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Introduction

Wetlands provide valuable functions benefitting

humans and wildlife. These include recharging

groundwater, providing food, storing, filtering and

purifying surface waters, offering biodiversity habitat,

maintaining the global water cycle, regulating natural

hazards, supporting livelihoods, protecting from

floods, reducing risk, sequestering carbon, mitigating

climate change effects, and they can also be of cultural

and spiritual importance (Prasad et al. 2002; Ramsar

Convention on Wetlands 2018; Schuyt and Brander

2004). Coastal wetlands stabilize shorelines, buffer

from storms and storm surges, and they provide

spawning and nursery functions for myriad species,

contributing greatly to healthy ecosystems and the

economy (Schuyt and Brander 2004). With a long

coastline of 7516 km and a peninsular structure along

eight states in the south, the coastal wetlands of India

include those in the east coast, the west coast of

mainland India, and the Andaman and Nicobar

islands. The coast of India harbours coral reefs, rocky

coasts and coastal wetlands including mangroves,

estuaries, lagoons, creeks, tidal/mud flats, salt marshes

numbering 3497 coastal wetlands and comprising a

total area of 3,880,569 hectares (Garg and Patel 2007).

Natural coastal wetlands comprise 24.27% of India’s

total wetlands (Bassia et al. 2015). Mangroves are the

predominant type of coastal wetlands in India occu-

pying an area of 4,87,100 hectares. Mangroves of

India may be either tide dominated (e.g., the Sunder-

bans, in the east of India) or river dominated (e.g., the

Pitchavaram in Tamil Nadu). Drowned valley type

mangroves are found in Gujarat (Sulochanan et al.

2016), which were inundated during the 20th Century

due to sea level rise and stand as a testimony to global

warming impacts. Forty percent of the Sunderbans, the

largest mangrove wetland in the world, can be found in

India. In addition, salt pans and aquaculture ponds are

categorized as human-made coastal wetlands.

On a larger scale, the east and west coasts vary in

geomorphic settings. Wetlands of the west coast

evolved during the Late Quaternary and occur as an

interlacing network (Padmalal et al. 2011) featuring a

narrow stretch with steep slope. Most of the rivers that

originate from the Western Ghats and drain into the

Arabian sea in the west coast are small or medium

sized (catchment area ranging approximately from

100 to 5000 km2). This results in small-sized coastal

wetlands in the west coast. In contrast, the coastal

wetlands of the east coast are larger, harbouring higher

diversity (Sulochanan et al. 2016), they often extend

over the delta of large rivers. In India, 56.7% of the

S. G. T. Vincent (&)

University of Kerala, Thiruvananthapuram,

Kerala 695581, India

e-mail: salom@keralauniversity.ac.in

K. A. Owens

University of Hartford, West Hartford,

CT, USA

123

Wetlands Ecol Manage (2021) 29:633–639

https://doi.org/10.1007/s11273-021-09824-6(0123456789().,-volV)( 0123456789().,-volV)

http://orcid.org/0000-0002-1816-3532
http://crossmark.crossref.org/dialog/?doi=10.1007/s11273-021-09824-6&amp;domain=pdf
https://doi.org/10.1007/s11273-021-09824-6


mangrove swamps area is in the east coast and 23.5%

in west coast, with the remaining found in the

Andaman and Nicobar Islands (Fig. 1). The coastal

wetlands of the southeastern coast are heavily influ-

enced by urbanization and industrial development, and

their area decreased by 8% from 1988 to 2016

(Jacintha et al. 2019).

The coastal wetlands of India are endowedwith rich

biodiversity of coastal fauna and flora like seagrasses,

corals, fish, birds molluscs, crustaceans, diatoms,

reptiles and mammals. Coastal wetlands also support

the existence of endemic, charismatic and flagship

species like the Royal Bengal tiger, Olive Ridley

turtle, Irrawadday dolphin, and the Pearl spot, to name

but a few. The burgeoning economic activity in coastal

ecosystems or ‘‘blue economy’’ supported by several

industries like fishing, tourism, transport, and phar-

maceuticals of coastal wetlands significantly con-

tribute to the GDP of the country and provide

livelihood to millions as well. In India, mangroves

are widely reported to play a major role in carbon

sequestration, thus acting as a carbon sink.

Nevertheless, the long coastline of India is inhab-

ited by a dense population of nearly 250 million living

within 50 km of the sea. This combination of

economic activity and increasing population exerts

pressure on the coastal ecosystem that is already

affected by pressures due to climate change. Upstream

changes in hydrology and sediment fluxes coupled

with changes in salinity patterns negatively impacts

coastal wetlands like mangroves and estuaries. Exam-

ples are the emerging dead zones in the Bay of Bengal

and the oxygen minimum zones in the Arabian sea

(Hossain 2020; McCreary et al. 2013). The question of

whether coastal wetlands act as net sources or sinks of

organic carbon is debated widely by scientists around

the world. This depends on the hydrology and the

biogeochemistry of coastal wetlands. Emission of

greenhouse gases such as methane and nitrous oxide

have showed considerable increase in polluted com-

pared to unpolluted coastal wetlands (Purvaja and

Fig. 1 Coastal wetlands of Southern India

123

634 Wetlands Ecol Manage (2021) 29:633–639



Ramesh 2001; Reshmi et al. 2015; Salahudeen et al.

2018; Vincent et al. 2017). Increasing urbanisation

coupled with poor waste management practices lead to

disposal of vast quantities of urban litter in coastal

wetlands, thus causing destruction of the natural

ecohydrology of these systems (Sulochanan et al.

2016). Tourism is a major industry based on thriving

coastal wetlands of India, and this sector of the

economy is negatively impacted by improper waste

management and littering of urban wastes.

The first focus meeting of Estuarine and Coastal

Sciences Association (ECSA) was held at the Univer-

sity of Kerala, Thiruvananthapuram as a three day

national seminar on Environmental Status of Estuarine

and Coastal Ecosystems in India, ECEI-2019 (14th–

15th March 2019). The seminar included five keynote

talks, 36 oral presentations and 23 poster presenta-

tions. Following the seminar, papers were invited for

this special issue of Wetland Ecology and Manage-

ment in the theme of the seminar, ‘‘Coastal Wetlands

of India: Threats and Solutions’’.

This special issue of coastal wetlands of India has

eleven papers sharing key research that defines the

status of coastal wetlands of India. A review on the

adaptive potential of the coastal wetlands of India

(Ragavan et al. 2020) critically discusses the measures

for sustainable management. This issue also includes

three papers on coral reefs, including a discussion of

the health status and conservation of Lakshadweep

coral islands (Gopi et al. 2021), an investigation of the

microplastics impregnated in coral annual growth

(Krishnakumar et al. 2021) and a report on the

bleaching effects of shallow water coral reefs of the

Andaman islands (Malakar et al. 2020). Three papers

focus on India’s mangroves, including a report on the

microphytobenthic assemblages in the mangroves of

India’s west coast (Jeslin et al. 2021), a study on the

heavy metal pollution in the west coast mangrove

ecosystem (Sarath and Puthur 2020), and a palaeoe-

cological reconstruction highlighting the distribution

of palynomorph in the east coast’s second largest

mangrove (Srivastava et al. 2021). The issue also

includes an investigation of the community structure

of chaetognath, a major zooplankton taxon in the

South Eastern Arabian Sea (Purushothaman et al.

2021). In addition, this issue includes research focus-

ing on the diversity and distribution of molluscs in the

Ashtamudi estuary, a Ramsar site in the west coast of

India (Ravinesh et al. 2021), a report on the diversity

of freshwater sponges in India’s coastal waters

(Saxena 2021), and an examination of the erosion of

beaches in the west coast of India (Sajinkumar et al.

2020) using remote sensing techniques.

Summary of findings

Ragavan et al. (2020) analyze the status of and

critically review the adaptive potential of the coastal

wetlands of India. Among the various coastal wet-

lands, mangroves and coral reefs are widely studied

and most of the studies pertain to ecology and

biodiversity at large, whereas management aspects

are often ignored. There can also be methodological

inconsistencies when reporting the area of coastal

wetlands, which requires improvement in understand-

ing the definition, characteristics and inventory of

these important ecosystems. Several laws and policies

have been framed with regard to wetland conservation

in India, in addition to the fact that India is a signatory

to the Ramsar Convention and the Convention on

Biological Diversity (CBD). However, effective

enforcement of these regulations is lacking, thus

making the coastal wetlands vulnerable to increasing

stressors including land use change, rapid and uncon-

trolled development activities, and climate change.

Existing conservation measures were mostly confined

to declaration of marine and coastal protected areas

(MCPA). Nevertheless, poor infrastructure and lack of

resources acted as inhibiting factors in achieving the

primary goals of MCPAs. The declaration of protected

areas may prevent certain stressors like timber

extraction, while other drivers of degradation cannot

be controlled through this designation. The National

Environmental Policy of 2006 directed the notification

of Wetlands (Conservation and Management) Rules,

2010, which was later replaced by the Ministry of

Environment, Forest and Climate Change

(MoEF&CC) in 2017. The Coastal Regulation Zone

(CRZ) of 2018 had a significant role in protecting the

coastal wetlands by classifying them as ecologically

sensitive areas. Vertical adjustment and horizontal

movement are considered to be innate potentials of

coastal wetlands to adapt and cope up with environ-

mental and anthropogenic changes. Safeguarding this

adaptive potential and strengthening governance for

site-specific management is the need of the hour for

effective conservation of coastal wetlands in India.
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Gopi et al. (2021) investigate the health status and

conservation of coral reefs across ten inhabited islands

of Lakshadweep. The authors create a ‘composite

condition’ index based on several characteristics of

coral reef ecosystems like live coral cover, species

richness and diversity, mortality index, etc. The live

coral cover of the islands ranged from 64.5% (Kadmat

Reef) to 8.50% (Andrott Islands). In addition to

anthropogenic pressures, natural events like the El

Nino Southern Oscillation (ENSO) have resulted in

destruction of coral reefs in these islands, compounded

by major mass coral bleaching events in 1998 and

2010. Coral mortality has also been impacted by the

naturally occurring process of sponge invasion. In

their paper, Gopi et al. (2021) describe assigning three

coral conservation classes to the reef ecosystems of

Lakshadweep, determining good overall coral reef

condition. The authors also provide details on sustain-

able use of coral reef resources and suggest conser-

vation practices.

Malakar et al. (2020) explore the extent of coral

bleaching and competition among benthic substrates

of shallow water coral reefs of the Andaman and

Nicobar islands. The authors observed summer

bleaching of corals before the onset of monsoon and

suggest that the repeated bleaching of corals have

changed the benthic dynamics of the coral reef

ecosystems in the Andaman and Nicobar islands.

They detected a shift in the dominance of coral reef to

macroalgae and sponge. Namely, repeated coral

bleaching events have led to a benthic substrate

change towards multispecies domination of macroal-

gae and single species domination of sponges. The

factors influencing such phase shifts (i.e., temperature

increase due to climate change) should be taken into

consideration while suggesting management plans for

the protection of coral reef ecosystems. Krishnakumar

et al. (2021) found microplastics impregnated coral in

the annual growth band of Porites sp. in the southeast

coast of India’s Gulf of Mannar. The results show that

nylon was the predominant type followed by polye-

ster. The authors indicate the sources of microplastics

are tourism and occurrence of microplastics, con-

trolled by oceanic currents and sediment resuspension

(Krishnakumar et al. 2021).

Jeslin et al. (2021) identified 110 species of

microphytobenthos (MPB) classified under 49 genera

in the mangrove ecosystems along the southwest coast

of India. In shallow neritic waters such as mangroves,

microphytobenthos, also referred as ‘‘secret gardens’’,

contribute greatly to primary productivity. The sam-

ples were dominated by diatoms. The authors

observed spatial variations in the type of microphy-

tobenthic community structure along the coast. Envi-

ronmental factors including temperature, nutrient

levels, and dissolved oxygen influence the MPB

community composition. (Srivastava et al. 2021) used

palynomorph distribution patterns along the salinity

gradient of mangrove to study palaeoecological

reconstruction. They hypothesized that the relation-

ship between palynomorphs and environmental

parameters can indicate climate change, sea level,

flooding and anthropogenic disturbance. Their study

identified five mangrove species and 63 palynomorphs

in Conringa mangroves. The authors calculated paly-

nomarine index (PMI) based on the ratio between

marine and terrestrial palynomorphs, showing

restricted tidal inundation in the southern part of the

wetland (Srivastava et al. 2021). This change in

inundation was attributed to the conversion of man-

grove forests to salt pans and paddy fields. Sarath and

Puthur (2020) assessed the heavy metal pollution in

the mangrove soils of Kadalundi Vallikunnu Commu-

nity Reserve (KVCR) on the southwest coast of India.

Using bioconcentration factor (BCF) and heavy metal

pollution index (HPI) they determined the extent of

heavy metal pollution, detecting heavy metals such as

Mn, Fe, Ni, Cu, Pb and Zn in the sediment samples.

They found, however that the HPI of KVCR is low due

to the diverse flora which accumulates the heavy

metals. The BCF values highlight the suitability of

mangroves in the remediation of heavy metals from

contaminated soils.

To study the influence of upwelling on the

chaetognath communities, Purushothaman et al.

(2021) investigated the community structure and

distribution of chaetognaths along the upwelled and

non-upwelled waters of the Southeastern Arabian Sea

(SEAS). Chaetognath, commonly referred as ‘‘arrow

worms’’, are a major zooplankton taxon and they are

also highly versatile in their distribution. The authors

observed spatial variation in abundance and diversity

of chaetognaths with high abundance in the upwelled

southern part compared to the non-upwelled northern

part. In addition, they found diversity of chaetognaths

was higher in non-upwelled waters. Environmental

factors such as temperature, dissolved oxygen and

copepod abundance were found to influence the
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distribution pattern of chaetognath communities in

SEAS.

Ravinesh et al. (2021) studied the diversity and

distribution of molluscan fauna within the Ashtamudi

estuary, a Ramsar site in Kerala, India. Molluscan

fauna, being soft bodied organisms, are more prone to

anthropogenic pressures such as pollution and mol-

luscs serve as indicators of ecosystem disturbances.

The molluscan diversity was comparatively high in

Ashtamudi when considering other estuaries in India.

In Ashtamudi estuary, Gastropoda was the predomi-

nant species in diversity followed by Bivalvia and

Polyplacophora. Moreover, the molluscan species

assemblage was higher in the mangrove dominated

region of Ashtamudi than in the open lake. Loss of

mangrove cover in Ashtamudi due to unsustainable

development activities is a threat to molluscan abun-

dance and diversity due to habitat loss.

Along the coastline of India, freshwater wetlands

occur in addition to marine ecosystems. Saxena’s

(2021) detailed the occurrence of fresh water sponge

fauna in India’s coastal waters. Despite their impor-

tance in providing ecosystem services, the taxonomy

and ecology of lower invertebrates such as sponge

fauna are less explored. Among the 30 species of

freshwater sponges in India, 29 species were found to

inhabit the coastal wetlands and 10 are endemic.

Sponges being good candidates for cytological and

regenerative studies, their diversity in the Indian

coasts needs to be explored further. Beach erosion in

the southern west coast of India was studied by

Sajinkumar et al. (2020) using Persistent Scatterer

Interferometric Synthetic Aperture Radar (PSInSAR),

a remote sensing technique. Ground deformation

measurements from PSInSAR processing indicated

that the study area was characterized by phases of

erosion and deposition. These findings were supported

by results from sediment texture and grain micro-

texture analysis. The erosion, deposition, and beach

build-up in the monsoon-dominated beaches corre-

sponded to the onset of southwest monsoon in the

Arabian sea. Depositional zones occured near to river

or lake inlets while erosional zones were found away

from them. The study emphasized the usefulness of

using PSInSAR technique along with google earth

images and beach sediment characteristics in examin-

ing the morpho-dynamics of coastal beach

environment.

Conclusion and future prospects

Coastal wetlands of tropical countries face impound-

ing anthropogenic pressures from a high population

and burgeoning economic activities, and this leads to

the rapid loss of these ecosystems. The majority of

such pressures are related to conversion of the coastal

wetlands for agriculture, intensive aquaculture, tour-

ism and transport, disposal of industrial wastes and

untreated sewage, encroachment for construction.

Such changes impact the hydrology, physico-chemical

and biological processes of the coastal ecosystems

(Bassi et al. 2014; Prasad et al. 2002). This anthrop-

genic pressure will be exacerbated by a changing

climate, an increase in extreme temperatures, and

rising seas. The coastal wetlands of mainland India

and Andaman and Nicobar islands are endowed with

rich biodiversity owing to their functions as nursery

grounds and protective barrier against cyclones. Yet,

while these wetlands are critically important ecosys-

tems with diverse flora and fauna and key economic

benefits, their ecological functioning, niche patterns,

and biodiversity are not well-studied.

Indian wetlands undergo a wide range of stressors

including land use change, rapid and uncontrolled

development activities, skyrocketing population

levels, and climate change. As the papers in this

Special Issue show, India’s coastal wetlands are

showing clear evidence of on-going degradation from

microplastic uptake to heavy metal pollution, to the

growing impact of erosion on India’s west coast and

encroachment by urbanization and agriculture. The

economic and environmental services of coastal

wetlands are at stake due to these multiple pressures,

yielding calls for urgent measures for conservation.

While Marine and Coastal Protected Areas and the

Ramsar Convention are important to protecting and

preserving wetland habitats, these efforts are comple-

mented by better enforcing regulations that already

apply to Indian wetland systems. Presently, there are

several robust policies for conservation of coastal

ecosystems in India. The government of India has

established ecological sensitive areas (ESA) along the

mainland coasts as well as in the islands of the east and

west coasts under the The Coastal Regulation Zone

(2011) notification. In addition, the Integrated Island

Management Plan (IIMP) was implemented to con-

serve the coral reef ecosystem of the Lakshadweep

islands. Policies such as the Convention of
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Biodiversity, the National Environmental Policy

(2006), the notification of Wetlands (Conservation

and Management) Rules (2010), and Ministry of

Environment, Forest and Climate Change (2017)

provide a framework to bolster these key habitats.

However, through proper site-specific management

practices, there is a large potential to enhance the

carbon sequestration capacity of the coastal wetlands,

to enhance their potential in climate change mitiga-

tion, and to better undrestand their role in potential

international carbon trading systems. That said, con-

servation measures and tangible initiatives must be

spearheaded towards regional scale for protection of

coastal wetlands in India.

Funding This MS is a synthesis paper of the special issue of

WEM. There is no funding source for this MS.
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