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Coastal areas are home to diverse ecosystems that provide essential goods and services for human
wellbeing. Recognition, understanding and appreciation of the various goods and services provided by
coastal ecosystems, especially the provisioning and cultural services are of utmost importance today.
Systematic exploration of bioactive compounds from marine flora and fauna and deriving pharmaceuticals
and nutraceuticals, as well as promotion of concepts such as the blue gym are essentially linked to human
health and sustenance, necessitating measures towards preservation of these ecosystems. They also link
Sustainable Development Goals, SDG 3: good health and wellbeing and, SDG-14: life below water.
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Introduction

The coast is a highly dynamic interface between
land and sea influenced by land-based and oceanic
processes'. India has a long coastline of 7516.6 km?.
About a sixth of India’s population lives along the
coast as these areas are also the preferred location for
a large number of settlements including some Indian
megacities. Coastal areas are also well known for their
beaches that attract millions for recreation and sport as
well as for other ecosystems such as mangrove wetlands
(Sundarbans), mudflats, seagrass meadows and coral
reefs!. Coastal ecosystems act as a natural defense
against high tides, tsunami and cyclones that have a
large destructive potential' and provide a number of
goods and services that contribute and support human
needs’.

A need to better understand various ecosystem
services and the ecosystems that provide these services

is accentuated in the recent times, especially due to
climate change impacts as well as the COVID-19
pandemic*’. Hence this review is aimed at looking at
the coastal ecosystem services with a focus on their
contribution to human health and wellbeing.

Coastal Ecosystems

Ecosystems are functional units in which biotic
and abiotic components interact dynamically’. Along
the Indian coast (as throughout the world), a variety
of ecosystems are seen based on the interaction
between local geomorphology and ocean processes.
These ecosystems possess rich biodiversity with high
productivity and have evolved to exist in a complex
of environmental circumstances that include tides,
currents and wave action as well as nutrients and other
chemicals brought down through riverine inputs'.
Such ecosystems include estuaries, deltas, lagoons,
mangrove wetlands, beaches, seagrass meadows,
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seaweed beds and coral reefs. The area under various
natural coastal wetlands in India as estimated by
the Space Application Centre® and are given in
Table 1. Many of the well known coastal ecosystems,
considered ecologically sensitive are protected by the
Coastal Regulation Zone (CRZ) Notification (2019)’
issued under the Environment (Protection) Act, 1986.
These are considered as CRZ - Class I, where minimal
disturbance to the environment through development
activities is permitted. Such ecosystems, inter alia,
include mangroves, corals and coral-reefs, sand dunes,
mudflats, salt marshes, horse-shoe crab habitats and
seagrass beds.

Among the coastal ecosystems, sandy beaches,
mangroves, seagrasses and coral reefs are perhaps
best known. Mangroves are salt-tolerant coastal trees
or shrubs found in tropical and sub-tropical inter-tidal
regions, often growing in water-logged regions®. Indian
mangroves are broadly classified into tide dominated
such as mangroves of the Mahanadi delta, river
dominated as in the case of Godavari and drowned river-
valley seen in Gujarat’. After the 1999 super-cyclone
that hit Odisha and the 2004 Indian Ocean tsunami
that affected large parts of the east coast, the role of
mangroves as barriers to storm surges as well as rising
sea levels has been better appreciated'®. From Indian
mangrove habitats, 46 true mangrove species belonging
to 14 families and 22 genera have been recorded!'.
Seagrasses, submerged marine flowering plants
occurring in shallow oceanic and estuarine habitats,
and colonizing sandy/muddy substrates (especially
in wave-sheltered conditions) are like mangroves,
serving as sediment stabilizers'>". In India, seagrass
meadows are extensive in the Gulf of Mannar and Palk
Bay, Chilika Lake, Gulf of Kachchh and the lagoons of
Lakshdweep Islands. In the Gulf of Mannar alone, 13
of the 14 species found in India have been recorded'.
Sandy beaches are found all along the coast and attract

Table I. Area under coastal wetland ecosystems
Coastal Wetland Ecosystem Area (in ha)
Lagoon 246044
Creek 206698
Sand/Beach 63033
Intertidal Mudfiat 2413642
Salt Marsh 161144
Mangrove 471407
Coral Reef 142003
Source: Ref 6; ha, hectare

large crowds for recreation and many stretches also
serve as turtle nesting grounds. Biologically active
mud flats are another important ecologically sensitive
area that are protected under the CRZ. Along the east
coast, in certain stretches from Andhra Pradesh to West
Bengal, mudfiats and mangroves are the habitat for
horseshoe crabs, highly valued in medical research’.

Ecosystem Services

Alarge number of goods and services are provided
by the environment around us, specifically, the
various ecosystems. Some of these goods are easily
recognized while the recognition for many others
which are relatively less apparent has come over
time. The former include food, timber and freshwater
while the latter include varied services ranging from
pollination to disease control and climate regulation.
An early valuation'¢ for the current economic value
of 17 ecosystem services for 16 biomes brought up
a value in the range of USD16-54 trillion annually,
this was, however, estimated to be a conservative
value!”. In 2014, the estimated value for the total
global ecosystem services in 2011 was revised to
USDI125 trillion/yr. These numbers are more for
us to understand the value that ecosystems provide
and therefore the cost incurred in replacing such
services which are otherwise freely available to
mankind. Efforts to set a monetary value to the
services provided by the various ecosystems is a
difficult exercise as each ecosystem may provide
certain services locally, and others globally. For
example, mangrove ecosystems along a coast may
provide the habitat for fish and shellfish that are
caught and consumed locally (and hence considered
local services) in contrast with the oxygen released
by mangrove trees into the atmosphere and the
carbon they sequestrate which are considered global
services. The list of services that ecosystems provide
can be long and confusing and hence, for meaningful
understanding, they need to be classified.

The Millennium Ecosystem Assessment® describes
ecosystem services as the benefits people obtain from
ecosystems and categorised the various services from
ecosystemsinto fourmajor groups namely, provisioning,
regulating, cultural and supporting services (Figure):
(i) Provisioning services include goods such as food,
timber, medicines efc.; (ii) Regulating services include
benefits such as flood control and water purification;
(iif) Cultural services are the non-material benefits
such as spiritual enrichment as well as recreation and



384 INDIAN J MED RES, MARCH 2021

PROVISIONING
SERVICES

Food
Pharmaceuticals
Nutraceuticals
Freshwater
Timber

Ener;
&Y Open waters

Recreation &

Tourism

Aesthetics & Well
Being

Spiritual &
Inspiration

Education & Research

CULTURAL SERVICES

COASTAL
ECOSYSTEMS

P \

Climate regulation
Disease control
Flood regulation
Water purification
Waste Treatment

Oxygen
Production
(Photosynthesis)
Soil formation
Nutrient cycling
Habitat

Water cycling

Seagrass
Meadows

SUPPORTING SERVICES

Figure. Ecosystem Services provided by Coastal Ecosystems.

education while; (iv) Supporting services are those that
are necessary for the functioning of all other ecosystem
services and can range from primary production to
nutrient cycling and provision of habitat.

With respect to coastal ecosystem services, some
of the key services from a few important coastal
ecosystems are presented in Table II.

Subsequently, the global initiative, The Economics
of Ecosystems and Biodiversity (TEEB), is an effort
towards mainstreaming the values of biodiversity and
ecosystem services at all levels of decision making, to
take into account the natural capital, which includes
all natural assets, living and non-living (https://
naturalcapitalforum.com/), into a country’s wealth
calculation. According to the TEEB report'® ecosystem
services may be likened to the dividend received by
the society from the natural capital. It therefore stands
to reason that to receive a regular dividend and ensure
human well-being, natural capital needs to be protected.

Human well-being and ecosystem services

Understanding of the role of ecosystem services
highlights the role of natural assets as essential for
well-being, and sustainability'®. While all the four
groups of ecosystem services play an important role
in human health and wellbeing, the provisioning and
cultural services appear to take on a higher importance
in terms of human health and wellbeing.

Provisioning services: Within this broad category,
pharmaceuticals and nutraceuticals are of importance
in the context of the current pandemic (also for the
known and emerging diseases). The use of compounds
extracted from marine animals such as cod and shark
liver oil as health supplements is well known'. Other
than being used as supplements, many organisms may
also harbour compounds with various pharmacological
properties for use as drugs®.

From coastal ecosystems, perhaps the best known
animal in medical research is the horse-shoe crab, two
species of which are found along the north-eastern coast
of India®'. The blood of these crabs contains important
immune cells used in the Limulus Amebocyte Lysate
(LAL) test to for detecting endotoxins??. These crabs are
however, under threat by over-exploitation?'. In India,
the habitat of these crabs is under threat and is classified
as CRZ-Tunder the CRZ 2019 notification as mentioned’.

A number of studies have been carried out in
mangroves for bioactive compounds. For example,
it is reported that pharmacological investigations
of wvarious extracts from the plant FExcoecaria
agallocha have shown antibacterial, antioxidant,
anti-diabetic, and anti-nociceptive activities”. Others
report that of 84 mangrove species, only 27 species
were traditionally used for similar purposes*. In
the case of seagrass, Halophila spp. appear to have
bioactive compounds?>?, Though many metabolites
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Table I1. Goods and services available from coastal ecosystems
Coastal Provisioning Regulating Cultural Supporting
Ecosystem
Mangroves Fish & shellfish, medicines, Water quality maintenance, Ecotourism, Biodiversity reservoir,
honey, timber and climate regulation, coastal spiritual, education gene bank, habitat for
forest products, fodder, protection through erosion and research, birds and other animals,
groundwater recharge and control, flood and flow inspirational. maintenance of fisheries,
discharge control, sediment and habitat for spawning and
nutrient retention, shoreline juvenile fish, primary
stabilization, carbon production, oxygen
sequestration generation
Seagrass Fish & shellfish, as food/ Carbon sequestration, coastal Recreation (boating, Habitat for fish/
fertilizer, medicines protection, erosion control, swimming), maintenance of fisheries,
water purification, sediment ecotourism, education  primary production,
and nutrient retention and research oxygen generation
Coral Building materials, Coastal protection (function Education and Habitat for fish and
Reefs ornamental fish, coral for like underwater breakwater), research, recreation, shellfish, maintenance of
live trade, raw materials for nutrient cycling tourism (e.g. fisheries
medicines, seafood products, snorkelling, diving)
seaweed (agar, carrageenan)
from rocks near reefs, shells
(used to make jewellery,
lime mortar)
Sandy Sand and minerals, water Coastal protection, erosion Tourism, education Turtle nesting sites,
Beaches catchment and purification control, protection from and research, health habitat especially for
storm surge and tsunami, benefits (Blue Gym) burrowing organisms
prevent seawater intrusion such as crabs and
molluscs

with biological activities have been isolated from
macroalgae (seaweeds), few products with real
potential have been identified?”’. This is a point
to be documented in that there is potential for
pharmaceuticals of marine origin, which is yet to
be harnessed in an organised manner to contribute
towards better health and wellbeing.

Cultural services: These are ecosystem services such
recreation, tourism, spiritual inspiration and education
provided by a number of coastal ecosystems. A positive
association between self-reported health and living
near the coast in England was reported previously?.
Worldwide, the move towards the coast is well recorded
with increasing population of coastal settlements,
especially cities, as many industries are located in close
proximity of seaports while others prefer the more
equitable climate of coastal locales. Among the coastal
ecosystems, beaches perhaps rank at the top in terms
of providing relaxation and recreation. In addition,
boating in mangroves such as Sunderbans, Coringa
or Pichavaram as well as boating in the open sea to
observe corals and seagrasses through glass-bottomed

boats?*® have become preferred ecotourism options.
Similarly, the concept of Blue Flag certified beaches
is also being promoted. Though these are targeted at
specific tourist groups, encouraging visitors to beaches
in general can result in improved wellbeing through
relaxation and simple recreation; a concept referred to
as the Blue Gym?3'*2 which has been shown to improve
depleted emotional and cognitive resources.

Many of these coastal ecosystems are under threat
from anthropogenic causes such as conversion for
development*=*. When ecosystems are lost, not only
are the various services diminished or lost, but there
is also a reduction in the natural capital when unique
assemblages of species are lost. Opportunities to obtain
crucial compounds that could form part of the growing
armoury of drugs to fight existing and emerging
diseases would be lost as well as cultural services that
are needed for the wellbeing of people.

Conclusion

High biodiversity within natural assets enables
greater resilience to shocks, thus ensuring sustained



386 INDIAN J MED RES, MARCH 2021

ecosystem services®; of these the provisioning and
cultural groups of ecosystem services can be seen to
link two important Sustainable Development Goals
(SDG), SDG-3 (good health and wellbeing, https://
sdgs.un.org/goals/goal3) and SDG-14 (life below
water; https.//sdgs.un.org/goals/goall4). In summary,
it behoves us to conserve and sustainably use the
oceans, coastal and marine resources in a manner that
ensures healthy lives and promotes wellbeing for all.
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