengal. When these cyclones, in the form of  a
monsoon depression, synchronize with high tides, they can cause havoc in
the coastal villages of  Namkhana, Patharpratima, Sagar, Kultali and Gosaba.
The forest serves as a breakwater against the ocean preventing the
inundation of  agricultural land and loss of  life and property. The villages
of  Namkhana and Patharpratima are more exposed to storms and cyclones
due to the lack of  forest cover and as a result, breaching of  embankments
and salinization of  agricultural land lead to crop failures. Cyclones are
mostly formed during the pre and post-monsoon months. The monsoon
period is generally associated with depressions which sometimes intensify
into cyclonic storms (Table 2).

Table 2. Occurrence of  cyclones over the Bay of  Bengal from 1891 to 1989

Months J F M A M J J A S O N D  Total

Number of 6 1 4 21 49 38 41 30 39 79 93 41 442
Cyclones

(Source: CPCB, 1999)

Wind: Strong wind velocity from March to September causes wide spread
damage to the estuarine plants and animals. The wind speed normally ranges
from 3 km-h in October to a maximum of  12 km-h in June.

Tidal waves: The tidal waves sweep over the area twice a day. The tidal
current changes its direction every six hours. The maximum rise and fall
of  tides occur in March and April. The tidal wave makes its way across the
Sundarbans from west to east and consequently the tide changes earlier in
the west than it does in the east. In the large rivers the velocity of  the
current usually varies from 3 km-h near the sea surface to 6 km-h higher up
in the forests. The average rise and fall is higher in the western rivers than
in the east. The average rise and fall near the sea surface is about 2.2 m,
further up it is 3 m. Where the tide has little or no stream to contend
against, an average rise and fall of  5-6 m is common.

Tidal amplitude: Tidal amplitude in the Sundarbans is very high reaching
almost up to 7 m.  Due to this high tidal fluctuation and high tidal amplitude,
most of  the mangrove forests in the Sundarbans are very frequently
inundated with tidal water. However, during the low tide period when the
tidal water recedes, most of  the mangrove forest floor is exposed to air.
These dynamic conditions provide the most suitable ecological niches for
the growth and spread of  diverse groups of  mangrove species in the
Sundarbans.



96 T. Shunmugaraj et al.

Biodiversity

Past status

The estuarine complex which is a culmination of  the interaction of  land,
sea and freshwater offers diverse specialised habitats such as mangroves,
non-vegetated mudflats, intertidal zones and reclaimed areas which are
home to a number of  terrestrial, freshwater and marine communities. A
total of  1,562 species have been recorded from this area in the past (Table
3). A number of  rare and endangered species have also been recorded in
this region (Table 4).

Table 3. Status of  biodiversity in the Sundarbans (1995)

Kingdom/Phylum No. of No. of Remarks
families species

Bacteria … 22
Algae … 16
Fungi … 184
Plants 31 69
Protista … 43+11 Parasitic + free living
Animalia
Porifera 1 1
Cnidaria 15 24  5 species - old record
Ctenophora 2 2
Platyhelminthes 13 Parasitic
Nemathelminthes … 67 Freeliving
Nemerteans … 2
Annelida 20 78 6 spp. oligochaetes +

3 spp. of  leeches
Rotifera 2 4
Mollusca 57 130
Echiura 1 4
Sipuncula 1 1
Ectoprocta 1 3
Arthropoda
Crustacea 31 182
Insecta - 162 Majority terrestrial, a few

freshwater and estuarine
Merostomota 1 2
Arachnida 33
Chaetognatha … 4
Echinodermata 10 20 6 from the estuary, rest from

sandheads
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Hemichordata

Chordata … 1 Endemic

Pisces 55 156 42 intertidal benthic

Amphibia … 5 None from the river

Reptilia … 56 23 aquatic. Mostly based on
old records

Aves 62 163 30 species in the lower
reaches

Mammalia … 40 11 aquatic + terrestrial

Mangroves and

associated sp … 64 35 true mangroves

Total 1,562

(Source: Subba Rao, ZSI, 1995.)

Table 4. Rare and endangered species recorded in the Sundarbans

Common name Scientific name

Tiger Panthera tigris

Salt Water Crocodile Crocodylus porosus

Fishing cat Felis viverrina

Leopard cat F.bengalensis

Gangetic dolphin Platanista gangetica

Salvator lizard Varanus salvator

Bengal monitor lizard Varanus flavescens

Olive ridley turtle Lepidochelys olivacea

Hawk’s bill turtle Eretmochelys imbricata

Green turtle Chelonia mydas

Estuarine terrapin Batagur baska

Giant heron Ardea goliath

Lesser Adjutant stork Leptoptilos dubnis

Spotted billed pelican (Migratory) Pelecanus philippensis

(Source: Vyas, 2001)

Current status

Phytoplankton

The phytoplankton population in the Sundarbans estuarine system
consisted mainly of  diatoms, dinoflagellates and green algae. In total 35
species of  phytoplankton have been recorded comprising 30 species of
Bacillariophyceae, four species of  Dinophyceae and one species of
Chlorophyceae. The density of  phytoplankton varied from 40 to 20,810
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no/m3. The distribution of  phytoplankton as recorded during the three
seasons is given in Table 5. Dominant species recorded in this area
comprised Skeletonema, Thalassiosira, Rhizosolenia, Ditylum, Biddulphia,
Asterionella, Navicula and Nitzschia.

Table 5. Phytoplankton in the Sundarbans

Phytoplankton July 1998 November 1998 April 1999
distribution – Zone wise species species species

Sapthamuki Zone

  Bacillariophyceae 14 22 22
  Dinophyceae 1 4 3
  Chlorophyceae - 1 1

Matla Zone

  Bacillariophyceae 14 22 16
  Dinophyceae - 4 2
  Chlorophyceae - 1 1

Gosaba Zone

  Bacillariophyceae 13 22 20
  Dinophyceae 1 3 3
  Chlorophyceae - 1 1

Density of  Phytoplankton 60 - 12800 40 - 20810 200 - 13650
(min.-max. in no/m3)

Zooplankton

Zooplankton in the Sundarbans estuarine system consisted mainly of
aphragmophora, beroida, copepoda, cladocera, cyclopoida, decapoda,
doliolida and harpacticoida. A higher abundance of  zooplankton is noticed
during the period of  July and November. Copepoda constituted more than
80% of  the zooplankton population. The predominant copepod genera
are Acartia, Paracalanus, Acrocalanus, Eucalanus, Labidocera, Oithona and
Pseudodiaptomus. Associated important groups are decapods, chaetognaths,
fish eggs and larvae. There are 21 species of  zooplankton with a density
varying from 4 to 3680 no/m3. Distribution of  zooplankton during the
three seasons is provided in Table 6.

Benthos

The most abundant macrofaunal group was gastropods which constitute
more than 60% of  the total macrobenthic population. The other dominant
groups are crabs (5%), bivalves (3%), coleoptera (3%), Boleopthalmus (4%),
hermit crabs (4%), prawns (2.3%), squilla (0.6%), sea urchins (0.8%). sea
anemones (7.2%) and horse shoe crabs (0.19%).

Mangroves

The Indian part of  the Sundarbans lying between the Hooghly river in the
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West and the Raimangal in the East is with hundreds of  deltaic islands
which are distributed over a total area of  9630 km2. The mangroves are
very dense and the species diversity is of  the highest order when compared
to other mangrove areas in the world. Several endemic, threatened,
endangered and rare flora and fauna are found in the Sundarbans, which
prompted IUCN to declare this pristine environment as one of  the World’s
heritage sites.

There are 35 species of  mangroves in the Sundarbans. There is a distinct
zonation of  different mangrove species along the intertidal slope reflecting
their adaptation to different prevailing ecological factors viz:: duration of
tidal inundation and exposure, salinity and sediment characteristics. The
western side is dominated by species of
Avicennia while the eastern side is clearly
dominated by species of  Excoecaria.

The zonation of  mangroves in the core
region of  intertidal river flood plains includes
both overlapping and non-overlapping
forests. Species of  Avicennia, Excoecaria,
Rhizophora and Ceriops are the widely dispersed
taxa in the intertidal flats. Mangroves of
different genera and species in a forest
generally overlap with each other. However,
species of Sonneratia maintain a unique
identity of  its own by appearing in the lowest
intertidal zone. It exhibits a distinct non-
overlapping character from other mangroves

Table 6. Zooplankton in the Sundarbans

July 1998 November 1998 April 1999
species species species

Aphragmophora 1 1 1

Beroida - 1 1

Calanoida 6 9 9

Cladocera 1 1 1

Cyclopoida 1 1 1

Decapoda 1 1 1

Doliolida 1 - -

Harpacticoida 1 2 2

Cydippida - 1 -

Hydroida 1 1 1

Density of Zooplankton
(min.-max. in no/m3) 8 - 3680 4 - 1820 8 - 3676

Heritiera fomes, a panicle
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that occur in the middle to upper intertidal zones. With time, there is a
gradual filling up of  the intermediate space by the appearance of  other
species of  mangroves. Heterogeneous distribution of  species of  Avicennia
and Excoecaria occurs over large areas of  land both in the core and buffer
areas and in different parts of  the intertidal flats. They generally occur in
the following combinations: (i) Excoecaria–Avicennia–Phoenix (ii) Phoenix–
Excoecaria–Ceriops (iii) Ceriops–Rhizophora–Excoecaria–Avicennia (iv) Avicennia–
Excoecaria–Sonneratia (v) Nypa–Ceriops–Excoecaria (vi) Avicennia–Rhizophora
and (vii) Rhizophora–Avicennia–Ceriops.

The zonation of  mangrove vegetation in the western side of  the Sundarbans
such as the Lothian and Bhagatbatpur range shows that the seaward edge
of  the forest is endowed with Porteresia coarctata, the saline grass which is
followed towards the landward side by Avicennia officinalis, A. alba, Acanthus
ilicifolius, Bruguiera gymnorrhiza, Sonneratia apetala and species of Excoecaria,
Ceriops and Phoenix.

Tigers

The Sundarbans is the largest delta in the world and contains the largest
single tiger population in the world. Out of  the total Indian Sundarbans
area of 4263 km2, an area of about 2585 km2 falls under the Sundarbans
Tiger Reserve. It is bounded in the east by the long international boundary
and in the north-west by numerous villages, thus making the reserve
vulnerable to ever increasing biotic interference in the form of  illegal fishing,
timber smuggling and poaching of  wild animals. The details of  the tiger
population in the Sundarbans Tiger Reserve are given in Table 7.

Turtles

Nesting of  three species of  Marine turtles (Lepidochelys olivacea, Eretmochelys
imbricata and Chelonia mydas) has been observed in the sandy regions around

Flight across the Sundarbans water
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Gona, Gosaba and Bhagmara forests. A
turtle nursery for captive breeding of  these
endangered species is maintained by the
Sajnekhali Wildlife Sanctuary.

Crocodiles

Both the estuarine crocodiles (Crocodylus
porosus) and marsh crocodiles (Crocodylus
palustris) are found in this region. The highly
successful Bhagabatpur crocodile project
is located in the Bhagabatpur Range in 24
Parganas (South) division.

Avifauna

There are 161 species of  birds in the
Sundarbans. The maximum concentration
of the breeding birds is seen at the
Sajnekhali Wildlife Sanctuary though there
are three other spots of smaller
concentrations. The breeding areas are
spread over about 360 ha in Sajnekhali
Wildlife Sanctuary.

Development of  the Sundarbans
Resources Information System
(SUNRISe)

This information system was developed by integrating the data collected
from various sources viz.: 1). Theme maps from conventional and remote
sensing data, 2). Data on water, sediment quality, biological parameters
from field investigations and 3). Data on socio-economics, infrastructure
etc. from Government organizations. This information system on the
resources of  this region is expected to help decision-makers in effectively
monitoring and managing the biological wealth of  this area.
SUNRISe incorporates the following:

Table 7. Tiger Population in the Sundarbans Tiger Reserve

Year Male Female Cubs Total

1983 137 115 12 264

1989 126 109 34 269

1992 92 132 27 251

1996 95 126 21 242

1997 99 137 27 263

1999 96 131 27 254

(Source: Mukherjee, 2001)

Collared Kingfisher, Sundarbans
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� Present status of  spatial distribution of  mangroves in the Sundarbans
Tiger Reserve and DFO Parganas (South)

� Qualitative and quantitative distribution of  Phytoplankton,
Zooplankton and benthos in the estuarine and neritic regions.

� Socio-economics
� Water quality parameters
� Major threats to this region
� Management suggestions

Major components of  the Information System

Primary data comprises of  remote sensing data and data collected from
field measurements on various parameters. Satellite data along with ground
truth observations provide information on spatial distribution of  various
features in the field. Sampling locations were fixed using GPS and field
data on water quality parameters were collected using standard
methodologies. Data on biological parameters were collected for three
seasons, using standard methodologies described in the ICMAM-PD
Manual (1998). The field data were stored in the form of  tables in Oracle
RDBMS. The GIS software was used to integrate both the spatial data
obtained from remote sensing and ground survey and the spatial data already
stored in the Oracle database.

Remote sensing: It is defined as the measurement of  object properties on
the earth’s surface using data acquired from aircraft and satellites. It is,
therefore, an attempt to measure objects at a distance rather than in-situ.
These systems provide repetitive coverage of  the earth, which provides
periodical monitoring of  the earth and effects of  human or natural activities
on it. IRS ID LISS III data of  June 1998 were used and analysed applying
ERDAS-IMAGINE 8.4 image processing software.

Field survey: It is the primary source of  collection of  data about the
habitat. The methodology varies with respect to the parameters studied.
The field data on physical, chemical and biological parameters including
bacteriology of  both water and sediment were collected through three
monitoring seasons: July and November in 1998 and April in 1999 at 12
locations by the Central Pollution Control Board, Eastern Zonal Office,
Kolkata.

Water samples were collected station-wise at three depths by a Niskin
sampler and sediment samples by Van Veen Grabs. The analysis of  water,
biota, bacteria (48 hours of  incubation) and sediment in terms of
recommended parameters were carried out by standard methods and
techniques as followed under the Coastal Ocean Monitoring and Prediction
System (COMAPS) of  the Department of  Ocean Development.

Secondary data on different aspects like demography, infrastructure, land
use pattern, agriculture, fisheries, socio-economic condition and associated
environmental problems including legislations were collected from various
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State and Central Government Organizations, Development Boards and
Blocks. Data on the spatial distribution of  mangroves were collected by
ICMAM-PD, Chennai during extensive field surveys undertaken between
January and February 2002 in association with the Forest Department of
the Sundarbans Tiger Reserve and DFO 24 Parganas (South) Division.

Relational Database Management Systems (RDBMS): RDBMS is essentially
a set of  collected data stored in the form of  tables and a set of  programmes
to access it. Consequently, all the data collected from various sources were
stored as separate tables in the Oracle database and were linked using a
common identifier. Tables were created to hold information on physio-
chemical aspects, culturable and non-culturable bacteria, flora and fauna
and socio-economics.

Geographical Information System (GIS): GIS is a system for capturing,
storing, checking, manipulating, analyzing and displaying data which are
spatially referenced to the earth. GIS is used for wide applications including
planning, land use and geomorphology of  land and coastal areas.

Methodology adopted

Remote sensing, GPS, GIS and RDBMS along with field surveys were
used in developing the Resources Information System for this region.
Satellite data and GPS data were selected as primary sources of  information
and GIS and RDBMS were used to analyze and develop the complete
information system.

Survey design and methodology for mapping of  the mangrove ecosystems:
The area was divided into specific zones for study purposes in order to
plan and conduct surveys in a systematic manner. Exhaustive field data
collection was done on the spatial distribution and species distribution of
various mangrove species in the study area. These points were later used
for the digital classification of  the Sundarbans Biosphere Reserve with
respect to its mangrove ecosystems. The accuracy of  the mapping was
ensured due to the tedious and systematic field survey conducted by
ICMAM-PD along with the Forest Department of  the Sundarbans Tiger
Reserve and DFO 24 Parganas (South) division.

Digital classification

Two scenes of  IRS – ID satellite data were mosaiced and the study area
was extracted. Nine toposheets from Survey of  India were mosaiced and
used to rectify the satellite data. The base map was generated through the
onscreen digitization of  the satellite data.  The study area was extracted
and classified with respect to mangroves and its major ecosystems. Control
points collected by GPS during field surveys were used to classify the data.

Image processing, GIS and database software were used for the
development of  the Sundarbans Resources Information System. Digital
image processing was carried out using ERDAS – IMAGINE 8.4.  GIS
work was done using ARCINFO 8.0.2 and ARCVIEW 3.2. Tables were
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created and stored in ORACLE 8.0 database with DEVELOPER 2000 as
the front end. Scripts were written using AVENUE programming language.
Finally, SUNRISe as an information system was presented in ARCVIEW
since it is a powerful and easy-to-use tool that has capabilities to visualize,
explore, query and analyze data spatially.

Mapping of  mangrove vegetation

The Sundarbans Tiger Reserve (STR) with its unique terrain and hostile
environmental conditions is a management challenge. For effective
management, the STR is divided into four territorial ranges viz.: the National
Park East (NPE), National Park West (NPW), Sajnekhali Wild Life
Sanctuary (SWLS) and Basirhat. Station camps were located at strategic
locations for better protection and management of  the reserve.

Apart from the homogeneous distribution of  species of  Avicennia or
Excoecaria, most of  the Sundarbans are under a heterogeneous distribution
of  species like Avicennia marina, A. officinalis, A. alba, Ceriops decanda, C.tagal,
Phoenix paludosa, Aegiceras corniculatum, Bruguiera gymnorrhiza, Xylocarpus
granatum, Sonneratia sp., Rhizophora mucronata, R. apiculata, Excoecaria agallocha,
Heritiera fomes and Nypa fruticans. The area under heterogeneous distribution
of  mangroves is classified as a mixed category in this paper.

The total area under mangrove vegetation alone in the Sundarbans Tiger
Reserve and D.F.O 24 Parganas (South) calculated using Remote Sensing
data is given below (Table 8).

Table 8. Distribution of  mangroves in the Sundarbans

Jurisdiction Area in km2

Sundarbans Tiger Reserve

Haldi camp 248.87

Chamta camp 311.30

Netidhopani camp 113.14

Dobanki camp 126.47

Khataujhuri camp 151.36

Floating camp I – Gona and Bhagmara 218.59

Floating camp II – Arbesi 90.03

Floating camp III – Jhilla 77.49

DFO 24 Parganas (South)

Bhagabatpur Range 85.93
Ramganga Range 164.90
Bidya Range 146.10
Bakakali Range 2.87

Total 1737.00
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Haldi camp

Administrative boundary: It comprises Matla (blocks 4 and 3), Gosaba (blocks
2, 3 and 4), Chotahaldi (blocks 1, 2 and 3) and Mayadwip (blocks 1-5).

Management control: Patrolling and Management activities are done by
National Park (W) range. Haldi Camp office is located at Gosaba block 3.

Distribution pattern: The area is dominated by species of Excoecaria (101
km2), Avicennia (82 km2) and Ceriops (30 km2). Mixed distribution of
mangrove species cover an area of  about 35 km2. Mangroves in the
peripheral regions of  Chotahaldi forest are degraded due to erosion.
Exposed mud patches cover an area of  about 28 km2.

Chamta camp

Administrative boundary: It comprises Chamta (blocks 1-8), Chandkhali
(blocks 1, 2, 3) and Panchamukhani (blocks 1-5).

Management control: Patrolling and Management activities of  Chamta and
Chandkhali are done by National Park (E) range while Panchamukhani is
by Sajnekhali Wildlife range. Chamta camp office is located at Chamta
block 4.

Distribution pattern: The dominant species are Avicennia (99 km2) followed
by Excoecaria (84 km2) and Ceriops (74 km2). Mixed distribution of  mangroves
covers an area of  about 55 km2.

Netidhopani camp

Administrative boundary: It comprises Netidhopani, Matla (blocks 1, 2) and
Gosaba (block 1).

Management control: Patrolling and Management activities are done by
National Park (W) range. Camp office is located at Netidhopani block 1.
Sundari trees are planted around the camp office.

Distribution pattern: Species of  Avicennia (37 km2) followed by that of
Excoecaria (34 km2) constitute the dominant vegetation in this region. Mixed
distribution of  mangrove species cover an area of  about 35 km2. Exposed
muddy regions cover an area of  about 3 km2.

Dobanki camp

Administrative boundary: Pirkhali (block 1-7): Pirkhahi 1 was declared as
Sajnekhali Wildlife Sanctuary in 1976 and is well known for ecotourism
activities.

Management control: Patrolling and Management activities are carried out
by Sajnekhali Wildlife Range. Dobanki Camp office is located at Pirkhali
block 5.

Distribution pattern: Dominant species are constituted by Avicennia (50 km2)
followed by that of  Excoecaria (24 km2) and Ceriops (3 km2). Mixed
distribution of  mangrove species cover an area of  46 km2. Exposed muddy
regions cover an area of  about 5 km2.
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Khatuajhuri camp

Administrative boundary: It comprises Khatuajhuri (blocks 1-3) and
Harinbhanga (blocks 1-3).

Management control: Patrolling and management activities are done by Basirhat
Range. Camp office is located at Khatuajhuri Camp 1.

Distribution pattern: Dominant species are Avicennia (45 km2) followed by
that of  Excoecaria (44 km2) and Ceriops (37 km2). Mixed distribution covers
an area of about 23 km2.

Floating patrol I–Gona & Bhagmara reserve forest

Administrative boundary: It comprises Gona (blocks 1-3) and Bhagmara
(blocks 1- 8)

Management control: Patrolling and Management activities are done by
National Park (E) range.

Distribution pattern: Dominant species are Avicennia (88 km2) followed by
that of  Excoecaria (47 km2) and Ceriops (19 km2). Mixed distribution of
mangrove species cover an area of  about 61 km2. Exposed muddy regions
cover an area of  about 10 km2.

Floating Patrol II–Arbesi  reserve forest

Administrative boundary: It comprises Arbesi (blocks 1-5).

Management control: Patrolling and Management activities are carried out by
Basirhat Range.

Distribution pattern: Dominant species in this region are of  Excoecaria (61
km2) followed by that of  Avicennia (24 km2). Mixed distribution of  mangrove
species covers an area of  about 5 km2 .

Floating Patrol III – Jilla reserve forest

Administrative boundary: It comprises Jhilla blocks 1-6.

Management control: Patrolling and Management activities are carried out by
Basirhat Range.

Distribution pattern: The dominant species are that of  Avicennia (32 km2)
followed by Excoecaria (31 km2) and Ceriops (9 km2). Mixed distribution of
mangrove species covers an area of  about 3 km2.

DFO Parganas (south)

Bhagabatpur range

Administrative boundary: It comprises Lothian Wildlife Sanctuary, Thakuran
(blocks 1-4), Prince Island, Dia Island and adjoining mangrove forests.
Lothian Island was declared as Wildlife Sanctuary in 1976 and covers an
area of  about 38 km2. The Bhagabatpur crocodile project is located
here.
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Management control: Two camp offices viz.: Lothian and Dhonchi camps are
located within this range.

Distribution pattern: Species of  Avicennia occur extensively in this area and
cover an area of  about 73 km2. Sundari trees have been planted in Lothian
and Thakuran forests. Mixed distribution of  mangrove species cover an
area of  14 km2. Exposed muddy regions cover an area of  about 8 km2.

Ramganga range

Administrative boundary: It comprises Chulkati (blocks 1-8) and Dilubhasani
(blocks 1-8) reserve forests.

Management control: No permanent camps are constructed in this area.
However, floating patrol activities are carried out.

Distribution pattern: Species of  Excoecaria (67 km2) and Avicennia (65 km2)
occur extensively in this area followed by Phoenix (9 km2) and Ceriops (7
km2). Sparse distribution of  Sundari trees occurs in this area. Mixed
distribution of  mangrove species covers an area of  about 19 km2. Exposed
muddy regions cover an area of  about 13 km2.

Raidighi range

Administrative boundary: It comprises Ajmalmari (blocks 1-12) and Herobanga
(blocks 1-9) reserve forests.

Management control: No permanent camps are constructed in this area.
However, floating patrol activities are carried out.

Distribution pattern: Species of  Avicennia (79 km2) and Phoenix (26 km2) occur
extensively in this area followed by that of  Excoecaria and Ceriops. Sparse
distribution of  Sundari trees occurs in Ajmalmari. Mixed distribution of
mangrove species covers an area of  35 km2.

Bakkali range

Administrative boundary: It comprises Bakkali R.F. Ecotourism is promoted
here. Conservation of  endangered mangrove species such as Heritiera fomes
is being carried out by M.S. Swaminathan Research Foundation, Chennai
in association with D.F.O, 24 Parganas (South) division, Sundarbans. Only
the south-eastern part of  the Bakkali Island has been declared as a Reserved
Forest while the rest of  the island is inhabited by the local population.

Management control: Permanent Range Office situated within the Reserved
Forest itself.

Distribution pattern: Dominant vegetation (3 km2) is constituted by the species
of  Avicennia in the Reserved Forest.

Physico-chemical parameters

Sampling for water quality was done in three field programmes in the
months of  July 1998, November 1998 and April 1999 across fifteen
locations.
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Temperature

The temperature of  the surface water varied from 25°C to 30°C and no
significant difference was observed in the temperature of  different stations
(Table 9).

Table 9. Surface water temperature in the major rivers of  the
Sundarbans (°C)

Station July 1998 November 1998 April 1999

Sapthamuki 29.1 25.2 29.7
Thakuran 28.9 25.7 29.9
Matla 28.6 27.3 28.8
Gosaba 28.7 27.8 29.7

Table 10. Total suspended solids recorded in the major rivers of  the
Sundarbans (mg/l)

Station July 1998 November 1998 April 1999

Saptamuki 84.0 134.0 164.0
Thakuran 88.0 124.0 108.0
Matla 42.0 94.0 52.0
Gosaba 89.0 82.0 50.0

Total suspended solids (mg/l)

The TSS values ranged from 42mg/l to 164mg/l (Table 10) with high
values observed in Sapthamuki and Thakuran during both November and
April.

Salinity (ppt)

Salinity in the aquatic environment of  the Sundarbans varied between 13
ppt and 30 ppt (Table 11) with higher values observed in April (summer),
lower in November (post-monsoon) and intermediate in July (mid-
monsoon). The maximum dilution of  the environment occurred during
the post-monsoon when the entire monsoon discharge from the uplands
reached the region.

Dissolved Oxygen (mg/l)

Dissolved oxygen concentration was steady all along the stretch over the
stations varying between 3.3 and 3.5 mg/l (see Table 12) with comparatively
higher values during November.

pH

The pH values of  the estuary (see Table 13) remained almost constant
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except during the monsoon months when a slight but insignificant decrease
was noticed.

Table 11. Salinity recorded in the major rivers of  the Sundarbans (ppt)

Station July 1998 November 1998 April 1999

Sapthamuki 13.7 13.9 22.4

Thakuran 24.5 16.6 26.9

Matla 26.3 14.4 29.4

Gosaba 27.1 14.4 29.9

Table 12. Dissolved Oxygen recorded in the major rivers of  the Sundarbans
(mg/l)

Station November 1998 April 1999

Saptamuki 3.4 3.3
Thakuran 3.4 3.4
Matla 3.4 3.5
Gosaba 3.5 3.3

Table 13. pH recorded in the major rivers of  the Sundarbans

Station July 1998 November 1998 April 1999

Saptamuki 7.7 7.9 7.9
Thakuran 7.8 7.8 8.0
Matla 7.9 8.0 7.8
Gosaba 7.9 7.7 8.0

Nutrients

Phosphate and Nitrate, the two most important nutrients controlling
primary production, were more conspicuous during November and April
(Table 14).

� Phosphate: Phosphate concentration varied from 0.4 to 1.0 mmol/l. The
Sapthamuki river exhibited high values in all seasons mainly due to
itsproximity to the Hooghly river.

� Nitrate: Nitrate concentration varied from 2.4 to 39.9 mmol/l. The
Sapthamuki and Thakuran rivers exhibited high values in all the seasons
mainly due to its proximity to the Hooghly river.

� Nitrite: Nitrite concentration varied from 0.6 to 1.6 mmol/l with high
values recorded in Gosaba river.

� Silicate: Silicate concentration varied from 4.8 to 49.1 mmol/l with high
values observed during November due to freshwater inflow.
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Water quality in the Sundarbans waters – a comparison

As per the Environmental (Protection) Act, 1985 (29 of  1986) (EPA), the
Sundarbans mangroves have been classified under the “Ecologically
Sensitive Zone (class – SW-I waters)”. In Table 15 the water quality of  the
Sundarbans is compared against the standards set for the SW-I waters by
the Ministry of  Environment and Forests (MoEF, 1998).

Table 14. Nutrients recorded in the major rivers of  the Sundarbans
(mmol/l)

Station Phosphate Nitrate Nitrite Silicate

S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3

Saptamuki 0.8 0.8 1.0 7.9 16.9 39.9 0.7 1.0 0.6 10.4 30.3 49.1

Thakuran 0.5 0.8 0.6 2.6 10.3 18.6 0.6 1.1 - 4.8 28.8 36.2

Matla 0.8 0.7 1.3 4.6 15.5 7.5 0.7 - - 4.0 25.8 29.7

Gosaba 0.8 0.7 0.4 7.1 22.4 2.4 1.6 1.6 0.4 11.5 30.4 15.5

S1 – July 1998;   S2 – November 1998;   S3 – April 1999

Table 15. Water quality in the Sundarbans waters – a comparison

Hydrological Standards In Remarks
parameters set by MoEF Sundarbans

pH range 6.5 – 8.5 7.7 – 8 Within permissible
limits.

Dissolved 3.5 – 5.0 3.3 – 3.5 DO values are low due
Oxygen mg/l mg/l to high values of

suspended solids

Suspended None from 42.0 – 164 High values observed
solids sewage and mg/l due to sedimentation,

industrial sewage and industrial
effluents effluents

predominantly from
the Matla – Hooghly
estuary.

As per the EPA notification published in December 1998, the Ecologically
Sensitive Zone should be safe and relatively free from hazardous chemicals
like pesticides, heavy metals and radionuclide concentration. However, high
values of  pesticides (water samples) and heavy metal (sediment samples)
have been observed in the Sundarbans (Table 16).
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Sediment quality

Sediment samples were collected during all the three field programmes
and analyzed for physical, chemical and bacteriological parameters. The
nature of  the sediment was from loamy to sandy. Sediment exhibited varying
percentage of  organic carbon ranging from 0.03 to 0.77% during the period
of  observation. Nutrient (N & P) content in the sediment was more or
less conspicuous ranging between 40 to 335 mg/g for phosphorus and 66
to 240 mg/g for nitrogen. Among the heavy metals, Pb concentration was
found comparatively higher than the others. Bacterial growth including
pathogens was also encountered in almost all the sampling points during
the period under study.

Socio-economic conditions

Approximately a population of  3.2 million inhabit this vast saline tract
which consists of  54 low-lying conglomeration of  islands interconnected
through tidal rivers, creeks and marshes. People are poor and they subsist
on single crop agriculture, fishing, honey and wood collection from the
forests. In the absence of  any alternative employment, they depend largely
on forest resources like firewood, timber, honey, beewax and Golpata (Nypa
sp.), and tend to resort to illegal practices like poaching and felling. They
collect tiger shrimp seeds in large numbers causing damage to juvenile fish
stock and mangroves. It is estimated that for every tiger shrimp seed
collected, over 400 seeds of  other fish/shellfish are destroyed (Vyas, 2001).

Studies conducted in villages around the Sundarbans reveal that there is a
close relation between the Sundarbans
mangroves and socio-economics of
the local people, where fishing,
forestry and agriculture dominate
occupation structure. Agriculture is
highly unbalanced and mostly
monoculture. The daily income of  the
local people involved in agriculture is
as low as Rs. 5 to Rs. 12 per day. A
sizeable number of  people depend on

Table 16. Pesticide and heavy metal values in the Sundarbans waters

Pesticide/ heavy metals Range

DDT 101 – 7321 ng/l

Endosulphan 13 – 586 ng/l

Lead 28.5 – 100 mg/g

Cadmium 1.1 – 2.1 mg/g

Mercury 0.1 – 0.5 mg/g

Honey collection – an important
income for locals, Sundarbans
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illicit wood cutting and honey collection from the forests. It is estimated
that each year about 5000 fishermen and 500 honey collectors and cutters
enter the deep forest in search of  a livelihood ignoring the threat from
tiger attacks.

Fishery resources in Sundarbans

Fisheries play a significant role in the socio-economy of  the communities
of  the Sundarbans. It is diverse, comprising estuarine and coastal fisheries,
brackish water aquaculture and a variety of  freshwater aquaculture
techniques. Crab harvesting is also practiced in the Sundarbans with at
least five species being regularly caught. The estimated crab landings from
this area is about 1200 to 1500 tonnes per year. Some of  the economically
important species are Scylla serrata, Portunus pelagicus and P. sanguinolentus.
Annual yield of  shrimp ranged from 1996.6 to 3344.2 metric tons
contributing 6.3 to 8.6 % of  the total catch from this estuary. The bulk
catches of  shrimp (38 to 73%) come from winter fishery alone.

The total number of  estimated fishermen families in the Sundarbans 24-
Parganas (South) is about 41,040. The average monthly income per family
as estimated during 1990-1995 was around Rs. 2500. A large number of
fishermen are also engaged with occupations related to fishing such as
marketing of  fish, repairing of  nets and processing of  fish. Many fishermen
in groups of  fishing parties migrate mainly from different areas of  the
Hooghly - Matla estuary during the winter season to suitable areas near the
sea in the lower zone and establish fishing camps and remain engaged in
bagnet fishing from the end of  October to early February. The main areas
of  activity of  this type of  fishing (migratory bagnet fishery) are Sagar
Island, Frasergunj, Bakkhali and Kalisthan. Table 17 shows the total fish
catch (in tonnes) from inland and marine sectors of  South 24 Parganas.

A fishing convoy in twilight, Sundarbans
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Inland fishery data include other
blocks of  the district, besides the
Sundarbans blocks. A wide variety of
gears are operated around the year
in the estuary for commercial fishing.
The major groups are trawl nets,
seine nets (large and small), purse or
clap nets, drift gill nets, lift nets, cast
nets, bagnets (stationary/migratory),
set gill nets, set barrier nets, hooks
and lines and traps. There are also
various crafts operated in 13 blocks
of the Sundarbans  in South 24-
Parganas (Tables 18 and 19).

Major activities

The Sundarbans Biosphere Reserve
is striving continuously to fulfil the
three complementary functions of
a Biosphere Reserve:

� The conservation function to
preserve the mangrove
ecosystem of the Sundarbans
along with its species and genetic
variations

� The development functions of

Table 17. Total catch (in tonnes) of  the inland and marine fisheries of  the
South 24 Parganas

Year Inland Marine

1996-97 51807.36 77400.00

1997-98 52132.50 73800.00

1998-99 54882.72 77100.00

Table 18. Traditional fishing gears

Gears Number

Trawl nets 390

Gill nets 30034

Cast nets 43979

Drag nets 7294

Others 8039

Table 19. Traditional fishing crafts

Crafts Number

Canoes

Motorized 134

Non-motorized 810

Catamaran

Motorized 769

Non-motorized 1114

Plank Built Boat

Motorized 635

Non-motorized 891

Others

Motorized 4635

Non-motorized 4891

Liner 66

Seiners 192

Beach landing crafts 765

Trawlers 520

Gill netters 628

Locals with their day’s catch
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fostering social, cultural and ecologically sustainable economic and
human development by trying to improve the quality of  life of  the
local people

� Logistic support function by facilitating research, monitoring, education
and training related to local and regional issues of  conservation and
sustainable development.

The main strategies adopted by the Sundarbans Biosphere Reserve (SBR)
for conservation and monitoring are educational training and awareness
programmes regarding the Biosphere Reserve, afforestation with mangroves
and promoting ecotourism activities.

Educational training and awareness programmes

A strong emphasis has been given on developing an education and training
programme on mangrove ecosystems through

� Trips to field locations and interpretation centres involving the students
of  the buffer locality and panchayat members.

� Awareness camps in villages/towns by arranging participation in local
exhibitions and organising audio-visual shows on subjects like
mangrove afforestation techniques and mariculture activities like oyster
and crab culture.

� Creation of  mini mangrove arboretum along with Mangrove
Interpretation Centre in different locations.

� Conducting workshops, wildlife weeks, seminars etc.

Eco-developmental activities

The Sundarbans has been attracting tourists from all over the world. The
vastness of  the water, the magnificent mangrove forests, hundreds of
resident and migratory birds, cats, crocodiles and the Royal Bengal Tiger
form the spectrum of  its living resources. About 90,000 tourists visit the
Sundarbans annually. Most of  the tourists are interested in inter-island
boat trips for bird watching (50%), turtle nesting (33%) and recreational
fishing (17%). Some of the major tourist spots/sanctuaries include Lothian
Island, Haliday Island Wildlife Sanctuary, Sajnekhali Wildlife Sanctuary and
Bakkhali. Lothian Island is located in the west of  the Sundarbans covering
38 km2. It is particularly known for its wild pig, chital, estuarine crocodiles,
gangetic dolphin and aquatic birds. The Haliday Island located in the west
of  the Sundarbans covers an area of  5.95 km2. Sajnakhali Wildlife Sanctuary
lies within the core zone and covers an area of  362 km2.

Afforestation activities

Since 1989 attempts have been made to restore mangroves in the degraded
mangrove areas. These degraded areas include mangrove forests along the
river banks due to coastal erosion and natural calamities in addition to
those lost due to reclamation activities. Afforestation is primarily carried
out for two main reasons viz.: (i) conservation and preservation of  rare
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and endangered species like Heritiera fomes (ii) offering natural protection
to the coast against cyclones and storms by planting mangroves such as
Avicennia. Mangrove nurseries are developed at Lothian Island in
Bhagabatpur range, Bhakkali Reserve Forest in Namkana range and along
Bidya river in Gosaba range. Almost all camp offices are involved in the
afforestation of  the Heritiera fomes.

A total of  over 19,000 ha. has been afforested since 1989 (Vyas, 2001).
This has helped in habitat improvement, conservation of  threatened flora
such as Sundari and Nypa, and generation of  employment for the fringe
population. The areas covered by these plantations under the Social Forestry
Programme are the villages Gosaba, Mathurapur and Patherpratima in the
Centre Hingalgunge and Hasnabad in the north and Kultali, Sagar and
Kakdwip in the West.

Major threats to the ecosystem

� Apart from the waste generated by the existing population of  3.2 million
in the Sundarbans, untreated domestic waste to the tune of  397 tons
per day reaches the Sundarbans from the Kolkata Municipal Area.

� Gradual clearance of  the forest area has occurred due to the increased
need of  fuel wood and construction materials.

� The Sundarbans is highly susceptible to natural disasters. Violent storms
occur during the south-west monsoon and early post monsoon period
causing severe erosion to the coastal zone.

Mangrove afforestation, Sundarbans
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� About 40,000 people are involved in the collection of  post-larval tiger
shrimp which is about 540 million/year. It is estimated that for an
average collection of  6.5 g. shrimp seeds, more than 3,000 g. of  finfish
and 4,400 g. of  shellfish seeds consisting of  50 different species are
destroyed per net per day.

� Discharge of  oil from mechanized boats and oil tankers wash is
increasing. The Hooghly river which forms the western boundary of
the Sundarbans has been subjected to great stress from increased
industrial and domestic sewage pollution.

� Intensive agriculture activities with more and more fertilizer and
pesticide along with changed land-use pattern have an impact on the
ecosystem.

� Due to the increase in population, the demand for forest and marine
resources has increased resulting in over-exploitation of  the resources
causing threat to the ecosystem.

Collecting tiger prawns, Sundarbans
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Recommended measures

In order to preserve this pristine environment and protect it from depletion
of  flora and fauna the following management measures are recommended:

� As the entire area falls under CRZ I category, all prohibitory and
regulatory activities in the zone as recommended under the CRZ
notification should be strictly enforced.

� Reclamation of  the forest along the peripheral regions for other
developmental activities has to be avoided.

� Waste generated should be treated and managed properly before they
reach the rivers of  the Sundarbans.

� Eco-restoration programmes are to be popularised among the local
population in order to facilitate community based management.

� Ecotourism should be encouraged. The efforts should be made to
educate the tourists sufficiently so that they do not damage the
environment in any way.
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� Areas of  natural mangrove regeneration are to be marked and protected.

� Alternate sources of  fuel instead of  mangroves have to be provided
to the local communities.

Conclusion

The coastal mangrove wetlands efficiently balance the energy requirements
in the coast. SUNRISe as an information system is an attempt to help in
management, monitoring and preservation of  this pristine environment
from any further degradation. The area under mangrove vegetation has
been mapped using remote sensing, exhaustive and extensive field surveys
and GIS. The study highlights the capabilities of  remote sensing techniques
for mapping vegetative cover in coastal wetlands in a short period and cost
effective way.

In this study, the total area under mangrove cover in different administrative
control units of  the Sundarbans Tiger Reserve and D.F.O 24 Parganas
(South) has been estimated and details on the dominant species and their
spatial extent are listed. The exposed muddy areas have been mapped and
these areas can be taken up for afforestation in future.

Repetition of  such mapping over regular intervals will provide definite
information on the success of  the afforestation programmes and the status
of  the wetlands which are prone to natural calamities as well as human
induced activities.
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Introduction

Mangrove forests are degrading due to a combination of  anthropogenic
factors and geo morphologic changes in the mangrove ecosystem.
Restoration of  degraded mangroves is being carried out in tropical and
subtropical estuaries throughout the world (Field, 1996; Qureshi, 1996;
Snedaker and Biber, 1996; Soemodihardjo et al., 1996; Untawale, 1996).
Restoration of  mangroves started in Indonesia in the early 1960s and an
area of  about 38,920 ha. was restored upto 1992 (Soemodihardjo et al.,
1996). Macnae (1968) planted Rhizophora apiculata in the newly accreted
soils in Sri Lanka for stabilization of  the area and for trapping the sediments.
Goforth and Thomas (1979) reported the planting of  mangroves in Florida
for reducing coastal erosion. Restoration of  mangroves arrests further
degradation of  mangroves adjoining the degraded patches and increases
the fishery resources.

In Andhra Pradesh the extent of  mangrove wetlands in Godavari and
Krishna are 33,263.32 ha. and 24,999.47 ha. respectively. Although the
extent of  mangrove wetlands in Godavari are 33,263 ha., the dense
vegetation is only about 17,000 ha. The remaining areas are under water
bodies, mud flats, degraded mangroves, sandy beach and Casuarina
plantations. Similarly, in Krishna only about 10,000 ha. are with dense
mangroves and the remaining areas are under mudflats and degraded areas.
The M. S. Swaminathan Research Foundation (MSSRF) and the Forest
Department, Government
of Andhra Pradesh are
restoring degraded
mangroves to enhance the
mangrove vegetation. In
Andhra Pradesh MSSRF
with the participation of
eight village level
institutions (Eco Develop-
ment Committee/Vana
Samrakshan Samiti) has
restored 520 ha. of
mangroves (Table 1) and
the Forest Department,
about 2000 ha.

Excoecaria agallocha, flowers
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Study area

The restoration of  degraded mangroves was carried out in the Krishna
and Godavari estuaries. Godavari and Krishna wetlands in Andhra
Pradesh are located in the deltaic regions between 16° 30’ - 17° N and
82° 23’ E in the East Godavari district and between 15° 42’ - 15° 55’ N
and 80° 42’ - 81° 01’E in Krishna and Guntur districts respectively.

Causes for degradation

The coastal community living near the mangroves utilises the mangrove
resources as fuel wood, fodder, fencing and house construction material.
The extensive use of  the mangrove resource is one of  the causes for
mangrove degradation along the fringes. The topographically elevated
areas adjoining the creeks (levees) formed due to the sediment deposition
during floods prevent regular tidal flushing leading to increase in soil
salinity.  Creeks supplying tidal water into the mangroves are also silted
preventing tidal water flow in some of  the areas. Mangroves are also
degraded due to:

� Changes in biophysical condition due to coupe felling in the past
(clear felling as a part of  the Government management practice).

� Reduction in freshwater flow.

� Conversion of  mangrove forests for other purposes.

Research needs before initiating mangrove restoration

Identification of  degraded areas

Degraded areas were identified through a biophysical survey and using
remote sensing images obtained from NRSA, Hyderabad.

Table 1. Details of  restored area and the area under protection by the
villagers

Demonstration village Area restored (ha.) Area under protection (ha.)

Matlapalem 5 502

Dindu 25 900

Kobbarichettupeta 35 3925

Gadimoga 25 900

Bhairavalanka 75 615

Dheenadayalapuram 236 2000

Zinkapalem 114 600

Nali 5 -

Total 520 9442
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Biophysical study

Soil samples collected from the degraded area were analyzed for nutrients
and soil salinity. Pore water salinity (subsurface water) was analysed during
different seasons. Tidal amplitude and topography of  degraded areas were
studied and canal dimensions were determined. Topography of  the area
was measured using a level instrument. The Survey of  India maps and
anecdotal evidences (Participatory Rural Appraisals) were collected to verify
the earlier existence of  mangroves. Based on the distribution of  mangrove
species (zonation), the species were selected for planting in the degraded
area.

Soil profile

Mangroves require clayey soil for good establishment. Mangroves grow
well in alluvium deposits (accreted areas) because of  their high nutrient
content. However, mangroves are stunted in sandy clay areas. In Andhra
Pradesh, the soil is clayey except for a few places near the sea in the Godavari
and Krishna estuaries.

Species selection

The recently formed mudflats are Porteresia coarctata and small seedlings of
Avicennia alba and Sonneratia apetala. In the seaward areas Sonneratia apetala,
Avicennia alba and species of  Rhizophora are the suitable species for planting.
Avicennia marina is the most common species suitable for mangrove
restoration in the degraded areas. This species has the ability to tolerate
salinity up to 90 ppt. The halophytes viz.: Suaeda and Salicornia are also seen
along with stunted Excoecaria agallocha and Avicennia marina.

The pore water salinity was found between 80 and 120 ppt. Based on the
soil salinity, the highly saline tolerant mangrove species like Avicennia marina,
Excoecaria agallocha and Avicennia officinalis were selected for planting in the
degraded areas. Other species such as Bruguiera gymnorrhiza, Xylocarpus
moluccensis, Rhizophora apiculata and R. mucronata were also planted for genetic
diversity.

Restoration techniques

Afforestation in mudflats

Mangroves normally establish themselves naturally in the newly formed
mudflats in the estuary as these areas receive tidal water twice a day. Planting
of  saplings is only necessary for developing mangroves with one meter
spacing. This method has been extensively followed in the Sunderbans
and Bangladesh. If  the mangroves are not developing in the accreted
mudflats, then the reasons have to be studied in detail. In Godavari and
Krishna, the newly formed mudflats have a dense growth of  mangroves.
Hence, afforestation was not carried out in Andhra Pradesh. The
expenditure for raising these plantations is very low when compared to
the restoration of  degraded mangroves using the canal method.
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Problems commonly encountered in afforestation programme are:

� Entanglement by debris and filamentous green algae such as
Enteromorpha and Cheatomorpha.

� Leaf-eating insects and moth larvae.

� Encrustation by sessile organisms like barnacles.

� Erosion.

Restoration of  degraded mangroves using the canal method

The canal method or trench method is largely followed to restore mangrove
areas that are degraded due to clear felling in the past under the coupe
system of  management. The Mangrove Reserve Forests have been clear
felled in large areas for revenue generation by various government agencies
since the time of  the British Government. This system of  clear felling was
followed in 15 to 25 year rotations. Because of  the large scale felling, soil
water in the coupe-felled areas evaporated (mangrove soil contains 80%
of  water), which in turn caused subsidence of  sediments. As a result, smooth
topography of  the mangrove wetland has become trough shaped and tidal
water entering into these trough shaped areas stagnates. The evaporation
of  the stagnant water leads to hyper saline condition and prevents natural
regeneration of  mangroves in the coupe felled areas.  The canal method is
also suitable for topographically elevated areas formed due to sediment
deposition during floods.

Micro topographic survey

In some of  the degraded areas, the land adjoining the creeks is elevated
(levees) due to the deposition of  sediments during floods. Due to such
elevation, the area inside hardly receives any tidal flushing.  Only the fringe
areas support mangroves while the interior areas are blank, without any
vegetation. The topographic survey revealed that the land was elevated
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about 35-40 cm near the creek side.  The topographic study helps in deciding
the canal depth and accordingly the canals were dug. The canal depth was
35 cm deep in the elevated area.

Tidal amplitude

The tidal amplitude ranges from 0.4 to 1.4 m in Godavari. In Krishna it
ranges from 0.35 m to 1.3 m. Accordingly the dimensions of  the canals
were designed.

Mangrove nursery

Avicennia marina is selected based on its wide range of  saline tolerance (up
to 90 ppt).  The survival rate of  nursery-raised saplings was high because
of  the well developed root system.  The planting of  saplings was done
immediately after the southwest monsoon since survival is better in low
saline conditions. Untawale (1996) and Snedaker and Biber (1996) also
reported that the survival rate of  nursery raised saplings was higher than
that of  direct sowing. However, direct planting of  mangrove propagules
will reduce the cost of  establishment substantially.

Land preparation (canals)

To facilitate tidal water flow into the degraded areas, shallow canals were
dug for tidal flushing. The plants were planted along the canals.  In the low
lying degraded areas the saplings were also planted in between the canals.

Dimension of the canals

The depth of  the main canal varies from 0.45 to 0.7 m and the side canals
from 0.6 to 0.45 m. The top width of  the main canal was between 3.5m
and 2 m and the bottom width, between 1 m and 0.4 m. The dimensions
of  side canals were: 2m top width, 0.4 m bottom width and 0.45m depth.
The distance between the two side canals was 12.5 m. The planting of
mangrove saplings was done 2 m apart along the canals. However,
subsequently the distance between the side canals was reduced to 8 m and
the dimensions of  the side canals were reduced as 1.5 m top width, 0.3 m
bottom width and 0.45 m depth.

Selection of species

In the degraded areas, the halophytes like Suaeda maritima, S. nudiflora and
Salicornia brachiata, and mangroves like Excoecaria agallocha and Avicennia
marina are present in stunted form. In the low lying areas, even the
halophytes could not establish due to water stagnation for a prolonged
period and soil salinity due to the evaporation of  water. The pore water
salinity in the degraded area was between 80 and 120 ppt.  Based on the
soil salinity, Avicennia marina, Excoecaria agallocha and Avicennia officinalis were
selected for planting in the degraded areas as they were highly saline tolerant
mangroves.

Planting of species

Eight month old mangrove saplings of  Avicennia marina, Excoecaria agallocha
and Avicennia officinalis raised in the nursery were used for planting. Other



124 R. Ramasubramanian and V. Selvam

species like Bruguiera gymnorrhiza, Xylocarpus moluccensis, Rhizophora apiculata
and R. mucronata were also planted for genetic diversity.  Mangrove saplings
were planted along the slopes (20-25 cm from the top) of  the canals at 2m
intervals. The planting is done during October and November after the
southwest monsoon. The monsoon and tidal flushing before planting
reduce the soil salinity and lead to successful establishment of  the mangrove
saplings. Experimental trials of  the direct dibbling of  mangrove seeds/
propagules were also carried out.  The survival percentage of  direct dibbling
of  seeds is lower than the nursery raised saplings. Other species viz.: Aegiceras
corniculatum, Dalbergia spinosa, Caesalpinia crista, Lumnitzera racemosa, Derris
trifoliata, Acanthus ilicifolius and Myriostachya wightiana were established naturally.

Growth

In the mangrove plantations, survival is more than 80% but the initial
growth rate is slow (2m in 3 years). This may be because of  the fact that
the restoration areas are elevated and the average inundation in the canals
in a month is about 15 days. Problems commonly encountered using this
method are silting of  canals and grazing.

Conclusion

Freshwater flow is very important for mangroves and studies have to be
carried out for optimum freshwater requirement for better mangrove
growth. Mangrove restoration using the canal method has to be monitored
and if  necessary desilting has to be done for at least three years beforehand.
Site specific mangrove restoration techniques have to be used based on
the tidal amplitude and topography. The user community has to be involved
in mangrove conservation and management programmes so as to utilize
the resources judiciously.

To determine the causes for mangrove degradation the biophysical
conditions and a topography survey have to be carried out before
undertaking mangrove restoration. The biotic interferences like grazing
and felling have to be addressed and continuous monitoring of  the
plantation is required for successful restoration of  the degraded mangroves.
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Introduction

The Institute of  Wood Science and Technology (IWST) is mandated to
conduct research on wood science and technology as its national objective
and focuses its research problems on important forestry research needs of
the States of  Karnataka, Andhra Pradesh and Goa at regional level. Taking
into consideration the expertise available and contributions made by the
Institute, the Indian Council of  Forestry Research and Education (ICFRE)
has recognised the Institute as the Centre of  Advanced Studies in the areas
of  (a) Improved utilisation of  wood, (b) Mangrove and coastal ecology
and (c) Research on sandal.

Giving due consideration to the expertise and background of  the scientists,
the Winrock International Review Team recommended the development
of  a division for Coastal Forest Conservation and Management and in
1998 ICFRE assigned this Institute the status of  “Centre of  Advanced
Studies in Mangroves and Coastal Ecology”.

The Division of  Wood Biodegradation is handling research on mangroves
and coastal ecology. The Institute has established a well equipped shore
laboratory for exclusive studies on marine wood biodegradation, coastal
forestry and mangrove research. The Institute’s expertise is in:

� Authentic identification of  biodeteriorating agents (insects, fungi,
marine borers and foulers).

� Raising and maintaining nurseries and establishing plantations.

� Protection of  trees from pests and diseases in nurseries and plantations.

� In-situ treatment of  trees to protect the timber from fungal and borer
attack.

� Protection and management of  mangrove ecosystems from
biodeterioration.

In this paper the results of some
research initiatives taken up by the
IWST in the field of  mangroves are
presented.

Floristic diversity

Tomlinson (1986) recognized a total
of  114 mangrove species all over the
world and categorized them into
major and minor elements of the

Martesia striata (marine wood borer)
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mangal and mangal associates. Selvam (2003) stated that the total number
of  exclusive or true mangrove species in the World is 68 under 27 genera.
Among these, 51 species are found in South Asia and 33 in India. Banerjee
et al. (1998) reported 59 species under 41 genera in 29 families in India
including the mangrove associates. Kathiresan and Qasim (2005) reported
71 species of  mangroves under 43 genera in 28 families. In the floristic
surveys we conducted, 21 species of  mangroves and 57 species of  mangrove
associates that belong to 64 genera in 38 families were collected from Goa,
Karnataka and Andhra Pradesh.

The mangrove flora of  Goa consists of  12 species under 8 genera in 6
families and 18 mangrove associates belonging to 17 genera in 13 families.
The mangrove wetlands of  Karnataka supported 14 mangrove species
under 9 genera in 7 families and 29 mangrove associates belonging to 27

genera under 20 families. The mangals of  Andhra
Pradesh encompassed 19 mangrove species
belonging to 12 genera under 10 families and 43
mangrove associates belonging to 37 genera under
20 families.

Among the 21 mangrove species collected from the
three states, 10 species were common, viz.: Acanthus
ilicifolius, Avicennia officinalis, Excoecaria agallocha,
Aegiceras corniculatum, Bruguiera cylindrica, B. gymnorrhiza,
Rhizophora apiculata, R. mucronata and Sonneratia alba.
Of  these, A. officinalis, E. agallocha, A. marina, R.
mucronata and S. alba were the most dominant. It was
observed that Sonneratia alba and Rhizophora mucronata
were very common in Goa and Karnataka but
infrequently distributed in the mangrove wetlands
of  Andhra Pradesh, especially the former which was
observed only in Coringa RF. Avicennia alba is
common in Andhra Pradesh but not in Karnataka
and Goa. Similarly, Kandelia candel was very common
in Goa and Karnataka but not available in Andhra
Pradesh though it was earlier reported by Gamble
(1915-1936).

Four rare mangroves, Scyphiphora hydrophyllacea, Aegialitis rotundifolia, Xylocarpus
granatum and X. mekongensis, exist only in the mangrove wetlands of  Andhra
Pradesh. Brownlowia tersa (Tiliaceae) recorded for the first time in the
mangrove areas near Ramannapalem of  Coringa RF in East Godavari
district of  Andhra Pradesh forms a new distributional record for the flora
of  Peninsular India (Venu et al. 2006).

Faunal diversity

Mangrove fauna is composed of  animals from terrestrial, marine and
freshwater environments.

Bruguiera gymnorrhiza,
fruit
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Entomofauna of  mangroves: There is great diversity of  insect species in
this ecosystem but the details of these faunal elements and their ecological
implications are least explored. Over 30 species of  insects were recorded
from mangroves of  the Bay Islands.  Insects from different mangrove
patches along the West Coast were collected, preserved and identified.
About 340 species of  insects were collected, of  which 200 have been
identified. Among them, nearly 150 species are the first records from
mangroves of  the Indian mainland. Coleoptera form the most dominant
order constituting 22% in the collection. Lepidoptera and Hemiptera are
other important orders. The most significant aspect of  the insect plant
relationship in any ecosystem is herbivory. Nearly 75 herbivores and their
nature of  herbivory have been documented. Each plant species was found
to have its own associated insect community. The bioecology of  some of
the important defoliator species has also been worked out. Severe defoliation
and leaf  damage were noted in three true
mangrove species viz.: Avicennia officinalis,
Rhizophora mucronata and Sonneratia
caseolaris. The percentage loss of  leaf  area
in true mangrove species due to insect
folivory has been calculated. The overall
folivory was found to be 10.74%. The
lowest rate was noted for Rhizophora while
the highest was recorded for Sonneratia.
A large percentage of  propagules and
seeds of  mangroves were damaged by
insect borers. The percentage infestation
rate of  seeds and propagules ranged from
24 to 71.11% (Rao et al., 2004).

The Institute has recently carried out a
baseline study which dealt with the floral
morphology, insect visitors and their
visitation frequency, nature of  foraging
and the possibility of  their contribution in the pollination mechanism.

In a recent study on nocturnal insect diversity on Avicennia officinalis, A.
marina, A. alba and Excoecaria agallocha in Coringa mangroves, insects
belonging to eight major orders were identified. A total of  90 morph species
of  insects have been reported, out of  which the family Staphylinidae
belonging to the order Coleoptera was found to be the dominant,
comprising of  12 morph species followed by the Carabidae, Hydrophillidae
and Trogossitidae. In the Hemiptera, the family Notonectidae is found to
be the most dominant with four different morph species followed by
Cydnidae, Fulgoridae and Pentatomidae. For the order Hymemoptera, the
family Formicidae is found to be the dominant with respect to the number
of  morph species.

Epi-and in-fauna of  mangroves: Mangroves with their intricate and

Avicennia officinalis, fruits
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specialized root system provide a luxuriant
substratum to many of  the marine organisms.
The marine organisms that colonize the
mangrove ecosystem can be classified as epi-
fauna (those organisms that grow on the wood
surface) and in-fauna (marine organisms that
bore and grow inside the wood).
Biodeterioration of  mangrove vegetation by
marine wood boring (in-fauna) and fouling
(epi-fauna) organisms is of  great economic
importance because of  the damage they cause
to living mangrove vegetation worldwide.

So far, 19 species of  shipworms, four species
each of  pholads and sphaeromatids have been

reported from the east and west coast Indian mangroves. The borers most
widely distributed and successful in colonising Indian mangroves are Bankia
campanellata, B. carinata, B. rochi, Bactronophorus thoracites, Lyrodus manni, L.
pedicellatus, Martesia striata and M. nairi. The marine wood borers are observed
to bore into the main trunks, branches and roots of  living mangrove plants
and dead stumps which come in vicinity of  water during high tide. Our
survey in the mangrove habitat of  Goa and Kundapur region has showed
that on an average 40% of  the plants showed infestation ranging from
slight to severe attack.

Foulers form the epi-faunal community of  mangrove plants and mostly
comprise of  marine organisms like barnacles, oysters, gastropods, serpulids
and bryozoans. The barnacle (Balanus amphitrite) and oysters (Saccostrea sp.)
are found to settle heavily on prop roots and living seedlings of  mangroves
and they have harmful effects on mangroves. A survey on two year old
mangrove seedling plantations in Goa and Kundapur have shown that
more than 30% of  the seedlings are heavily infested by fouling organisms
which eventually cause death of  the seedling. Gastropods (Littorina sp.) are
commonly observed on the leaves of  seedlings during low tide.

It is difficult to totally prevent borer damage to living vegetation as the
usual wood preservation methods cannot be applied to living trees. Infested
stumps and other trash-wood lying in
the habitat should be removed as they
serve as a perennial source for the
supply of  borer larvae. To prevent
foulers damaging plantations,
seedlings should be planted so that the
crown of  leaves is not submerged
during high tide. In case the tidal range
is high in a locality, use of  taller
seedlings or saplings for plantation
should be considered.

Saccostrea cucullata (marine
wood borer)

Serpulid cluster (marine wood borer)
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Wood anatomical perspective and utilization of  Indian mangroves

The anatomical structure of  wood which determines the physiological
function is not only important to understand the growth patterns of  the
tree but also its utilization. The detailed microscopic structure of  the
mangroves coming under the family Myristicacae has been studied. A
comprehensive study of  the aerial root wood of  Sonneratia caseolaris has
been completed and its perforation plates have been described by the help
of  SEM. The wood anatomy of  Duabanga and Sonneratia with reference to
their systematic position has also been studied.

Efficacy of  extracts of  mangrove species against durability of
wood

The mangrove ecosystem has a very large unexplored potential for natural
products. Rhizophora mucronata and
Excoecaria agallocha are two important
species widely distributed in the mangrove
system of  India. These two species are
known to have medicinal properties. R.
mucronata is reported to be astringent, a
remedy for angina, diabetes, diarrhea,
dysentery, hematuria and haemorrhage. E.
agallocha is used to treat sores and stings
from marine creatures. Smoke from the
bark is used to treat leprosy. Modern
clinical trials show that the plant may have
anti-HIV, anti-cancer, anti-bacterial and
anti-viral properties. In a recent study, the
possibility to use R. mucronata and E.
agallocha extracts as wood preservatives has been explored. The bark and
wood extract of  R. mucronata and the leaf  and bark extract of  E. agallocha
were tested against decay fungi and termites to see the efficacy of  the
extracts. The treatments showed signs of  improvement when compared
to that of  the control. The damage of  test panels by the attack of  termites
is delayed to some extent in the treated test panels.

Phytochemical analysis of  mangrove species

A study to explore complex and novel chemical entities and active principles
with respect to certain mangrove species is being carried out at the Institute.
Different parts (bark, leaf  and wood) of  these species are processed and
extracted by successive extraction with solvents of  different polarity
followed by purification of  the extracts with the help of  thin layer
chromatography and column chromatography. The extracts are subjected
to preliminary phytochemical testing by standard colour reaction method
so as to test the presence of  different phytochemicals like phenols,
terpenoids, sterols, falvonoids, alkaloids, tannins, coumarins and quinone.
Once the preliminary phytochemical screening is done the particular

Excoecaria agallocha, young fruits
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phytochemical can be isolated by sophisticated analytical techniques and
can be further screened against various pathogens to ascertain its bioactive
potential.

Mangrove trees produce a range of  novel compounds, including phenols
of  medicinal value and so, they serve as a treasure trove of  natural products.

National workshops related to mangroves

The Institute has conducted three major workshops related to mangroves.
The first workshop was conducted on “Forestry, Forest Products and
Coastal population” with emphasis on the Eastern Ghats of  India from
10th to 12th February in 1999 at Chennai, in which 77 delegates from Forest
Departments, Forestry Research Organisations, Universities, Non
Government Organisations and fishermen participated. Following were
the recommendations came out of  the workshop.

� Raising more plantations of trees with specific use in marine conditions

� System approach needs to be followed for Coastal Zone Management

� Governments need to take the initiative to develop suitable plantations
and treatment plants for demonstration purposes

� Prevention of  sand dune erosion be done establishing the shoreline
with proper vegetation including the mangroves

In 2004, the Institute conducted a workshop on ‘Conservation, restoration
and sustainable management of  mangrove forests in India’. The emphasis
of  the workshop was on flora, fauna and ecology, besides new approaches,
policies and legal issues. Sustainable utilization of  the mangrove ecosystem
for local community development was addressed. A total of  61 delegates
from state forest departments, research institutes and coastal communities
participated in the workshop. Important recommendations made at the
end of  the workshop were:

� Develop and implement models for sustainable management and
utilization of  mangrove ecosystem by local communities.

� Involve local communities and other stakeholders in planning,
formulation and implementation of  Mangrove Management Plans.
Incentives should be provided to private owners for mangrove
conservation.

� All the mangrove areas should be declared as ‘Forests’. They should
be managed in accordance with the management plans prepared by
the State Forest Departments in consultation with local communities
and other stakeholders.

� Create awareness for mangrove conservation at the levels of  the
judiciary, policy makers, entrepreneurs, industries and the general public.

� Develop suitable monitoring and evaluation protocols for management
interventions.
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� Well stocked mangrove areas rich in biodiversity should be identified
and provided special protection under the existing laws.

� Projects like a floating city in the Sundarbans should not be allowed.

The Institute conducted a National Workshop on ‘Mangroves in India:
Biodiversity, Protection and Environmental Services’ on 7th and 8th February
2008, in which about 75 delegates participated. This workshop was
sponsored by the Ministry of  Environment and Forests, Government of
India. The main emphasis of  the workshop was on conservation,
management, biodiversity, ecology and utilization, besides environmental
reviews, people’s participation and policy issues.

Training and capacity building

In the present day scenario of  fast dwindling natural resources, community
participated natural resource management is the key to conservation and
sustainable utilization of  biodiversity, of  which the mangrove forest is a
vital component. The role of  mangroves in the economy of  the local fisher
community is significant. Along the east coast alone, more than 1000 villages
are dependent on mangroves for their livelihood security. IWST has planned
to create awareness through conducting training programmes and
interactionwith the community.
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Introduction

The natural cycle of  climate change coupled with rapid man-made changes
indicate multiple impacts on various systems of  the earth (Gornitz, 1990).
These include increase in temperature, sea level rise, cyclones, effect on
rainfall patterns, flash floods, drought, erosion, loss of  forest cover etc.
(Shukla et al., 2002). Although a lot of  research has gone into various aspects
of  the subject (see Rajamanickam, 1990), more scientific information are
still needed with respect to the impact of  climate change on the coastal
and marine ecosystems of India.

Various scenarios have been discussed by the experts (Anonymous, 1992;
Al Gore, 1992; Bird, 1990). As a result of  global warming, effects like
melting of  glacial waters and expansion of  the sea water volume (steric
effect) would ultimately increase the level of  the sea (Bird, 1990). According
to Raper et al. (1988) the ocean level will increase 12 to 18 cm by 2030.
Hofman (1984) predicted 100 cm increase in sea level in the next 50 to 150
years. In the light of  this, various marine ecosystems along the Indian
coasts are reviewed.

Status of  research on the impact of  climate change

Impact on marine ecosystems: There are many publications on the marine
biology of  Indian coasts. A review of  the available literature shows that
there are only a very few works directly related to climate change or its
resultant impacts. These contributions, however, could be used for
estimating the impact and identifying the gaps in information to decide
future lines of action.

Some geological publications have significantly contributed to the past
climate change and impact on the Indian coast (Vaidyanadhan, 1991).
Biological organisms like foraminifera have been used by Nigam (2000),
Nigam and Khare (1999)
and Nigam et al. (1995) to
study the impact of sea
level rise, precipitation and
so on. Several scientific
papers have been published
on the impact of  sea level
rise on coastal environ-
ments (Rajamanickam,
1990). Untawale and Jagtap

Melting Himalaya glaciers, Images 1921 and 2009
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(1991) have reported the formation of  mudbanks, deltaic Islands and the
growth of  mangroves to ‘climatic climax’ to stabilize the systems in major
deltas like the Sundarbans. The recent publication Climate
Change and India (Shukla et al., 2002) deals in great detail with the Indian
scenario looking at past and present circumstances, model projections,
mitigations, forests, food securities, sustainable development and future
strategies.

Communities of  plants and animals living in coastal areas are adapted not
only to mean sea level but to regular short term changes or variability in
sea level, which are associated with the tidal cycle and recurring seasonal
changes. The monsoons in the Bay of  Bengal, for example, result in the
mean sea level in Bangladesh about 94 cm lower in March than in September,
a condition to which the mangrove ecosystems are adapted. It has been
argued that even in the case of  infrequent episodic events, the communities
concerned are “disturbance adapted” and that indeed disturbance may be
necessary to maintain the biodiversity of  some coral reef  and mangrove
communities. Some other contrary examples are nesting marine turtles
and horseshoe crabs.

Policies should be designed to address present day problems in coastal
zones with a view to strengthening the natural capacity of coastal systems
to respond to changes. In simple terms a dead coral reef  cannot grow
whilst a healthy reef  has the potential to grow and provide continued
protection against rising sea levels. Policies designed to halt reef  degradation
or restore damaged reef  ecosystems maximize the potential for reefs to
respond to climate change and sea level rise. In addition, such policies
provide for the sustainable use of  the renewable living resources of  reef
ecosystems and hence, even in the absence of  climate change, such policies
would provide benefit to future generations.

Whilst total global fisheries production is not expected to decline as a
consequence of  global climatic changes, changes in the geographic location
and extent of  important commercial fisheries may be expected. This results
as a consequence of  changes in the global ocean circulation and at a local
scale as a consequence of  changes in the productivity of  coastal waters.
Demersal and coastal fish change in abundance with warm water species
replacing those normally characteristic of  these fisheries. Such changes in
species composition and abundance place economic and technological
strains on local fishing communities requiring adaptation of  catch,
processing and marketing technologies and local knowledge of  changed
fishing grounds.

At present the scientific consensus seems to suggest that global mean surface
temperature has risen by around 0.6+/-0.20C over the last century and
that global mean surface temperature will rise by around 2.50C by the year
2050, perhaps reaching 40C by 2100. It is to be expected, therefore, that
direct effects upon the productivity of  coastal biological communities will
occur with some changes in species distribution and composition.
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The recent coral bleaching events with anomalous high ocean temperatures
may have been aggravated by chronic levels of  other forms of  stress
resulting from over fishing, pollution and increased sedimentation. Hence,
the combined effects of  other sources of  stress may adversely affect the
ability of  reef  systems to respond to climate change. Otherwise, corals
being a living ecosystem may grow along with sea level rise.

The economic costs of  coral reef  destruction are difficult to calculate but
involve not only loss of  the renewable resource base but also the loss of
the protective value of  reef  flats. In the Maldives, for example, land
reclamation on the reef  flat facing the Indian Ocean in front of  the capital
city island of  Male resulted in flood and destruction during a storm surge.
Following this an extensive breakwater was constructed on the edge of
the reef  platform at a cost of  12,000 US$ per metre (Pernetta and Elder,
1992, 1993).

Assessment of  climate change impacts: Most reviews have listed broad
areas of  impact and few have been unable to produce quantified predictions
of  impacts due to the scientific uncertainties involved in making such
predictions. Climatic change impacts in coastal areas will be both diverse
and extensive including alterations to physical, biological and human
elements. More detailed understanding of  the functioning of  coastal systems
is required to facilitate the impact prediction, planning and management.
There is a need for a co-ordinated and multi-disciplinary approach to impact
assessment rather than a narrow sectoral approach. Potential impacts may
be directly related to temperature and other components of  climate.

Secondary impacts in coastal areas resulting from the rise in global mean
temperature will include changes in: relative humidity, runoff  and river
flow rates, coastal soils and soil fertility, salinity and coastal water chemistry,
the distribution, intensity and possibly also the frequency of  storms and
coastal flooding. Such changes will affect coastal vegetation distribution
and abundance which will in turn alter animal distribution, abundance and
the overall productivity of  natural and agricultural systems on land. They
will also affect human drinking water supplies and demand changes in
freshwater management practices. In addition, these changes will alter
coastal water salinity and mixing which will change coastal marine
ecosystems, fish production and mariculture. All these will have varying
social and economic impacts in different areas.

Sea level rise: Recent trends in sea level rise suggest that the current average
rate of  rise is approximately 1.5mm yr-1. The latest IPCC projections of
future global warming suggest that this rate is likely to increase the extent
so that global sea level will rise by some 28 cm+/-14 cm by the year 2050.
Global sea level rise threatens not only natural environments of  coastal
areas but also human population centers along low-lying Indian coasts.
Frequency of  coastal flooding would be increased by a rise in sea level and
changed by alterations to coastal current regimes, changed storm patterns
and changes in rainfall which might enhance river based flooding in major
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river systems. It has been suggested that a general worldwide increase in
inundation is expected during the next century. For many coastal cities
reliant at the present time on groundwater supplies, increasing sea levels
will restrict the volumes of  available freshwater and saline intrusion will
increase. Such changes may result in changes to coastal vegetation. At
present this is being experienced in many coastal areas of India during
summer.

Mangrove ecosystems can function as a buffer zone and with sea level rise
mangroves can gradually migrate towards land. The widespread conversion
of  mangrove ecosystems to other uses such as mariculture and rice
production seriously reduces coastal protection against storms and wave
erosion and reduces the rate of  sediment accretion in coastal areas. Kerala
has reclaimed several mangrove areas for paddy and coconut plantation.
In such areas the soils have become acid sulphate and the yield has reduced.
Moreover, these areas have become more prone to inundation. Kharland
development activity of  Konkan (Maharashtra) has constructed several
bunds across the creeks killing mangroves and resulting in floods. Ultimately,
the economic costs of  continued raising of  protective structures and
pumping of  water may outweigh the economic benefits which can be
derived from continued use of  the land concerned. Continued protection
is the only available option to low lying areas of  the country.

The consequences of  sea level rise most likely to be experienced by India
include: increased frequency and extent of  flooding, rearrangement of
unconsolidated coastal sediments and soils, increased soil salinity in areas
previously unaffected, changes to wave climates and accelerated dune, beach
and wetland vegetation erosion. As a consequence of  the primary impacts,
a variety of  secondary impacts can be identified which will change marine
primary production. Changes in marine primary production will affect
energy flow and standing stocks of  higher tropic levels including finfish
for human consumption. Such changes will alter the economic viability of
living resource based activities by affecting commercially important species
such as penaeid prawns and shrimps. Changes in the salinity of  coastal
wetlands may also alter the distributions of  human disease vectors changing
the epidemiology of  vector borne diseases like malaria.

In many coastal areas current economic and social activities are exacerbating
an already critical situation. Potential impacts of  climate change and sea
level rise are overshadowed in many areas by existing environmental
problems. Current environmentally unsound development practices will
increase susceptibility to predicted global climate change impacts. Some
coastal states are particularly vulnerable. For example, between eight and
ten million people live within one metre above sea level in each of  the
unprotected deltas and coastal areas like the Sundarbans and Orissa. Every
year the Bay of  Bengal experiences a number of  cyclones and floods in
the major rivers. Mangrove forests which are in a good condition protect
human life and properties from cyclones and floods. The impact of  a
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super-cyclone on Orissa on mangrove and non-mangrove regions have
once again proved the significance of  mangroves and shelter belts
(Untawale, 2001).

The economic costs of  coastal protection and water regulation may be
prohibitive for India. Alternative strategies which maximize the natural
protection afforded by ecosystems such as mangrove forests and enhance
the natural rate of  sediment deposition may be the only possible
mechanisms for mitigrating the potential impacts of  rising sea level (Mahtab,
1991). It would be unwise to undertake flood protection measures by means
of  embankments, especially where subsidence is taking place since these
will become increasingly more expensive to maintain in the face of
continued sea level rise. Therefore, activities such as encouraging silt
deposition through mangrove replanting may not only be economically a
better response, but also prove in the long term to be a more
environmentally sound option.

Future research and technological needs for impact assessments
and adaptations

Since the available data for marine living ecosystems with reference to
climate change are patchy, incomplete and irrelevant, it is necessary to
identify sites along the coasts, set up parameters to be studied, estimate
frequency of  observations and derive methodologies for studying the impact
of  climate change on different marine ecosystems. Taking into consideration
different geomorphology, tidal patterns, climate, precipitation and coastal
processes along the Indian coast, the following sites which represent the
above mentioned criteria could be identified for short term and long term
monitoring.

Minicoy Island, Lakshadweep – Low elevation, no rivers, rich in corals, algae,
seagrasses and marine biodiversity.

Beyt Shankhodhar (near Okha), Gujarat – Scanty rainfall, extreme climate, tidal
bore, strong currents and high sedimentation.

Gangetic Sundarbans delta – World famous deltaic mangroves in river  Ganga.

Gulf  of  Mannar – Southernmost tip of  India, very low tidal regime,
influenced by Indian Ocean and rich in biodiversity.

The most important information needed for estimating the impact of
climate change on marine ecosystems is:

� Temperature and precipitation

� Relative sea level changes

� Salinity and nutrients

� Biological impacts

� Interaction with human pressure

� Overall impact at the ecosystem level
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Introduction

Gujarat has the longest coastline (1650 km) amongst all the mainland coastal
states of  India. On the west coast of  India, Gujarat is the northernmost
maritime state. This coastline hosts two of  the three Gulfs of  India, viz.:
Gulf  of  Kachchh and Gulf  of  Khambhat. The highest tidal amplitude
has been recorded from Gulf  of  Khambhat, which may reach up to 12
metres. The state can be categorized as an arid or semi arid zone based on
the difference in the rate of  evaporation and hydrological inflow. The
southern portion receives better hydrological inflow due to better rainfall
(800-2000 mm) and perennial rivers like Tapi and Narmada.

Distribution of  mangroves

Gujarat mangrove forest covers 1046 km2; 188 km2 are dense and 858 km2

are sparse mangrove forests (FSI, 2009). The mangrove forests are
predominantly distributed over three mangrove areas, viz.: Gulf  of
Khambhat, Gulf  of  Kachchh and Kori creek. The three major mangrove
areas of  the state collectively account for 99.4% (10.1% in Gulf  of
Khambhat, 15.2% in Gulf  of  Kachchh and 74.1% in Kachchh district
including Kori Creek) of  the total mangrove cover of  the state. The
remaining 0.6% mangroves are distributed in South Gujarat (Valsad and
Navsari districts).

Gulf  of  Khambhat (Gulf  of  Cambay): Gulf  of  Khambhat is bordered by
Junagadh, Amreli, Bhavnagar and Ahmedabad districts on the western
coast and Anand, Nadiad, Bharuch and Surat districts on the eastern coast.
The mangrove forests are recorded in Bhavnagar and Ahmedabad districts
on the western coast and Anand, Bharuch and Surat districts on the eastern
coast. Many perennial rivers such as Ambika, Tapi and Narmada drain
their fresh water into the Arabian sea through the Gulf  of  Khambhat.
Therefore, several small estuarine mangrove forests are formed around
the coastal regions and on some
islands. The slope on the coast
of  Gujarat is generally very
gradual and the tidal amplitude
is very high. Hence, the intertidal
zone is large. This is clearly
indicated by the fact that Gujarat
has about 20% of  country's
coastline but about 62.4% of the
total coastal wetlands.

Bruguiera gymnorrhiza, fruits
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The continuous fresh water inflow brings nutrients and regulates the salinity,
which facilitates the growth and development of  mangroves in this area.
However, these rivers increase siltation which affects the recruitment and
growth of  mangroves. Further, the high tidal amplitude and sea currents
influence the natural recruitment and development of  mangrove species.
Moreover, numerous industrial activities also interfere with the natural
process of  recruitment and growth of  mangroves. The Gulf  of  Khambhat
harbours only 10.1% (106 km2) of  the total mangrove forests in the state
(FSI, 2009) but most of  the mangrove species which are rare in the state
have been reported from these estuarine mangrove forests.

Gulf  of  Kachchh: The Gulf  of  Kachchh has 159 km2 of  mangrove cover
which is 15.1% of  the total mangrove cover of  the state. The area has 29
km2 of  moderately dense mangroves. The Gulf  of  Kachchh is bounded
by Kachchh district on the northern side and Jamnagar and Rajkot districts
on the southern side. The northern and southern coasts have some
fragmented mangrove forests. However, the majority of  the mangrove
forests of  the Gulf  of  Kachchh occur in its various islands. A total of  42
islands are present in the Gulf  of  Kachchh, of  which about 20 islands
have mangrove forests. The mangrove forests are mostly sparse occupying
an area of 130 km2 out of the total 159 km2 (GEER, 2000). Singh (1994)
reported viz.: Avicennia marina, A officinalis, A. alba, Rhizophora mucronata,
Ceriops tagal, Bruguiera and Aegiceras corniculatum from Gulf  of  Kachchh.
However, Avicennia officinalis, A. alba and Bruguiera have not been documented
from this area for the last ten years. Since the declaration of  the Marine
National Park and Sanctuary in the Gulf  of  Kachchh in 1982, the
anthropogenic pressures have been kept under control to a larger extent.
However, the location, topography and sea conditions of  the Gulf  of
Kachchh favour movement of  large vessels, infrastructure facilities for
offshore downloading of  oil and petroleum products and their transport
to various parts of  the country through pipelines. The area is extensively
used for salt production. A number of  industries and developmental units
such as an oil refinery, fertilizer, chemical and ship breaking units, power
plants, ports, petroleum and other related industries have developed near
the Gulf  of  Kachchh. This has increased the anthropogenic pressures
manifold on the mangrove ecosystem.

Kori creek: Kori creek which has 775 km2 of  mangrove cover (74.1%
mangrove cover for Gujarat) falls in Kachchh district. Of  these, 121 km2

are moderately dense forests and 654 km2 are sparse forests. These forests
are characterized by semi arid and arid climatic conditions due to less than
200 mm rainfall annually. However, these mangrove forests receive some
fresh water inflow from a number of  drainage lines including those from
Pakistan. The tidal inundation floods the mangrove forests through
variously sized creeks. Being remotely located, the areas have not been
explored much to date. Previous studies record Avicenna as the predominant
genus in this region.
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Mangroves in different coastal regions of  the state

Regionwise distribution of  mangrove cover in Gujarat is shown in
Table 1.

District-wise distribution of  mangrove cover

The state of  Gujarat has 26 districts, 15 of  which are coastal but the FSI
report (2009) states that the mangrove cover of  1046 km2 is spread, rather
unevenly, over 10 districts only (Table 2). About 74.1% (775 km2) of  the
total mangrove forests are located in the single district of  Kachchh covering
the forests of  Kori creek while Jamnagar harbours 15% (157 km2) of
mangrove forests which cover the mangroves of  the Gulf  of  Kachchh.
The remaining 10.9% (114 km2) are distributed in nine districts of  Gulf  of
Khambhat and South Gujarat.

Physical factors affecting development of  mangroves

The important physical factors affecting the development of  mangroves
are 1) climate 2) salinity 3) fresh water inflow 4) tidal fluctuations (inundation
duration and frequency) 5) substratum/soil composition 6) precipitation-
evapotranspiration ratio (P/Etp) and 7) wind velocity. The coastal areas
of  Gujarat show remarkable variations in these physical factors in all the
three major mangrove areas.

The present mangrove cover in the coastal areas bears a general inverse
relationship with annual rainfall. Areas of  Gulf  of  Khambhat with relatively
high rainfall have the least mangrove cover (only 10.1%) on the coast. This
is attributable to denser human settlements on coastal areas of this region.
On the other hand Kori creek of  Kachchh region with least rainfall has
the maximum mangrove cover (74.1%) of  the state. This region being a
low rainfall area has relatively sparse human settlements. Thus, the present
distribution of  mangrove cover in Gujarat appears to be the result of
anthropogenic forces combined with climatic conditions.

Gulf of Khambhat

In Gulf  of  Khambhat, the fresh water inflow is high due to perennial

Table 1. Distribution of  mangrove cover in km2

Region Total Percentage Change
mangrove of  State’s since

cover mangrove cover 2003

South & Central Gujarat 62 7.0 +11

Saurashtra 167 18.0 +9

Kachchh 707 75.0 0

Total 936 100.0 +20

(Source: State of  Forests Report 2005, Forest Survey of  India)
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rivers such as Ambica, Tapi and Narmada; rainfall is high and salinity is
low. The substratum is generally muddy due to siltation caused by fresh
water inflow. These conditions are good for mangrove growth and diversity
but due to anthropogenic pressures which are high in the coastal areas, the
mangroves are scattered although they are generally taller compared to the
other two mangrove areas of  the state. The good growth of  mangrove
trees in this zone is also attributable to good precipitation-
evapotranspiration ratios (P/Etp). For moist mangrove regions of  the world
with high temperature and humidity, this ratio is more than 0.75. The
mangrove areas of  South Gujarat may be considered to belong to the sub

humid region where precipitation-
evapotranspiration ratio (P/Etp) falls
between 0.5 and 0.75. Thus, although
the growth of  mangroves in this
region is less than that in moist
regions of  India such as the Andaman
and Nicobar Islands and the
Sundarbans, the growth is better than
that in other mangrove zones of
Gujarat. In the Gulf of Khambhat,

Table 2. District-wise mangrove cover in km2

Region Very Moderately Open Total Change
and dense dense mangrove since
district mangrove mangrove 2003

South and Central Gujarat  Region
Bharuch 0 22 14 36 3
Navsari 0 0 1 1 0
Surat 0 7 10 17 4
Valsad 0 1 1 2 0
Ahmedabad 0 2 4 6 4

Total 0 32 30 62 11

Saurashtra Region
Bhavnagar 0 6 8 14 0
Jamnagar (GoK) 0 28 122 150 9
Porbandar 0 1 0 1 0
Rajkot 0 1 1 2 0
Total 0 36 131 167 9

Kachchh Region
Kachchh 0 127 580 707 0
Total 0 127 580 707 0

Total Area 0 195 741 936 20

(Source: State of  Forests Report 2005, Forest Survey of  India)

Acanthus ilicifolius, flowers
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the tidal amplitude may reach 12 metres resulting in a large intertidal zone.
There is a great potential of  raising mangrove forests of  different species
in this zone. Detailed floristic survey of  mangrove areas has not been
done in Gujarat. Fourteen mangrove species have already been reported
from this zone. They are Avicennia marina (Forsk.) Vierh, Avicennia officinalis
L., Avicennia alba Bl., Ceriops tagal (Perr.) Robinson, C. decandra (Griff.) Ding
Hou., Aegiceras corniculatum (L.) Blanco, Excoecaria agallocha L., Sonneratia apetala
Buch.- Ham., Rhizophora mucronata Lamk., Bruguiera cylindrica (L.) Bl., Acanthus
ilicifolius L., Bruguiera gymnorrhiza (L.) Savigny., Kandelia candel ( L.) Druce,
Lumnitzera racemosa Willd (Pandey and Pandey, 2009).

Gulf  of  Kachchh zone

The mangroves of  the Gulf  of  Kachchh due to their location close to
coral reefs have the greatest ecological relevance as they support a
remarkable biodiversity. This ecological integration with the coral reef
ecosystem is unique for the mangroves of  the Gulf  of  Kachchh because
other mangrove zones of  Gujarat are not close to coral reefs.

The fresh water inflow in this area is much less than that in South Gujarat
with no perennial rivers draining into the sea. Rainfall is lower and
temperature is higher, the region is semiarid with a precipitation-
evapotranspiration ratio (P/Etp) ranging between 0.3 and 0.5 and
consequently the salinity is much higher. The lower precipitation-
evapotranspiration ratio (P/Etp) in this area results into widespread saltpans
rendering it one of  the most important salt producing coastal areas in the
country. In fact, about 21% of  the salt produced in the country is from
Gulf  of  Kachchh alone. However, this has an adverse impact on the growth
of  mangroves and the species diversity.

The type of  substratum varies from sandy to muddy to hard muddy
(hardened due to less inundation in certain areas). The tidal amplitude may
reach 8m. and the sea conditions are usually rough. This results in good
inundation in most of  the areas depending upon the local topography.
The combination of  good tidal inundation but less fresh water inflow has
caused good mangrove cover with relatively less growth and less mangrove
species diversity as compared to those in South Gujarat. At present, the
following four mangrove species are generally found in this region  Avicennia
marina (Fosrk.) Vierh., Ceriops tagal Arnold, Rhizophora mucronata Lam.,
Aegiceras corniculatum (L.) Blanco.

Kachchh zone

This zone falls in the northern arid coastal region of  Gujarat. The whole
zone is in a single district, Kachchh which has a coastline of  337.9 km, the
longest coastline that any district in the country has. The mangrove area
of  this zone has a very low precipitation-evapotranspiration ratio (P/Etp).
The average rainfall of  this zone is less than 400 mm annually, which is the
lowest among all the three mangrove zones of  Gujarat. The zone gets very
hot during summers and very cold during winters. Even the diurnal
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temperature variation is very pronounced in this zone. This zone has a
very high salinity. The soil is a mix of  sand and clay with a high sand
content. The mangrove forests of  this zone predominantly comprise
(99.9%) of  Avicennia marina which is known to be the hardiest mangrove
species in terms of  salinity and aridity tolerance. The zone also has a very
sporadic presence of  a few other mangrove species such as Rhizopora
mucronata and Ceriops tagal. This zone also hosts a unique patch of  inland
mangrove forests at Shravan Khavadiya, which is about 100 km from the
coast and does not receive any surface inundation.

The river Indus used to drain into the Arabian sea through the Kori creek
until 1819 when a major earthquake diverted the river northwards to the
present day position at Karachi in Pakistan. The silt load carried by the
Indus river and the associated drainage system have resulted in silt
accumulations in the form of  mudflats which support the mangrove forests
of  Kori creek. Owing to the exceedingly remote location of  Kori creek
(near the international boarders with Pakistan), the human presence as
well as managerial intervention is very low. This has positive as well as
negative impact on the mangrove cover in the sense that on the one hand
human pressure is low but on the other hand mangrove protection is very
difficult. An ongoing study by the GEER Foundation sponsored by the
Ministry of  Environment and Forests, Government of  India, has indicated
that the high level of  siltation is adversely affecting the mangrove cover in
some parts of  Kori creek. Conversely, the formation of  new extensive
mudflats gives the possibility to afforest them with mangroves.

Changes in the mangrove cover

The Forest Survey of  India (FSI) has conducted regular mapping of
mangrove cover in the country. The trend of  mangrove cover for Gujarat
as reported by the FSI in its various reports is shown in Table 3.

Table 3. Change in mangrove cover from 1991 to 2005

Year of  report 1991 1993 1995 1997 1999 2001 2003 2005

Mangrove cover (km2) 397 419 689 991 1031 911 916 936

(Source: State of  Forests Report 2005, Forest Survey of  India)

The mangrove cover in Gujarat steadily increased from 1991 to 1999 (which
actually used the satellite data of  an earlier period). There was a significant
loss of  mangrove cover during the late 1990s, largely attributable to natural
calamities which hit the Gujarat coast. The cyclones of  June 1998 and May
1999 uprooted thousands of  mangrove trees. These cyclones brought silt
which got deposited at aerial roots of  the mangroves and hindered the
gaseous exchange process causing further mangrove mortality. The
industrial developments, human settlements, urbanization and other
anthropogenic changes and developments along the coastline of  the state
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are also affecting the mangrove cover directly or indirectly. As mangroves
are slow growing, require time to rejuvenate after natural calamities and
anthropogenic pressures, the growth of  mangrove cover is low despite
large scale plantations and protection efforts in the state. Therefore, the
existing mangrove forests are being conserved and attempts are being made
to facilitate the natural regeneration of  these species through effective
protection measures.

Floristic diversity of  mangrove forests

The floristic diversity of  mangrove forests of  Gujarat is less compared to
many other mangrove regions of  the country. Gujarat has 22% of  the
country's mangrove cover but only about 15% of  the total mangrove species
of  the country. A total of  15 mangrove species belonging to 10 genera and
7 families have been reported from the state. Out of  these, 14 species
belonging to 10 genera and 7 families have been recently documented by
GEER Foundation (Pandey and Pandey, 2009). One species (Rhizophora
apiculata Bl.)  reported earlier (Singh, 1994; Kothari & Singh, 1998, Untawale;
GEER, 2000) has not been recorded for more than one decade. Mangrove
species are not uniformly distributed in the state and the community
distribution is highly skewed in favour of  only one genus (Avicennia) which
is represented by three species. Out of  the three species of  Avicennia, only
A. marina var. acutissima is abundant and the other two species (A. officinalis
and A. alba) are conspicuously rare at the state level. Even at species level,
the mangrove community of  Gujarat shows a highly skewed distribution
in favour of  only one species A. marina. Therefore, the state has a relatively
low species richness. Rhizophora mucronata is another important species in
Gujarat, although it appears in scattered patches. Ceriops tagal, Aegiceras
corniculatum and Acanthus ilicifolius are available only in small patches at very
restricted locations. Sonneratia apetala, Bruguiera gymnorrhiza and Bruguiera
cylindrica have been recently reported after more than a decade (Pandey
and Pandey, 2009). Excoecaria agallocha and Ceriops decandra were reported in
2006 for the first time in Gujarat  (GEER, unpublished). Similarly,
Lumnitzera racemosa was reported for the first time from Gujarat (Bhatt and
Shah, 2008); so also Kandelia candel (Pandey and Pandey, 2009).

Mangroves and their associates in the Marine National Park and Sanctuary
(MNP&S), Jamnagar (Gulf  of  Kachchh): A study by GEER Foundation
has revealed four mangrove species in Marine National Park and Sanctuary,
Jamnagar (GOK): Avicennia
marina, Ceriops tagal, Rhizophora
mucronata and Aegiceras
corniculatum (Pandey and
Pandey, 2009).

The associated floristic
diversity recorded in MNP&S,
Jamnagar (GOK) comprises
299 angiosperms and a lone

Suaeda maritima, a mangrove associate
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gymnosperm (Ephedra foliata Boiss. ex C. A. Mey) which is a woody climber.
The 299 angiosperms comprise 34 species of  trees, 61 species of  shrubs,
27 species of  climbers and 177 species of  herbs including grasses (GEER,
2004). Details are provided in Table 4.

Table 4. Floristic diversity in MNP&S, Jamnagar (GOK)

Category No. of  families No. of  genera No. of  species

                                Angiosperm
Dicotyledons 70 175 258
Monocotyledons 6 31 41

                                Gymnosperms
1 1 1

Total 77 207 300

(Source: GEER Foundation)

Mangrove plantation, Jamnagar

In terms of  species diversity, Fabaceae ranks first with 26 species (14 genera).
In terms of  genus diversity, Poaceae ranks first with 21 genera (25 species).
In fact, 39 families are represented by a single genus and out of  which 31
are represented by a single species.

Associates of  mangroves in the ecosystem in MNP&S include Salicornia
brachiata Roxb., Suaeda fruticosa (L.) Forsk. ex Gmel., Suaeda maritima A.
Gray, Suaeda nudiflora (Willd.) Moq. and Aleuropus lagopoides (L.) Trin. ex
Thw. A number of  species are found in the vicinity of  the mangrove
ecosystem. They include Salvadora persica L., Cistanche tubulosa Wt., Cressa
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cretica L., Ipomoea pes-caprae (L.) Sw., Indigofera oblongifolia Forsk., Cucumis
prophetarum L., Urochondra setulosa (Trin.) Hubb., Salsola baryosma (R. & S.)
Dandy and Arthrocnemum indicum (Willd.) Moq.

Faunal diversity of  the mangrove ecosystem

The mangrove forests of  Gujarat harbour a rich faunal diversity. These
forests provide breeding and feeding ground for many vertebrates and
invertebrates. Amongst the vertebrates, mangrove forests provide nesting
sites for various coastal birds such as reef  herons, grey herons, darters,
crab plovers, sand pipers, terns, greater and lesser flamingos, purple sun
birds, white eyes, tailor birds, sea gulls
and pelicans (GEER, 2000; GEER,
2004). There are many migratory
birds. Similarly, the prawns and
shrimps come to the mangrove forests
for breeding, though, they spend rest
of  the life in the sea. Mangrove forests
also provide habitat for crabs, insects,
butterflies, reptiles etc. Among the
four poisonous snakes recorded from
Gujarat the saw scale viper is
commonly found in the mangrove
forests of  the Gulf  of  Kachchh.

Mangrove plantations in Gujarat

The Gujarat Forest Department
planted about 50,000 ha. of
mangroves from 1983-84 to 2007-08
in various coastal areas and islands.

Plantation techniques

The plantation techniques applied in
the mangrove afforestation
programme are area dependent.
Different models of  mangrove
plantations are direct seed sowing,
propagule plantation and plantations using nursery raised seedlings. Since
the tidal amplitude is high along the entire coastline, plantations are carried
out on raised beds. About 20 raised beds (1m x 1m x 0.3m) are prepared in
one ha. area which are then planted by about 80/100 seeds of  Avicennia.
Propagules of  Ceriops and Rhizophora are also planted directly on raised
beds. Such propagules are also sown directly on the ground depending
upon local conditions. Most of  the nurseries have been created near the
plantation sites to reduce the plantation cost as well as to help the seeds or
propagules acclimatize to the environmental conditions where they would
be planted. The sparse mangrove forests are being planted under the model

Octopus (Top) and Wolf  crab (Bottom) in
Jamnagar mangroves
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of  enrichment plantations under which open areas within existing mangrove
forests are filled up with new plantations. Due to high tidal amplitude,
human interventions for increasing inundation are generally not required
because the tidal currents inundate most of  the areas. However, the high
tidal mudflats need human interventions to make them suitable for
mangrove plantations.

Since 2001-02 most of  the mangrove plantations in Gujarat have been
raised directly by sowing seeds or planting propagules (depending upon
the species) on raised mounds. These planting methods have been developed
by Gujarat Forest Department over a number of  years and these planting
techniques involving raised beds have been found to be quite cost effective.
Three variations of  this planting technique (models 1, 2 and 3) have been
used in Gujarat (Table 5). Model 4 – the Fish Bone Channel method – was
tried during 2006-07 in areas where inundation was low. This method is
relatively costlier but helps in the drainage of  water and, therefore, helps
in raising mangrove plantations even where the water is not able to reach
naturally on a regular basis.

Table 5. Plantation models and species planted by the Gujarat Forest
Department

Model Details Density  of
propagules

Mangrove Open seashore area 2500 poly pots
plantation- per ha.
Poly pot

Enrichment 100 raised beds 80-100 seeds of
plantation (EP) (1m x 1m x 30 cm) Avicennia per bed or

per ha. Areas generally 50-65 hypocotyls of
have existing vegetation Ceriops tagal or
 with species of Avicennia, Rhizophora mucronata
 Suaeda, Salicornia per bed
and Ceriops tagal .

Direct seed 20 raised beds Seeds of  Avicennia
sowing (DSS) (1m x 1m x 30 cm) per ha. at a rate of 80-100

at blank spaces devoid of per bed
mangroves, but with
Suaeda spp., at intertidal
zone

Fish bone Being tried where Tried during
channel method inundation is poor 2006-07 in 25 ha.

(Source: Gujarat Forest Department)
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Major mangrove species raised in plantations

The intertidal areas with high salinity and less inundation were planted
with Avicennia spp. The areas with less salinity and better inundation were
planted with Rhizophora, Ceriops and Avicennia spp. Gujarat Ecology
Commission (GEC) has also planted one more mangrove species, Bruguiera.
A total of  38,408 ha. area of  mangrove plantations have been established
in Gujarat from 2001-09 by the Gujarat Forest Department.

Plantations raised by other organizations

Apart from the Gujarat Forest Department, the Gujarat Ecology
Commission, Gandhinagar has raised mangrove plantations in an area of
5,546 ha. from 2001 to 2007 by involving local communities. This has
shown very encouraging results.

Biodiversity in mangrove plantation area

The mangrove plantations, particularly those raised in the Gulf  of  Kachchh,
have already provided homes to a number of  other life forms. Crabs such
as Uca spp. and Sesarma (Parasesarma) spp.
are abundantly found. The gastropods,
Cerithidea cingulata , are also abundant.
Cerithidea obtusa, Telescopium telescopium, the
bivalves Meretrix spp. and the mudskipper
fish Boleophthalmus boddarti occur in the
plantation area. Gastropod species mostly
occur under the canopy and have been
observed to be less abundant in plantation
areas with less canopy cover. The crabs and
mudskipper species aerate the soil by
burrowing activities which render the
otherwise anaerobic soil oxygenated. This
helps the underground root system of  the
mangroves.

Potential area for afforestation

GEER Foundation in 1998-99 estimated that
there were about 637.15 km2 potentially
suitable for mangrove plantation (GEER,
2000). District wise availability of  these area
is given in Table 6. These areas were
identified based on some characteristic
indicators. The high tidal mudflats and
intertidal areas having previous records of  mangrove forests and the existing
sparse mangrove forests or open areas within the existing mangrove forests
were categorized as potential mangrove plantation areas. Some of  the open
areas have been converted into hyper-saline mudflats which are generally
not suitable for mangrove plantations. However, increased inundation by

Young of  telescopium shells
(Top) and a mud skipper (Bottom)
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making channels in these hyper-saline areas can make these areas suitable
for mangrove plantations.

In an ongoing study on ‘Mapping, change detection and possibilities of
restoration of  mangroves on Gujarat coast’, GEER Foundation estimated
that there was an area of  4,523 km2 mudflats.

Research gaps

To help with conservation and management of  mangroves in Gujarat
further research is required on:

� Mangrove diversity in the least explored areas of  South Gujarat

� Taxonomical research and genetic confirmations at species and sub-
species levels

� Recruitment and growth studies to guide plantation programmes

� Biomass productivity

� The role of  mangroves as a Carbon sink

� Food chains and food webs in mangrove ecosystems

� Biodiversity of  mangrove habitats

� Dependence of  fauna on mangroves

� Environmental parameters affecting mangroves

� Socio economic dependence and livelihood issues

� Fundamental research pertaining to physiology, pollination,
embryology, seed setting and fruit formation in different species

Need for training and capacity building

For effective conservation and management of  mangrove ecosystems in

Table 6. Mangrove plantations under the CSS “Conservation and
Management of  Mangroves and Coral Reefs”

  Plantations under different models (in ha.)

Year Mangrove Enrichment Direct Fish bone Total
plantation plantation seed sowing channel

2001-02 475 600 0 0 1075

2002-03 200 400 0 0 600

2003-04 513 750 1137 0 2400

2004-05 1025 1470 1900 0 4395

2005-06 1390 1335 2250 0 4975

2006-07 1080 1432 2725 25 5262

Total 4683 5987 8012 25 18707

(Source: Gujarat Forest Department)
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Gujarat, the field staff, managers, researchers and local communities need
the following training and capacity building on:

� Taxonomy

� Biodiversity

� Status assessment

� Bio-physical monitoring

� Health indicators of  mangrove ecosystem

� Physiology of  mangroves

� Dependence of  fauna on mangrove habitats

� Alternative livelihood options

� Self  management of  natural resources by communities

� Participatory planning, implementing, management and monitoring

� Ecotourism management based on mangroves
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Introduction

Kerala was bestowed with a rich mangrove forest in the past but they have
been heavily denuded all along the coast. According to the Coastal
Regulation Zone (CRZ) notification of  1994, mangroves are protected
under Category 1 zone. They also come under the criteria of  areas of  rich
genetic diversity of  fish and shellfish, and are likely to be inundated due to
a rise in the sea level. Hence, even with a thin mangrove cover, such areas
are identified sensitive and fragile (CESS, 1998). Integrated Coastal Zone
Management (ICZM) is an effective approach towards sustainable
development of  the coastal zone. Mapping of  various coastal ecosystems
of the state has already been completed and the areas CRZ I, CRZ II and
CRZ III are 88 km2, 69 km2 and 342 km2 respectively. One of  the pioneering
efforts in developing ICZM was carried out for the Chavara coast much
before the 2004 Tsunami. The Ashtamudi management plan and the
identification of six priority areas along the coastal zone are pioneering
efforts in strengthening the management of  environmentally sensitive areas
like mangroves through the ICZM approach (Thomas et al., 2004).

Studies have shown that mangroves evolved in this region in the Tertiary
period (Thanikaimoni, 1987; Ramanujam,1987). The present day forms
were well developed by the early Quaternary. Spores and pollen grains of
mangroves have been reported from Quaternary deposits of  Kerala coast.
Pollen referable to Nypa, Brownlowia, Sonneratia, Aegialitis, Dendrophthoe,
Avicennia, and Lumnitzera are found in the Warkalli beds indicating the
prevalence of  mangroves and the characteristic humid tropical climate in
this region since the Miocene (Ramanujam, 1987). Maximum representation
of  mangroves in Kerala was found during 11,000 B.P. Thereafter regression
had taken place corresponding to the climatic transition (Thanikaimoni,
1987). The first scientific account of  the
mangroves of  Kerala was made by Van Rheede
in the work ‘Hortus Indicus Malabaricus’ which
described the plants occurring in the Malabar
coast during the later part of  the 17th century.
Blasco (1975) in ‘Mangroves of  India’ stated that
there were only vestiges of  mangroves in Kerala.
Many Floras, District Gazetteers and
publications contain references to mangroves of
Kerala in general and that of  Kollam (Quilon)
in particular (Vannucci, 1989).

Historical documents such as the Travancore

Avicennia marina

pollen
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Land Revenue Manual testify that the then local governments of  the region
had encouraged large-scale reclamation of  the estuarine tracts and
backwaters for paddy, settlement and other coastal developmental works.
During 1838-‘45 an area of  6.5 km 2 was reclaimed from Vembanad lake
for the development of  Kochi Port. The shrinkage of  the entire Vembanad
Lake alone is about 37 % of  its original area mainly due to agriculture and
aquaculture. About 230 km2 of  land was reclaimed from the lake in between
1834-1984 and as a result, the water carrying capacity of  the lake system
was reduced by 78 %. This reclamation programme continued till the later
half  of  the 1960s and led to the reduction in almost all backwaters of  the
state resulting in mangrove destruction and habitat loss. Several engineering
structures to prevent salt-water intrusion and flood further accelerated the
process. Kerala has now discrete and isolated patches of  mangroves in less
than 50 km2 (Ramachandran and Mohanan, 1990; Mohanan, 1997). Kerala
originally had about 700 km2 mangroves. It has been estimated that about
7826 ha. of  mangrove wetlands were converted in the coastal tract of
Ernakulam, Kottayam and Alleppey regions alone in the near past (James,
1997). This has reduced the major source of  energy for aquatic organisms
such as crabs, shrimps, prawns and fishes. At present, Kannur district has
the largest area of  32 km2 mangroves (Mohanan, 1997). Mangroves are
now found restricted to lagoons and estuaries in Kerala.

Distribution and diversity

Mangrove species of  Avicennia, Aegiceras, Rhizophora, Bruguiera, Sonneratia,
Kandelia, Derris, Acanthus and Acrostichum are common in Kerala. There are
about 18 true mangrove species and 17 associates (Ramachandran and
Mohanan, 1990) but Anupama and Sivadasan (2004) reported 15 true
mangrove species and 49
associates. Fifty-two species of
fishes are known to occur in the
Kerala mangrove environment.
This area is also considered as a
promising brackish water fish
seed source (Purushan, 2002). It
is noted that fry and fingerlings
of Milkfish (Chanos chanos), Mullet
(Mugil cephalus), Kalava (Lates
calcarifer), Indian Salmon
(Eleutheronema tetradactylum) and
Tilapia (Sarotherodon mossambicus)
are collected in large numbers for
restocking in commercial fish
farms. Kumar (1996) had
reported several species of  birds
occurring in the mangrove
patches all along the Kerala coast.
Based on available information,

Cadastral level mangrove mapping for
Coastal Zone Management, Kozhikodu
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seventy six species of  birds are known to occur in association with the
mangroves of  Kerala (Jayson, 1997). Mangroves serve the birds in different
ways: herons, storks, raptors and owls use it as nesting sites and wintering
palaeartic waders use it as roosting sites after feeding in the tidal mudflats.
The report of  the working group on Conservation Assessment and
Management Plan of  the mangroves of  the country had included most of
the species of  the region as endangered or critically endangered by way of
population reduction, habitat threat, restricted distribution or probability
of  extinction. Thus, all the areas of  mangroves in Kerala could be designated
as threatened (Mohanan, 1997). Macrobrachium rosenbergii, a shellfish,
associated with mangroves is listed as endangered. Similarly, M. dobsonii
and Scylla serrata are vulnerable species of  the backwaters.

Mangroves and wetlands have been included under fragile ecosystems as
recommended by the Task Force on Forestry and Wildlife, Government
of  Kerala. But mangroves located at Puthuvaipu, Kannamaly, Kumarakam,
Kollam and Tellicherry are fast deteriorating (Mohanan, 1997). A Mangrove
Bio-Park is proposed for Pathiramanal. It is proposed to create similar
parks at Puthuvaipu and a mangrove genetic center at Kannur. A large
chunk of  mangroves in the state are with the Panchayats and local bodies.
Other occupants include the Kerala Tourism Development Corporation,
Agricultural University, Fisheries Department, Cochin Port Trust, Indian
Airways, State Forest Department and Vikram Sarabhai Space Centre. In
Kerala many of  the Panchayats without knowing the environmental
significance of  this system leased out mangroves for filtration ponds, timber-
stacking yards and husk retting grounds to earn revenue. Many of  these
areas if  left undisturbed can definitely be recolonized by mangroves. An
earnest effort at Panchayat level is on in the State to revitalize this ecosystem
to its pristine glory through various schemes.

The traditional dwellers in mangrove areas are the fishermen who used
mangroves as an integral part of  their life system, making temporary
embankments or exploiting a few resources. They developed spiritual and
mystic relations with mangroves and thus kept aside a few pockets of
intact forests which protect the old mother trees as a seed source. The
seedlings are used for planting to accelerate accretion, promoting sediment
deposition and consolidating mud to strengthen the bunds. Mangroves
have been used as a live fence in saline marshes. Educational and recreational
values of  mangroves are now widely realized. Tourism is already a profitable
business at Veli, Kumarakom, Chetwai and Pathiramanal. There is
considerable research going on in Universities and Institutes in the state.

Post Tsunami developments

The 26th December 2004 tsunami that unleashed havoc along the shores
of  many Indian states had a devastating impact along the Kerala coast too.
Though Kerala was in the shadow zone with respect to the direction of
propagation of  tsunami waves, its destructive power killed about 200 people,
injured 8,000 and destroyed 17,000 houses together with the loss of
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property. The worst affected area was Alappad Panchayat where CESS
had initiated preparation of  ICZM. Haritateeram was a massive afforestation
programme along the coastal stretch recently implemented at Alappad by
the Kerala Forest Department after the recent Tsunami.

With the success of  Haritateeram, the Kerala Forest Department has started
implementing a new programme called Teeravanam (2006) with the support
of  the Fisheries Department and local communities in the nine coastal
districts. The Teeravanam programme is for the integrated development
and protection of  the coastal land and people. The proposal is to create a
bio-structural dense biomass along the entire coastline of  Kerala. The
programme aims at coastal afforestation with Casuarina, Screwpine, palms
and bamboos. It also aims to raise mangrove species and rehabilitate
degraded mangroves. The proposed project is to be completed in three
years. In view of  the importance of  mangrove conservation, the project
proposes to acquire 150 ha. of  mangrove forests from private owners.
Nine crores of  rupees will be utilized for this purpose. The project cost is
estimated to be Rs. 179.96 crores. Rs. 25.56 crores will be met by the Kerala
Forest Department and the remaining 154.4 crores by the Kerala Fisheries
Department. By the time of  completion of  the project in 2010, 206 km of
coastal area will be protected by a green belt. The entire project is to be
carried out with the active participation of  the local communities. A
committee named Teera Samrakshana Vanavalkarana Samity (TSVS) will
be formed for implementing the project. The inhabitants up to 100 m
distance from the proposed coastal shelterbelt area are eligible for

Mangroves protected by areca nut stem fencing, Kannur
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membership in TSVS with at least one member from each household.
There will also be a committee for monitoring and evaluating the
afforestation programme and related aspects.

Acknowledgement

The authors wish to express their sincere thanks to Dr M. Baba, Director,
CESS for facilities.

References

Anupama, C. and M. Sivadasan 2004. Mangroves of  Kerala, India. Rheedea 14: 9-
46

Blasco, F. 1975. The Mangroves of  India. French Institute, Pondichery.
CESS 1998. Status Report on Coastal Regulation Zone. Centre for Earth Science Studies,

Trivandrum.
James, E.J. 1997. Case Study-Vembanad wetland system in relation to Drainage basin

management, Draft report. WI/UNEP, CWRDM, Kozkikode.
Jayson, P. 1997. Faunal diversity of  the mangroves of  Kerala. Proc. of  the one-

day workshop on Mangroves, Trivandrum (unpublished).
Kumar, D.N. 1996. Ecology of  the birds of  Bharathapuzha estuary and survey of  the

coastal wetlands of  Kerala.  Final report submitted to Kerala Forest
Department, Thiruvananthapuram. pp. 59

Mohanan, C.N. 1997. The Mangroves. In: Thampi, K. B., Nayar, N. M. and C. S.
Nair (eds) Natural Resources of  Kerala. WWF, Trivandrum, pp. 149-158

Purushan, K. S. 2002. Wetland ecosystem development in relation to Pokhali areas. Proc.
14 Kerala Science Congress, Thiruvananthapuram, pp. 35-47.

Ramachandran, K.K. and C.N. Mohanan 1990.  The mangrove ecosystem of  Kerala, Its
mapping, inventory and some environmental aspects. Final Report. Centre for Earth
Science Studies, Thiruvananthapuram, pp. 100.

Ramanujam, C.G.K.1987. Palynology of  the Neogene Warkalli beds of  Kerala
state in south India. J. Palaent. Soc. India  32: 26-46.

Thanikaimoni, G. 1987. Mangrove Palynology. UNDP/UNESCO and French
Institute, Pondicherry.

Thomas, K.V., Baba, M., Chattopadhyay S. and N.P. Kurien 2004. Integrated
Coastal Zone Management examples from Kerala Coast. In:
Raveendrakumar, G.R. and N. Subhash (Eds.) Earth System Science and Natural
Resources Management. Centre for Earth Science Studies, Trivandrum.

Vannucci, M. 1989. The Mangrove and Us – A synthesis of  insights. Indian Association
for the Advancement of  Science, New Delhi.

An adult estuarine crocodile, Sundarbans (Overleaf)



160 C. N.  Mohanan  and K. V. Thomas



Conservation and Restoration of Mangroves
in Andhra Pradesh

Sunil Kumar

Aranya Bhawan, Khaitabad, Hyderabad 500 004, Andhra Pradesh
e-mail: sunilk02in@yahoo.com

Introduction

Andhra Pradesh has about 600 km2 of  mangrove forests accounting for
0.9% of  forest area and 0.2 % of  total geographical area of  the state.
Significant mangrove areas are found in the estuaries of  Godavari, Krishna
and Penna rivers. Mangroves are also found in small patches along the
coasts of  Visakhapatnam, West Godavari, Guntur, Prakasam and Nellore
districts. The total area of  the Godavari mangroves is 332.6 km2, of  which
235.7 km2 is under the Coringa Wildlife Sanctuary. Krishna mangroves
have an area of  219.14 km2, of  which 194.81 km2 fall in the Krishna Wildlife
Sanctuary. The Mangroves of  the Penna river estuary have not been brought
under a protected area to date.

Biodiversity of  Godavari and Krishna mangroves

Flora: There are 35 species under 27 genera and 20 families in the mangroves
of  Godavari and Krishna estuaries. The dominant mangroves among them
are Avicennia species forming about 85% of  the growing stock in the
Godavari estuary and 70% in the Krishna estuary. The other main species
are Excoecaria agallocha, Sonneratia apetala and Rhizophora mucronata. An
endemic and endangered species Scyphiphora
hydrophyllacea (Rubiacea), locally known as
Naratanduga, is found in these estuaries.
Ceriops tagal also occurs among Krishna
mangroves. The salinity ranges from 30 ppt
in the mangrove channels from May to July
to 5 ppt from October to December. The
invasion of  Prosopis juliflora is high in some
areas of  Krishna mangroves, which is a
serious threat to mangrove biodiversity.

Fauna: As per the records of  the brackish
water fish and prawn farms at Kakinada and
Nagayalanka in Krishna district, there are 45
species of  fish and 14 species of  prawn in
the estuaries of  the two rivers. The mammals
found in the mangroves are smooth skinned
Otter, fishing cat, common fox, rhesus
monkey and jackal. Dolphins and sea turtles
occur in the sea. Sporadic nesting of  Olive
Ridley turtles occurs from January to March

Scyphiphora hydrophyllacea, a rare
mangrove, flowers
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near Hope Island and Sacramento Island of  East Godavari district and
Elichetidibba of  Krishna district. The salt water crocodile occurred in both
the estuaries in the past. Herons, egrets, open bill storks, kingfishers,
brahminy kites, cormorants, black headed gulls, brown headed gulls and
flamingos (winter visitor) are worth mentioning among the avifauna.

Past management

The mangroves of  Godavari and Krishna were “reserved” between 1888
and 1957 but previous to this, they were worked on a permit system for
several years.  Thereafter, till 1900, these forests were worked under a felling
scheme on a 12 year rotation. In between 1902 and 1912, 40 coupes were
laid and worked on a 40 year rotation under “coppice with standards system”
(100 trees per ha. were retained). Subsequently, the rotation was reduced
to 10 years between 1912 and 1923. Later, the period of  rotation was again
increased to 25 years until the year 1985. The silvicultural system was “clear
felling with natural regeneration” and simple coppicing with retention of
seed bearers of  valuable coppices. Gradually, the mangrove regeneration
became poor and coppices did not come up well due to repeated cutting
and intensive grazing. Since 1985 working on the mangrove forests in
Andhra Pradesh has stopped.

Major threats to the present day mangroves

� Illicit collection of  small timber, fuel, fodder, thatch grass, lime shells,
fish and prawn

� Illicit collection of  prawn seeds

� Illicit aquaculture

� Grazing by semi-wild and domestic cattle

� Release of  pollutants into the mangrove creeks

� Sedimentation and accretion of land on the sea front

� Cyclones and tsunamis

Fishing in mangrove restoration areas, Coringa, Andhra Pradesh (Left) and

a  good catch (Right)
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Present management

Under a World Bank aided forestry project, the Forest Department formed
Eco-Development Committees (EDCs) and Vana Samarakhshana Samitis
(VSSs) in the mangrove areas under the Joint Forest Management principles.
The entire Coringa Wildlife Sanctuary (235.7 km2) is being protected by 20
EDCs (Table 1, 2). Similarly, in the Krishna Wildlife Sanctuary 22 EDCs
are functioning. The rest of  the mangroves are managed by the VSSs in
the respective territorial divisions. Presently, funds are provided for
alternative livelihoods and skill development for the forest dependent

Table 1. Other visible impacts over a decade in the Coringa Wildlife Sanctuary

Description Pre Eco- Post Eco-
(20 Eco-development villages) development development

initiative initiative

Fuel wood consumption (Mt year-1) 360 7

Small timber consumption (no. poles year-1) 2500 50

Fish, prawn, crab, catch (Mt year-1) 180 270

Number of  trees per village 50 1600

Park people conflicts per month 60 0

Literacy (%) 10 40

Diseases (No. of  cases per month) 150 25

(Source : MSS RF- FD Study)

Mangrove restoration in Coringa, 1998
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communities to reduce pressure on mangroves under the Community Forest
Management project.

The M.S. Swaminathan Research
Foundation, Chennai has a project
on Mangrove Conservation and
Management in four villages:
Matlapalem, Dindu, Corangi and
Bhairavalanka in East Godavari and
three villages Deenadayalapuram,
Nakshatranagar and Sanjeevanagar
in Krishna districts, which is
implemented jointly with the Forest
Department and the local
communities. The Foundation is
improving capacity building of  the
village committees for restoration of
mangroves.

Artificial regeneration of  mangroves under centrally sponsored
schemes

The Government of  India sanctioned “Grants-in-Aid” for the Management
Action Plan of  the mangroves in Krishna and Godavari estuaries under
the Central Sector Schemes (Plan). Under this scheme upto 2002, artificial

Table 2.  Godavari Mangroves

Area in km2

Class of forest 2000 2005 Difference

Dense mangrove forests 71.90 89.93 +18.04 (+5.65%)

Open mangrove forests 79.07 77.12 -1.96 (-0.61%)

Grass lands 42.36 13.13 -29.23 (-9.15%)

Water body 126.17 139.32 +13.15 (+4.12%)

Total 319.50 319.50 -

Krishna Mangroves

 Area in km2

Class of forest 2000 2005 Difference

Dense mangrove forests 6.93 10.67 +3.75 (+2.08%)

Open mangrove forests 10.17 22.43 +12.26 (+6.82%)

Grass lands 143.38 120.35 -23.02 (-12.8%)

Water body 19.40 26.41 +7.01 (+3.9%)

Total 179.87 179.87 -

Restored mangroves in Coringa after six
years
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regeneration of  mangroves occurred in 1429.14 ha. in Godavari mangroves
and 234 ha. under the Andhra Pradesh forestry project. In the Krishna
Wildlife Sanctuary, plantations of  Avicennia officinalis were done in 748 ha.
upto 2002 under the Centrally Sponsored Scheme. From 2006, the work
has started again under the World Bank aided “Andhra Pradesh Community
Forest Management” project.

There are some other important mangrove forests in Guntur district coming
to an area of  2255 ha. distributed over the Nizampatnam, Muthayapalem,
Kothapalem-II, Adavuadeevi and Amudalapuli
Reserve Forests.  It has been suggested to be
included under the central scheme, the
Management Action Plan, for restoration of
mangroves.

Tsunami Mitigation Programme under
Andhra Pradesh Community Forest
Management Programme (APCFM)

The M.S. Swaminantham Research Foundation has
conducted field studies and suggested potential
areas for mangrove plantations in bare and
degraded patches to act as an effective bio shield
against cyclones and Tsunamis. As part of  the
ongoing World Bank aided APCFM project, it is
proposed to rehabilitate 5600 ha. of  mangroves
under the Tsunami Mitigation Programme. Over
a period of three years from 2006 to 2009, 800 ha.
in East Godavari, 3550 ha. in Krishna Wildlife
Sanctuary and 250 ha. in Guntur and Nellore
districts will be rehabilitated.

Technique adopted

The intertidal difference varies from 1 to 1.5m. Generally, due to siltation
over a period of  time, the floor of  the mangroves is at a higher elevation
than the high tide level.  For the seawater to cover seedlings at high tide
and then to recede, channels need to be created upto 0.5m depth so that
there is no stagnation of  saline water. In the identified blanks, canals will
be excavated and propagules of  Avicennia officianalis and Avicennia marina
will be collected and dibbled 2m apart.  Propagules are also carried naturally
by seawater that enter the channels and along the banks of  the channels
natural regeneration is also established.

While the cross section of  the main channel is 3m (top width) x 1m (bottom
width) x 0.4m (depth), the cross section of  the feeder channels is 1.2m x
0.3m x 0.4m. The average quantum of  earthwork to be done is 280m3ha-1.
Feeder channels are excavated at an escapement of  6.25m in the pattern
of  a fish bone.  Channelling is done before the onset of  summer.

Godavari mangroves,
landsat 5TM image, 1986
and IRS IC LISS IH
image, 2005
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As there is less success in the mangrove plantations when propagules are
planted, it has been decided to use 10 month old bag seedlings. The average
cost is Rs. 1210/- per 1000 bag seedlings. Excluding the cost of  the nursery,
the unit cost of  mangrove plantation comes to Rs. 25,000/- per ha.

Impact of  eco-development programmes

An analysis of  the impact of  the programme for rehabilitation of  mangrove
forests through people’s participation (EDCs and VSSs) was carried out
using satellite imageries and remote sensing techniques at the Geomatics
Centres of  the Andhra Pradesh Forest Department at Rajahmundry and
Hyderabad. The multi spectral data (LISS-III) was geo-coded and classified
as dense mangrove forests, open mangrove forests (including scrub forests),
grasslands and blanks, and water bodies. Table 2 shows an increase in the
area of  dense mangrove forests and water bodies and a decrease in scrub
forests, grasslands and blanks. At present there are no large blanks in the
Coringa mangroves, which show how successful the regeneration of
mangroves has been.

Training and Capacity Building measures

The M.S. Swaminantham Research Foundation with its field office at
Kakinada has been instrumental in training and capacity building for the
local communities (EDC/VSS) in restoration of  mangroves, protection
measures and providing alternative livelihoods. The Joint Mangrove
Management initiatives by the Foundation in Andhra Pradesh on the lines
of  Community Forest Management have yielded good results.
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Introduction

Karnataka forms a part of  the Malabar Coast in the west with extensive
coastline running 320 km. The coastline is indented with promontories,
headlands, picturesque estuaries, encompassing tidal wetlands with complex
“Mangroves” and lengthy linear beaches. The coastal belt is narrow due to
the descending Western Ghats which abut the sea particularly in the Uttara
Kannada part of  the coast.

The status report of  the Forest Survey of  India (SFR, 2009) states that the
mangrove cover of  Karnataka is 3 km2. This covers two districts viz.: Uttara
Kannada (1 km2) and Udupi (2km2). However, this does not reflect the
actual position of  mangrove cover in the state. Fringe mangroves cannot
be delineated from the adjacent agriculture plantations commonly seen
along the estuarine banks. Also, small patches of  mangroves scattered in
the estuaries are hard to be captured by low resolution satellite imagery
(Table 1, 2). About 14 different species have been recorded in these
moderately dense mangroves, the dominant being Rhizophora mucronata
followed by species of  Avicennia and Sonneratia.

Legal status

The legal status of  most of  the mangroves in Karnataka is revenue
wasteland locally called as ‘paramboku’.  Some areas under private
occupation are lying fallow and the rest have been used for agriculture and
shrimp farming. There are no Reserved Forests, National Parks and
Sanctuaries covering these mangroves. Felling of  trees in private lands in
Karnataka is regulated by
Karnataka Trees
Preservation Act wherein
clearing land or clear felling
of trees is prohibited for any
kind of extension of
agriculture or allied activities.
Coastal Regulation Zone
(CRZ) helps to control
destruction of  mangroves
and other activities like sand
mining which are threats to
mangroves.

Afforestation of  mangrove forests along
Karnataka coast
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Threats to mangroves

The coastal region is a hub of  economic and industrial development and
developing fast. Mangroves and habitat estuaries are being used for various
purposes such as prawn culture, collection of  shells for lime and snails for
food and harvesting of  fish. Prawn culture is the most lucrative profession
with a lot of  export potential. Many of  the small islands (Kudru) have
been encroached and converted into prawn culture ponds. The pollution
from prawn culture adversely affects the mangrove habitats.

In many places estuarine banks are being used as dumping places of  waste
materials, especially by tile factories situated on river banks. Consequently,
these dumping places are converted into a land mass and encroached upon.
Old mangrove plantations or natural forests are subjected to various kinds
of  threats such as collection of  fuel, fodder and small timber. The local
fishermen damage young plantations of  mangroves when laying their fishing
nets to catch fish. Natural regeneration areas of  Avicennia are grazed by
cattle and trees remain stunted.

Jalladi conservation reserve

A conservation reserve under the provisions of  the Wildlife Protection

Table 1. District wise mangrove cover in km2

District 1995 1997 1999 2001 2003

Uttar Kannada 2
Dakshina Udupi 2 1
Kannada Mangalore

Total 2 3 3 2 3

(Source: Forest Survey of  India)

Table 2. Estuary wise mangrove cover in ha.

Estuarine complex Extent of  mangroves

Kali 37.5
Belekeri tadri – Gangavalli 57.5
Aghnashni Sharavathi 85
Venkatapur 17.5
Shiroor Baindoorhole 80
Chakrahaladikollur 312.5
Sitaswarnakodi Udiyavara 77.5
Mulkipavanje 125
Gurpur Netravathi 22.5

815

(Source : V. Shreedhar et al.)
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Act 1972 has been proposed in 11 acres of  land at Jalladi. At present the
mangrove nursery is situated at the same place. This nursery shall be
upgraded to a hi-tech nursery under the Greening India Scheme. This
facility will include an interpretation centre, elevated pathways and a boating
facility. The boating facility will be outsourced to local fishermen with the
objective of  creating livelihood linkages.

Afforestation

Mangrove conservation efforts in the last 17 years have basically comprised
of  establishing plantations of  various species. Under different schemes
1523.54 ha. of  plantations using various planting models have been
established in four coastal divisions of  the state (Table 3). Currently eco
restoration of  mangrove areas is being done by direct propagule planting
or raising plantations using a mix of propagule and poly bag saplings under
the Centrally Sponsored Mangrove Scheme (CSMS) and Karnataka
Sustainable Forest Management and Biodiversity Management (KSFMBM).

Table 3. Division wise mangrove afforestation in ha.

Year Honnawar Kundapur Karwar Mangalore

2006-07 200 150 200 250
2007-08 200 300 200 -

Total 400 450 400 250

Afforestation of  mangrove forests along Karnataka coast
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Technique of  afforestation: The area to be selected for plantation should
be observed for a long period of  time beforehand during high and low
tides for both new moon and full moon periods. The area selected should
be inundated during both moon high tides. The establishment and vigour
of  the plantation depend on the availability of  standing mudflat and muddy
water. The whole process of  planting should be completed during April-
May when water level is low. Once the monsoon starts, it is very difficult to
do the planting. The present practice of  spacing is 2m x 2m. However, it is
felt that it should be reduced to 1.5m x 1.5m as mangrove plantations
suffer a high rate of  mortality due to various reasons. It would also be
ideal to plant 50% poly bagged seedlings and 50% propagules and wildlings
with a 30% mortality replacement provision. It is very difficult to get a
large stretch of  compact area for raising mangrove plantations. Areas
available for plantation occur on small islands and fringes of  rivers.

Joint Forest Management and stakeholders’ participation

In recent years there has been a visible shift in the approach of  the
Department from direct implementation to involving local communities
and other stakeholders through the process of  Joint Forest Participatory
Management (JFPM). Coastal Village Forest Committees (VFC) are formed
and plantations are raised after detailed micro planning with participation
of  VFC members. On the 6th February 2008 a Conserve Mangrove Conclave
of  all the stakeholders’ Associations viz.: the Fishermen Association, Sand
Miners Association, Prawn Farmers Association and Shell Collectors
Association was organized. These Associations formed a ‘Mangrove
Conservation Okkuta’ to spearhead various mangrove conservation
initiatives for the future.

Policy issues

Transfer of  mangrove areas to Forest Department: The Forest Department
does not own any mangroves at present but it is the only Department
striving to develop and conserve these precious ecosystems. Recently, some
Revenue Department officers have handed over small patches of  mangroves
due to the local initiatives such as Jalladi near Kundapur. There is an urgent
need to identify and assess the extent of  mangroves under the controll of
other Departments. A policy decision is required to get them transferred
to the Forest Department for notifying them as “Conservation Reserve”
under the Wildlife Protection Act 1972.

Integrated approach: There are 18 rivers originating in the Western Ghats
parts of  Karnataka. Mangrove patches occur at these river mouths on the
shore of  the Arabian sea. Of  these, 8 rivers congregate in Kundapur
Division alone. Kundapur is famous for its variety of  fishes, especially the
lady fish (Kale Meenu) and prawns. The variety and variability of  coastal
life are attributable to a great extent to the richness of  the mangroves,
which in turn are dependent on the health of  the river system. As mangroves
need a good mixture of  fresh as well as brackish water, a healthy river
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system is essential for development of  healthy mangrove forest. The health
of  a river depends on the conditions of  its banks and catchment areas.
Therefore, an integrated approach is needed for development of  mangroves.

Incentives for private area planting: As major portions of  potential
mangrove areas are in private custody no strategy to develop mangroves
could be effective unless it includes these areas. Land owners too are quite
aware of  the effectiveness of  mangroves as an erosion prevention measure
and can be easily persuaded to raise and maintain a linear patch of
mangroves between their plantations and water. One such farmer Shri
Shina Pujari who planted a large piece of  land adjoining his land with
different species of  mangroves was felicitated in a public function recently
to celebrate the “World Wetland Day” at Kundapur. A hi-tech nursery is
being established at Jalladi to cater to the need for saplings by private
persons. A scheme to provide financial assistance to private farmers to
promote mangrove planting in their lands needs to be put in place.

Addressing livelihood issues: Due to a sudden spurt in economic and
industrial development in the coastal region, the mangrove area, especially
under the private ownership, is falling prey to land sharks and industrial
houses. Though there is considerable awareness generated on the
importance of  mangroves after the Tsunami of  December 2004, the lure
of  money is acting strongly against conservation ethos. Development of
community resilience through unity of  purpose coupled with addressing
livelihood needs is the only hope to save the remaining patches of  mangrove
forests.

The private owners of  mangroves have
to be motivated to organize themselves
into Eco-Development Committees
with provision of  financial support for
entry point activities as provided in the
case of the National Afforestation
Programme of  the Government of
India. They may also be helped to form
self-help groups with provision of  seed
money of  Rs. one lakh payable in
installments as is provided under
KSFMBM project in Karnataka.  In
addition to training skills, value
addition and marketing need to be
imparted.

Publicity and awareness: Communities
in the coastal areas, especially the
school children, form the target group
for all awareness campaigns. Village
level workshops, competitions, eco-
runs and visitations to mangrove areas

Yakshagana, an ancient art form
employed for mangrove conservation
awareness programmes in Karnataka
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are organized for school children. Documentaries, calendars and fliers are
produced and distributed. Interpretation centers with information kiosks
and elevated pathways for close quarter interaction with mangroves are
being constructed. Programmes in local art forms like ‘Yakshagana’ have
been produced to make the publicity more effective. Field visitations to
mangrove areas in other states and local trainings have been organized for
frontline staff.
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Introduction

Mangroves give thousands of  livelihood options in Kerala such as mangrove
fruits, honey, essential medicines, thatching material and tanning. Thus, as
we stabilize shorelines and protect them from erosion, we provide
livelihoods to thousands of  people who live along the shoreline. There is,
therefore, a close relationship between coastal communities and mangroves.
As the mangroves grow they turn into forests in four years. Not only can
the fishermen benefit from the products of  the forests but they could
benefit from ecotourism. Establishing mangrove replenishment initiatives
along the rivers and coasts of  Kerala help restore and create a mangrove
habitat. The strategy must involve the active involvement of  the local
community.

The state is spread linearly in a north-south direction along the western
coast covering a length of  about 575 km with a good network of  back
waters. A good percentage of  the population resides along the coasts and
is dependent on fishing for their livelihood. Over the years the fish catch
has been steadily decreasing and this has been a cause for concern. That
this is the result of  the steady reduction in the mangroves is known only
now. However, the fishermen do not have much control over the mangroves
on which their very livelihood depends. If  more mangroves are planted,
the fishing nursery ground can be extended, thereby increasing the income
generation of  the poverty stricken fishermen.

Mangroves once covered 700 km2 in Kerala. This is now reduced to 17
km2 distributed over the 10
districts (Table 1). Of  this,
only about 200 ha. (2 km2)
are owned by the
Government, the rest are
with private ownership.
There is great potential to
restore the once dense
mangrove stretches
protecting the land and
improving the health of  the
ecosystem whilst also
improving the livelihoods of
the coastal communities.

Mangrove afforestation in Kannur, Kerala
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Major threats to mangrove conservation

The principle factors contributing to the decline of  mangroves are:

� Cultivation of  paddy and development of  extensive coconut groves
and home gardens.

� Reclamation of  land and developing of  real estate business in coastal
Kerala.

� Over dependency of  the local population on mangroves and
unsustainable intensive exploitation and development of  settlements.

� Changes in topography and configuration of  the coastline.

� Sea water intrusion and decrease in fresh water supply.

� Shrinking of  backwaters.

� A high rate of  population growth and over population to a current
density of  2000 individuals/km2. in the coastal belt of  Kerala.

� Cutting of  wood for fuels – practically most of  the mangrove species
are used as firewood especially species of  Rhizophora, Bruguiera and
Xylocarpus.

� Continuous cattle grazing on the seedlings.

� Industrialization and urbanization – construction of  railway lines, roads,
ports, harbours, shopping centers, multistoreyed apartments, hospitals,
factories, timber-stocking units etc.

� Unsustainable mode of aquaculture practices – during the past one
decade, large areas of  mangroves have been cleared to establish shrimp
farms.

� Oil pollution from oil leaks and spillages from pipelines, ships or boats–
mangrove forests are extremely vulnerable to oil spills.

Table 1. Area under mangrove
forests in ha.

Districts Area

Thiruvananthapuram 23
Kollam 58
Alappuzha 90
Kottayam 80
Ernakulam 260
Thrissur 21
Malappuram 12
Kozhikode 293
Kannur 755
Kasaragode 79

Total 1671A shrimp farm in a mangrove area, Kannur
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� Marine wood borers, beetles, nitrogen fixing bacteria.

� Indiscriminate exploitation for tourism and related activities in places
like Kumarakom of  Kottayam and Asramam of  Kollam districts.

� Coconut husk retting – this is a traditional village industry on the Kerala
coast, which has a major role in the destruction of  mangrove forests.

� Strengthening of  coastal borders with protective stone walls – this
prevents the growth of  mangroves.

� Sand mining from beaches.

Current ongoing programmes for mangrove conservation

� Conservation and management including augmentation of  wetlands
and mangroves at Vembanad and Kannur areas of  Kerala

� Tsunami rehabilitation programme (Teeravanam padhati – creation
of  bioshield along the Kerala coast)

Strategies for artificial regeneration of  mangroves

� Identification and selection of  sites for artificial regeneration of
mangroves.

� Establishment of  nurseries in the locality for raising mangrove
seedlings.

� Implementing afforrestation programmes through people’s
participation.

� Using physical barriers like sandbags or bamboo fencing to regulate
strong tidal flow currents to ensure success whilst planting in water
logged areas during high tides.

� Planting during low tides using highly skilled labourers.

� Planting with tide breaker walls as it is more effective and cheaper
than planting in individual encasements.

Strategies for natural regeneration of  mangroves

Protect the existing area from encroachment destruction, pollution and all
kinds of  biotic interference. Chitary, Dharmadam and Edakkad are the
areas, for example, with successful
natural regeneration.

Strategies for protection of
mangroves

The measures adopted by KFD for
protecting mangroves are:

� Protecting the area from
biotech interference through
awareness.

� Notifying such areas under the

Mangroves destroyed for building roads in
Kunhimangalam, Kannur
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Kerala Forest (vesting and management of  ecologically fragile land)
Act 2003 and bringing the area under the Indian Wildlife Act 1972 by
declaring the area as community reserve.

� Acquisition of  private mangroves by paying compensation.

� Creating awareness among the locals and public about the significance
and importance of  mangrove ecosystems and their conservation values
through extension training, study tours, workshops and seminars.

� Encouraging and supporting the NGOs involved in marine turtle
conservation along the Kerala coast.

Management practices for mangroves

� Introducing the concept of  habitat improvement for mangrove forests
intending to remove nondegradable waste and toxic pollutants.

� Ensuring free water flow by removing obstruction and artificial bunds.

� Giving incentives to land owners who maintain mangroves without
changing land use patterns.

� Providing approach roads, drainage and sanitation, family health care
and promotion of  pisci-culture.

Joint management programmes

A steering committee with the Principal Forest Secretary as the chairman,
three Additional PCCFs, the Director of  KFRI and the representative of
KSCSTE as members at the state level has been constituted for monitoring
the implementation of  the Management Action Plan (MAP) for an ongoing
project ‘Conservation and Management including augmentation of
Wetlands and Mangroves at Vembanad and Kannur’.  Further, at local
level with people’s participation, Kandal Samrakshana Samitis like
Ramanthali Mangrove Committee, Mullakamkody Mangrove Committee,
Ezhome Mangrove Committee, Eranholi Mangrove committee, Tellichery
Mangrove Committee and Muzhapilangad Mangrove Committee have been
formed for implementation of  the MAP activities. The MAP is
implementing restoration of  degraded mangrove ecosystems with
components such as a Community Center for extension activities, visits to
mangrove areas, regeneration, habitat improvement, inventory survey and
mapping.

As per the Gazette Notification No. 1880 dated 17th October 2007 in
Kerala Gazette, vol. LII, page 52, the Government has declared the
mangrove forests of  Kadalundi as Kadalundy Community Reserve
(Government of  Kerala order. G.O (MS) No.66/2007 dated 17th October
2007).
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Introduction

The Sundarbans Biosphere Reserve (SBR) is the sea-land inter-phase regions
of  the Ganga-Brahmaputra deltaic complex. It is located between 21° 30'
2" to 22° 10' 27" N and 88° 10' 0" E within the districts of  North and
South 24-Paraganas of  West Bengal and covers an area of  9630 km2 south
to the Dampier-Hodge line. It is the largest sheltered part of  the wet coastal
ecosystem in India. The deltaic complex was developed by the enormous
silt and sediment deposition carried down from the great Himalayas by
the rivers Ganga and Brahmaputra. The vast deltaic regions regularly receive
saline tidal thrust from the Bay of  Bengal twice a day. They are also bathed
with a continuous flow of  fresh water from the upstream of  the rivers
Ganga-Brahmaputra system. These regions are affected by frequent
cyclones, storms and other natural calamities. The continuous saline
intertidal flow, unstable and premature substrate, regular erosion and
accretion processes of  the river bank’s clay and silt impart the habitat an
ecologically stressed condition. However, these dynamic intertidal
ecosystems create a very specialized habitat for mangroves. Both flora and
fauna withstand these stressed conditions by morphological, physiological
and biochemical adaptations.

Importance of  Sundarbans

� It is the largest mangrove reserve on the Earth containing more than
60% of  India’s total mangrove reserve.

� It is the only mangrove tiger land in the world.

� Mangroves and their associates exhibit great generic and species
diversity and it is home
to rare and highly
endangered flora and
fauna.

� The mangrove reserve
acts as a nursery for a
number of  fish and
shellfish which form the
base of  the food chain
for the entire coastal
fishing of  Eastern
India.

Flight from the trap, Sundarbans
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� Large areas of  the Sundarbans mangroves protect the metropolis of
Calcutta suburbs from the frequent gales originating from the Bay of
Bengal.

� It is a World Heritage Site and Biosphere Reserve.

Background information

During the Mughal period in 1757, Nawab of  the then Bengal, Mir Jafar,
distributed 24-Paraganas along with the Sundarbans to the East India
Company. Major cultivation, reclamation and resettlement in the
Sundarbans had started since this period. However, the settlers were not
able to live permanently due to the hostile terrain, frequent floods, storms,
lack of  drinking water, tigers and crocodiles. In the year 1829-1830
Lieutenant Hodge and Commissioner Dampier surveyed the entire
Sundarbans and made a boundary line of  the Sundarbans forests from the
Hoogli River to the eastern limit of  the forest areas. After the demarcation
of  this Dampier-Hodge line boundary, regular land-leases were granted to
the settlers and from 1830 to 1900 about 3,737 km2 areas towards the
South of  the Dampire-Hodge line were changed for cultivation and
settlement as recorded in the district census report of  1951. In this way,
areas like Gosaba, Basanti, Sagar Island, Hingalgunj, Kakdwip, Kultali,
Mathurapur, Namkhana, Pathorpratima, Sandeshkhali and others
comprising about more than 5,158 km2 were reclaimed. The early settlers
in the Sundarbans areas were migrants of  tribal origin and some small
numbers of  indigenous people. Among the tribals Munda, Bhumij, Oraon
and Santhal from Bihar and Orissa were dominant, besides Ganju, Mahata,
Puran, Poundra and Namashudra from Chotanagpur and Ranchi.

Areas and habitat types

The present SBR is established over an area of  9630 km2 south of  the
Dampier-Hodges line in the Ganga-Brahmaputra deltaic complex
surrounded by many big rivers connected to each other with various
distributaries, innumerable meandering creeks, canals and islands forming
a complete network of  large salt water low lying tidal swamps. It is bounded
by the Hoogli river to the west, the Bay of  Bengal to the south,
Harinbhanga-Raimangal river to the east and Dampier-Hodges line to the
north. Depending on the characteristics of  different deltaic heads and
influence of  freshwater flow, the SBR can be divided into six major habitats.

Sagar-Mahisani-Ghoramara sand head group of  islands

These islands having an area of  90 km2 are formed at the estuarine mouth
of  the river Hoogli. They are recent islands made of  sandy upper strata
and influenced by the freshwater flow of  the river Hoogli. Salinity of  the
soil in these islands is reduced by leaching. The release of  Farakka barrage
water has been changing the salinity of  the Hoogli river. The impact of
this recent development on the surrounding islands needs proper
investigation. Natural regeneration of  fresh water loving species and rabi
production of  watermelon and chilli in these Islands are famous.
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Land in between Mahisani Island and river Thakuran

This land with an area of  900 km2 is the second deltaic lobe. Because of
the lack of  freshwater flow, it forms a typical sheltered part of  the delta.
Owing to the presence of  more zooplankton and phytoplankton these
regions are used for breeding and hatching of  tiger prawn. There exists
Bhagabatpur crocodile farm and Lothian Wildlife Sanctuary with rich
mangrove flora.

Areas in between the river Thakuran and the Matla

This is the third deltaic lobe of  the Gangetic delta with an area of  1600
km2. It is totally detached from any upstream flow and is mostly influenced
by the back water flow. This part is covered with mangroves and palm
swamps.

Area lying in between the river Matla on the west and the river Harinbhanga
on the east

This is the core zone of  the Sundarbans Tiger Reserve bounded by the
river Netidhopani and Gosaba on the north and Bay of  Bengal on the
south. This 1692 km2 is influenced by both salt and fresh water flow and
recognised as an ideal habitat for mangroves and tiger populations. The
area is more or less free from interference.

Northern part of  the core area of  SBR surrounded by the river Ichhamati
(buffer zone of  Tiger Reserve)

This land with an area of  893 km2 is the buffer zone of  the SBR and forest
areas are used for conservation and sustainable development. The southern
part of  this land receives freshwater flow from the river Ichhamati.

Extreme northern area lying to the east of  the river Matla

The easterly flowing effect of  the river Ganges through tributaries of  Padma
influences the area to become an ideal agricultural region. Owing to the
influence of  freshwater flow from the river
Ichhamati, this 4455 km2 is more advanced
in agriculture, aquaculture and agro forestry.

Characteristics of  the forests

The SBR forest falls within a dynamic deltaic
ecosystem which is fragile and ecologically
very sensitive. It is considered to be the third
largest mangrove formation in the world
after those in Indonesia and Malaysia.
Innumerable ramifications of  the river
system and the occurrence of  several islands
in the saline intertidal lands along with the
intermixing of  freshwater flow are ideal for
the best growth and presence of  maximum
number of  mangrove species. These large

Heritiera fomes, a rare mangrove,
fruits
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mangrove forests are preserved with their wilderness under the protection
of  Project Tiger. Almost all the mangrove species in India except one or
two are found in this area. It is home for many endangered and threatened
species such as Heritiera fomes, Acanthus volubilis, Sarcolobous globosus, Kandelia
candel, Dischidia nummularia, Cynometra iripa and Sonneratia griffithii.

During the high tide, 70% of  the land area is impregnated with varying
degrees of  salinity resulting in continuous deposition of  silt and sediments.
The majority of  the dominant plant species in the region are characterised
by stilt roots, salt glands, vivipary and pneumatophores for their survival. In
this zone microbial action converts mangrove litters into consumable protein
which serves as a primary source of  energy and enters into the food chains.
The biomass productivity in this ecosystem is very high and is comparable
to any other biosphere reserve in India. Some of  the plant species of  Avicennia,
Sonneratia, Excoecaria, Derris, Acanthus, Myriostachya and underground roots
and bulbs of  many other species are good fodder for deer, monkeys and
wild boars. Besides the primary energy resources, mangrove forests play a
vital role in the protection of  soil from erosion, storms and cyclones. They
serve as the backbone for the development of  socio-economic structure of
the surrounding villages with the potentials of  timbers, tannins, fodder,
thatching materials, honey, fish, crabs, prawns and others.

Area and the extent

The total area of  the Indian Sundarbans region is about 9630 km2, out of
which the Reserve Forest occupies nearly 4260 km2. At present, out of
108 islands of the Sundarbans region, 54 are inhabitated with a population
of  about 3.2 million (1991 census), spread over 1093 mouzas. The region
is spread over two administrative districts, viz.: South 24-Parganas (13 blocks)
and North 24-Parganas (6 blocks).

Topography and soil

Geologically, the Sundarbans is the largest prograding delta on the globe.
The region is covered solely by quaternary sediments carried and deposited
by the rivers Ganges, Matla and Bidyadhari. In the recent past, the Bengal
basin suffered some neotectonic movements. Between the 12th and 16th

centuries, there was an easterly tilt of  the Bengal basin, which resulted in a
shift of  the Ganges and Padma towards the east. During this period, the
Matla and Bidyadhari river systems formed innumerable networks of  creeks
between the Ganga and Padma. During the 16th century, the Ganges flow
shifted almost totally eastwards into the Padma, and the Matla and
Bidyadhari river system got completely cut off  from the fresh water source.
It is presently fed by the back water of  sea. The main estuaries from the
west to the east in the Indian Sundarbans are Hoogli, Saptamukhi, Thakuran,
Bidya, Bidyadhari, Gosaba, Kalindi and Raimangol. The average tidal
amplitude in these estuaries ranges from 3.5 to 5m.

Trapped tiger swimming to the banks after release, Sundarbans
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Climate and rainfall

Although the region is situated south of  the Tropic of  Cancer, the
temperature is equable due to its proximity to the sea. Average annual
maximum temperature is around 35oC. The summer extends from the
middle of  March to the middle of  June and the winter from December to
February. The climate is more equable in the areas adjoining the forest
than in the habitations in the north, created by clearing the forests.

The monsoon usually sets in around the middle of  June and lasts up to the
middle of  September. Rough weather lasts from 15th March to 15th

September and the fair weather prevails between mid September to mid
March. Average annual rainfall is 1920 mm. Average humidity is about
82% and is more or less uniform throughout the year.

Sundarbans Reserve Forests

The extent of  mangrove Reserve Forests in the Indian Sundarbans is around
4260 km2, which is administratively divided into the Sundarbans Tiger
Reserve (2600 km2) and the South 24 Paraganas Forest Division (1660
km2). Out of  this total recorded forest area, 55% is under land vegetation

A juvenile Brahminy kite, Sundarbans
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Table 1. Protected area network in the Sundarbans

Location Area in km2

Sundarbans National Park 1330

Sajnekhali Wildlife Sanctuary 362

Lothian Wildlife Sanctuary 38

Haliday Wildlife Sanctuary 6
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Tiger

Spotted deer

Estuarine
crocodile

River
terrapin
(Batagur
baska)

Marine
turtles

The only Mangrove
Tiger Kingdom in
the World.

Large population.

Home of  a large
number of
endangered and
globally threatened
animals like the
Estuarine Crocodile.

Home for the river
terrapin (Batagur
baska) which was
once believed to be
extinct.

Nesting ground for
marine turtles like
the Olive Ridley,
Green turtle and

A ‘flagship
species’ in the
SBR

Constitutes
the major
prey-base for
the flagship
species.

Acts as a
scavenger of
the aquatic
ecosystem.

Occupies the
ecological
niche of  a
scavenger.

Contributes
considerably
to the high
biodiversity

Very good

Very good

Fair/low
density.

Poor/low
density/little
information.

Good/only
on 3-4
beaches.

cover and 45% is under water body/intertidal zone. Nearly 40% of  the
Reserved Forest area has been brought under the Protected Area (PA)
network (Table 1).
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Gangetic
dolphin

Fishing cat

Migratory
birds

Tropical
estuarine
swamp forest

Historical
values

Hawks turtle.
Habitat (mangrove
creeks) for the
Gangetic Dolphin,
an endangered
mammal.

Home  of  a large
number of
endangered and
globally threatened
species like the
Fishing cat.

During the
monsoon the
Sundarbans forms a
number of  heronries
and is home for the
trans-himalayan
migratory birds in
winter.

The SBR ecosystem
represents the fragile
mangrove swamp
which is also
storehouse of the
world’s most diverse
gene bank for
mangrove
biodiversity.

The remains of
recent fossils of
Rhinoceros unicornis
have been collected
from Bakkhali.
Fossils of  sweet
water tortoise Chitra
and jaws of  Gharial
(Gavialis gangeticus)
were found in the
excavations of
DumDum along

index.
An indicator
species of
water
pollution.

Occupies the
secondary
consumer level
after the RBT
in ecological
pyramids.

Already
identified as an
IBA site.

Serves as a
fish nursery,
harbours a
variety of  fish
and offers
them an ideal
breeding
ground.

It offers a
scintillating
array of  the
potentiality of
the area
regarding the
biodiversity
index.

Fair

Good/little
informa-
tion.

Very good/
Kingfisher
paradise.

Very good

Fair
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with great stumps of
Sundari (Heritiera
spp.) in association
with fruits of  Derris
and Ceriops. Sweet
water enabled the
survival of  the Javan
Rhino, Water buffalo
and swamp deer
within the mangrove
forests of the
Sundarbans until the
last century. Skeletal
remains of R.
sondaicus were found
at Mollakhali, PS-
Gosaba in April,
2000 at only 2.7
metres below the
surface.

A place where
ongoing geological
processes are a
natural
phenomenon. Due
to the continuous
effect of erosion,
tidal waves and
turbulence
deposition of  silt
may lead to
formation of  new
mudflats and islands.
Sheet, gully and
finger erosions, on
the other hand, may
change shapes of
estuaries and
existing islands.
Thus a continuous
cycle of erosion and
deposition affects
the community
giving rise to a
dynamic ecosystem.

A self-
dynamic
system
controlling
the nutrient
cycle.

Very goodActive delta
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The soil
binding
capacity of
mangroves
resists soil
erosion
protecting the
fringe
population.

The salinity
and the
toxicity vary
with the
concentration
of  the waste
coming in.

Religious
attributes
towards
conservation
of  wild flora
and fauna.

An awareness
drive among
the fringe
population.

Genetic
reservoir of
economically
important
plants.

Large areas of  the
Sundarbans
mangroves protect
the metropolis of
the Kolkata suburbs
from frequent gales
originating from the
Bay of  Bengal
possibly helping in
reducing Tsunami
impacts.

A significant amount
of  aquatic wastes
from the megacity
of  Kolkata and its
suburbs finally get
poured into the
basin of the
Sundarbans Tiger
Reserve.

Different areas of
the SBR have been a
part of  various
mythological stories
since ancient times.
This highlights the
relationship between
the RBT and
Human beings.

Different
communities create
folk songs and street
plays based on the
stories related to the
forest and its
inhabitants.

Rich diversity of  the
mangroves and a
few medicinal plants
with continued
traditional use by

Bio-barricade
against
cyclone

A ‘sink’ for
local wastes

Mytholo-
gical
importance

Folk culture
of local
tribes based
on forest
stories

Ethno-
botanical
values

Very fair

Good

Good

Fair

Fair
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Tourism

local community
form the
surrounding
landscape.

A few sites harbour
historical ruins of
cultural importance.

Famous and
popular
tourism sites
not only for
the state but
for the nation
and the world.

Good

The Ministry of  Environment and Forests, Government of  India adopted
the National Man and the Biosphere (MAB) programme and declared the
entire 9630 km2 of  the Sundarbans as the Sundarbans Biosphere Reserve
in 1989 through a notification to establish a formal mechanism for
coordinating and integrating diverse activities of  conservation, research
and training to create a better situation of  harmony between man and
environment. The core area of  the Sundarbans Tiger Reserve, due to its
unique ecosystem, was declared a World Heritage site in 1987 and it has
the highest population of  tigers in India. This Biosphere Reserve was
included in the global network of  Biosphere Reserves in November 2001.

Biodiversity profile

The Indian Sundarbans is very rich in biodiversity value but this has not
yet been fully assessed. As per the Management Plan of  Sundarban Tiger
Reserve, 84 species of  mangroves have been recorded under 60 genera
and 40 families. Of  the 84 species recorded, there are 26 major elements,
29 minor elements and 29 back mangals.

Fauna

The mangroves of  the Sundarbans can be treated as an estuarine ecosystem
supporting a large number of  animal communities living either entirely
within the mangroves or visiting this zone to feed or to breed. In most of
the crustaceans, the permeability of  the body surface is reduced so that
the osmotic and ionic
regulations may be achieved.
The Sundarbans tigers are
capable of leading an almost
amphibious life and, perhaps,
lost extreme territoriality owing
to the obliteration of urination
marks by the tidal waters.
Spotted deers and Rhesus
monkeys are very common in

Red mangrove crab, Sundarbans
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the Sundarbans. Rare and endangered species include Tiger (Panthera tigris),
Salt water crocodile (Crocodylus porosus), Fishing cat (Felis viverrina), Leopard
cat (Felis bengalensis), Gangetic dolphin (Platanista gangetica), Salvator lizard
(Varanus salvator), Bengal monitor lizard (Varanus flavescens), Olive ridley
turtle (Lepidochelys olivacea), Hawk’s bill turtle (Eretmochelys imbricate), Green
turtle (Chelonia mydas), Estuarine terrapin (Batagur baska), Giant heron (Ardea
goliath) and Lesser adjutant stork (Leptoptilos dubnis).

Vegetation

According to Champion and Seth(1968) the SBR falls under the major
group, 4-littoral and swamp forest with the following sub-group: 4B tidal
swamp forest, T5-2 mangrove forest, T5-3 salt water mixed forest (Heritiera),
T5-4 brackish water mixed forest (Heritiera) and Tj-l mangrove scrub forest.
The tidal forest varies so much in such a short distance that a general
description is difficult. Good forest is found on ground which is flooded
by high tides.

Based on the proximity to sea, location within the delta and salinity content
of  the water, following mangrove formations can be observed in Indian
Sundarban:

Estuarine mangrove formations

All the estuarine regions of  the SBR having less than 3-4 m elevation are
with a maximum influence of  water salinity, tidal inundation, silt and sand
along with high wind speed. Vegetation in this zone is usually dominated
by Avicennia marina and associated with Sonneratia griffithii, Bruguiera cylindrica,
B. parviflora, Ceriops tagal, Aegialitis rotundifolia, Phoenix paludosa and Excoecaria
agallocha. They are also found commonly exposed under eroded conditions
in the river banks. However, extensive plantations of  Avicennia alba on
mudflats have relegated the rest of  the species in a
subdominant position. Presence of  salt excretory
glands in the leaves and petioles of  Avicennia marina
and a water storage mechanism in the leaves of  the
species of  Sonneratia, Ceriops and Aegialitis are the
adaptive mechanisms used for withstanding high
salinity conditions. All the above species are found
specially along the forest block of  Chulkati,
Chotohardi, Mayadwip, Baghmara and Gona river
mouths.

Riverine mangrove formations

The best development of  mangroves is found in
the inner estuarine or riverine habitat where flora
becomes rich and diverse due to a sheltered
situation and availability of  fresh water. The
distribution of  mangrove species exhibits three

Leopard cat, Sundarbans

Rhizophora apiculata,
flowers and fruit
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distinct habitats: i) true or typical mangroves ii) semi or less pronounced
mangroves and iii) transitional or hinterland mangroves.

True or typical mangrove habitats

This zone covers the lowermost part of  the river system just away from
the estuarine mouth where tidal flats are associated with maximum number
of  creeks and channels. Here the salinity is lower than the river mouth but
tidal velocity is higher as the flow enters into the creeks. Vegetation is
mainly dominated by Rhizophora apiculata, R. mucronata, Kandelia candel and
Aegiceras corniculatum. Excoecaria agallocha, Bruguiera gymnorrhiza, Xylocarpus
granatum, X. mekongensis, Avicennia officinalis, A. alba, Ceriops decandra, Dalbergia
spinosa and Phoenix paludosa are common. Finlaysonia obovata, Derris scandens,
Tylophora tenuis, Sarcolobus globosus and Hoya parasitica are found as common
climbers in this zone. Most of  the species in this typical mangrove formation
are adapted by formation of  stilt roots and vivipary for survival and easy
regeneration. All the above-mentioned plants are members of  the vegetation
in Dhulibhasani, Ajmalmari, Matla, Netidhopani, Chamta, Chandkhali,
Panchamukhani and other forest blocks.

Semi or less pronounced mangrove habitats

This occurs in the middle part of  the riverine system which is slightly
elevated from the true or typical habitat and is associated with less number
of  tidal creeks. As this part is further away from sea and nearer to fresh
water source, the salinity is less and the soil
becomes very sticky and muddy. This habitat is
mainly dominated with Sonneratia apetala, Heritiera
fomes, Nypa fruticans, Excoecaria agallocha followed
by Brownlowia tersa, Sonneratia caseolaris, Xylocarpus
mekongensis, Bruguiera gymnorrhiza, Avicennia officinalis,
Aglaia cucullata, Cerbera manghas, Intsia bijuga,
Cynometra iripa and Phoenix paludosa. Some common
shrubs, climbers, grasses and sedges are Acanthus
ilicifolius, Clerodendrum inerme, Caesalpinia bonduc,
Sarcolobus carinatus, Derris trifoliata, Pentatropis capensis,
Solanum trilobatum, Flagellaria indica, Myriostachia
wightiana, Porteresia coarctata, Crinum asiaticum, Cyperus
exaltatus, Fimbristylis ferruginea and Schoenoplectus
articulatus. Most of  the tree species in this zone
produce knee roots, pneumatophores, peg-like
woody root suckers and buttresses to withstand
the less aerated condition of  the muddy soils and
to support their massive boles. These adaptive
features give a distinct stamp to the overlying
topography, distinguishing this zone as less
pronounced or semi mangrove formation from
the previous zone. All the above mentioned species
are found in Harinbhanga, Pirkhali, Khatuajhuri,
Arbesi and other forest blocks.

Derris scandens
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Transitional or hinterland mangrove habitats

This habitat lies towards the hinter part of  the river system where tidal
flats are more elevated and creeks and channels are suddenly shut off  due
to the formation of  natural sand bars. These areas are usually devoid of
regular tidal flow. This zone is mostly dominated by Clerodendrum inerme,
Avicennia officinalis, Derris scandens, Thespesia populnea, Pongamia pinnata, Acanthus
ilicifolius and Acrostichum aureum. Further increase in elevation, deposition
of  sand and accumulation of  more organic matter arise with fresh water
associates like Syzygium rusifolium, Carissa spinarum, Ochna obtusata, Manilkara
hexandra, Diospyros cordifolia, D. buxifolia, Trewia nudiflora, Salacia chinensis and
Aristolochia indica. Most of  the species in this habitat do not show any
adaptive features like stilt roots, pneumatophores and vivipary. This
formation may transit successfully towards a non saline zone. The plants
are found towards the most inner part of  the islands and they occur in
Basanti, Canning, Gosaba, Marichjhapi, Sajnakhali and other forest blocks.

Salt marsh forests

Some areas within the mangrove forest blocks become dried up and slightly
elevated along their margins due to the deposition of  sands and other
debris. Owing to these microtopographic changes, the rate of  outflow of
saline tidewater decreases gradually and eventually the outflow comes to a
halt in the shallower places. Accumulation of  saline water and high
evaporation rate in these areas render the soil hypersaline in comparison
to the adjacent mangrove swamps. Thus, the areas suffer from regular tidal
inundation and remain physiologically dry with a high concentration of
salts. Common plant species are Sesuvium portulacastrum, Heliotropium
currasavicum, Suaeda maritima, S. nudiflora, S. monoica, Salicorria brachiata,
Arthrocnemum indicum, Tamarix troupii, Aeluropus lagopoides and Scirpus littoralis.

Vegetation of  the sea shore

Open beach forest

Open beach forests are mainly divided into two major types, viz.: i) areas
under the influence of  regular intertidal sea waves and ii) areas above the
influence of  regular sea waves. Intertidal areas of  the open beaches are
devoid of  any vegetation due to the unstable nature of  sandy beaches. In
the supra tidal regions where the areas are more or less semi stabilized or
stabilized with loose sandy grains, the following sand binders are common:
Ipomoea pes-caprae, Hemathria compressa, Canavalia gladiata, Vigna marina, Cyperus
arenarius, Aristolochia indica, Fimbristylis dichotoma, Gisekia pharnaceoides,
Hybanthus enneaspermus, Imperata cylindrica, Launaea sarmentosa, Rivea
hypocrateriformis, Rothia indica, Oldenlandia biflora, Saccharum spontaneum, Vetiveria
zizanoides and Wedellion biflora.

Sandy dunes, back dunes and sandbar vegetation

Just behind the open and flat sand beaches in the supra-tidal habitat, there
are formations of  small sand dunes and sand bars and the back of  the
dunes are commonly covered with the following plant species:
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Abutilon indicum
Aerva lanata
Allophylus cobbe
Alternanthera paronychiodes
Alysicarpus vaginalis
Ammannia baccifera
Antidesma acidum
Argemone mexicana
Aristida setacea
Asparagus domosus
Atylosia scarabaeoides
Azima tetracantha
Bacopa monnieri
Barringtonia racemosa
Bergia capensis
Bidens pilosa
Biophytum sensitivum
Blepharis indica
Blumea lacera
Bridelia retusa
Calophyllum inophyllum
Calotropis gigantea
Calotropis procera
Canavalia gladiata
Capparis decidua
Capparis sepiaria
Carissa spinarum
Cassia sophera
Cassia tora
Catharanthus roseus
Cayratia pedata
Cayratia trifoliata
Cenchrus ciliaris
Centella asiatica
Chloris barbata
Chrozophora plicata
Cissampelos pareira
Cissus vitiginea
Cleome aspera
Convolvulus arvensis
Crateva adansoni ssp. odora
Crotalaria verrucosa

Cyperus arenarius
Cyperus haspan
Cyperus pangorei
Datura metel
Desmodium gangeticum
Diospyros cordifolia
Dodonaea viscosa
Ehretia acuminata
Eragrostis gangetica
Euphorbia nivulia
Evolvulus alsinoides
Ficus religiosa
Gisekia pharnaceoides
Glycosmis pentaphylla
Hybanthus enneaspermus
Hyptis suaveolens
Imperata cylindrica
Indigofera linifolia
Ipomoea pes-caprae
Jatropha curcas
Kyllinga brevifolia
Lannea coromandelica
Leptadenia pyrotechnica
Leucas stricta
Lippia alba
Litsea glutinosa
Ludwigia perennis
Malachra capitata
Manilkara hexandra
Merremia gangetica
Mollugo disticha
Mollugo pentaphylla
Murdania vaginata
Ochna obtusata
Opuntia dillenii
Oxalis corniculata
Pandanus tectorius
Passiflora foetida
Pavetta indica
Pentatropis capensis
Phoenix sylvestris
Phyllanthus fraternus



Towards Conservation and Management of  Mangrove Ecosystems in India

© IUCN

193

Physalis minima
Pongamia pinnata
Premna corymbosa
Prosopis chilensis
Rotala verticillaris
Rungia pectinata
Sida cordifolia
Sida rhombifolia
Solanum surattense
Solanum trilobatum
Sphenoclea zeylanica
Spinifex littoreus
Sporobolus marginatus
Streblus asper
Strychnos nux-vomica

Syzygium ruscifolium
Tephrosia purpurea
Tiliacora acuminata
Tinospora cordifolia
Trianthema portulacastrum
Tribulus terrestris
Tylophora indica
Vernonia cinerea
Vigna trilobata
Viscum ovalifolium
Vitex negundo
Vitex trifoliata
Xanthium indicum
Ziziphus oenoplia
Zornia diphylla

They are found in Bok-khali, Sagar island, Jamboodweep, Shaimari, Kalas,
Mayadweep, Thakuran, Bijawara and other sandy beaches.

Plantations on beaches and dunes

Along the open cast sands for the protection of seashore wind the main
species planted are: Casuarina equisetifolia, Prosopis chilensis, Thespesia populnea,
Acacia auriculaeformis, Eucalyptus tereticornis and Lannea coromandelica.

Administrative set up

The Chief  Conservator of  Forests (South) is the Director of  the SBR. He
is the administrative head of  the Natural Resources of  the Sundarbans. At
field level the area is divided into two Administrative Units, viz.: i) The
Sundarbans Tiger Reserve and ii) 24 Parganas (South) Division. The
management of  the Sundarbans Tiger Reserve is looked after by the
Conservator of  Forests and the Field Director and the Deputy Field
Director, whereas the administration of  24 Parganas (South) Division is
looked after by the Divisional Forest Officer and the Conservator of  Forests
(South). The Conservator of  Forests (South) also acts as the Joint Director
for the SBR and assists the Director of  the SBR in all matters.

Aims and objectives of  the management

The aim of  the SBR is to promote conservation of  the natural ecosystem
by mitigating man-induced limiting factors and to bring it as close as possible
to a natural functioning ecosystem. The Sundarbans mangroves are unique
and the objective is to extend the area of  mangrove with proper
representation of  naturally occurring mangrove diversity. The conservation
strategy aims at preservation of  the biodiversity with the active participation
of  fringe communities.
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Mangrove conservation - afforestation with mangrove species

 The Sundarbans is an active delta resulting in the formation of  new
mudflats or chaur lands that need afforesting. Due to hostile weather and
tidal erosion, vast tracts need green belts of  mangroves, 3500 km long
embankments with villages need to be protected against the tidal erosion.
Another serious problem related to the mangroves is that due to change in
salinity because of  non-availability of  fresh water in the Indian Sundarbans,
a number of  species are becoming locally extinct, for example the Sundari.
The SBR undertakes an extensive mangrove conservation programme by
way of  mangrove plantation and establishment of  nurseries. Non mangrove
plantations are raised to meet local needs so as to reduce the pressure on
mangroves. Since the establishment of  the SBR, over 14,000 ha. of
mangroves and 4000 ha. of  non mangrove plantations have been raised.
These measures are helping to i) stabilize mudflats, ii) restore the mangrove
ecosystem and iii) conserve threatened and denuded species.

Establishing mangrove diversity in new plantations, training, documentation
and monitoring are some of  the key areas which need attention and
improvement.

Man-tiger conflicts and tiger straying

The SBR provides a characteristic type of  habitat suitable for animals
inhabiting vast tidal swamp areas. Because of  their intimate association
with the estuarine environment, a sizeable portion of  the aquatic and semi
aquatic animal communities are inter related with the animals inhabiting

Trapped tiger being released to Sundarbans waters
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the land areas. The uniqueness of  the habitat is said to have contributed to
certain behavioural traits which are characteristics of  Sundarbans tigers.
The man eating trait of  Sundarbans tigers has become almost a legend in
Bengal and elsewhere but a study on tiger straying reported that in the last
12 years out of  120 cases of  tiger straying, a tiger had attacked a human
being only in six cases and most of  these deaths occurred within the forests.
This could be perhaps because of  the logic that within their habitat tigers
consider all moving objects as their prey. However, occasionally old tigers
attracted by high domestic animal density do take shelter in adjacent
mangrove plantations near villages. Tiger straying is one of  the biggest
constraints for the management of  the SBR. In recent years, two tigers
were killed by villagers when they strayed into villages at Pakhiralaya and
Kultali. The following strategies adopted by the management to control
tiger straying incidences are giving good results.

� Immobilising the strayed tigers, trapping and releasing them back into
the forest. To date, over 20 tigers have been saved in this way. The
reaction time in such cases is very short. So a batch of  16 selected
staff  have been trained and permitted to use the tranquillising guns in
case of  emergencies. New tranquillising equipments are being procured
and use of  speed boats is being encouraged to reduce the reaction
time.

� The use of  “Chitta Garan” and “Nylon Net” fencing is very effective.
Over 60 % of  the forest-village interface has been fenced.

� Trust building and awareness generation among fringe population are
found very effective.

To reduce human killings by tigers it is important that people’s dependence
on natural resources is reduced by way of  providing alternate livelihoods.
Trust building by people’s participation and transparency in management
are also very effective and need to be further strengthened.

Rehabilitation of  estuarine crocodile

Despite good habitat the population of  estuarine crocodiles in the SBR do
not show the expected carrying capacity. A crocodile breeding centre was
established at Bhagbatpur under 24-Parganas (South) Division in 1976 to
replenish the low estuarine crocodile population. Here artificial hatching
of  eggs of  estuarine
crocodile is done. The
reared crocodile of
various age and sex are
released in the rivers of
the Sundarbans. Over
400 crocodiles have been
released in the
Sundarbans ecosystem
since 1979. There is a

Juvenile estuarine crocodile, Sundarbans
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need to revive this programme with the additional inputs of  a research
component.

Education and awareness

Local schools and colleges have been involved in educational awareness
programmes among the younger generation. Nature clubs have been
formed in schools and colleges. Awareness programmes are carried out
for conservation of  mangroves and their ecosystems with direct
involvement of  local people. Such programmes have become important
to create awareness in the Forest Protection Committees about the need
for nature conservation. A special film, posters, leaflets and sign boards
have been made to achieve these objectives. Books have been written for
children in the Bengali language to highlight the importance of  the
Sundarbans and conservation values. There is a need to further develop
awareness among the people and educate the school children living in the
Sundarbans area to make them more aware about the importance of  the
sustainable use of  natural resources including mangroves, wildlife, aquatic
ecosystem, aquatic and other natural resources, disaster, mitigation and
environmental management.

Ecotourism

The unique mangrove tiger land of  the Sundarbans with its network of
streams and creeks always fascinates the visitors for its scenic beauty and
thrill of  sighting a “Royal Bengal Tiger”. In recent times the number of
visitors has increased considerably. The management treats ecotourism as
an integral part of  it and as a tool to impart nature education and create
awareness among visitors. A number of  sites have been developed with
watch towers and other basic infrastructure to attract visitors. Some of
these places of interest are Saznekhali, Sudhanyakhali, Bobanki, Netidopani,
Burirdabri, Bonny, Kalash, Bhagbatpur and Bakkhali.

Ecotourism generates employment for the local people. Recently with the
active participation of  private players a number of  tourist accommodations
have been developed in the fringe villages, especially in the Saznekhali

area. To ensure that
visitors do not
disturb the eco-
system, strict rules
have been framed
and followed. All
the watercrafts
entering the Sundar-
bans have to obtain
a permit. As per
the rules, 25% of
the revenue earned
in the Sundarbans

Bonabibi, the tiger Goddess immortalized in folk drama
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Tiger Reserve area is distributed among the Eco Development Committees
(EDCs). The entry of  a tourists is, however, restricted only within the
buffer area on realization of  entry fees. Entry within the core area of  the
Sundarbans Tiger Reserve, which is also a National Park, is strictly
prohibited for outsiders except for scientific research and officials on duty
with permission from the competent authority. There is one Mangrove
Interpretation Center at Saznekhali and another one at Bhagbatpur to impart
nature education and create awareness about mangrove ecosystems. There
is a need to improve these units. There is also a need to regulate unplanned
development of  tourist lodges on the fringes and improve the emissions
from boats in the area.

Joint Forest Management (JFM) and Eco Development

The Sundarbans is different from any other forests in India and the world
on account of  its highly inaccessible terrain with islands criss-crossed by
creeks and inundated by saline water with high tide and low tide twice a
day. It is difficult to work on the islands due to the Royal Bengal Tiger.
There is a large human population around the forest area who heavily
depend on the mangrove forests for their livelihood which is mainly fishing.
Very often tigers stray into the fringe villages and are killed by the irate
villagers. The inaccessible conditions are a real constraint for the
management as the poor fishing community remain always ready to risk
their lives for cyclones and tigers. No conservation can be successful without
taking into consideration the people who are also an integral part of  the
ecosystem. So it was felt to have an approach which was tailor made for
this mangrove forests.

Due to its uniqueness, it was felt necessary that specific guidelines be issued
by the Government of  India for the Sundarbans different from those for
other reserve forests. Accordingly, two Government notifications were
issued by the Government of  West Bengal to form Forest Protection
Committees (FPCs) and Eco Development Committees (EDCs). The FPC
is formed under the strength of  Resolution No. 8556-For. dated 15.11.1991
whereas the EDC is formed under the strength of  Resolution No. 3841-
For/D/11M-7/95 dated 26.6.1996.Since the issuance of  the resolutions a
total of  54 FPCs and 11 EDCs have been formed in the Sundarbans
covering a total of  87,287 ha. and 47,325 families. Of  these, 14 FPCs and
11 EDCs are in the Sundarbans Tiger Reserve and 40 FPCs are in 24
Parganas (South) Division.

As a follow up of  the concept of  JFM in the Reserved and Protected
Forests of  South Bengal and North Bengal, eco development activities
have been taken up in the Sundarbans including the protected areas. The
objective is to conserve the flora and fauna through the direct involvement
of  the fringe population. The strategy is to carry out ecologically sustainable,
economic development of  fringe populations so that the biotic pressures
on the forests for subsistence of  fringe populations is considerably reduced.

Grazing of  spotted deers, Sundarbans (Overleaf)
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The objectives of  the eco development activity include:

� To actively involve village communities to ensure protection and
preservation of  biodiversity and ecosystem.

� To promote conservation awareness values for long term sustainable
utilisation of  natural resources by reducing biotic pressure.

� To improve socio-economic conditions of  fringe villages through some
prioritised, site specific and need based eco development packages
having integration with activities of  other Government Departments
and NGOs.

� To generate alternate employment to reduce traditional dependency
on forests through provision of  vocational training and inputs.

� To reduce man-animal conflicts and to improve Protected Area (PA)-
people interface.

The following eco development activities have been undertaken in the
forest fringe areas of  the Sundarbans and that around the PAs:

� Construction of  deep tube wells for drinking water: The water table in the
Sundarbans is very low (300-400 m). The rainwater is harvested and
used for all purposes including drinking and thus is the cause of  many
diseases. The deep tube wells provide safe drinking water and they are
in great demand. One deep tube well caters to the need of  a large
number of  people.

� Construction of  irrigation channels: The Sundarbans is a wet desert where
though there is water everywhere, it cannot be used due to its salinity.
Agriculture is a single crop and rain fed. People mainly depend on
rainwater harvesting. The “Irrigation Channel” is, in fact, a linear water
harvesting structure which provides an opportunity for people to get
a second crop. This is also used for “Pisciculture” and in extreme
cases, as a source of  drinking water. These irrigation channels are one
of  the most useful eco development activities to improve the economic
condition of  people. However, the availability of  land creates problems
in implementation.

� Digging of  ponds for irrigation, drinking water and pisciculture: These ponds
are multi activities item that helps a group of  beneficiaries.

� Construction and improvement of  village roads, bridges and culverts: The
Sundarbans soil is clayey silt. The approximately six and a half  hour
high tide and low tide create muddy and slushy areas. The soil is so
slippery that it is difficult to walk and hence, it is a great limiting factor
for marketing produces, reaching schools, hospitals and markets. The
5' wide brick paths constructed help everybody in all their day to day
activities.

� Construction of  jetty: As the mode of  transport in the Sundarbans is only
by boats, jetties are essential to link human settlements to the outside
world. This is helpful in marketing of  the produce and connecting the
people for all their essential needs such as hospitals and schools.
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� Distribution of  seedlings for farm forestry.

� Distribution of  fruit species for orchards.

� Fuel wood and fodder species plantation.

� Providing poultry, duck and pig units.

� Supply of  apiary boxes for apiculture.

� Providing stitching machines to interested women’s groups.

� Supply of  solar street lights and solar lanterns in remote villages: As most of
the Sundarbans is without electricity, alternate source of  energy is the
only solution. Solar lights not only help the people in day to day needs
but are of  great help to deter tigers from straying into villages.

� Livestock improvement programmes through artificial insemination and
immunization.

� Health services through medical camps.

� Supply of  smokeless chullahs.

� Erection of  nylon net and chitta garan fences: This is to protect people from
tigers straying and to reduce man-animal conflicts.

� Vocational training in many fields such as crab fattening, sewing, apiculture and
nursery techniques: This helps people to improve their skills and
attain economic independence.

In the last decade or so a large number of  these activities have provided
many opportunities to people to improve their economic status.

The success of  the eco development programmes, apart from stakeholders
needs, depends on proper monitoring and evaluation programmes to assess
the effectiveness of  the programme. They are otherwise bound to fail or
achieve limited success. The monitoring and evaluation provide chances
for introspection and scope for amending the programmes as per local
needs. They also help to maintain and continue the programme on the
basis of  acquisition of  skills and spirit of  cooperation. The Economic Impact
Analysis (EIA) is planned with the help of skilled NGOs so as to assess the
impact of  eco development activities on the dependence of  villagers on
natural resources. This is expected to throw light on the strength and
weaknesses of  the programmes taken up and suggest means for
improvement.

Analysis

Lessons learned

The JFM in the Sundarbans is in the initial stages of  establishment. About
80% of  the physical fringe area have been covered but the stabilization is
yet to be achieved.

� The essence of  JFM is realized only when the direct benefits from this
concept are percolated to both the stakeholders (Forest Department
and the fringe villages) for their development. In the Sundarbans as
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the forest is still in a very good
condition, this realization has been
partly achieved by the eco
development activities and the large
plantations carried out. In some of
the areas like Kishori Mohanpur,
Baikuntpur, Dayapur, Bali and
Amlamethi JFM has picked up very
well but in about 30% of  the FPCs/
EDCs this concept has yet to be
picked up in a real sense.

� There is a need for creating
awareness in the local communities
so that the concept of  JFM can be
percolated down from top
management.

� The biggest advantage of  JFM is the
remarkable improvement in the relationship between the fringe people
and the Forest Department. This has yielded in saving most of  the
strayed tigers which were earlier killed by the irate villagers. The people
in some of  the FPCs/EDCs are helping to save the plantations and
even going for voluntary patrols to protect the forest.

� There is not much scope of  sharing the benefits with the FPC/EDC
members as the Working Plan of  24 Pargana (South) Division has
stopped the Coupe Operation whereas it has been conditionally
approved for the Sundarbans Tiger Reserve. The benefits to the EDCs
from eco tourism are yet to be given for the want of  supporting and
the accounting system.

Research and monitoring

The Sundarbans mangrove ecosystem provides conditions for
uninterrupted research data and interdisciplinary research programmes
involving natural and social sciences. The zones of  less interference provide
scope to monitor the changes in both physical and biological components.

Some of  the research programes
carried out in Sundarbans are as belolw:

� A study titled “Status of  Avifauna
within Sundarban Reserved Forests
and Non forests areas of Sundarban
Biosphere Reserve” has been
completed with an NGO, Prakriti
Samsad,  as a collaborative programme.

� A study to assess the state of the
soil and water quality within
Sundarbans has been completed as a
collaborative project.

Temple of  Bonabibi, the forest
Goddess, Sundarbans

Pug marks of  a Royal Bengal Tiger,
Sundarbans
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� A study to ascertain the mangrove association with the help of  satellite
imageries has been completed as a collaborative project with NRSA.

� Radio collaring and camera trapping have been started with NTCA
and WII to study tiger ecology.

� A dedicated GIS Cell monitors the erosion, accretion and other changes
in land use within the forest areas of the SBR.

� A “Sundarbans Biosphere Resource Information Centre” has been
established at Kolkata to provide available information to researchers
and students for various purposes.

� Artificial hatching of  estuarine crocodiles has been carried out since
1976 at Bhagabatpur.

� Monthly monitoring of  direct and indirect tiger signs being done will
help studies related to habitat use patterns and tiger distribution.

Some of  the research works need to be taken up

� Radio collaring of  at least 5 more tigers to study tiger ecology and
prey-predator relationships.

� Study to refine the existing mangrove plantation techniques to improve
mangrove diversity.

� Fine tuning of  mangrove nursery techniques.

� Study the marine ecosystem and its various components.

� Study the effects of  changing salinity on mangrove distribution.

� Regular ecological monitoring of  prey and predator to know population
trends, population dynamics, besides predator-prey relationships,
habitat use and seasonal migration of  the target species.

� DNA finger print studies to know the genetic structure of  flag ship
species.

� Studies on sociological factors focussing on the SBR management.

The Sundarbans, as stated in different contexts, is a complex and fragile

Sunset, Sundarbans
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mangrove ecosystem with very high floristic and faunistic diversity.
Unfortunately, there are extreme pressures on the natural resources of  the
Sundarbans due to a very high human density in the area, the majority of
which live below the poverty line. The great mangrove ecosystem lies in
two countries, India and Bangladesh. Though management problems are
more or less similar in nature, there is no similarity in solutions to the
problems. There is a need to have a platform for the exchange of  views
and sharing of  management experiences between the two sides which may
really help in long term conservation of  this unique ecosystem. In fact the
Sundarbans deserves to be a “Trans- Boundary Protected Area” (TBPA).
As the Sundarbans has not been studied well, research on various
components, especially the effect of  global warming and change in salinity,
is essential. Similarly, species specific research on floristic and faunal
resources is important. These apart, nature education among the local
communities, awareness generation and alternative livelihoods for local
communities to reduce their dependence on natural resources are going to
be the key for long term sustainable  management of  the Sundarbans
ecosystem.

Reference
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Introduction

Coastal regions are a highly contested and hazardous landscape. Contested
because of  many activities and communities vying for limited resources
and space. Globally, the number of  people living within 100 km of  the
coast has increased to over 40 percent of  the world’s population. However,
the number of  people whose activities affect coastal systems is much larger
because rivers deliver sediments, nutrients and pollutants from inland
watersheds and populations to estuaries and surrounding coastal waters.
Coasts are hazardous because they are a powerful natural ecosystem prone
to storms, cyclones, erosion and flooding. This combination of  a contested
space and a highly vulnerable environment means that coastal populations
exist in a high-risk landscape.  Current capacity for environmental
management is structured in a highly sectoral manner with little capability
or method to develop holistic and integrated responses to the challenges
of  sustaining the goods and services that flow from coastal activities that
cross geo-political boundaries. In part, this position derives from an
institutional organization that competes for jurisdiction over coastal space,
activities and opportunity. Therefore, the overall objective is to uphold the
wise use of  coastal regions through a process of  environmental
management that promotes good governance supporting all stakeholders
and their livelihoods.

Globalization and an increased interest of trans-national and local
stakeholders in the coastal zone generate competition for access and use
of  coastal and marine resources, e.g. fisheries, aquaculture, ship transport,
oil and gas extraction, labour migration, nature conservation and ecotourism
and urbanization. These competing claims demand an interdisciplinary
approach of  the natural and social sciences. Unfortunately, most
government institutions
are organized along
single-sector and mono-
disciplinary lines. The
sectoral nature of
institutions is also
reflected in the curricula
of higher education
institutions, especially in
the South. The proposed
work will contribute to a
process that is currently
growing and developing

Dredging in a coastal area, Tamil Nadu
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capacity and capability within the higher education sector to provide a
broader education that is more relevant to the workplace that students
move into.

Successful achievement of  this overall objective would safeguard the
livelihoods of  coastal communities and reduce the risks they face from a
dynamic system, thereby promoting poverty alleviation, whilst providing
economic opportunity for sustainable development. Therefore, it is
important to develop and improve educational programmes that promote
the application of  knowledge for the workplace in a context that is
appropriate for the management of  complex and dynamic natural and
social environments with the following objectives:

� Interaction with the employer-base to elicit the skills they require from
graduate employees.

� Development of  guidelines for the delivery of  multi-disciplinary
curricula to support teaching and training programmes for cross-
sectoral activity in the workplace to promote sustainable management
of  coastal zones.

� The design and delivery of  programmes that support human resource
development requirements to provide for the approaches and principles
encompassed in the guidelines.

� To design and develop course materials and teaching tools that facilitates
the implementation of  curricula guidelines.

� Provision of  means for remote access to the project resources to ensure
the project development is conducive to open and distance learning
approaches.

� Project outputs that lead to curricula development within the existing
course provision, as well as leading to new courses, within the academic
structures.

Definition of a Coastal Zone

The definition of  the ‘coastal zone’ according to the Climate Prediction
Center should encompass:

� Those areas visually connected to the shoreline and those areas that
form an integral part of  the coastal landscape.

� The transitional area between coastal waters and terrestrial systems in
which there are physical features, ecological or natural processes that
affect or potentially affect the coast or coastal resources.

� Areas utilized or likely to be utilized for human activity related to the
coast.

The coastal area is influenced by various activities occurring at the land-
sea interface. These activities also determine the width and length of  the
coastal area, causing it to vary depending on the activity, whether related to
harbour and port facilities, gas or oil exploration, fishing, tourism, town or
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city development or mariculture. The
coastal zone has a global average
width of  60 km varying according to
the interaction among marine,
terrestrial and socio-economic
factors.

What is a Coastal Zone?

According to the UNCED Agenda
21, Ch. 17.3, 1992 the coastal area
contains diverse and productive habitats
important for human settlements,
development and local subsistence. Many of
the world’s poor are crowded in coastal areas.
Coastal resources are vital for many local
communities and indigenous people. The
exclusive economic zone (EEZ) is also an
important marine area where the states
manage the development and conservation
of  natural resources for the benefit of  their
people. For small island states of  countries,
these are the areas most available for
development activities.

The ‘coastal zone’ includes the land,
sea bed, marine waters, terrestrial
waters and aquifers, atmosphere
above and associated areas of
vegetation, animal habitat and human
activity in a zone that includes the features such as:

� Coastal waters – near shore waters, gulfs and sounds including the sea
bed and reefs.

� Coastal islands, tidal wetlands – marshes, lagoons, mangroves and
mudflats at the margins of  coastal waters and subject to tidal wetlands.

� Coastal wetlands – Ramsar wetlands, lakes and swamps immediate to
inland of  the coastal shoreline.

� Coastal estuaries – estuaries, rivers, streams and watercourses subject
to the ebb and flow of  the tide and including associated flood plains
and surrounding environments.

� Coastal shoreline (foreshore) – sand beaches and wave cut platforms
generally between the low water line and the high water line.

� Coastal dunes – mobile dunes, foredunes, secondary dunes formed
during the Holocene period.

� Coastal escarpments – cliff  rock ledges and escarpments abutting or
immediate to inland of  the coastal shoreline.

Interactions among socio-economic,
political and natural factors in the coast
(Top) Factors interacting in coastal zone
management (Bottom)

Economic
Socio-
cultural

Environmental

Terrestrial
Environment

Human
Activities

Marine
Environment

Coastal Zone

Coastal Resource System
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• Coastal erosion zones – areas known to or likely to be subject to
shoreline movement or erosion.

Increasing volumes of  waste, particularly sewage, are sluiced out into coastal
waters; this can cause eutrophication and endanger public health. Rubbish
is often dumped on important habitats like wetlands and mangroves; they
are destroyed and contaminants leach from the rubbish into coastal waters.
The waste itself  is increasingly getting into the sea, either by accident or
design. Coastal areas are some of  the most productive and biologically
diverse on the planet. Of  the 13,200 known species of  marine fish, almost
80% are coastal. In 2001, marine experts of  United Nations Organizations
listed 20 issues of  global concern regarding deterioration of  the marine
environment. They are :

� Eutrophication and associated anoxia

� Harmful algal blooms

� Effects of  classical contaminants (sewage, metals, persistent organic
substances, petroleum hydrocarbons, radionuclides)

� Effects of deforestation

� Effects of increased or decreased mobilization of sediments

� Destruction of  coral reefs

� Loss of  wetlands

� Decline in mangroves

� Habitat destruction

� Transfer of  harmful species into coastal areas

� Climate change

� Sea level rise

� Inundation as a consequence of  physical alteration

� Increased risks to human health

� Reduced biodiversity

� Endocrine-disrupting chemicals

� Over fishing

� Destructive fishing practices

� Effects of  the exploitation of  coastal mineral resources, particularly
sand and gravel and

� Litter

On a global level, coasts comprise 20 % of  the Earth’s surface, yet
approximately 50% of  the human population live within 200 km of  the
coast. Coastal ecosystems are highly productive containing high biological
diversity, rich fishery resources and significant sea bed minerals. Coasts
also support a diverse array of  related industries (e.g. fisheries and
aquaculture, tourism, shipping, oil and gas industries) which provide
enormous economic productivity.
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In global terms the importance of  the coastal zone is illustrated by the
following:

� Approximately 60% of  the world’s population live in coastal areas.

� 75% of  the world’s population will be living within 60 km of  the sea
by 2020.

� Many of  the earth’s most productive eco systems are found in the
coastal zone.

� 95% of  all marine capture fisheries are derived from coastal waters.

� The coastal zone is a focus of  expansion and diversification of
economic activity.

The ‘coastal system’ to be managed is comprised of  a complex, dynamic
web of  interrelationships among human activities, societal demands, natural
resources and external natural and human inputs. The system is driven by
human activities in terms of  societal demands for use of  the natural
resources of  the coastal area to produce desired products and services, e.g.
seafood, marine transportation and recreation. One of  the demands of
the society might be to restore and/or maintain a coastal ecosystem in its
‘natural’ state as a protected area.

Management is a continuous, interactive, adaptive and participatory process
comprised of  a set of  related tasks, all of  which must be carried out to
achieve a desired set of  goals and objectives; however, those goals and
objectives are established and specified. Integrated Coastal Zone Management
[ICZM] must deal with at least the following factors:

� Multiple and conflicting demands on the coastal area

� Human population increases and associated demand for economic
development within the coastal area

� The stochastic (probabilistic) nature of  natural events, including the
frequency distribution of  quantity and quality of  freshwater inflows

� Rate and magnitude of  natural processes, e.g. shoreline erosion and
accretion, ecological succession, land subsidence or uplift

� Limited resources for management

� Uncertainties about all of  the variables involved in ICZM, e.g.
governmental policies and programmes, demographic and economic
conditions and trends

� Potential climate change and its long-term effects on coastal ecosystems
and on human activities in the ICZM area

Basis for Integration

When we talk about integrated coastal management, we must first consider
the integration of  three major sets of  factors, viz.:

� Environmental features which include biological, chemical and physical
aspects of  coastal areas and component ecosystems.
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� Economic features which relate to how human beings interpret and
utilize the resources provided by coastal ecosystems.

� Socio-cultural features of  the societies which condition the manner in
which coastal areas and resources are utilized.

Defining Integration

In 1998 Cicin-Sain and Knecht defined integration as Implementing and
monitoring policies, investment strategies, administrative arrangements, and harmonized
standards as part of  a unified program, and making adjustments, if  necessary, to
ensure stated objectives are being met.

Factors to integrate in coastal management

Three sets of  complex factors (Economic, socio-cultural and
environmental) interact. This demonstrates the need for interdisciplinary
analysis of  how these interactions form the unique characteristics of
individual coastal areas. Traditional boundaries between disciplines such
as ecology and economics are breaking down and there have been advances
in developing methods for interdisciplinary analysis of  these two sets of
factors, e.g. the development of  environmental economics or ecological
economics.

Agenda 21 challenges us to encompass both land and water through its
call for ‘integrated management and sustainable development of  coastal
and marine areas, including Exclusive Economic Zones’. It also emphasizes
the need for proper management of  marine fishery resources under national
control and the importance of  the connection between land and sea,
particularly regarding land-based sources of  marine pollution. The natural
sciences are vital to understanding ecosystem function and the social
sciences are essential to elucidating the origin of human-induced problems
and in finding appropriate solutions. The need to design studies in
accordance with clearly stated objectives is particularly important.

Problems faced in the coastal zone

� Erosion

� Destruction of  ecosystems for economic use or settlements

� Sea level rise threatens human settlements and ecosystems which cannot
grow fast enough to keep up with the rise, like mangroves, marshes
and coral reefs

� Salt water intrusion pushes aside fresh water supply

� Vulnerability to hurricanes and big storms

� Pollution caused by industry and agriculture in the drainage basin

� Overpopulation and settlements built at unsafe places or in wetlands

� Threatened (world) food security

� Tourism which places a high pressure on coastal environments
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Capacity building

Integrated coastal zone management (ICZM) is proactive and equitable
Coastal Zone Management seeks to meet the needs of  coastal communities
through holistic, long-term socio-economic and natural resource
development. A lack of  human capacity, particularly in developing countries,
has been identified as the single largest factor now limiting world progress
in coastal management. It is proposed to use a suite of  interventions such
as mentoring, learning-by-doing, training, degree education, peer-to-peer
exchanges and participation in interdisciplinary efforts to refine coastal
governance practices, as part of  the capacity building approach. Coastal
area management is of  particular relevance to small island developing States,
for which the ocean and coastal areas present opportunities for
development, a formidable challenge and a threat in the perspective of  yet
other emerging environmental problems such as global warming and
projected sea level rise.

There is a lack of  education, awareness, requisite skills and/or motivation
to access and manage development assistance. In many coastal communities,
there is a significant lack of  awareness of  ongoing initiatives that aim to
address some of  the priority problems. Where there is no awareness,
requisite skills to access development assistance are not developed. This is
a serious constraint to community development interventions. There are
costs associated with the intensive participatory process of  raising awareness
and building ownership for initiatives as it requires a considerable amount
of  time and perseverance. Participatory processes are costly to the
community as well. The time spent in discussion is the time taken away

Bivalves, food and income for coastal people
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from productive activities. The community needs to be convinced that it is
worth to engage them in consultative processes that may not always result
in direct improvement of  their conditions.

Perhaps nothing is more central to achieving the goals of  ICZM than
developing skilled coastal management practitioners who are able to
catalyze, lead and manage coastal programmes. The need to build human
capacity, especially in tropical developing nations, is widely recognized.
Developing capacity in coastal and marine issues of  the Indian region is a
very important activity, given the present growing and projected pressures
on the coastal and marine resources. The region’s experience in knowledge-
based, technical and equipment capacity building has been progressively
growing.

Many large milestones have been reached in this current effort to assess
the capacity of  the Indian subcontinent, both in the form of  increasing
the knowledge base on core competencies of  a good coastal manager and
identifying the capacity-building efforts going on in the region. Management
of coastal and marine issues is critical to ensure a sustainable future in a
region where tens of  millions of  people depend on coastal resources for
their livelihoods. Thus, there is an important need to increase not only the
number of  competent and well-trained coastal management practitioners,
especially with respect to project and program management and its various
aspects, but to also facilitate the creation of  enabling environments in
which these managers can work. Expanding this knowledge base is a
capacity-building challenge that is best addressed at both regional and
national levels, and by collaboration among various agencies including
governmental, non-governmental and community-based organizations.

‘Capacity’ comprises the human resources and institutions that permit and
enable a country to achieve its development goals. ‘Capacity building’ in
turn means investment made with the purpose of  enhancing the ability of
individuals to achieve their development goals. It entails deliberate policies
and actions at the national and sectoral levels to bridge the capacity deficits.
Capacity is a complex concept which involves economic, political,
technological, cultural and social factors and it applies to the government
and the many interlinked non-government sectors.

Capacity building is a central concept in Agenda 21 and in other agreements
made at the United Nations Conference on Environment and Development
(UNCED), also referred to as the Earth Summit, held in Rio de Janeiro,
Brazil in June 1992. As defined by the UN Development Programme
(UNDP) and the UN Division of  Law of  the Sea (UNDOALOS) in 1994,
‘capacity building involves human resource development, the development
of  organizations and promoting the emergence of  an overall policy
environment conducive to the generation of  appropriate responses to
emerging needs’. A less formal definition of  capacity building in the context
of  ICZM might be: ‘The design and conduct of  the range of  activities
necessary to enhance the capacity of  institutions and the individuals that
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comprise them to undertake effective ICZM programs’ as described in
Education and Training in Integrated Coastal Management: Lessons from the
International Arena by Cicin-Sain. Given the challenges and opportunities
facing the Indian coastal environment, it is imperative that coastal resources
be managed properly and sustainably. Managing the integrity of  India’s
coastal environment is a formidable challenge. Wise planning and use of
coastal resources also require commitment to inter-sectoral management
at the national and regional levels. It is important to act at these two levels
simultaneously because they are complementary and will not be as effective
without the other.

For all small islands in developing States, the coastal zones are of  major
social and economic significance for human settlement, subsistence
agriculture, fisheries and tourism. However, demands on coastal resources
are endangering the long-term supply of  these resources. The conservation
and sustainable management of  resources of  coastal areas are known as
‘coastal area management’. This offers the means to balance the competing
demands of  different users of  the same resources and to manage those
resources sustainably. The nature of  problems faced by small-island
developing States with respect to the effective conservation and
management of  their coastal and marine resources, including fisheries and
tourism, is not vitally different from those of  other States. However, small-
island developing States are disadvantaged in that they do not have at their
disposal the same range of  solutions to these problems as do the larger
States. As essentially self-contained ecosystems, problems related to coastal
and marine resources management and conservation in small-island
developing States usually manifest themselves more obviously, more quickly
and with greater effect than in larger continental States.

The total capacity of  small-island developing States will always be limited.
Existing capacity must, therefore, be restructured to meet efficiently the
immediate needs for sustainable development and integrated management.
At the same time, adequate and appropriate assistance from the national
and international community must be directed at strengthening the full
range of  human resources needed on a continuous basis to implement
sustainable development plans. The development and application of
traditional knowledge to improve the capacity of  countries such as India
to implement sustainable development in the islands must be fostered.

The coastal and marine industry is of  major global significance in terms
of  employment and wealth creation. Cutting edge training is an essential
requirement in order to maintain development and innovation. The
technology in the coastal environment provides a wide range of  flexible
specialist programmes devised in close collaboration with employers from
the maritime sector. This ensures that the programmes are industrially
relevant, incorporate the latest technological advances and meet the sector’s
ongoing demand for technological expertise.

National and international development discourse places increasing
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emphasis on sustainable use of  natural resources and poverty elimination.
The trade off  between these two requirements of  sustainable development
needs to be examined in integrated coastal management as there is a
possibility that increased focus on sustainable management of  resources
can have negative impacts on the poor. The challenge for informed coastal
policy in developing countries is to incorporate understanding of  the
relationship between natural resource management and poverty reduction.

The UN Conference on Environment and Development (UNCED)
emphasized these issues in Chapter 17 of  Agenda 21 and expressed an
urgent need for coastal states to develop capabilities for Integrated Coastal
Zone Management (ICZM) for the purpose of  addressing current and
long-term coastal resource use and environmental management issues. The
trend of coastal resource utilization in South and South-East Asian countries
indicates that they are unsustainable. Furthermore, the unsustainable
exploitation and use of  resources combined with anthropogenic pressures
result in environmental degradation. The degradation of  environment that
supports the livelihood of  coastal people and the enduring poverty of
coastal communities have now become a vicious cycle. Accelerated
developmental activities and pressures are creating greater conflicts among
the many user groups.

Most of  South and South-East Asian countries have realized this and have
begun ICZM programmes which are at various stages of  implementation.
For example, Sri Lanka started coastal management through a conservation
and environmental protection approach in 1981; the Philippines and
Indonesia are experimenting with community-based coastal resource
management strategies using Marine Protected Areas (MPAs); India is using
a setback line and developmental regulation as an instrument for ICZM;
Bangladesh has just initiated ICZM establishment to coordinate the coastal
activities of  line Ministries.

ICZM in Asia

The coastline of  Asia comprises in total more than 200,000 km along
different regional seas: South China Sea, Brunei Bay, Gulf  of  Thailand,
Java Sea, Straits of  Malacca, Indian Ocean, Bay of  Bengal, Banda Sea,
Timor Sea, Arafura Sea, Celebes Sea, North Pacific Ocean, Sulu Sea, Luzon
Strait, Philippine Sea, Johore Strait, Singapore Strait, Main Strait, Andaman
Sea and Gulf  of  Tonkin. The Asian Seas region is recognized as the global
centre of  diversity for the flora and fauna of  coral reefs and related
ecosystems.

Asian coastal regions are of significant social, economic and ecological
importance. They provide support for important commercial and
subsistence fisheries that provide critical sources of  food and income for
local communities. Tourism activities based on coral reefs and related
ecosystems are important sources of  employment and foreign currency
income. However, pollution and land based and sea based activities
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increasingly threaten coastal regions. Intensive coastal development in the
last two decades also involved the rapid development of  sea communication
and navigation due to the expanding trade and commerce among countries
inside and outside the region.

Although most countries in Asia have adopted ICZM as a policy mechanism
to manage coastal regions, it has been recognised that there is a lack of
multi- or inter-disciplinary approaches to problem solving coupled with a
lack of  resources and capacity to implement ICZM. Part of  the reason for
this is that current education programmes do not develop the capability to
address the legislative and strategic approaches required to provide effective
management responses to the complex issues faced by coastal regions that
are under pressure to maximize economic development.

Coastal management programmes in India

India has a coastline of  about 7500 km, of  which about 5400 km surrounds
the mainland. The remaining 2100 km includes the shoreline of  the
Lakshwadeep and the Andaman and Nicobar Islands. With nearly 250
million people, or around 20% of  the population living within a distance
of  50 km of  the shoreline, the population density of  coastal areas (432
people/km2) is significantly higher than that of  the country as a whole
(256 people per km2). The majority of  coastal communities derive a
livelihood from fisheries, agriculture or tourism and related services. At
the same time the coastal areas support significant industrial and commercial
activities and many urban centres. These multiple objectives and competing
demands on the coastal zone require a coordinated management strategy.
The coastal area has rich biodiversity and has different significant ecosystems
like mangroves, lagoons, coral reefs, lakes, estuaries, sanctuaries, mud flats
and wetlands.

The Government of  India (GOI) has regulated marine resources through
the Indian Fisheries Act, 1967 and the Marine Fishing Regulation Act,
1978. This is how the recovery of  the coastal waters started. The Late
Prime Minister Smt Indira Gandhi initiated coastal regulation in India.  In
her letter of  November 1981 to the Chief  Ministers of  the coastal states,
she advised that the coast be kept in an ‘unsullied condition’. The
Department of  Environment prepared and circulated environmental
guidelines for the development of  beaches in March 1984. Following this,
the maritime states amended their Land Grant Rules in 1985 keeping a
distance of  500m from the coastline. The Government of  India has
recognized the importance of  environment in development and set up a
Central Administrative Ministry as a supreme body for all matters
concerning the management of  environment. In 1986, the Environment
(Protection) Act was enacted as an umbrella act for a whole range of
protection and control measures for air, water and land. In February 1991,
the Coastal Regulation Zone Notification was brought out by the Ministry
of  Environment and Forests (MoEnF). This Notification is by far the
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most progressive and comprehensive piece of  legislation dealing with
coastal development.

The notification classified the coastal area into four development categories
(CRZ I, II, III, IV). The notification required the coastal states to present
a Coastal Zone Management Plan. However, this could not be achieved
due to the complexity of  social, economical, physical and regulatory aspects
at ground level. In November 1998, National and State level coastal zone
management authorities were constituted for effective implementation of
the provisions of  the Notification. The Integrated Coastal Zone
Management and Training (ICZOMAT) project funded by the Department
for International Development (DFID), Government of  UK and run under
the support of  the Ministry of  Environment and Forests (MOEF),
Government of  India, was instigated in order to explore the design of  a
professional development training programme with an objective of
delivering capacity and capability for Integrated Coastal Zone Management
(ICZM) and professional development for individuals. This programme
funded by DFID for five years from 1998 addressed the needs of  trainers
with an approach to training and capacity development for coastal
management that follows the principles of  education, best practice and
professional training. The programme ensured that the people who make
policy decisions and management decisions have the knowledge and skills
to incorporate an analysis that does not make particular groups worse off
through attempts to manage coastal resources. The DFID training
programme emphasized the need to value contributions from different
scientific and technological disciplines as a basis to moving forward on
practical options for the mitigation of  problems on the coast.

Integrated Coastal Zone Management and capacity building strategy
incorporates all the three essential elements: i) skill transfer, ii) organization
strengthening and iii) institution reform. It emphasizes the skills being
developed at various stages of  the ICZM development and implementation
process and how a favourable enabling environment is created so that
newly acquired skills are effectively applied and utilized. Achieving the
goals of  ICZM requires developing skilled coastal management practitioners
and leaders who are able to catalyze, lead and manage coastal programmes
effectively, efficiently and sustainably. Thus, capacity development must
be built into all ICZM initiatives and the development and implementation
process provides entry points for developing capacities of  the coastal
managers, the technical staff  and the stakeholders.
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Introduction

The coastal zone is an area of  interaction between marine and terrestrial
systems and hence, influences both the environments. The interaction
between various natural processes and human activities is an important
factor. The coastal zone in India assumes its importance because of  the
high productivity of  its ecosystems, development of  industries,
concentration of  population, exploration of  living and non-living resources,
discharge of  industrial waste effluents and municipal sewage and increase
in recreational activities. However, the vulnerability of  the coast to disasters
such as a storm surge, tsunami and projected sea level rise is crucial to
protect lives and property. The coastal processes continuously modify the
shoreline. Thus, there is a need to protect the coastal environment while
ensuring continued production and development.

Integrated Management Options

Effective management of  the coastal zone requires information on coastal
habitats such as mangroves, coral reefs and their zonation, condition of
wetlands, shoreline changes, landforms, coastal land use, high and low tide
lines, suspended sediments, living and non-living resources and water quality.
The Government of  India declared coastal stretches of  bays, estuaries,
backwaters, seas and creeks which are influenced by tidal action up to
500m from the High Tide Line (HTL), and land between Low Tide Line
(LTL) and HTL as the coastal regulation zone (CRZ) in 1991. Restrictions
were imposed on setting up and expansion of  industries, operations and
processes in the CRZ to manage development in coastal areas. In order to
regulate these activities in coastal areas, it is necessary to have knowledge
about present land use conditions and precise delineation of HTL and
LTL.

Remote sensing data,
especially the Indian
Remote Sensing (IRS) data,
having moderate (23-36 m)
and high spatial resolution
(1-6 m), have been used to
generate a database on
various components of  the
coastal environment of  the
entire country. These data

Bakel beach, Kerala



218 Shailesh Nayak

provide baseline information on coastal wetlands and areas under erosion
and deposition. The inventory on coral reefs provided the first time data
on extent and condition of  this vital ecosystem. Large scale erosion has
been observed at many places due to the construction of  engineering
structures as well as damming of  rivers. Improved spatial resolution helped
in identifying eco-geomorphological zoning of  coral reefs and community
wise mapping of  mangroves. It was possible to create a database of  wetland
conditions (mangroves, coral reef, mudflats, beach) between HTL and LTL,
land use (agriculture, forest, barren land, built up land) up to 500 m from
HTL as well as delineation of  HTL and LTL on 1:25,000 scale for the
entire country. The synoptic sine multi spectral nature of  satellite data
allowed preparation of  such maps with sufficient accuracy at a reasonable
cost.

A minimum area of  0.25 ha. has been mapped. A classification system has
been evolved in such a way that these maps can be used to define coastal
regulation zones highlighting ecologically sensitive zones (CRZ I), developed
areas (CRZ II), undeveloped areas (CRZ III) and arid Islands (CRZ IV).
This is the first step for preparing management plans. These maps provided
baseline information for planners and decision makers and have been used
by State Governments for management plans. However, this provision
does not address vulnerability. The Swaminathan Committee has
recommended vulnerability as one of  the important criteria in coastal zone
management that needed to be included.

Separate maps for identifying areas under erosion and deposition, coral
reefs and mangroves were also prepared. The classification accuracy
achieved is 85% or better at 90% confidence level. A control accuracy has
been achieved at 20m. The major advantage of  remote sensing data is
monitoring periodical changes. The damage to ecosystems due to storms
and tsunami has also been studied. This has helped to resolve some of  the
disputes related to implementation of  regulations in the coastal zone. All
these large databases have been organised in GIS having standard
framework and accuracy criteria. Criteria-based analysis has been carried
out using these databases to provide input for management decisions.
Currently, efforts are underway to classify the coastal zone based on
vulnerability. However, there are difficulties in generating the required data
on coastal topography, waves and tides for generating the vulnerability
maps.
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Introduction

The process of  management of  the Indian coastal zone was initiated by
India’s former Prime Minister Smt Indira Gandhi in 1981 when she directed
the State Governments to adopt adequate measures for protecting the
coastal environment. However, due to the lack of  statutory basis, this
directive was not taken seriously and therefore, India’s 7500km long
coastline continued to remain unmanaged.

In 1986 the Environment (Protection) Act came into existence as an
Umbrella Act to protect the environment. Subsequently, the Ministry of
Environment and Forests, Government of  India, introduced the Coastal
Regulation Zone (CRZ) notification (MOEF, 1991) under the EPA, 1986.

The CRZ 1991

The highlight of  CRZ 1991 was the declaration of  coastal stretches of
seas, bays, estuaries, creeks, rivers and backwaters which are influenced by
tidal action (in the landward side) up to 500 m from the High Tide Line
(HTL) and the land between the Low Tide Line (LTL) and the HTL as
Coastal Regulation Zone (CRZ) and imposing restrictions on industries,
operations and processes in this zone. For the purposes of  this notification,
the High Tide Line means the line on the land upto which the highest
water line reaches during the spring tide. This line was supposed to be
demarcated uniformly by approved authorities based on certain guidelines.
In addition, for better regulation of  developmental activities, coastal
stretches within 500 m of  the HTL on the landward side are classified into
four categories, viz. :
CRZ-I, CRZ-II, CRZ-
III and CRZ-IV
(annexure 1 of the
notification) with details
as follows.

Category-I (CRZ-I)

Areas that are
ecologically sensitive
and important such as
national parks/marine
parks, sanctuaries,
reserve forests, wildlife

A sea coast in Kannur, Kerala
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habitats, mangroves, corals/ coral reefs, areas close to breeding and
spawning grounds of  fish and other marine life, areas of  outstanding natural
beauty/historical/heritage areas, areas rich in genetic diversity, areas likely
to be inundated due to rise in sea level consequent upon global warming
and such other areas as may be declared by the Central Government or the
concerned authorities of  the State/Union Territory from time to time.

Category-II (CRZ-II)

Areas that have already been developed up to or close to the shoreline are
categorized under CRZ-II. For this purpose, ‘developed area’ is referred
to as that area within the municipal limits or in other legally designated
urban areas which are already substantially built up and have been provided
with drainage and approach roads and other infrastructural facilities such
as water supply and sewerage mains.

Category-III (CRZ-III)

Areas that are relatively undisturbed and those which belong neither to
CRZ-I nor CRZ-II come under CRZ-III. These will include coastal zone
in the rural areas (developed and undeveloped) and areas within municipal
limits or in other legally designated urban areas that are not substantially
built up.

Category-IV (CRZ-IV)

The coastal stretches of  the Andaman & Nicobar, Lakshadweep and small
islands except those designated as CRZ-I, CRZ-II or CRZ-III come under
CRZ IV.

Norms for regulation of  the activities are provided in the notification.

Section 2 of  the notification lists prohibited activities in the CRZ, which
include setting up/expansion of  new industries except those of  the
Department of  Atomic Energy and those directly requiring foreshore
facilities, land reclamation, discharge of  untreated wastes, mining, dressing
or altering of  sand dunes etc.

Section 3 provides the regulation of  permissible activities in the CRZ. It
specifies that clearance would be given only for those activities requiring
shorefront and lists various activities that require environmental clearance
from the Ministry of  Environment and Forests, New Delhi.

Merits and demerits of the notification

The CRZ notification was the first of  its kind that focused on the coastal
zone as a distinct entity rather than taking a sectoral view on it. The
notification which is protective of  the fragile coastal ecosystem bans
certain activities and permits only those activities that require shorefront
facilities. In addition, it helps to restrict practices such as extraction of
groundwater and sand mining in the coastal zone. The CRZ notification
requires demarcation of  the HTL and for this purpose, seven Central
and State agencies were identified by the MEF. One of  the mandates of
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the State Department of  Environment is to identify, classify and map
the CRZ areas in the respective coastal State/ Union Territory. Although
the coastal State Governments are equally responsible for the
implementation and enforcement of  the CRZ, lack of  capacity has
deterred them from proper implementation, resulting in a number of
violations of the CRZ notification.

Committees

Over the years, various suggestions and demands regarding the use of
coastal stretches resulted in the constitution of  several committees which
looked into specific matters and made recommendations. Some of  these
were translated into amendments of  the notification. Highlights of  the
various committees are given in the following sections.

B.B. Vohra Committee (1992) – focus on tourism

This committee suggested that the ‘No Development Zone (NDZ)’ be
reduced in selected areas to promote tourism with permitted construction
in these areas. The committee also noted, among other things, that HTL
demarcation was not clearly defined and suggested that there should be no
withdrawal of  groundwater in NDZ except by manual extraction and there
should be no landscaping by dressing of  sand dunes in NDZ. These were
carried out by amendment dated 18th August 1994 (S.O. 595 (E)). The
reduction in the NDZ was challenged in the Supreme Court and was
quashed with maintenance of  status quo.

Prof. N. Balakrishnan Nair Committee (1996) – focus on Kerala’s coastal
zone

They suggested inclusion of  census towns and panchayats that are
substantially built up in CRZ-II and reduction in extent of CRZ area in
inland tidal water bodies to enable port related activities. The MOEF did
not take these up. They  suggested that storage of  petroleum products in
the CRZ may be permitted. An amendment was issued for this. They also
suggested that reclamation be approved for approved projects, fishermen
housing, fish processing units etc. An amendment dated 9 July 1997 was
issued.

Fr Saldanha Committee (I) (1996) – focus on Andaman and Nicobar Islands

The committee recommended that permission be given for extraction of
groundwater by manual methods for local communities in Andaman and
Nicobar Islands and that for extraction of  sand, permission be accorded
on an annual basis.

Dr Arcot Ramachandran Committee (1996)

This committee suggested an Ocean Regulation Zone with regulation/
prohibition of  various activities on the seaward side such as construction
of  ports and harbours, seabed mining etc. but no action was taken on the
recommendations.
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Fr Saldanha Committee (II) (1997) – focus on specific issues related to
CRZ

This committee recommended construction of  dwelling units for bonafide
traditional settlers in <200m in CRZ-III. The Ministry put forward a draft
notification in 2002 inviting comments and suggestions to amend the
notification but eventually no amendment was made.

D.M. Sukhthankar Committee (2000) – focus on Mumbai

They recommended that slum rehabilitation schemes with higher FSI than
the FSI as existed in 1991 be considered. This was not accepted, nor was
the recommendation on development of  Navi Mumbai as they were not
in line with the CRZ. The committee’s recommendation to stop dumping
solid wastes and to stop dredging in CRZ areas and creeks resulted in
directives to the State Government to do so (MOEF, 2008a).

Summary of  amendments to the Notification

S.O.No. Date Purpose

595 (E) 18th August 1994 Reduced NDZ along the tidal water
bodies to 50 m uniformly. Permitted
construction in NDZ.Quashed by
Supreme Court in 1996

73 (E) 31st January 1997 Permitted mining of  sand and drawal
of  groundwater in the Coastal
Regulation Zone areas in Andaman
and Nicobar

494 (E) 9th July 1997 Permitted reclamation within port
limits, constructions for operation
expansion and modernization of
ports. Development of  public utilities
within Sunderbans areas and storage
of  13 POL products within port
limits. Matter subjudice in Delhi High
Court

334 (E) 20th April 1998 Extended mining of  sand and drawal
of  groundwater in the Coastal
Regulation Zone area in Andaman and
Nicobar

873 (E) 30th September 1998 Extended mining of  sand and drawal
of  groundwater in the Coastal
Regulation Zone area in Andaman and
Nicobar

1122 (E) 29th December 1998 Demarcation of high tide line

998 (E) 30th September 1999 Extended mining of  sand and drawal
of  groundwater in the Coastal
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Regulation Zone area in Andaman and
Nicobar

730 (E) 4th August 2000 Permitted storage of  LNG in the inter
-tidal area and exploration and
extraction of  oil and gas in Coastal
Regulation Zone areas

900 (E) 29th September 2000 Extended mining of  sand and drawal
of  groundwater in the Coastal
Regulation Zone area in Andaman and
Nicobar

329 (E) 12th April 2001 Permitting setting up of  projects and
Department of  Atomic Energy,
Pipelines and conveying systems in
Coastal Regulation Zone areas.
Permission for certain constructions
in Sunderbans etc.

988 (E) 3rd October 2001 Extended mining of  sand and drawal
of  groundwater in the Coastal
Regulation Zone area in Andaman and
Nicobar

550 (E) 21st May 2002 Redefined distance upto which CRZ
is measured along rivers; permitted
non polluting industries in the field
of  IT and other service industries in
the Coastal Regulation Zone area of
special economic zones. Housing
schemes of  State Urban Development
Authorities initiated prior to
19.2.1991was also permitted.

1100 (E) 19th October 2002 Facilities for generating power by non-
conventional energy sources and
setting up of desalination plants and
construction of  airstrips in the Islands
of  Lakshadweep and Andaman and
Nicobar with MOEF permission,
installation of  weather radars by IMD
for cyclone prediction

52 (E) 16th January 2003 Extended mining of  sand and drawal
of  groundwater in the Coastal
Regulation Zone area in Andaman and
Nicobar

460 (E) 22nd April 2003 Addition of  activities to the list
requiring environmental clearance

635 (E) 30th May 2003 Extended mining of  sand and drawal
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of  groundwater in the Coastal
Regulation Zone area in Andaman and
Nicobar

636 (E) 30th May 2003 Construction of  jetty and wharves in
Lakshadweep Coastal Regulation
Zone -I areas

725 (E) 24th June 2003 Introduced clause under the norms
for development of  CRZ-IV to set up
facilities for treatment of  wastes and
effluents arising from hotels, beach
resorts and domestic sewage, and
disposal of  the treated wastes and
effluents in areas other than Coastal
Regulation Zone-I.

838 (E) 24th July 2003 Reduction in NDZ area in CRZ-III
in Andaman and Nicobar Islands for
tourism

86 (E) 25th January 2005 Extended mining of  sand and drawal
of  groundwater in the Coastal
Regulation Zone area in Andaman and
Nicobar

108 (E) 13th July 2006 Extended mining of  sand and drawal
of  groundwater in the Coastal
Regulation Zone area in Andaman and
Nicobar

451 (E) 26th March 2007 Extended mining of  sand and drawal
of  groundwater in the Coastal
Regulation Zone area in Andaman and
Nicobar

463 (E) 10th March 2008 Extended mining of  sand and drawal
of  groundwater in the Coastal
Regulation Zone area in Andaman and
Nicobar

1243 (E) 15th May 2009 Development of  green field airport
at Navi Mumbai

Violations of  the CRZ

Violations of  the CRZ notification are reportedly extensive (Divan and
Rosencranz, 2001) but there have been few surveys to record such violations.
Nandakumar and Muralidharan (1998) counted 732 violations after partial
surveys in eight coastal States seven years after the notification was put in
place. The maximum number of  violations was in Kerala whose entire
coast was mapped. Mascarenhas (1998), based on a study of  Goa from
space, concluded that the major CRZ violations in Goa were due to
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buildings and constructions, sand extractions, borewells, roads and fences
that denied public access. Again, it is in Goa that judicial activism is the
highest with a number of  defaulters being issued show-cause notices apart
from many letters from citizens being converted into writ petitions resulting
in imposition of  stay orders (Anonymous, 2010a). Post 2004 tsunami, a
CAG report recommended: “the MHA may in close coordination with the
MOEF and the State Governments ensure the enforcement of  the Coastal
Regulation Zone notification so that uncontrolled commercial and industrial
activities are not permitted” (CAG, 2006). The tourism industry has been
implicated in the maximum number of  CRZ violations. For example, in
Kerala, the vigilance wing of  the Local Self-Government Department
detected 1,500 cases of  unauthorized constructions and CRZ violations in
Vizhinjam Panchayat where the beach destination Kovalam is located
(Equations, 2009). Divan and Rosencranz (2001) point to many reasons
why there are many violations of  the CRZ ranging from the non-standard
format of  the regulations (without definitions which means that critical
clauses are left undefined) resulting in varied interpretation of  the terms
to the distribution of  the coastal regime over several documents, many of
which are difficult to access. The fact also remains that none of  the States
have completely mapped the coastal areas and designated the four zones.

Two landmark judgments are mentioned here in illustration. The first major
judgement delivered by the Supreme Court was the CRZ notification case
filed by the Indian Council for Enviro-Legal Action in 1995. The court
observed that there had been a non-compliance with the directive that
called for preparation of  coastal zone management plans and directed that

Kovalam Beach, Kerala
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all coastal States and Union Territory Administrations to frame their plans
within a period of  six weeks. However, this has still not been followed.
The other case relates to the petition filed by S. Jagannathan. The Supreme
Court decision in this case pointed out: “an industry dependent on sea
water cannot by itself  be an industry ‘directly related to water front’ or
‘directly needing foreshore facilities’. The shrimp culture industry, therefore,
cannot be permitted to be set up anywhere in the coastal regulation zone
under the CRZ notification.” (Muralidhar, 1995). More recently, a petition
filed by the Coastal Action Network (CAN) against the setting up of  a
petrochemical complex near Pulicat lake was rejected by the Madras High
Court (Anonymous, 2010b).

The move to CZM

After the Earth Summit in 1992, all over the world, integrated coastal zone
management has been favoured. In India too, over the years, looking at
the increasing problems in coastal areas, a move towards coastal zone
management has been mooted. It could be said that this was initiated by
the D.M. Sukhthankar Committee of  March 2000 which was asked to
examine the issues of  coastal zone management in a holistic manner and
prepare a National Coastal Zone Policy for India. However, no action was
taken at this point.

M.S. Swaminathan Committee (2004)

This committee was constituted to ‘carry out a quick but comprehensive
review of  the Coastal Regulation Zone notification 1991, in the light of
the findings and recommendations of  all previous Committees, judicial
pronouncements, representations of  various stakeholders and suggest
suitable amendments, if  necessary, to make the regarding regulatory
framework consistent with well established scientific principles of  coastal
zone management’. The committee’s report was accepted in 2005, about
two months after the 26th December Indian Ocean tsunami that devastated
large parts of  the Indian coastline. The committee examined in great detail
the suggestions made by the various committees as well as the amendments
to the CRZ notification that followed some of  the suggestions. It also
reviewed the best international practices in coastal zone management. After
exhaustive examination of  the status of  the Indian coast and the uses and
pressures on the coastal zone, it examined the CRZ notification along
with the amendments including issues of implementation. It pointed out
that relentless development pressures had led to major problems in the
coastal zone. The tsunami, according to the committee, should serve as a
wake up call and suggested a set of  12 basic guiding principles to govern
future decisions in coastal zone management and before giving detailed
recommendations on coastal management. These principles are:

� Ecological and cultural security, livelihood security and national security
should be the cornerstones of  an integrated coastal zone management
policy.

� The coastal zone will include an area from territorial limits (12 nautical
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miles) including its sea-bed to the administrative boundaries or the
biological boundaries demarcated on the landward side of  the sea coast.
The coastal zone management will also include the inland tidal water
bodies influenced by tidal action and the land area along such water
bodies. This area should be taken up for an integrated, cohesive, multi-
disciplinary and multi-sectoral coastal area management and regulatory
system.

� Regulation, education and social mobilization should be the three major
components of  a participatory and sustainable Coastal Zone
Management strategy. Panchayati Raj institutions in coastal areas should
be fully involved in the educational and social mobilization programmes.

� The protection and sustainable development of  the marine and coastal
environment and its resources should be in conformity with
international law, as laid down in 1982 UNCLOS, as well as with the
suggestions contained in Chapter 17 of  Agenda 21. The Draft National
Environment Policy of  India also contains useful guidelines. Every
effort should be made towards ensuring an Integrated Marine and
Coastal Area Management (IMCAM) as prescribed in the 1995 Jakarta
Mandate under the 1992 Convention on Biological Diversity.

� Coastal regulation needs to be based on sound, scientific and ecological
principles and should safeguard both natural and cultural heritage.
Heritage sites need particular care and should be conserved in their
pristine purity. These include buildings, artifacts, precincts of  spiritual,
historical, aesthetic, architectural or areas of  environmental significance
such as richness of  biodiversity and scenic beauty. Bird sanctuaries
and parks and breeding grounds of  migratory birds should be protected.

� The precautionary approach should be used where there are potential
threats of  serious or irreversible damage to ecologically fragile critical
coastal systems and to living aquatic resources. Scientific uncertainty
should not be used as an excuse for the unsustainable exploitation of
coastal resources – both living and non-living as well as to prevent
environmental degradation, injustice and harm.

� Significant or irreversible risks and harm to human health and life,
critical coastal systems and resources including cultural and architectural
heritage would be considered unacceptable. Ecological economics
should underpin economic activities so that present day interests and
future prospects are not antagonistic. Significant biological, cultural
and natural assets should be considered incomparable, invaluable and
irreplaceable and should receive overriding priority in the allocation
of  resources for coastal area protection and conservation.

� Coastal policy and regulations should be guided by the principles of
gender and social equity as well as intra-generational and inter-
generational equity, (i.e. the interests of  future generations). They should
be based on Mahatma Gandhi’s dictum, ‘Nature provides for everyone’s
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needs, but not for everyone’s greed’. All stakeholders should be involved
in decision-making. Precious biological wealth coming under Marine
Biosphere Reserves should be managed in a Trusteeship mode with
all the stakeholders protecting the unique natural wealth of  biosphere
reserves as Trustees and not as owners. A case study should be made
on how the Gulf  of  Mannar Biosphere Trust is functioning so that
the Trusteeship pattern of  sustainable management by the principal
stakeholders can be replicated.

� Coastal protection and bio-resources conservation policies should be
guided by techno-economic efficiency, the precautionary approach,
‘polluter-pays’ principle(s) and ‘public trust’ doctrine. There should be
strict liability on the part of  those engaged in hazardous or inherently
dangerous coastal activities including the liability to compensate the
victims of  all human made hazards such as marine pollution and fish
contamination. They should also bear the cost of  restoring the coastal
environmental degradation. The onus of  proof  in such cases should
be on the developer/industrialist for demonstrating that their
‘development’ activities are environmentally benign.

� The principles contained in the Biodiversity Act (2002) should be
applied to coastal bio-resources management. This will involve
concurrent attention to conservation, sustainable use and equitable
sharing of  benefits. To address the issue of  pressures on marine and
coastal ecosystems, as defined in the Johannesburg Plan of
Implementation (Part IV) adopted at the 2002 World Summit on
Sustainable Development, every effort should be made to promote
sustainable fisheries, prevent loss of  biological diversity, prevent all
forms of  marine pollution and ensure that coastal area development
and urbanization are eco-friendly.

� The regeneration of  mangrove wetlands, coral reefs and sea grass beds
as well as the promotion of  coastal forestry and agro-forestry will
confer both short and long term ecological and livelihood benefits.
Carbon sequestration through coastal bio-shields will make an
important contribution to promoting a balance between carbon
emission and absorption, in addition to offering protection during
coastal storms and calamities like Tsunami. An important lesson taught
by the tsunami disaster is that the rehabilitation of  degraded mangrove
forests and the raising of  coastal plantations of  salicornia , casuarina
and appropriate species of  halophytes will represent a ‘win-win’
situation both for nature and coastal human habitations. No further
time should be lost in initiating a national coastal bio-shield movement
along the coasts of  the mainland of  India as well as islands. This can
be a priority task under the National Rural Employment Guarantee
and Food for Work Programmes.

� The severe loss of  life and livelihoods as well as property caused by
Tsunami in Andaman and Nicobar Islands and in the coastal regions
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of  Tamil Nadu, Kerala, Andhra Pradesh and Pondicherry teach us
that short term commercial interests should not be allowed to
undermine the ecological security of  our coastal areas. Human memory
tends to be short and neglecting the lessons of  Tsunami will be
equivalent to writing off  the future of  coastal communities.

A National Coastal Zone Management Plan was outlined, which redefined
the coastal zone to include the water realm along with five Coastal
Management Zones (CMZ I-V). The concept of  setback line based on
vulnerability of  the coast to natural and man-made hazards was included
in the suggestions. This report led to the draft CMZ notification 2008.
The Swaminathan report was widely critiqued by many groups and
associations mainly because of  the lack of  stakeholder participation in
preparing the report. Even before the CMZ notification was released, there
were reports about discussions on the notification (Menon et al., 2007;
TRINet, 2007; Equations, 2008; Rodriguez, 2010).

The draft CZM notification

Based on the Swaminathan Committee report, the MOEF put forth a
draft notification on 1st May 2008 (CMZ, 2008). According to this
notification, the Coastal Zone was defined as “the area from  the territorial
waters limit (12 nautical miles measured from the appropriate baseline)
including its sea bed, the adjacent land area along the coast, and inland
water bodies influenced by tidal action including its bed, upto the landward
boundary of  the local self  government or local authority abutting the sea
coast, provided that in case of  ecologically and culturally sensitive areas,
the entire biological or physical boundary of  the area may be included, as
specified under the provisions of  Environment Protection Act 1986. The
coastal zone was characterized into four as follows:

� Coastal Management Zone-I (CMZ -I) shall consist of  areas designated
as Ecologically Sensitive Areas (ESA), an indicative list is given in the
document under Appendix II.

� Coastal Management Zone-II (CMZ-II) shall consist of  areas other
than CMZ-I and coastal waters identified as ‘Areas of  Particular
Concern (APC)’ such as economically important areas, high population
density areas and culturally and/or strategically important areas. The
administrative boundaries of  these ‘Areas of  Particular Concern’ would
be boundaries of  CMZ-II. A generic list of  such areas is given in
Appendix  II.

� Coastal Management Zone-III (CMZ-III) shall consist of  all other
open areas including coastal waters and tidal influenced inland water
bodies (ie. all areas excluding those classified as CMZ-I, II and IV).

� (a) Coastal Management Zone-IV (CMZ-IV) shall consist of  island
territories of  Andaman and Nicobar, Lakshadweep and other off  shore
islands.
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A management methodology using setback line and development of
integrated coastal zone management plan was also proposed.

The CEE 2008 consultations

This draft notification was followed by a series of  35 consultations across
nine coastal States organized by the Centre for Environment Education
on behalf  of  the MOEF to assess the views of  the stakeholders (CEE,
2008).The salient features of  the notification were brought out in the
languages of  the coastal states. The consultation brought out the fact that
while sustainable development of  coastal areas was important, the draft
CMZ notification did not offer to the primary coastal stakeholders, the
fishing communities, protection to their rights to the coastal marine
resources and livelihoods. The report indicated that a vast majority of  the
respondents were not in favour of  the CMZ notification, and instead,
supported the original CRZ notification (without amendments) but with
improvements for its effective implementation.

Report of  the Joint Parliamentary Committee (2009)

This exercise was taken up by the Department-related Parliamentary
Standing Committee on Science & Technology and Environment & Forests
chaired by Dr. V. Maithreyan (JPC, 2009). Here also, it was made clear to
the committee by various respondents that the CMZ notification had greater
possibilities for misuse. The committee opined that the Government should
not make haste in implementing the CMZ notification without addressing
the conflict of  interest between the stakeholders and concluded that the
implementation of  the notification be kept in abeyance till mechanisms/
instruments-executive and legislative-are put in place for inclusion and
integration of  coastal communities through participative, decision making
and control instruments.

Final Frontier: Swaminathan Committee (2009)

In June 2009 the MOEF constituted a four member committee to
recommend future steps on the draft Coastal Management Zone (CMZ)
notification 2008. The terms of  reference were:

� To examine the comments received by the Ministry on the draft Coastal
Management Zone notification 2008

� To advise on the policy and legal framework for Integrated Coastal
Zone Management

The Committee deliberated on the following four options:

� To continue with the existing CRZ notification 1991

� To incorporate suggestions and objections and issue a revised CMZ
notification 2008

� To let the CMZ notification 2008 lapse and incorporate certain
suggested improvements in the existing CRZ notification 1991 for
better coastal management or
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� To let the CMZ notification 2008 lapse but issue an altogether new
notification integrating the key features of  CRZ 1991 and CMZ 2008.

In its report titled ‘Final Frontier’ (MOEF, 2009), the four member
committee, while pointing out that the Indian coastline was doubly
vulnerable today facing threat from development activities on the one hand
and climate related hazards on the other, made the following
recommendations:

Recommendation for TOR 1: Let the CMZ notification 2008 lapse and
incorporate amendments as recommended in the existing CRZ notification
1991 for better coastal management.

Recommendations for TOR 2: An agenda was made for coastal areas

� Check violations to CRZ through improved space technology-enabled
enforcement, strengthened institutions, and regulatory and legal reform.

� Enhance protection to fishing communities and families for
habitat and livelihood security through amendments in the CRZ
notification.

� Resolve issues regarding the development and redevelopment of
Mumbai based on locale-specific amendments.

� Introduce regulations to manage the proliferation of  ports along the
coasts with possible impacts on the coastline by considering cumulative
impacts of  these developments.

� Introduce tighter standards for disposal of  effluents into coastal waters
so that these waters do not become cheaper alternatives to inland
pollution management.

� Introduce new management regimes in the Andaman and Nicobar as
well as Lakshadweep Islands after deliberation and discussion.

� Introduce any new protection regime – such as critically vulnerable
coastal areas – after careful and deliberate understanding of the impact
of  conservation policies on local communities, particularly fisher
families.

� Strengthen protection to mangroves based on clear definitions.

� Include the seaward side to ensure protection from current and future
threats but with safeguards to ensure there is no restriction to livelihoods
of  fishing communities.

� Introduce measures to greatly strengthen research and regulatory
capacity at all levels.

� Introduce policies to cope up with and adapt to the future dangers
from sea level rise and increased vulnerability of  the coasts.

The Ministry of  Environment and Forests accepted the recommendations
of  this report and let the draft CMZ notification 2008 lapse. The next step
was to work towards strengthening the CRZ 1991.
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CEE  Consultations (2009-2010)

Shri Jairam Ramesh, Minister of  State for Environment and Forests, sought
public opinion and view points towards strengthening the 1991 CRZ
notification through widespread consultations. Appreciating this initiative,
fishers and other coastal communities gave important viewpoints and
suggestions for strengthening the notification in ten consultations covering
nine coastal states and one Union Territory. Shri Jairam Ramesh chaired
the first five public consultations. The Centre for Environment Education
which conducted  the consultations brought out a report (CEE, 2010).
According to the report, the participants called for the CRZ 1991 without
the amendments to be the base document and opined that a CRZ ‘Act’
would help stop the frequent amendments. They also felt that there should
be strict enforcement of  the notification and stringent punishment for
violations.

Pre-draft CRZ 2010

The MEF prepared a pre-draft CRZ notification 2010 keeping the CRZ
notification 1991 as a template. Along with this, a discussion paper (MOEF,
2010a) which summarized the proposed amendments to the CRZ 1991
was included. The proposed amendments related, inter alia, to:

� Inclusion of  aquatic part

� Revision of  hazard mapping mechanisms

� Preparation of  action plans (for control of  pollution)

� Classification of erosion-prone areas

� A proposed new classification scheme

� Special cases (Mumbai, Kerala, Sundarbans, Goa)

� Special dispensation to certain Biosphere Reserves

� Construction of  stilt roads to protect mangroves in Mumbai

� Deadlines for grant of  clearance

� Harmonisation of  clearance process with EIA 2006 standards

� Post clearance monitoring

� Preparation of  Coastal Zone Management plans

� Removal of  duplication with regard to clearance procedures

� Facilities for fisherfolk

The pre-draft CRZ notification 2010 was put up on Ministry’s website
seeking comments within 30th May 2010. The Ministry received about
200 comments on the pre-draft notification.

Draft CRZ 2010

On September 13th, the MOEF has placed the draft CRZ 2010 (MOEF,
2010a) notification on the website: http://moef.nic.in/index.php. The new
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inclusions in the draft notification are listed in the press note (MOEF,
2010b) and contain the suggestions made in the pre draft notification as
listed in the earlier section. A hazard line is to be demarcated by the MOEF
through Survey of  India taking into account tides, waves, sea level rise and
shoreline changes. The CRZ was to have five zones, the fifth one being a
zone for special interest areas such as Mumbai. Following the draft CRZ
2010, a number of  discussions were held especially with fishermen
organizations seeking their input into the new notification.

CRZ 2011

The CRZ 2011 was published in the gazette dated 6th January (MOEF,
2011a). The following are the highlights of  this new notification:

� CRZ refers to the coastal stretches of  the country and the water area
upto its territorial water limit, excluding the islands of  Andaman and
Nicobar and Lakshadweep and the marine areas surrounding these
islands upto its territorial limit.

� CRZ shall apply to the land area from the High Tide Line (HTL) to
500m on the landward side of  the coast.

� CRZ shall apply to the land area between HTL to 100 mts or width of
the creek whichever is less on the landward side along the tidal
influenced water bodies that are connected to the sea.

The HTL is to be demarcated within one year of  notification by designated
agencies based on guidelines. A list of  prohibited activities and guidelines
to be followed to obtain clearance for specific permissible activities are
specified. A detailed procedure for obtaining clearance is provided and
documents that have to be submitted for this are listed. Post clearance
monitoring is mandatory and compliance reports are to be made available
in the public domain. Coastal Zone Management Plans are to be prepared
by the state governments through engaging reputed institutions or agencies
including the National Centre for Sustainable Coastal Management. The
hazard line is to be mapped by the MoEF through the Survey of  India.
Enforcement procedures for the CRZ 2011 have been given, an
improvement over the earlier notification. Dwelling units of  traditional
fisherfolk as permissible under CRZ 1991 which have obtained formal
approval from authorities concerned will be regularized subject to certain
conditions.

The classification of  the CRZ 2011 remains similar to CRZ 1991 in that
there are four zones. The first three zones are the same – CRZ-I being
ecologically sensitive areas, CRZ-II are the developed areas (where
“developed” refers to that area within the existing municipal limits or in
other existing legally designated urban areas which are substantially built-
up and has been provided with drainage and approach roads and other
infrastructural facilities, such as water supply and sewerage mains) and
CRZ-III are the rural areas (areas that are not substantially built up even
within legally designated urban areas). Activities that are permissible /
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prohibited are described for each zone and additional explanation is available
in the FAQ. (MOEF, 2011b)

CRZ-IV now is defined as: (a) the water area from the Low Tide Line to
twelve nautical miles on the seaward side; (b) shall include the water area
of  the tidal influenced water body from the mouth of  the water body at
the sea upto the influence of  tide which is measured as five parts per
thousand during the driest season of  the year.

In CRZ-IV areas there is no restriction on the traditional fishing and allied
activities undertaken by local communities. However, no untreated sewage,
effluents or solid waste shall be let off  or dumped in these areas. A
comprehensive plan for treatment of  sewage generating from the city is
expected to be formulated within a period of  one year from the date of
issue of  this Notification and be implemented within two years thereafter.

An additional feature of  the CRZ 2011 is that in addition to the general
focus on activities of  the fishing community and their protection, state
specific special provisions have also been incorporated for the fishermen
communities living along the coastal areas in Maharashtra, Goa, Kerala,
Sunderban and other ecologically sensitive areas.

Island Protection Zone Notification 2011

A separate notification for the environmental management of  Andaman
and Nicobar and Lakshadweep Islands was also gazetted on 6th January
2011. There are about 500 islands in Andaman & Nicobar and about 30 in
Lakshadweep. These two groups of  oceanic islands are home to some of
the country’s most thriving biodiversity hotspots. The geographical areas
of these islands are so small that in most of the cases the 500 metres
Coastal Regulation Zone regulations overlap. Hence, a separate Notification
was issued which takes into account the management of  the entire island
(except for four islands of  A&N which include North Andaman, Middle
Andaman, South Andaman and Great Nicobar). Therefore, for these four
islands, the Notification applies to areas within 500 metres from the High
Tide Line along the seafront, while for all other islands of A&N and
Lakshadweep the entire geographical area, including the water area upto
12 nautical miles falls within purview of  the Notification.

The coastal areas of  the four islands shall be classified as follows:

�  ICRZ-I: The areas that are ecologically sensitive and the
geomorphological features which play a role in the maintaining the
integrity of  the coast; (b) The area between Low Tide Line and High
Tide Line; and

� ICRZ-II: The areas that have been developed upto or close to the
shoreline.

� ICRZ-III: Areas that are relatively undisturbed and those do not belong
to either Category- B(i)(a) and (b) above which include coastal zone in
the rural areas (developed and undeveloped) and also areas within
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municipal limits or in other legally designated urban areas, which are
not substantially built up.

�  ICRZ-IV: (i) the water area from the Low Tide Line to twelve nautical
miles on the seaward side; (ii) shall include the water area of  the tidal
influenced water body from the mouth of  the water body at the sea
upto the influence of  tide which is measured as five parts per thousand
during the driest season of  the year.

Prohibited and permissible activities in the different zones are specified.
They will be managed based on the Integrated Islands Management Plan
for the generation of  which, guidelines have been provided. Guidelines
for development of  beach resorts or hotels in the designated areas of
ICRZ-III and ICRZ-II/IIMPs for occupation of tourist or visitors with
prior approval of  the Ministry of  Environment and Forests have also been
formulated.

CRZ-I

� The areas that are ecologically sensitive and where geomorphological
features which play a role in maintaining the integrity of  the coast.

� The area between Low Tide Line and High Tide Line and

� The areas prone for inundation due to sea level rise.

CRZ-II

� The areas that have been developed upto or close to the shoreline.

CRZ-III

Areas that are relatively undisturbed and those do not belong to either
Category-I or II which include coastal zone in the rural areas (developed
and undeveloped) and areas within municipal limits or in other legally
designated urban areas which are not substantially built up.

CRZ-IV

� The water area from the Low Tide Line to twelve nautical miles on the
seaward side.

� The water area of  the tidal influenced water body from the mouth of
the water body at the sea upto the influence of  tide which is measured
as five parts per thousand during the driest season of  the year.

CRZ-V

� Areas requiring special consideration for the purpose of  protecting
the critical coastal environment and difficulties faced by local
communities.

Legal and regulatory approaches for protecting mangroves

At present, the mangroves are protected through a range of  regulatory
measures such as Coastal Regulation Zone notification 1991, Environment
Impact Assessment (EIA) studies under the EIA notification 1994 for
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specialized industries, Monitoring of  Compliance with conditions imposed
while according Environmental Clearance by Regional Offices of  the
Ministry and State Pollution Control Boards, Enforcement of  Emission
and Effluent Standards by industries and other entities and Recourse to
Legal Action against the defaulters. Mangroves located within the notified
forest areas are also covered under the Indian Forest Act, 1927 and Forest
(Conservation) Act, 1980. National Conservation Strategy and Policy
Statement on Environment & Development (1992) highlights conservation
and sustainable development of  mangroves, including coastal areas and
riverine and island ecosystems. Similarly, National Forest Policy and National
Wildlife Action Plan emphasize conservation of  mangroves on scientific
principles of  evolution and genetics including social and cultural aspects.
Though the mangroves areas of  the country are mostly under the control
of  the Forest Department, the legal and regulatory agencies are manned
by personnel from other departments. The rapid expansion of  prawn farms
in the vicinity of  mangrove areas and lack of  control on the establishment
of  such farms and release of  effluents are cases in point. The National
Policy 2006 recognizes that mangroves are an important coastal
environmental resource. They provide habitats for marine species,
protection from extreme weather events and function as a resource base
for sustainable tourism.

The National Environment Policy also recognizes that mangroves, as indeed
the other coastal resources like coral reefs and coastal forests, face threats
from the following quarters:

� Poorly planned human settlements

� Improper location of  industries and infrastructure

� Pollution from industries and settlements

� Over exploitation of  living natural resources

� Inadequate institutional capacities for/and participation of  local
communities in formulation and implementation of  coastal
management plans

� Lack of  consensus on means of  provision of  sanitation and waste
treatment

� The open access nature of  many coastal resources

In view of  the above, the National Environment Policy underlines the
need to mainstream the sustainable management of  mangroves into the
forestry sector regulatory regime and adopt a comprehensive approach to
Integrated Coastal Zone Management. Mangrove forests that are declared
as Reserve Forests, Reserve Lands or Sanctuaries are protected by the Forest
Department of  concerned States/UTs but mangroves located outside these
Reserves and on community lands have not been assisted so far. Such
areas do exist in Kerala and Andhra Pradesh. There is no definite policy in
such cases and the matter is dealt on case to case basis.

On a nation wide basis, 38 sites have been identified as appropriate for
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planting of  mangroves, their conservation and management. Under the
scheme on Conservation and Management of  Mangroves, 100% central
assistance is given to coastal States and Union Territories for implementing
the approved Management Action Plans in the identified sites for
components like survey and demarcation, mangrove planting, restoration
and regeneration, livelihood supports for supplementary and alternate
occupations, protection and surveillance measures, and education and
awareness. The Government seeks to sustain and augment the mangrove
forests in the country by both regulatory and promotional measures. The
Coastal Regulation Zone notification (1991) under the Environmental
Protection Act (1986) recognizes the mangrove areas as ecologically
sensitive and categorizes them as CRZ-I which implies that these areas are
afforded protection of  the highest order.

Conclusions

As may be seen, the CRZ notification has evolved over the last two decades
since it was first brought out. While there appear to be a number of
amendments to the original notification, a majority of them dealt with
extension of  permission to mine sand in the CRZ areas in the Andaman
and Nicobar Islands. Some of  the amendments were quashed by the Court.
With the lapse of time and better understanding of the dynamics of the
coastal areas, the notification has had to be changed. In recent times,
participation by stakeholders has also increased and this may be seen as a
positive step towards sustainable development of  coasts.

The new CRZ 2011 and IPZ 2011 have been designed with the objective
of  conserving and protecting coastal stretches as well as ensuring sustainable
development of  the coast. Threats to the coast due to natural hazards
have been taken into account by the demarcation of  a hazard line. The
CRZ now includes not only the landward side but also has a seaward
component. Important considerations such as the procedure to obtain
environmental clearance for permissible activities in the CRZ have been
clearly outlined and enforcement mechanisms have also been created to
ensure compliance. Taking into account the special needs of  places like
Mumbai, Kerala, Goa and Sunderbans, they have been accorded special
consideration. An Island Protection Zone notification has been specially
enacted considering that except four large islands in the Andaman &
Nicobar group, all islands in the Indian territory are very small.
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Introduction

The highly productive coastal ecosystems of  the tropics play a critical role
in economic and social development. Coastal zone management and conser-
vation are becoming increasingly important in view of  the vulnerability of
the coast to various stresses like ever increasing human habitation,
accelerated growth of  industrial activities, off-shore oil production and
inherent dangers associated with it including the coastal pollution.
Conservation simply means wise use of  natural resources or the control of
exploitation to ensure resource sustainability. It is obvious that, rather than selecting
the extremes of  strict preservation or unmanaged development, a balanced
use of resources for both economic and ecological functions is central to
sustainable management. Environmentally effective coastal zone
management depends upon accurate and comprehensive scientific data
on which policy decisions can be made. Availability of  comprehensive
information in spatial format on various aspects of  coastal zone at different
levels of  details and at different time intervals is, thus, an urgent requirement.

Major critical issues of  the Indian coastal zone

Critical habitats

� Availability of  benchmark or reference data

� Loss of  critical habitats. Preservation, conservation and monitoring
o f  the units of  vital/critical environmental concern

� Appropriate site selection for industries

� Assessing the impact of  conversion of  wetland, reclamation of  land
from sea, sand mining, dredging and recreational activities

� Saline intrusion

Coastal processes

� Planning and implemen-
tation of coastal protec-
tion work (erosion, flood
protection, salt water
intrusion)

� Interactions among
different developmental
activities and modifica-
tion of coastal processes

Areas for application of remote sensing in
coastal zones



242 Anjali Bahuguna

� Suspended sediment dynamics

Coastal hazards

� Cyclones and storm surges

� Coastal erosion

� Sea level rise and possible effects

� Pollution

Application of  RS and GIS in coastal zone management

Remote Sensing is used to address a wide variety of  management and
scientific issues in the coastal zone. The various satellites that have
been used worldwide for extracting information on the coastal zone are
given in Table.1. It also includes studies that are planned for future satellite
missions.

Table 1. Worldwide satellites, their resolutions and potential uses

Sensor Spectral Spatial Radiometric Temporal Potential
Package Resolution Resolution Resolution Resolution use

(nm) (m)

IRS – 0.52-0.59, 23 m 7-bit 24 days Mangrove
P6 0.62-0.68, community
LISS III 0.77-0.86, mapping

1.55-1.7 5.8 7-bit 24 days
LISS IV Coral reef

0.52-0.59, 56 10-bit 5 days zonation
AWiFS 0.62-0.68, revisit Rapid changes

0.77-0.86 in coastal
0.52-0.59, zone and vital
0.62-0.68, habitats,
0.77-0.86, response
1.55-1.7 of  coastal

ecosystems to
global change

Ocean 0.412, 360 12-bit 2 days Chlorophyll,
sat-I/ 0.443, 0.5, suspended
IIOCM 0.510, sediments –

0.565, water quality
0.665 and sediment
(20m), dynamics.
0.765, Shallow
0.865 bottom
(10m) (Coral bio-

optics)



Towards Conservation and Management of  Mangrove Ecosystems in India

© IUCN

243

CARTO 0.5 – 0.8 2.5 10-bit 5 days Coastal zone
SAT- I PAN mapping at

cadastral level

Space 0.45-0.52, 4 11-bit 3 days Coastal zone
Imaging 0.52-0.56, mapping at

0.63-0.69, 1 11-bit cadastral

IKON 0.76-0.9, level. Coral
OS MS 0.45-0.9 reef zone
PAN mapping,

Mangrove
species
Identification

EO – 1 220 bands 30 m 16-bit 16 days Coral forms
Hyperion between identification,

0.357-2.576 water quality,
(10 nm bathymetry,
bandwidth and identification
continuous at species
spectral level of
coverage) mangroves,

algae, seagrass.
Coral optics

NOAA 0.58-0.68, 1100 10-bit 12 hours Coral
(15,16) 0.725-1.1, bleaching
AVHRR 3.55-3.93, detection
[SST and 10.3-11.3,
NESDIS 11.4-12.4
Informa-
tion
Product]

EnMap 200 25-30 m 16-bit 4 days Coral forms
HIS continuous revisit identification,
(To be spectra waterquality,
launched between bathymetry,
in 2009) 0.420-2.45 identification

(5-10 nm at species
-VNIR level of
and10-20 nm mangroves,
– SWIR) algae, seagrass.

Coral optics

Radarsat 5.6 cm 10-100 16-bit Variable Biomass,
1,2 SAR species

identification
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Various components of  the coastal environment, viz.: coastal wetland
conditions, mangrove and coral reef  degradation, coastal landforms and
shoreline changes, tidal boundaries, brackish water areas, suspended
sediment dynamics and coastal currents at various scales have been studied
in India. Thematic account of  the database developed and being developed
using satellite data at the Space Applications Centre (Indian Space Research
Organization) for studying the Indian coast is given below.

Database developed

� Inventory (Baseline Data on Coastal Zone)

s Wetland Mapping (1:250,000 & 1:50,000 scales) – entire country

s Shoreline Changes (1:250,000 & 1:50,000 scales) – entire country

� Brackish Water Aquaculture Development

s Coastal Landuse Mapping (1: 50,000 scale) – entire country

� Coastal Regulation Zone

s Coastal Landuse Mapping (1: 25,000 scale) – entire country

� Vital/Critical Habitat

s Coral Reef  Mapping (1: 50,000 scale) – entire country

n  Eco-geomorphological zonotion – selected areas

s Mangrove Mapping (1: 250,000 scale) – entire country

n  Dominant community zonation – selected areas

s Monitoring of  Protected Areas – Gulf  of  Kachchh (1975 to present)

� Coastal Zone Information System

Database being developed

� Coastal Landuse Mapping at 1:25,000 scale

� Local level mapping (1:5000 scale) – selected areas

� LULCC – selected area

� Monitoring Marine Protected Areas of India

� Mangroves

s Mangrove Community Zonation

s Mangrove Health Assessment

� Coral Reefs

s Coral Reef  Zonation

s Coral Reef  Health Assessment

� Predict SLR and its impact on coastal habitats

� Coastal Zone Management

The Indian coast

India has a long coastline of  about 7500 km which include its island
territories. The richly diverse coastal zone has ecosystems like coral reefs
and mangroves which contribute to its high productivity along with wide
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expanses of  mudflats, lagoons, estuaries, beaches and dunes. There are
126 Marine Protected Areas in India that include four Marine National
Parks, 67 Protected Areas (Marine Sanctuaries, Coastal National Parks,
Coastal Wildlife Sanctuaries, three Marine Biosphere Reserves, three Ramsar
Coastal Wetland Sites, 38 Notified Mangrove Areas, 4 Coral Reef  Sites,
one Sundarbans Tiger Reserve and one National Mangrove Genetic
Resources Centre  and Gene Centre). The east coast of  India is rich in
landform diversity.

Critical habitats

Critical habitats of  the coast are mangrove forests, coral reefs, seagrass
beds, algal beds, beach-dune systems and lagoons and estuaries.

Mangroves

In the past, mangroves
covered 6740 km2 in India
whereas the present
satellite-based study
estimates that as 4460 km2,
indicating a loss of about
2280 km2. Mangroves are
distributed in all the
maritime states of India.

Coral reefs

There are four major coral
reef regions on the Indian
coast, viz. : the Gulf of
Kachchh (Gujarat),
Lakshadweep, Palk bay and
the Gulf  of  Manaar (Tamil
Nadu) and the Andaman
and Nicobar groups of
islands.

Satellite data have been useful to assess the Coral reef  health. The reefs of
the Gulf  of  Kachchh, especially the Pirotan reef, was found to be in
degrading health. The entire eastern portion of  the reef  has thick mud
depositions. Macro-algae occupy 85% of  the reef  area. Live corals exist
only on the sides and make up only up to 11% and the dead cover up to
50% of the reef area.

Coastal zone management

Integrated Coastal Zone Management (ICZM) establishes a process
whereby Government intervention can be organized, informed and made
effective through programmes that are integrated with various economic
sectors and resource conservation. The advantage of  the ICZM (multiple

Mangrove areas covered in Coastal States of
India (km2)
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use) approach over
the traditional sectoral
(single use) approach
is that it provides a
framework for broad
participation and
resolution of  conflicts
between a variety
of economic and
resource conservation
needs. The overall
objective of  the
ICZM is to provide
natural resources for
sustainable use,
maintenance of high
levels of  biodiversity and real conservation of  critical habitats. It provides
the opportunity to allow policy orientation and development of
management strategies that can address the issue of  resource use conflicts
and control the impacts of  human intervention on the environment.
Maintaining the species habitats and natural resource base, and management
of  development processes are part of  the ICZM programme. As the natural
resources of  the coastal zone like coral reefs and mangroves are different
from their terrestrial counterparts, they require a unique strategy of
management.

Coastal zone ecosystems of India

Status of  reefs in Gulf  of  Kachchh

Open coast
(beach, rocks,
cliffs)

Coral reefs

Estuarine coast

Deltaic coast

Mangroves

1982 1988 1993

1998 2000 2005

Algal ridge

Reef slope

Coral zone

Mangroves

Mud on reef

Algae on mud

Beach

Macroalgae on sand/mud

Shallow reef flat with algae
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GIS application for coastal zone management

An information system is needed for the Integrated Coastal Zone
Management as an answer to sustainable and long-lasting development of
the coast. In order to generate an information system, a large database
existing in the form of  thematic maps as well as a non-spatial format is
required. They should have the flexibility of  constantly being updated,
modified, retrieved and analyzed for the generation of  management plans
and decision-making policies. Geographical Information System (GIS) is
a powerful tool to assemble, analyze, store, utilize, retrieve, manipulate and
disseminate scientific and technical data. The design process should be
such that it includes priority coastal ocean issues, inventorying of  data and
integrating of  spatial data with more data sets. GIS-based data management
and analysis also provide important methods for identifying key areas of
habitats for endangered
species. The GIS data
layers applicable to the
greatest number of
issues are considered
high priority data layers
for acquisition.

A conceptual model to
integrate remote sensing
based data and other
collateral data has been
developed to generate
coastal zone
management plans and
solve various coastal
zone issues. The first step of  data analysis would be to zone the coastal
zone into preservation, conservation, development and utilization zones
depending on environmental sensitivity. Environmental sensitivity is based
on criteria such as the presence or absence and the ecological condition of
critical/vital habitats like coral reefs, mangroves, algae/seaweeds and
erosional/depositional status of  the coast. This information is available in
the form of  thematic maps on coastal wetlands/land-use/land-cover/
landform and shoreline change at 1:250,000, 1:50,000 and 1:25,000 scales.
In the second step, collateral data are integrated into the GIS like soil type,
pH of  water, turbidity, density and diversity of  true mangroves, mangrove
associates (salt marsh vegetation), corals, algae/seaweeds, seagrasses and
other important fauna besides economic dependency on the habitat
(tourism, fisheries, etc.), industrialization, discharge of  effluents near/in
the reef areas and other sources of pollution along with socio-economic
data. In the third step, the first two steps are suitably integrated and analyzed
to solve prime coastal issues such as assessing the causes of  changes in
habitat condition, recommendations for conserving critical areas, creating
a buffer around vital areas, identifying core areas (which would include

Aerial extent of  land forms of  Indian coastal zones
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highly diverse and ecologically rich areas which can act as gene-banks),
identifying vulnerable and endangered species zones, selection of   brackish
water aquaculture sites, dredging schedules and sites for industrial and
engineering activities. The Integrated Coastal Zone Information can then
be used to develop an Action Programme in a more scientific way. This
kind of holistic view of the complex and dynamic coastal zone for its
management would ensure judicious development of  the coastal zone
without endangering the environment and ecology.

Great Nicobar, Landsat-5 TM 3rd February, 2001, Pre-Tsunami (Left) IRS-P6-AWiFS,
26th February, 2005, Post-Tsunami (Right)
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Introduction

Gujarat coastal wetlands have global, regional, national as well as local
significance with respect to conservation of  marine biodiversity. They also
act as a barrier against storms, cyclones and strong winds. Of  the total
area of  wetlands in the state (27,175 km2), the coastal wetlands constitute
92.3%. A marine national park and four sanctuaries are part of  the Gujarat
coastal wetlands. Mangroves form one of  the critical ecosystems of  these
wetlands.

The mangroves in Gujarat are second only to the mangroves in West Bengal
on the East Coast in terms of  area, covering about 936 km2 (SFR-2005).
Most of  the Gujarat mangroves have been largely degraded over the last a
few decades due to improper awareness among the people dependent on
the resources, infrastructure and industrial development, and lacuna in
proper conservation policy. Considering the above factors, the Commission
approached the India-Canada Environment Facility (ICEF), New Delhi to
sponsor a long-term, community based Mangrove Restoration and
Regeneration Programme (REMAG project) for Gujarat state. The major
outcome of  the project is mangrove restoration over 4,200 ha. along the
coast with an increased capacity of  the local coastal community to manage
the mangrove resources.

What is it all about?

In the new millennium, development is
concentrated in the coastal region resulting in
the migration of  people towards the coast.
About 60% of the population of the USA,
25% of  Canada, 60% of  the Netherlands, 75%
of  Australia, 70% of  Thailand and over 20%
of  India live on the coastal belt. These figures
highlight the importance of  coastal
environments in the 21st Century.

The coastal area is a place where natural
disasters take place. A recent example is the
Tsunami along the Andamans and the East
Coasts, which was a very serious and
unexpected natural disaster. The entire east
coast of  India, the Gujarat coast on the west

Excoecaria agallocha, flowers
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and the Lakshadweep islands and the Andamans & Nicobar Islands
frequently face cyclonic conditions which, at times, cause large scale
destruction of  lives and property. A super cyclone caused massive
destruction in Gujarat and Orissa in 1998 and 1999 respectively. A recent
tsunami in the south pacific only reiterates the importance of  mangrove
protection and regeneration.

Threat to mangroves: There has been considerable degradation of
mangroves in Gujarat over the years. Dependency of  the local and nomadic
pastoralist communities on mangroves for fodder and fuel, conversion of
mangrove areas to industries, salt pans, construction of  ports and jetties
and decreased influx of  fresh water into the mangrove areas due to
construction of  dams both small and big in upstream areas are reducing
the natural regeneration and the richness of  mangroves in Gujarat state.

The 1,660 km long coastline of  Gujarat was once dotted with mangroves
along the Gulfs of  Kachchh and Khambhat and along south Gujarat.
Unfortunately, most of  them, except in the Marine National Park and Kori
Creek areas in the Gulf  of  Kachchh, have been severely degraded with
disastrous consequences. Avicennia marina virtually replaced all other species
of  mangroves. The total mangrove cover in the state at present is 936 km2

(SFR-2005) with more than 90% located only in Kachchh and Jamnagar
districts, 727 and 141 km2 respectively. Only one place, the Kori Creek,
situated at the north-western tip of  the Gulf  accounts for 68% (643.3 km)
of  the state’s mangrove cover. This is an isolated patch of  natural mangroves
which has survived as it is very far off  from any human habitation and
directly influenced by the Indus delta.

In the Gulf  of  Khambhat, the area has suffered severe degradation in a
short span of  25-30 years with a rapid loss rate of  32.3 km2 per decade at
certain places (Ashwini Kumar, 1996). The patchy records of  mangrove
cover produced by various agencies during the period from 1875 to 1983
show that there was a marked decline in the mangrove cover from 438 km2

in 1970 to 13 km2 in 1983 in most parts of  the Gulf  of  Khambhat.

It, therefore, becomes imperative to address this situation and promote
community based mangrove restoration. Restoration of  mangroves in
Gujarat (REMAG) as a project was conceived with the following targets:

� Enhanced capacity of  communities to regenerate and sustainably
manage mangrove resources for increased livelihood opportunities.

� Increased support from industry in conserving and regenerating
mangroves.

� More proactive involvement of  the Government in community based
regeneration and conservation of  mangroves.

Project locations

Gujarat is situated on the western seaboard of  India between 20°01' and
24°07' N latitudes and 68°10' and 74°28' E longitudes covering a land area
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of  196,024 km2. It has a coastline of  about 1,660 km, which is the longest
among all the maritime states of  the country (over 21% of  the Indian
coastline of  7,517 km). Its continental shelf  occupies 165,000 km2 (over
35% of  the Indian continental shelf) while the Exclusive Economic Zone
(EEZ) is about 200,000 km2 (about 10% of  the Indian EEZ). The coastline
of  Gujarat has two indentations, the Gulf  of  Kachchh and the Gulf  of
Khambhat, covering about 60% of  the coastline.

There is one major, 11 intermediate and 28 minor ports along the coastline
handling around 65 MMT cargo (1997-98). The state is poised to witness
a high rate of  economic growth as a result of  the massive development of
ports and other coastal infrastructure and industries. This has major
implications on the integrity of  the natural ecosystems, protection of
traditional livelihoods and sustainability of  coastal bioresources. There are
10 locations identified to establish community based mangrove regeneration
and management models in the Gulf  of  Kachchh (on the northern coast)
and in the Gulf  of  Khambhat. The details of  all the sites are provided
(Table 1).

Table 1. Project locations

Project locations Block/District

Ashirawandh Abdasa/Kachchh

Bhangodi Abdasa/Kachchh

Lakki Lakhpat/Kachchh

Bagasara Maliya/Rajkot

Mahadevpura Dhandhuka/Ahmedabad

Tadatalov Khambhat/Ananad

Neja Jambusar/Bharuch

Nada Jambusar/Bharuch

Kantiyajal Hansot/Bharuch

Dandi Olpad/Surat

Approach and technical models

The REMAG project commenced in 2001 and had a tenure of  5 years.
Field level assistance and implementation were carried out by Non-
Government Organisations which acted as Project Implementation Partners
(PIPs). In the later phase of  the project, the Forest Department also got
involved in the implementation of  REMAG.

Models adopted

Nursery raised polypot planting (field nursery): This model was adopted
at all plantation sites to ensure maximum survival rates. Nursery beds of
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10 x 1 x 0.3 m were prepared at every site in the intertidal belt. Polybags of
size 30 x 10 cm were filled with soil of  clayey-silt texture and arranged in
the beds in such a way that they remain vertical throughout the nursery
period. The seedlings were nurtured for a period of  about four weeks.

Earthen mound: This model was developed and implemented with the
inputs from community experts to ensure the maximum survival rate in a
cost effective manner for a large scale plantation. This model was first
tried at the intertidal belt of  Bagasara (Maliya) village and because of  its
success it was replicated at other REMAG sites.

Direct dibbling: This model was implemented to cover a large area in the
prescribed time limit. The gaps, if  any, were filled up through nursery
raised seedlings. The model has proved to be cost effective and result
orientated.

Propagules plantation: To increase the biodiversity of  mangroves in the
areas, different species were planted.

When, where and partners

The activities undertaken in the project were aimed at regeneration and
conservation of  mangroves through a multi-faced approach.

People’s participation: The project enhanced the capacities of  the
communities through training programmes for grassroot level implementers
of  the communities for sustainable management of  mangroves.

Industry involvement: Project activities included obtaining increased
support from industries for mangrove conservation programmes.

Government: More proactive involvement of  the Government in the
community-based approach is envisaged to conserve mangroves in this
programme.

Improved skills and options: Application of  better skills and techniques in
mangrove regeneration became possible through proper training
programmes under the project.

Use of  mangrove resources: In future, project interventions will help
towards better regulated access to mangroves by communities that are
clearly dependent on it.

Community based organisations: The project was set up as Community
Based Organisations (CBO) in each of  its sites for implementation at the
village level and ensuring its sustainable management.

Developing NGOs’ capacities: NGOs’ capacities to facilitate community
involvement and implement the project were enhanced.

Advocacy: This helps to increased awareness generation and advocacy to
effect policy changes for mangrove protection.
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Major achievements of  the project

Restoring mangrove cover through Joint Mangrove Management: The
REMAG project is grounded in the regeneration and conservation of
mangroves. It gets communities together to plant and manage mangrove
cover. It shows them how to do the plantations in a scientific manner so
that the resources have a better chance of  survival and the people are
equipped with the knowledge base
to manage resources in future.

In all, more than 4,000 ha. were
planted with mangroves at 10
different locations along the Gujarat
coast employing various scientific
and traditional techniques. The
average survival rate was 70% with
the maximum plant height of  5ft.
At Tadatalov in Kahmabaht site, 3.3
lakh cubic meter sediment was
trapped by the plantation (550 ha.)
raised during the project within a
span of  five years. Remarkable
changes have been observed in the
vegetation at different sites. The year
wise mangrove regeneration
and restoration are presented in
Table 2.

Table 2. Year wise achievement in plantation in ha.

Name of site 2002-03 2004-05 2005-06 2006-07 Total

Ashirawandh, Kachchh 30 70 151 00 251

Bhangodi, Kachchh 00 100 100 380 580

Lakki, Kachchh 00 100 100 100 300

Mahadevpura, Ahmedabad 170 380 00 00 550

Tadatalov, Ananad 250 250 00 00 500

Bagasara, Rajkot 00 00 150 650 800

Neja, Bahruch 10 20 0 0 30

Nada, Bahruch 20 30 0 0 50

Kantiyajal, Bharuch 30 50 0 0 80

Dandi, Surat 00 00 600 310 910

Total 510 1000 1101 1440 4051

Remarkable increase in mangrove
vegetation: Awifs images 2002 and 2007
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Increased biodiversity: Mangroves were degraded in terms of  species loss,
and therefore, during the course of  project implementation, other mangrove
species were also introduced at almost all REMAG sites. Species like
Rhizophora mucronata and Ceriops tagal were successfully rehabilitated with
the indigenous knowledge of  community experts. The plants reached a
height of more than 90cm. A total of more than 2,000,000 propagules
were planted in all the potential sites. To increase the diversity of  mangroves
a biodiversity plot was created near Navalakhi, on an experimental basis,
where 10 different species were tried.

Strengthening local institutions: The local people are routinely pushed to
the periphery even though they are the main actors for managing natural
resources. This has implications in the village economy and social structure
and consequently, the ecosystem. With the involvement of  communities
in regeneration of  mangroves under REMAG, an efficient management at
the local level was created in terms of  managing the funds, labour and
natural resources.

Community participation in the project has been institutionalized through
CBOs. Infact, they are the real players to implement the project at grass-
root level. REMAG established ten CBOs. The CBOs are registered under
various authorities. For instance, they are either established as co-operative
societies, public charitable trusts or Joint Forest Management (JFM)
Committees (Table 3). Apart from CBOs, self  help groups, largely
homogenous ones, are formed in each village. All major activities in the
project, including the plantation of  mangroves, were done by the CBOs
with assistance from Gujarat Ecology Commission (GEC) and PIPs. These
activities broadly include:

� Preparation of  microplans

� Seed collection or procurement of  seeds if  not  available locally

� Nursery development

� Plantation of  mangroves

� Land development

� Monitoring and protection

� Formation and amendments of  bye-laws

Each, CBO comprises of  an Executive Body and a General Body. The
former is representative of  all the sections of  the village and looks into the
daily functioning of  the CBO. Decisions such as finalizing rates for seeds,
number of  workers to visit the plantation, the area to be covered in a day
and disbursing the daily wages etc. are taken by the Executive Body.

Generating awareness: REMAG was the first attempt in the state to include
people in mangrove plantation. The activities aimed at generation of
awareness included:

� Community mobilization and information about the project and its
activities
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� Developing people’s knowledge base and local institutions for making
informed decisions about mangroves

� Developing messages that generate interest in mangroves

� Addressing the challenges that prevent the regeneration and
conservation of  mangroves

Proactive decision of  the Government: Previously the activities of
mangrove planting were carried out by the Forest Department only with
the people having little stake in the process. Attitudinal changes were
required in several stakeholders, including project partners, the Government
and the people. The state Government allocated 2,900 ha. of  Revenue
waste land to the GEC to carry out mangrove planting as the first step
towards managing the coastal natural resources in a sustainable way. Funds
allocated to GEC under the plan budget are to be spent in raising mangrove
plantations.

Involvement of  industries: One of  the objectives of  REMAG was to
motivate the industrial sector to conserve mangroves. In this regard, a
major step has been taken to motivate corporates/PSUs to make efforts in
regenerating mangroves. Currently, the Commission is working with major
corporate groups like Adani Mundra Port, NIKO-GSPC, Pipavav Port,
Gujarat Mineral Development Corporation and Gujarat Maritime Board.
These industries/PSUs have for the first time funded community based
mangrove plantations in more than 1000 ha.

Post project maintenance and sustainability of  project: A corpus fund has
been created in each village for maintaining the mangroves. All expenses
for the maintenance of assets created under the project will be met with
the corpus fund. Assets include mangrove plantations, fodder bank etc. A
separate bank account is maintained by each CBO for this purpose. The

Table 3. Community based organizations in different villages.

Village Name of CBO

Ashirawandh Ashirawandh Cheriya Vikas Samiti

Bhangodi Bhangodi Cheriya Vikas Samiti

Lakki Lakki Cheriya Vikas Samiti

Bagasara Bagasara Joint Forest Management Committee

Mahadevpura Mahadevpura-Bhangadh Virksh Utpadak Co-op.
Society

Neja Shree Bhathuji Sayukt Sahakari Mandali Ltd

Nada Jalstrav Vistar Vikas Samiti

Tadatalov Dariyayi Vriksh Utpadak Sahakari Mandali Ltd

Kanityajal More Khantha tavar vikas samiti

Dandi Dandi Khantha  tavar Vikas Samiti
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corpus fund has been generated by depositing a part of  the daily wages
into the bank account. Out of  the daily wage of  Rs. 80, an amount of
Rs. 56 was paid in cash and Rs. 20 was deposited in the corpus fund. The
remaining Rs. 4 was treated to be the contribution from the community
towards the project.

The bye-law for spending the corpus amount has been prepared by the
community in consultation with the GEC to manage funds. The bye-laws
mention that 60% of  the fund along with interest is to be reserved for
maintenance of  the mangroves and other assets created under the project.
The balance 40% has to be used as a revolving fund for collective or
individual income generation activities for CBO members. The same may
also be extended to individual members for various purposes depending
on emergency requirements. The rate of  interest has been fixed in advance
and should not be lower than the prevailing bank rates.

The way ahead: The REMAG project has taken many innovative steps
and decisions to weave sustainability into mangrove regeneration. It has
brought a closer working relationship between the implementers and the
stakeholders. This much has been achieved not without challenges. While
much has been done, there is still a lot more to be accomplished. Land
allotment is an issue which needs serious attention in future. As the project
is completed, GEC is now looking forward to strengthen the existing
alliances through the involvement of  various stakeholders.
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Introduction

The paper attempts to share experiences of  the Community Centric
Mangrove Restoration Project initiated in four villages of  Hazira Peninsula
through a participative model funded and supported by the Hazira Port
Private Limited (HPPL). The project initiated in 2004 and to date has
successfully planted 645 ha. of  mangroves and introduced four mangrove
species  new to the state found suitable for the Hazira location.

Over the last a few years the Hazira Peninsula has witnessed extensive
efforts to regenerate mangroves. Community institutions have led the effort
and these have been supported by the Forest Department and funded by
the Hazira Port Private Limited. The Mangrove afforestation programme
was initiated to meet a permit condition relating to the plantation of
mangroves in an area of  50 ha. HPPL proactively proposed to undertake
plantations of  the scale that are ecologically sustainable. It targeted itself
to grow mangroves over 500 ha. This large-scale mangrove plantation had
the challenge of  carrying the work over a short time in a sustainable way.
To overcome these challenges, HPPL proposed an implementation plan
which was community centric. Working with the community alone can
make the project sustainable. The model was presented to a committee
chaired by the Chief  Secretary of  the Gujarat state on 6th May 2004 and
permission was obtained. The Hazira group of  companies from the
beginning of  its work in the area were keen to undertake eco-restoration
projects with active support of  the people. Initial dialogue with the
people ascertained that the mangrove restoration would be of  interest to
the people.

Approach and execution

The approach for plantation
is based on the ‘Tree
Growers Cooperative’/
‘Joint Forest Management’
models with HPPL planning
the role of donor/catalyst/
project management
support/technical expertise
for plantation and enrich-

Eco restoration programme in Hazira, Gujarat
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ment of  biodiversity. The Gram Vikas and Paryavaran Samities (GVPS),-
a registered village institution, was formed in all the project villages with
representations from the Gram Panchayat, representatives from
marginalized groups and opinion leaders of  the village. The proposed
plantation areas were first selected and surveyed by experts from the Gujarat
Institute for Desert Ecology (GUIDE) and Bidhan Chandra Krishi Visva
Vidhyalaya, Kalyani, West Bengal after an extensive reconnaissance survey.
All the areas identified were on the north of  Hazira village and included
the mudflats of  Junagam, Rajgiri, Vasva and Tunda villages. The GVPS
with support from the existing democratically elected Village Council (Gram
Panchayat- GP) was given the responsibility of  overall planning,
implementation, supervision, and watch and ward.

The other key players (the District Administration, Forest Department,
Technical Experts, Partner NGOs etc.) have aided the GVPS and Gram
Panchayats in executing the project. For instance, the local staff  of  the
Forest Department trained the community members in nursery raising
and managing the plantation labour.

The members of  the Samities were exposed to ‘good practices’, especially
in plantation, safety and environment, financial management, reporting,
transparent accounting practices, and contracting and tendering. The
members of  the GVPS associated with the ecological project were also
taken for exposure trips to Bhuj (GUIDE), Dahod and Bhilwara
(Foundation for Ecological Security- FES) to understand different aspects
of  community led ecorestoration.

With an ecosystem approach to plantation, the project pulled in local
expertise and wisdom to assist plantation of  natural resources in sustainable
and cost efficient ways, ways that lay emphasis on maintaining the natural
diversity of  the ecosystem. Thus, the project aimed at assisting the natural
process of  plantation by combining aggressive plantation techniques with
seedings of  native species. The basic plantation model includes rotational
use with each village working out specific details according to its
microenvironment, people’s need, level of  degradation, biotic pressure and
institutional strength. The guiding principle was to match the short term
and micro livelihood requirements with long term and macro livelihood
requirements to improve the productivity of  resources.

Capacity building of  village leadership as well as awareness building in the
larger community has been a focus area to ensure sustainability of  the
plantation efforts. The capacity building covered areas related to mangroves
but also looked at aspects of  project management. Key component activities
are:

� Intensive surveys, Participatory Rural Appraisal (PRA), planning
exercises

� Small ‘learning by doing’ activities

� Formal Agreements/MoUs
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� Financial audits and balance sheet presentation to general body meeting

� Support in developing implementation and management plans

� Support in accessing other stakeholders

To encourage local participation and understanding on ecological issues a
Mangrove and Nature Interpretation center was established at Junagam.
The Surat Nature Club has been an active participant in increasing the
awareness on environment issues for the children and people of  these
villages.

For mangrove plantations in highly degraded areas, the strategy was to
assist the primary colonizer, Avicennia species, which has relatively good
plantation and recruitment. Mudflats which do not receive adequate
numbers of  seeds because of  tidal currents and dynamics, and lack of
good upstream seed production areas were artificially planted with seeds
and saplings. Simple protection and minimization of  anthropogenic
pressure with community awareness formed parts of  the strategic
action.The strategic action also included leaving aside some ‘guachar’
(grazing land) and some free area (for fishermen’s day to day activities)
decided after interaction with community stakeholders.

Achievements and concerns

As stated, a total of  645 ha. of  mangrove plantation have been completed
in four villages in the Hazira Peninsula since 2004. In addition to Avicennia
plantations, propagules of  species of  Ceriops and Rhizophora mucronata have
been planted for the enrichment of  mangrove plantations in inter-line and
intra-line spaces. The
plantations of the
additional species
were done with
extensive support of
the Forest Depart-
ment, Surat.

Results of  the study
carried out in an area
of  524 ha. confirm
that a population of
31,55,528 plants have
been regenerated
with an average
population of 6022
plants/ha. A total of
26,20,000 specimens
were planted with a
density of  5000 plants/ha. Initially 2500 plants/ha. were planted from the
nursery with a spacing of  2 x 2m and subsequently 2500 saplings were
planted in between. The average height was 58.1 cm after a period of  3

Participants in experience sharing workshop on mangrove
plantation, Hazira
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years. This would mean developing a green biomass of  about 4,468.2
quintals besides increasing species diversity with an addition of  four more
species (species of  Rhizophora, Ceriops, Bruguiera and Avicennia officinalis).

However, the issue of  ownership ‘secure tenure’ of  mangrove planted
mudflat land needs notice from the policy makers. Subsequent to primary
working permissions, the Grama Panchayats have put in requests for formal
ownership which is still awaited. A policy decision regarding plantation of
mangroves in mudflats for areas that are unsurveyed and which do not
exist in revenue maps would greatly help. The coastal eco-restoration and
development strategy with continued financial and institutional support
would ensure long-term sustainability of  the efforts.

Conclusion

Joint efforts for mangrove restoration in the villages of  Hazira Peninsula
by the Forest Department, Village Samities, NGOs, Experts and HPPL
have been instrumental to improve the ecology, biodiversity and livelihoods.
The core focus was on planting using a broad framework/model of
participatory management of  estuarine ecology. This participative model
of  mangrove ecorestoration has been to engage and involve all the
successful stakeholders for the ecological restoration of  the coastal area.



Summary Record of the Workshop Proceedings and
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C. N. Pandey
Gujarat Ecological Education and Research (GEER) Foundation
Indroda Nature Park, P. O. Sector 7, Gandhinagar 382 007, Gujarat
e-mail: dir-geer@gujarat.gov.in

The two day workshop on ‘Conservation and Management of  Mangrove
Ecosystems in India: Stakeholders’ Consultation for Assessment of  Training
and Capacity Building Needs and Design of  National Strategy and Action
Plan’ held on 12th and 13th February 2008 at GEER Foundation,
Gandhinagar was organized under the Mangrove For Future (MFF)
Programme supported by the World Conservation for Nature-IUCN.

Shri Mangubhai Patel, the Minister of  Forests and Environment,
Government of  Gujarat inaugurated the Workshop. He expressed the need
for an integrated action plan for conservation and management of
mangrove ecosystems in the country. Shri B. S. Parsheera, the then
Additional Secretary, Ministry of  Environment and Forest, Government
of  India, during his key note address, stressed upon the need for conserving
the various coastal ecosystems and promoting economic development and
poverty alleviation in the coastal zone.

Dr Don Macintosh, Coordinator, MFF Programme, made a presentation
on the aims and objectives of  the Programme and informed that the
programme would cover six tsunami affected countries in Asia. Securing
the future of  coastal populations by sustainably managing and conserving
the coastal ecosystems is one of  the major objectives of  the programme.
It also included promoting investments in the management of  coastal
ecosystem and sustainable economic development of  the coastal areas. He
said that the five maritime states of  India – Andhra Pradesh, Gujarat,
Orissa, Tamil Nadu and West Bengal – were covered by the MFF
programme.

Dr Amararatne Yakupitiyage,
Asian Institute of
Technology (AIT), Thailand,
who made a rapid survey of
mangrove areas of  Gujarat
prior to the workshop, told
in his presentation that along
with the capacity building of
the cutting edge staff  of  the
Forest Department, the local
people should be empowered
and their capacity for

Sharing experiences and evolving strategies in
mangrove conservation and management at
GEER workshop
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mangrove conservation be upgraded. He also pointed out the need to
generate more elaborate, research based knowledge crucial for conservation
and management of  mangrove ecosystems.

Prof. Jayant Kumar Routray of  AIT, who spent a few days prior to the
workshop conducting a flash survey of  mangrove areas in Orissa, pointed
out that better inter sectoral coordination was required for effective
conservation and management of  mangroves. He felt the need for involving
NGOs and local communities in planning, implementing and monitoring
of  mangrove conservation and management plans.

Dr Mokbul Morshed Ahmad of  the above Institute, having consulted
various government organizations, NGOs and academic institutions in
Tamil Nadu prior to the workshop, voiced the need to train young people,
besides the local field staff  of  the Forest Department and the local NGOs,
in conservation of  marine ecosystems. He also pointed out the essential
requirement of  preparing simple and area specific manuals for coastal
management.

The above briefings were followed by presentations by experts in various
fields of  research on mangrove ecosystem. Presentations were also made
on the status of  mangrove conservation in different maritime states of
India. Subsequently, all the experts were brought under three Groups, each
focusing on ‘Natural Resource Management’, ‘Community and Social Issues’
and ‘Policy and Implementation Issues’. After detailed deliberations on
these issues within individual groups, presentation was made in the full
house by each group consolidating the deliberated points.

Dr. Surgio Feld, UNDP, Thailand observed that the workshop successfully
brought out basic issues likely to be encountered when the MFF programme
would be implemented. The house, based on the entire proceedings,
formulated a set of  recommendations as guidelines.

Recommendations

� Regular and periodic documentation of  mangroves and associated flora
and fauna should be carried out for all mangrove ecosystems with a
view to conserving and managing them. The process should be
institutionalized at important R & D centres across the country.

� The areas rich in taxonomic diversity should be identified and managed
as mangrove germplasm preservation centres to conserve the genetic
diversity of  mangroves.

� The administrative boundaries of  marine protected areas do not
necessarily overlap with biological boundaries. The management of
living resources needs to consider biological boundaries and the present
capabilities of  determining biological boundaries pertaining to a single
species or communities being inadequate, the capacities for
understanding and delineating biological boundaries, especially the life
cycles and migrations of  aquatic species, must be enhanced. Such
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biological boundaries should be taken as management units for marine
protected areas.

� There is a need for capacity building in identifying effective health and
habitat quality indicators. Such health and habitat quality indicators
must be identified through targeted research covering various bio-
physical and socio-economic parameters.

� There should be a balance between conservation and growing demands
for the coastal resources. This calls for building up capacities pertaining
to bioprospecting for drugs and other useful compounds from marine
flora and fauna, patenting useful innovations as may be appropriate,
including, inter alia, benefit sharing with the local communities.

� There is a need for having effective management practices for
conserving coastal and marine
biodiversity keeping mangroves at
the centre stage. The National
Strategy and Action Plan (NSAP)
under MFF-India Programme
should focus on developing and
demonstrating them, and their
wider replication where possible.

� In addition to the present biennial
mangrove cover updating by
Forest Survey of  India, annual
monitoring of  mangrove cover is
necessary and every State should
use existing capabilities or may develop capabilities for annual mangrove
monitoring. Such annual monitoring should also focus on identified
vulnerable mangrove areas.

� The mangrove plantation programme should have the objective of
increasing floristic diversity in addition to increasing mangrove cover.

� Different mangrove species have differing requirements in terms of
salinity regime and substratum for their growth and perpetuation.
Accordingly, suitable plantation methods are required for them.

� The capacity of  the staff  should be enhanced to an optimal level
through periodic upgradation of  their skills and knowledge to ensure
the enforcement of  various rules and regulations to protect the precious
coastal resources.

� In many parts of  the country, mangroves occur on privately owned
lands. The MFF programme may develop a strategy for conservation
and management of  such mangroves and mangrove habitats providing
encouragements, knowledge, skills, support, incentives and adopting
financially viable management practices.

� Proper institutional mechanisms should be created for involving local
stakeholders, including local communities, in mangrove restoration and
conservation programmes.

Summarising the workshop proceedings
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� The need for documenting traditional knowledge of  local communities
pertaining to coastal resources and integrating this knowledge with
modern scientific research and management practices were appreciated.
Against this backdrop, the documentation of  traditional knowledge
and native wisdom pertaining to various mangrove areas should be
carried out and the local culture and values should be duly recognized
and incorporated in mangrove management strategy and action plans.

� Keeping in view the present low levels of  income generally generated
out of  coastal resources by the local poor communities, the capacity
building programmes must develop capacities of  coastal communities
for accruing higher but ecologically sustainable livelihoods from marine
resources.

� The capacity of  field functionaries and local people must be enhanced
so that sustainable management of  living coastal and inshore marine
resources is ensured for the benefit of  the society, especially natural
resource-dependent coastal communities.

� It is a fact that the Integrated Coastal Zone Management (ICZM)
requires shared information and decision-making based on
partnerships. So, the institutional capacities must be built up for sharing
information, helping partners reach a common purpose and integrating
knowledge with management so that various stakeholders join hands
to share each other’s strengths to achieve long term objectives of
mangrove conservation.

� It is a fact that the non-forest government departments owning
mangrove supporting lands generally have neither the priority for
mangrove conservation nor the required technical capacities. Hence,
various non-forest government departments and autonomous bodies
owning coastal lands should be supported to develop capabilities for
raising and protecting mangrove plantations.

� In the absence of quality database useful to the end-users of coastal
resources, the capacity to conduct regular resource survey and
disseminate information to various stakeholders, including the end
users, should be developed.

� Different groups have different capacity building and training needs.
So, there should be target group specific and need based capacity
building programmes with clear objectives giving priority to people
who have employment or potential to gain employment as a result of
such capacity building.

� The staff  of  various forest and non-forest government departments
and autonomous bodies owning coastal lands should be adequately
trained under properly designed and target group specific training
modules so that their skills for conservation and management of
mangrove and coastal ecosystems are enhanced.

� The real economic evaluation of  conserving coastal and marine
biological resources is felt highly inadequate and, hence, there is an
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urgent need for capacity building in appreciating economic evaluation
of  various tangible and intangible benefits of  conserving or sustainably
managing coastal and marine habitats and resources.

Avicennia officinalis leaf  excreting salt (Overleaf)
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Abelmoschus moschatus 70

Abrus precatorius 70

Abutilon indicum 192

Acacia auriculaeformis 193

Acacia leucophloea 70

Acacia nilotica ssp. indica 70

Acacia senegal 70

Acanthaceae 40, 77

Acanthus 23, 26, 37, 156, 180

Acanthus ebracteatus 12, 36, 37

Acanthus ilicifolius 36, 38, 40, 42-44, 67, 70,

76, 77, 100, 124, 128, 144, 145, 147,

190, 191

Acanthus volubilis 36, 37, 180

Acarina 53

Acartia 98

Acaulospora 8

Achyranthes aspera 70

Acridotheres tristis tristis 58

Acrocalanus 98

Acrostichum 26, 37, 156

Acrostichum aureum 5, 36, 38, 43, 44, 76, 191

Acrostichum speciosum 12, 36

Actaeodes tomentosus 55

Actinomycetes 4

Adansonia digitata 70

Aegialitis 37, 155, 189

Aegialitis rotundifolia 5, 12, 36-40, 128, 189

Aegiceras 18, 37, 156

Aegiceras corniculatum 5, 6, 8, 36, 38-42, 43,

44, 65-67, 76, 77, 104, 124, 128, 142,

145, 147, 190

Aegle marmelos 70

Aeluropus lagopoides 41, 44, 67, 68, 70, 148,

191

Aerva lanata 70, 192

Aglaia cucullata 36, 38, 39, 190

Alangium salvifolium 70

Alcedo atthis 58

Alcedo meninting rufigaster 58

Allophylus cobbe 192

Aloe barbadensis 70

Alternanthera paronychiodes 192

Alternanthera sessilis 70

Alysicarpus longifolius 70

Alysicarpus tetragonolobus 70

Alysicarpus vaginalis 70, 192

Amaranthus spinosus 70

Amauromis phoenicurus insularis 58

Amberboa ramosa 70

Ammannia baccifera 70, 192

Ammannia multiflora 70

Ampelocissus latifolia 70

Amphibia 52, 97

Amphipods 51

Amygella 7

Anas gibberifrons albogularis 58

Anatidae 14

Andaman black headed oriole 59

Andaman black naped oriole 59

Andaman black woodpecker 59

Andaman blue eared kingfisher 58

Andaman crested hawk eagle 58

Andaman crow pheasant 58

Andaman fulvous breasted pied

woodpecker 59

Andaman green imperial pigeon 58

Andaman grey rumped swiftlet 58

Andaman grey teal 58

Andaman little green heron 58

Andaman long tailed night jar 58

Andaman masked palm civet 59

Andaman olive backed sun bird 59

Andaman pale serpent eagle 58

Andaman racket tailed drongo 59

Andaman red breasted parakeet 58

Andaman red cheeked parakeet 58

Andaman ruddy kingfisher 58

Andaman stork billed kingfisher 58

Andaman teal 53

Andaman water monitor lizard 58

Andaman white breasted kingfisher 58

Andaman white breasted water hen 58

Andaman white collared kingfisher 58

Angina 131

Animalia 96

Anisomeles indica 70

Annelida 52, 96

Antidesma acidum 192

Aphragmophora 98, 99

Apiculture 201

Apis cerana 7
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Apis dorsata 7

Apluda mutica 70

Arachis hypogaea 70

Arachnida 52, 96

Archiannelida 52

Ardea goliath 14, 97, 189

Ardeidae 14

Ardeola cinera 58

Ardeola striatus spodiogaster 58

Argemone mexicana 70, 192

Ariidae 15

Arisaema tortuosum 70

Aristida adscensionis 70

Aristida setacea 192

Aristolochia bracteolata 70

Aristolochia indica 191

Arius subrostratus 15

Artamus leucorynchus humei 59

Arthrocnemum glaucum 41

Arthrocnemum indicum 38, 40, 70, 149, 191

Arthropoda 52, 96

Ascidians 57

Asclepiadaceae 40

Ascomycetous fungi 8

Asparagus domosus 192

Asparagus racemosus var. javanicus 70

Asterionella 98

Asteroidea 52

Atergatis floridus 55

Atergatis intergerrimus 55

Atriplex repens 41

Atriplex stocksii 42, 70

Attacus mcmulleni 61

Atylosia scarabaeoides 192

Aves 52, 97

Avicennia 18, 20, 23, 37, 52, 66, 77, 79, 80,

99, 100, 104-107, 115, 142, 147, 149,

151, 155, 156, 167, 168, 180, 257, 259

Avicennia alba 16, 36-40, 44, 67, 100, 104,

121, 129, 142, 145, 147, 189, 190

Avicenniaceae 5, 40

Avicennia marina 5, 6, 16, 17, 20, 23, 36-38,

40, 41, 42, 43, 44, 65-68, 76-78, 104,

121, 123, 128, 129, 142, 145-147, 155,

165, 189, 248, 250

Avicennia marina pollen 155

Avicennia marina var. acutissima 36, 147

Avicennia officinalis 5-7, 9, 11, 16, 17, 36, 39,

40, 42, 44, 67, 76-78, 80-84, 100, 104,

121, 123, 125, 126, 128, 129, 142, 145,

147, 165, 190, 191, 260, 265, 266

Axis porcinus 14

Azadirachta indica 70

Azima tetracantha 70, 192

Bacillariophyceae 97, 98

Bacopa monnieri 192

Bactronophorus thoracites 10, 57, 130

Balanites aegyptiaca 70

Balanus amphitrite 130

Banana prawn 62

Banka rochi 57

Bankia 10

Bankia bipennata 57

Bankia campanellata 130

Bankia carinata 130

Bankia rochi 57, 130

Baptozius vinosus 55

Barleria prionitis 70

Barnacle crustaceans 9

Barnacles 57, 130

Barringtonia racemosa 76, 192

Basidiomycetes 8

Batagur baska 14, 57, 58, 97, 183, 189

Batissa 59

Batissa similis 61

Bauhinia racemosa 70

Bay owl 11

Bengal monitor lizard 97, 189

Benthos 98

Bergia ammannioides 70

Bergia capensis 70, 192

Bergia suffruticosa 70

Beroida 98, 99

Bhagabatpur crocodile 179

Biddulphia 98

Bidens pilosa 192

Biophytum sensitivum 192

Bivalves 9, 98, 211

Bivalvia 52

Black capped kingfisher 9

Black headed gulls 162

Blepharis indica 192

Blepharis linariaefolia 70

Blepharis maderaspatensis 70

Blepharis repens 70

Blue crab 79

Blue tiger crab 79

Blumea lacera 192

Blumea mollis 70

Boerhavia chinensis 70
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Boerhavia diffusa 70

Boerhavia verticillata 70

Boidae 14

Boleophthalmus 98

Boleophthalmus boddarti 15, 151

Boleophthalmus dussumieri 15

Bonabibi 196, 202

Boring molluscs 57

Borreria articularis 70

Borreria stricta 70

Bothriochloa intermedia 67, 70

Bougainvillea spectabilis 70

Brachyuran crabs 8, 54, 74

Brahminy kite 162, 182

Bridelia retusa 192

Brown headed gulls 162

Brownlowia 155

Brownlowia tersa 5, 12, 36-40, 128, 190

Brown winged kingfisher 9

Bruguiera 6, 18, 37, 43, 52, 67, 80, 142, 151,

156, 174, 260

Bruguiera cylindrica 5, 6, 36, 38, 40, 41, 43-45,

65, 67, 77, 78, 128, 145, 189

Bruguiera gymnorrhiza 5, 6, 36, 38-40, 41-45,

67, 76, 100, 104, 121, 124, 128, 141,

145, 147, 190,

Bruguiera parviflora 12, 36-39, 44, 45, 76, 189

Bruguiera sexangula 5, 6, 12, 36, 37, 39, 44

Bryozoans 130

Bubalis bubalis 14

Butea monosperma 70

Byrozoans 57

Cadaba fruticosa 68, 70

Caesalpinia bonduc 190

Caesalpinia crista 36, 40, 67, 68, 70, 124

Cairina scutulata 14

Calanoida 99

Calava 156

Caliphoridae 7

Callocalia fuciphaga inexpectata 58

Callogobius andamanensis 54

Calophyllum inophyllum 76, 192

Calotes versicolor 58

Calotropis gigantea 70, 191, 192

Calotropis procera 67, 70, 192

Canavalia gladiata 191, 192

Candida albicans 8

Candida tropicalis 8

Capparis cartilaginea 70

Capparis decidua 70, 192

Capparis sepiaria 70, 192

Caprimulgus macrurus andamanicus 58

Carabidae 9, 129

Carangidae 54, 62

Cardiospermum halicacabum 70

Cardisoma 55

Cardisoma carnifex 15

Caretta caretta 4

Caribbean reef 19

Carissa congesta 67, 70

Carissa spinarum 191, 192

Car Nicobar olive backed sunbird 59

Carpilidae 55

Carpilius convexus 55

Carpilius maculatus 55

Cassia auriculata 70

Cassia italica 70

Cassia occidentalis 70

Cassia pumila 70

Cassia sophera 192

Cassia tora 70, 192

Casuarina 119, 158

Casuarina equisetifolia 68, 70, 193

Catharanthus roseus 70, 192

Cayratia carnosa 70

Cayratia pedata 192

Cayratia trifoliata 192

Ceiba pentandra 70

Celastrus paniculatus 70

Celosia argentea 70

Cenchrus ciliaris 70, 192

Centella asiatica 192

Centropomidae 15

Centropus andamanensis 58

Cephalopoda 52

Cerbera manghas 36, 38, 39, 44, 190

Cerbera odollam 76

Cerberus rynchops 58, 59

Ceriops 6, 18, 23, 37, 99, 100, 105-107, 149,

151, 185, 189, 259, 260

Ceriops decandra 6, 12, 36, 38, 39, 40, 67,

104, 145, 147, 190

Ceriops tagal 6, 7, 13, 36-38, 40, 41, 43, 44,

65-67, 76, 104, 142, 145-147, 161, 189,

252

Cerithidea alata 61

Cerithidea cingulata 151

Cerithidea obtusa 151

Cerithidea quadrata 61

Cerithium corallinum 59
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Cervidae 14

Cervus deruchea 14

Ceryle rudis 58

Chaetognatha 96

Chaetognaths 98

Chanos chanos 156

Charybdis helleri 55

Charybdis orientalis 55, 56

Cheatomorpha 122

Chelonia mydas 14, 15, 93, 97, 100, 189

Chelonidae 14, 15

Chenopodiaceae 5

Chidiyatapu 54

Chiromanthes onychophorum 74

Chitra 184

Chloris barbata 67, 70, 192

Chlorophyceae 97, 98

Chordata 52, 97

Chrozophora plicata 192

Chrozophora rottleri 70

Cirripeds 57

Cissampelos pareira 70, 192

Cissus quadrangularis 70

Cissus vitiginea 192

Cistanche tubulosa 70, 148

Cladocera 98, 99

Cladosporium cladosporioides 8

Cleome aspera 192

Cleome gynandra 70

Cleome simplicifolia 70

Cleome viscosa 70

Clerodendrum inerme 36, 38, 41, 43, 67, 68,

70, 190, 191

Clerodendrum multiflorum 70

Clistocoeloma balansae 79

Clitoria ternatea 70

Clupeidae 54

Cnidaria 96

Coccinia grandis 70

Cocculus hirsutus 67, 70

Cocculus pendulus 70

Cocos nucifera 70

Coix lachryma-jobi 70

Coldenia procumbens 67, 70

Coleoptera 9, 52, 53, 98, 129

Collard kingfisher 101

Colletotrichum gloeosporioides 8

Collocalia fuciphaga inexpectata 58

Combretaceae 40

Commelina benghalensis 70

Commiphora wightii 70

Common fox 161

Convolvulus arvensis 192

Convolvulus microphyllus 70

Copepoda 98

Coracina striata dobsoni 59

Corchorus aestuans 70

Corchorus depressus 70

Corchorus olitorius 70

Corchorus tridens 70

Cordia gharaf 71

Cormorants 162

Crab plover 57, 149

Crateva adansoni ssp. odora 192

Crateva nurvala 71

Cressa cretica 38, 40, 44, 67, 68, 71, 148, 149

Crinum asiaticum 190

Crocodilidae 14

Crocodylus palustris 93, 101

Crocodylus porosus 14, 58, 60, 93, 97, 101, 189

Crossastrea 60

Crotalaria filipes 71

Crotalaria filipes var. trichophora 71

Crotalaria medicaginea 71

Crotalaria verrucosa 192

Crustacea 52, 96

Crustaceans 8, 9, 51, 53, 54, 57, 60-62

Cryptococcus dimennae 8

Cryptocoryne ciliata 36, 37

Cryptostegia grandiflora 71

Ctenophora 96

Cuckoo shrike 59

Cucumis callosus 71

Cucumis prophetarum 71, 149

Cuscuta reflexa 71

Cyamopsis tetragonoloba 71

Cyanobacteria 7

Cyclopoida 98, 99

Cydippida 99

Cydnidae 9, 129

Cynometra iripa 13, 36-39, 189, 190

Cynometra ramiflora 12, 36

Cynopterus sphinx 59

Cyperus arenarius 71, 192

Cyperus bulbosus 44

Cyperus exaltatus 190

Cyperus haspan 192

Cyperus pangorei 71, 192

Cyperus rotundus 67, 71

Cytospora 8
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Dalbergia spinosa 36, 38-40, 124, 190

Dalechampia scandens 71

Datura metel 71, 192

Debaryomyces hansenii 8

Decapod 51, 98

Decapoda 98, 99

Dendrophthoe 155

Dermochelys coriacea 14

Derris 156, 180, 185

Derris heterophylla 43

Derris indica 71

Derris scandens 39, 44, 68, 71, 190, 191

Derris trifoliata 21, 36, 38-40, 43, 44, 68, 71,

76, 124, 190

Derris uliginosa 38

Desmodium gangeticum 192

Desyatis uarnak 15

Dichanthium annulatum 71

Dicrurus paradiseus otiosus 59

Dicyathifer manni 10, 57

Digera muricata 71

Dinoflagellates 97

Dinophyceae 97, 98

Dioscorea bulbifera 71

Diospyros buxifolia 191

Diospyros cordifolia 191, 192

Diptera 7, 9, 53

Dipteracanthus patulus 71

Dischidia nummularia 180

Ditylum 98

Dodonaea viscosa 192

Dog faced water snake 58

Dolichandrone spathacea 13, 36, 38, 44

Doliolida 98, 99

Dopatrium junceum 71

Dotilla 55

Dotted fiddler crab 79

Drimia indica 71

Drossophilidae 7

Dryocopus javensis hodgei 59

Duabanga 131

Ducula aenea andamanica 58

Echinodermata 52, 96

Echinoderms 8

Echinops echinatus 71

Echiura 96

Eclipta prostrata 71

Ectoprocta 96

Egrets 58, 162

Egretta garzetta 58

Egretta intermedia 58

Ehretia acuminata 192

Eichhornia crassipes 21

Eleutheronema tetradactylum 156

Ellobiidae 52

Elopes machnata 15

Elopidae 15

Emydidae 14

Endophytic fungi 7, 8

Endothia 8

Enicostema hyssopifolium 71

Enteromorpha 21, 122

Ephedra foliata 71, 148

Epinephelus malabaricus 53

Epixanthus dentatus 56

Epixanthus frontalis 55

Eragrostis ciliaris 71

Eragrostis gangetica 192

Eragrostis pilosa 71

Eragrostis tremula 71

Eretmochelys imbricata 14, 93, 97, 100, 189

Eriphia sebana 55

Erythrina variegata 71

Estuarine crocodile 60, 79, 93, 159, 160,

183, 195

Estuarine terrapin 97, 189

Eucalanus 98

Eucalyptus tereticornis 193

Euphorbiaceae 40

Euphorbia hirta 71

Euphorbia neriifolia 71

Euphorbia nivulia 71, 192

Euphorbia prostrata 71

Euphorbia tirucalli 71

Eurasian griffon 11

Evolvulus alsinoides 71, 192

Excoecaria 37, 53, 77, 79, 80, 99, 100, 104-

107, 180

Excoecaria agallocha 5, 6, 25, 36, 38-45, 67,

76-78, 104, 119, 121, 123, 128, 129, 131,

145, 147, 161, 189, 190, 249

Excoecaria indica 11, 12, 36, 76

Fabaceae 5, 40, 148

Fagonia cretica 71

Felidae 14

Felis bengalensis 97, 189

Felis viverrina 97, 189

Ficus benghalensis 71, 189

Ficus racemosa 71

Ficus religiosa 71, 192
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Fimbristylis 37

Fimbristylis dichotoma 191

Fimbristylis ferruginea 36, 41, 190

Fimbristylis polytrichoides 41

Finfish 4, 21, 116, 138

Finlaysonia obovata 36, 37, 39, 190

Fishing cat 93, 97, 161, 184, 189

Flagellaria indica 36, 190

Flagship species 73, 183

Flamingos 162

Flying foxes 59

Foraminifera 135

Formicidae 9, 129

Foulers 127, 130

Fulgoridae 9, 129

Gangetic dolphin 97, 184, 189

Gastropod 8, 9, 130, 151

Gastropoda 52

Gastrotricha 52

Gavialis gangeticus 184

Gecarcinidae 15, 55

Gecarcinids 55

Geloindae 15

Gelonia 59

Gelonia erosa 15

Geocarcinidae 54

Geotrichum 8

Gharian 184

Giant heron 97, 189

Gigaspora 8

Gisekia pharnaceoides 191, 192

Glinus lotoides 71

Glomus 8

Glycosmis pentaphylla 192

Gobiidae 15, 54

Gobiid fishes 8

Goniocephalus subcristatus 58

Goniogyna hirta 71

Grapsidae 10, 15, 54, 55

Grapsids 55

Grapsus albolineatus 55, 56

Green marbled crab 79

Green mud crab 79

Green turtle 97, 189

Grewia abutifolia 68, 71

Grewia tenax 71

Grewia villosa 71

Grey crab 79

Grey herons 58

Grey mud crab 79

Griolus chinensis andamanensis 59

Griolus xanthornus reubeni 59

Groupers 62

Guachar 257

Hairy crab 79

Halcyon amauroptera 9

Halcyon chloris 58

Halcyon chloris davisoni 58

Halcyon chloris occipitalis 59

Halcyon coromanda 58

Halcyon coromanda mizorhina 58

Halcyon pileata 9, 58

Halcyon smyrnensis 58

Halcyon smyrnensis saturatior 58

Halosarcia indica 41

Harpacticoida 98, 99

Hawa bill 58

Hawk’s bill turtle 97, 189

Hawk’s turtle 184

Helichrysum cutchicum 71

Heliotropium curassavicum 71, 191

Heliotropium indicum 71

Heliotropium marifolium 71

Heliotropium ovalifolium 71

Heliotropium strigosum 71

Hemathria compressa 191

Hemichordata 97

Hemidesmus indicus 71

Hemiptera 9, 52, 129

Heritiera 185, 189

Heritiera fomes 13, 19, 20, 23, 26, 36, 37, 38,

39, 89, 99, 104, 107, 115, 179, 180, 190

Heritiera kanikensis 36, 37

Heritiera littoralis 13, 36, 45, 76

Hermit crabs 51, 98

Heronries 184

Herons 162

Hexagonia apiara 8

Hibiscus ovalifolius 71

Hibiscus tiliaceus 36, 40

Hipposideros lankadiva 59

Holoptelea integrifolia 71

Holothuroidea 52

Homoptera 9, 52

Horse shoe crabs 98

Hoya parasitica 36, 39, 190

Hybanthus enneaspermus 191, 192

Hydrilla verticillata 71

Hydroida 99

Hydrophillidae 9, 129



273

Hygrophilla auriculata 71

Hymenoptera 7, 9, 10, 52, 53, 129

Hyphaene indica 71

Hyptis suaveolens 192

Imperata cylindrica 191, 192

Indian salmon 156

Indigofera caerulea var. occidentalis 71

Indigofera cordifolia 71

Indigofera linifolia 71, 192

Indigofera linnaei 71

Indigofera oblongifolia 71, 149

Insecta 52, 96

Intsia bijuga 36, 37, 38, 190

Ipomoea aquatica 71

Ipomoea fistulosa 68, 71

Ipomoea obscura 71

Ipomoea pes-caprae 67, 68, 71, 149, 191, 192

Ipomoea pes-tigridis 71

Ipomoea tuba 36, 40

Ipomoea violacea 42

Isognomon ephippium 57

Ixora pavetta 71

Jacks 62

Jatropha curcas 192

Jatropha gossypiifolia 71

Javacarus kuehneltifoliates 10

Javan rhino 185

Kandelia 37, 79, 80, 156

Kandelia candel 5, 6, 8, 17, 36, 38, 39, 43, 44,

67, 76-78, 145, 147, 180, 190

Kickxia ramossisima 71

Kingfisher 53, 170

King vulture 11

Kinorhyncha 52

Kirganelia reticulata 71

Kyllinga brevifolia 192

Kyllinga bulbosa 68, 71

Labidocera 98

Lactobacillus casei 7

Lactobacillus curvatus 7

Lactobacillus delbrueckii 7

Lactobacillus lactis 7

Lactobacillus plantarum 7

Lactobacillus xylosus 7

Lady fish 170

Lannea coromandelica 192, 193

Lantana aculeata 67, 68, 71

Lantana camara var. aculeata 71

Large Andaman parakeet 58

Lates calcarifex 156

Launaea procumbens 71

Launaea sarmentosa 71, 191

Lawsonia inermis 67, 71

Leiognathidae 15

Leiognathus splendens 15

Leipocten sordidulum 56

Leopard cat 97, 188, 189

Lepidagathis trinervis 71

Lepidochelys olivacea 14, 15, 58, 93, 97, 100,

189

Lepidoptera 9, 52, 53, 129

Leptadenia pyrotechnica 71, 192

Leptadenia reticulata 71

Leptodius exaratus 55

Leptodius sanguineus 55

Leptoptilos dubnis 97, 189

Leptoptilos javanicus 14

Lesser adjutant stork 97, 189

Leucaena leucocephala 71

Leucas aspera 71

Leucas biflora 71

Leucas cephalotes 71

Leucas stricta 192

Lignicolous fungi 7, 8

Limonia acidissima 71

Lippia alba 192

Lissemys punctata 14, 58

Litsea glutinosa 192

Littorina 130

Littorina scabra 59

Long billed vulture 11

Lotus garcini 71

Ludwigia perennis 192

Lumnitzera 37, 43, 155

Lumnitzera littorea 12, 36, 37

Lumnitzera racemosa 5, 36, 38-41, 43, 44, 67,

76, 124, 145

Lutjanidae 54, 62

Lydia annulipes 55, 56

Lyrodus manni 57, 130

Lyrodus pedicellatus 10, 57, 130

Mabuya carinata 58

Mabuya dissimilis 58

Macaca fascicularis umbrosa 59

Macaca mulatta 59

Macrobrachium dobsonii 157

Macrobrachium rosenbergii 157

Macrophthalmus convexus 15

Macrophthalmus (Mareotis) depressus 56

Maerua oblongifolia 71
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Malachra capitata 192

Mammalia 52, 97

Mangrove whistler 9

Mangrove monitor 60

Manilkara hexandra 68, 71, 191, 192

Marine borers 127

Marine turtles 93, 183

Marsh crocodile 93

Martesia nairi 10, 130

Martesia striata 127, 130

Martynia annua 71

Matuta banksii 55

Matuta lunaris 55

Maytenus senegalensis 67, 71

Megaderma lyra 59

Meiofauna 51

Melanocenchris jacquemontii 71

Melia azedarach 71

Meliaceae 40

Melilotus indica 71

Menippidae 55

Meretrix 151

Meretrix casta 15

Merope angulata 36, 37, 39

Merostomota 96

Merremia gangetica 192

Merremia turpethum 71

Metaplax crenulata 56

Metaplax distincta 56

Metaplax elegans 56

Metasesarma rousseauxii 56

Metopograpsus frontalis 55, 56

Metopograpsus latifrons 10, 78, 79

Metopograpsus messor 10, 78, 79

Metopograpsus oceanicus 56

Metopograpsus thukuhar 79

Microporus xanthopus 8

Mictyridae 55

Milkfish 156

Mimosa hamata 71

Modiolus 8

Modiolus striatulus 57

Mollugo disticha 192

Mollugo pentaphylla 192

Mollusca 2, 51, 52, 96

Molluscs 53, 54, 56, 57, 61

Momordica charantia 72

Moringa oleifera 72

Mucuna gigantea 36, 37

Mud burrowing bivalves 8

Mud crab 62

Mudskipper 151

Mugil cephalus 156

Mugilidae 62

Mukia maderaspatana 72

Mullets 62, 156

Muntiacus muntjac 14

Muraenichthys schultzei 15

Muraenidae 15

Murdania vaginata 192

Myna bird 58

Myriapoda 52

Myriostachya 180

Myriostachya wightiana 36, 40, 124, 190

Myristicacae 131

Myrsinaceae 40

Nanosesarma andersoni 56

Nausitora bedleyi 57

Nausitora dunlopei 57

Navicula 98

Nectarinia jugularis andamanica 59

Nectarinia jugularis klossi 59

Nectarinia jugularis proslia 59

Nekton 54

Nemathelminthes 96

Nematoda 52

Nematode 51

Nemerteans 96

Neoepisesarma (Muradium) tetragonum 56

Neosarmatium smithi 11

Nerita nerita 60

Nerium indicum 72

Neuracanthus sphaerostachys 72

Nicobar olive backed sunbird 59

Nicobar red cheeked parakeet 58

Nicobar stork billed kingfisher 58

Nicobar white collared kingfisher 58

Night heron 53, 58

Nigrospora 8

Nitzschia 98

Notonectidae 9, 129

Nototeredo edax 57

Nycticorax nycticorax 58

Nymphalidae 9

Nypa 100, 111, 115, 155

Nypa fruticans 12, 19, 20, 26, 36-38, 45, 104,

190

Ochna obtusata 191, 192

Ocimum sanctum 72

Octopus 149
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Ocypodidae 15, 55

Ocypodids 55, 74

Oithona 98

Oldenlandia biflora 191

Oldenlandia corymbosa 72

Olive ridley turtle 97, 161, 189

Open bill storks 162

Opuntia dillenii 192

Opuntia elatior 72

Orange tiger crab 79

Orthoptera 9

Oscillatoria cortiana 7

Oscillatoria willei 7

Oxalis corniculata 192

Oyster 114, 130

Pachycephala grisola 9

Paguma larvata tytleri 59

Palaemonidae 15

Pandanus fascicularis 76

Pandanus tectorius 44, 192

Panthera tigris 14, 93, 97, 189

Paracalanus 98

Parasesarma 151

Parasesarma plicatum11, 74, 78-80, 83

Parasitoides 52, 53

Parkinsonia aculeata 72

Parthenium hysterophorus 72

Paspalidium geminatum 67, 72

Passiflora foetida 192

Pavetta indica 192

Pedalium murex 44, 72

Pelargopsis amauropera 58

Pelargopsis capensis 58

Pelargopsis capensis intermedia 58

Pelargopsis capensis osmastoni 58

Pelecanidae 14, 15

Pelecanus philippensis 14, 15, 97

Pelecanus philippensis crispus 15

Pemphis 37

Pemphis acidula 13, 36, 41, 42

Penaeus canaliculatus 15

Penaeus indicus 62

Penaeus japonicus 15

Penaeus merguiensis 62

Penaeus monodon 62

Penaeus semisulcatus 61

Pentatomidae 9, 129

Pentatropis capensis 68, 72, 190, 192

Pentatropis spiralis 72

Pergularia daemia 72

Periophthalmus koelreuteri 15

Periploca aphylla 72

Phellinus 8

Phoenix 100, 107

Phoenix paludosa 36-39, 45, 104, 189, 190

Phoenix sylvestris 68, 72, 192

Pholadids 10

Pholads 130

Phoma 8

Phomopsis 8

Phormidium fragile 7

Phormidium tenue 7

Phyllanthus fraternus 72, 192

Phyllanthus maderaspatensis 72

Phyllosticta 8

Physalis minima 72, 193

Phytoplankton 4, 97, 98, 102, 179

Picoides macei andamanensis 59

Pichia capsulata 8

Pichia fermentans 8

Pichia salicaria 8

Pilodius nigrocrinitus 15, 55

Pilumnidae 55

Pilumnus vespertilio 55

Pipistrellus mimus 59

Pisces 97

Pisciculture 200

Pithecellobium dulce 72

Plagusia dentipes 79

Planaxus sulcatus 59

Plankton 53, 54

Platalea leucorodia 15

Platanista gangetica 14, 97, 189

Platinistidae 14

Platyhelminthes 96

Platypodia cristata 55, 56

Plumbaginaceae 40

Pneumatophores 57, 181, 191

Poaceae 5, 148

Polycarpaea corymbosa 72

Polycarpaea spicata 72

Polychaeta 5, 52

Polychaetes 8, 53, 54

Polygala chinensis 72

Polygala erioptera 72

Polygala irregularis 72

Polygonum plebeium 72

Polyplacophora 52

Polyura schreiber 9

Polyura schreiber andamanica 61
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Pongamia pinnata 191, 193

Porifera 96

Porteresia coarctata 36-38, 40, 43, 67, 68, 72,

100, 121, 190

Portulaca quadrifida 72

Portunid crabs 55

Portunidae 55

Portunids 55

Portunus pelagicus 55, 112

Portunus sanguinolentus 55, 112

Premna corymbosa 193

Premna integrifolia 72

Premna serratifolia 76

Prosopis 21

Prosopis chilensis 67, 72, 193

Prosopis cineraria 72

Prosopis juliflora 161

Protista 51, 96

Protozoa 51

Psammaperca waigiensis 15

Pseudodiaptomus 98

Psittacula alexandri abbotti 58

Psittacula eupatria magnirostris 58

Psittacula longicauda nicobarica 58

Psittacula longicauda tytleri 58

Pteropus giganteus 59

Pteropus melanotus 59

Pugilina cochlidium 60

Pulicaria wightiana 72

Pulmonate snails 51

Pupalia lappacea 72

Purple marbled crab 79

Python molurus 14

Ramalina 8

Rana cancrivora 57

Rana limnocharis andamanensis 57

Rana limnocharis limnocharis 57

Raptors 182

Red crab 79, 80, 187

Red mangrove crab 187

Reptilia 52, 97

Rhesus monkey 61, 187

Rhinoceros sondaicus 14, 185

Rhinoceros unicornis 184

Rhinopoma hardwickii 59

Rhizophora 6, 8, 20, 23, 26, 37, 43, 52, 77,

79, 80, 99, 100, 121, 129, 149, 151, 156,

174, 260

Rhizophora annamalayana 3, 4, 6, 11, 12, 36,

41

Rhizophora apiculata 5, 6, 11, 17, 37-41, 43-

45, 68, 76-78, 104, 119, 121, 124, 128,

147, 189, 190

Rhizophoraceae 5, 20 40

Rhizophora lamarckii 12

Rhizophora mucronata 1, 5-9, 11, 17, 36, 38,

39, 40, 41, 43-45, 56, 65-68, 76-78, 80-

85, 104, 121, 124, 128, 129, 131, 142,

145-147, 153, 154, 161, 167, 190, 259

Rhizophora stylosa 12, 36, 37

Rhizosolenia 98

Rhodotorula minuta 8

Rhynchosia minima 72

Rhynchosia minima var. laxiflora 72

Rivea hypocrateriformis 72, 191

River terrapin 183

Rostrozetes foveolatus 10

Rotala verticillaris 193

Rothia indica 191

Rotifera 96

Royal bengal tiger 91, 93, 114, 177, 181,

183, 194, 196, 202

Rubiaceae 161

Rungia pectinata 193

Rungia repens 72

Saccharum spontaneum 191

Saccostrea 60, 130

Saccostrea cucullata 130

Saccharomyces cerevisiae 8

Salacia chinensis 191

Salicornia 26, 38, 121

Salicornia brachiata 40, 42, 66, 67, 72, 123,

148, 191

Salsola baryosma 72, 149

Salt glands 180

Salt water crocodile 97, 189

Salvadora oleoides 72

Salvadora persica 36, 42, 67, 72, 148

Salvator lizard 97, 189

Salvinia 21

Sarcolobus carinatus 36, 40, 190

Sarcolobus globosus 36, 40, 180, 190

Sarcophagidae 7

Sarcostemma acidum 72

Sarkiodornis melanotus 14

Sarotherodon mossambicus 156

Scartelaos viridis 15

Scarus guacamaia 19

Scavenger vulture 11

Schoenoplectus articulatus 67, 72, 190
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Scirpus littoralis 191

Scotophilus kuhli 59

Scylla serrata 55, 60, 62, 79, 112, 157

Scyphiphora hydrophyllacea 4, 5, 12, 37, 40, 41,

128, 161

Sea anemones 98

Sea turtles 161

Sea urchins 98

Secutor ruconius 15

Serpent eagle 53

Serpulid cluster 130

Serpulids 130

Serpulid worms 59

Serranidae 54, 62

Sesamum indicum 72

Sesarma 151

Sesarma (Parasesarma) plicatum 56

Sesarma taeniolata 15

Sesarmid crab 74

Sesarmops intermedius 56, 78, 79, 80, 81, 82,

83-85,

Sesbania cannabina 67, 72

Sesbania sesban 72

Sesuvium portulacastrum 40, 42, 67, 68, 72,

191

Shell fish 157

Shrimp 60, 61, 112

Sida cordifolia 72, 193

Sida rhombifolia 193

Sida spinosa 72

Sipuncula 52, 96

Skeletonema 98

Smooth skined otter 161

Snappers 62

Solanum surattense 72, 193

Solanum trilobatum 190, 193

Sonneratia 37, 53, 90, 99, 100, 104, 129, 131,

155, 156, 167, 180, 189

Sonneratia alba 5, 6, 9, 13, 37, 38, 40, 43, 44,

128

Sonneratia apetala 5, 13, 20, 23, 37-40, 42, 43,

67, 72, 100, 121, 145, 147, 161, 190

Sonneratia caseolaris 5, 6, 8, 13, 26, 37, 39, 44,

45, 76, 77, 129, 131, 190

Sonneratiaceae 40

Sonneratia fruticosa 40

Sonneratia griffithii 12, 37, 38, 45, 180, 189

Sonneratia maritima 40

Sonneratia monoica 40

Sonneratia nudiflora 40

Spearing fish 60

Sphaeranthus indicus 72

Sphaeromatids 130

Sphenoclea zeylanica 193

Spilomis cheela davisoni 58

Spinifex littoreus 44, 193

Spirulina subsalsa 7

Spizaetus cirrhatus andamanensis 58

Sporobolus maderaspatensis 72

Sporobolus marginatus 193

Sporobolus tremulus 42

Sporobolus virginicus 72

Spotted billed pelican 97

Spotted deer 183, 187, 197, 198, 199

Squilla 98

Staphylinidae 9, 129

Storks 157, 162

Streblus asper 72, 193

Striped fiddler crab 79

Strychnos nux-vomica 193

Suaeda26, 38, 66, 121

Suaeda fruticosa 42, 72, 148

Suaeda maritima 42, 72, 123, 147, 148, 191

Suaeda monoica 42, 67, 68, 72, 191

Suaeda nudiflora 42, 67, 72, 123, 148, 191

Sundari 194

Sus scorfa andamanensis 59

Sus scorfa nicobarica 59

Swamp deer 185

Sweet water tortoise 184

Synechocystis salina 7

Syzygium ruscifolium 191, 193

Tabanidae 7

Tamarindus indica 72

Tamarix dioica 72

Tamarix indica 72

Tamarix troupii 37, 39, 40, 42, 191

Tegeocranellus 10

Telescopium shells 151

Telescopium telescopium 60, 151

Tephritidae 7

Tephrosia purpurea 72, 193

Tephrosia senticosa 72

Tephrosia strigosa 72

Teramnus labialis 72

Terebralia palustris, 59, 60

Teredinid borers 57

Teredinids 10, 56, 57

Teredo furcifera 10, 57

Terminalia catappa 72
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Terrapins 58

Thalamita 59

Thalamita admete 55

Thalamita crenata 55, 79

Thalamita prymna 55

Thalassiosira 98

Theskiornis melanocephalus 14

Thespesia populnea 38, 42, 44, 67, 68, 72, 191,

193

Thespesia populneoides 37, 40

Thevetia peruviana 72

Threskiornithidae 14, 15

Tiger prawn 116, 117, 179

Tilapia 156

Tiliaceae 40, 128

Tiliacora acuminata 193

Tinospora cordifolia 72, 193

Top dying disease 20, 23

Trewia nudiflora 191

Trianthema portulacastrum 38, 72, 193

Tribulus terrestris 44, 72, 193

Trichodesma zeylanicum 72

Trichosanthes cucumerina 72

Trichosporan 8

Trigona 7

Trionychidae 14

Trionyx gangeticus 14, 58

Trionyx hurum 14, 58

Triumfetta rhomboidea 72

Triumfetta rotundifolia 72

Trogossitidae 9, 129

Trygonidae 15

Tubercled crab 79

Tupia nicobarica nicobarica 59

Turtles 58, 100

Tylophora indica 193

Tylophora tenuis 37, 39, 190

Uca 55, 73, 151

Uca lactea annulipes 78, 79, 239, 240

Uca tetragonon 15

Uca triangularis bengali 79

Ulva 21

Uperotus rebderi 57

Urgenia indica 67, 72

Urochondra setulosa 37, 42, 72, 149

Vahlia digyna 72

Varanidae 14

Varanus bengalensis 14

Varanus flavescens 14, 97, 189

Varanus indicus 60

Varanus salvator 14, 97, 189

Varanus salvator andamanensis 58

Veneridae 15

Vernonia anthelmintica 67, 72

Vernonia cinerea 67, 72, 193

Vetiveria zizanoides 191

Vigna marina 191

Vigna trilobata 193

Viola cinerea var. stocksii 72

Viscum ovalifolium 193

Vitex negundo 193

Vitex trifoliata 193

Vivipary 180

Water buffalo 185

Water monitor lizard 63, 64

Wedellion biflora 191

Wet desert 200

White backed vulture 11

White bellied sea eagle 11

White breasted swallow shrike 59

White lined crab 79

White tipped crab 79

Wild pig 93

Withania somnifera 72

Wolf  crab 149

Xanthidae 15, 55

Xanthium indicum 193

Xanthium strumarium 67, 72

Xylocarpus 11, 18, 37, 174

Xylocarpus granatum 13, 20, 37, 38, 40, 43,

45, 104, 128, 190

Xylocarpus mekongensis 13, 128

Xylocarpus moluccensis 37, 39, 40, 121, 124

Xylocarpus rumphii 37, 45

Xylocopa 7

Yakshagana 171, 172

Yarrowia lipolytica 8

Ziziphus oenoplia 193

Zizyphus mauritiana 72

Zizyphus nummularia 72,

Zizyphus xylopyra 72

Zooplankton 53, 98, 99, 102, 179

Zornia diphylla 193

Zornia gibbosa 72

Zoysia matrella 72
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