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MESSAGE
The coastal environment of India plays a critical role in the economy of the nation by virtue
of its important resources and varied ecosystems such as mangroves, coral reefs, salt marshes,
sand dunes, estuaries, lagoons, etc. The coastal ecosystem that occupies only a marginal portion
of the country's territory is home to a large section of the population too. The importance of
preserving and protecting coastal and marine ecosystems for human well-being has now been
globally recognized. A number of environment related projects have been implemented over the
years by the Government of Gujarat to conserve and restore these systems.
Gujarat is home of about of 1044 sq. km of mangroves, spread along its coastline. Mangrove
Conservation is the one of priority sector for the State Government. Gujarat has introduced the
Community Based Mangrove Management model. More than 15000 ha of Mangrove plantation was
carried out through active involvement of community in addition to other mangrove conservation
scheme. The State Government through Gujarat Ecology Commission is also promoting Public
Private Partnership [PPP] model for Mangrove conservation and management.
I would like to congratulate Gujarat Ecology Commission, International Society of Mangroves
Ecosystem, Japan and Mangrove Society of India, Goa and their team for organizing this
International Workshop. It has provided an ideal platform to share global experience and ideas
for management and conservation of mangroves. I am sure that participants must have gathered
innovative and new insights for mangrove conservation through this workshop.
I am very happy that Gujarat Ecology Commission is also publishing proceedings of the Workshop.
I am confident that this proceeding will prove as a reference literature in the field of mangrove
conservation as well as sustain the enthusiasm exhibited during the workshop.
I convey my best wishes to all participants and also urge to use the shared knowledge for the
conservation and management of this vital ecosystem-the mangrove.
Jay Jay Garvi Gujarat
(Ganpatsinh Vasava)

H. K. Dash, IAS
Additional Chief Secretary
Forest & Environment Department
Government of Gujarat

MESSAGE
Of late, developments are concentrated along the coastal region. It results into migration of people
towards the coast. It has been estimated that about 60% of population of USA, 25% of Canada,
60% of Netherland 75% of Australia, 70% of Thailand and over 20% of India live on the coastal
belt. These figures speak about the importance of coastal environment in growth and development
process.
Gujarat has the second largest expanse of mangrove in the Country. Mangroves play a very
significant role in maintaining the coastal environment, reducing the impact of wave action and
erosion in the coastal areas, preventing salinity and seawater ingress into the inland agricultural
areas and also providing protection to the coastline from the impact of cyclones. Apart from these
ecological functions, mangroves play a very significant economic role in the lives of the coastal
village communities. The villagers are dependent on mangroves mainly for fodder, fuel-wood and
fishing activities.
The State Government is taking mangrove conservation measures on priority. Many programmes
are being implemented aggressively which have resulted in the increase of the Mangrove cover in
the State. Forest Survey of India Report of 2011 shows that the Gujarat is only State which gained
in the Mangrove coverage by about 57 sq. km. This is due to the large scale mangrove plantation
programme carried out by State Government through Forest Department as well as with the active
involvement of Community.
I would like to take this opportunity to congratulate Gujarat Ecology Commission for organizing
the International Workshop and also publishing proceedings of the Workshop. The workshop helped
us to gather new knowledge and share experience developed nationally and internationally.
I am sure that we would continue to conserve this valuable coastal resource more vigorously in
future.
24th March 2014

(H. K. Dash)

Dr. A. K. Verma, IFS
Member Secretary,
Gujarat Ecology Commission
Project Director,
ICZM Project, Gujarat

FOREWORD
Why do we need mangroves ? This question gained momentum in the last decades of 20th
century, owing to the development along the coast. Development certainly brings changes to
the ecosystem and the incidence of natural disasters. It has also inspired to restore mangrove
ecosystems vigorously. Thereafter, various models of mangrove restoration have been initiated
and experimented with. From government driven to community managed to public private
cooperation; the restoration activities have seen increase in coverage and better understanding of
mangrove ecosystem.
It's been over a decade, since Gujarat Ecology Commission (GEC) has embarked upon its efforts
in mangrove conservation in Gujarat. The effort of the State in mangrove restoration has been
globally acknowledged. In order to exchange the experiences of Gujarat with other national and
international agencies, GEC created a platform through organizing an International Workshop
on Mangrove Conservation on July 26 and 27, 2013 at Gandhinagar, Gujarat.
The workshop was organized in association with the World Bank; Ministry of Environment
& Forests, Government of India; International Society for Mangrove Ecosystems, Japan and
Mangrove Society of India. Over 200 participants from various parts of the world exchanged
knowledge and shared best practices in mangrove conservation.
Experiences from Indonesia, Vietnam, Myanmar, Thailand, Japan, Oman, Sri Lanka, Australia,
Germany, Bangladesh and Brazil proved fruitful in giving an international perspective in mangrove
conservation. Presentations of technical papers and exchange of practices have paved a way to
draft a long term management plan for mangrove ecosystem. Participation of many international
and national agencies like MFF, IUCN, MSSRF, SICOM, NCSCM etc. was the highlight of the
workshop.
Indeed, the presence of esteemed dignitaries and experienced researchers motivated the
practitioners to take research and action oriented projects im mangrove conservation. Certainly,
the workshop has created good opportunities for all stakeholders to collaborate and move together
in the field of mangrove conservation.
It is a matter of great pleasure to come out with the proceedings of the workshop, which will
surely be an interesting read for each one of you to find the answers to why we need mangroves.
24th March 2014

(Dr. A. K. Verma)

ACKNOWLEDGEMENT
Gujarat Ecology Commission (GEC) acknowledges its gratitude to the persons, agencies research
organizations and sector experts for their invaluable contribution during the International
Workshop on Mangrove Conservation. They include,
–

Ministry of Environment & Forests, Government of India, New Delhi

–

Forests & Environment Department, Government of Gujarat, Gandhinagar

–

H.E. Hon. Mr. Tarik A. Karim, High Commissioner to the Republic of Bangladesh

–

Dr. R. K. Pachauri, Director General & CEO, TERI, New Delhi

–

International Society for Mangrove Ecosystems, Japan

– Word Bank, India
–

Mangrove Society of India, Goa

Last but not the least, the contribution and efforts of Team GEC made it an enriching experience
for one and all.

A.C. Sampat
Director
Gujarat Ecology Commission
25th March 2014

ABBREVIATIONS
CBD

Convention on Biological Diversity

CoP

Conference of the Parties

CRZ

Coastal Regulation Zone

CSR

Corporate Social Responsibility

FSI

Forest Survey of India

GEC

Gujarat Ecology Commission

GHG

Green House Gas

GoG

Government of Gujarat

Ha.

Hectare

ICZMP

Integrated Coastal Zone Management Project

IOCM

Integrated Ocean & Coastal Mapping

ISME

International Society for Mangrove Ecosystems

IUCN

International Union for Mangrove of Nature

JICA

Japan International Cooperation Agency

MDG

Millennium Development Goal

MFF

Mangrove Society of India

NCSCM

Nation Centre for Sustainable Coastal Management

PPP

Public Private Partnership

REDD

Reducing Emissions from Deforestation & Forest Degradation

SEZ

Special Economic Zone

TERI

The Energy & Resources Institute

UNDP

United Nations Development Programme

UNESCO

United National Educational, Scientific & Cultural Organization

VDC

Village Development Committee

WCCS

World Climate Change Summit

Gujarat Ecology Commission
International Workshop on Mangrove Conservation in India

CONTENTS
Background......................................................................................................................................................2
Aim and Objectives of the workshop...............................................................................................................4
Inaugural Session.............................................................................................................................................5
Session I...........................................................................................................................................................9
Mangrove Conservation and Management......................................................................................................9
Session II........................................................................................................................................................15
Mangrove Conservation and Management....................................................................................................15
SESSION III..................................................................................................................................................20
Climate Change & Role of Mangroves..........................................................................................................20
Session IV......................................................................................................................................................28
Community Participation in Mangrove Conservation...................................................................................28
Session V........................................................................................................................................................35
Community Participation in Mangrove Conservation...................................................................................35
National Panel Discussion.............................................................................................................................54
International Panel Discussion.......................................................................................................................56
POSTER PRESENTATIONS........................................................................................................................61
EXHIBITION................................................................................................................................................62
Appendix-I Workshop Schedule....................................................................................................................63
Appendix-II Profiles of Speakers...................................................................................................................67
Appendix -III List of Participants..................................................................................................................72
Appendix -IV Workshop advisory committee...............................................................................................79
Appendix -V Workshop organizing committee.............................................................................................79
Appendix –VI List of posters displayed........................................................................................................80
Appendix –VII Abstracts of posters...............................................................................................................82

[ 1 ]

Gujarat Ecology Commission
International Workshop on Mangrove Conservation in India

BACKGROUND
In the new millennium, the developments concentrated in coastal region, resulting into migration of

people towards the coast. It has been estimated that about 60% of population of USA, 25% of Canada,
60% of Netherland, 75% of Australia, 70% of Thailand and over 20% of India live on the coastal belt.
These figures speak about the importance of coastal environments in the 21stCentury (Singh-2006).

The Indian sub-continent forms a major physical division between the Arabian Sea and Bay of Bengal.
Oceanographically, the Bay of Bengal differs from the Arabian Sea in maintaining clockwise circulation

of major currents during both north east and south-west monsoon. There is also a major difference in
Salinity. In the Arabian sea, evaporation exceeds precipitation and the runoff, leads to the formation
of highly saline water masses that flow towards south. Indian coast falls within boundaries of tropics,

which includes the west coast, east coast and the Lakshdeep & Andaman coast. Along the Indian coast,

currents follow a general clockwise circulation during the south-west monsoon and counter-clockwise
circulation during the north-east monsoon.

The coastal area is a place where natural disasters take place. The recent example is Tsunami on Andaman

& East coasts which was one of the most serious and unexpected natural disasters. The entire east coast of

India, the Gujarat coast on the west and the islands of Lakshdeep and Andaman & Nicobar are frequently
facing cyclonic conditions which some time cause large scale destruction of lives & property. The Super
cyclone has caused massive destruction in Gujarat & Orissa in 1998 & 1999 respectively. Recent tsunami
and Pahllin in the south pacific only reiterates the importance of Mangrove protection & regeneration.

Mangroves

Mangroves are plant communities of the tropical and subtropical intertidal coastal zone. Mangroves
ecosystems are known to provide variety of services and goods to mankind. It provides timber and non-

timber forest products, medicines, fisheries, recreation, ecotourism, bio-filtration, nursery grounds,
coastal protection, and carbon storage and sequestration. Mangrove forests are considered to be

the most productive ecosystems with high biomass especially below-ground. Productive, protective,
economical and social functions mangrove ecosystems provide us reason to conserve and manage them

sustainably. Mangroves also plays very significant role in maintaining the coastal environment, reducing
the impact of wave action and erosion in the coastal areas, preventing salinity and seawater ingress into

the inland agricultural areas, and also providing protection to the coastline from the impact of cyclones.

Apart from these ecological functions, mangroves play a very significant economic role in the lives of the
coastal village communities. The villagers are dependent on mangroves mainly for fodder, fuel-wood
and fishing activities.

In India, mangroves are found in the States of West Bengal, Orissa, Andhra Pradesh, Tamil Nadu, Andaman
and Nicobar Islands, Kerala, Goa, Maharashtra, Karnataka and Gujarat. The Mangroves cover in Gujarat

are second only to the Mangroves in the West Bengal on the East Coast in terms of area, occurring in
about 1044 sq. km area in Gujarat [FSI-2011, GEC-BISAG-2009].
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Anthropogenic pressures due to developmental activities along the coasts, over exploitation and natural
calamities have raised concerns about degradation of mangroves and associated coastal habitats.

Worldwide efforts are being made for the conservation and sustainable utilization of mangroves. There
are numerous models of best practice in the field of sustainable conservation of mangroves across its
distribution range in the world.

India also has made considerable progress in the field of conservation, research and management of
this vital coastal eco-system. Mangroves are protected in the form of Biosphere Reserves, Sanctuaries,

Protected Areas and Mangrove Reserves etc. in India. Several government and non-government agencies
are actively involved in mangrove research, plantation, protection and awareness activities in India.

Among other coastal states of India, Gujarat, located on the western coast, accounts for the second

largest mangrove cover in the country. Gujarat has achieved considerable increase in mangrove cover

in last one decade by involving local communities in conservation efforts, large scale plantation drive
and adopting Public Private Partnership [PPP] through community participation models.
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AIM AND OBJECTIVES
In order to exchange knowledge on best practices of mangrove restoration, protection, community
participation, management and research among the mangrove having States, Gujarat Ecology
Commission (GEC) in association with Mangrove Society of India (MSI) and International Society for
Mangrove Ecosystems (ISME)organized a two day international workshop in India.

The aim of the workshop was to bridge the knowledge gap and enable learning through exchange of best

practices/ideas in the field of mangrove conservation. The workshop was held on 26th -27th July 2013
to commemorate International Mangrove Day. The main themes of the Workshop were as follows :
1.

Mangrove Conservation and Management

3.

Community Participation in Mangrove Conservation

2.
4.

Climate Change and role of Mangroves

Gaps and Needs of Research in Mangrove Conservation

The workshop brought together national and international representatives, government authorities,
diplomats, academicians, scientists, environmental experts, activists and students to discuss and debate
on mangrove conservation in India and other countries.

Objectives of the workshop
1.

To exchange knowledge and best practices in Mangrove conservation

3.

To prepare long term mangrove ecosystem management plan

2.

To understand various restoration models
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INAUGURAL SESSION
The International Workshop on Mangrove Conservation in India, organized by the Gujarat Ecology
Commission (GEC) in asscoaition with Mangrove Society of India, Goa and International Society
for Mangrove Ecosystem, Japan was inaugurated on July 26, 2013 at 10 :00 am at Mahatma Mandir,
Gandhinagar.

The workshop was inaugurated by Shri Ganpatsinh Vasava, Hon’ble Minister, Forests and Environment,

Government of Gujarat; Shri H. K. Dash, IAS, Additional Chief Secretary, Forests & Environment,

Government; Shri Tapas Paul, Task Team Leader, World Bank; Shri S. K. Goyal, IFS, PCCF & HoFF;
Prof. Sanit Aksornkoke, President, ISME, Japan; Dr. A. K. Verma, IFS, Member Secretary, Gujarat Ecology
Commission and Dr. A. G. Untawale, Mangrove Society of India, Goa.

At the onset, Dr. A. K. Verma, welcomed all the distinguished guests and participants to the international

workshop and expressed that the two day workshop would be a mutually beneficial learning experience
for one and all. He also stated that Gujarat has been able to achieve an average target of more than
10000 ha of mangrove plantation in a year.

Prof. Sanit Aksornkoke appreciated the efforts of Gujarat in mangrove conservation and shared about
the project which ISME is funding in Gujarat for mangrove plantation.

Shri Tapas Paul shared about the projects carried out by World Bank for mangrove conservation in
world over. He also appreciated the initiatives of Government of Gujarat, especially the record breaking

plantation of 9000 ha under the ICZM project. He also added that this is the first project, which has
achieved largest mangrove plantation through community participation.

Shri H. K. Dash shared the success of Gujarat in mangrove plantation as reported by the Forest Survey
of India. He also highlighted the fact that Gujarat is geared up to initiate actions to address the climate
change.

Dr. R. K. Pachauri, Director General and Chief Executive of TERI, New Delhi addressed the participants

through a video message and appreciated the efforts of Government of Gujarat in mangrove conservation.
Dr. Pachauri also applauded the efforts Hon’ble Chief Minister of Gujarat Shri Narendra Modi, who has

established a Climate Change Department in the State. He further stressed on the need of mangrove
conservation for mitigating climate change challenges.

In the inaugural address given by Hon’ble Minister of Forests & Environment, Government of Gujarat,

Shri Ganpatsinh Vasava lauded the State Government for conserving mangroves through community
participation and active involvement of industries. He also stated that Gujarat is a number one state

either in terms of industrialisation or education or poverty alleviation or conservation of environment.
He further expressed that Hon’ble Chief Minister has initiated various steps to mitigate the challenges

of climate change, like establishing a full-fledged Department of Climate Change, emphasis on wind and
solar power generation, conservation of rain water harvesting etc.
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Hon'ble Minister Shri Ganpatsinh Vasava, F & ED, GoG
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Shri H. K. Dash, Additional Chief Secretary, F & ED, GoG

Shri Tapus Paul, TTL, World Bank
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Dr. A. K. Verma, Member Secretary, GEC
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SESSION I

MANGROVE CONSERVATION AND MANAGEMENT
CHAIRMAN : SHRI S. K. GOYAL, IFS, RT. PCCF & HOFF,
FOREST DEPARTMENT, GUJARAT
RAPPORTEUR : SHRI C. H. PANDYA, RETIRED
The first session of the workshop on first day was on the theme of Mangrove Conservation and
Management. This session was chaired by Mr. S. K. Goyal, Head of Forest Force, Gujarat Forest Department.
There were total 4 presentations scheduled in this session. First presentation was made by Dr. C. N.

Pandey providing the success story of mangrove restoration in Gujarat. Second presentation was an
international perspective by Mr. Badar-al Bulushi, who narrated various successfully implemented

techniques in mangrove restoration and how strict mangrove forest protection laws played a major role

in mangrove protection and conservation in the Sultanate of Oman. Third presentation was made by
Dr. N. M. Ishwar, MFF India National Coordinator. He narrated several successful MFF projects
implemented in India and key lessons learnt from these projects. He also informed participants about
the variety of activities being carried out by MFF in India and in other countries. Last presentation in this

session was by Prof. N. S. Chavan, i.e. on Conservation of critically endangered mangrove species of west
coast of Maharashtra. She spoke on how establishing a network of in situ mangrove field-gene banks in
each bio-geographic region in natural habitats is a very effective way of conservation.

In all this session provided insight and updates on mangrove conservation efforts being made at local,

national, international and regional levels based on long term efforts, learning and progressive thinking.
The details of each speakers inputs in this session are given in following paragraphs.
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MANGROVES IN GUJARAT : THE STATUS AND WAY AHEAD
DR. C. N. PANDEY, IFS PCCF, WILDLIFE & CHIEF WILDLIFE WARDEN,
FOREST DEPARTMENT, GUJARAT
Dr. Pandey began with a general introduction about the coastline of
Gujarat, the status of mangroves, their characteristics, importance
and advantages in ecological and economic services to humanity.
He presented key geographical facts about Gujarat and mangrove-

rich areas such as the Gulf of Kachchh. Dr. Pandey mentioned that
Gujarat has the longest coastline in the country with a length of

1650 km. The tidal amplitude of the coastal areas is 4-5 m on an

average and can rise upto 6-7 m every year. The highest amplitude recorded is a significant 18 m.

Due to the variation in tidal amplitude in the State, Gujarat has the largest intertidal area with rich

biodiversity such as mangroves, corals, marine fauna and flora. South Gujarat is comparatively richer
in biodiversity than North Gujarat. This is because perennial rivers provide inflow of fresh water to

the mangrove ecosystems in the South whereas in North Gujarat there are only seasonal rivers and
therefore less biodiversity has been observed. Of 15 species, 14 species are found in South Gujarat.

Avicennia marinais the predominant mangrove species in the State covering comprising 99% of all
mangroves in Gujarat.

The mangrove cover in Gujarat is divided into four segments :
1) Kachchh region including Kori creek

2) Gulf of Kachchh on Jamnagar coast which falls under the Marine National Park
3) Estuarine mangrove systems in South Gujarat and Gulf of Khambhat
4) Saurashtra

Dr. Pandey stated that mangrove conservation in Gujarat is a globally acclaimed success story. According
to the Forest Survey of India (FSI) report, mangrove cover in Gujarat is increasing every year. There has
been an increase of more than 1,000 sq. km. mangrove cover in the last decade.

He also discussed modes of participation in mangrove plantation, mangrove plantation techniques and
conservation efforts. These are as follows :
Modes of participation :
V
V
V

Departmental participation
People’s participation

Industrial participation
[ 10 ]
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Mangrove plantation techniques :
V
V
V
V

Propagule planting on raised mounds
Nursery raised polypots
Direct seed sowing

Channel supported plantation

Mangrove plantation as landscape development program :
This approach puts emphasis on mangrove associates in the adjoining fringe areas wherein mangrove
habitats are present. Efforts are on to ensure that the wetland corrector area comes up as a whole
ecosystem so that fauna such as crabs can flourish.

He laid emphasis on the role of research and the Gujarat Government’s commitment played an important

role in ensuring successful mangrove plantation and conservation efforts. This, he added, is supported

by efforts by organizations such as GEC, GEER among others. In particular, he added that the GEC’s
collaboration with corporate and people’s participation played a key role in mangrove conservation and
restoration.

In conclusion, he discussed the Green India Mission under which three sites have been approved
and are being funded by the Green India Mission. 2 Talukas [Two blocks] in Bharuch district :
Hansot and Vaghara, 12 societies in the villages have been formed – three potential mangrove
areas will be covered under this initiative. Sites are identified in South Gujarat by the Forest
Department to develop mangroves as ecosystems and habitats under the landscape development
approach.

MANGROVE TRANSPLANTING PROJECT IN OMAN
MR. BADAR-AL BULUSHI
SULTANATE E OMAN
Mr. Bulushi commenced his presentation by giving a brief profile
about Oman, its forest patches and mangrove areas. He explained
in detail the mangrove plantation techniques being used in the

country. Mangrove Plantation is being carried out under the JICA
project in various places in the Sultanate of Oman.
1)

Plantation techniques used in Oman are as under :

Nursery Preparation : Area for nursery preparation is selected near plantation sites. After selection

of site, 1.5 metre depth is made by digging. Maximum 20 blocks are prepared for each nursery with

cement construction. Each block is having 600 seedlings thus capacity of each nursery is to produce
12,000 seedlings.
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   In Oman, two types of irrigation system are being used for the nursery :

a) Pump irrigation system in which two times in a day coastal water is pumped and it is used for
watering the seedlings.

b) Tidal irrigation system : In this system each block of the nursery is connected with one common

channel. This channel is connected with the lagoons by using pipelines when there is a high

tide, tidal water goes into the nursery and during the low tide, tidal water goes back so there

2)

is no need to maintain manually.

Seed Collection : Healthy seeds are collected from mangroves. Seeds need to be washed for
6 hours after collection. After 6 hours, seeds are removed from water when the seeds cover is
opened. Seeds will be shifted in plastic bags which having natural soils. Generally, 2 seeds are sowed

3)

in one plastic bag. If one will be failed in germination then the second will be grown up.

Plantation Activity : Plantation activity is carried out with the local community participation
mostly, women participation in Oman is remarkable. The Ministry runs Environment Education
Programme for School students. Students also participated and are invited for plantation activity

to learn the plantation techniques of mangrove. They are also involved in the monitoring activities
along with the expert team.

For plantation, all the seedlings are transported by carrier with plastic bags. Sometimes, ships, boats

and aircraft are being used for transporting seedlings to the remote places or islands. For planting the
seedlings, a hole is dug which is a bit deeper than the pot. Remove the plastic pot and put the seedling
with soil without damaging root system then backfill the hole with soil and compact moderately.
4)

Issues and Need of Protection : Issues like browsing of mangroves by camel and donkey, sea
weeds and algae etc. are huge problems for mangroves. To come out from these issues, fencing is
made surrounding the plantation plots.

In the Sultanate of Oman, laws and regulations are extremely strict. This is particularly because these
were promulgated by the Sultan of Oman himself who is the supreme authority of the State. Every
law formalized by the seal and consent of the Sultan are final and demand obeisance. Fortunately, this
includes mangroves. As such, strict mangrove forest protection laws played a major role in mangrove
protection and conservation in the Sultanate of Oman.

Local communities are aware about the benefits of the mangroves. From mangroves, they collected fire
woods, honey, fodder etc.

The Ministry is going to be established “Quram Information Centre” where they will plan to establish

laboratories for research in mangroves. In Oman, “Quram” means Mangrove therefore the centre is
given the name as mentioned.

From, 2000 to 2012, mangrove coverage has become 300.270 sq.m in Oman under various
restoration projects.
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LESSONS LEARNT THROUGH MFF-INDIA INITIATIVES
DR. N. M. ISHWAR
MANGROVES FOR THE FUTURE (MFF), NEW DELHI
Mr. N. M. Ishwar, MFF India National Coordinator began with

an introduction about Mangroves for the Future programme
and their work. He stated that MFF was established in 2004 in
the aftermath of the tsunami when a pressing need was felt to

ensure the protection of coastal areas and the security of coastal
communities. The MFF was thus created as a result of collaboration
between the IUCN and UNDP, to achieve these objectives.

Speaking about MFF’s work, Dr. Ishwar stated that MFF mainly works in partnership with organizations
and institutions in a total of 9 countries. The highlight of MFF’s activities is the promotion of coastal

ecosystems as infrastructure on the coast and not simply a habitat that can be used for different land
use practices.

MFF designs and implements projects which are mainly pilot projects, the outcomes and findings of

which are then applied at the regional and national level. Research, the MFF believes, will eventually feed
back into policy formulation and livelihood betterment in the long run. This is why MFF is particularly
promoting research in its work.

Mr. Ishwar then outlined certain key lessons learned by MFF from their work in India particularly in the
Sunderbans. The Sunderbans Mangrove Forest was asked to do a review of all livelihood activities in the

area. The study showed that infrastructure development actually mattered a lot more than livelihood
interventions, a very important learning which was ignored in the past.

In another initiative in collaboration with the MS Swaminathan Foundation, the MFF worked on a project
to reuse abandoned shrimp farms. The project aimed to try and influence prawn culture by providing

a locally grown feed so that the groundwater table is not destroyed. The MFF were successful and the
Forest dept. is now following up on this successful outcome.

MFF maintains that involvement of local communities is extremely important; communities must take

responsibility to maintain ecosystems. To achieve this objective, Village Development Councils (VDCs)
are developed to work with local Panchayats.

MFF is also involved in a lot education and awareness work. MFF has formed Eco-clubs in schools,

performed traditional nukkadnaataks (street plays), and developed knowledge products such as a
mangrove book for children to spread the message of mangrove conservation.

MFF strongly emphasizes a gender component in its work with the aim to empower women to
play a strong role in local communities and councils and identify livelihood opportunities.
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CONSERVATION OF CRITICALLY ENDANGERED MANGROVE
SPECIES OF WEST COAST OF MAHARASHTRA
PROF. N. S. CHAVAN
MUMBAI UNIVERSITY
Prof. N. S. Chavan with her 22 years experience in mangrove research

presented her work. She appreciated that the coastal mangrove
biodiversity is national wealth and the conservation strategies

must be eco-system based. She presented the characteristics of
mangroves on Maharashtra coast and classified them as estuarine

and backwater mangroves. She informed the house that the coast
of Maharashtra has the most diversified mangrove flora followed

by Gujarat, Goa and Karnataka on the west coast of India. 28 species have been already reported from
Maharashtra; compared to 17 from Goa, 18 from Karnataka and 12 from Kerala.

She informed that there are few sites of higher conservation significance have been identified for rare,
critically endangered species such asXylocarpus, Cynometra, Kandelia, Bruguiera, Heritiera and Cerbera

on Maharashra coast. She proposed that the sites with these species should be given status of protected

area and can also be fed into the working plan prescriptions of Forest Divisions. She emphasised the
need for establishing a network of in situ mangrove field-gene banks in each bio-geographic region in
natural habitats is a very effective way of conservation.

She suggested that the community participation is lacking on west coast of Maharashtra, and therefore
there is a need to practice participatory approach in conservation of important mangrove sites on this
coast.

General learning form this talk is that there are considerable efforts made in research and
documentation for mangrove species along Maharashtra coast. The mangrove sites with important
species that has higher conservation significance have also been identified and restoration and
plantation activities are also taken up by concerned agencies. However, community participation
in mangrove conservation along Maharashtra coast is lacking.
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SESSION II

MANGROVE CONSERVATION AND MANAGEMENT
CHAIRMAN : SHRI RAJEEVA, IFS, PCCF & HOFF,
FOREST DEPARTMENT, GUJARAT
RAPPORTEUR : SHRI C H PANDYA, RETIRED CONSERVATOR OF FOREST
Theme of the second session continued as Mangrove Conservation and management as there were
several more speakers to deliver their talks. This session had four presentations and it was chaired by
Shri Rajeeva, Principle Chief Conservator of Forests, Gujarat Forest Department.

First presentation in this session was from Prof. V. N. Nayak, Strategy for Mangrove Restoration and

Conservation in Kali Estuary, Karwar, Karnataka, India. He presented how research and conservation
activities by his team have identified threats to Kali estuary mangroves and followed with suitable

conservation efforts. Second talk was by Dr. H. S. Singh, who talked on “Understanding mangrove
Ecology for its Conservation and Development. He shared information that he gained through his work

on the mangroves in Gujarat. He suggested how the knowledge of basic mangrove biology needs to be
used while mangrove plantation and restoration works. Third talk in this session was by Prof. Sananu

Ray on “Modelling as a Tool for Evaluating Ecosystem : The Static and Dynamic Models applied in the
Sundarban Mangrove Ecosystem”. He emphasised on how ecological modelling is a powerful tool for
evaluating and predicting the ecosystem. He informed that there are different modelling techniques
such as static, dynamic and structural dynamic modelling are used in modelling eco-systems. Last talk

was by Debi Goenka who spoke on Mangrove Conservation – Protecting the vulnerable mangroves of
Mumbai.
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STRATEGY FOR MANGROVE RESTORATION AND CONSERVATION IN KALI
ESTUARY, KARWAR, KARNATAKA, INDIA
V. N. NAYAK, MAHIMA BHAT, JAYAKARABHANDARY
PROFESSOR, UNIVERSITY OF KARNATAKA
Prof. V. N. Nayak presented his work on Kali River Estuary. He

emphasised the ecological and economical importance of River
Kali. It is a major river of Uttara Kannada District, Karnataka

State, India, in the Sahyadri ranges of the Western Ghats joins the
Arabian Sea at Karwar. It has a broad estuarine and backwater

system with a few small and big islands and creeks rich in
mangrove vegetation. As many as 16 mangrove and large number

of associate and accidental species are recorded and listed the dominant ones are Sonneratia, Avicennia,
Rhizophora and Excoecaria species.

Research by Prof. Nayak’s team evaluated how human activities such as indiscriminate harvesting
for firewood, charcoal, timber, fencing material etc; reclamation of gazni (khar) land for agriculture

and conversion of mangrove swamps for aquaculture farms have brought down mangrove spread in
the area. The aquaculture farms destroyed over 50% mangroves for Penaeusmonodon (Tiger prawn)

culture at Kadwad and Kanasgiri backwaters which had two best mangrove spreads in this riverine
system. Developmental activities such as dams, bridges, reclamation for construction of buildings, saw
mills, bunds to protect from erosion of agriculture land and salination of soil and large scale mining
activities of sea shells and sand have led to change in the direction of currents causing erosion at other
places and depletion of nutrients coming with the river flow. All these play major role in the destruction
and regeneration of mangroves.

Prof. Nayak’s team took timely efforts in terms of undertaking research, survey, awareness, activism

and scientific restoration for restoration of Kali River estuarine mangroves. They along with local Forest
Department started restoration of mangrove species in this area. As many as 12 species were grown
in the nursery and transplanted yielding good results. The outcome is evident in the good growth of
mangroves in the transplanted areas.

The general learning from this talk is that mangroves along the coast of Karnataka also continue to face

numerous threats as mentioned above. However, the timely efforts made in terms of survey, research,
awareness, activism and scientific restoration has shown good response and the mangroves of Kali
estuary are being restored gradually.
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UNDERSTANDING MANGROVE ECOLOGY FOR ITS
CONSERVATION AND DEVELOPMENT
DR. H.S. SINGH, IFS
APCCF, SOCIAL FORESTRY, GUJARAT STATE
Dr. Singh covered following three main aspects in his talk :

1) Growth and Development of Mangroves with respect to
2)
3)

Climate

Application of Mangrove science in mangrove plantation
Mangrove Conservation as a response to climate change

Dr. Singh argued that although mangrove plantation takes place
on a large scale in India, some methods are faulty and go against

nature. In addition, information distributed among the public about mangroves is also inadequate.

People are made to believe that most mangroves are lost; this is a myth. There is some loss of mangroves
globally but less than what is claimed. In fact, in India loss is quite unsubstantial.

In India, the maximum mangrove recovery took place between 1993from less than 400 sq. km to 1000
sq. km by 1999. The steady recovery of mangroves was a result of the tendency of Avicennia marina, the
most common species, to recover fast and colonize.

Factors governing mangrove growth include climate, river water inputs, salinity, tidalamplitude,

turbidity, mudflat conditions etc. These vary from region to region and so do mangroves in terms
of height. In a stump and stem analysis carried out by Mr. Singh, it was found that mangroves grow

throughout two growth and two stress periods in a year; extreme summers in May and extreme winters
in January are stress period wherein mangroves turn yellow.

Mr. Singh emphasized that mangrove plantation methods such as deep trench digging in order to
regenerate mangroves are against nature. It is also likely that unnecessary enforcements of plantations

may reject the plants over the course of a few years. Secondly, in many countries, species selection is

wrong in many plantation sites. Plantations with Avicennia marina will result in monoculture mangroves
as the species is notorious as a great colonizer.

Instead, nature should be allowed to take its own course as mangroves have a natural tendency to recover

quite fast. He concluded that mangrove regeneration methods such as the canal method of restoration
and afforestation may work in certain areas and not in others. In Gujarat, these methods have achieved
success in some areas while in others the same have met with little to no success.

Learning from this talk is that the ratio of rainfall, evotranspiration as well as tidal amplitude

governs the growth and diversity of the mangroves. Narrow environmental range in terms of
temperature, salinity, tides results in monoculture of mangrove species. There are two growth
periods in a year for mangrove in Gujarat. Though there are considerable efforts for mangrove
restoration and plantation, techniques and approach are not appropriate as it does not use the
scientific knowledge.
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MODELLING AS A TOOL FOR EVALUATING ECOSYSTEM :
THE STATIC AND DYNAMIC MODELS APPLIED IN THE
SUNDARBAN MANGROVE ECOSYSTEM
PROF. SANTANU RAY
ECOLOGICAL MODELLING LABORATORY,
DEPARTMENT OF ZOOLOGY,VISVA BHARATI UNIVERSITY, KOLKATA
Prof. Santanu Ray in his presentation explained how ecological
modelling can be a powerful tool for evaluating and predicting the
ecosystem. Different modelling techniques such as static, dynamic
and structural dynamic modelling are used.

Mostly network analysis is used for static modelling in ecology,

and performed by standardized matrix manipulation. The matrix

is considered as the backbone of this analysis. This analysis is

performed on a 14 species food web model of two islands occupying mudflat (one is virgin and another

is reclaimed island) of the Sundarban mangrove ecosystem. The results demonstrate a dramatic

difference between the two islands, in their mode of primary and secondary productions and their roles
of detritus (Ray et al. 2000; Ray 2008). In the reclaimed island, unlike most benthic mangrove systems,

the Sundarban bottom community receives a large contribution from the phytoplankton populations.
In this system herbivoryand detritivory are virtually equal, in contrast to the herbivory : detritovory
ratio of 1 :5 in the virgin system. Only a small number of pathways of recycle can be identified (31),

and the Finn cycling index is quite low (8.4%), whereas, in the virgin island the number of cycles are
39 and cycling index is more than 17 %. Litterfall of reclaimed island comprises only 16% of the total

system input, which is very low in comparison with virgin mangrove ecosystem, where it is recorded
about 80%. All types of fisheries including fin fish and shell fish are much more pronounced in the

virgin counterpart. The other results indicating that the reclaimed system is probably highly resilient to
further perturbations.

Ordinary differential equations are used for dynamic modelling. Two models, one is on nitrogen cycle

and another is on carbon cycle of Sundarban mangrove ecosystem are developed and the dynamics

of nitrogen and carbon in temporal scale are assessed. The amounts of nitrogen and carbon from
mangrove leaf litter in the form of dissolved inorganic nitrogen and dissolved inorganic carbon added
to the adjacent estuary are assessed. The sensitivity analysis of nutrient cycling is determined to know
the sensitive parameters.

General learning from this talk is that ecological modelling can prove to be important tool for

evaluating the condition of the eco-system. Using static and dynamic modelling techniques,
we can predict the changes in mangrove eco-system. Some of the biogeochemical cycles in the
mangrove eco-system can be evaluated efficiently. These models can be important tool for
efficiently evaluating the ecological and economic functions of mangrove eco-systems.
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MANGROVE CONSERVATION – PROTECTING THE VULNERABLE
MANGROVES OF MUMBAI
DEBI GOENKA
EXECUTIVE TRUSTEE, CONSERVATION ACTION TRUST, MUMBAI
Mr. Goenka spoke about 32 years of work that he has been doing
for protection of mangroves. He spoke about the genesis of
Coastal Regulation Zone (CRZ) how his work with Government
officials drafted the same in 1988. He informed that at end of his
long battle for protection of mangroves he seems to have achieved
two things. 1) Mangroves are not treated as wasteland and 2)
mangroves are now treated as wetlands. He also specifically
shared that awareness among general public has increased.

He specifically pointed out that mudflat are categorized as ecologically sensitive habitat as different from
mangroves in latest CRZ notification (2011). He urged that it is important to look at keeping mudflats
as mudflats and they shall not be converted into mangroves habitats. He recommended that mangroves
plantation at all to be done should be done in areas from where mangroves have been destroyed. He
suggested that we don’t want to convert grasslands in to forests the same way mudflats shall not be
converted into mangrove habitat. He suggested that it is important to protect existing mangrove as
destruction of mangroves is still going on not only on Mumbai coast but also all along the Indian coast.

He informed how Conservation Action Trust (CAT) has been advocating for the protection of environment,
especially mangroves, with its proficient team of counsels since last three decades and have brought
several court orders and government orders in favour of mangrove conservation. A Writ Petition in the
Bombay High Court was filed seeking the Court’s intervention to inhibit the destruction of Mangroves
was filed by CAT in order to protect the remaining mangroves in and around Mumbai, which resulted in
its order dated 6th October 2005. This order clearly states that (i)

There shall be a total freeze on the destruction and cutting of mangroves.

(ii) All construction and rubble/garbage dumping on the mangrove areas shall be stopped
forthwith.

(iii) Regardless of ownership of the land, all construction taking place within 50 metres on all sides
of all mangroves shall be forthwith stopped.
(iv) All Government owned land would be notified as Protected Forests and handed over to the
Forest Department.

In view of the delay in notifying the balance areas as Protected Forests, a further order dated 27thJanuary,
2010 was passed to protect the mangroves in Raigad, Ratnagiri and Sindhudurg Districts. As per this
Order, ‘no non forest activity should be permitted by the respondent state in these mangrove areas
throughout the state of Maharashtra which shall be subject to section 2 of the Forests (Conservation)
Act 1980 and Environment Protection Act and Rules, without taking permission from the competent
authority’.
Learning from this presentation is that the mangroves have achieved legal protection and found
place in mainstream forestry and biodiversity conservation activities after combined efforts of
activism and governments intentions. Mudflats being ecologically sensitive habitat should not be
indiscriminately used for mangrove plantation. Mangrove plantation activities should be done
in the areas from where they have been destroyed.
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SESSION III

CLIMATE CHANGE & ROLE OF MANGROVES
CHAIRMAN : DR. MAMI KINUMA, SR. REPRESENTATIVE, ISME
RAPPORTEUR : PROF. V N NAYAK, PROFESSOR, UNIVERSITY OF KOLKATA
Theme of the second session continued as Mangrove Conservation and management as there were

several more speakers to deliver their talks. This session had seven presentations and it was chaired
by Dr. Mami Kinuma who is senior representative of International Society for Mangrove Eco-systems,
Japan. She introduced all seven speakers and proceeded the session accordingly.

The first talk was from Dr. Kazuyo Hirose, who presented Role of mangrove ecosystem on climate change

and REDD-plus. He introduced the REDD-plus and how mangrove conservation can help to address
climate change issues. He also informed the participants the use of remote-sensing techniques which

are used for assessing the mangrove cover and carbon stock. Second presentation was from mangroves
as carbon sequesters under changing climate.

[ 20 ]

Gujarat Ecology Commission
International Workshop on Mangrove Conservation in India

ROLE OF MANGROVE ECOSYSTEM ON CLIMATE CHANGE AND REDD-PLUS
KAZUYO HIROSE
JAPAN SPACE SYSTEMS, TOKYO, JAPAN
Dr. Kazuyo Hirose explained how mangroves ecosystem plays

an important role in mitigating climate change issues through
absorbing carbon dioxide, protecting coastal erosion, and

storing large amount of below ground carbon. He explained
how a mechanism of reducing emissions from deforestation and
address climate change issues.

forest degradation (REDD) was proposed, actively discussed,
conceptualized in COP meetings before final implementation to

Dr. Kazuyo also introduced how to monitor, and manage mangrove using Remote sensing tools which

is in synchrony with COP 15 decision on methodological guidance to establish robust and transparent

national forest monitoring systems using a combination of remote sensing and ground-based forest
carbon inventory approaches (4/CP.15).

He introduced an effective software i.e. QGIS software which can differentiate mangroves up to species
levels and also useful in understanding the mangrove zonation, cover and carbon stock.

The learning from this talk is that how the new technologies can help in the conservation and
management of Mangroves and also to monitor the Mangrove ecosystem with the help of the new
technologies such as GIS & RS. From Dr. Kazuyo talk it was came on floor that how the Mangrove
forest can help in the mitigating climate change issue.
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MANGROVES AS CARBON SEQUESTERS UNDER CHANGING CLIMATE
PROF. (Dr.) RAMESH RAMACHANDRAN
DIRECTOR, NATIONAL CENTRE FOR SUSTAINABLE COASTAL
MANAGEMENT, CHENNAI, INDIA
One approach to reduce atmospheric CO2 concentrations is its

sequestration below ground. Major sinks of CO2 exist in coastal

marginal ecosystems such as mangroves and sea grasses.
Mangroves are well known for the high carbon accumulation rates

but have mostly been overlooked for their contribution as carbon

sinks in comparison to terrestrial forests. Due to high primary
productivity rates and relatively high nutrient concentrations,

coastal margins are an important component of the oceanic carbon cycle, primarily for carbon storage.

Mangroves are known to sequester approximately 25.5 million tonnes of carbon every year and in
addition, provide >10% of essential dissolved organic carbon that is supplied to the global ocean from
land.

The other important link between carbon emission and burial is its source-sink strength from mangrove
surrounding waters. Our estimates of CO2 and CH4 emissions from the tidal creeks and adjacent
inshore waters of mangroves from Andaman Islands are consistent with a significant contribution to

the mangrove sink for global carbon.Evaluating such emissions in a range of mangrove environments
is important to resolving the greenhouse gas balance of mangrove ecosystems globally. Improving

our current understanding of mangrove carbondynamics is important, not only for reducing current
uncertainties, but for predicting the system response to large-scale changes such as mangrove replanting

and clearance, both of which are important in the perspective of mangrove “management”. In the context
of major hydrological disturbances (e.g. sea level rise and human-engineeredalterations in water inflow)

accompanied by the frequent occurrence of storm surges, it is imperativethat an integrated socialecological systems approach be undertaken to the study C storage and sequestration.

Dr. Ramesh concluded that though mangroves occupy a small share of earth’s structure but the total

volume of carbon they hold is substantial. Accelerated land use changes are resulting in increase in
atmospheric CO2 build up. Conservation measures are essential to increase Carbon sequestration and
consequently it’s burial.
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IMPACT OF CLIMATE CHANGE ON SUNDARBANSADAPTATION AND MITIGATION MEASURES
DR. A. K. RAHA
EX. PRINCIPAL CHIEF CONSERVATOR OF FORESTS, WEST BENGAL
PROFESSOR EMERITUS AND HEAD OF RESEARCH VERTICALS
Dr. Raha began his presentation by introducing the ecological and
socio-economic importance of Sundarban mangrove. He briefly
described the number of mangrove species, other flora and fauna
of Sundarban. He informed the variety of eco-system services that
Sundarban provides. He explained how local people manage their
day to day life and livelihood in Sundarban mangroves.

Dr. Raha provided detailed account of the threats that the
Sundarban mangroves faces today which are, 1) manmade threat, 2) natural threats, and 3) climate
change.
Some of the major threats due to climate change are increase in salinity which leads to change in floral
and faunal diversity; some of the species like Nypa and Heritiera are getting extinct from Sundarban. As
per a speculated theory it is believed that due to increase in salinity, the tigers are gradually migrating
northward and straying into human habitations.

Other impact of climate change and increase in salinity are that the agriculture productivity in Sundarban,
which is decreasing gradually. Increasing tide levels, flooding, cyclone, cyclonic storm surges etc. directly
threatens the lives of people residing in Sundarban.

Sundarban is subjected to consequences of global climate change due to increasing green house gases.
It is therefore, the primary mitigation measures must come from the reduction of emission through
REDD and decreasing the usages of fossil fuels through global efforts. The climate change adaptation
strategy for Sundarban shall come from making people less dependent on mangrove forests by giving
them alternate livelihood options.Embankments around islands should be properly managed so that
it doesn’t break. Stop mangrove areas being converted into aquaculture. Restore degraded mangrove
areas as a means to carbon sequestration.
Dr. Raha explained how successfully the forest department has taken up eco-development activities
towards climate change adaptation by involving local people.
With their experience in working with local community through eco-development project, they he
concluded that climate change may adversely affect around 1 million (25%) people directly. The poverty
and unemployment may magnify biotic threats to the Sundarban. Mitigation measures should primarily
consider 1) conservation of mangrove biodiversity 2) management of embankment around islands and
3) sustainable livelihood.

Finally Dr. Raha concluded that the local community of Sundarban is subjected to consequences
of climate change due to increasing green house gases globally. Therefore, the cost of mitigation
measures or in other words, the cost of conservation of Sundarban mangroves shall come from
national and international funding sources.
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GHG EMISSION BETWEEN 2006-2011 FROM LAND USE AND
LAND COVER CHANGES OF MANGROVE CONSERVATION AREA,
NORTH SUMATRA, INDONESIA
DR. MOHAMMAD BASYUNI
DEPARTMENT OF FORESTRY, FACULTY OF AGRICULTURE,
UNIVERSITY OF SUMATERA, INDONESIA
Dr. Mohammad Basyuni presented how mangrove forest in the
context of climate change is one of the important sectors to be

included in the inventory of greenhouse gas (GHG) emissions. He

presented his study on Land use and land cover changes between
2006 and 2011 in a mangrove forest conservation area of Karang

Gading and Langkat TimurLaut Wildlife Reserve, North Sumatra,

Indonesia. His study suggested how land use of aquaculture and

oil palm plantation are a source of deforestation as well as the largest source of GHG emissions in this
area. According to him, oil palm plantation and aquaculture between 2006 and 2011 increased in
this area, compared to secondary mangrove forest, which reduced by 213.62 ha (39.4%). A land use
change matrix indicated that the decrease of mangrove forest due to an increase of land use intensively

of aquaculture (135.48 ha) and oil palm plantation (78.14 ha). Furthermore, the net cumulative GHG
emissions for 2006-2011 was 33,023.53 t CO2-eq/year, whereas in year 2020 enhance to 43,751.44 t
CO2-eq/year or an increase of 32.48%.

His study results indicated that this conservation area is still a GHG emitter. The largest source of GHG
emissions were mainly contributed by the changes from secondary mangrove forests into aquaculture

of 3223.9 t CO2-eq/year, followed by changing of secondary mangrove forests into oil palm plantations
of 959.00 t CO2-eq/year.

He suggested few measures for climate change mitigation linked to mangrove forest conservation;1)

strict management of land conversion for this area 2) protection of existing mangrove forest with a
high carbon sequestration potential 3)promotion of reforestation programs in the region, especially in
shrubs or an abandoned aquaculture farms.

Learning from this talk is that the mangrove eco-system continues to be converted in to
aquaculture and Oil Palm cultivation in Indonesia that holds largest mangrove forests in the
world. This has flagged the issue of potential mitigation actions for climate change linked to
Indonesian mangroves and need for interventions at national and international forums.
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ROLE OF MANGROVES IN ENHANCING ADAPTIVE CAPACITY OF
LOCAL COMMUNITY TO SEA LEVEL RISE
DR. V. SELVAM
SR. SCIENTIST
M S SWAMINATHAN RESEARCH FOUNDATION, CHENNAI
Dr. Selvam explained how coastal communities are vulnerable to

climate change impacts in India with data and references. He also

explained how mangrove can play important role in enhancing

adaptive capacities of local people. According to him following
strategies shall be applied to enhance the adaptive capacities of
local communities.

1) Mangrove conservation and management should be an integral part of the national strategy to
enhance adaptive capacity of local community to sea level rise

2) Promote Joint Forest Management as a major strategy to restore and conserve existing mangroves
as well as a to create mangroves in new areas,

3) Promote integrated mangrove fishery farming system in saline affected areas as a livelihood
strategy and

4) Follow a science based, community based and process-oriented approach in all the mangrove
conservation and management endeavours rather than target based approach.

Dr. Selvam described that how the simple efforts with the participation of community can help in
the conservation and management of Mangrove ecosystem. He has also emphasized to strengthen
the role of community involvement in the Mangrove conservation and management.
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CARBON CONTRIBUTION OF ABOVE GROUND BIOMASS OF Rhizophora
apiculata BLUME IN THE SOUTH OF VIETNAM
VIEN NGOC NAM
NONG LAM UNIVERSITY, HO CHI MINH CITY, VIETNAM
Quantification of mangrove carbon storage forms important basis
for calculating payments for forests environmental services as
well as to implement REDD+ programme in Vietnam. Dr. Nam

presented his research and methodology how he has quantified
above ground biomass of Rhizophora apiculata which is dominant
that absorb.

in South Vietnam. The result has identified the structure of
biomass, carbon storage and CO2 on the ground of individual tree

Through his study, he has identified the amount of CO2absorbed on the ground of Rhizophoraapiculata

in 3 provinces as Ho Chi Minh City, Ben Tre and Ca Mau using 118 cut trees. Research results have
also identified the correlation between the CO2absorbed with investigated factors, such as diameter at

breast height (D1.3), as a basis for quick calculation, prediction and evaluation of the CO2absorption
capacity of Rhizophoraapiculata in the South of Vietnam.

The equations of power CO2= aDb represents the relationship between carbon dioxide with diameter at

breast height (D1,3) of Ho Chi Minh City, Ben Tre and Ca Mau are CO2= 0,6171* D1,32,2896 (R2 = 0,9829),
CO2= 1,1648*D1,31.9895 (R2 = 0,99), CO2= 0,392*D1,32,4649 (R2 = 0,9874) and the conversion factor
from dry biomass to carbon is 0.488, 0.459 and 0.455 respectively.

His research suggested that there are different forms of allometric equations of CO2with diameter of

breast height and varies between areas. Therefore, the equations shall be established for each mangrove
unit separately.
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BLUE CARBON RESERVOIR OF INDIAN SUNDARBANS
PROF. ABHIJIT MITRA
ASSOCIATE PROFESSOR AND FORMER HEAD DEPARTMENT OF
MARINE SCIENCE, UNIVERSITY OF CALCUTTA
Prof. Mitra in his talk informed that as per NASA study 83% climate

is controlled by the nature where we do not have any control.
We therefore have to think about remaining 17% of the share of
climate change. He presented historical data and information on
temperature rise and CO2 emission and their correlations.

Blue carbon involves mangrove tree sand other components

of seawater such as phytoplankton, seaweed and variety of micro-plants that has great capacities to
sequester carbon in the oceanic water.

Prof. Mitra’s research have found that the Western, Central and Eastern sector of Sundarban have different

Salinity gradients based on the fresh water inflow. The central section of Sundarban has less fresh water
flow and is more saline than eastern and western sections of the Sundarbans. The carbon sequestration

capacities of 5 different species studied form three sections of Sundarban also shows variation in three

sections. The eastern sector sequestered 67,70,420.9 tonnes in 54,308 ha., central sector 56,27,493.60
tonnes in 52,260 ha., and Western sector 6,27,591.90 tonnes in 5725 ha., of mangrove forests. There are
some species that are salt sensitive (Sonaratiaapatala) and salt resilient species (Exocariaagallocha).

If the salinity raises the Sonaratiaapatala would be the first species to vanish from Indian Part of
Sundarbans, where as Exocariaagallocha is a resilient species and with increase in salinity its biomass
is likely to increase.
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SESSION IV

COMMUNITY PARTICIPATION IN MANGROVE
CONSERVATION
CHAIRMAN : DR. C. N. PANDEY, IFS, PCCF, WILDLIFE,
GUJARAT STATE
RAPPORTEUR : PROF. N. S. CHAVAN, SHIVAJI UNIVERSITY, KOLHAPUR
This session was chaired by Dr. C. N. Pandey, Principal Chief Conservator of Forests, Wildlife, Gujarat

Forest Department. There were six presentations in this session. A lead talk by the High Commissioner
of the Republic of Bangladesh, H. E. Mr. Tariq A Karim, was also delivered in the course of this session.

The first talk was by Prof. Ulrich Saint-Paul, from University of Bremen, shared the learning form bilateral

project in North Brazil. He explained how they successfully implemented MADAM project and brought out
several scientific facts and indicators of the changing mangrove eco-system of Northern Brazil. Second

talk was by Dr. Golding Quodros, who spoke how they raised awareness about mangroves among the

citizen of Mumbai. Third talk was by Dr. A. K. Verma, IFS Member Secretary, Gujarat Ecology Commission,
who talked about community participation in mangrove restoration and conservation and how it has
made significant contributions related to long-term restoration programmes across the coastline of
Gujarat. Fourth presentation was made by Dr. Maung Maung Than, who presented how community

involvement helped conservation and restoration of mangrove through a case study in Ayerawady delta
of Myanmar. Fifth and sixth presentations were from industry’s contributions in mangrove afforestation
on Gujarat coast. These industries presented what they did for mangrove conservation and how much
plantation they carried out using Public Private Partnership (PPP) models.

Some of the interesting suggestions made during the discussions include, that all the industries shall

be made accountable in terms of how much areas they have disturbed and how much area they have
planted. Dr. D. K. Sharma, CCF, Kachchh pointed out that there is disproportionate contributions by the
mega industries with high economic stakes located on coastal areas. Such industries shall invest more

for restoration and conservation of coastal ecology. Dr. Ishita from State Biodiversity Board suggested
that biodiversity law shall be observed while planting mangrove. She also suggested that mangrove
plantation and restoration activities shall not only be done by one agency that always lacks staff, local
villagers can also be involved in mangrove plantation and restoration activities.
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INTER RELATIONS BETWEEN MANGROVES, LOCAL ECONOMY AND
SOCIAL SUSTAINABILITY : LESSONS LEARNT FROM A
TRANS-DISCIPLINARY PROJECT IN NORTH BRAZIL
U. SAINT-PAUL
LEIBNIZ CENTER FOR TROPICAL MARINE ECOLOGY (ZMT)
North Brazil contains the world’s largest continuous mangrove
area. Since the system is still well conserved but under increasing
anthropogenic pressure it was selected for a bilateral integrated
research approach, the MADAM Project.

The direct objective of this interdisciplinary project (19952005) is the generation of the scientific basis for the sustainable

stewardship of the resources of the Caeté mangrove estuary in North Brazil. The research questions and
results support sustainable coastal zone management on the North Brazilian coast and tropical coastal
ecosystem management as a whole.
Principle outcomes are

z Development and integration of scientific and traditional knowledge on natural and anthropogenic

processes.

z Development of a central database and information system (MAIS) for data synthesis and
z

transfer.

Development of mangrove models and their sustainable use under various scenarios.

Main perspectives for the future are the transfer and validation of identified system patterns
to different scales from local to regional including mangroves and other related wetlands.
Ecotones involving salt marshes, tidal flats and terrestrial vegetation are particularly valuable as
indicators of change in anthropogenic activities, climatic and hydrologic shifts. These indicators
can support management conceptions in a scenario of changing environmental conditions.
Adaptation of participatory indicator-based co-management methods to natural, cultural, social
and economic variables.
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AWARENESS ABOUT MANGROVES AMONG THE CITIZENS OF
MUMBAI – AN ISLAND METROPOLITAN CITY OF INDIA
SURROUNDED WITH MANGROVES
GOLDIN QUADROS
WETLAND ECOLOGY DIVISION, SALIM ALI CENTRE FOR
ORNITHOLOGY AND NATURAL HISTORY (SACON)
COIMBATORE, INDIA
Mumbai city is an island city with mangroves all along its coast.
It is one of its kinds of a city in India as there is no other metro
in the country that is surrounded by the mangroves. However
during 1990 to 2001, Mumbai has lost a total mangrove area of
36.54 sq. km. The main threat to mangroves in Mumbai is due
to anthropogenic activities like, cutting for fuel, reclamation for
various purposes such as industry, agriculture, sand landing, solid
waste dumping, aquaculture ponds, and construction of housing
colonies, roads and bridges violating the CRZ regulation. Hence the awareness about the importance of
mangroves among the population is essential in order conserve it.
The study to check the level of awareness about mangroves among the people residing in Mumbai
was undertaken during June to December 2011. A questionnaire survey was designed based on
general awareness, awareness on the laws, and importance of mangroves and currents affairs. Around
850 individuals belonging to different sections of the society including school students to corporate
employees were interviewed. From the data collected, it was observed that despite some knowledge
about the existence of mangroves a majority of them were unaware of the importance of the mangroves
to the city. This included the teachers from Schools as well as the Colleges and media, the three most
important parts of the society who are responsible for generating awareness. The response from the
common man i.e. the house wives, daily wage workers as well as the educated corporate were oblivious
to the ecosystem and ecological benefits provided by mangroves or even their existence.
Hence, in order to conserve the mangroves in Mumbai, it is now urgent that the citizens of Mumbai
realize that the rapid destruction of mangroves along the coast of Mumbai will have far-reaching effects
on the city. There is a need in Mumbai to initiate efforts to highlight the issues like land reclamation,
coastal regulation zone notification and illegal destruction of the mangrove areas and build awareness.
Protection of the mangrove ecosystem is possible only through the participation of the local community
and by building up pressure groups for ensuring management of this ecosystem and strict implementation
of the legal provisions by the Government. Thereby, integrity of habitats critical for marine biodiversity,
apart from ecological sustainability and community-sustainability could be maintained.

The study revealed that the citizens of Mumbai do not value their mangrove ecosystems despite
valuing its importance. The citizens are increasingly heading towards modernization. If the
mangroves of Mumbai are preserved, it would have tourism potential.
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COMMUNITY PARTICIPATION IN MANGROVE CONSERVATION IN GUJARAT
DR. A.K. VERMA, IFS
MEMBER SECRETARY, GUJARAT ECOLOGY COMMISSION;
PROJECT DIRECTOR, ICZMP, GANDHINAGAR, GUJARAT
Dr. A. K Verma’s presentation focused on community participation

in mangrove restoration and conservation. He stated that
community participation has made significant contributions
related to long-term restoration programmes. In particular,

remarkable changes have been observed between the years 20002007. The Integrated Coastal Zone Management Project (ICZMP)

also aims at mangrove restoration and conservation. Dr. Verma

spoke at length about the ICZMP, highlighting its components, entry point activities, capacity building

activities, surveys, demographic data and village profiles among other aspects. He laid emphasis on

the social and economic aspects; co-operative societies, self-help groups in Jamnagar, Gandhidham and

Naliya. A significant approach was adopted in that coastal issues were discussed at the village level with
the community, CBOs through the participatory approach to empower the coastal community.

He has also explained that how the GEC has evolved with the process of community mobilisation for
conserving this vital ecosystem. He has also demonstrated that how GEC has carry forward this initiative

in 160 villages to enhance the livelihood of the coastal community. He has also stated that through
this initiative GEC is building the capacity of the local communities for conservation of coastal natural
resources. This only not benefited ecologically but also helps the community to provide an alternative

livelihood option. He has also explained through his talk that how this initiative has able to change the
ecological and economic conditions of the coastal communities.

Dr. Verma through his talk showcased as to how the community involvement had led the mangrove

conservation programme in the State of Gujarat. He had also expressed that Gujarat is one of the pioneer
State in taking up the more than 15000 ha of Mangrove plantation activities through active involvement
of community. One of the key learning from the Dr. Verma’s talk was about how the available resources
can be pooled and brought on one platform for common goal of resources conservation.

He explained that involvement of corporate houses was difficult job however Gujarat State has
been successful to bring all three major stakeholders of Mangrove Ecosystem such as Industries,
Community and Government on one common platform.

[ 31 ]

Gujarat Ecology Commission
International Workshop on Mangrove Conservation in India

MANGROVE CONSERVATION AND REFORESTATION THROUGH
COMMUNITY PARTICIPATION TOWARDS SUSTAINABLE
UTILIZATION AND REDUCTION OF DISASTER RISK
A CASE STUDY IN AYEYARWADY DELTA OF MYANMAR
MAUNG MAUNG THAN
FREDA (NGO), MYANMAR
Myanmar, situated in Southeast Asia, has a total of 704,883
hectare of mangrove forests that are diverse in species and have
been traditionally utilized for livelihood of local communities
for many years. However, mangrove forests of Myanmar
have been degraded and denuded with an alarming rate due
to overexploitation, conversion to other landuse and natural
disturbances since 1970.Therefore, mangrove conservation and
reforestation activities have been commenced since 1980 in
coastal areas of Myanmar in order to restore the mangrove ecosystem. In 1995, Forest Department
issued “Community Forestry Instructions-CFI” to provide a space for local people to actively participate
in rehabilitation and conservation of forests for the sustainable forest management. Because of the
CFI providing 30 year land tenure to local people, the momentum of reforestation and conservation
of mangroves has gradually increased in Myanmar. Forest Resource Environment Development and
Conservation Association-FREDA local NGO took the opportunity of CFI and assisted local communities
of the delta to participate in mangrove conservation and reforestation in collaboration with a Japan NGO
called “Action for Mangrove Reforestation-ACTMANG in the Ayeyarwady delta. Villagers from the project
area formed Forest User Groups-FUGs in accordance with CFI to establish community forests with the
technical and financial assistance of FREDA and ACTMANG. As a result, a total of 2000 ha of mangroves
have been rehabilitated for 14 years. During the Cyclone Nargis in the early of May 2008, some damages
were found in and around the communities where mangrove reforestation had been done nearly 10
years. After the Cyclone, local people became more interested in conservation of mangrove because
they had known the value of mangroves as disaster risk reduction. Sharing experience and knowledge
have been increasing among local communities in terms of mangrove planting and conservation since
that time. Nowadays, Forest User Group members can collect timber and non-timber forest products in
a sustainable way from the community forests that they established and conserved. In addition, they are
selling the surplus to neighbouring villages and towns for additional income.
Therefore, replication of mangrove rehabilitation is getting increased in the delta for the purpose of
sustainable utilization as well as disaster risk reduction. However, some challenges still remain in
mangrove conservation and reforestation through community participation in the delta, on the other
hand. Unsystematic landuse planning, unclear tenure right, weakness of law enforcement, poverty and
lack of alternative energy are unavoidable barriers for sustainability of community forests. Inhabitants
of the delta are trying to overcome these challenges with the assistance of government and nongovernment organizations for the sustainability of their community forests.
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INDUSTRIES CONTRIBUTION IN MANGROVE CONSERVATION IN GUJARAT
SPECIALLY REFERRED TO ADANI GROUP
DR. AMOL JAIN
GENERAL MANAGER
ADANI MUNDRA PORT & SEZ LTD, MUNDRA, GUJARAT
Dr. Amol Jain represented Adani group of industries which is in

to ports sector and has major port on the coast of Gulf of Kachchh

in Gujarat. Dr. Amol presented efforts made by Adani group for
conservation and afforestation of mangroves on Gujarat coast.

Mangrove plantation/afforestation is carried out in total 1538ha

in 6 years distributed on entire coast of Gujarat starting from
Jakhau to Dandi in south Gujarat. Majority of the plantation is

carried out on Kachchh coast. The survival rate is more than 79% till date. The plantation and monitoring

has been done in collaboration with technical organizations such as GEC, GUIDE, CEE and SAVE. The
plantation model included species such Avicennia marina and in some part Rhizophora mucronata
and Ceriops tagal. The plantation model ensured involvement of local fishermen from 29 villages that

generated total ` 1.17 crore revenue for them. In order to protect existing mangroves, Adani group has
taken several measures. It involves fencing, security guard and providing alternate fodder for cattle

to the villagers. Adani Ports and SEZ Limited has received few awards, one of them is C-40 World Port
Award for the year 2008-09 for implementing green port ideology.

One of the major concerns raised by Adani group based on their experience and observations
is that after plantation activities are over through Public Private Partnership (PPP) mode, local
community looses interest in mangrove conservation. He suggested that such areas after PPP
plantation should be handed over to forest department for better care and protection.
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PETRONET LNG’S CONTRIBUTION ON PLANTATION,
CONSERVATION AND RESTORATION OF MANGROVES
ALONG THE GUJARAT COAST THROUGH PPP MODEL
MR. K.S. RAO
PETRONET LNG LTD. DAHEJ
Mr. Rao extended his thanks to GEC for involving corporate houses

as a noble cause to contribute and support to the society. Mr. Rao
screened a corporate video film of Petronet LNG to showcase
the functionaries of their company. He acknowledged that lot
of research is involved and efforts are being made in planting

more mangroves, lagoons, sanctuaries and marine ecosystem etc.
Mr. Rao highly appreciated that the PPP model implemented by

Government of Gujarat provides much needed platform to industries to work with local communities
and government agencies for nature conservation.

Mr. Rao informed that since 2007 his company has completed 650 ha. of mangrove plantation involving

GEC and Bhavnagar Forest Department through PPP mode plantation with an expenditure of 150 lacs.
In the next two years, it aims to complete 1050 ha. using 3 species of mangroves viz. Avicennia marina,

Rhizophora mucronata and Ceriops tagal. He suggested that the company is planning for extending their
mangrove afforestation work in future along with GEC.
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SESSION V

COMMUNITY PARTICIPATION IN MANGROVE CONSERVATION
CHAIRMAN : DR. A. G. UNTAWALE, PRESIDENT,
MANGROVE SOCIETY OF INDIA
RAPPORTEUR : DR. V. K. DHARGALKAR, SCIENTIST, MSI, GOA
There were total 6 presentations in this session. This session was chaired by Dr. A. G. Untawale, Executive

Secretary, Mangrove Society of India. First presentation was made by Prof. Sanjay Deshmukh who gave
history of mangrove research in India and in the world. He also classified research and information gaps
in to five major classes.

In second presentation Ms. Inoue brought forth fascinating facts of mangrove species as to how they
change the chemical properties of soil where they colonize. In third presentation, Dr. Kathiresan
highlighted how apart from the known benefits, mangrove products have great commercial and

economicpotentials. He explained how mangrove eco-system is unparallel to any other eco-system in
the world with very high bio-prospecting values. In fourth presentation Dr. Oswin Stanley spoke about
technical gaps in mangrove restoration.

The fifth presentation was by Dr. O. K. Ramadevi presented about insect diversity in mangroves of

west coast of India. While Dr. Richa Pandey in her presentation highlighted about current research on
mangrove in Gujarat.
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GAPS AND NEEDS OF RESEARCH IN MANGROVE CONSERVATION
PROF. SANJAY DESHMUKH
PROFESSOR, MUMBAI UNIVERSITY
In the world of Mangrove research, a collective effort was initiated
for the first time by UNESCO and UNDP; the entire credit for
implementing those programmes goes to Dr. Marta Vannicci
‘the mangrove lady’ and the “mother of mangroves” who is now
close to her 90s. The project which was initiated by UNESCO and
UNDP in early 80s was a paradigm shift in the approach toward
conservation and management.

Dr. M. S. Swaminathan who was the then chairman of IOCM
and became the first president of the International Society of Mangrove Ecosystems, gave different
dimensions to the entire research. He was the first to speak about climate change, adaptation to climate
change and the role of mangroves. The existences of those genes which are salt tolerant makes the
plants survive even with the intrusion of salt water. The entire research took a different turn in addition
to of course conservation and management. The young generation of researchers all over Southern and
South East Asia including Western Africa region became very interested in doing research.
Many initiatives have been taken in the field of research but, despite all these efforts, which were initiated
by India, there remain a lot of gaps. Prof. Deshmukh particularly highlighted the gaps.

He began with highlighting the human aspect. All of us know that 67% of world population is residing
in 60 km belt of the world. In India percentage is 33.33% population of India residing 80 km from coast.
This indicates that there is tremendous pressure on natural resources. Despite this, 3 out of 4 mega
cities are located on the coast, Kolkata, Chennai and Mumbai.
In 1991, the CRZ regulation restricted activities in coastal areas but there was no regulation in terms of
those activities and therefore the sustainability in management has not been satisfactory.
Prof. Deshmukh highlighted different types of information and briefed about instruments with potential
synergy with CBD (Convention on Biological Diversity). He explained about applying the CBD to the
coastal realm and also explained first five areas identified in the Jakarta Mandate and last three actions
that aim to support the implementation of the mandate.

He pointed out challenges in improving conservation and utilization. He explained questions raised
by CoP 11 such as : how do we tackle poverty reduction with the ultimate goal of enhancing coastal
livelihoods and well-being of local populations?, how does one consolidate sustainable management
of coastal and marine biodiversity?, how do we strengthen the environment and strategic impact
assessment processes for coastal and marine areas? And how can countries realize the Aichi Biodiversity
Target commitment on establishment and management of the Marine Protected Areas?
When we address these areas research gaps can be identified. He divided gaps into five groups :

(i) Landscape/Seascape/Ecosystem level research (ii) Habitat level research on Coastal and Marine
Biodiversity (iii) Species level research on Coastal and Marine Biodiversity (iv) Socioeconomic evaluation
based research (v) Policy level research.
He further elucidated on conservation actions. At the end he highlighted NCSCM priority areas to
achieve ‘the Parivartan Agenda’.
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WHAT HAPPENS TO SOIL CHEMICAL PROPERTIES AFTER
MANGROVE PLANTS COLONIZE ?
TOMOMI INOUE
NATIONAL INSTITUTE FOR ENVIRONMENTAL STUDIES,
TSUKUBA, JAPAN
Ms. Inoue brought forth fascinating facts of mangrove species
as to how they change the chemical properties of soil where

they colonize. Mangrove like other plants are known to excrete

a variety of substrates that facilitate the availability of macroand micronutrients in the root zone, by enhancing absorption of
appropriate nutrients even under nutrient deficient conditions.

For instance, organic acid exuded from plant roots, such as citrate

and malate, are known to mobilize P from sparingly soluble Fe, Al and Ca phosphates. Besides these, plant
roots continuously provide organic matter such as decaying root parts. These organic matter-rich root

zones are different from the bulk soil and provide niches in which bacteria thrive, because heterotrophic

bacteria can use these plant-derived carbon compounds as electron donors to generate energy. Therefore,
soil microbial metabolic processes also change in association with plant colonization.

She also explained how bacterial nitrogen fixation was significantly higher in the mangrove soil than in
uncolonized soil, leading to an interpretation that the mangrove plants induced nitrogen fixing bacteria
around them.

These self-supporting abilities observed in mangroves could be key adaptation to form highly
productive ecosystems even under sterile environments. There are more functions in mangroves
that we do not yet know, so there is much more to discover.
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BIO PROSPECTING POTENTIAL OF MANGROVES
DR. K. KATHIRESAN
ANNAMALAI UNIVERSITY, TAMILNADU
Dr. Kathiresan highlighted how apart from the known benefits,

mangrove products have great commercial and economicpotentials.
He explained how mangrove eco-system is unparallel to any other
eco-system in the world with very high bio-prospecting values.
He explained various mangrove products and other bio products
found in mangrove eco-systems have great bio-prospecting
values.

V The syntheses of Silver nano-particles from mangrove extract which kills human pathogens
can be used for filtering water.
V

Mangrove stilt root anatomy helps desalination of sea water.

V

Mangrove tea shows anti-diabetic activity, prevent cancer caused by DMBA.

V Mangrove extracts are also efficient in controlling variety of cancer including oral &
cervical cancer.
V Mangrove extracts kill mosquito larvae.
V He explained how mangrove species are used as health tonic and in treatment of various
diseases.
V Mangroves are paradise for microorganisms which help degradation of polythene and
capable of removing heavy metals.
V He concluded that there are still numerousbio-prospecting potentialsthat mangroves
have which needs to be investigated further and brought to the level of economic benefits.
More research and experimentation needs to be carried out for this.
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MANGROVE ECOSYSTEM RESTORATION ECOLOGY AND GAPS IN
CONSERVATION AND MANAGEMENT STRATEGIES
DR. OSWIN STANLEY
VADODARA
She mostly spoke about technical gaps in mangrove restoration.

She informed that prior to taking up any restoration work
following care shall be taken.

V Understand the unique ecology of each of the mangrove species.
V Understand the normal hydrology pattern in the area.
V Resolve the ecological problems.

V Undertake plantation only if the natural regeneration is not possible due to of seed limitations.
V Avoid monoculture plantations.

V Avoid indiscriminate conversion of mudflats into mangrove areas.

V Take up plantations with complete mangrove eco-system understanding.

V Large targets interfere with natural regeneration process as the seeds are taken away for
plantations.

She explained with several examples where mangrove plantations have been carried out without
understanding the mangrove eco-system.
She stressed that conservation and care of existing mangroves is more important than planting
in new areas with big targets.
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INSECT DIVERSITY AND INSECT PLANT RELATIONSHIPS
IN THE MANGROVES OF WEST COAST OF INDIA
Dr. O. K. REMADEVI
INSTITUTE OF WOOD SCIENCE & TECHNOLOGY, BANGALORE, INDIA
Mangroves in the west coast of India are economically very important
ecosystems, which are fast depleting at an alarming rate, mostly
attributed to biogenic stress. Studies were conducted in the west coast
mangroves of India to investigate the insect-plant relationships and
the harmful and beneficial roles played by insects. The interactions
of insects with the mangrove trees as defoliators, wood borers,
frugivores, parasites, pollinators and predators were investigated
during the past decade. Insect herbivores are found to influence the
health of the mangrove plants. 625 species of insects belonging to 252 families of 15 Orders were documented
and 282 insects could be identified up to genus/ species level. Coleoptera, Diptera, Hemiptera, Hymenoptera
and Lepidoptera constituted the major groups in the collection. 141 species of herbivorous insects were
documented from the study. The leaf damage inflicted by different folivorous insects in three major mangrove
species namely Avicenniaofficinalis, Rhizophoramucronata and Sonneratia alba was assessed using digital
leaf area analysis and it was found to vary from 0.5% - 16.11%.
One beneficial dimension of insect plant relationships is the role played by pollinators. Diversity of flower
visiting insects and their visitation dynamics were studied in field condition. Based on certain key attributes
of insects and flowers, efforts have been made to differentiate the effective pollinators from the flower visiting
insects.
Six mangrove species, R. mucronata, A. officinalis, A. marina, A. alba, S. caseolaris and S. alba were
studied in detail for documentation of major pollinators. 36 species of flower visiting insects belonging
to 18 families of four major insect orders have been recorded .This study highlighted some of the most
fascinating relationships of insects and plants in the mangrove ecosystem.
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CURRENT RESEARCH ON MANGROVES IN GUJARAT
DR. RICHA PANDEY, FOREST DEPARTMENT
Dr. Pandey introduced participants to the diversity of Mangroves

in Gujarat, species diversity, its associates and distributional

pattern of mangroves in Gujarat. She also discussed important
Research institutions & studies in mangrove ecosystems.

She specified that there are 15 mangrove species in Gujarat out
which more than 94% is A. Marina. South Gujarat has major

floristic diversity in terms of Mangroves. The research provides suitable time for propagule collection
and mangrove plantation; reproductive biology of six mangrove species studied in Gujarat.

Studies also revealed that the proportion of clay in soil is directly proportional to mangrove recruitment.

Secondly, socio-economic dependence on mangroves is more in south Gujarat compared to other
mangrove areas of the state.

Her study in carbon sequestration of mangroves in Gujarat inferred that Carbon sequestration
by mangroves species varies from 31% to 42% with an average of 36.9% of dry weight;
A. Corniculatum and R. Mucornata sequester relatively more carbon.
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ADDRESS BY H.E HON. MR. TARIK A KARIM.
THE HIGH COMMISSIONER OF REPUBLIC OF BANGLADESH

Ecological Security in South Asia and the Sunderbans
Mangroves – A Bangladesh Perspective

Hon’ble Chair

Distinguished Experts

Representatives of Gujarat Ecology Commission,

International Society for Mangrove Ecosystem (ISME), and
Mangrove Society of India (MSI)
Ladies and Gentlemen,

1) It is indeed a great pleasure for me to be here. At the very outset, I would like to put on record

my deep appreciation for the Gujarat Ecology Commission (GEC), the International Society
for Mangrove Ecosystem (ISME), and the Mangrove Society of India (MSI) for organizing the

International Workshop on Mangrove Conservation on 26 - 27 July 2013 at Gandhinagar, Gujarat
to commemorate the International Day for Mangroves, and in particular, for facilitating our
interaction with you.

2) Before I commence, let me pay my homage to Bapuji Mahatma Gandhi, the liberator of India, and
more importantly, the principal universal proponent of peace and tolerance in the world as we

know today. To Bapuji – who is from this land and to whose untiring efforts we owe much across
all the countries in the South Asian region for devising a sovereign architecture that we now
operate in, and essentially, would like to build upon.

(The General Idea)

Chair, Distinguished Audience,
3) The issue at hand today, Mangroves, is far from saving trees and that too saving a particular

species alone. The issue at hand today, distinguished participants, is a question of preserving
life as we know of, it is a question of preserving the ways of life as we know of. Millennia of
civilization are at stake because of the fragmentation and conflicting policies that we have taken

as independent republics over only a couple of decades. The question today, distinguished
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audience, is to form a comprehensive world view which would help us guide our ways through
into the future – not only with the poise and elegance befitting of the human race – but also in

an equal measure of deep respect for the natural habitats that sustain us – that sustains life as
we know of!

4) It would be clieche if I would commence by saying that we must bear in mind how the past few

decades have witnessed tremendous changes both in political and economic arena. But indeed
systems and institutions have been profoundly affected – and consequently transformed – due

to the political and economic pressures stemming from a growing and increasingly informed
population. Rapid integration of both markets and supply side mechanisms – and above the
entire rise of the global consumer – on a planetary scale have brought forth not only new sets

of opportunities but also challenges. The paradigm is further worsened with not-so-infrequent
bouts of either an actual or a perceived melt-down of the global financial (read, economic) order
– which seems to cloud our thoughts at a much deeper level.

5) No matter which country or society it would be that we may represent – it must be understood
that our lives and destinies are interlinked. Recognizing the centrality of Article XXV of our

sacred Constitution and the Vision 2021 agenda of Prime Minister Sheikh Hasina, immediately
after taking office, we have defined the foreign policy priorities as :
a. Economy – i.e., stabilizing the economy

b. Ecology – i.e., renewing efforts for environmental protection and prevention of environmental
degradation

c. Security – i.e., building and consolidating on a regional network of security institutions.

6) I as a Diplomat feel that, given this complicated state-of-affairs that I observe at several concentric
and co-temporal levels and dimensions, it is of paramount importance to realize where South

Asia fits in and what could be done to gain the maximum advantage from this situation from our
unique individual persepctives. The answer appears to be simple : we need to work on finding a
“common minimum agenda”. I would like to stress on the cornerstones which define essentially
more than a third of the objective narrative that this region is built upon. The axis of cooperation

and collaboration between Bangladesh and India and how it can be catapaulted into a paradigm
of sub-regional cooperation for South Asia – especially with regards to the preservation of the
natural habitats, ecosystems, biomes, and entities and particularly, of mangroves – to arrive at
comprehensive ecological security.

(Bangladesh-India Relations)
Ladies and Gentlemen,

7) A little bit of geography may help us pinpoint the scenario.
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8) India and Bangladesh come from a very peculiar intersection of time and space. Mellowed with

the eternity of the tectonic specifications, the two countries have a shared history and heritage

which predates even the earliest known traces of human civilization in this part of the world.

Bangladesh for one, shares 4,094 kilometers of land border with India on three sides, the fourth
side being open to the Bay of Bengal – the maritime zone, which again stretches along the Indian

maritie zone. It would not be unfair if we said that we share the longest land boundary that India
shares with any other country in the world and we are the most valuable trading partner that

India has in at least the South Asian region, if not much beyond that. It should have been in our
mutual interest and also in the interest of regional stability and prosperity, that there be close
cooperation and interaction amongst us. But things were not always the same. Not at least for
the greater part of the last four decades.

9) Bangladesh is eternally indebted to the people of India for recognising the independence of
Bangladesh and to have fed and sheltered more than ten million people for almost a year and

above all, for fighting and shedding blood alongside our own people in 1971. Although the
bonhomie deteriorated after the assassination of the Father of the Nation Bangabandhu Sheikh
Mujibur Rahman in 1975, not all can be blamed on the subsequent authoritarian regimes and

the reciprocal measures subscribed to by each of the Republics gave rise to the misconceptions

and misperceptions and ultimately distrust between the two countries – as we shall see during
the later part of the paper.

10) For last four years now, we are trying to piece together a coordinated strategy to put the
relationship between the two countries on the right tracks, and essentially, on an incrementally
upward sloping growth trajectory. We aim to achieve this objective both bilaterally and also

through regional and sub-regional cooperation. The future of South Asia is our common future
and we look forward with optimism and hope. Very much within the scope of our collaboration,

we intend to make collective endeavors for ensuring ecologically sustainable economic progress
for the region as a whole. However, there remains a host of issues which are required to be
worked on if the relationship between the two are to rise to the level which an idealist like

me would like to see them to be, from sharing the water of 54 international rivers that flow

through India and Bangladesh to controlling terrorism and promoting substantive industrial
and service sector development.

(Bangladesh-India Relations – Specific to Environment)
Ladies and Gentlemen,
11) Although the trend in economic value of interaction between the two countries have always

been upward sloping, very interestingly, the first time that bilateral relations really warmed
up after 1975 was in 1996 with the signing of a 30-year water-sharing agreement for the river

Ganges in December 1996. Both nations have cooperated on the issue of flood warning and

preparedness. Still today, insignificant pieces of undemarcated borders, adversely possessed
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lands and virtually absent islands cause major upheavals in the people-to-people contacts

and ultimately the political dispensation between the two countries. May I note that of
special academic interest to me in this regard would be the ‘prospects’ related to ecological
sustainability of the natural habitats and platforms that the two countries share to attain total
confidence in each other’s legitimate wishes and aspirations.

12) A possible tactical (and possibly game changing operational nature) area of hitherto under-

explored cooperation which can catapault itself into greater heights because of the recent surge
in close cooperation between the two countries and could also contribute meaningfully towards

building of new bridges between the two countries in cooperation – is in the field of ecological
preservation in the Mangroves. While this may commence with finding ways and means to
delve into ecological preservation – it could very well branch out to address the root causes of

the degradation, i.e., mismanagement in waters at various levels and layers – seas and rivers
and underground acquifers in catchment, deforestation, increase in pollution, encroachcment,
and adverse impacts of global warming.

(On Sunderbans)

Ladies and Gentlemen,
13) If Bangladesh is marked in the natural map of the world, it is primarily for two reasons – the

Sunderbans, the largest mangrove forests of the world, and the Cox’s Bazar Sea Beach – the

unbroken 716 kilometers of the longest sea-beach of the world. I see that the Sunderbans – as
such, Bangladesh – is entirely missing from the proceedings of the conference. So, I presume a
bit of facts is in order.

14) The name Sundarban can be literally translated as "beautiful forest" in the Bengali language
(Sundar, "beautiful" and ban, "forest"). The name may have been derived from the Sundari

trees (the mangrove species Heritiera fomes) that are found in Sundarbans in large numbers.

Alternatively, it has been proposed that the name is a corruption of Samudraban Shomudrobôn
"Sea Forest") or Chandra-bandhe (name of a primitive tribe).

15) The history of the area can be traced back to possibly second or third century AD. A ruin of a

city built by the mythical Chand Sadagar has been found in the Baghmara Forest Block. The
area was mapped first in Persian, by the Surveyor General as early as 1764 following soon

after proprietary rights were confiscated from the Mughal Emperor Alamgir II by the British
East India Company in 1757. Systematic management of this forest tract started in the 1860s

after the establishment of a Forest Department in the Province of Bengal, in British India. The
management was designed only to extract whatever resources were available. Since labor and
lower management were mostly staffed by locals, as the British had no expertise or adaptation

experience in mangrove forests. The first Forest Management Division to have jurisdiction over
the Sundarbans was established in 1869. In 1875 a large portion of the mangrove forests was

declared as reserved forests in 1875–76 under the Forest Act, 1865 (Act VIII of 1865). The
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remaining portions of the forests were declared a reserve forest the following year and the
forest, which was so far administered by the civil administration district, was placed under the
control of the Forest Department. The Forest Division was created in 1879 with headquarters
in Khulna, now Bangladesh. The first management plan was written for the period 1893–98. In
1911, it was described as a tract of waste country which had never been surveyed, nor had the
census been extended to it.

16) The Indian part of the forest is estimated to be about 19%, while the Bangladesh part is 81%.
To the south the forest meets the Bay of Bengal; to the east it is bordered by the Baleswar

River and to the north there is a sharp interface with intensively cultivated land. The forest
lies a little south to the Tropic of Cancer between the latitudes 21º 30 ´N and 22º 30 ´N, and
longitudes 89º 00 ´E and 89º 55 ´E. With its array of trees and wildlife the forest is a showpiece
of natural history. It is also a centre of economic activities, such as extraction of timber, fishing

and collection of honey. The forest consists of about 200 islands, separated by about 400
interconnected tidal rivers, creeks and canals.

17) The Sundarbans was originally measured (about 200 years ago) to be of about 16,700 sq

km. Now it has dwindled to about 1/3 of the original size. Because of the partition of India,
Bangladesh received about 2/3 of the forest; the rest is on the Indian side. It is now estimated

to be about 4,110 sq km, of which about 1,700 sq km is occupied by water bodies. The forest lies
under two forest divisions, and four administrative ranges viz Chandpai, Sarankhola, Khulna

and Burigoalini and has 16 forest stations. It is further divided into 55 compartments and 9
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blocks. The Sundarbans was declared as a Reserve Forest in 1875. About 32,400 hectares of

the Sundarbans have been declared as three wildlife sanctuaries, and came under the UNESCO
World Heritage Site in 1999. These wildlife sanctuaries were established in 1977 under the
Bangladesh Wildlife (Preservation) (Amendment) Act, 1974. These are Sundarbans West
(9,069 ha), Sundarbans South (17,878 ha), and Sundarbans East (5,439 ha).

18) The Sundarbans along the Bay of Bengal has evolved over the millennia through natural

deposition of upstream sediments accompanied by intertidal segregation. The physiography
is dominated by deltaic formations that include innumerable drainage lines associated with

surface and subaqueous levees, splays and tidal flats. There are also marginal marshes above
mean tide level, tidal sandbars and islands with their networks of tidal channels, subaqueous

distal bars and proto-delta clays and silt sediments. The Sundarbans' floor varies from 0.9 m to

2.11 m above sea level. Biotic factors here play a significant role in physical coastal evolution, and
for wildlife a variety of habitats have developed which include beaches, estuaries, permanent

and semi-permanent swamps, tidal flats, tidal creeks, coastal dunes, back dunes and levees.
The mangrove vegetation itself assists in the formation of new landmass and the intertidal
vegetation plays a significant role in swamp morphology. The activities of mangrove fauna in

the intertidal mudflats develop micro morphological features that trap and hold sediments to

create a substratum for mangrove seeds. The morphology and evolution of the eolian dunes is

controlled by an abundance of xerophytic and halophytic plants. Creepers, grasses and sedges
stabilize sand dunes and uncompleted sediments. The Sunderbans mudflatsare found at the
estuary and on the deltaic islands where low velocity of river and tidal current occurs. The flats

are exposed in low tides and submerged in high tides, thus being changed morphologically
even in one tidal cycle. The interior parts of the mudflats are magnificent home of luxuriant

mangroves. Sundarbans features two ecoregions — "Sundarbans freshwater swamp forests"
(IM0162) and "Sundarbans mangroves" (IM1406).

19) The Sundarbans Mangroves ecoregion on the coast forms the seaward fringe of the delta and
is the world's largest mangrove ecosystem. The vegetation is largely of mangrove type and
encompasses a variety of plants including trees, shrubs, grasses, epiphytes, and lianas. Being
mostly evergreen, they possess more or less similar physiological and structural adaptations.

Most trees have pneumatophores for aerial respiration. The prominent species is Sundari
(Heritiera fomes) and Gewa (Excoecaria agallocha). Prain (1903) recorded 334 species under

245 genera. Of these 17 are pteridophytes, 87 monocotyledons and the rest are dicotyledons.
The plant species include 35 legumes, 29 grasses, 19 sedges, and 18 euphorbias. Of the 50 true
mangrove plant species recorded, the Sundarbans alone contain 35. Almost all mangrove plant

species are evergreen, dwarf, shrubby or tall trees, and grow gregariously without leaving any

space on the floor. Uniquely, there is a thick mat of the nipa palm or 'Golpata' (Nipa fruticans)
by the side of almost all the canals.
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20) The Sundarbans hosts a large variety of animals. It is the last stronghold of the bengal tiger
(Panthera tigris). Within the forest habitats there are about 50 species of mammals, about 320
species of inland and migratory birds, about 50 species of reptiles, 8 species of amphibians, and
about 400 species of fish.

21) Besides the spectacular Royal Bengal Tiger, the other notable mammalian fauna are Spotted

deer (Cervus axis), Barking deer (Muntiacus muntjak), Rhesus macaque (Macaca mulatta),
Jungle cat (Felis chaus), Leopard cat (Prionailurus bengalensis), the Indian porcupine (Hystrix
indica), Otter (Lutra perspicillata), and wild boar (Sus scrofa). deer and wild boar constitute
the main prey for the tiger. Some species including the Bengal tiger are endangered.

22) The physical development processes along the coast are influenced by a multitude of factors,
comprising wave motions, micro and macro-tidal cycles and long shore currents typical to the

coastal tract. The shore currents vary greatly along with the monsoon. These are also affected
by cyclonic action. Erosion and accretion through these forces maintains varying levels, as yet

not properly measured, of physiographic change whilst the mangrove vegetation itself provides
a remarkable stability to the entire system. During each monsoon season almost all the Bengal
Delta is submerged, much of it for half a year. The sediment of the lower delta plain is primarily

advected inland by monsoonal coastal setup and cyclonic events. One of the greatest challenges
people living on the Ganges Delta may face in coming years is the threat of rising sea levels
caused mostly by subsidence in the region and partly by climate change.

23) In much of the Bangladesh's mangrove wetlands, freshwater reaching the mangroves was
considerably reduced from the late 1970s due to diversion of freshwater in the upstream area

with the commissioning of the Farakka Barrage bordering Rajshahi, Bangladesh. However, as
it appears, the Bengal Basin is slowly tilting towards the east due to neo-tectonic movement,

forcing greater freshwater input to the Bangladesh Sundarbans – thankfully keeping some
check on the increase in salinity. However, a 2007 report by UNESCO, "Case Studies on Climate

Change and World Heritage" has stated that an anthropogenic 45-cm rise in sea level (likely
by the end of the 21st century, according to the Intergovernmental Panel on Climate Change),

combined with other forms of anthropogenic stress on the Sundarbans, could lead to the
destruction of 75% of the Sundarbans mangroves. Already, Lohachara Island and New Moore

Island/South Talpatti Island have been showing marks of disappearing under the sea, and
Ghoramara Island is half submerged. Encroachment, in spite of legal safeguards, is creeping in.

Fauna is endangered each day with coming in touch of the human habitations both around and
may be within.

24) This calls for serious introspection and a thorough analysis of the cause. And I believe that is a
starting point.
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(Bangladesh-Efforts Underway)
Ladies and Gentlemen,
25) While addressing the issue of Mangroves, we need to have a comprehensive view of the situation
as it stands today.

26) We in Bangladesh are one of the worst victims of climate change in spite of our extremely
negligible contribution to the global carbon footprint and the emission of greenhouse gases.
The erratic pattern of natural disasters—flood, drought, cyclones, and tidal surges—with
increased frequency and ferocity is negatively affecting our development efforts. In addition,

due to global warming, the sea level is rising at a steady rate. Intrusion of salinity is reducing
the productive capacity of coastal agricultural land and especially the primary life forms in the

coast – like the Mangroves. These are direct offshoots of climate change, induced by, I am sorry
to report, sustained irresponsible industrialisation in some countries.

27) Climate change induced displacement of people has now become a major concern. People from
the coastal areas of Bangladesh are moving to other areas in particular to cities in increasing
numbers putting stress on infrastructures and causing social stresses. According to scientific

estimates, a meter rise in sea level due to global warming will inundate 18% of Bangladesh’s
landmass and will force 20 million people out of their homes making them climate refugees.
Globally, a billion people may be displaced by 2050 as a result of climate change.

28) With these in the backdrop, Prime Minister Sheikh Hasina highlighted Bangladesh’s’ climate
change needs and challenges in her deliberations at the UNGA plenary and the MDG’s high level

plenary and roundtables during the Summit level meetings in the UN General Assembly. The
Prime Minister has already chaired an exclusively South Asian event on “Climate Vulnerability

and its impact on MDGs” organized by Bangladesh on 21 September 2010 at the sideline of the

MDGs High level plenary of the 65th UNGA. Through this event we have endeavoured to forge

a South Asian consensus position. Bangladesh has remained vigilant about discussions on this
issue in different UN forums to vocie its demand for assured, adequate, predictable and easily
accessible funding mechanism for adaptation; transfer of green technology to the developing

countries, particularly to the LDCs, at an affordable cost; and a binding specific commitment
for deeper cuts in greenhouse gas emission and stress that the principle of common but
differentiated responsibility must be upheld.

29) In events such as the European Development Days, World Climate Change Summit (WCC3),
and the Copenhagen Summit, Bangladesh has asserted herself to bridge the gap between the

positions of development and developing countries to facilitate a consensus and showcased
Bangladesh’s best practices in addressing climate change challenges including the development
of salinity-resistant crop varieties by Bangladesh for ensuring agricultural production in
salinity-affected coastal areas and Bangladesh’s success in disaster management including

bringing a paradigm shift from relief and rehabilitation to disaster risk reduction, effective
early warning dissemination, and community empowerment and resilience.
[ 49 ]

Gujarat Ecology Commission
International Workshop on Mangrove Conservation in India

30) In the domestic sphere, Bangladesh has already taken up adaptation and mitigation programmes,
which include, among others, afforestation of 20% of land by 2015 to create a carbon sink;
protecting biodiversity; strengthening coasts and river banks with mangrove plantations;

modernizing disaster management with community participation; developing crop varieties
attuned to climate change; changing agricultural practices; using clean coal technology; and
bringing in a balance in the energy mix by developing nuclear power and focusing on renewable

energy. Sunderbans eco-systems feature prominently in both the mitigation and adaptation
programs – complete with lifestyle and livelihood support systems.

31) Keeping in view the slow progress of negotiation and desired outcome in climate change
diplomacy, we have already taken the initiative to establish Bangladesh’s own Climate Change

Trust Fund and has allocated to the Fund US$ 100 million each in the annual budgets of 20092010 and 2010-2011. The present government has already prepared Bangladesh Climate

Change Strategy and Action Plan (BCCSAP). Originally adopted in 2005, the Plan was revised in
2009 which gives clear guidelines for increasing country’s resilience to climate change with due

focus on sustainable development, poverty alleviation and protection of vulnerable groups. A

fund titled Bangladesh Climate Change Resilience Fund (BCCRF) has been created with support
from the development partners. This fund has US$ 110 million in its account already.

Ladies and Gentlemen,

32) Bangladesh would like to have a legally binding agreement on emission cuts with participation

of all States – developed and developing. And when we speak of Bangladesh, we speak for

a majority of the developing world including SIDS (Small Island Developing Sattes) – worst

affected by global climate changes. We want institutionalization of a global compact to face
climate change challenges in the four recognized tracks of action- adaptation, mitigation,
financing and technology transfer. We would also look for a balance between adaptation and

mitigation. Our development gains achieved over the years are eroded by frequent natural

disasters. It is therefore necessary that we be compensated adequately to cope with the impacts
caused by climate change. The funding should be adequate, predictable and have balance on

allocation on adaptation and mitigation. We would also look forward to see that the decisions
taken at Cancun on operationalization of green fund be implemented early. All these impact

both directly and indirectly towards a greater awareness of the issues related to the Sunderbans
and the coastal mangroves – protection and preservation efforts in Bangladesh.

33) We urge the developed countries to provide compensatory grants through UNFCCC to meet
the full cost of adaptation, particularly in most vulnerable countries, low lying coastal states

and Small Island Developing States and the LDCs. We ask for our due share of global additional
compensatory support based on vulnerability and population affected. We would also like to
receive international support for rehabilitation of climate induced displaced persons.
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34) We believe that successful adaptation is the key to survival. Again successful mitigation effort

is also important to reduce the burden of adaptation in the long run. We would like to have a

well-calibrated balance in the global focus on adaptation and mitigation with greatest focus on
easy transfer of clean and green technology. As regards mitigation, Bangladesh endorses the
principles of common but differentiated responsibility, but would like to see greater voluntary
actions by non-Annex-A parties of the Kyoto Protocol based on equity.

(The Way Forward)

Ladies and Gentlemen,
35) The Bangladesh Poverty Reduction Strategy Paper (PRSP) listed “caring for the environment
and its sustainability” as one of four supporting strategies through which the PRSP goal of
accelerated poverty reduction will be persuaded. At this point in time, may I draw your kind

attention to the unfortunate floods in the Uttarakhand this Monsoon. While I and the rest of the
world mourn the numerous deaths and destruction, and validate the heroism demonstrated by

the people, the Armed Forces and the Government of India to rescue the stranded individuals, can
we take a second look at the situation? Can we try to understand what caused this devastation?
Did we as humans play a part in it – albeit in an indirect way? This is my personal observation
and I absolve the Government of Bangladesh from any responsibility whatsoever.

Ladies and Gentlemen,

36) Rivers were adjudged Goddesses in our part of the world. Why? I would say for their life

sustaining nature. Would you not as well? Rivers are drying up, fast. Salinity is increasing in the
lower parts of the Sunderbans. In plain algorithm, is it doom that approaches my Sunderbans?

Our Sunderbans? Well, who knows! Unless we look closer and take a second look – together –
who knows what awaits us!

37) This is an auspicious occasion. You have commeomrated the Mangroves day in a very
meaningful way. I for myself am deeply appreciative of the efforts rendered by the Gujarat

State Government for the protection and preservation of the Mangroves in the State. We deeply
appreciate and respect the efforts taken by the Government of Gujarat for the protection of the

gorgeous Asiatic Lions of Gir. Can we not do it pan Indian-sub-continent wise? We already have
a Joint Mechanism signed for the Conservation of the Sunderbans. Why not operationalize it to

the tune of management? I will be first person to vouch for a joint program ahead! As soon as
possible.

Ladies and Gentlemen,
38) Before concluding, allow me to leave you, with some food for thought. I would posit that the
entire world, by dint of progressive population expansion, is moving into a stage in this century

where the fresh-water to human population ratio will inevitably become more exacerbated

and adverse to human population. With glaciers world-wide on the retreat, and unpredictable
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effect of global warming on global, regional and local climatic factors, recharging of fresh water

sources will also very likely be adversely affected – at the very least, it would be prudent for
us to assume this ultimate scenario. We may well imagine a depleting fresh-water world

where mankind, as a whole, needs to re-examine its approach to water consumption and water

management. In such a diminishing fresh-water world, water may have to be declared as a
scarce and fungible resource whose management and administration needs to be reposed with
an authority that is larger than the present geo-political configurations of states-provinces and

national governments. Citizenry of such a hard-pressed fresh-water world must adopt rules
analogous to the rights of citizenry in today’s nation-states, the fundamental underpinnings of
which are two, namely : rights go hand in hand with responsibilities (to the state and fellow

citizens); and no one citizen’s rights can be at the expense of the rights of another fellow citizen.
In this context, we in South Asia must, sooner rather than later, politically evolve to a regime of

water governance in which the member states will have, by mutual consensus and consent, set
up a “South Asian Water Resources Management Authority” (which will have real authority and

powers vested in it, as opposed to the present configuration of a “South Asian Association for
Regional Cooperation”). This supra-national authority will measure, monitor and keep track of
all available water resources (whether ground or surface), set strict usage, conservation and
management regulations, and oversee adherence to and enforcement of these regulations, to

ensure the rights equally for all its denizens. This may appear at present to be a far cry from
where we are today. But I do believe that we must indulge in anticipatory thinking now, and
move away from the present paradigm of water profligacy to a safer regime of equitable water
availability for all.

39) With these, let me conclude on high notes and with high hopes. After all, it’s hope that gives life
its beauty!

40) Long live India-Bangladesh Friendship.
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NATIONAL PANEL DISCUSSION
CHAIRMAN : SHRI PRADEEP KHANNA, EX. PCCF & HOFF,
GUJARAT STATE
RAPPORTEUR : DR. RICHA PANDEY, SCIENTIST,
FOREST DEPARTMENT, GUJARAT
A National Panel Discussion was organised on second day of Workshop to discuss and deliberate upon
suitable conservation policy for Mangrove Conservation and Management in India. The session was

chaired by Mr. Pradeep Khanna, Retired PCCF & HoFF, Gujarat State. The panel had participation from
almost all coastal states of India such as Tamil Nadu, West Bengal, Karnataka, Kerala, Mahrashtra, Gujarat
& Orissa. Following is the list of participants.
1.

Shri Pradeep Khanna, IFS, Retired PCCF & HoFF, Gujarat State

3.

Shri D K Verma, CCF, Kerala

2.
4.
5.
6.
7.
8.
9.

10.
11.

Shri K S Mankar, CCF, Tamil Nadu

Dr. A K Raha, Retired PCCF, West Bengal

Dr. H. S Singh, Retired APPCF, Social Forestry
Shri D K Sharma, CCF, Kachchh Forest Circle
Shri R V Asari, Director, GUIDE

Shri A K Verma, Member Secretary, GEC

Shri P N Roy Chowdhary, Head, Environment, Adani Mundra Port & SEZ
Dr. K. Kathirasen, Professor, Annmalai University
Prof. Sanjay Deshmukh, Mumbai University
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The State wise highlights of the discussions are as under :
TAMIL NADU
Tamil Nadu state has expressed that the suitable community based mangrove plantation model need to

be established and accepted. Tamil Nadu has follow the community based mangrove conservation and
management model. The canal technique developed and implemented in the Tamil Nadu can be adopted
by other states considering the geographical situation of the area.

WEST BENGAL

International networking is important at the regional (Asia) level. The establishment of a common website

for dissemination of inputs at the field level was recommended. People’s participation was reiterated
as an important and necessary aspect and goal. Determining the quality of mangroves is important

than simply planting mangroves on a large scale. Mangroves are protectors against coastal erosion as

well as their associate flora and fauna especially high saline species such as salvadoras, marina etc. are
highly tolerant to high salinity. These could be a shield for our coasts. "No crabs, no mangroves”—It is

important for mud crabs to thrive in mangrove ecosystems because crabs collect leaf litter and therefore
could be carbon sequesters.

KERALA

The Kerala needs to be taking up plantation drive on extensive manner, however the land constraint due

to very narrow intertidal region is not supporting the extensive plantation drive. It was also explained
that Kerala is the state which has seen extensive degradation of the Mangrove forest. Due to high density
on the coastal region the need and demand of the land is high.

MAHARASHTRA

There remains much scope for Research and Information but an institute dedicated to mangrove
conservation is absent. It is also found that there is a dearth of survey data. As a result, there is no

information which may have serious implications for efforts in mangrove management, restoration
and conservation. Mangrove restoration is being done on a larger scale in comparison to mangrove
conservation; both are equally important and must be given appropriate weightage.

GUJARAT

Gujarat’s mangrove cover increased due to proper management of mangroves. Mangrove plantation

must have a purpose along with proper monitoring, planning based on scientific principles. Mangroves
have the potential to build resource-based livelihoods. However gaps such as a shortage of international
exchange remain. Govt. officials of all countries must be adequately trained in mangrove management
and conservation.
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Key Implications and Recommendations
1. Mangrove Cover in India is increasing due to proper management of mangroves in the country

2.  Conservation and sustainable utilization of mangroves should be improved on sound scientific
principles

3. Purpose of plantation should be well studied in advance

4. Continuous monitoring of the plantation and economic evaluation of the plantation should be
carried out

5. We need to give importance to mangrove resource based livelihood, especially fishery
6.

resources

Training and capacity building is important for mangrove conservation

7. Mangrove conservation should involve cooperative management with international partners/
countries engaged in mangrove conservation

8. Plantation should be done under joint forest management communities with involvement of
9.

local community

Ecological importance indices should be developed for different areas

10. Strengthen the existing institutions that are working in mangrove research and conservation
and initiate networking.

[ 55 ]

Gujarat Ecology Commission
International Workshop on Mangrove Conservation in India

INTERNATIONAL PANEL DISCUSSION
CHAIRMAN : PROF. SANIT AKSORNKOAE, THAILAND
RAPPORTEUR : DR. RICHA PANDEY, SCIENTIST,
FOREST DEPARTMENT, GUJARAT
The International Panel Discussion gave a platform to international experts, academicians and
practitioners to share success stories as well as concerns and gaps in the area of mangrove conservation,
restoration and management. Following the participants in the International Panel Discussion
1.

Prof. UlrichSaint-Paul – Germany

2.

Dr. Mohammad Basyuni, Indonesia

3.

Prof. Shigeyuki Baba, Japan

4.

Dr. Chan Hung Tuck, Malasiya

5.

Dr. Maung Maung Tan, Maynmar

6.

Mr. Badar Al-Bulushi, Oman

7.

Dr. Mala Amarsinghe, Sri Lanka

8.

Prof. Sanit Aksornkoae, Thailand

9.

Dr. Vien Ngoc Nam, Vietnam
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INDONESIA
Indonesia has the largest mangrove area in the world. Currently, five ministries are engaged in mangrove

conservation efforts in Indonesia. Thus there are multiple stakeholders in the entire process. However,
multiple stakeholders make mangrove management complicated.

Large scale degradation and exploitation has taken place in the last few decades in Indonesia.

Approximately 1600 hectares of land has been given away to companies. The importance of mangroves
was further realized after the devastating tsunami that hit Indonesia.

Indonesia advocates a three point programme : mangrove restoration, conservation and restoration.
In order to achieve these goals, 17 wildlife reserves have been formed from Papua to West Kalimantan;

the government and educational institutions such as universities are involved in mangrove restoration
efforts. Due to population growth, the demand for land has increased. Therefore a synergy between

forests and community has been established in that land which is allotted to fish ponds and forests;
this land is shared with communities. The forest fish pond system is being implemented by the Forest
Ministry of the country.

The main hurdle in mangrove conservation is poverty. Indonesia thus encourages people’s involvement
and strives to meet their demands. Students in universities and teachers are working on degraded land

covers, contributing to mangrove rehabilitation. The aim of the Indonesian government is to plant 5,000
hectares of mangroves within 5 years.

VIETNAM

As a result of the Vietnam War, large mangrove areas were destroyed which called for Mangrove

rehabilitation efforts. Rehabilitation efforts included plantation activities, aquaculture development
(30%) which includes shrimp ponds, and 70% forestry activities

The northern coastal area of Vietnam is a typhoon-prone area which has experiences ten typhoons.
Until now, there was no forest management policy for whole country. However, this is changing. Several

initiatives are being carried out to create awareness in the local community about mangroves. Mangroves
are being cultivated on large amounts of land in South Vietnam as a result of which there is no more land

left for mangrove cultivation in this part of the country. Biosphere reserves have also been developed
in the country.

MYANMAR

There was intensive forest management in Myanmar but this has collapsed in mangrove area. There

are many similarities in Forest management in Myanmar and India. Myanmar has experienced a host of

problems which include failures on part of the policy makers who gave away lands, meant for mangrove,

to cultivation for agriculture. In addition, market and institutional failures are also responsible

for problems obstructing mangrove cultivation and conservation. Secondly, there is a high level of
degradation of forests as well.
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However, positive trends are being observed in Myanmar with respect to mangroves such as the
establishment of a special Mangrove Division in the Forest Department. Also floristic as well as fish
diversity, in Myanmar, remains high.

THAILAND

Thailand has a coastline which is 4700 km long; 60% coastline is comprises of mangroves. Marine and
coastal department is responsible for Mangrove management. Initially mangroves were managed by
Royal Forest Department.

After the Tsunami in 2004, the Thai people recognized importance of mangroves in protecting life and
property; people are more aware about mangroves today. Thailand’s mangrove management plan
includes restoration and conservation of mangroves. However, this is not without certain problems.
Some issues in management of mangroves are as follows :
V Mangrove forest is declining rapidly.

V Weak law enforcement (several laws regarding forest and mangrove protection exist, however,
these are not being effectively enforced.

Efforts in mangrove management include :

a) The completion of a five year conservation and management plan for mangroves.

b) Sustainable utilization of the natural resources : developing value-added products from
mangroves.

c) C
 o-operation between all stakeholders.

Industries in Thailand are taking the initiative to bring mangrove conservation under the umbrella of

Corporate Social Responsibility (CSR); the overall response to invest in mangrove utilization has been
very good.

There is also an increased number of NGO working on mangrove conservation.

A special emphasis was laid on the need to create more and more awareness about mangroves,
community activism and participation.

JAPAN

There are few virgin mangrove forests in Okinawa, Southern Japan. Northern Japan has a small mangrove
area of about 1700 hectares. Half of the mangroves are distributed over small and remote islands. Most
of the area belongs to the Forest agency and the Ministry of Environment. Japan does not have a clear

mangrove management policy. Although the islands consist of small populations, tourism on these
islands is leading to overcrowding creating a negative impact on the islands’ environment. Still, it is
considered to be a monetary benefit which is a contradiction in the mangrove management debate.
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The local community and tourism industry has made efforts to contained negative impact of tourism.
Local community participation is very important in mangrove management.

OMAN

The Sultanate of Oman has a mangrove cover of 1000 ha mangrove and 2.5 million population. There

are high expectations from the local community. The community must be given an orientation, and
interaction must be maintained with the community. It is believed that the local community will take

care of their land when the intervening institution or agency leaves. The media’s role is also very
important in order to create awareness about mangroves and their importance. Secondly, strict coastal
management laws must be in place. The processes of fencing and transplanting must also be mindful

of restricted areas. It is advisable to think about future action than blame institutional inabilities and
failures for their past mistakes.

SRI LANKA

Sri Lanka has a substantial mangrove cover of 14,000 ha. The mangroves located in the northeast,
northwest and the east coast of Sri Lanka, are very pristine and diverse.

Till the late 1990s the Sri Lankan Government bodies described mangroves as undeveloped. Due to this

approach, half of the mangrove land was lost; 2/3 of the area was dedicated to shrimp farming. However,
in due course of time these farms had to be abandoned due to the onset of diseases and stresses. This
resulted in widespread loss and destruction of the mangrove cover.

Shrimp farming is not a sustainable activity in mangrove ecosystems; the Government of Sri Lanka was
cautioned about the same but, still proceeded with the shrimp farms.

Mangroves in Sri Lanka are also threatened by hotels prospecting the region. No private mangrove lands
are permitted. However, tourism has been initiated in the mangrove areas.

In Sri Lanka, mangroves fall in the jurisdiction of the Coastal conservation department and the Forest

conservation department. Efforts are on to declare Sri Lanka’s side of the Gulf of Mannar as a biosphere
reserve. Replantation of mangroves has also begun in areas where mangroves in an effort to promote
carbon sequestration. It was suggested by the speaker that macro and micro tidal carbon deposits be

added in the mangrove management plan. There was also particular emphasis on utilizing indigenous

knowledge to successfully manage and conserve mangroves as the former is more effective and is
important to understand.

AUSTRALIA

The Australian mangrove comprises of 1,00,000 ha. Mangroves in the country vary hugely and it can be

said that there’s a goldmine of mangrove species in Australia. This is because there is a large variation
in climatic conditions viz. temperature and rainfall, and latitude of 10 degrees to 40 degrees. Most of the
mangrove areas are pristine as the population is low.
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A holistic approach is to be employed in mangrove management; one needs to have a national view to
have a national understanding and quantification of one’s coastline per km.

The speaker also presented a different view of the benefits of mangroves in that Mangroves are indicators
of change and can be used as monitoring tools. Australia’s National Monitoring Program used mangrove
management ecosystems to measure change.

The speaker suggested that a report card can be made using baseline data and later, progress can be
measured over time.

BRAZIL

Brazil has the second largest mangrove cover in the world as well as the best environmental laws in.
Although officially the mangroves are safe and protected, scanty rainfall, logging, human settlements
etc. indicate that this is incorrect.

The local population has been given responsibility for coastal protection including mangroves. The

approach is to let people take decisions with respect to land. However, people are not educated enough

about mangroves and thus cannot mobilize and argue in favour of mangrove conservation; the necessary
knowledge is missing.

It is imperative that people are educated about the need to conserve mangroves.
Key Implications and Recommendations

1. In conservation and management one should balance protection and utilization.
2.

For better conservation a scientific management plan should be developed and implemented.

3. Local people should be educated and made aware of importance of conserving mangroves to
gain their support in mangrove conservation.

4. Conservation should also be aided by stricter rules and regulations for conservation of Mangrove
Biodiversity.

5. Sustainable management of mangrove forest should be practiced and need to explore more on
mangrove products useful to the society.

6. Local community participation in Mangrove management is very essential.

7. One of the important benefits of mangroves is that Mangroves are the indicators of change and
used as monitoring tools.

[ 60 ]

Gujarat Ecology Commission
International Workshop on Mangrove Conservation in India

POSTER PRESENTATIONS
In the Workshop, a special area was created for Poster Presentation as it was not possible for us to

incorporate all the presentations received by us. Therefore during the workshop, a special and
dedicated poster gallery was created for the researchers and students to display posters. A total 32
entries were received from young researchers. However, only 24 researchers participated and made

poster presentations on mangrove ecology. To encourage participation organiser had set up voting
system to rank the best poster out of total received entries. The voting was done by the all participants

during the workshop days. Based on the computerised voting, Three [3] posters were identified for
First, Second & Third rank as per the following table. All three winners were awarded the certificate
from the organisers.
Rank

Title of the Poster

Name of Winner

1.

Floral Composition and Species status of Mangroves of Andaman Mr. Pandisamy

2.

Preliminary conservation effort on Rhizophora annamalayama Mr. Ravinder Singh

3.

and Nicobar islands

Raghvan

Kathir through in vitro method, the only endemic mangrove to

Chinnappan

India

Participatory Mangrove Restoration in Palk Bay

Mr. V. Balaji

Details of the participants who participated in the poster presentation and abstracts of the posters are
mentioned in Appendix : IV & V

[ 61 ]

Gujarat Ecology Commission
International Workshop on Mangrove Conservation in India

EXHIBITION
In addition to poster presentation dedicated area was also created exhibition, especially to showcase
the mangrove conservation activities. The exhibitions were visited by the all participates and delegates.
Exhibition was divided in three major themes as described as below.

(1) Public Private Partnership efforts in mangrove conservation in Gujarat

(2) Mangrove Diversity in India and

(3) Community participation in mangrove conservation.

Total seven different stalls were set up by the various agencies like corporate houses, Government
Agencies and details of the participants for exhibition are as under :
Sr.No.
1.

Name of Exhibitors

Gujarat Ecology Commission

Community Participation in Mangrove Conservation

Gujarat

participation in Mangrove Conservation

2.

Forest Department, Government of Mangrove Diversity in Gujarat & Community

3.

Mangrove Society for India

Mangrove Diversity of India

4.

Hazira LNG Private Ltd.

Public Private Partnership efforts in mangrove

5.

Reliance Industries Ltd.

Public Private Partnership efforts in mangrove

6.

Adani Ports & SEZ Ltd.

Public Private Partnership efforts in mangrove

7.

Mangrove For Future

Public Private Partnership efforts in mangrove

conservation in Gujarat

conservation in Gujarat

conservation in Gujarat

conservation in Gujarat
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APPENDIX I
WORKSHOP SCHEDULE
SCHEDULE
Day-1 : 26th July, 2013
Registration

9 :00 to 10 :00

Sr. No.

Inauguration

10 :00 to 11 :30

1

Welcome Address by Shri A. K. Verma, IFS,

10 :00 to 10 :05

Lighting of Lamp

10 :05 to 10 :10

Address by Prof. Sanit Aksornkoke, President,

10 :15 to 10 :20

Address by Shri Tapas Paul,

10 :20 to 10 :25

Address by Representative of

10 :25 to 10 :30

Address by Shri H. K. Dash, IAS,

10 :30 to 10 :40

Address by Guest of Honour Dr. Varesh Sinha, IAS,

10 :40 to 10 :50

Address by Chief Guest Hon. Shri Govindbhai Patel,

10 :50 to 11 :05

Inaugural Address by Hon. Shri Ganpatsinh Vasava,

11 :05 to 11 :25

Government of Gujarat

Vote of Thanks by Gujarat Ecology Commission

11 :25 to 11 :30

Tea Break

11 :30 to 11 :45

Member Secretary,

2
3
4
5

Gujarat Ecology Commission
Welcome of Dignitaries

International Society for Mangrove Eco - System, Japan

10 :10 to 10 :15

Task Team Leader, ICZM Project,
6

The World Bank

Ministry of Environment & Forests,
7

Government of India

ACS, Forest & Environment Department,
8

Government of Gujarat
Chief Secretary,

9

Government of Gujarat

Minister of State, Forest & Environment Department,
10

Government of Gujarat

Minister, Forest & Environment,

11
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Session-I

Mangrove Conservation and Management

Chair

Shri S. K. Goyal, IFS

Person

PCCF & HOFF, Gujarat

1
2
3
4
Session – II

Mangrove Conservation and Management in Gujarat.

Dr. C. N. Pandey

Mangrove Transplanting Techniques in Oman.

Dr. Badar Al-Bulushi

Mangrove conservation : Lessons learnt through MFF-India Dr. N M Ishwar
initiatives.

Conservation of critically endangered mangrove species of Prof. N. S. Chavan
west coast of Maharashtra.

Mangrove Conservation and Management

Chair

Shri Rajeeva, IFS

Person

Chairman, Gujarat State Biodiversity Board

5
6
7

8

Estuary, Karwar, Karnataka, India.

Mangroves in semi-arid climate.

and dynamic models applied in Sunderbans mangrove
ecosystem.

Mangrove Conservation – Protecting the vulnerable Mr. Debi Goenka
Lunch Break & Poster Presentation Session

Climate Change & Role of Mangroves
Dr. Mami Kainuma

Person

Sr. Representative ISME

2
3

4
5
6
7

Dr. H. S.Singh

Modelling as a tool for evaluating ecosystem -the static Prof. Santanu Ray

Chair
1

12 :50 to 14 :00

Strategy for Mangrove Restoration and Conservation in Kali Prof. V. N.Nayak

mangroves of Mumbai.
Session-III

11 :45 to 12 :50

14 :00 to 15 :00
15 :00 to 17 :00

Role of mangrove ecosystem on climate change and REDD- Dr. Kazuyo Hirose
plus.

Impact of climate change on Sundarbans- adaptation and Dr. A. K. Raha
mitigation measures.

GHG emission between 2006-2011 from land use and Dr. Mohammad
land cover changes of mangrove conservation area, North Basyuni
Sumatra, Indonesia.

Mangroves as Carbon Sequesters under Changing Climate.

Prof. Ramesh

Role of Mangroves in Enhancing Adaptive Capacity of Local Dr. V. Selvam
Community to Sea Level Rise.

Carbon contribution of above ground biomass of Rhizophora Dr. Vien Ngoc Nam
apiculata blume in the south of Vietnam.

Blue Carbon Reservoir of Indian Sundarbans.
[ 64 ]

Prof. Abhijit Mitra

Gujarat Ecology Commission
International Workshop on Mangrove Conservation in India

Day-2 : 27th July, 2013
Session-IV

Community Participation in

9 :30 to 11 :00

Mangrove Conservation
Chair

Dr. C. N. Pandey, IFS PCCF

Person

(Wildlife & CWLW), Gujarat

1

Interrelations between mangroves, local economy and Prof. Dr. Ulrich Saintsocial sustainability. Lessons learnt from a trans disciplinary Paul

2

project in North Brazil.

Awareness about mangroves among the citizens of Mumbai Dr. Goldin Quadros
– an island metropolitan city of India surrounded with

3
4

mangroves.

Community Participation in Mangrove Conservation in Dr. A. K. Verma
Gujarat.

Mangrove

conservation

and

reforestation

through Dr. Maung Maung

community participation towards sustainable utilization Than
and reduction of disaster risk (A case study in Ayeyarwady
5
6

delta of Myanmar).

Industries Contribution in Mangrove Conservation in Dr. Amol Jain
Gujarat.

Mangrove Plantations through Public Private Partnership in Mr. K. S. Rao
Gujarat by L. N. G. Petronet.

Tea Break

Special
Speech

Session-V
Chair

11 :00 to 11 :15

Special Address by His Excellency High Commissioner of Shri Tariq A. Karim
Bangladesh to India Shri Tariq A. Karim
Tea Break

11 :20 to 11 :35

Gaps and Needs of Research in Mangrove Conservation

11 :35 to 13 :35

Dr. A. G. Untawale, Executive Secretary, MSI, Goa

Person
1
2
3
4

Gaps and Needs of Research in Mangrove.

Prof. Sanjay
Deshmukh

Functions of mangrove plants; What happens to soil chemical Dr. Inoue
properties after mangrove plants colonize?

Bio prospecting potentials of mangroves.

Dr. Katheiresan

Mangrove ecosystem restoration ecology and gaps in Dr. Oswin Stanley
conservation and management strategies.
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5
6

Insect Diversity and Insect Plant Relationships in the Dr. Remadevi
Mangroves of West Coast of India.

Current research on Mangroves in Gujarat.

Dr. Richa Pandey

Lunch Break

Session-VI
1
2
3
Session-VII
1
2
3

13 :35 to 14 :35

Panel Discussions
Sharing

of

International

experiences

14 :35 to 16 :05
mangrove

14 :35 to 16 :15

Sharing of national experiences in mangrove conservation

16 :05 to 16 :35

Tea Break

16 :35 to 16 :50

Valedictory Session

16 :50 to 17 :30

conservation and management

and management

Overview of workshop recommendations
Valedictory speech by Dr. Norman Duke

Vote of Thanks- Director, GEC
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APPENDIX II

PROFILES OF SPEAKERS

SESSION I
1.

Dr. C. N. Pandey
He is the Chief Wildlife Warden of the Gujarat State and PCCF [WL]. Dr. Pandey has carried out
an extensive research in the field of Mangrove conservation in the Gujarat State. Dr. Pandey has

published many books on Mangroves of Gujarat. He is having more than 30 years of experience in
2.

the field of forestry & coastal ecology.
Dr. N. M. Ishwar

He has completed his doctorate form Wild Life Institute of India, Deharadun. He is currently working
with IUCN and coordinating Mangrove For Future Programme in India. Dr. Ishwar has also obtained
3.

two doctorate degrees in the field of wildlife and ecology.
Dr. Badar Al-Bulushi

Dr. Bulushi is the head of Wetland Environment & Mangrove Programme in the Ministry of Forests &
Environment, Sultanat E Oman. Dr. Bulushi is involved in the Mangrove restoration and conservation
programme in the Oman since more than 5 years. He has been also successfully introduced the

Mangrove plantation technique in the Omna country with active involvement of community. He has

been also instrumental in the generating mass awareness campaign in the Oman for conservation
4.

and management of Mangroves.
Prof. N. S. Chavan

She is professor in Botany Department, Shivaji University, Kolhapur. She has having extensive
experience in the field of Mangrove and its ecosystem.

SESSION II

1.

Prof. V. N. Nayak
Prof. in University of Karnataka, Maine Biology Dept. has worked extensive on mangrove research,
Conservation and management for the past 15 years. He has been engaged in various mangrove

2.

ecosystem related project
Dr. H. S. Singh

He is currently serving as Additional Principal Chief Conservator of Forests, Social Forestry in
Gujarat Forest Department. He has published a book on mangrove. He has number of scientific
research publications on various issues related to Wildlife conservation in Gujarat.
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3.

Prof. Santanu Ray
Professor, in Ecological Modelling Laboratory, Department of Zoology, Visva-Bharati University,
Santiniketan, West Bengal. He research includes integrated ecosystem theories and their applications,

ecological phenomenology and ecological modeling in Sundarban Mangrove ecosystem. He has

published more than 100 scientific papers in refereed Journals and articles in books, Published a
4.

book, Govt. of India publication, articles in 11 edited international books.
Mr. Debi Goenka

Debi Goenka is an environmentalist and Executive Trustee of the Conservation Action Trust, who

started his love affair with the environment in 1974, during his college days, first as a volunteer
with the WWF and BNHS. In later years, he has worked with WWF-India, and has been associated in
various other NGOs such as BNHS, BEAG, SOCLEEN, INTACH, Indian Heritage Society, etc. He has also

served on various Committees appointed by the Bombay High Court, the Ministry of Environment &
Forests, and the Maharashtra Government.

SESSION III
1.

Dr. Kazuyo Hirose
He works with Japan Space Systems in Earth Remote Sensing Division. He specializes on Economic
Geology and Remote sensing. He is currently interested in working on Mangrove Mapping in Asia

2.

using Satellite Data. This approach can be applied to REDD plus.
Prof. (Dr.) Ramesh Ramachandran

He is the Director of the National Centre for Sustainable Coastal Management of the Ministry of
Environment and Forests. He is also Chair of LOICZ (Land Ocean Interaction in the Coastal Zone) a
c Project of the IGBP. He writes on “Integrated Coastal Management” on Coastal Vulnerability and
3.

on Climate Change issues.
Dr. A. K. Raha

1977 batch of Indian Forest service and retired as Principal Chief Conservator of Forests, West

Bengal. He holds Doctorate Degree in Environmental Science from JadavpurUniv and MBA degree
from Cal University. As Director, Sundarban Biosphere Reserve, he was responsible for effectively
implementing Eco-development activities in Sundarban for conservation and management of

mangroves and wildlife. As National Coordinator, he implemented the UNDP-sponsored sustainable
livelihood Project for Sundarban, as well as the first ever joint tiger census, in 2002, involving India

and Bangladesh. He has 14 published papers in International/ National journals and published 9
books and manuals.
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4.

Dr. Mohmad Basyuni
He has a Ph.D. in Molecular Biotechnology from Kagoshima University, Japan. He completed his
post doctoral research from Japan Society for the Promotion of Science (JSPS) at Tropical Biosphere
Research Center, University of the Ryukyus in 2010. His research has focused on understanding the

physiology of mangrove forest relevant to salt stress. His interest also includes the role of mangrove
5.

ecosystems to climate change.
Dr. Selvam

He is currently working as Director of the Coastal Systems Research division of M. S. Swaminathan
Research Foundation, Chennai. He received his Ph. D. in Mangrove Ecology from University of Madras

in 1992. He started his carrier in mangrove research in 1983 as a Research Fellow. He has published
11 manuals and books relating to mangrove conservation and management. He has published more
6.

than 30 research papers.
Dr. Vien Ngoc Nam

He is working as Associate Professor in Forestry Resource Management Dept. in ‘Ho Chi Minh City
University’, Vietnam. He has worked for mangrove rehabilitation in “Can Geo Biosphere Reserve”
after Herbicide sprayed. For this commanding work he has also received an Award from the president
of Vietnam. He has also worked on Mangrove Ecology and Carbon sequestration of Mangroves in
7.

South Vietnam for preparing REDD+ programme in future.
Dr. Abhijit Mitra

Associate Professor and former Head, Dept. of Marine Science, University of Calcutta (INDIA) has
been active in the sphere of Oceanography since 1985. He obtained his Ph.D. in 1994. Since then he

has carried out research on environment, biodiversity, climate change and carbon sequestration.

He has to his credit about 247 scientific publications, 20 books, 16 projects, and 19 Ph.D. students.
Presently his domain of expertise includes environmental science, mangrove ecology, sustainable
aquaculture, climate change and carbon sequestration.

SESSION IV

1.

Prof. Ulrich Saint-Paul.
Professor in marine ecology at the University of Bremen, His specialises on hydrobiology, fisheries
sciences. Actual position of a head of the mangrove working group of the Leibniz Center for Tropical
Marine Ecology in Bremen, Germany. Working for over 20 years in the tropics, especially in South

America (Brazil) and South-East Asia. He is Co-ordinator of several integrated international research

projects. Specialist in mangrove ecology, tropical aquaculture, fisheries sciences, floodplain ecology.
Author of number of scientific publications. Editor and co-editor of international scientific journals.
[ 69 ]

Gujarat Ecology Commission
International Workshop on Mangrove Conservation in India

2.

Dr. Goldin Quadros
He is a scientist with Salim Ali Centre for Ornithology and Natural History, Coimbatore, India. He is

3.

working in Wetland ecology division and specializes in coastal wetlands ecology.
Dr. A. K. Verma

Dr. A K Verma is an Indian Forest Service (1986 Batch) officer of Gujarat cadre. He has specialization
in ecological issues, multilateral environmental negotiations, sustainable development and economic

reforms. Dr. Verma has been associated in the field of forestry management & its ecological issue

since last 25 years. He has published more than 20 papers in the field of forestry ecology. He has

formulated and managed a large number of environmental infrastructure and socioeconomic
development projects, including the JBIC-funded Integrated Forestry Development Project (IFDP)
4.

of Gujarat and tribal development scheme called Van BandhuYojana (VBY) in Gujarat.
Dr. MaungMaung Tan

He is from Mayanmar. He has done his Ph.D. from Yokohama National University, Japan. His
professional carrier includes working with Myanmar Forest Department, Mangrove and
Environmental Rehabilitation Network and Forest Resource Environment Development and
Conservation Association-FREDA.

His research on mangroves include
a Survival and growth,
a Regeneration,

a Stand structure and growth dynamic of natural mangroves,
a Biomass and carbon sequestration,
a Participatory Action
5.

a Agro-forestry in mangrove areas
Dr. Amol Jain

Dr. Amol Jain is General Manager in Adani Mundra Port & SEZ, Mundra. He has been associated with

Mangrove Plantation activities since more than 10 years in the Kachchh region. He has extensive
experience in the field of Mangrove Plantation activities. Dr. Jain has also instrumental in plantation
6.

activities and horticulture activities in and around Mundra Port & SEZ Ltd.
K. S. Rao

Representative of LNG Petronet Ltd, Dahej is associated with Mangrove Plantation activities on
behalf of his company. Dr. Rao has been also working in Environment division of the LNG Petronet
Ltd.
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SESSION V
1.

Prof. Sanjay Deshmukh
Prof. Sanjay Deshmukh is a Professor of Life Sciences, at University of Mumbai he holds PhD Degree
in Science, which he obtained at the age of 25.

Professor Sanjay’s research interests are Climate Change implications on coastal, inland, and

agricultural biodiversity, ICT for rural development, Genetic resources conservation and
their sustainable management, Environmental economics, Protected Area Management, CDM
2.

Technologies,

Dr. Tomomi Inoue

She is a senior Researcher at the National Institute for Environmental Studies in Japan. She has been
3.

focusing on physiological functions of mangrove plants and soil science.
Prof. Katherisan

He needs no introduction in the field of mangrove research and conservation in India. He is now
Professor and Director in the faculty of Marine Sciences in Annamalai University, Tamilnadu.

His research for more than 25 years has produced 225 quality research papers in the field of
4.

mangrove conservation and mangrove bio-prospecting.
Dr. Deiva Oswin Stanley

She is having expertise and experience on integrated eco-system management. She has more than 22

years of experience in the field of coastal eco-systems. Her post-doctorate was on Coastal Engineering
and mangrove management. She has carried out extensive research on Mangrove Eco-physiology
and EIA. She has worked in different countries such as Malaysia, Srilanka, Bangladesh and Myanmar
5.

with FAO,-UN, ADB etc. She authors 3 books. She is now a freelance accredited consultant.
Dr. O. K. Remadevi

She retired in 2013 as Scientist G from the Institute of Wood Science and Technology in Bangalore,
Karnataka. She was a Group coordinator for 21 years and conducted 21 research projects, 3 of which
6.

were on mangrove entomology. Currently serving as consultant in IWST, Bangalore
Dr. Richa Pandey

She is currently working as a Scientist in Climate Change Cell of the Development and Management

division of the Gujarat Forest Department. She has carried out extensive research on mangrove
pollination. She has also supervised various research projects related to Climate Change, Carbon
sequestration, and diversity of Mangrove Associates in Gulf of Khambhat.
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APPENDIX -III
LIST OF PARTICIPANTS
REGISTRATION
INTERNATIONAL WORKSHOP ON
MANGROVE CONSERVATION IN INDIA"
No.

NAME

DESIGNATION

ORGANIZATION

1

D K Verma

Additional PCCF

3

Anvai Upadhyay

Head, Biology Department D K V College, Jamnagar

G. Yadaiyah

CCF, Junagadh

2
4
5
6
7
9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Rajesh Vyash

-------

Dr. K. D. Vachhrajani Associate Professor
Dr. Bhasker Shahil
K.S.Rao

A. M. Chauhan
B. D.Prasad

News Reporter

Head, Horticulture
DEE

DEE

Janhavi A. Khanolkar Research Fellow
Vimal Kalavadiya
Bhavil Patel

Pr. Manoj B. Patel

Mr. Gaurang Bhatt
Bipul Kumar
Patel Salvi

Dr. A. P. Singh,IFS
Syed Muntasir
Mamun

Prerna Sharma

Khashboo Bhavsar
Jaydev Namse
Manoj Patel
P. Ragavan

Prof. Santanu Ray
Dr. A. K. Sahu
Rahul Pareek

Vien Ngoc Nam

Dr. C. N. Mohanan

Co-ordinator

Education officer
Associate Prof.
Vice President

Research Fellow
Student

Member Secretary

Kerala Forest
Department Kerala.

D K V College, Jamnagar
MSU, Baroda

Forest Department, GoG
PETRONET LNG LTD.
F&ED
F&ED

University of Mumbai
Central for Policy
Research

Bombay Natural History
Soci.

Studend EDI

Associate Prof.

CESS, Scientist TVM
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9978406180

9662526284

9924011879

9825383814
9820402982

9428210013

9824003279

9909016562

Ms. Uni. Baroda

Hazira Port Ltd.

Ecologist, ICZM, Odisha

9426525045

Gujarat Biodiversity
Board

IIM, Ahmedabad

Project Manager
Professor

9427839382

9979856023

M S University, Baroda

Research Fellow

9498954538

Sanghi Cement

Teaching Assistant
Director

9426969922

Biology. Dpt. D. K. V. Arts 9426415729
& Sci. Collage, Jamnagar

FS (HOC) High
Bangladesh
Commissioner, Bangladesh
Vice Chairman

CONTACT
NO.
9447979003

Eco Mirror Foundation
Nirmal Foundation

Foundation University
Vishva Bharati
University
ICZMP, Odisha
E DI

Ngoc Lam University

Ngoc Lam University

9374747051
9913833818

9958796972
9974032196

7359567267

9426470996

9825966971
9476030770

9433157701

9438531904
9067343343
---------------

9446175914
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REGISTRATION
INTERNATIONAL WORKSHOP ON
MANGROVE CONSERVATION IN INDIA"
No.
30

31

32
33
34
35
36
37
38
39
40

41
42
43
44
45
46
47
48

49
50

51

NAME

DESIGNATION

Dr. A. Saravana
Kumar
Kasturi Sen Gupta

Asst. Professor

R.D. Kamboj
Dr. Bipin Khokhariya
Kuldeep Goel
Mayur Modi
Dr. D. A. Odedara
Nisha D'souza
Pradeep Khanna
Jayendra
Lakhmapurkar
Dr. Roshan T.
Dr. S. R. Shirodkar

C. C. F
Scientist
A P CCF
Executive
Associate Professor
SGP officer
Former PCCF
Dy. Director

Reshma Bobda
G. P. Narawani
Rahul Chauhan
Ritesh Pokar
Devanand Kavlekar
Chinmay Upadhyay
G. K. Sinha
Dhara Bhavsar
Dr. I. R. Gadhavi

Sr. Assistant Research
Fellow
Sr. Research Fellow
DCF
Sub. Editor
JRF
Executive Member
Event Manager
Additional P C C F
Research Scholar
Associate Prof. & Head

Reader
Asst. Professor

Associate Professor

55
56

Prabhu Khanolker
Gurunath P.
Dr. Deiva Oswin
Stanley
Roy Arbind
R. S. Sankara
Subramanyan
Dr. V. Balaji
Jain J. Therattil

59
60

Vijay Patel
Nitin Patel

Sustainable & SP Manager
Project Manager

52

53
54

57
58

Saleem K. P.
Dr. Suresh H. Gor

Director, Eco Balance
Corporate Affa.
DGM (ENV)

Director
Assist. Professor

left Assistant
Asst. Prof. of Botany
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ORGANIZATION
CAS in Marine Biology,
Annamalai University
Uni. Of Calcutta

Forest Dept. G'nagar
Forest Dept. Maharashtra
Selvas Wildlife
Forest Dept, G'nagar
MSI,Goa
Baroda Strickers
Forest Dept. Guj.
Dept. of Botany, Guj. Uni.
M. K. B. University,
Bhavnagar
MNP & S, Jamnagar
Forest Dept. Guj.
Forest Dept., GoG.
Dev Wetlands
Govt. Sci. College, G’nagar
IUCN, MFF
Guj. Forest Dept.
Guj. Ecology Soc., Baroda
Dept. Marine Biology
Dept. Zoology, G. E.
College ANKOLA
P. E. S'S S.R.S.N College,
Ponda Goa
Eco. Balance
ADANI
ESSAR

OMCAR Foundation
Saint Aloysius College,
Kerla
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APPENDIX –VII
ABSTRACTS OF POSTERS
Conservation and Sustainable Management of Mangroves in Kerala, India
Jain. J Therattil,
P. G. Dept. of Zoology, St. Aloysius College, Thrissur,
E- mail : nctcrj@gmail.com
Mangroves are the most productive ecosystems, which can fertilize the sea, potentially protect the
coastal zone and serve as the breeding, feeding and nesting ground for many animals.They are coastal

formations found along the lands in close proximity to the sea and at the mouths of rivers and backwaters
that get inundated daily by the tide and exposed only at low water.

Mangroves in Kerala are distributed in eight coastal districts of which Kannur (755 ha) has the largest
followed by the districts of Kozhikkode (293 ha); Ernakulam (260 ha), Alappuzha (90 ha), Kottayam

(80 ha) and Thrissur (22 ha). Mangroves of Kerala are considered as the relics of the past. Mangroves

are endangered by hostile habitat and human abuse. The factors that affect this mangrove plants are
broadly classified into two : General Factors and Specific Factors. General factors include loss of habitat,

human interference, trade over exploitation of fishery, unsustainable tourism, conversion of mangroves
to coconut groves, waste disposal etc.

But in some specific or exclusive factors which cause habitat destruction in several areas. Invasion
of the islands by encroachers made extensive clearing and degradation of many areas. Public are not

bothered about the importance of Mangroves. Afforestation and reclamation of Mangrove is a national
necessity, which can be done by Government or public agencies as it generates more social benefit to
the society and ecosystem. Any damage or destruction to this ecosystem can destroy ‘coastal balance’
of the nature.

Keywords : Mangrove Vegetation, Conservation, Sustainable Management,
Kerala

Climate Change and Lessons for Mangroves Conservation in Coastal Odisha of India
Alok Kumar Ray
Lecturer-in-Political Science, VHJ Mahavidyalaya, Nikirai, Kendrapara, Odisha, India,
E-Mail ID : alokray1966@gmail.com, Mobile : 9437068003
India harbours some of the best mangroves in the world which are located in the alluvial deltas of rivers
such as the Ganga, the Mahanadi, the Godavari, the Krishna and the Cauvery as well as on the Andaman
and Nicobar groups of Islands. Mangroves or plants with breathing roots provide critical habitat for
diverse marine and terrestrial flora and fauna. Yet, these unique tropical forests are among the most
threatened habitats in the world. Traditionally, local communities in mangrove ecosystems collect fuel
wood, harvest fish and other natural resources. Presence of mangrove ecosystems on coastline prevents
from natural hazards such as cyclones, storm surges and erosion. They are the breeding, feeding and
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nursery grounds for many estuarine and marine organisms. Biomass productivity of mangroves is
relatively high and they act as reservoir in assimilation of wastes. They also have huge potential to
store carbon in their root systems. Soil water logging and low nutrients, which slow decomposition of
mangrove tissues, naturally lead to a buildup of peat that raises the soil surface a few millimeters per
year over long periods of time. Mangrove peat is composed primarily of refractory roots, rather than
leaf or wood material that decays more quickly or is removed by tides. Climatic factors like temperature
fluctuation, humidity, precipitation, number of rainy days, regular wind flow, radiation and fresh water
flow in the region along with salinity, tidal fluctuation, substrate or soil, act as the most significant factors
for development and succession of mangroves. In Odisha, among three mangrove zones i.e mangroves
of the Mahanadi Delta, Balasore coast and the Bhitarkanika mangrove zone, the last one are the most
important due to its largest stretch and unique biodiversity. It is also considered as the third largest
mangrove zone of the country. Stopping the ongoing loss and degradation of mangrove forests is an
international conservation priority .In recent decades; many coastal areas have come under intense
pressure from extension of agricultural activities, rapid urban and industrial development. Mangroves
have not received proper attention and they have been subjected to over-exploitation and encroachment,
and hence there is a need for conservation and management of mangrove forests. Changes in climate and
Global warming which accelerate sea-level rise through melting of polar ice or expansion of oceans may
promote expansion of mangrove forests to higher latitudes. Changes in sea level would alter flooding
patterns and the structure and areal extent of mangroves. Climate change may also alter rainfall patterns,
which would in turn change local salinity regimes and competitive interactions of mangroves with other
wetland species. Increases in frequency or intensity of tropical storms and hurricanes in combination
with sea-level rise may alter erosion and sedimentation rates in mangrove forests. Realising the
importance of mangroves, the Government of India declared mangroves as ecologically sensitive areas
and provided legal protection under various legislations. The state government of Odisha has stepped
up efforts to check the shrinkage of its mangrove forest cover that plays a crucial role in protecting the
state’s 480 km coastline from natural disasters such as cyclones.

Keywords : Mangroves, Alluvial Delta, Carbon, Climate Change, Global Warming,
Bhitarkanika, Conservation
Response of Ixora coccinea L. from coastal habitat to nursery conditions
Amruta S. Shinde* and Niranjana S. Chavan
Department of Botany, Shivaji University, Kolhapur-416 004.
*Email- shinde_amruta.13@rediffmail.com

The coastal vegetation is characterized by the presence of mangroves, wild associate members and
several halophytes. One of the wild associate member is Ixora coccinea L. which has medicinal importance

and flowers have ornamental value. Therefore, this coastal wild species is selected for present study.
Cuttings of I. coccinea treated with different concentrations of GA and IAA. The cuttings showed better

response to 50 ppm IAA, 100 ppm IAA and 100 ppm GA. Treated cuttings showed early flowering and

fruiting as compare to control. All these cuttings grow under the influence of fresh water and in nursery
conditions.

Keywords : Coastal vegetation, I. coccinea, IAA, GA, ppm
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The ecological and economic influence of mangroves on the livelihood options in
Malvan and Devgad block, Sindhudurg district, Maharashtra
Aniruddha Dhamorikar*@, Swati Tomar*, Prutha Lanjekar*, Aditi
Phansalkar*Amol Handore^, N Vasudevan$, Anjali Parasnis#,
*Research Associate, TERI Western Regional Centre, Mumbai
^Project Consultant, TERI Western Regional Centre, Mumbai
# Associate Director, TERI Western Regional Centre, Mumbai
$ Chief Conservator of Forests, Mangrove Cell, Government of Maharashtra
@Corresponding author : aniruddha.dhamorikar@teri.res.in
Sindhudurg district is situated along the southern coast of Maharashtra. With a coastline of 120 km,
it is interspersed with sandy and rocky shores, bays, lagoons, and deltas, creating an ideal habitat for
flora and fauna to flourish. About 21 mangrove species have been recorded (Naskar & Mandal, 1999)
in Sindhudurg, with only one individual specimen of Heritiera littoralis recorded as recently as 2009
(Times of India, 2009). The communities here have lived in harmony with the natural surroundings
for generations. Given the district’s rich cultural and biological background, an elaborate survey
was undertaken to understand the link between the direct and indirect influence of mangroves on
the livelihood options (agriculture and fishery) of the locals, vis-à-vis people’s perception about the
mangroves as a protected ecosystem.
This study is a part of the ongoing project titled “Conducting Participatory Rural Appraisal in the coastal
villages of Malvan and Devgad blocks” undertaken by Mangrove Cell and TERI, which included villages
situated along the seacoast, creeks, and rivers. The project is a part of an undertaking by Government
of India (GOI), Global Environment Facility (GEF) and United Nations Development Program (UNDP)
titled “Mainstreaming Coastal and Marine Biodiversity Conservation into Production Sectors in the
Sindhudurg Coast, Maharashtra”. For the present study, villages within 5 km from the seacoast and
creek were considered.
Since the direct correlation between mangroves and livelihood options, especially in the context of
commercial fishery for the state of Maharashtra, is not explored, TERI has made the first attempt to
explore these linkages by : trying to correlate the significance of mangroves with the fishery industry;
understanding the direct and indirect impact of ecological changes attributed to mangroves on the
livelihood of the people; and understanding the perception of the people on the policies for mangrove
protection.

The observations of the study were made through a survey at the Malvan fishing jetty, along with
Participatory Rural Appraisal techniques such as focused group discussion with villagers, particularly
fishermen and farmers, village transect walk, and resource mapping, in 67 villages.

The study revealed that mangroves play an important role in the livelihoods of the locals living along
estuaries and the coast. The specific observations were (i) Of the 51 species of commercial fish surveyed
at Malvan jetty, 50% depend, directly or indirectly, upon mangroves for breeding, food, and shelter.
(ii) Siltation and the consequent spread of mangroves to other areas has resulted in decrease of edible
clams in certain regions, and have increased the population of shrimps and mud crabs which fetch a
higher market value. (iii) On the other hand, the perception of the locals is that land left unattended due
to saltwater intrusion in agricultural fields encourages species of Avicennia and Rhizophora to infringe
within a year.
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The interactions with villagers indicated that mangroves are perceived differently by the people

engaged in fishery and agriculture. While the fishermen do not necessarily detest mangroves, some of
the farmers have considered mangroves as intrusive owing to their high fecundity (Lugo, 1998; as noted
by interviewed villagers). The study indicates that an economic approach should be adopted to inculcate
interest among the locals associated with mangroves for its conservation and sustainable use.

Diversity and mapping of mangrove using gis tool, case study from Mumbai.
Vishal M Rasal.
Central Institute of Fisheries Education, Mumbai.

Mangroves are a taxonomically diverse group of tropical trees and shrubs, yet are all adapted to growth

in the intertidal zone. Once thought of as unproductive, transitional systems, mangrove swamps are
now viewed as highly productive, ecologically important ecosystems. At one time, 75% of the world’s

tropical coastlines was dominated by mangroves. Unfortunately, mangrove extent has been significantly
reduced due to human activities in the coastal zone. Urban mangroves are increasingly being threatened

by population pressure, aquaculture operations and, dredging for landfills, and building houses.

Conservation of mangrove is very important to study and document mangrove ecosystem. During
this study , we documented distribution and diversity of small mangrove ( mangrove and mangrove

associates) patch of 17 ha along Carter road , Bandra using google earth as aGIS tool and actual field
survey. We also studied distribution of mangrove with respect to salinity and nutrients.

Key words : urban, mangrove, Bandra , gis, google earth.

Benthic macrofauna of mangrove fringed Attarbanki Creek of Mahanadi estuary,
Odisha, East Coast of India
Dipti Raut*, Raman A.V1, Aswini Nayak and L. Patnaik
Environmental Science Laboratory, Department of Zoology, Ravenshaw
University. Cuttack. Odisha -753003
1
Marine Biology Laboratory, Andhra University, Waltair,
Visakhapatnam - 530003, Andhra Pradesh
Corresponding Author Email : raut.dipti2@gmail.com
Results of an ongoing study describe observations of surveys on the intertidal mangrove fringed
Attarbanki Creekof the estuarine region of River Mahanadi (Lat.20017’08”N; Long 86042’24”E), Odisha,

East coast of India. Samples collected from three different tidal levels (high, mid and low) revealed
diverse populations of polychaete species such as Glycera, Nereis, Nephtys, Capitella, Owenia and
Prionospio etc. followed by crustaceans (amphipods, decapods ) and molluscs. Stations in the vicinity

of mangroves recorded higher values of organic matter (3.83%) in comparison to those farther away
(~ 0.70 %). Other physico-chemical variables such as tidal incursion, salinity, pH, dissolved oxygen,

sediment texture and mangrove outwelling etc. appeared to influence the composition as well as
population density of macrobenthic organisms. While the highest densities were recorded in mid water
mark (MWM), lowest density were found at high water mark (HWM).

Keywords : Estuary, Mangrove outwelling, benthos, intertidal zone
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Participatory Mangrove Restoration In Palk Bay
Of Presentation by Dr. V. Balaji, OMCAR Foundation, Tamil Nadu
Mangroves are one of the important livelihood resources in Palk Bay, southeast coast of India. This
presentation explains about how OMCAR Foundation has organized local community to participate

in mangrove restoration activities in Palk Bay. By conducting environmental awareness events and

village level meetings local community was organized to plant mangroves in the coast. By implementing
ecological mangrove restoration techniques, mangrove seed banks established in selected villages in

order to support local natural seed dispersal. Mangrove nursery was established where both traditional
and scientific techniques were combined to select suitable species, sites and maintenance.

Restored mangrove sites are now used for environmental field trips and to educate mangrove research
techniques to local youths. As a follow up mangrove conservation activity, a separate mangrove education
centre was established which serve as a non-profit centre to train village youths and school students
to learn about local environmental conservation with special reference to mangroves. This centre also

serves for grassroots GIS mapping of mangroves and land use pattern in coastal villages, by using open

source software and community participation. Overall presentation will share the experience about
pros and cons of mangrove restoration and participatory techniques implemented in Palk Bay.

Fishery resources from mangrove ecosystem of Ratnagiri District
Tarnnum M. Mulla* and Niranjana S. Chavan
Department of Botany, Shivaji University, Kolhapur-416 004
*Email : tmtanu@gmail.com

Coastal bioresources play vital role in human welfare. These bioresources utilized by local inhabitants

are available in various forms such as food, vegetable, timber, fuel etc. The local people used these
bioresources which may wild or domesticated. The present work is restricted to mangrove resources. It
is recognized that, the mangrove ecosystem provides high potential fishery resources. Local inhabitants
are partially or totally dependent on them. Based on preliminary survey, from Ratnagiri district dominant

mangrove species and their localities were selected to identify the productive mangrove sites with respect
to fishery resources. It was observed that, the major groups are represented by benthic organisms such

as molluscs, crustaceans, polychaetes, fishes etc. Avicennia populations are dominated with feedler crab

i.e. Uca roseus. Most of the local people are harvesting the crab species like Scylla serrata. Scylla serrata
and Thalassini anomola (Yabbi) are common along the Bhatye estuary, Shirgaon, Sakhartar, Are area.
From these localities many local fisherman harvest prawn species viz.Penaus indicus, Penaus monodon
(Tiger prawn) and Metapenaeus monocerosare found in Ratnagiri district. The common fishes found in

Ratnagiri districts are Gobins, Mugil, Hippocampus (Goda masa), Chirocentrus (Karli), Eleuthenonema
tetradactyium (Ravas).

Keywords : Coastal bioresources, Fishes,Uca roseus, Scylla serrata
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CARBON SEQUESTRATION BYExcoecaria agallocha OF INDIAN SUNDARBANS
Kasturi Sengupta, Mahua Roy Chowdhury, Shankhadeep Chakraborty*, Sufia
Zaman* Atanu Kumar Raha*, Subhadra Devi Gadi$, and Abhijit Mitra
Department of Marine Science, Calcutta University, 35. B.C. Road, Kolkata 700 019
*Attached to TECHNO INDIA UNIVERSITY, Salt Lake Campus, Kolkata 700 091
$Department of Zoology, Carmel College for Women, Nuven, Salcete, Goa 403604.
The above ground biomass (AGB) and carbon stock of Excoecaria agallocha (a common mangrove
plant species) were estimated in western and central Indian Sundarbans for five successive years
(2008 – 2012). The two sectors are drastically different with respect to salinity on account of massive
siltation (of the Bidyadhari River since late 15th century) that prevents the flow of freshwater of the
River Ganga to the central sector of Indian Sundarbans. The biomass and carbon content of the above
ground structures (stem, branch and leaf) of the species vary significantly with sectors (p<0.01), the
values being more in the high saline central sector on account of higher stem biomass. The tolerance of
Excoecaria agallocha to the high saline environment of the lower Gangetic delta is confirmed. Such study
is of great importance considering the perspective of Indian Sundarbans, where the rate of sea level rise
is ~ 3.14 mm/yr.

EFFECT OF IRON FERTILIZATION ON PHYTOPLANKTON CELL CARBON : A CASE
STUDY FROM INDIAN SUNDARBANS MANGROVE ECOSYSTEM
Sufia Zaman*, Subhra Bikash Bhattacharyya*, Prosenjit Pramanick* Atanu
Kumar Raha* and Abhijit Mitra
Department of Marine Science, Calcutta University, 35 B.C. Road, Kolkata 700 019
*Attached to TECHNO INDIA UNIVERSITY, Salt Lake Campus, Kolkata 700 091

Carbon emissions that result from the production of a few important aquaculture species have been
estimated. These estimates range from less than 1 to several mt carbon/mt aquaculture product.
Reduction in carbon emissions was considered by a United Nations Food and Agriculture Organization
panel of experts as an essential feature in aquaculture ecolabel certification programs. The average rate
of organic carbon sequestration in aquacultural ponds is around 1.49 mt carbon/ha/year (5.46 mt carbon
dioxide/ha/year) with a range of 0.28 to 3.33 mt carbon/ha/year (1.02 to 12.21 my carbon dioxide/
ha/year). We studied seasonal variations of phytoplankton cell volume and cell carbon in the aquatic
subsystem of three aquacultural ponds in Indian Sundarbans applying different doses of commercial
iron during 2012. Significant differences were observed between the ponds in terms of phytoplankton
cell volume and carbon content (p < 0.01).
Considering the drawbacks of iron fertilization in open ocean, the present programme was undertaken
to find the potentiality of aquacultural ponds in holding and sequestering carbon.
The merits of the programme are as follows :

1. The question of huge input of iron does not arise because the water body has a limited surface
area or volume
2. Standardization of iron fertilization can be easily done because of the closed nature of the system
due to which the wave action, tidal phenomenon and other parameters can be controlled

3. Ecological perturbations will be minimum in aquacutural pond because unlike open oceans the
species richness is minimum in this closed system.
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4. The aquaculture ponds are closed systems with a depth ranging from 1-5 m. The substratum

is basically soil. The question of geophysical changes does not arise when iron fertilization is
done.

5. In aquaculture pond the algal bloom can be converted into animal biomass as the cultured species
feed on phytoplankton and the issue of DO fall does not arise.

EVALUATION OF MANGROVE LITTER AS ALTERNATIVE TO FISH MEAL IN THE
DIET FOR SCAMPI Macrobrachiumrosenbergii
Kunal Mandal, Rajrupa Ghosh, Subhra Bikash Bhattacharya* and Abhijit Mitra
Department of Marine Science, Calcutta University, 35 B.C. Road, Kolkata 700 019
*Attached to TECHNO INDIA UNIVERSITY, Salt Lake Campus, Kolkata 700 091
A 6- month feeding trial was conducted in monsoon season to investigate the effects of fish meal (FM)
replacement with mangrove leaf litter on growth performance, muscle biochemical composition and

length-weight relationship of scampi, Macrobrachium rosenbergii. Diets were formulated to replace FM
with 0% (as control) and 10% of mangrove leaf litter (designated MLL-10 as experimental) and fed to

the prawn (initial body weight, 2.5 gm) to apparent satiation. At the end of the feeding trial, significantly

(P < 0.05) higher growth performance and muscle biochemical composition was observed in prawns
fed MLL-10 diet compared to those fed with the control diet. Length-weight relationship (LWR) also

showed uniform and isometric growth pattern in prawns fed with MLL-10 diet. The findings indicate
that mangrove litter may be used as a potential fish meal replacer in prawn feed or aquaculture feeds
thereby suggesting that conservation of mangroves is necessary for the ready supply of litter as a feed
ingredient.

SEED RECALCITRANCE : A MAJOR CONSTRAINT IN THE REGENERATION OF A
MANGROVE SPECIES CYNOMETRA IRIPA KOSTEL.
M. V. Gokhale, N. S. Chavan* and A. S. Bhoite**
Department of Botany, K. B. P. College, Urun-Islampur, Dist. Sangli, 415 409.

Abhivyakti Academy for Research, Education and Awareness, Kolhapur (AAREA),
1039/3/4 A-New Washi Naka, Kolhapur, 416 012
*Department of Botany, Shivaji University, Kolhapur, 416 004
**Pro. Vice Chancellor, Shivaji University, Kolhapur, 416 004
Seed dormancy is an adaptive trait that improves survival of the next generation by optimizing the
distribution of germination over time. Most of the species exhibit a critical capacity to control the

timing of their reproduction and the establishment of a new generation. Comprehensive accounts of
seed dormancy regimes among the angiosperms have been widely scattered throughout the botanical
and physiological literature. However, a few recent compendia provide systematic data on the specific

phenomena of vivipary and recalcitrance and on anatomical features, germination characteristics and
habitats shared by predominantly economically and ecologically important species.
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Viviparous and recalcitrant seeds differ in fundamental ways from seeds that undergo dormancy.

Physiology and ecology of vivipary in mangroves is well discussed topic. The regeneration of seed
germinated species is comparatively crucial. The present paper reports phenological, ecological as
well as physiological aspects of seed recalcitrance in Cynometra iripa, Kostel. The species is narrowly

distributed in India. It is critically endangered or extinct from some places. It requires standardization

of protocol for large scale regeneration in the estuarine ecosystem. As a matter of fact it is difficult due
to seed recalcitrance.

Essential oil composition from different parts of Cynometra iripa Kostel
1
Mrunalini N. Desai* and 1Niranjana S. Chavan
1
Department of Botany, Shivaji University, Kolhapur-416 004.
*Email : mndesai2306@gmail.com

Present paper describes essential oil composition of the seed, leaves and stem of Cynometra iripa Kostel.

The analysis of essential oil was performed following extraction in methanol and investigates with the

thin layer chromatographic technique (TLC). The terpene, phenyl propane, sesquiterpens, benzoins,
balms and monoterpene were found. Myristicin is commonly found in seed, leaves and stem. The
components detected, especially thymol, anethole, mysisticin, benzoic acid, linayl acetate have reputed

medicinal, antimicrobial and insecticidal activities. This analysis reveals that seeds stem and leaves of C.
iripa serves as source of essential oil.

Keywords : Cynometra iripa, essential oil, TLC, myristicin, linayl acetate
Role of seedling morphology in mangrove conservation with special reference to
Avicennia species from Coastal Maharashtra and Goa
S. S. Shaikh1,2 and N. S. Chavan1
1
Department of Botany, Shivaji University, Kolhapur- 416 004 (MS), India
2
Abhivyakti Academy for Research, Education and Awareness, 1039/3/4 ‘A’,
Suprabhat
Colony, New Washi Naka, Kolhapur- 416 012 (MS), India
The ecological and societal values of mangroves are well known. Still due to negligence and over

exploitation 50% of world’s mangroves have been destroyed till date. These unique ecosystems are
seeking immediate conservation measures. As far as the mangrove conservation in concern, Avicennia
species are proved to be potential for both biomass as well as biodiversity conservation. The Avicennia

species are growing in myriad habitat conditions in estuarine ecosystem and able to tolerate broad
salinity regimes. At the same time the species are exhibiting wide range of variations at intra-specific

level which is an important gene pool. The success of any conservation programme is entirely dependent

on collection of seeds and seedlings of suitable species and their proper distribution in suitable microgeographic area. Seedling morphology is an important tool in developing strategies for conservation

and management of biodiversity. This approach is also useful to identify the plants at their juvenile
stage and thereby their collection and maintenance. Hence, an attempt has been made to describe the

seedlings of 12 possible accessions of Avicennia species from coastal Maharashtra and Goa with their
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unique diagnostic features. The role of cotyledonary pigments and growth performance of the seedlings
in identification are also demonstrated. Moreover, the ecological observations are also given for each
accession which is helpful for selection of suitable site for plantation.

Porteresia coarctata : A unique blue carbon pool in deltaic Sundarbans

Rajrupa Ghosh, Kasturi Sengupta, Shankhadeep Chakraborty*, Prosenjit
Pramanick*, Atanu Kumar Raha*, Sufia Zaman*, Mahua Roy Chowdhury and
Abhijit Mitra
Department of Marine Science, University of Calcutta, 35 B.C. Road,
Kolkata 700019
*Attached to TECHNO INDIA UNIVERSITY, Salt Lake Campus, Kolkata 700 091
Porteresia coarctata is an important saltmarsh grass found in the intertidal mudflats of deltaic Sundarbans.
The biomass and stored carbon were monitored in this saltmarsh grass species for 12 consecutive years
(2001-2012) from two stations in western and central Indian Sundarbans. The biomass of the species is

more in the western Indian Sundarbans that are available in the mudflats of Hooghly estuary (situated

in the east coast of India) compared to the biomass of the species collected from the Matla estuary in the

central Indian Sundarbans. The carbon content exhibited similar trend to that of the biomass. Significant
spatio- temporal variations were observed in biomass and carbon contents of the species (p < 0.01). The
present results suggest the importance of Porteresia coarctata in the domain of blue carbon.

Diversity of wading birds in mangrove ecosystems at Jakhau creek system of
Gulf of Kachchh
Patel Sonali, Prajapati Rohit and Dharaiya Nishith
Department of Life Sciences, HNG University, Patan -384265
Email Id : es.sonali@gmail.com, nadharaiya@gmail.com

Bird diversity plays very significant role in balancing any ecosystem and it is considered as one of
the important indicator s of an ecosystem. Species diversity also depends on the species richness and

evenness which greatly affects the stability of entire ecosystem. Mangroves play important role to
protect vulnerable coastlines from wave action because they hold the soil together and prevent coastal

erosion. Mangrove and their associated coastal wetlands provide substratum on which many species of

plants and animals lives. Mangroves are home to resident and migratory birds , snakes and mammals.

Mangrove trees and canopy provide important nesting grounds for hundreds species of birds. The
present study carried out in two selected sites of Jakhau creek system of Gulf of Kachchh to understand

the significance of mangrove ecosystem for migratory waders. The study was carried out by exclusive
field surveys during the migratory season to know the diversity of wading birds in both the sites. Point

count method was employed to enumerate birds and the data were analyzed using biodiversity Pro®
Software. The study reveals that water levels, tidal flux and human disturbance in mangrove ecosystem

may affect the abundance of waders, however no significant difference in the wader diversity was found
with respect to the habitat type. The study draw attention that the creek systems with dense mangroves
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in Gulf of Kachchh serve as important habitat for migratory birds especially waders and they should be
managed and monitored f or better conservation.

Key Words : Waders, Diversity, Abundance, Mangroves, and Salt pan
Rapid small-scale starch isolation technique from the mangroves
1
1

Priya D. Patil* and 1Niranjana S. Chavan

Department of Botany, Shivaji University, Kolhapur-416 004.
*E-mail : ppriya.patil@rediffmail.com

The proposed rapid small-scale starch isolation technique in the laboratory was a combination of dry
grinding of propagules, suspension of the resulting flour in cold distilled water then separation of crude
starch by centrifugation and partially purified by treating with acetone and toluene. The starch granules

were then dispersed in dimethylsulfoxide (DMSO) and precipitated with 70% ethyl alcohol. Purities
of starch components were verified by specific biochemical and enzymatic tests in addition to their

physiochemical characterization of starch obtained from mangroves like Xylocarpus granatum and
Heritiera littoralis. This procedure should also be suitable for purification of starch from other plant
sources.

Keywords : starch, propagules, DMSO, ethyl alcohol, physiochemical, mangroves
IMPACT OF MANGROVE ON THE FISH SPECTRUM OF INDIAN SUNDARBANS
Rajrupa Ghosh, A. K. Raha*, Subhra Bikash Bhattacharyya*,
Sufia Zaman* and Abhijit Mitra.
Department of Marine Science, Calcutta University, 35 B.C. Road, Kolkata 700 019
*Attached to TECHNO INDIA UNIVERSITY, Salt Lake Campus, Kolkata 700 091
The Indian Sundarbans is one of the most biologically productive and taxonomically diverse ecosystems
in Indian sub-continent. The ecosystem is highly diverse in terms of salinity and mangrove distribution.

The western part of Indian Sundarbans is relatively less saline as this region receives the fresh water
from the Farakka Barrage. Decadal observation on salinity exhibits a decreasing trend in western Indian

Sundarbans. The zone has moderate to rich mangrove diversity. The fish diversity in western Indian
Sundarbans synchronizes with mangrove richness and several commercial important species including

Tenualosa ilisha are available in this zone. The central sector of Indian Sundarbans exhibits a relatively

higher salinity with sparse mangrove richness. Survey on fish diversity in this zone exhibits a poor figure
with dominancy of trash fishes like Harpodon neherius. Significant spatial difference in fish diversity
may be attributed to distribution of mangroves in the lower Gangetic complex as the litters and detritus
contributed by mangroves help to sustain the fish juveniles and icthyoplankton.

[ 91 ]

Gujarat Ecology Commission
International Workshop on Mangrove Conservation in India

Floral Composition and Species status of Mangroves of Andaman and
Nicobar islands
Pandisamy Ragavan1*, Mani Saxena3, Alok Saxena2, P.M. Mohan1, Tarun Coomar3
1

Department of Ocean Studies and Marine Biology, Pondicherry University,
Brookshabad campus, Post Bag No.26, Andaman and Nicobar Islands,
Port Blair - 744112, India
2

3

Additional Director, Indira Gandhi National Forest Academy, Dehradun

Andaman and Nicobar Island Forest plantation and Development Corporation
Limited, Vanvikas Bhavan, Andaman and Nicobar Islands
Port Blair-744102, India, E-mail : van.ragavan@gmail.com

Actual number of mangrove species found in the Andaman and Nicobar Islands outnumber the number
of species recorded to occur there. The present study aims at reviewing the literature on mangrove floral

composition, individual species and distribution as well as highlighting the causes of such apparently

large species numbers and incorrect identification of some of the mangrove species in the Andaman
and Nicobar islands. This study is based on extensive field surveys over a period of more than two

years using well-established diagnostic identification keys. The survey indicates that there are 33
exclusive ‘mangrove species’, at least 27 ‘mangrove associates’ that occur on the islands. In addition,
the morphological variation of mangrove species and correct identification of certain mangrove species
apparently misidentified by previous authors is discussed. The present work is considered useful for

further scientific research into floral compositions of mangroves of the Andaman and Nicobar islands
and also in the development of appropriate conservation and management strategies.

VARIATION IN MINERAL COMPOSITION OF SONNERATIAAPETALA BUCH. HAM.
FROM RAIGAD DISTRICT OF MAHARASHTRA.
S. D. Ghodake and A. B. Telave*
Post graduate Department of Botany, Tuljaram Chaturchand College, Baramati,
Dist.- Pune (MS) India

Sonneratia is one of the predominant genus found along the coast of Maharashtra. The genus has 5 species

out of which 3 are reported from west coast including South Western Maharashtra. Mineral composition
in leaves of Sonneratia apetala Buch. -Ham. collected from different sites of Raigad district was studied.
Their relations to rhizosphere soil have also been investigated. The results showed that concentrations
of Na, K, Ca, Mg, N, P, and S in leaves of S. apetala grown in different sites differed significantly. It was

also revealed that some heavy metals, viz. Mn, Fe, Zn and Cu showed wide range of concentrations. The

leaves from one of the locations in Dharamtar were characterized by exceptional high concentrations
of heavy metals may be due to local contamination. Chloride concentration in Dharamtar is also high.
Correlations among soil and plant samples were generally very weak.
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Preliminary conservation effort on Rhizophora annamalayanaKathir., through in
vitro method, the only endemic mangrove to India
Ravinder Singh Chinnappan, Kathiresan Kandasamy
Centre of Advanced Study in Marine Biology, Faculty of Marine Sciences,
Annamalai University, Parangipettai- 608 502, Tamilnadu, India. E-Mail :
chinnaravinder@yahoo.co.in Mobile : +91-9597992543, Fax : +91-4144-243555.
An efficient protocol was established for in vitro clonal propagation for Rhizophora annamalayana the

only endemic mangrove species to India. Initially the explants were surface sterilized appropriately

with 0.1 % mercuric chloride for one minute, 70% ethanol for 30 seconds and 3% hydrogen peroxide
for one minute. Then the explants were treated with three different anti-oxidants for reduction of

phenol browning of the explants. Among the antioxidants, 10 mg/L ascorbic acid was found to be the
best. Among the five different tissue culture media - B5, WPM, MS, SH and Y3- tested, MS medium was
chosen to be the best for meristem culture. Among the growth regulators, cytokinins (Benzyl adenine,

Kinetin and Zeatin) used alone and in combination with auxins (Naphthalene acetic acid, Indole acetic
acid, Indole butyric acid), the shoot growth was better observed after 20 days when MS medium was

incorporated with 3.0 mg/L of benzyl adenine and 3.0 mg/L of kinetin with coconut milk. This is the

initial step of tissue culture for the recovery of the fast disappearing Rhizophora annamalayana. Further
research is progressing on mass multiplication and field transfer.

Monitoring the mangrove vegetation of Jambusar taluka from 1978-2012 with
Remote sensing technique
Khare Shreestuti S.#*, Shah Dharmendra G.#, Desai Nikhil D.+

# Department of Botany, Faculty of Science, The Maharaja Sayajirao University of
Baroda, Vadodara, Gujarat
+ Department of Geology, Faculty of Science, The Maharaja Sayajirao University
of Baroda, Vadodara, Gujarat
Corresponding author # Email : shreestutitattu14@gmail.com
Mangroves are a group of highly evolved halophytes occupying the intertidal zone in estuaries, lagoons
and coastal mudflats along tropical and sub tropical coastlines. They are considered to be one of the
most productive and biodiverse wetlands on earth. But despite of their high productivity and valuable

services, they are subjected to ecological pressure due to natural processes and human interventions.
The main objective of this study is to evaluate the change in the density, areal and spatial extent of

mangrove cover using remote sensing technique for the Jambusar taluka in Bharuch district. The area
is covered in 1 :50,000 scale SOI (Survey of India) toposheets numbers 46B/12, 46B/16, 46C/09 and
46C/13. The changes were studied based on the comparison of data retrieved from the satellite images
of year 1978 and 2012. For year 1978, the LANDSAT MSS satellite image was used while for the year

2012, IRS P6 LISSIII data have been used to bring out the change in the mangrove cover of an area.
The analysis was done using visual interpretation technique in which the mangrove vegetation was
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marked for the respective years. A comparison of analyzed satellite data shows an overall increase in

the areal extent from 2.25 ha in 1978 to 1230.34 ha in 2012. The overall increase in the mangrove cover
is due to the plantation activity taken up by the government and non-government agencies and the high
regeneration ability of the mangrove Avicennia marina.
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Mangrove ecosystem serve s as feeding and breeding ground for variety of living organisms including
crustaceans, mollusks, fish and many resident and migratory birds. It provides a unique ecological

habitat for microorganisms which plays important role in nutrient cycling through their decomposition
abilities. Microorganisms also play vital role to drive food chain as well as fertility of mud flats for
growth and development of mangroves. The present study carried out at two different site s, viz. natural

mangrove forest and a mangrove plantation site at Jakhau Creek of Gulf of Kachchh. The goal of the

study is to explore the microbial diversity in mangrove habitats and to know the role of microorganisms
in growth of mangroves. The microorganisms were isolated from w ater and sediment samples from

both the study sites to study their characteristics and biochemical activities. Along with microorganisms
the physico chemical properties of both t he sites were also studied. The study reveals that chemical
properties of both the sites are significantly different due to difference in macro nutrients like inorganic
phosphorous, nitrogen and sulphate. Total 17 bacterial genera were isolated from the both the study

sites; out of which 8 were isolated from natural mangrove site and 9 from Mangrove plantation site.

Among all the bacteria, bacillus spp were found common at both the sites. The microbial study suggests
that the selection of plantation site is very important for mangrove plantation with respect to sediment
quality and their microbial community. The soil of plantation site can also be altered by introducing
some nitrogen fixers and phosphate solubilizers.
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