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Chapter 7
Seagrasses in the Indian Ocean Region
with Special Reference to Urbanization

Balaji Vedharajan, Ragavan Pandisamy, E. P. Nobi, Shaha Hashim,
Akbar John, Kannan Sivakumar, Chandani Appadoo,
and P. Anantharaman

7.1 Introduction

Seagrasses are a functional group of plants (Short et al. 2011), living in the marine
environment (Short et al. 2016) and form the submerged aquatic vegetation (Koch
et al. 2006). Like terrestrial plants, they have roots, leaves, rhizomes, seeds and they
reproduce through vegetative and sexual methods. Seagrasses grow naturally between
high tide and low tide areas (intertidal areas), and also the majority of them are found
completely submerged underwater and are distributed in tropical and sub-tropical
areas; they can grow in various substrata like sand, silt, clay and coral rubbles
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(Parthasarathy et al. 1991). Seagrasses comprise <0.02% of the angiosperm flora,
represented by 72 species. They are assigned mainly to six families encompassing
14 genera and are often separated into tropical and temperate genera, with 7 genera
each. Seagrasses occur in all the coastal areas of the world except the polar regions
because of ice scouring. Seagrasses are one of the most widespread coastal vegeta-
tional types and highly productive ecosystems in the world; they support rich biolog-
ical diversity as well as offer many ecological services to maintain the integrity of the
coast and sustainability of local communities. They protect the shorelines against
erosion in the middle and lower intertidal and subtidal zones with their gregarious
growth and dense root systems. Seagrass ecosystem is conspicuous and often a
dominant habitat in shallow coastal waters and well known for its higher primary
and secondary productivity, generation of vast quantities of detritus and supporting
diverse floral and faunal communities as associated organisms.
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Seagrasses have developed unique morphological, ecological and physiological
adaptations for a completely submerged existence, including internal gas transport,
epidermal chloroplasts, submarine pollination and marine dispersal which provide
with important ecological services to the marine environment and profoundly
influence the physical, chemical and biological environments in the coastal waters
by acting as ecological engineers. Seagrasses alter water flow, nutrient cycling and
food web. They are considered to be critical aquatic plants as they maintain the water
quality by effectively removing nutrients from marine waters and settling surface
sediments in the coastal areas. They are an important food source for mega herbi-
vores such as green turtles, dugongs and manatees and provide with critical habitat
for many animals, including commercially and recreationally important fishery
species. Seagrass leaves, rhizomes and roots are used as food source by dugongs,
sea urchins, herbivorous fishes and many other invertebrates feed on the
decomposed seagrasses.

Seagrasses require high light levels (25% of the incident radiation) than any of the
plant groups (1 or <1%) in the world. These extreme high light requirements mean
that seagrasses respond acutely to environmental changes, especially those that alter
water clarity. Distribution and growth of the seagrasses are regulated by a variety of
environmental characteristics such as temperature, turbidity, salinity, irradiance,
nutrient availability and sediment characteristics. Nutrient characteristics and the
sediment texture, which are influenced by human activities and climate change, have
a control over seagrass distribution and productivity.

7.2 Seagrasses in Indian Subcontinent

India is one of the fast-developing economies in the world, due to its strong growth
in its industries (United Nations Department for Economic and Social Affairs 2020).
Climate change is a worldwide issue that affects all nations and their sustainable
development plans (Gopalakrishnan et al. 2019) including India. Rapid urbanization
without proper planning in coastal areas leads to the decline of coastal habitats
(Dhiman et al. 2019).
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Fig. 7.1 Cymodocea serrulata bed at Palk Bay, India (Photo Credit: V Balaji)

India, with a long coastline of 7517 km, is endowed with a variety of coastal
habitats including seagrasses. Nonetheless, seagrasses have remained a highly
ignored ecosystem for research and conservation in India (Jagtap et al. 2003);
however, recently MoEF and CC have taken efforts to promote research and better
conservation and management of seagrass meadows along the Indian coast
(Thangaradjou and Bhatt 2018). Seagrass ecosystem in the tropics and particularly
in India has always been given a low priority in studies by the scientific communities
and environmentalists. But, in the late 1990s and early 2000s, the scenario has
changed slowly and started to gain momentum. Indian seagrass habitats are mainly
limited to mud flats and sandy regions, extending from the lower inter tidal zone to a
depth of 10–15 m along the open shores and in the lagoons around the islands.
Seagrass flora of India are represented by 7 genera and 15 species, out of which the
Gulf of Mannar and Palk Bay (Fig. 7.1) harbour the higher number of species
followed by Andaman and Nicobar (Fig. 7.2) and Lakshadweep islands (Fig. 7.3).
Seagrasses serve as a habitat for endemic species (Kumaraguru et al. 2008), where
the seagrass beds in the southeast coast of India serve as a biodiversity hotspot and
support fisheries and livelihood of a large number of coastal communities
(Jeyabaskaran et al. 2018).

In India, there are 16 species of seagrasses, as reported by Geevarghese et al.
(2018), which are growing in various substrata such as sand, mud and mixed
substrata and depths (Parthasarathy et al. 1991). Palk Bay and Gulf of Mannar in
the Southeast coast of India are the two important and large seagrass areas, which
support a variety of associated flora and fauna (Manikandan et al. 2011). In addition
to this, the seagrass beds are also found in Gulf of Kachchh (Kamboj 2014) and
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Fig. 7.2 Huge seagrass bed found at AN Islands, India (Photo Credit: P Ragavan)

Fig. 7.3 Classified seagrass map of Agathi island, India (49 B/1) using IRS LISS IV data of
9 January 2007 (Source: Nobi et al. 2012)



Chilika lake (Geevarghese et al. 2018). In addition to this, seagrass beds have been
identified in estuaries, lagoons and backwaters in most of the coastal states of India
(Saravanan et al. 2013), such as Maharashtra, Kerala (Abhijith 2019), Tamil Nadu
(Parthasarathy et al. 1991; Bharathi et al. 2014), Andhra Pradesh (Patro et al. 2017)
and Odisha (Pati et al. 2014; Nayak 2014). Halophila beccarii is the most widely
distributed species in India (Mishra et al. 2020).
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Costanza et al. (2014) stated that the seagrass beds are highly productive ecosys-
tems, and the estimated loss of ecological services from seagrass beds, due to land
use change is at the rate of $4.3–20.2 trillion per year during the period from 1997
to 2011.

Seagrasses are used by farmers in the Palk Bay in Tamil Nadu as fertilizer for
coconut trees. Similarly, they are used in other parts of the world for bedding and
roofing and also for many other services (Nordlund et al. 2016).

Seagrass meadows mitigate the impacts of waves on the shorelines and erosion
(Christianen et al. 2013), and the beach cast seagrasses are playing key role in
protecting the shorelines from waves and erosion (Nordlund et al. 2018).

Seagrass locations in India are also the prime spots of fast-developing urbaniza-
tion related activities, which threaten the existence of seagrass beds and their
services. Impacts of degradation of seagrasses in Indian coastal areas directly affect
their fishery productivity and livelihood of dependent fishers (Jeyabaskaran et al.
2018). In the Gulf of Kutch of north western India, the seagrass beds are facing the
impacts of poor water quality due to industrial activities such as dredging, ship hot
water discharge, oil spillage, port development (Kamboj 2014) and ship breaking
yards (Deshpande et al. 2012). The waste waters discharged from coastal urban areas
directly affect the seagrass meadows by enriching with nutrients in water and
sediments (Cabaço et al. 2008). This is applicable to all the coastal urban areas of
India and other parts of the world. Increased urbanization and tourism activities in
the Palk Bay and Gulf of Mannar and other islands including Rameswaram would
affect the seagrass beds and coral reefs in the southeast coast of India, in future.

In India, seagrass beds are not studied completely, however they are recognized
as one of the sensitive ecosystems in the Coastal Regulation Zone (Patro et al. 2017).
Seagrasses serve as a nursery ground (Heck et al. 1997; Jiang et al. 2020; McDevitt-
Irwin et al. 2016) and breeding ground for marine animals (Bujang et al. 2006).
Significant attempts have been carried out in India for the conservation and restora-
tion of seagrass beds. Laboratory based axenic seagrass seedlings were developed by
Thangaradjou and Kannan (2008). In situ seagrass restoration method was
performed in the Gulf of Mannar, using PVC frames which showed higher survival
rate (Patterson Edward et al. 2019). The method was further improved by using low
cost and eco-friendly materials such as bamboo frames and coconut ropes (Balaji
et al. 2020). Seagrass habitats in Palk Bay of Tamil Nadu are now being considered
for declaring them as a “Dugong Conservation Reserve” by the State and Central
Governments, recently.

Unfortunately, these seagrasses have significantly declined in their coverage and
density in several parts of the country. The largest seagrass beds in India are located
along the southeast coast of India, which are affected by aquaculture farms, domestic



sewage from coastal towns, tourism, fishery-related disturbances and factories.
Jeyabaskaran et al. (2018) mentioned that the Palk Bay seagrass beds in southeast
coast of India as “biodiversity hotspots” and are disappearing faster than that of the
Gulf of Mannar, which may be due to the threats to seagrass beds in Palk Bay
(Kumaraguru et al. 2008). Such large-scale losses of seagrass beds have led to
numerous restoration programmes worldwide. In this respect, the need to transplant
in affected seagrass habitats and to collect donor materials from healthy seagrass
habitats are critically important. Careful site selection is very important, and several
conceptual models to optimize site selection have also been developed for seagrass
restoration.
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7.3 Seagrass in the Andaman and Nicobar Islands of India

As per an estimate, seagrass cover in India is 517 km2 (Geevarghese et al. 2018), of
which, 15 km2 of seagrass beds are spread around the Andaman and Nicobar Islands
(ANI) with 10 species belonging to 6 genera (Geevarghese et al. 2018; Ragavan et al.
2016). Seagrass beds in the Andaman Islands (5.79 km2) are highly scattered,
whereas in Nicobar Islands (8.81 km2), seagrass beds are luxuriant and dense
(Geevarghese et al. 2018; Ragavan et al. 2016). By surveying a total of 44 seagrass
sites in the ANI, 8 sites were identified as feeding sites for dugongs through the
distinct feeding trails observed at these sites (D’Souza et al. 2015). In addition,
Seagrass meadows of the ANI were found to be the hot spots for blue carbon storage
in Southeast Asia with the highest ecosystem carbon stock of
184.24 ± 23.84 Mg C ha-1, followed by Myanmar (136.67 ± 64.77 Mg C ha-1),
Thailand and Vietnam (134.20 ± 73.89 and 133.16 ± 36.97 Mg C ha-1, respec-
tively), Philippines (123.49 ± 63.38 Mg ha-1), Malaysia (108.63 ± 89.43 Mg ha-1)
and Indonesia (97.60 ± 41.49 Mg ha-1) (Stankovic et al. 2021). Recently, Mishra
et al. (2021) also reported relatively higher carbon stock in the seagrass beds of the
Andaman Islands (128.79 ± 55.89 and 272.54 ± 164Mg C ha-1) than the other parts
of India. Further, they have noted that outwelling of organic carbon from highly
productive adjacent dense mangroves of the Andaman Islands would play a major
role in carbon storage in the seagrass meadows of these islands. So, maintaining the
ecological connectivity is imperative for the use of this valuable ecosystem for
countries’ climate change mitigation and adaptation measures and protecting the
critically endangered dugongs.

Despite the ecological and economic benefits, seagrasses are witnessing rapid
depletion around the world as well as in the ANI (Thangaradjou and Bhatt 2018).
Manmade activities such as fishing, anchoring, boating and development of infra-
structures in the coastal areas severe the impacts on seagrasses and their biodiversity
(Ramesh and Mohanraju 2020). Recently, it has been highlighted that climate
change consequences like sea-level rise and its associated soil erosion and increasing
frequency of natural catastrophic events like cyclones and tsunamis would be the
major factors for the degradation of coastal systems (Goldberg et al. 2020; Adame



et al. 2021). Tsunami in 2004 destroyed large areas of seagrass meadows in the
Nicobar Islands (D’Souza and Patankar 2011) and Lehar’s cyclone damaged about
1.96 ha of seagrass beds in the Andaman Islands (Sachithanandam et al. 2014).
Furthermore, the frequent occurrence of leaf reddening and leaf burning in
seagrasses of the ANI indicates that seagrass meadows of the ANI are highly
vulnerable to stresses like high temperatures, intense light and release of toxic
sulphides (Ragavan et al. 2013; Ramesh and Mohanraju 2020). In the recent years,
the seagrass research is getting more attention, which further needs to provide us
with answers for conservation and management (Thangaradjou and Bhatt 2018).
Since the knowledge of exact species composition and distribution is a prerequisite
for better conservation and management of an ecosystem, spatial and temporal
distribution of seagrass meadows in the ANI needs to be documented at the earliest
irrespective of dugong represented meadows.
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7.4 Seagrasses in Maldives–Lakshadweep–Chagos
Archipelago

There is only limited literature about the seagrasses of the Maldives. When analysing
the satellite images, seagrasses are visible in the Maldivian seas, especially around
the densely populated islands or islands with more economic activities. Researches
indicate that there are five species of seagrasses under four genera in the Maldives.
These species are Syringodium isoetifolium, Thalassia hemprichii, Thalassodendron
ciliatum, Cymodocea rotundata and Cymodocea serrulata and of these,
T. hemprichii is the most abundant in the country. In the Maldives, seagrasses are
mostly widespread in shallow reef flats and can also be observed in mangrove
habitats. These are habitats of important fish species such as rabbit fishes, shrimps,
sea cucumbers, sea urchins, seahorses, crabs, scallops, mussels and snails (Paz-
Alberto and Sigua 2015).

The seagrass meadows around the Maldives are under threat. But the government
now plans to place this valuable ecosystem under protection, as they are serving as
nurseries for sea life, act as carbon sinks and protect the atolls from erosion. The
Maldives welcomes tourists from around the world; many of them come here to
enjoy its crystal-clear blue waters and tropical coral reefs along with seagrass
meadows. Unfortunately, the meadows are not enjoying the same environmental
protection as that of the better-known coral reefs. For years, tourist resorts and
development projects have dredged and destroyed seagrass meadows across the
country. It is thought that up to 30% of seagrass habitats have been lost over the
last century.

Conservationists in the country are fighting back and have launched a campaign
to help bring the spotlight to the rich biodiversity of these ecosystems and their
importance for the future of the country. In 2019, Six Senses Laamu and Blue
Marine Foundation (BLUE) launched the Protect Maldives Seagrass campaign



which convinced more than 25% of the country’s high-end resorts to protect the
seagrass meadows; 37 resorts joined the campaign and collectively pledged to
protect more than 910,000m2 of seagrass beds around the resort islands across the
country. The Maldives’ Ministry of Tourism also supported the campaign.
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Nobi et al. (2012) recorded the seagrass cover using IRS P^ LISS IV satellite data
and found 2590.2 ha of seagrass meadows in the Lakshadweep islands of which
1310.8 ha of dense seagrasses and 1279.4 ha of sparse seagrasses were mapped. In
Lakshadweep, seven species of seagrasses that belong to five genera were recorded
and the spatial cover of the seagrasses was healthy in all the islands. Cymodocea
serrulata was observed as the dominant species in Lakshadweep islands. Coral reefs
and seagrasses were found associated, and this coexistence showed the mutual
relationship between these two adjacent ecosystems, where coral reefs protect
seagrasses from waves and at the same time, seagrasses prevent erosion. Diversity
of seagrasses was comparatively lesser in Lakshadweep than that of mainland of
India. Although seagrasses of Lakshadweep islands are healthy, increase in sea
surface water temperature and anthropogenic activities cause the decrease of
seagrass beds in certain islands, which are to be addressed properly for the sound
management of fragile seagrass beds in order to sustain their ecosystem services.
Agathi and Kadamath islands have wide seagrass beds, which serve as a feeding
habitat for a large number of green turtles. The study carried out by Nobi et al
indicates that increase in surface water temperature and decrease in pH are the key
threats to the seagrass beds in Lakshadweep.

Kaladharan (2013) reported that there is a steep decline of standing stock of
seagrass vegetation and wet biomass in four atolls such as Agatti, Chetlet, Kavaratti
and Kiltan and in 5 years, which was due to the settlement of fine silt and coral
rubbles possibly due to periodical dredging activities. Recently, Kaladharan et al.
(2020) reported that four atolls in Lakshadweep are highly populated, which leads to
the disposal of untreated domestic wastes directly into the atolls which causes
increased nutrients in the lagoons that adversely alter the quality of water and
algal blooming that hinder the growth of seagrasses. In the Lakshadweep Islands,
the Union Territory of Lakshadweep (UTL) Administration is playing, through the
Department of Environment and Forestry and Department of Science and Technol-
ogy, a key role in conserving the coastal and marine ecosystems of the islands and
creating new Marine Protected Areas (MPAs). The Department of Science and
Technology and Department of Biotechnology, Government of India have mean-
while supported work on genomics as well as the search for novel metabolites. A
Lakshadweep Action Plan on Climate Change (LAPCC) has been formulated in
accordance with the principles and guidelines of the Indian National Action Plan on
Climate Change (NAPCC). The LAPCC included the environmental parameters in
present and future development plans in UTL along with the NAPCC guidelines and
principles. Moreover, National Centre for Sustainable Coastal Management
(NCSCM) of the Ministry of Environment, Forest and Climate Change, Government
of India has mentioned that the integrated Island Management Programme will be
implemented to promote social and ecological sustainability of the Lakshadweep.
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Thalassodendron ciliatum (Forsk.) den Hartog is more extensively distributed in
the Chagos Archipelago than previously reported, and Halophila decipiens is
reported from a single locality. Extensive meadows of Thalassodendron are con-
fined to the submerged banks in the north of the Great Chagos Bank, extending to the
lagoon reef-flat of the Diego Garcia atoll, to the south. Vast areas of apparently
suitable substrates around the other atolls and the few islands on the Chagos Bank
itself are totally uncolonized by seagrasses. High water temperatures caused by
coincidence of extreme low water spring tides and intense midday insolation are
suggested as the main reasons for the restricted distribution of Thalassodendron
around the atolls and islands whilst extreme geographical isolation may explain the
very restricted seagrass flora (Drew 1980).

Through satellite data, Esteban et al. (2018) tracked green turtles (Chelonia
mydas) which are known to fed on seagrasses in the remote, pristine deep-water
environment in the Great Chagos Bank (Indian Ocean) which lies in the heart of one
of the world’s largest Marine Protected Areas (MPAs). Subsequently the study used
in situ SCUBA and baited video surveys to study the day-time sites occupied by
turtles and discovered extensive monospecific seagrass meadows of
Thalassodendron ciliatum. Higher fish abundance and large predatory sharks were
recorded at all sites. Given that the Great Chagos Bank extends over approximately
12,500 km2 and many other large deep submerged banks exist across the world’s
oceans, it can be understood that deep-water seagrasses may be far more abundant
than previously thought. Due to the remote location and lesser anthropogenic
activity in the Chagos bank possibly gives space for the survival of seagrasses in
the region. However, more seagrass studies are needed to know the impacts of
climate change on the ecosystem of Chagos bank.

7.5 Seagrasses of Western Indian Ocean Regions

Colonial trading led to the development of many east African coastal urban centres
which have been expanding with economic growth (Georgulas 1964). Majority of
the coastal cities in east African coast are located adjacent to sensitive coastal
habitats, which are developing faster than the predicted rate, and this urban growth
leads to increasing requirement for both renewable and non-renewable resources,
with negative impacts on coastal biodiversity (Celliers and Ntombela 2016).

Western Indian Ocean region includes the countries such as South Africa, Tan-
zania, Kenya, Somalia, Mozambique, Comoros, Reunion, Seychelles, Madagascar
and Mauritius. In the western Indian Ocean region, the coastal cities such as Durban
(South Africa), Maputo (Mozambique), Dar es Salaam (Tanzania), Mombasa
(Kenya), Mogadisu (Somalia), Port Louis (Mauritius), Saint Denis (Reunion) and
Victoria (Seychells) are developing dramatically in the twenty-first century and all
these cities are vulnerable to natural disasters and climate change (Celliers and
Ntombela 2016).

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/chelonia-mydas
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/chelonia-mydas
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/marine-protected-area
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/fish-abundance
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There are 13 seagrass species reported from Western Indian Ocean region,
covering 12,000 km coastline, which are found in intertidal regions up to 40 m
depths that support a variety of fishes belonging to Terapontidae, Apogonidae,
Lethrinidae, Labridae, Gerridae, Centriscidae, Blenniidae, Apogonidae, Lutjanidae,
Scorpaenidae, Scaridae and Monacanthidae (Gullström et al. 2002). There are only a
limited number of publications about the seagrass ecosystems in Western Indian
Ocean region when compared to mangroves and coral reefs (Gullström et al. 2002).
Destruction of forests in the inland areas, unlawful fishing methods, discharge of
untreated wastes from urban areas, sedimentation, development of unplanned infra-
structures, agricultural run-off and shipping activities are the major threats to the
seagrass beds in the western Indian Ocean region (Bandeira 1995).

Seagrasses serve as a source of income for many African and island countries in
the Western Indian Ocean region; however, there has been an increase of pressure on
seagrass beds due to expansion of urban areas and surrounding population causes
manmade disturbances to the seagrass beds (Gullström et al. 2002). Urban waste
disposal is mostly untreated due to the non-availability of technologically sound
waste treatment infrastructure facility. So, the poor water quality, sedimentation, and
salinity directly affect the health of the seagrass ecosystems in the Western Indian
Ocean region countries (Ingram and Dawson 2001).

The lower part of western Indian Ocean has also experienced the impacts of
urbanization. In South Africa, Durban is one of the prominent coastal cities, where
Adams (2016) has reported that Zostera capensis is the dominant seagrass species
but a huge expanse of seagrass beds of Z. capensis (declared as vulnerable seagrass
species in the IUCN Red list) has disappeared from Durban Bay due to harbour
development during the mid-decades of the twentieth century and also recently
(Short et al. 2011).

Seagrass beds in urban areas of other countries in Western Indian Ocean are also
facing threats in the Maputo, capital of Mozambique, due to flooding, sedimentation
and pollution; however, the seagrass distribution data is not available from other
urban areas of Tanzania, Zanzibar and Madagascar (Bandeira et al. 2014). In the
recent years, there has been a vigorous growth of urbanization in Arabian Gulf areas
due to the establishment of new industries, land reclamation projects, construction of
new residential and tourism infrastructures. But there is no published reports about
the degradation of seagrass beds in Arabian Gulf (Erftemeijer and Shuail 2012).

Arabian Gulf is inhibited by a large population of Dugongs (Dugong dugon) or
sea cows that are mainly grazing seagrasses (Sheppard et al. 2010). This can be taken
as evidence showing the presence of vast seagrass beds in the Arabian Gulf that
includes Bahrain, Saudi Arabia, Qatar, UAE and Abu Dhabi (Green and Short 2003;
Erftemeijer and Shuail 2012). Changes in the nearshore waters due to urbanization
were observed about 30 years ago in Bahrain, Arabian Gulf (Zainal et al. 1992),
which is a part of the Western Indian Ocean region.
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7.6 Threats to Seagrasses by the Urbanization

According to Weeks (2010), urbanization is defined as “a place-based characteristic
that incorporates elements of population density, social and economic organization
and the transformation of a natural environment into the built environment”. About
40% of the world’s population is living in coastal urban areas and so the changes
caused by anthropogenic factors of urban settlements in the coastal areas are altering
the sediments and coastal ecosystems (Mentaschi et al. 2018).

Human activities have caused huge loss of seagrass beds all over the world
(Duarte et al. 2008). Two main coastal infrastructure development activities due to
urbanization are dredging and land reclamation, and it is stated that they have severe
impacts on coral reefs and seagrass beds (Erftemeijer and Robin Lewis 2006). High
turbidity caused by dredging, proliferation of marine algae and eutrophication in the
water column by untreated sewage disposal cause the loss of seagrasses (Duarte et al.
2008). Turbidity caused by dredging activities in ports is one of the key factors
limiting the seagrass distribution in urban coastal areas and has a direct impact on
urban seagrass beds (Sabol et al. 2005). Removal of seabed and deposition of
landfills (Newell et al. 1998) are also directly affecting the natural ecosystem in
coastal urban areas.

It is true that the global distribution and abundance of seagrasses have changed
over evolutionary time in response to sea-level change, physical modification of
coastlines and global climate changes. But, losses of seagrasses due to anthropo-
genic pressures are even much more than the past. Multiple stressors including
sediment and nutrient run-off, physical disturbances, invasive species, diseases,
commercial fishing practices, aquaculture, overgrazing, algal blooms and global
warming cause the seagrass declines at scales of square meters to hundreds of square
kilometres.

Urbanization affects the function and biodiversity of an ecosystem, as it will
induce the split of natural habitats and degradation (Alberti and Marzluff 2004). One
of the important impacts of urbanization is the construction of barriers, landing
centres and harbours in the coastal and marine environments, and it is reported that
such infrastructures in the marine environment alter the species composition by
favouring the growth of non-native species (Airoldi et al. 2015). So, urbanization in
coastal zones threatens the coastal landscapes and ecosystems (Pasquali and Marucci
2021) including mangroves (Stiepani et al. 2021), coral reefs Eliza and significantly
affect the seagrass beds (Tu et al. 2021). It is also observed that the urbanization in
the marine environment affects biodiversity and leads to the overlapping of species
of artificial and natural habitats (Momota and Hosokawa 2021) including coral reefs
and seagrass beds.

Dredging is the major cause for seagrass degradation worldwide, which can be
controlled by strict laws, periodical monitoring, assessing the impacts and taking
mitigation procedures (Erftemeijer and Robin Lewis 2006). Natural recovery of
seagrass beds after the manmade activities and natural disasters will take few
weeks up to 5 years, based on the environmental conditions (Erftemeijer and



Robin Lewis 2006). Anthropogenic pressures exerted on the seagrass beds
(a by-product of urbanization development in coastal areas) have an adverse impact
on the seagrasses around the world (Unsworth et al. 2019; Erftemeijer and Robin
Lewis 2006; Newell et al. 1998; Sabol et al. 2005), including India (Thangaradjou
et al. 2008), Sri Lanka (Ranahewa et al. 2018), Singapore (Stéphanie and Doorn
2007), Malaysia (Freeman et al. 2008), Indonesia (Karlina et al. 2018; Riani and
Purbayanto 2011), Western Australia (Fraser et al. 2017) and other southeast Asian
countries (Fortes et al. 2018).
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Seagrass ecosystems are among the least considered coastal habitats which
frequently face cumulative pressures from coastal development, nutrient run-off
and climate change. It is a well-known fact that the seagrasses of the Indian Ocean
region are facing severe threats due to anthropogenic and natural pressures; even
then, seagrass restorations have been undertaken only on experimental basis. Loss of
seagrass habitats and its impacts on the marine ecosystems can be slowed down or
even reversed by planned and effective seagrass transplantations. Healthy seagrasses
provide with prospects to alleviate climate change impacts, adapt to future changes
and develop resilience and the source of multiple societal benefits. This is the apt
time to protect seagrasses by prioritizing timely, ambitious and coordinated
programmes, relating to restoration, conservation and sustainable management.

Acknowledgements We thank Dean and Director of CAS in Marine Biology for their encourage-
ment and Professor L. Kannan, for offering valuable comments. Authors also thank Ministry of
Environment, Forest and Climate Change, Government of India.

References

Abhijith R (2019) Present status of Halophila beccarii seagrass bed in Kadalundi Community
Reserve marine macrophytes of Indian coasts view project sustainable alternative livelihood for
coastal fishing communities along Palghar district of Maharashtra: molluscan mariculture
approach view project. https://www.researchgate.net/publication/343392450

Adams JB (2016) Distribution and status of Zostera capensis in south African estuaries—a review.
S Afr J Bot 107:63–73. https://doi.org/10.1016/j.sajb.2016.07.007

Adame MF, Connolly RM, Turschwell MP, Lovelock CE, Fatoyinbo T, Lagomasino D, Goldberg
LA, Holdorf J, Friess DA, Sasmito SD, Sanderman J (2021) Future carbon emissions from
global mangrove forest loss. Glob Chang Biol 27(12):2856–2866

Airoldi L, Turon X, Perkol-Finkel S, Rius M (2015) Corridors for aliens but not for natives: effects
of marine urban sprawl at a regional scale. Divers Distrib 21(7):755–768

Alberti M, Marzluff JM (2004) Ecological resilience in urban ecosystems: linking urban patterns to
human and ecological functions. Urban Ecosyst 7(3):241–265

Balaji V, Sekar V, Murugesan G (2020) Comparison of seagrass restoration methods adopted in
Palk Bay, India. J Mar Biol Assoc India 62(1):95–99. https://doi.org/10.6024/jmbai.2020.62.1.
2137-13

Bandeira SO (1995) Marine botanical communities in southern Mozambique: sea grass and
seaweed diversity and conservation. Ambio 24(7–8):506–509

Bandeira SO, Paula JPM, Western Indian Ocean Marine Science Association (2014) The Maputo
Bay ecosystem. WIOMSA, Zanzibar

https://www.researchgate.net/publication/343392450
https://doi.org/10.1016/j.sajb.2016.07.007
https://doi.org/10.6024/jmbai.2020.62.1.2137-13
https://doi.org/10.6024/jmbai.2020.62.1.2137-13


7 Seagrasses in the Indian Ocean Region with Special Reference to Urbanization 121

Bharathi K, Subhashini P, Ranith R, Vanitha K, Thangaradjou T (2014) Spatial variability in
distribution of seagrasses along the Tamilnadu coast. Int J Curr Res 6:8897–9005. http://www.
journalcra.com

Bujang JS, Zakaria MH, Arshad A (2006) Distribution and significance of seagrass ecosystems in
Malaysia. Aquat Ecosyst Health Manag 9(2):203–214. https://doi.org/10.1080/
14634980600705576

Cabaço S, Machás R, Vieira V, Santos R (2008) Impacts of urban wastewater discharge on seagrass
meadows (Zostera noltii). Estuar Coast Shelf Sci 78(1):1–13. https://doi.org/10.1016/J.ECSS.
2007.11.005

Celliers L, Ntombela C (2016) Urbanisation, coastal development and vulnerability, and catch-
ments. Regional state of the coast report. United Nations, New York, pp 386–404. https://www.
un-ilibrary.org/content/books/9789210601573s009-c005

Christianen MJA, van Belzen J, Herman PMJ, van Katwijk MM, Lamers LPM, van Leent PJM,
Bouma TJ (2013) Low-canopy seagrass beds still provide important coastal protection services.
PLoS One 8(5):e62413. https://doi.org/10.1371/journal.pone.0062413

Costanza R, de Groot R, Sutton P, van der Ploeg S, Anderson SJ, Kubiszewski I, Farber S, Turner
RK (2014) Changes in the global value of ecosystem services. Glob Environ Change 26(1):
152–158. https://doi.org/10.1016/J.GLOENVCHA.2014.04.002

Deshpande PC, Tilwankar AK, Asolekar SR (2012) A novel approach to estimating potential
maximum heavy metal exposure to ship recycling yard workers in Alang, India. Sci Total
Environ 438:304–311. https://doi.org/10.1016/j.scitotenv.2012.08.048

Dhiman R, Kalbar P, Inamdar AB (2019) Spatial planning of coastal urban areas in India: current
practice versus quantitative approach. Ocean Coast Manag 182:104929. https://doi.org/10.1016/
j.ocecoaman.2019.104929

Drew EA (1980) Seagrasses in the Chagos archipelago. Aquat Bot 9:179–184
D’souza E, Patankar V (2011) Ecological studies on the Dugong dugon of the Andaman and

Nicobar Islands: a step towards species conservation. Nature Conservation Foundation, Mysore,
19 pp

D’Souza E, Patankar V, Arthur R, Marbà N, Alcoverro T (2015) Seagrass herbivory levels sustain
site-fidelity in a remnant dugong population. PLoS One 10(10):e0141224

Duarte CM, Borum J, Short FT, Walker DI (2008) Seagrass ecosystems: their global status and
prospects. In: Aquatic ecosystems: trends and global prospects. Cambridge University Press,
Cambridge, pp 281–294. https://doi.org/10.1017/CBO9780511751790.025

Erftemeijer PLA, Robin Lewis RR (2006) Environmental impacts of dredging on seagrasses: a
review. Mar Pollut Bull 52(12):1553–1572. https://doi.org/10.1016/j.marpolbul.2006.09.006

Erftemeijer PLA, Shuail DA (2012) Seagrass habitats in the Arabian Gulf: distribution, tolerance
thresholds and threats. Aquat Ecosyst Health Manag 15:73–83. https://doi.org/10.1080/
14634988.2012.668479

Esteban N, Unsworth RKF, Gourlay JBQ, Hays GC (2018) The discovery of deep-water seagrass
meadows in a pristine Indian Ocean wilderness revealed by tracking green turtles. Mar Pollut
Bull 134:99–105

Fortes MD, Ooi JLS, Tan YM, Prathep A, Bujang JS, Yaakub SM (2018) Seagrass in
Southeast Asia: a review of status and knowledge gaps, and a road map for conservation. Bot
Mar 61(3):269–288. https://doi.org/10.1515/bot-2018-0008

Fraser MW, Short J, Kendrick G, McLean D, Keesing J, Byrne M, Caley MJ, Clarke D, Davis AR,
Erftemeijer PLA, Field S, Gustin-Craig S, Huisman J, Keough M, Lavery PS, Masini R,
McMahon K, Mengersen K, Rasheed M, Wu P (2017) Effects of dredging on critical ecological
processes for marine invertebrates, seagrasses and macroalgae, and the potential for manage-
ment with environmental windows using Western Australia as a case study. Ecol Indic 78:229–
242. https://doi.org/10.1016/j.ecolind.2017.03.026

Freeman AS, Short FT, Isnain I, Razak FA, Coles RG (2008) Seagrass on the edge: land-use
practices threaten coastal seagrass communities in Sabah, Malaysia. Biol Conserv 141(12):
2993–3005. https://doi.org/10.1016/j.biocon.2008.09.018

http://www.journalcra.com
http://www.journalcra.com
https://doi.org/10.1080/14634980600705576
https://doi.org/10.1080/14634980600705576
https://doi.org/10.1016/J.ECSS.2007.11.005
https://doi.org/10.1016/J.ECSS.2007.11.005
https://www.un-ilibrary.org/content/books/9789210601573s009-c005
https://www.un-ilibrary.org/content/books/9789210601573s009-c005
https://doi.org/10.1371/journal.pone.0062413
https://doi.org/10.1016/J.GLOENVCHA.2014.04.002
https://doi.org/10.1016/j.scitotenv.2012.08.048
https://doi.org/10.1016/j.ocecoaman.2019.104929
https://doi.org/10.1016/j.ocecoaman.2019.104929
https://doi.org/10.1017/CBO9780511751790.025
https://doi.org/10.1016/j.marpolbul.2006.09.006
https://doi.org/10.1080/14634988.2012.668479
https://doi.org/10.1080/14634988.2012.668479
https://doi.org/10.1515/bot-2018-0008
https://doi.org/10.1016/j.ecolind.2017.03.026
https://doi.org/10.1016/j.biocon.2008.09.018


122 B. Vedharajan et al.

Geevarghese GA, Akhil B, Magesh G, Krishnan P, Purvaja R, Ramesh R (2018) A comprehensive
geospatial assessment of seagrass distribution in India. Ocean Coast Manag 159:16–25

Georgulas N (1964) An approach to urban analysis for East African towns with particular reference
to the African population. Ekistics 18(109):436–440. http://www.jstor.org/stable/43614112

Goldberg L, Lagomasino D, Thomas N, Fatoyinbo T (2020) Global declines in human-driven
mangrove loss. Glob Chang Biol 26(10):5844–5855

Gopalakrishnan T, Hasan MK, Haque ATMS, Jayasinghe SL, Kumar L (2019) Sustainability of
coastal agriculture under climate change. Sustainability (Switzerland) 11(24):7200. https://doi.
org/10.3390/su11247200

Green EP, Short FT (2003) World atlas of seagrasses. University of California Press, Berkeley
Gullström M, de la Torre Castro M, Bandeira SO, Björk M, Dahlberg M, Kautsky N, Rönnbäck P,

Öhman MC (2002) Seagrass ecosystems in the Western Indian Ocean. AMBIO J Hum Environ
31(7):588. https://doi.org/10.1639/0044-7447(2002)031[0588:seitwi]2.0.co;2

Heck KL, Nadeau DA, Thomas R (1997) The nursery role of seagrass beds. Gulf Mexico Sci 15(1):
8. https://doi.org/10.18785/goms.1501.08

Ingram JC, Dawson TP (2001) The impacts of a river effluent on the coastal seagrass habitats of
Mahé, Seychelles. S Afr J Bot 67(3):483–487. https://doi.org/10.1016/S0254-6299(15)31167-4

Jagtap TG, Komarpant DS, Rodrigues RS (2003) Status of a seagrass ecosystem: an ecologically
sensitive wetland habitat from India. Wetlands 23(1):161–170

Jeyabaskaran R, Jayasankar J, Ambrose TV, Vineetha Valsalan KC, Divya ND, Raji N,
Vysakhan P, John S, Prema D, Kaladharan P, Kripa V (2018) Conservation of seagrass beds
with special reference to associated species and fishery resources. J Mar Biol Assoc India 60(1):
62–70. https://doi.org/10.6024/jmbai.2018.60.1.2038-10

Jiang Z, Huang D, Fang Y, Cui L, Zhao C, Liu S, Wu Y, Chen Q, Ranvilage CIPM, He J, Huang X
(2020) Home for marine species: seagrass leaves as vital spawning grounds and food source.
Front Mar Sci 7:194. https://doi.org/10.3389/fmars.2020.00194

Kaladharan P (2013) Mariculture of seaweeds for carbon sequestration and livelihood support. In:
International symposium on Towards Green Technologies in Fisheries, vol 13, p 24

Kaladharan P, Zacharia PU, Thirumalaiselvan S, Anasu Koya A, Lavanya S, Batcha SM (2020)
Blue carbon stock of the seagrass meadows of Gulf of Mannar and Palk Bay off Coromandel
Coast, south India. Indian J Fish 67(4):149–153

Kamboj RD (2014) Biology and status of seagrasses in Gulf of Kachchh Marine National Park and
Sanctuary, India. Indian Ocean Turtle News Lett 19:8–11

Karlina I, Kurniawan F, Idris F (2018) Pressures and status of seagrass ecosystem in the coastal
areas of North Bintan, Indonesia. E3S Web Conf 47:04008. https://doi.org/10.1051/e3sconf/
20184704008

Koch EW, Ackerman JD, Verduin JJ, Van Keulen M (2006) Fluid dynamics in seagrass ecology -
from molecules to ecosystems. In: Larkum AWD, Orth RJ, Duarte CM (eds) Seagrasses:
biology, ecology and conservation. Springer, Dordrecht, pp 193–225

Kumaraguru AK, Edwin Joseph V, Rajee M, Blasubramanian T (2008) Palk Bay - information and
bibliography. CAS in Marine Biology, Annamalai University/Centre for Marine and Coastal
Studies, Madurai Kamaraj University, Parangipettai/Madurai, 227 pp

Manikandan S, Ganesapandian S, Singh M, Kumaraguru AK (2011) Seagrass diversity and
associated flora and fauna in the coral reef ecosystem of the Gulf of Mannar, Southeast Coast
of India. Res J Environ Earth Sci 3(4):321–326

McDevitt-Irwin JM, Iacarella JC, Baum JK (2016) Reassessing the nursery role of seagrass habitats
from temperate to tropical regions: a meta-analysis. Mar Ecol Prog Ser 557:133–143. https://doi.
org/10.3354/meps11848

Mentaschi L, Vousdoukas MI, Pekel JF, Voukouvalas E, Feyen L (2018) Global long-term
observations of coastal erosion and accretion. Sci Rep 8(1):1–11

Mishra AK, Apte D, Chowk SA, Singh SB (2020) The current status of Halophila beccarii: an
ecologically significant, yet vulnerable seagrass of India. Ocean Coast Manag 2020:0126.
https://doi.org/10.20944/preprints202008.0126.v1

http://www.jstor.org/stable/43614112
https://doi.org/10.3390/su11247200
https://doi.org/10.3390/su11247200
https://doi.org/10.1639/0044-7447(2002)031[0588:seitwi]2.0.co;2
https://doi.org/10.18785/goms.1501.08
https://doi.org/10.1016/S0254-6299(15)31167-4
https://doi.org/10.6024/jmbai.2018.60.1.2038-10
https://doi.org/10.3389/fmars.2020.00194
https://doi.org/10.1051/e3sconf/20184704008
https://doi.org/10.1051/e3sconf/20184704008
https://doi.org/10.3354/meps11848
https://doi.org/10.3354/meps11848
https://doi.org/10.20944/preprints202008.0126.v1


7 Seagrasses in the Indian Ocean Region with Special Reference to Urbanization 123

Mishra AK, Khadanga MK, Patro S, Apte D, Farooq SH (2021) Population structure of a newly
recorded (Halodule uninervis) and native seagrass (Halophila ovalis) species from an intertidal
creek ecosystem. Lakes Reserv Res Manag 26(3):e12376

Momota K, Hosokawa S (2021) Potential impacts of marine urbanization on benthic macrofaunal
diversity. Sci Rep 11(1):1–12

Nayak L (2014) Studies on seagrasses in relation to some environmental variables from Chilika
Lagoon, Odisha, India. Int Res J Environ Sci 3(11):92–101. www.isca.me

Newell RC, Seiderer LJ, Hitchcock DR (1998) The impact of dredging works in coastal waters: a
review of the sensitivity to disturbance and subsequent recovery of biological resources on the
sea bed. Oceanogr Mar Biol Annu Rev 36:127–178

Nobi EP, Dilipan E, Sivakumar K, Thangaradjou T (2012) Estimation of the aerial cover of
seagrasses of Lakshadweep islands (India) using Indian Remote Sensing Satellite (IRS P6
LISS IV). J Indian Soc Remote Sens 40(3):467–481

Nordlund LM, Koch EW, Barbier EB, Creed JC (2016) Seagrass ecosystem services and their
variability across genera and geographical regions. PLoS One 11(10):e0163091. https://doi.org/
10.1371/journal.pone.0163091

Nordlund LM, Jackson EL, Nakaoka M, Samper-Villarreal J, Beca-Carretero P, Creed JC (2018)
Seagrass ecosystem services—what’s next? Mar Pollut Bull 134:145–151. https://doi.org/10.
1016/j.marpolbul.2017.09.014

Parthasarathy N, Ravikumar K, Ganesan R, Ramamurthy K (1991) Distribution of seagrasses along
the coast of Tamil Nadu, southern India. Aquat Bot 40(2):145–153. https://doi.org/10.1016/
0304-3770(91)90092-J

Pasquali D, Marucci A (2021) The effects of urban and economic development on coastal zone
management. Sustain For 13(11):6071

Pati MP, Nayak L, das Sharma S (2014) Studies on biomass of seagrass, seaweed and its associated
fauna from Chilika lagoon. Int J Environ Sci 5(2):423–431. https://doi.org/10.6088/ijes.
2014050100036

Patro S, Krishnan P, Deepak Samuel V, Purvaja R, Ramesh R (2017) Seagrass and salt marsh
ecosystems in south Asia: an overview of diversity, distribution, threats and conservation
status. In: Wetland science: perspectives from South Asia. Springer India, New Delhi, pp
87–104. https://doi.org/10.1007/978-81-322-3715-0_5

Patterson Edward JK, Diraviya Raj K, Mathews G, Dinesh Kumar P, Arasamuthu A, D’Souza N,
Bilgi DS (2019) Seagrass restoration in Gulf of Mannar, Tamil Nadu, Southeast India: a viable
management tool. Environ Monit Assess 191(430):1–14

Paz-Alberto AM, Sigua GC (2015) Phytoremediation: a green technology to remove environmental
pollutants. Am J Clim Chang 2:71–86

Ragavan P, Saxena A, Mohan PM, Coomar TARUN, Ragavan A (2013) Leaf reddening in
seagrasses of Andaman and Nicobar Islands. Trop Ecol 54(2):269–273

Ragavan P, Jayaraj RSC, Muruganantham M, Jeeva C, Ubare VV, Saxena A, Mohan PM (2016)
Species composition and Distribution of Seagrasses of the Andaman and Nicobar Islands.
Vegetos 29:78–87

Ramesh C, Mohanraju R (2020) Seagrass ecosystems of Andaman and Nicobar Islands: status and
future perspective. Environ Earth Sci Res J 7(4):169–174

Ranahewa TH, Gunasekara AJ, Premarathna AD, Karunarathna SC, Jayamanne SC (2018) A
comparative study on the diversity of seagrass species in selected areas of Puttalam Lagoon in
Sri Lanka. J Oceanogr Mar Res 06(03):185. https://doi.org/10.4172/2572-3103.1000185

Riani E, Purbayanto A (2011) Challenging for seagrass management in Indonesia. Sugeng
Budiharsono Ministry of Village Development of Disadvantage Region and Transmigration.
https://www.researchgate.net/publication/267988083

Sabol B, Shafer D, Lord E (2005) Dredging effects on Eelgrass (Zostera marina) distribution in a
New England small boat harbor environmental laboratory. U.S. Army Engineer Research and
Development Center, Vicksburg

http://www.isca.me
https://doi.org/10.1371/journal.pone.0163091
https://doi.org/10.1371/journal.pone.0163091
https://doi.org/10.1016/j.marpolbul.2017.09.014
https://doi.org/10.1016/j.marpolbul.2017.09.014
https://doi.org/10.1016/0304-3770(91)90092-J
https://doi.org/10.1016/0304-3770(91)90092-J
https://doi.org/10.6088/ijes.2014050100036
https://doi.org/10.6088/ijes.2014050100036
https://doi.org/10.1007/978-81-322-3715-0_5
https://doi.org/10.4172/2572-3103.1000185
https://www.researchgate.net/publication/267988083


124 B. Vedharajan et al.

Sachithanandam V, Mageswaran T, Sridhar R, Purvaja R, Ramesh R (2014) Assessment of Cyclone
Lehar’s impact on seagrass meadows in Ross and Smith Islands, North Andaman. Nat Hazards
72(2):1253–1258

Saravanan K, Chowdhury BC, Sivakumar K (2013) Important coastal and marine biodiversity areas
on East Coast of India. ENVIS Bull Wildl Prot Areas 15:292–298

Sheppard J, Marsh H, Jones R, Lawler I (2010) Dugong habitat use in relation to seagrass nutrients,
tides, and diel cycles. Mar Mamm Sci 26:855–879. https://doi.org/10.1111/j.1748-7692.2010.
00374.x

Short FT, Polidoro B, Livingstone SR, Carpenter KE, Bandeira S, Bujang JS, Calumpong HP,
Carruthers TJB, Coles RG, Dennison WC, Erftemeijer PLA, Fortes MD, Freeman AS, Jagtap
TG, Kamal AHM, Kendrick GA, Judson Kenworthy W, la Nafie YA, Nasution IM, Zieman JC
(2011) Extinction risk assessment of the world’s seagrass species. Biol Conserv 144(7):
1961–1971. https://doi.org/10.1016/j.biocon.2011.04.010

Short FT, Kosten S, Morgan PA, Malone S, Moore GE (2016) Impacts of climate change on
submerged and emergent wetland plants. Aquat Bot 135:3–17

Stankovic M, Ambo-Rappe R, Carly F, Dangan-Galon F, Fortes MD, Hossain MS, Kiswara W,
Van Luong C, Minh-Thu P, Mishra AK, Noiraksar T (2021) Quantification of blue carbon in
seagrass ecosystems of Southeast Asia and their potential for climate change mitigation. Sci
Total Environ 783:146858

Stéphanie M, Doorn G (2007) Environmental monitoring and management of reclamations works
close to sensitive habitats. Terra et Aqua 108:3

Stiepani J, Gillis LG, Chee SY, Pfeiffer M, Nordhaus I (2021) Impacts of urbanization on mangrove
forests and brachyuran crabs in Penang, Malaysia. Reg Environ Chang 21(3):1–13

Thangaradjou T, Kannan L (2008) Development of axenic seedlings of the seagrass, Enhalus
acoroides (L.f.) Royle. Sci Trans Environ Technovation 2(2):71–77. https://doi.org/10.20894/
STET.116.002.002.002

Thangaradjou T, Bhatt JR (2018) Status of seagrass ecosystems in India. Ocean Coast Manag
159:7–15

Thangaradjou T, Sridhar R, Senthilkumar S, Kannan S (2008) Seagrass resource assessment in the
Mandapam coast of the Gulf of Mannar Biosphere Reserve, India. Appl Ecol Environ Res 6(1):
139–146. https://doi.org/10.15666/aeer/0601_139146

Tu NH, Uyen NT, Doc LQ, Tuan LC, Thu MA, Tin HC (2021) Impacts of urbanization and land
transitions on seagrass beds in tropical lagoon in central Vietnam. Reg Stud Mar Sci 45:101860

United Nations Department for Economic and Social Affairs (2020) World economic situation and
prospects 2020. United Nations, New York

Unsworth RKF, McKenzie LJ, Collier CJ, Cullen-Unsworth LC, Duarte CM, Eklöf JS, Jarvis JC,
Jones BL, Nordlund LM (2019) Global challenges for seagrass conservation. Ambio 48(8):
801–815. https://doi.org/10.1007/s13280-018-1115-y

Zainal AJM, Dalby DH, Robinson IS (1992) Monitoring marine ecological changes on the East
Coast of Bahrain with Landsat TM. Photogramm Eng Remote Sens 59:415–421

https://doi.org/10.1111/j.1748-7692.2010.00374.x
https://doi.org/10.1111/j.1748-7692.2010.00374.x
https://doi.org/10.1016/j.biocon.2011.04.010
https://doi.org/10.20894/STET.116.002.002.002
https://doi.org/10.20894/STET.116.002.002.002
https://doi.org/10.15666/aeer/0601_139146
https://doi.org/10.1007/s13280-018-1115-y

	Chapter 7: Seagrasses in the Indian Ocean Region with Special Reference to Urbanization
	7.1 Introduction
	7.2 Seagrasses in Indian Subcontinent
	7.3 Seagrass in the Andaman and Nicobar Islands of India
	7.4 Seagrasses in Maldives-Lakshadweep-Chagos Archipelago
	7.5 Seagrasses of Western Indian Ocean Regions
	7.6 Threats to Seagrasses by the Urbanization
	References


