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PREFACE

The National Centre for Sustainable Coastal Management
(NCSCM) was established under the Ministry of
Environment, Forest and Climate Change (MoEFCC),
Government of India, in February 2010 with the objective of
developing into a leading institution for the management of
coastal and marine areas with adequate human resources
and research infrastructure. It will support the management
of coastal and marine areas in India in an integrated and
sustainable manner and provide guidance to the national
and state governments, as well as other relevant
stakeholders, on matters of policy and science pertaining to
Integrated Coastal Zone Management (ICZM). Prof. Dr. R. Ramesh

In its research mandates for 2019-2020, NCSCM continued to achieve results through
its in-house and externally funded programmes. Twenty in-house research studies
covering climate change, conservation, coastal and marine pollution, spatial and
temporal mapping, socio-economics, island management, and traditional knowledge,
were undertaken and successfully completed by the seven divisions of NCSCM. A
total of 37 research publications, with a combined impact score of 86.78, were
published in peer-reviewed, high impact factor journals as one of the outcomes of the
research studies apart from Management plans, atlases etc. In addition, a total of 100
DNA sequences, 64 of which were from microorganisms and 36 from macroorganisms
were submitted to the National Centre for Biotechnology Information (NCBI) Maryland,
USA.

One of the major accomplishments during the 20191 2020 period is the completion of
the Integrated Coastal Zone Management Plan (ICZMP) for two coastal stretches of
West Bengal, (i) Dighai Sankarpur and (ii) Sagar Island. This Plan has been accepted
by the West Bengal Government for implementation. The sediment cells delineated
for the entire coast of India was used as a planning boundary for the ICZM plan
preparation and for the preparation of shoreline management plans for the two coastal
stretches of West Bengal. For the first time, a comprehensive coastal and marine
spatial plan including over 150 thematic layers was mapped for identifying various blue
economy activities along the coast of West Bengal.

Additionally, as a key mandate, within the purview of the Coastal Regulation Zone
(CRZ) Notification, 2011, NCSCM has provided the Coastal States and UTs with the
guidelines for the Integrated Coastal Zone Management (ICZM) Plan. Coastal Zone
Management Plans along with Land use Plan has been prepared for most of the
coastal States/ UTs by NCSCM and work is in progress to map the CZMPs as per
CRZ 2019 Notification. The Island Coastal Regulation Zone (ICRZ) plans have been



prepared for several large inhabited islands of Andaman and Nicobar and Integrated
Island Management Plans (IIMP) are prepared for the small islands of Lakshadweep
and Andaman and Nicobar Islands over a period of time.

NCSCM conducted an international conference jointly with the Society of Integrated
Coastal Management, the Ministry of Environment, Forest and Climate Change of
India, the World Bank, and the Global Ocean Forum on "ICZM lessons learned and
relevance for India." Experts from various countries presented the lessons learned,
challenges, and opportunities in the implementation of ICZM in their respective
countries, particularly focusing on the central-state-local institutional approaches in
complex governance systems, financial sustainability, and capacity development. The
main focus of the conference was on Lessons Learned from the ongoing ICZM Project
and its relevance for India and the global context.

| thank the Honorable Union Minister of Environment and Forest and Climate Change ,
Honorable Minister of State, Environment and Forest and Climate Change, High
Power Research Steering Committee and the for setting such high benchmarks for
NCSCM's research objectives. | would like to express my gratitude to Secretary
EF&CC for the continuous support and advice on the research programmes. The Vice
Chancellor of Anna University and Chairman of the Governing Council, the Registrar,
and all of the Governing Council members whose cooperation is acknowledged. |
sincerely appreciate the World Bank and National Project Director's tremendous
assistance. The activities and periodic updates are available at the NCSCM website
www.ncscm.res.in.

DIRECTOR
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1. About NCSCM

The National Centre for Sustainable Coastal Management (NCSCM) was established
by the Ministry of Environment, Forest and Climate Change (MoEF&CC) in 2011, as
an autonomous institution to support the protection, conservation, rehabilitation,
management, and policy advice of the coast. NCSCM supports the nationwide
adoption of the Integrated Coastal Zone Management (ICZM) approach by utilizing
decision support systems based on cutting-edge science and knowledge and through
networking with communities, government structures, and relevant reputable national
and international institutions.

India has a long coastline of 7,500 km, harbouring diverse ecosystems and unique
biodiversity. However, the coast faces myriad issues including destruction and
degradation of the rich ecosystems, pollution from agriculture run-offs, domestic and
petrochemical industries, and importantly, the vast coastal population exerting
pressure on the natural resources for livelihoods and sustenance. Moreover, the
coastal and marine waters are also potential areas for development, which is promoted
by the Government to support economic growth. Realizing the necessity for an
integrated approach towards coastal management and conservation, the Government
of India embarked upon the Integrated Coastal Zone Management Project (ICZMP)
for the holistic development of the coast within the regulatory framework of Coastal
Regulation Zone (CRZ) Notification, 2011 and the Island Protection Zone (IPZ)
Notification, 2011.

2. Vision and Mission

Vision

o Promote sustainable coasts through increased
partnerships, conservation practices, scientific research
and knowledge management for the benefit and wellbeing
of current and future generations.

Mission
Support integrated management of the coastal and

marine environment for livelihood security, sustainable
development and hazard risk management by enhancing:

KNOWLEDGE PARTNERSHIPS
AND NETWORK

RESEARCH AND COASTAL COMMUNITY
ADVISORY SUPPORT INTERFACE
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Government of India
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Shri. Madhav Gadgil, Member, National Advisory Council

Secretary, Ministry of Environment, Forests and Climate Change

Dr. Shailesh Nayak, Secretary, Ministry of Earth Sciences

Dr. K. Radhakrishnan, Chairman, ISRO, Bangalore

Vice Chancellor, Anna University, Chennai

Additional Secretary, MoEF

Registrar, Anna University, Chennai

Financial Advisor, MOEF&CC

National Project Director, SICOM, MoEF&CC

Adviser, Impact Assessment Division, MOEF&CC

Adviser (E&F), Planning Commission

Chairman, Central Pollution Control Board

Prof. A. Jayaraman, National Atmospheric Research Laboratory, Tirupati
Prof. G.M. Samuel Knight, Professor of Civil Engineering, Anna University,
Chennai

Prof. M. Sekar, Dean, College of Engineering Guindy, Anna University,
Chennai
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Director, National Institute of Ocean Technology, Chennai

Director General, Survey of India, Dehradun

Director, National Remote Sensing Centre, Department of Space

Director, National Institute of Oceanography, Goa
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Director, NLSIU, Bangalore

Director, Centre for Climate Change and Adaptation Research, Anna
University, Chennai
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Additional Director and Head of Administration and Human Resources
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I. Coastal Environmental Impact Assessment (CIA)

The Coastal Environmental Impact Assessment Division (CIA) would undertake
systematic monitoring and integration of environmental, social and economic impacts
to overcome critical pollution limits on the coast and the adjoining marine environment.

CIA Division would provide input and advice on all components of coastal
environmental impact assessment. This would incorporate components of a
cumulative e f f eassesdment, including identification of sources of environmental
impacts, notably- industrial expansion along the coast, port development, waste
disposal from land based and sea-based sources, coastal aquaculture etc. The
division would study all relevant aspects to establish baseline environmental
conditions of specific coastal areas and the cumulative environmental, economic and
social effects of regional development prospects on coastal and marine resources and
environment.

The CIA Division would suitably advise management measures for CVCAs in the
coastal and marine areas. Studies to be conducted by the CIA Division include:
i Apportionment of coastal and marine pollution hotspots
I Study of Sentinel Sites
T Impact of urbanization on coastal megacities
I Coastal ecosystem health (including development of coastal Water quality
index and report card)
T River Mouth System, incl. Deltas and Estuaries and coastal Aquifers
i Development of guidelines for cumulative analysis of coastal Infrastructure
Development Projects
T Nutrient management and HABs

Additionally, a set of valuable coastal ecosystem components (viz. river mouths,

deltaic systems, coastal aquifers, mangrove forests, coral reefs in addition to many

others) was examined, focusing on circulation and siltation, coastal water quality,

sedi ments and the benthic community. Based
determine cumulative impacts arising from the aggregate of human activities, was
developed. A comprehensive assessment of ecosystem health was developed using
Ecosystem Health Indicators for use in driving policy decisions. This is to enhance and

support the science, management and restoration of coastal ecosystems through the
integration of geographically detailed assessments and forecasts.



li. Conservation of Coastal and Marine Resources (CMR)

The Conservation of Coastal and Marine Resources Division (CMR) develops
guideline strategies for conservation and long-term sustainable use of coastal and
marine resources that encompass societal interests and the integrity of ecosystems.

The primary mandate of CMR is to guide the use of the living and non-living natural
resources for diverse, and often conflicting, sectoral activities, so that the continued
viability of all aspects of resource usage and ecosystem health can be secured. The
important aspect is to Strategy the conservation of coastal and marine resources in
ways that promote human wellbeing, for present and future generations. Key issues
in the management of coastal resources include the loss of biodiversity and habitats
through human-related pressures, and the impacts of biodiversity loss to coastal
livelihoods. The CMR Division provides inputs to the KGP Division to help promote
knowledge about coastal and marine ecosystems and their functioning for effective
ecosystem-based management. The CMR Division devise strategies and plans along
with the ISE Division for reduction of current and emerging pressures on the coastal
and marine resources through adaptive management and co-management activities.

The CMR division undertake research studies on the following key topics:

i Development of Critically Vulnerable Coastal Area (CVCA) management
strategy/ plan

I Mapping of ESAs

i Mapping of coastal mineral resources

T Coastal ecosystem modelling

I Development of restoration strategies/ plans for degraded coastal and marine
habitats

The CMR investigate the interactions between natural coastal resources and the
coastal communities, with a view to establish the level of sustainable utilization, and
thereafter the adoption of conservation ideas in the integrated coastal zone
management plans in the country.

4



lii.  Futuristic Research (FTR)

The Futuristic Research Division (FTR) pursue innovative research and assess
technological, policy and societal responses to inform adaptation and mitigation
strategies to achieve sustainability and improve the resilience of coastal community.

The objectives of the FTR Division are twofold: 1) energy security for coastal
community and ii) climate change adaptation and mitigation for improved resilience.
This division assess risks, impacts and vulnerabilities through regional and decadal
scale analysis and models by improving the benefits from forecasts of future
environmental conditions and their consequences for people. Through innovative
research, this division examine the potentials of energy security from renewable
sources and those that have neutral impacts on other aspects of coastal sustainability.
This include harnessing the potential of offshore wind energy for climate change
adaptation and energy security in coastal regions of India. In another dimension, the
FTR undertake advanced research towards minimizing carbon emissions and
maximizing carbon sequestration and storage by sea grasses, tidal marshes and
mangroves. The studies make an important contribution by ensuring that climate
change concerns are better integrated with ongoing or planned activities that support
ecosystem integrity including the management and use of bio-diversity resources. The
FTR conducts targeted research and monitoring to quantify the greenhouse gas
emissions from coastal ecosystems including those due to ecosystem degradation,
land-based pollution and land use change.

The FTROs c ois @ cudting-edge gvork in paleoclimate reconstruction,
geochronology, modelling, and synthesis. Paleoclimate reconstructions is used as
windows into physical mechanisms of climate change, and its implications on socio-
ecological, coastal and marine systems. The aim of FTR is also to quantify and predict
the impact of ocean acidification on bio-diversity and ecosystem functioning and the
potential industrial scale production of biodiesel from halophyte cultivations. Some of
the key innovative research FTR conducted includes:

i Offshore renewable and non-conventional energy source potential (macro-
picture)
Algal/ Halophyte cultivation for Bio-diesel (Industrial scale production)
Blue carbon studies
Coral bleaching
Ocean acidification
Invasive Alien Species
Greenhouse gas fluxes from coastal ecosystems
Urbanization of coastal zones

FTR6s concerns include the vulnerability

and those related to climatic change.

9
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Iv. Geospatial Sciences (GEO)

The Geospatial Sciences Division (GEO) is designed to provide information on the
state of the coastal and marine environment through advanced observing and
forecasting systems.

The aim of the GEO Division is to examine the application of Geographic Information
Systems (GIS) and Remote Sensing (RS) to coastal management, coastal and marine
monitoring, and hazard assessment. The primary thrust of this division is to develop a

AShoreline Managdmentt hRl coast al states

territories.

I Erosion Mapping Hazard Line Mapping (with inputs from Survey of India)

I Coastal Geomorphology

i Sediment Cell delineation

T Mapping, delineation and demarcation of Ecologically Sensitive Areas (ESAS)

I Mapping, delineation and demarcation of Critically Vulnerable Coastal Areas
(CVCASs)

I Land-use Zoning

I Coastal protection measures

T Bathymetry

I Coastal process studies

I Sea-Use Zoning

The prime focus of GEO is to integrate coastal data and information to help guide
management efforts such as coastal and marine spatial planning, and coastal zoning
to derive science-based strategies towards Integrated Coastal Zone Management
Plan (ICZMP).

[10
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v. Integrated Social Sciences and Economics (ISE)

The Integrated Social Sciences and Economics Division (ISE) conducts inter- and
transdisciplinary research which takes account of coupled natural, social and
economic systems.

| SEG6s k ey cbmonmunitg-based approach to coastal vulnerability and coastal
management. This division actively addresses the social-ecological dynamics in
coastal systems, and the transitions towards an ecosystem approach and other means
to address integrated coastal management. Methods include ecological and social
field studies (inventories, interviews), meta-analysis, and theoretical development.
The goal is to reduce vulnerability of coastal populations, especially to natural hazards
that are likely to be exacerbated by climate change and to ensure true participation of
community in coastal management for sustained benefits. Research interests of ISE
include social aspects of coastal management, traditional knowledge, and regional
and national level solutions for livelihood security and improved community level
resilience against coastal hazards.

A few key examples of studies conducted by the ISE Division include:

T Socio-cultural profile of all traditional coastal communities

I Livelihoods Survey including development of coastal profile

I Survey and Mapping of fishing spaces

I Traditional Ecological Knowledge

i Customary and traditional institutions and Governance

T Assessment and valuation of coastal resources (living and non-living)

I Economic assessment of Ecosystems (Use and non-use values)

I Development of Co-management regimes

I Collect policy relevant economic indicator data on the economic value of the
coastal and marine ecosystems

I Provide economic data and analysis to improve coastal and marine area
management

[11



vi. Integrated Island Management (lIM) - (A Unit of FTR)

The goal of the IIM is to help ensure the future socio-ecological sustainability of the
Indian islands, Andaman and Nicobar and the Lakshadweep by preparing an
Integrated Island Management Plan. The [IM undertake scientific approaches, coupled
with indigenous knowledge for the better management of the islands and its resources.
The IIM consider the indigenous governance structures and knowledge 1 particularly
in tribal dominated islands. The islands being pristine areas, this division undertake
long-term historical analysis including monitoring of the oscillations of crucial
environmental variables.

The 1IM develops guidelines for hazard preparedness and evolve climate change
adaptation and mitigation strategies for the Islands. Some of the major goals are to
develop integrated island management / green island economy concept and to
explore, in conjunction with island populations, ecotourism development as a particular
option. The IIM provided tools for mainstreaming Disaster Risk Management based
on experiences from selected island countries worldwide.

The 1IM division undertakes specific research to enhance the resilience of the island

communities; will help in building regional capacity in risk management, and prepare
long-term guidelines for integrated coastal management plans.

[12



vii. Knowledge, Governance and Policy (KGP)

The Knowledge, Governance and Policy Division (KGP) facilitate the overarching
requirement in the area of knowledge and skills development in coastal management,
considering the needs of the research community, stakeholders, policy makers and
the society. The KGP Division integrate data relevant to coastal management and
create a national scientific knowledge base that facilitates improved decision making
and policy formulation at the highest government and sectoral levels. The KGP
Division undertake the following major programs:
T Collection of all international best practices in ICZM and analysis of appropriate
ICZM practice that can be used/ adopted in India with suitable modifications
T Preparation of the evolution of ICZM ideas in various countries
T Information on all base Coastal Zone Acts and judicial pronouncements of all
countries to be collected
T A database of all judicial pronouncements related to coastal areas from the
various Indian High Courts and the Supreme Court; and the Environmental
Tribunals
i Guidelines for the preparation of ICZM Plan for State/ UT Governments
(including sub-plans such as shoreline management plan) was evolved
T Training of trainers for integrated coastal planning and management
I Compilation of database and analysis of gender issues in coastal areas
I Communicating science and policy to the coastal communities and other key
stakeholders
T Creation of a National database repository for coastal management

The KGP work as a central repository for the dispersed information on the Indian coast.
The division prepares guidelines for the preparation of ICZM plans for State/UT
governments including the various strategies to be evolved by the other departments
such as for shoreline management. Coastal management requires all the stakeholders
to be interconnected at different scales in order to share information, knowledge and
data to solve problems and conflicts facing the coastal area and livelihood of the
coastal communities. The division also enable networking at the local, regional,
national and global levels. The KGP division is also be active in communicating
science at various levels, especially at the local level in the vernacular. Training of
trainers and other capacity building programmes are organized periodically to build a
strong and viable system for sustainable coastal management.

[13



a) Partnerships & Networking

The issues related to the coast are too diverse and complex to be addressed by one
research organization and hence there is a need to strengthen the capacity of regional
universities and research units along the coast so as to be the research partners of
NCSCM, Chennai. The idea is novel and NCSCM is the first central research
organization to have such a focused collaboration with regional universities. Fourteen
institutions have formed a consortium with the National Centre for Sustainable Coastal
Management. NCSCM has put in place a road map for strengthening and expanding
the existing NCSCM consortium, stakeholder network and prioritizing the community
interface. NCSCM supports its partner consortium institutes by strengthening their
core area of research, and building capacities on the core research mandates of the
NCSCM. Such networks and partnerships will formalize multidisciplinary interactions
in order to effectively address key coastal research problems. Research proposals are
being prepared by the Cls jointly with the scientists of NCSCM in order to address the
coastal issues through systematic research.
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a) Bio-Monitoring of Organic and Inorganic Pollutants

Rapid population growth, over-exploitation of coastal and marine resources and
increased pollution load has altered the structure of the food web in coastal
ecosystems. Investigation into coastal pollutants reveal that toxicants are derived from
a variety of natural and anthropogenic sources that can damage biodiversity,
ecosystems and human life. Major pollutants include toxic chemicals, persistent
organic pollutants (POPs), harmful toxins from algae, bacteria and viruses, and more
recently, emerging pollutants such as nano-plastics, micro-beads, Per-Fluorinated
Compounds (PFC) and Pharmaceutical-Personal Care Products (PPCP).

Evaluation of ecosystem quality using biomarkers stands as a fundamental approach
in the assessment of impacts on ecosystem health and allows for the early detection
of biological changes due to exposure to chemical pollutants. Biomonitoring studies of
the coastal environment evaluated the ecological risk and risk to human health through
a combination of field studies in assessments in laboratory, on naturally occurring
species and communities. Biomonitoring allows the early detection of biological
changes due to exposure to hazardous pollutants that result in long-term physiological
disturbances.

Accumulation and ecotoxicological risk of weathered polyethylene (WPE)
microplastics on green mussel (Perna viridis)

The coastal edge and marine environment have become easily accessible as disposal
sites for harmful pollutants emerging from the domestic and industrial wastes. Among
this, plastics have become one of the most persistent environmental threat because
of rapidly increasing production and lack of efficient recycling processes. Several
aspects of research have emphasized that the microplastics in the coastal ecosystem
pose a great threat to food web. Microplastic particles, which can be accumulated by
aquatic organisms lead to make or cause changes in the antioxidant and pro-oxidant
balances in aquatic organisms, resulting in the oxidative damage to cellular
metabolism and structure. Therefore, the assessment of antioxidant and oxidative
stress becomes an important biomarker tool for assessing the toxic impact of
environmental contaminants.

Biomarker studies provide basic scientific information about the impacts of MP
accumulation. Despite a growing interest in microplastic research, there still exists a
major data gap concerning ingestion, toxic impacts and accumulation pattern of
weathered MP debris in the aquatic organisms. Therefore, studies were conducted to
assess the interactions between environmentally weathered polyethylene (WPE)
microplastics and Perna viridis under controlled conditions. The green mussel, Perna
viridis was chosen because of its global presence, economic importance as seafood,
and also due to their key role in estuarine and coastal habitats.
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Figure 1. Interactions between environmentally weathered polyethylene (wWPE)
microplastics and Pernaviridis under controlled conditions
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Perna viridis was exposed chronically to three different environmentally relevant
concentrations of wPE for 30 days, followed by a one-week depuration. No mortality

was observed in the control and exposed groups, but the feeding rate had substantially
decreasedinthegroup exposed to highe r?!)ofwPE.dtevastalsoat i on
observed that a higher number of wPE particles accumulated in the intestine of the

exposed organisms.

Our results indicated that the presence of the substantial number of wPE patrticles in
exposed organisms may adversely affect the internal organs as well as growth and
reproduction. Results suggested that the accumulation is marginally influenced by size
of the wPE. Similarly, biomarker analysis revealed that wPE exposure significantly
altered both the metabolism and histology of the internal organs of the exposed
organisms. Overall, the study confirmed that the intestine was the most sensitive organ
followed by gills, adductor muscles, and foot tissue adding new insights into the
adverse effects of wPE in the marine ecosystem.

Figure 3. Histological changes in intestine of Perna viridis exposed to wPE particles
transverse section (TS).
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b) Marine litter and Microplastics Assessment

Holistic assessment of microplastics in various coastal environmental matrices,
southwest coast of India

Plastics in the marine environment are introduced through multiple pathways, and
pose serious threats to aquatic biota. Recently microplastic pollution and its possible
consequences in India have been recognized by the scientific community, however
the extent of the crisis has not yet been quantified. Among nine coastal states of India,
Kerala, in the southwest coast of I ndia, ran
with 187 fishl andi ng centres contributing to 12.7%
Currently, its beaches are under stress from beach debris, especially from river
transport, and tourism sectors as well as various sea-based sources such as shipping
and fishing activities. Despite increasing awareness on the hazards of microplastic
pollution and its transport and accumulation along the Indian coast, its distribution,
possible sources and impact on the marine ecosystems of the region is still largely
unknown. The present study attempted to ascertain the abundance, distribution and
characteristics of microplastics in coastal waters (14 locations), beach sediments (22
locations) and marine fishes (11 locations) from the state of Kerala, southwest coast

of India.
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The results showed that the mean microplastic abundance was 1.25 + 0.88
particles/m3 in coastal waters and 40.7 + 33.2 particles/m2 in beach sediments with
higher concentrations in the southern coast of the state. The abundance of
microplastics, mostly contributed by fragments, fibre/line and foam, in both coastal
waters and beach sediments, were highly influenced by river runoff and proximity to
urban agglomeration.
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Fourier Transform Infrared Spectroscopy-Attenuated Total Reflection (FTIR-ATR)
revealed that polyethylene (PE) and polypropylene (PP) were the dominant polymers
in the marine environment. The digestive tracts of 15 out of 70 commercially important
fishes studied, contained 22 microplastic particles. Polyethylene (PE; 38.46%)
followed by cellulose (CE; 23.08%), rayon (RY; 15.38%), polyester (PL; 15.38%) and
polypropylene (PP; 7.69%) were the major contributors in the fish ingested
microplastic composition. A broad range of heavy metals, metalloids and other
elements that are potentially indicative of hazardous chemicals were present in
microplastics collected from the beaches of Kerala. These results enhance our
understanding on the sources, transport pathways and the associated environmental
risks of microplastics to marine ecosystems.

Spatiotemporal variations in anthropogenic marine litter pollution along
the northeast beaches of India

Marine litter is widely distributed in marine environments and has been a severe
concern worldwide, due to the disposal of waste from diverse sources. India has a
coastline of 7,517 km, with sandy beaches constituting 43% of it. Nearly one-third of
the Indian population lives in coastal areas, which contribute to a huge amount of
marine litter. Besides, coastal areas also have river discharge, fishing activities,
tourism and ship traffic, which are an important source of litter pollution. Despite
organised clean-up actions conducted by various non-governmental organizations
(NGOs) and local municipalities, information regarding deposition factors, quantities,
and seasonal trends of marine litter in India is still scarce. The severity of this threat
has garnered increasing attention in India over the last decade, but the full
consequences of this pollution are yet to be quantified.

To estimate the spatiotemporal distribution, composition and beach quality of marine
litter pollution, 17 beaches along the Hooghly estuary, a part of the Gangetic delta was
studied. Marine litter was collected from 100 m long transects during two seasons
(monsoon and post-monsoon). The OSPAR monitoring standard was applied to the
16,597 litter items collected, then grouped under 6 types and 44 categories. In terms
of number, litter abundance was higher during monsoon (1.10 *+ 0.39 items/m?) than
that of post-monsoon (0.86 + 0.32 items/m?). Most of the beaches were categorized
as "dirty" cleanliness as computed by the general index and clean coast index and the
"very low" class for the pellet pollution index. Hazardous litter constituted 6.5% of the
total collected litter items. The model prediction revealed that the influence of high
discharge from Hooghly, Rasulpur and Subarnarekha River carried enormous
anthropogenic litter to the northeast beaches. The litter flux decreases with an
increase in distance from the shore, and act as a sink to the sea-floor.
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Figure7. Abundance and distribution of beach litter across seventeen beaches during (A)
monsoon and (B) postnonsom.
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Figure8. Prediction of fate and distribution of marine litter for 15 days. (a) sources of litter,
(b) bathymetry of the study region, (c) trajectory and distribution of litter during the initial
period, (d) on tenth day (edn the fifteenth day (f) cumulative distribution of litter for fifteen
days.

The results denote that the distribution and typology of marine litter were
representatives of household, tourism and fishing, which in turn highlights the need for
better regional litter management measures. Suggested management practices
include source reduction, mitigation, management of beach environment and change
in littering behaviour through environmental education.
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Figure 9. A schema for changing public perception of littering behaviour, (a)
complementary elements of social behaviour change, (b) litter management and
minimization hierarchy for the community in their daily lives.

Assessment of marine litter in the remote beaches of Lakshadweep
Islands, India

Global marine litter pollution is increasing dramatically, and oceanic islands are one of
the most vulnerable ecosystems due to their high debris accumulation rate compared
to continental sites. Remote island systems may act as a potential sink for marine
anthropogenic litter in the open ocean. The Lakshadweep Islands located in the
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Arabian Sea off the southwest coast of India are a hotspot of diversity. These small

and remote islands are pretentious by anthropogenic litter in a similar manner to other

islands around the world. Studies are commonly lacking from the Lakshadweep

Islands, mainly due to their inaccessibility, hence this baseline study represents an

important contribution towards framing a litter management plan for the islands. The

study was conducted during 2020 at Kadmat (114 0 NjN &4n8dNj 782) , S WhCeNji Pa
Nand 724 8 Nj E) and YMiNNi cah@Nj(7BB which are part o
group of Lakshadweep Islands in the Arabian Sea.

The Kadmat Island is long and narrow. It has lagoon on the western side, measuring
about 2 km at the broadest point with a total area of 37 sq. km. Kadmat has a land
part of 3.2 km? with a coastline of about 8 km. Suheli Island is a coral atoll in the Union
Territory of Lakshadweep, India. Located 47 km south-west of Kavaratti Island. It is an
uninhabited island and consists of a banyan reef, enclosing a very large lagoon (more
than 18 km?). Minicoy Island is the southernmost Island in the Lakshadweep group
with a land area of 4.4 km? and length of 9.5 km. Tidal amplitude is approximately 1.75
m. The lagoon occupies about 30.5 km? area with an average depth of 4 m.

NOAA Marine Debris Shoreline Survey Field Guide was used, to determine the
abundance and distribution of marine litter. At each beach, one transect sampling was
conducted with a dimension of 100 m length and 5 m width from the high tide line (dry
zone) covering an area of 500 m?2. During the survey, all visually identifiable litter items
greater than 2.5 cm, were collected by hand at each sampling site and placed in
separate non-plastic bags. The collected marine litter was divided into seven main
types of materials; plastics, metal, glass, rubber, processed lumber, cloth/fabric and
medical waste according to OSPAR guidelines.

The highest average abundance (182.3 + 83.1 items/500 m?) of marine litter was found
in Suheli, followed by Minicoy (172.8 + 109.5 items/500 m?) and Kadmat islands (120.7
+ 75.1 items/500 m?). Among the studied beaches, 46 different categories of marine
litter were observed and these were classified into 7 major types; plastic (20
categories), metal (4 categories), glass (4), rubber (5), processed lumber (5)
cloth/fabric (6) and medical (3). In terms of composition, plastics were the most
common constituent in litter items on the surveyed beaches followed by non-plastic
items such as cloth/fabric, processed lumber, rubber, metal, medical waste and glass.

The study suggested that the significant contribution of the debris was due to
increased shipping, commercial fishing activities and improper handling of solid
wastes from Lakshadweep Islands. Due to high population density and low resource,
lack of space and limited waste management, facilities may lead to aggregation of
solid waste in these small islands. Because of improper disposal, the plastic debris
could be carried away by currents, which are circulated in the Lakshadweep Sea finally
end up at the coastal areas of the Lakshadweep Islands. The commercial fishing
debris includes nets, ropes, strapping bands, bait boxes, plastic bags, and gillnets.
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The commercial-based shipping debris is the illegally dumped waste or littering from
shipping activities.
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a) Oyster Reef Watch Programme

Coastal lagoons are shallow estuarine basins under ocean influence and detached
from the adjacent sea by a barrier, sand spit, coastal dune, or similar land features. In
Coastal lagoons, the exchange between nutrient rich freshwater and seawater from
the sea takes place making it a unique ecotone supporting diverse biodiversity. The
nutrient-enriched water and extension of the photic zone to the lagoon bottom together
help in flourishing of Phytoplankton community and bottom vegetation such as
seagrass, benthic macroalgae, and other macrophytes. This increases the primary
productivity and provides habitats, breeding, and feeding ground for various
invertebrates and vertebrates.

Coastal lagoon as a mega-ecosystem supports various macro-ecosystem within itself.
Oyster reef is such a macro-ecosystem in which organisms interact with themselves
and with their environment. Oysters (reefs or beds) are referred to as &cosystem
e n gi n egthey are excellent biofilters. It provides habitat and serves as nursery
ground for invertebrates and vertebrates and, offer shelter to small organisms from
larger predators.

PROVIDES SHELTER REDUCES WAVE ENERGY PROVIDES SUBSTRATA PROVIDES FEEDING GROUND
For crabs, molluscs and act as nursery Protecting shorelines For other organisms to grow on For larger fish
habitat for juvenile fin and shellfish (including oyster and spats)

STABILIZES THE SUISTRATUP@
Reduces the resuspension of fine
sediments, improves

PROVIDES A RICH NUTRIENT SOURCE

REDUCES TURBIDITY
For seafloor animals, through depositing DENITRIFICATION Clearer water results in

- waste material from filter feeding Removes excess nutrients seagrass recovery

Figure12. Fishing communities living around the fringes are dependent on this lagoon for
their livelihood. Oyster reef in Pulicat Lagoon supports a high diversity of benthic fauna
and provide habitat, nursery, breeding ground and protection from predators.

The natural oyster reef is formed usually on living and dead oyster shells. Oyster reef
stabilizes the shorelines by influencing deposition of fine sediments and protecting
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from harsh wave energy. This aid in survival and thriving of other adjacent habitats
such as seagrass beds and salt marsh areas.

Pulicat Lagoon is a semi-enclosed and the second largest brackish water lagoon
situated in the Tamil Nadu and Andhra Pradesh border. The Pulicat lagoon supports
a wide variety of ecosystems such as oyster reef, seagrass bed, and soft benthic
substratum. These ecosystems support a rich diversity of fauna and flora and several
kinds of commercially important species are found associated.

Oysters are filter feeders and they can remove toxic materials and improve the water
guality. Since the 1950s, a number of studies on the marine biodiversity of the Pulicat
lagoon is documented and the studies reveal the presence of a total of 398 floral and
faunal species comprising eight phyla and 19 class belonging to 296 genera under
176 families. The major groups recorded are Acanthocephala i 4 sp, Annelida i 34
sp, Arthropoda 1 60 sp, Chordata i 236 sp, Echinoderms i 1 sp, Mollusca i 54 sp,
Platyhelminthes T 5 sp and Tracheophyta i 4 sp.

The data illustrates that Pulicat lagoon with its macro-ecosystems (oyster reef,
Seagrass, soft benthic sediment) supports huge biodiversity of marine invertebrates
and vertebrates. In Pulicat Lagoon, Oysters are considered as an important Keystone
species. However, the study on the status of oyster reefs and its associated fauna was
undertaken until the 1990s and after this time period, no extensive study was carried

out. ORWaP AOyster reef watch programmeo,

presence of major oyster reefs/beds from Pulicat Lagoon. The health of the oyster
population from the reef area was also assessed. The biodiversity and density of
associated fauna from different reef/bed areas were identified and documented.

Oyster Reef Area

Three oyster reefs/beds were identified in the southern region of Pulicat Lagoon. The
two major oyster reefs with 5.49 ha and 3.78 ha was located in the sub-tidal area
(13°25'42.80"N; 80°18'27.38"E) near to Jameelabad fishing village. The third, a very
small reef with a ~0.22 ha area was identified in the southern region of Meenthattu
Island (13°26'47.67"N; 80°19'11.80"E) of Pulicat Lagoon.

Reef forming Oysters

b The oyster bed survey revealed presence of four oyster species namely, Magallana
bilineata (slipper oyster), Saccostrea cucullata (hooded oyster), Isognomon
ephippium (saddle tree oyster) and Pinctada imbricata fucata (rayed pearl oyster).

b M. bilineata was identified as a major reef forming species whereas S. cuccullata
was a co-occurring species and played no role in formation of productive oyster
beds.
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Oyster Density
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The average total density of oysters from the reef ranged between 56 and 150
individuals/m?. The density of dead oysters was from 31-105 individuals/m?. The
density of dead oysters was relatively higher than live oysters, 25-45
individuals/m?.

The live/dead ratio of oysters representing the present condition of oyster reefs
ranged between 0.2 and 0.7 indicating the dominance of dead oysters.

Oyster reef Biodiversity

b

b

The oyster reef of Pulicat Lagoon is represented by a rich biodiversity of associated
fauna.

A total of 56 species belonging to major taxa namely Echinoderm, Arthropods
(barnacle, crabs, snapping shrimp, Amphipods), Gastropoda, Bivalvia and Pisces
were present.

A total of 2112 (ind/m?) individuals of benthic fauna were associated with the oyster
reef. Survey in the larger oyster beds reveal highest abundance of associated
faunal diversity due to the presence of wider surface area and crevices forming
micro-habitats.

Gastropoda and Bivalvia was the highest contributor in terms of abundance.
Brachidontes pharaonis (bivalve), Pirenella cingulata (gastropod), and
Amphibalanus amphitrite (barnacle) were the dominant individual species.
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b The major oyster bed located near Jameelabad fishing village supported highest
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b The oyster reefs also provide important resources to the fishing communities
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Figure14. Total density and ratio of live and dead oyster cover in Pulicat Lagoon

Oyster live-dead Ratio

This study indicates that the oyster reef in Pulicat lagoon is an important ecotone
supporting high biodiversity of associated benthic communities. However, the present
oyster reef condition is in a degraded condition. It could be due to natural process and
anthropogenic activities like overexploitation of resources, habitat alteration, etc.
During the field surveys exploitation of green mussels (Perna viridis) by local
fishermen of Pulicat Lagoon and their shell for lime production was observed.

As far as Pulicat lagoon is concerned, management of the oyster reef ecosystem is
significantly necessary. Sustainable use of natural resources and conservation of
biodiversity is important to harness the goods and services provided by the oyster
reefs by future generations.
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25- Placuna quadrangula (Philipsson, 1788)

[34




b) Status of Coastal Sand Dunes for Conservation and
Management

Coastal Sand Dunes (CSD) are geo-morphological features shaped by onshore wind
actions that accumulates sand to the elevated side of the land from the beaches. Sand
dunes acts as a physical barrier for coastal protection as well as a important habitat
for many coastal flora and fauna. Government of India has listed sand dunes as one
among the important geo-morphological features in the Coastal Regulation Zone
(CRZ) Notification, 2011.

Destruction and degradation of natural coastal habitats such as sand dunes are
increasing due to anthropogenic activities as well as natural events. This project was
aimed to prepare an inventory of sand dune flora and its associated faunal species,
ground verify the status of coastal sand dunes for selected areas and suggest suitable
restoration methods for vulnerable CSDs.

During the project period, field surveys were carried out at selected sited in Tamil
Nadu and Odisha. Survey sites were Pulicat, Thiruvanmayur and Marina Beach in
Tamil Nadu and Shamuka Beach near Puri, Odisha. A total of 37 species of flora
belonging to 26 families and 37 genera were recorded from the sand dunes along
Tamil Nadu coastline. It was observed that few dunes near Pulicat were displaced due
to Casuarina plantation and some dunes have completely vanished when compared
to previous studies.

In Odisha, a total of 21 species of flora belonging to 15 families and 21 genera were
recorded in the sand dune area. Most common species was Spinifex littoreus. Six
species of fauna were recorded, out of which five were butterfly species and one
species of lizard namely, fan-throated lizard.

Existing sand dunes along the coastline of India are needed to be protected from
degradation resulting from natural (erosion, wind action etc.) and artificial (tourists and
fishery activities) impacts. Based on the status of sand dunes in Tamil Nadu and
Odisha as per this study, some protection measures have been recommended which
can help in minimising damage to CSDs along with the promotion of tourism.
Boardwalks, rope fences, wire fences and conservation signs (signboards) are some
of the key measures for protecting sand dunes especially in beaches frequented by
tourists.
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c) Inventory of Coastal and Marine Alien Species

Invasive alien species (IAS) are considered to be one of the major threats to native
biodiversity, including fishery, agriculture and human health services. Its impacts are
generally defined as natural, human, and economic. Since the IAS has tremendous
impact on environment, economy, and human health, monitoring to control and
prevent is crucial in the native waters.

Marine Invasive Species (MIS) are recognised as one of four major threats to aquatic
and coastal habitats along with terrestrial sources of marine pollution, overexploitation
of living marine resources and habitat destruction. In the coastal and marine
environment, IAS can be introduced to a new region viz., Aquarium trade, Aquaculture,
Canal construction, Shipping and Live seafood trade. Twenty-five species from the
marine ecosystem, 33 from estuarine ecosystem, 52 from coastland and 80 from
wetlands are listed as invasive alien species from Indian waters.

The present study was undertaken to prepare an inventory of the recorded alien
species / invasive alien species / invasive species for Indian coastal and marine
waters, identifying target locations for monitoring and early detection of IAS, and aim
to build awareness among stakeholders. Based on Global Invasive Specie Database
(GISD) records as well as published literature, an inventory of 81 invasive alien
species (IAS) and native species that acts as invasive was prepared in this report.

Twenty-two per cent (18 species) of the 81 species inventoried are alien or exotic
species that act as invasive in the coastal and marine Indian waters. Approximately
10 per cent of the total species inventoried have no stated bio-status. Most (68%, 55
species) are native to the Indian marine environment but serve as potential invasive
species by spreading in the coastal ecosystem and competing with associated
biodiversity. Contrasting to plants, animal species are found to be strongly represented
among identified 1AS.

The best locations for the identification and early detection of coastal and marine IAS
are small and large ports along coastal India. Coastal surveys are also important for
identifying weeds and species of plants that are present in India 's coastal states and
union territories. Fisheries, Forest and Environment Departments of the coastal States
and Union territories, Marine Research Institutes/Organisations, NGOs, fisher and
coastal communities are all significant stakeholders in the identification and
management of IAS. Creating awareness and delivering unique IAS handling trainings
would go a long way in IAS management in India.
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d) Conservation and Restoration of Ecosystems

Mangrove forests are highly productive ecosystems that provide important ecosystem
services in all four categories namely provisioning, regulating, supporting and cultural
services. Mangrove depletion occurs at a rate of 1-2% each year, and in the last two
decades of the 20th century, about 35% of the world's mangrove forests have
disappeared, endangering mangroves. Analysis of the different conditions of the
degraded mangrove ecosystem is important, and the implementation of scientific
management approaches is necessary for mangrove and mangrove ecosystem
conservation.

The Bhitarkanika mangrove habitats in Odisha are either destroyed by natural
disasters or by anthropogenic pressures. In the mangrove ecosystem significant
deterioration can be observed. This study aims to understand the cause of degradation
and to provide effective methods of restoring and maintaining the Bhitarkanika
Mangrove ecosystem. Analysis of the different time periods (2010, 2016 and 2019) of
high-resolution satellite images (LISS IllI, LISS IV and Sentinel) showed that degraded
mangrove areas within the Bhitarkanika Wildlife Sanctuary are estimated to be 0.29
km2 during the 2010-2019 period. Field observations have confirmed the deteriorated
status of mangroves in degraded areas of Bhitarkanika. In the study area, further
evaluation was done on the health status of mangroves in the identified degraded
areas.

Based on variation in spatial and temporal extant of mangrove areas, potential
restoration sites are identified in the Bhitarkanika Wildlife Sanctuary. For the degraded
areas of Bhitarkanika Mangroves, site-specific restore plan of mangrove plantation is
recommended. Since the area required to be restored in Bhitarkanika is less, however,
activities that affect the ecological succession, such as structures that obstruct the tidal
flood and disruptions caused by human activities needs to be regulated. Regeneration
of natural mangroves can be enabled by removing the factors that hinder natural
colonization. Besides, mangrove seedlings raised in nursery can be planted directly in
degraded areas to allow mangrove growth along with maintaining ambient
environmental conditions. Further, guidelines are recommended for the mangrove
restoration, monitoring and conservation.
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a) Biosphere-Atmosphere Interactions in Coastal Systems

Mangroves are highly productive and biologically rich ecosystem that provides a
habitat and feeding ground for a large variety of species, many of which are
endangered. Mangrove environments are sites of intense carbon processing with a
potentially high impact on the global carbon budget. They are among the most
valuable ecosystems in the world, yet vulnerable to direct anthropogenic disturbance.
Mangroves act as a major carbon sink; however, degradation and anthropogenic
stresses transform these ecosystems from sink to source, thus, contributing
significantly to CO2 emissions.

Disturbances due to human activities have been reported to greatly increase GHG
emissions in mangrove soils. These impacts could be direct, such as clearing and
conversion to other land-use types (e.g. Aquaculture); both of which expose the soil
for oxidation leads to GHG emission to the atmosphere or water column. It could also
be indirect impacts, such as increased nutrient input when water bodies inundating the
mangroves have been polluted with organic wastes and runoff, subsequently
increased microbial activity induces GHG emissions.

One of the more noticeable trends is the large difference between emissions from
pristine or undisturbed mangrove sites and from disturbed or degraded mangrove
areas, with higher rates measured for the latter. Such kind of measurement studies is
rare in Indian mangroves.

Most of the time, GHGs are released into the atmosphere from disturbed or degraded
mangrove areas, which are poorly managed. Confident reporting of GHG emissions
from local pristine and degraded/disturbed mangroves has become important for
regional and/or national emissions inventories (e.g., the National Communication on
Climate Change that governments submit to the United Nations Framework
Convention on Climate Change), as well as for management and mitigation of these
GHGs to achieve INDC goals.

The study is conceptualized into two parts:

a) Greenhouse gas emissions from Pristine and Impacted Blue carbon
ecosystems

T Identification of the processes governing emissions in coastal ecosystems
through various field-based and laboratory-based measurements

b) Real time exchange of greenhouse gases and energy in mangrove ecosystems

I Comprehensive understanding of the source-sink characteristics and the
degree of biosphere-atmosphere coupling of mangrove ecosystems

Mangroves are found in the islands, major deltas, estuaries and backwaters of the
east and west coasts of India. Indian mangroves are distributed in about 5,403 km2,

[43



constituting nearly a b o u t 4% of the worl dbébs mangroves

2011). East coast mangroves cover 56%, west coast mangroves 32% and Island
mangroves cover 12% of t h eorestso The teasty dbast
mangroves are more widespread compared to the west coast because of its distinctive
geo-morphological setting.

GHG Emission from Mangroves of India

An assessment of GHG emissions from mangroves along the mainland coast of India
and the Islands was undertaken to delineate natural and human induced stress on
these ecosystems. The net emission (in terms of CO2 equivalents) was estimated to
be ~5,106 Gg CO2e y* from mangrove surrounding waters. Mangroves along the east
coast contribute to 2,735 Gg COze y! than mangroves along the west coast (~1,631
GgCOze y1).

Emissions from east coast mangroves are related to high riverine discharge along with
organic matter load, which aids heterotrophic respiration, leading to higher emissions.
In the west coast mangroves, due to low residence time of the waters, the microbes
get less time for the decomposition of organic matter, leading to comparatively less
emissions. The study supports the substrate availability to the mangrove waters and
its residence time are the major factor controlling the GHG emissions from Indian
mangroves. Apart from that, salinity and wind speed play major role in controlling GHG
emissions from mangroves. Percentage contribution is not only dependent on the
magnitude of emission, but also the areal coverage of mangroves of a particular state.

West Coast H East Coast Islands
Islands
14% West Coast

32%

East Coast
54%

Figure19. Net Emission (G&Q equivalent) scenarios from Indian mangrove waters

It was observed that anthropogenic influences and seasonality intensifies
heterotrophic mineralization in coastal ecosystems, leading to enhanced GHG
emissions. The classic example of pristine and stressed mangrove ecosystems are
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Kali-Aghanashini mangroves of Karnataka and Thane mangroves, respectively. The
presence of megacity like Mumbai, with not so effective wastewater treatment
systems, making the mangrove ecosystems in Thane more vulnerable and major
sources of GHG. Elevated levels of labile organic matter from the watershed area
enhances oxygen consuming decomposition processes, resulting in increased CO:2
and further anoxic water column produces CH4, causing emissions at the wateri air

interface of the system.
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Figure20. CQ Emission scenarios from pristine vs stressed mangroves (West Coast)

Eddy covariance system ensures the collection of precise data on Carbon
sequestration and reduction of atmospheric greenhouse gases by the forest
ecosystem by estimating the greenhouse gas source sink capacity with high temporal

resolution of Bhitarkanika Mangroves.
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Long term measurement of greenhouse gas exchange in this unique ecosystem
provides better understanding of the ecosystem response to various
natural/anthropogenic changes (change in temperature, wind, rainfall, humidity,
pollution etc.). The biosphere-atmosphere flux of CO2 in the study area ranged
between -26.8 - 23.3 uM m-? s-1. Mangrove surrounding waters act as a weak source
of GHG, though the entire system is considered a net sink of carbon.

This pan India greenhouse gas estimation from blue carbon ecosystems, and studies
on different influencing factors (like pore water and sediment microbial load, pore
water chemistry, the nature of organic C) was useful to assess the net carbon storage
potential of each ecosystem and overall potential environmental impacts on them.

Based on the status of each blue carbon ecosystem, existing policy and governance
framework should be implemented focusing on restoration and conservation strategies
towards the climate mitigation efforts. It is estimated that conservation and restoration
of 100 ha of the degraded mangrove forest may reduce 144 x10° tonnes of CO:2
emissions per year. Apart from that, 20% increase in mangrove cover along the Indian
coast may create an additional sink of ~669 x103 tonnes CO: per year.
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b) Estuarine & Coastal Acidification Programme [E-CAP]

Climate change is the greatest long-term threat to coastal ecosystem, with some future
change inevitable despite mitigation efforts. By categorizing regions according to the
relative vulnerability, the possible impacts of developmental and environmental
degradation can be assessed. Water resources in world Islands are extremely
vulnerable to changes and variations in climate because of their limited size,
availability and geology and topography, especially in rainfall. The decrease in pH of

the coast al waters O0Coast aladdifianal glabdl threaato i

the health of coastal ecosystems.

Coastal ecosystems and habitats experience greater variability than those in the open
ocean, due to physical, geochemical and biological processes, and terrestrial
influences. The acidity of seawater varies naturally on a diurnal and seasonal basis,
on a local and regional scale. Coastal acidification together with other impacts such
as coastal pollution and the introduction of invasive alien species are likely to result in
more fragile coastal ecosystems, making them more vulnerable to other environmental
impacts

There is substantial evidence that carbonate accretion on warm-water coral reefs

approaches zero or becomes negative when

below 3.3, a level likely to be reached in tropical surface waters within the next few
decades at current rates of greenhouse gas emission. In addition, bivalve shellfish,
oysters, clams grow and calcify shells more slowly under acidification, and are more
likely to die at the larval stage due to energetic changes caused by coastal
acidification.

Low CaCOs saturation state leads to a reduction of calcification rates at the organism
level in many species of the most important calcifying groups in the ocean, i.e., in
coccolithophorids, foraminifera, and corals by up to 83%. However, these responses
are variable, and some species can live at low pH conditions. Reef-building corals may
exhibit variable responses to reduced calcification, and have deleterious
consequences for reef ecosystems. First, the most direct response is a decreased
linear extension rate and skeletal density of coral colonies.

The ecosystem level responses against the environmental changes have poorly been
studied that deals with continuous, long term monitoring of coastal ecosystem. Time
series sampling and continuous monitoring in this ecosystem is therefore essential to
examine the environmental changes and subsequent impacts on the associated biota.
In addition to screening for eutrophication, continuous monitoring of environmental
changes and its effects on biota also becomes paramount importance.
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The study AEstuarine and Coast al Ac i
Research Division with aim to observe trends in pH in the coastal water of selected
ecosystems of India (Bhitarkanika Conservation Area, Kavaratti Island and Minicoy
Island, Lakshadweep) Overarching aim was to determine the causes of change to
sustainably manage and protect marine and coastal ecosystems from the impacts of
ocean acidification. The objectives included

- Assessment of biological community and its interlinkage with carbonate
chemistry,

- Nutrient enrichment and plankton community of BCA,

- Assemblage of biological community of Minicoy and Kavarathi island of
Lakhsadweep, Assessment of carbon exchanges in the biotic and abiotic
compartments of Kavaratti and Minicoy Island,

- Assessment of the biological responses of coastal organisms to ocean
acidification through experimental ecosystem.

Bhitarkanika conservation area

Coastal eutrophication often leads to algal bloom. Frequent bloom event can cause
severe Oz depletion and rapid decay of algal biomass can cause acidification of
coastal waters (reduction of pH). Two algal blooms recorded in BCA during the study
indicates accumulation of nutrients in the post-monsoon season. Regular monitoring
and water quality management in this area could safeguard the aquatic animals from
depletion of the coastal water quality. The combination of pressure-state-response
scores during this study results in an ASSETS rating of MODERATE for Bhitarkanika
mangroves. During the post-monsoon season, Microcystis aeruginosa was identified
as the bloom causing cyanophyceae which was observed as dark green colour of
uneven patches appeared at Dhamra river region due to massive bloom of
phytoplankton.

Qualitative and quantitative analyses of bloom samples revealed that, cyanophyceae,
the Microcystis aeruginosa contributed predominantly to the bloom and appeared to
be concentrated in the upper three meters of the water column. Microcystis aeruginosa
was recorded at all the regions with an average density of (200795 1 273005 cells. |-
1), throughout the study the density varied with a range of 9.6x105 cells. It whereas
the maximum density of the bloom was observed at Dhamra river region. The cell
density of the reached up to 2.3x105 - 9.6x105 cells. I'* which contributed to 97.9% of
the relative abundance as the rest of the species formed a mere 2.1%, however, no
fish mortality was encountered during the algal bloom. Outbreak of the cyanophyceae
bloom was attributed to pollution related to river water influence, untreated sewage,
agriculture runoff and aquaculture waste discharges and also as a resultant of high
eutrophic condition with morphological changes in the Dhamra River region. Dhamra
River nutrient inputs are higher during the bird nesting season.
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Bhitarkanika Conservation Area
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Figure21. Trophic status of Bhitarkanika Mngroves using ASSETS model

The nitrogen load to the BCA is moderate and its combination with the high
susceptibility to nutrient inputs gives a final Overall Human Influence pressure rating

of d6moderated. The Bhitarkani lkeonutrientigpute,ves i s
due to the potential of the system to flush the nutrients. Low primary symptoms (Low

chlorophyll and no problems due to macro algae and epiphytes) with very fewer

secondary symptoms (DO values above biological threshold and rare occurrence of

toxic bl ooms) give an Overall Eutrophic Co
Bhitarkanika mangroves. The expected variation in the nutrient inputs (mainly due to

the growing aquaculture activities) combined with high susceptibility gives a response
rating of 0l i kely to worsend for the nutr.i
conditions.

Lakshadweep Island

Water quality at various locations of the Minicoy and Kavaratti lagoon was examined
during the summer (2019) with the Net community production (NCP) and net
calcification rate. The Mean pCO: for the Kavaratti Lagoon was estimated to be
468+105 patm with higher values recorded in the water without corals. Relatively
higher pCO:2 values (mean 501+35 patm) were recorded from Minicoy lagoon water
during the summer season. Water quality at various locations of the Minicoy and
Kavaratti lagoon was examined along during the summer (2019) with the Net
community production (NCP) and net calcification rate. The Mean pCO: for the
Kavaratti Lagoon was estimated to be 468+105 patm with higher values recorded in
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the water without corals. Relatively higher pCO2 values (mean 501+35 patm) were
recorded from Minicoy lagoon water during the summer season. Lagoon waters of
both the Islands were well saturated with respect to CaCOs (Aragonite saturation state;
mostly Y>3) w-hightvaridtiorsin therdiarbal cgicke.yTime Series Analysis
of diurnal cycles revealed that both the lagoon waters were mostly heterotrophic with
a mean Net community production (NCP) of .4 mmol C m d1. On the other hand,
the net calcification rates for Kavaratti and Minicoy lagoons were estimated to be 1.68
mmol CaCOsz m d* and 1.33 mmol CaCOsz m d1, respectively.
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Figure22. Diurnal variation aragonite saturation in the Kavaratti and Minicoy lagodwith
and without coral)

However, moderate to high concentrations of dissolved nutrients (Dissolved inorganic
Nitrogen, 4.48 - 13.01 umol/l and Dissolved Inorganic Phosphorous, 1.11 umol/l)
indicated reasonable anthropogenic pressure on the lagoon water. The results
indicated that both anthropogenic and climatic drivers can have significant impact on
the metabolism and survival of these ecologically sensitive shallow water ecosystems.

The coral reef waters in the shallow lagoons of Lakshadweep Island were well
saturated of aragonite, an indicator of good water quality. However, the combined
effect of different pressures can have negative consequences on vital functions of
marine organisms such as reproduction, feeding and growth, ultimately leading to
population declines. In order to ensure future sustainability of these ecosystems, both
regional and global scale integration of management strategies that support reef
resilience need to be vigorously implemented, and complemented by strong policy
decisions to reduce the external impacts. Estimates of future carbon dioxide levels,
based on business as usual emission scenarios, indicate that by the end of this century
the surface waters of the ocean could have acidity levels nearly 150 percent higher,

resulting in a pH that the oceans havenot
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Figure23. Schematic representation of biodiversity loss due to naturahd anthropogenic
causes in the Lakshadweep Islands under (A) current and (B) in the future under ill
planned development scenarios. COTSs: crowafithorns starfish.

In the present study it was reflected that coastal water of India has not experienced
any acidification events. The coral reef waters in the shallow lagoons of Lakshadweep
Island were well saturated with aragonite, an indicator of good water quality. Frequent
eutrophication and algal bloom could negatively impact the coastal waters and
associated ecosystems. To better understand these processes, future studies on
coral growth process and change in surface water pH and carbonate ions are
essential. By reducing the anthropogenic stresses, coral reefs will have the opportunity
to develop greater robustness or resilience to the challenges of a changing planet.
However, if this is not combined with stabilization of temperatures and acidification
then it is likely to only temporarily put off the inevitable. Future models supported with
primary data and experimental observations was useful to quantitatively project the
fate of reef ecosystems under 21st century climate change.
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c) Tracing Alterations in Carbon Sink Estimates [TrACeS]

Mangroves, seagrass and salt mar shes are p
Ecosystemo0O as these coastal vegetated ecosys
carbon sequestration with carbon storage on longer time scales. This new recognition

of Ablue carbon is based primarily on resear

mangrove forests, and tidal salt marshes are highly efficient C sinks. Despite the
critical role that vegetated coastal ecosystems play in C sequestration has been
largely overlooked, recent reports have highlighted the natural capacity of these
ecosystems in sequestering C, and this has catalysed research among academic
institutions and conservation organizations.
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Figure24. Carbon sequestration by coastal vegetative ecosystei

Blue carbon is sequestered over the short term (decennial) in biomass and over longer

(millennial) time scales in sediments. Despite their global area (~ 0.5% of the sea bed)

are one to two orders of magnitude smaller than that of terrestrial forests, the

contribution of vegetated coastal habitats per unit area to long-term C sequestration

i s much greater (it has 70% of the oceanb
ecosystems sequester C within their underlying sediments, within living biomass
above-ground (leaves, stems, branches) and below-ground (roots), and within non-

living biomass.

1 https://www.innovations-report.com/interdisciplinary-research/coastal-wetlands-excel-at-storing-carbon/
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The study Tracing alteration in carbon sink estimates was envisaged as a step forward
towards understanding the sources of carbon through various state-of art advance
analytical instruments and addressing the addressing the global climate change
through carbon sequestrations. The study aimed to provide a holistic database on
carbon sequestration from Blue Carbon Ecosystems of India though following broad
objectives:

a) Biogeochemical Assessment of Carbon Sequestration
b) Geo-Spatial Assessment of Carbon Sequestration
c) Modeling the impact of coastal erosion/aggradations

Biogeochemical Assessment of Carbon Sequestration

Net primary production (NPP) is the first visible step in carbon accumulation that is
guantified as the conversion of atmospheric CO:z into plant biomass. Presence of
highly productive and diverse mangrove species with dense crown cover was reported
from east coast (Sundarban, Bhitarkanika, Coringa and Pichavaram) (PN ranged
between 3.26 Mg C hal yr! - 35.44 Mg C ha! yrl, NCSCM unpublished data). The
efficiency of mangrove forests to trap atmospheric carbon as biomass production has
been studied by several researchers across the globe. Above ground biomass
production by mangrove is estimated globally to be 66.4 + 37.3 Tg C and average
wood and litter ratio produce as 1.03 + 0.54.

Photograph from Field surveys
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In Sundarban, the total biomass was found to be higher in Sonneratia apetala in
western Sundarbans, whereas the Avicennia alba and Excoecaria agallocha were
associated with high biomass in central Sundarban In Bhitarkanika mangrove
ecosystem, Odisha, the core area was associated with mangrove trees with high
biomass. In Coringa mangroves, Andhra Pradesh, Avicennia dominated in the lower
intertidal region, It has been estimated that, a total of 29.76 Tg Carbon has been
sequestered by mangrove plants and soil (depth 30 cm) of Gujarat, the second largest
mangrove cover in India At Kannur three species were found at the site: Avicennia
marina, Rhizophora apiculata, Bruguiera parviflora. Similarly estimated below-ground
biomass of the trees in the plot ranged from 2.0 to 170 kg (0.8 to 72 kg dry wt.). These
values are further extrapolated for the total mangrove area in (600h) Kerala region and
estimated total carbon storage of 3.16 & 1.37 (x 10% tonnes) from both AG and BG
mangrove biomass.

The sedimentary organic carbon (SOC) stocks were calculated as organic carbon
content in the top 30 cm of the sediment column representing maximum carbon
content. Pristine well-preserved mangrove systems were associated with higher SOC
stocks as compared to the anthropogenically impacted systems, except for the
Maharashtra Mangroves. Thane mangrove ecosystem is exposed to anthropogenic
inputs like discharge of organic rich domestic sewage / sludge into the mangrove
ecosystems which directly corelates to its higher carbon stocks.
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Figure25. Estimated carbon stocks in different Indian mangrove ecosystems
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Characterization of carbon to identify the sources/ sinks

In order to improve accuracy of global carbon sink it is essential to estimate the carbon
sink and storage by mangrove swamps. Wood density (WD) and elemental
stoichiometry are the two most important indicators frequently used to quantify
mangrove forest biomass and carbon pools. Additionally, cellulose and lignin are the
two most abundant organic carbon-compounds occurring in the biosphere as a major
fraction in wood, usually found in the secondary cell walls. During tree growth,
cellulose microfibrils give the cell walls tensile strength, while. Climatic variation in
terms of elevated CO2 can affect chemical properties of wood, such as lignin content)
as well as growth rate possibly significantly affects the wood chemical compositions
Wood density (WD) of mangroves, an indirect measure of forest carbon stocks, can
be used as a proxy for mechanical strength which often determines the degree of
protection they offer to the coast

; Wi ' o Dy )

Figuré26. Tanin rich mangrove water (Coringi creek;oringa Mangroves)
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12 major mangrove species, with significant ecological importance, were assessed to
determine the inter-specific variations in stem biomass and elemental composition
(organic carbon, total nitrogen, total phosphorus content and lingo-cellulose polymer
in Bhitarkanika mangrove ecosystem. The study provided important information about
growth and carbon sequestration potentials in the aboveground biomass of 12
mangrove species of Bhitarkanika mangrove forest, East coast of India. Based on
chemical compositions and their interrelationship with tree height and wood density, it
is concluded as:

T Avicennia officinalis and Heritiera fomes were identified with higher AGB and
carbon storage potential. Degradation of these mangroves could therefore
significantly impact the regional carbon fluxes and associated carbon budget.
Relatively lower nitrogen content and increased Corg/Ntot ratios in the stem wood
of these species might be attributed to adaptation to the environmental
conditions.

T Hertiera littoralis and Kandelia candel with relatively higher lignin content with
respect to cellulose showed greater potentials to sustain biotic and abiotic
stresses, and higher carbon sequestration as recalcitrant biomass. The lowest
carbon density and highest ratio of cellulose/lignin in the Sonneratia apetala
and Sonneratia caeseolaris species indicated higher energetic of plant growth
among all the studied species.

Decomposition of litter of coastal vegetative ecosystems

Decomposition is an important process that controls the flux of carbon and nutrients
and includes enough breakdown of organic matter into nutrients via physical, biological
and chemical pathways. Microorganisms have insignificant ecological role in
biomineralization of decayed organic matter and to yield protein-rich detritus that
serves as food to fishes especially in detritus-based marine ecosystem. Mangrove leaf
litter acted as a substrate that releases nutrients to the ecosystem, contributing to
carbon, nitrogen, and phosphorus budgets. The similar and fast decay constants
among species is possibly because of the small difference in species specific
adaptation in similar environmental conditions. The study highlighted the need for an
integral approach to research on nutrient cycling in mangrove forests because of its
complex decay patterns.

The mature leaves were collected from selected mangrove species (Rhizophora
mangle, Sonneratia alba, Avicenia marina, Kandelia obovata, Ceriops decandra,
Excoecaria agallocha, Sonneratia caseolaris, Heritiera fomes, Rhizophora apiculata,
Heritiera littoralis, Sonneratia apetala, Sonneratia alba, Brownlowia tersa, Acanthus
ebracteatus, Aglaia cucullate) Incubation experiments were conducted to assess the
release potentials of these mangrove ecosystems.
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Figure27. Tidal transport of mangrove litter, Coringa Mangroyé&ndhra Pradesh

Dead seagrass biomass samples were collected randomly (approximately 5km
distance between the locations), from 15 locations in triplicate, situated between
Mandapam and Thondi, and the incubation experiment was conducted in order to
evaluate the seagrass leaching process and to determine the bacterial utilization of
the dissolved organic phases in the ambient and leached organic matter. The results
suggested that physical process played a significant role in the release of dissolved
nutrients from the seagrass biomass during the 25-day experiment.

Figure28. Seagrass wracks along the shoreline of Palk Bay
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