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Abstract

India has been endowed with a vast variety of marine ecosystem and bio-diversity, which sustains a large
number of species and the coastal populace, is dependent on the resources from this marine ecosystem. The
effects of ocean pollution causes harm to living resources, disruption of marine activities, degradation of
seawater quality, and also damage to the maritime industry. As excess debris & melting of permafrost in the
ocean slowly degrades over many years and resulting in low level of oxygen in the ocean, which lead to the
death of oceanic animals such as penguins, dolphins, whales, and sharks etc. The coastal areas of India, with
a coast line of over 7500 km harbour a variety of specialized marine ecosystems like mangroves, coral reefs,
salt lakes and mud flats which mainly from the habitat for endangered marine species and commercially
important marine flora and fauna. A number of chemicals, elements, heavy metals poisoning, petro- chemical
and other industrial waste in the coastal areas have resulted in significant discharge of industrial effluents into
the coastal water bodies.

An area of 6700 sg. km under mangroves is under pressure due to fishing, land use changes in land-sea
interface and pollution of water. Ecological impacts of invasion are complex & dependent on the interaction
between the invaders and the native community. Non-indigenous species can rapidly monopolize energy
resources, act as voracious predators, overcome endemic species, or transmit parasites and diseases that can
be passed to humans through the food chain of ecosystem or direct exposure. This study also focuses on the
marine species invasions have been ranked the most serious potential source of stress to marine ecosystems.
Only ethical & societal values contribute to define these environmental and social- economic impacts as
deleterious or beneficial to our bio-diversity.
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Introduction

Marine ecosystems are subject to a variety of anthropogenic threats including disease, pollution, climate
change, habitat alteration, overexploitation, and invasive species. Natural threats, such as physical destruction
by storms and temperature and salinity changes from natural cycles, also occur. Coastal and marine
environments can be tremendously biodiverse. Human activities, pollution, land use and development along
coastlines, however, can put stress on these environments that may limit the rates of growth and reproduction
of coastal flora and fauna. This can in turn reduce overall biodiversity. Marine biodiversity allows nature in
our ocean to be productive, resilient and adaptable to environmental changes. Marine biodiversity can prevent
one species' extinction from causing wider negative impacts on a marine ecosystem. The effects of ocean
pollution include harm to living resources, disruption of marine activities, degradation of seawater quality,
and damage to the maritime industry.

Marine communities are biological networks in which the success of species is linked directly or indirectly
through various biological interactions (e.g., predator-prey relationships, competition, facilitation, and
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mutualism) to the performance of other species in the community. The aggregate effect of these interactions
constitutes ecosystem function (e.g., nutrient cycling, primary and secondary productivity), through which
ocean and coastal ecosystems provide the wealth of free natural benefits that society depends upon, such as
fisheries and aquaculture production, water purification, shoreline protection, and recreation. However,
growing human pressures, including climate change, are having profound and diverse consequences for
marine ecosystems. Rising atmospheric carbon dioxide (CO.) is one of the most critical problems because its
effects are globally pervasive and irreversible on ecological timescales (Natl. Res. Counc. 2011). The primary
direct consequences are increasing ocean temperatures (Bindoff et al, 2007) and acidity (Doney et al, 2012).
This ranking has been produced by the IPBES, (Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services), which published in 2019 a highly comprehensive report on the question: the Global
assessment report on biodiversity and ecosystem services.

The direct drivers of change in the ocean with the largest global impact are:
1. Direct exploitation of organisms (fishing) 3. Climate Change 5. Invasive species
2. Ecosystem loss 4. Pollution

Those five threats are the result of multiple underlying causes, which are underpinned by cultural and
societal values and behaviors’. Each of these different threats has its specificities that require targeted and
precise actions such as changes in consumption, changes in practices on land and at sea, and new policies
implemented etc.

Coastal and Marine Pollution

The coastal areas of India, with a coast line of over 7500 km harbour a variety of specialized marine
ecosystems like mangroves, coral reefs, salt lakes and mud flats which mainly from the habitat for endangered
marine species and commercially important marine flora and fauna.

These coastal areas are exposed to environmental stress for several reasons which include the following: -
(1) Land based sources of pollution resulting from ship breaking, transport, tourism and industrial activities
including oil spills, the discharge of sewage and industrial effluents and a heavy load of sediments.

(2) Prawn culture activities and aquaculture farms along the coastal land in the East coast.

(3) Unplanned and improper development activities without appropriate coastal zone management plans.

(4) Shipping and sea based activities including oil spills, sludge disposal and mining coastal areas.

(5) Offshore petroleum and gas exploration.

Heavy metals such as lead and cadmium were found in Thane Creek of Mumbai Coast. The Cochin region
of Kerala coast has been found affected by petroleum hydrocarbons.

Coral reefs the colonies of tiny living creatures that are found in oceans. They regarded as the tropical
rainforest of sea and it occupy just 0.1% of the ocean's surface but are home to 25% of Marine Species. They
are usually found in Shallow areas at a depth less than 150 feet. However, some coral reefs extend even deeper,
upto about 450 feet. Coral reefs, which are very productive marine ecosystem, are adversely affected by their
indiscriminate exploitation for production of lime, recreational use and ornamental trade. An area of 6700 sg.
km under mangroves is under pressure due to fishing, land use changes in land-sea interface and pollution of
water.

Snowflake corals (Carijos rissei) or branched pipe coral is a species coral in the family Clavulariidae.
According to earlier published report, coral species diversity was recorded a total of 208 species, 60 genera
under 15 families (Raghuraman et al, 2013). As result of the study enhanced, the species record from 208 to
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478 species, comes under 89 genera that belong to 19 families from the four major reefs of India such as Gulf
of Kuchh (49 species, 27 genera), Lakshadweep (104 species, 37 genera), Gulf of Mannar and Palk Bay (117
species, 40 genera), Andaman and Nicobar Islands (424 species, 86 genera). According to investigation by
Zoological survey of India revealed that all major coral reef zones in India, except Lakshadweep are invaded
by C. rissei (Venkataraman et al, 2016) its likely impacts on the indigenous biota and policies for bioinvasion
of the Indian context. There is an urgent need of study on the occurrence and impacts of invasive species on
the coral reef environment as this ecosystem harbors 25% of total marine biodiversity & contribute 10%
fishery production. A snowflake coral was first discovered in Hawaii in 1972 at Pearl Harbor, and has since
spread to all the main Hawaiian Islands. It is believed to have been transported to Hawaii on the bottom of a
ship (hull fouling) or as larvae in a ship's ballast water. As a highly successful invasive species, C. riisei
threatens Hawaii's Biodiversity. Under favourable conditions, it out competes other organisms & saturates the
available space. This species can actually settle & grow on other stationery organisms like corals & shellfish;
no significant predators have been identified (Coordinating Group on Alien pest species, 2005).

Ecological impacts of invasion are complex & dependent on the interaction between the invader and the
native community. Non-indigenous species can rapidly monopolize energy resources, act as voracious
predators, overcome endemic species, or transmit parasites and diseases that can be passed to humans through
the food chain or direct exposure (Carlton, 1993). According to Coles et al (2002) marine species invasions
have been ranked the most serious potential sources of stress to marine ecosystems. Since the 1970s,
substantial increase in instances of exotic species invasion has occurred in harbors, ports, and other coastal
ecosystems in temperate and tropical regions around the world [Coles & Eldredge, (2002) and Ruiz et al
(1997). Although increased movement of larval organisms in Cargo ship's ballast water is usually attributed
to be the principle cause of increase in bio-invasions (Carlton (1985), Chu et al (1997) & Wonham et al
(2000)]. According to the report of Godwin & Eldredge (2001), many other factors e.g release of imported
exotic aquarium or aquaculture organisms, vessel hull fouling may also have made important contributions to
proliferation of non- indigenous species. It is reported to grow well in turbid waters i.e. rich in organic matter
and zooplankton on which it feeds (Kahng et al, 2008).

Earlier studies on the dispersal of this non-indigenous species inferred that ballast water used for ships and
ship hull fouling are major means for its invasion (Smith et al, 1999; Carlton, 1985 and Chu et al, (1997). It
is estimated that about 2-3 billion tons of ballast water is carried around the world each year. Although
shipping is the backbone of our global economy & it facilitates transportation of 90% of the commodities, a
single bulk Cargo ship of 200,000 tons can carry upto 60,000 tons of ballast water. Translocation of organisms
through ships is considered to be one of the important issues that are threatening the naturally evolved
biodiversity, and consequences of such invasions are being realized increasingly in the recent years. The
International Maritime Organization (IMO) of the UN adopted the International Convention for the control &
Management of ships Ballast water sediments in 2004. As per the guidelines of IMO, whenever possible all
ships using ballast water exchange should conduct water exchange at least 200 nautical miles from the nearest
land i.e. outer area of Exclusive Economic Zone (EEZ) of the country & in water at least 200 meters in depth.
Rising awareness of marine invasion impacts has led to protocols that intensively explore habitats of possible
introduction viz. ports and drilling platforms. The object of such protocols is to detect the rare, so as to provide
incursion management a practical control option (Hewitt & Martin, 2001).

Biological invasions are recognized as a worldwide threat to native biodiversity, ecosystem functioning,
economies and human health. The nature of bioinvasion impacts can vary greatly to include elimination or
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reduction of native species populations, alterations to community structure, changes to habitats, rearrangement
of food webs and altered ecosystem functioning (Narscius et al, 2012). According to recent reports of reporters
invasion of C. risei (snowflake coral) is an alarming signal of Indian coral reef environment; so immediate
measure has to be taken to control this invasion of reefs to prevent its further spreading. And also intensive
study is required to assess the invasion of snowflakes coral in non-coral reef zone. Furthermore, Marine bio-
invasions could be prevented at greater extent, if to follow & adopted the ballast water exchange guidelines
of IMO. Mohamed Nisin et al (2023) reported that species invasions in aquatic ecosystems are also occurred
due to anthropogenic activities and climate change It will accelerate the introduction, establishment & spread
of invasive species to new habitats. He utilized ensemble species distribution modelling method to investigate
shifts in the invasive potential of snowflake coral in current and future climatic settings on a global scale.

Climate change and human activities are the main forces that significantly affect biodiversity and habitats
worldwide (Bejagam & Sharma, 2022). These forces can lead to detrimental environmental impacts such as
species extinction (Maheswaran et al, 2021); disrupted ecological interactions (Evans and Moustakas, 2018)
and introduction of alien species (Craig, 2023 & Mano et al, 2023). Due to increased connectivity between
previously isolated regions, a process facilitated by anthropogenic and climatic factors (Hulme,
2009).Immigration of non- native species to new habitats has become occured more frequently. Once they
established, some of these non-native species compete with native species for space & resources, altering local
biodiversity and habitats of particular regions and hence called as Invasive Species (IS) or Invasive Alien
Species (IAS). Their management & removal are very complex tasks ( Pysek and Richardson, 2020). The
Combined effect of invasive species and climate change creates a significant risk for global biodiversity
(Mainka and Howard, 2010). Invasive species can significantly impact ecology, economy, society and human
health (Gallardo et al, 2016). Managing invasive species is particularly challenging in marine ecosystems,
which are highly interconnected and vulnerable. Coral reefs, one of the most diverse marine ecosystems, face
threats from invasive species, causing biodiversity loss, conservation hindrances and accelerated reef
degradation (Goldberg & Wilkinson, 2004). Researcher suggested that climate change may push marine
organisms towards higher latitudes or deeper depths (Doney et al, 2012).

Sanchez and Ballesteros (2014) were recognized & concluded in their research that C. riisei competes
directly with native octocorals & highly compromising their fitness. Local extinction of several octocorals,
numerous Muricea sea Candelabra and a few Pacifigorgia seafans, has occurred in many rocky reefs. They
observed aggressive overgrowth of this species in Tropical Eastern Pacific, Colombia. It deserves more
attention & regular monitoring programs. It is very difficult to manage an invasive species that spreads
clonally by fragmentation, where manual eradication could lead to further spread. Scientists results also
reinforce the idea that C. riisei acts as an ecosystem engineer in coastal reef environments, creating new
habitats & increasing species richness at a local scale, even though it is an alien species (Padua et al, 2021).
The limited information is available on marine bioinvasion in tropical counties especially in India, there is an
urgent need of study on the occurrence and impacts of non-indigenous species that are focused on coral reef
environment as this ecosystem harbor 25% of total marine biodiversity and contribute 10% fishery production.
Scientists summarized the occurrence of C.riisei in coral reefs, impacts & policies for bio-invasion in Indian
context (Raghunthan et al, 2013). According to the study of Vimercati et al (2020), the ethical & societal
values contribute to define these environmental & socio-economic impacts as deleterious or beneficial. They
provide a summary of the frameworks assessing beneficial impacts of alien species across the invasion science
literature. They advocate that the development of transparent and evidence-based frameworks assessing
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positive and beneficial impacts might advance our scientific understanding of impact dynamics and better
information management and prioritization decisions.

Marine Biodiversity Conservation

Every organism plays a pivotal part in maintaining the intricate harmony of this marine biodiversity.
Through their roles in nourishment and protection, their involvement in nutrient flow, and their influence on
climate stability, seas are the vital essence of the planet. Coral reefs, one of the most diverse marine
ecosystems, are under significant threat. The Global Coral Reef Monitoring Network (GCRMN) estimates
that approximately 50% of the world's coral reefs have already been lost or severely degraded. Each entity
plays a crucial role in protecting underwater habitat. Listed below are the measures everyone can adopt to
contribute to the preservation of ecological diversity.

1. Sustainable Fishing Practices 5. Conservation of Coral Reefs

2. Reducing Plastic Usage 6. Supporting Sustainable Seafood

3. Participating in Coastal Cleanups 7. Early Warning Systems (EWS)

4. Data Collection and Analysis 8. Predictive Modeling & Smart Port Solutions
9. Environmental Monitoring 11. Corporate Responsibility

10. Government Policies 12. International Collaboration

Preserving marine species requires companies to prioritize conservation-minded development goals
throughout their operations and supply chains, ensuring minimal negative consequences on fragile habitats.
By adopting these systems like pollution reduction and investing in eco-friendly technologies, they can
mitigate marine environmental harm. Furthermore, social responsibility initiatives, such as backing projects
and advocating for policy change, play a vital role in safeguarding aquatic medium. Through these actions,
companies not only minimize their ecological footprint but also contribute positively to the preservation of
seas for present and future generations. By working together, marine biodiversity will be protected and secured
for a prosperous future for both nature and society.

Conclusion

Sustainable changes need to be external as much as internal. "External” actions such as putting in place marine
protected areas, slowing down coastal development, reducing fishing effort, and restoring actively marine
ecosystems are crucial. So is our way of considering and watching the world that surrounds us, in order to find
a more harmonious and balanced way to live on this planet.

1. Species invasion poses a global threat; that impacts local biodiversity, ecosystem function, economy and
public health (Narscius et al, 2012).

2. Despite this, research on the distribution of invasive organisms in marine ecosystems, particularly those as
delicate as coral reefs is also minimal (Mirianda et al, 2018).

3. Though the occurrence of this non- indigenous species invasion in Indian seas is relatively minor component
of the total biota, it is essential to prevent further spreading on the coral reef ecosystem by adopting effective
managerial plans & policies.

5. Biosecurity protocols should be socialized with dive centers, fishers and local boat owners as well as with
Cargo

companies and the Ecuadorian Navy (Calle et al, 2021).

6. To restrict the immigration pathways of invasive species and to eradicate immediately after identification
of species is one of the most effective strategies to prevent & mitigate the spread of invasive species.
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7. We also advise that this development should be achieved by recognizing the underlying ethical and societal
values of the frameworks and their intrinsic limitations. The evaluation of positive and beneficial impacts
through impact assessment frameworks should not be seen as an attempt to outweigh or to discount deleterious
impacts of alien taxa but rather as an opportunity to provide additional information for scientists, managers
and policymakers (Raghunthan et al, 2013).

8. A Marine Protected Area (MPA) is a designated zone managed to safeguard resources, biosphere functions,
and cultural heritage over the long term. They play a critical role in preserving cultural heritage and promoting
sustainable management.

9. In 2020, the Marine Stewardship Council (MSC's) contribution to sustainable fishing and progress towards
biodiversity goals was acknowledged by the UN. The MSC program incentivizes sustainable fishing practices
that ensure target fish stocks are healthy, fisheries are well managed and the impacts on marine biodiversity
are actively minimized.
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