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Marine biodiversity refers to the vast variety of life forms that exist in the world's oceans, including
ecosystems, species, and genetic diversity. Oceans cover about 70% of the Earth’s surface and are home
to millions of species, many of which remain undiscovered. Marine ecosystems, from the shallow
coastal waters to the deep ocean floor, provide numerous ecological, economic, and social benefits.
Given the increasing environmental challenges faced globally, the conservation of marine biodiversity
has become a key focus in efforts toward sustainable environmental management. Marine biodiversity
spans a vast range of life forms, from microscopic virioplankton to massive marine mammals, adapted
to diverse habitats from the shallow seas to the deepest trenches (Ormond et al., 1997). The number of
species in the ocean varies widely depending on the estimation methods and sources used. To date,
approximately 3,00,000 marine species have been formally identified and described. It is believed that
the oceans may harbour between 500,000 and 2 million species, with ongoing discoveries adding an
average of 2,300 new species each year. This vast diversity includes not only animals, plants, and fungi
but also protists and an innumerable variety of microorganisms like bacteria and archaea. Microbial
diversity, in particular, is exceptionally high and difficult to quantify, likely making up the majority of
species in marine ecosystems. These figures underscore the vast extent of marine biodiversity that
remains unexplored, especially in under-researched environments such as the deep sea, polar regions,
and remote coastal ecosystems. The challenge of uncovering this hidden diversity is particularly
pronounced given the vastness of oceanic habitats and the technical difficulties associated with studying
them.

Marine ecosystems deliver a diverse range of services, including food supply, climate regulation,
support through primary production and nutrient cycling and cultural value. Marine biodiversity is
essential for maintaining ecosystem health and supporting vital services like fisheries, tourism, and
coastal protection. It provides food security and livelihoods for millions and serves as a source of
bioactive compounds for medical and pharmaceutical advancements. Phytoplankton, seaweeds and
seagrasses play a critical role in carbon sequestration, helping to mitigate climate change (Beaugrand et
al., 2010). Coastal habitats such as coral reefs, mangroves, and seagrass meadows shield shorelines
from erosion and storm surges, reducing the impact of natural disasters and rising sea levels. Further,
marine biodiversity drives nutrient cycling, ensuring the sustainability of marine ecosystems (Duarte,
2000). It also supports recreational activities like diving and wildlife watching, contributing
significantly to tourism revenue. Moreover, the genetic diversity of marine organisms is crucial for
adapting to environmental changes and improving aquaculture resilience against diseases and shifting
conditions (Worm and Lotze, 2021).

Biodiversity is often measured by species richness, which refers to the number of species within a
specific area. However, biodiversity encompasses more than just species counts; it spans multiple levels
of biological organization. These range from genetic diversity within populations to species diversity
within communities and community diversity across landscapes and ecosystems. Within an ecosystem,
biodiversity can be understood through three main components: composition, structure, and function.
These interrelated elements form a hierarchical framework that spans four nested levels of biological
organization, extending across spatial scales from genes to ecoregions. In this context, "ecoregion"
describes expansive marine areas defined by unique oceanographic and ecological characteristics,
making them valuable for planning and management purposes. Initially developed as a framework for
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monitoring biodiversity in terrestrial systems, this classification method was later adapted by Cogan et
al. (2009) for marine environments. Their work demonstrated how marine biodiversity studies and
habitat mapping could inform Ecosystem-Based Management (EBM). This approach has the potential to
bridge fundamental biodiversity science with practical strategies for managing ocean spaces and
resources.

Compositional elements of marine biodiversity reflect the identity and diversity of life within a system,
spanning from ecoregions to genetic levels. These elements include features such as physiographic
regions, habitat types, species inventories, and genetic variants. Structural elements, on the other hand,
focus on the spatial organization and patterns of biotic and abiotic components, encompassing the
arrangement, diversity, and complexity of subregions and habitats, population structures, and the
physical expression of genetic traits. Functional elements refer to the natural and human-induced
processes and disturbances that shape biodiversity composition and structure across various spatial,
ecological, and evolutionary scales. These processes include environmental dynamics and disturbances
(e.g., ocean currents, tidal movements, mixing and resource exploitation), ecological interactions and
processes (e.g., predation, competition and disease), demographic factors and life history traits (e.g.,
migration, recruitment, survival and behaviour), and genetic mechanisms (e.g., mutation, selection and
gene flow). It is important to note that in this framework, functional elements influence and modify
biodiversity characteristics within the system. However, they are distinct from the concept of "function"
in the context of the role of marine biodiversity in supporting ecosystem services, which provides
benefits to human populations and is considered separately. Nevertheless, human activities in the marine
environment, such as environmental disturbances and population alterations through targeted extraction
or other impacts, are included within functional elements because they significantly influence
composition, structure, and functionality of biodiversity.

Significance of marine biodiversity and environment in the context of SDGs

Marine biodiversity and healthy marine environments are crucial for achieving the United Nations
Sustainable Development Goals (SDGs). They directly support SDG 14 (Life Below Water) by ensuring
sustainable ocean use, while contributing to other goals like SDG 13 (Climate Action) through carbon
sequestration in ecosystems such as mangroves and coral reefs. Marine biodiversity sustains livelihoods
and food security (SDGs 1 and 2), drives economic growth through fisheries, tourism, and
biotechnology (SDG 8), and maintains clean water systems (SDG 6). It also reinforces health (SDG 3)
and promotes sustainable consumption (SDG 12). The interconnection between marine and terrestrial
ecosystems (SDG 15) emphasizes the need for integrated conservation efforts. Protecting marine
biodiversity is vital for nurturing resilience, supporting human well-being, and achieving the 2030
Sustainable Development Agenda.

Threats to marine biodiversity

The global marine environment is experiencing unprecedented changes driven by a combination of
stressors such as climate change, overfishing, illegal wildlife trade, eutrophication, the introduction of
invasive species, habitat destruction, and marine pollution (Gray, 1997). Biodiversity loss in marine
ecosystems is rarely an isolated event, it typically results from multiple factors acting independently or
synergistically. The global marine Living Planet Index (LPI) reveals a significant decline, with
populations of marine mammals, birds, reptiles, and fish decreasing by 49% between 1970 and 2012,
signalling a substantial loss of biodiversity (WWF, 2015). Response to the worsening state of marine
environments has been characteristically slow, fragmented, and largely reactive. Efforts to address this
environmental crisis are further hindered by the perception of marine ecosystems as a global common
MarBiE 3 ICAR-CMFRI 25-29 November 2024 4|Page



I Water and Sediment Analytical Techniques with Special Reference to Marine Life I

resource. This lack of ownership and accountability among nations reduces the motivation to take
decisive action, underscoring the need for coordinated international solutions to protect and restore
marine biodiversity. Additionally, the impacts of climate change and other environmental changes
present complex challenges for existing legislation and management strategies, requiring adaptive and
forward-thinking approaches.

Many coastal and shelf ecosystems have experienced significant degradation from their original
conditions, reducing their ability to provide these services effectively. A key challenge in marine
ecology lies in understanding how ecosystem services are influenced by habitat and community
structures, the biodiversity they sustain, and their resilience to various disturbances. Given the continued
reliance of humans on the marine environment, there is a growing need for holistic management
approaches that account for entire ecosystems, including human interactions. Ecosystem-Based
Management (EBM) and Ecosystem Approaches to Management (EAM) have emerged as prominent
strategies aimed at achieving sustainable use of marine resources. These approaches share the prime
goal of regulating human activities to ensure resource sustainability, emphasizing biodiversity
conservation as crucial for maintaining ecosystem functionality and long-term adaptability. To achieve
effective biodiversity conservation, resource managers need robust scientific insights into biodiversity
patterns and their roles within managed ecosystems.

The loss of marine biodiversity significantly impacts ecosystems, reducing their resilience to
environmental stressors such as climate change, pollution, and invasive species, which can lead to
ecosystem collapse. It disrupts ecosystem functioning by altering primary productivity, nutrient cycling,
and food web dynamics due to the loss of key species. Biodiversity loss affects coastal communities that
depend on fisheries and tourism, while extreme weather events linked to ecosystem degradation result in
substantial infrastructure damage and financial losses.

Strategies for conserving marine biodiversity

To address the threats facing marine biodiversity and promote sustainable management of marine
environments, a range of conservation strategies has been developed. Effective conservation requires the
combined efforts of governments, researchers, industries and local communities. The following
approaches highlight key strategies for safeguarding marine ecosystems:

Habitat protection and restoration

Protecting and restoring marine habitats is essential for maintaining healthy ecosystems and ensuring
sustainable fish populations. Establishing Marine Protected Areas (MPAs) play a crucial role in
restoring fish populations, protecting endangered species, and preserving critical habitats like coral
reefs, mangroves and seagrass beds as well as and spawning grounds by limiting human activities such
as fishing and mining. These areas may be fully protected or partially managed, depending on the
permitted level of human activity. When properly enforced, MPAs serve as sanctuaries for marine life,
allowing ecosystems to recover and thrive over time. Restoration efforts, such as replanting mangroves,
rehabilitating coral reefs, and restoring oyster beds, help rebuild ecosystems degraded by pollution,
overfishing, and climate change. Sustainable coastal development and reducing land-based pollution,
like agricultural runoff and sewage, further protect these vital areas. Laws and international agreements
play a crucial role in conserving marine habitats by regulating harmful activities, managing coastal
zones, and fostering global collaboration to address conservation challenges. These efforts collectively
ensure the resilience of marine ecosystems, preserve biodiversity, and support the sustainable use of
marine resources for future generations.
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Sustainable fisheries management

Addressing overfishing requires the adoption of sustainable fisheries management practices. These
include setting scientifically informed fishing quotas, establishing no-fishing zones, and encouraging
selective fishing methods that reduce bycatch. Regulations on fishing practices play a critical role in
conserving marine resources. Restrictions on the size of fish caught help protect juveniles, ensuring they
have the opportunity to reproduce, while bans on capturing endangered or threatened species safeguard
vulnerable populations. The use of selective fishing gear, such as circle hooks, Bycatch Reduction
Devices (BRDs), and Turtle Excluder Devices (TEDs), minimizes bycatch and prevents the incidental
capture of non-target species like turtles. Controlling fishing efforts by limiting the number of
operational days and restricting the amount of gear used per vessel helps prevent overexploitation and
supports sustainable fisheries management. Ecosystem-based management approaches, which consider
the complex interactions between species and their habitats, are essential for ensuring the long-term
sustainability of fisheries and maintaining ecological balance.

Pollution abatement and control

Plastic pollution, ranging from large debris to microplastics, endangers marine life through ingestion
and entanglement, damages habitats like coral reefs and seagrass beds, and introduces toxic chemicals
into the food web. Similarly, chemical pollutants such as heavy metals and pesticides from agricultural
runoff, industrial discharges, and untreated sewage, harm marine organisms, impairing reproduction and
immune systems while reducing biodiversity. Mitigating these threats requires stringent regulations on
waste and chemical discharges, enforcing regulations on industrial discharges, improved wastewater
treatment, and sustainable agricultural practices. Measures such as bans on single-use plastics, improved
waste management, community clean-ups, and technological innovations like biodegradable plastics are
essential. International cooperation and agreements, alongside public awareness campaigns, are vital for
reducing pollution, preserving marine ecosystems, and ensuring sustainable fisheries for future
generations. International frameworks such as the MARPOL Convention, along with national policies
targeting waste and pollution, are vital for addressing this issue on a global scale.

Climate change mitigation and adaptation

To mitigate the effects of climate change on marine biodiversity, reducing greenhouse gas emissions is
paramount. Adaptation measures, such as restoring degraded ecosystems like mangroves, seagrass beds
and coral reefs, can strengthen the resilience of marine environments to climate-related stressors.
Additionally, continued research into the impacts of climate change on marine life is essential for
developing science-based management and conservation strategies.

Community-based conservation

Engaging local communities in marine biodiversity conservation is critical for the success of any long-
term strategy. Traditional knowledge and practices can complement modern conservation techniques,
providing valuable insights into sustainable resource management. Initiatives such as marine
conservation cooperatives and eco-tourism programs empower coastal communities to take ownership
of their natural resources, fostering sustainable practices while enhancing local livelihoods.

By integrating these strategies, it is possible to address the multifaceted threats to marine biodiversity
and promote a healthier, more resilient ocean ecosystem for future generations.

Role of IUCN in conservation and sustainable use of marine biodiversity

The International Union for Conservation of Nature (IUCN) plays a vital role in conserving and
promoting the sustainable use of marine biodiversity. Through the IUCN Red List, it assesses the
extinction risk of marine species, such as corals, fish, and sea turtles, helping prioritize conservation
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efforts. The IUCN advocates for the creation and management of Marine Protected Areas and conducts
specialized research through the Species Survival Commission (IUCN-SSC). Its Global Marine and
Polar Programme (GMPP) addresses key issues like marine pollution, climate change, and overfishing,
collaborating with governments and stakeholders to implement effective policies. As of 2022, over
1,550 marine species are at risk of extinction, with climate change affecting 41% of these species,
underscoring the urgent need for conservation action.

Legal instruments for biodiversity conservation

The conservation of biodiversity is a global priority due to its essential role in sustaining ecosystem
health, supporting livelihoods, and enabling sustainable development. A variety of legal frameworks,
both international and regional, have been established to address threats to biodiversity, promote
sustainable practices, and protect natural resources. These instruments provide a collaborative
framework for governments, organizations, and individuals to work towards preserving the planet's
biological wealth.

International legal instruments

Convention on Biological Diversity (CBD), 1992

The CBD is a pivotal international treaty aimed at safeguarding biodiversity with the key objectives
such as: Conserving biological diversity; Promoting the sustainable use of biodiversity components and
Ensuring the fair and equitable sharing of benefits from genetic resource utilization. The key features
include, Development of National Biodiversity Strategies and Action Plans (NBSAPSs) to implement
conservation measures at the national level; Establishment of global goals such as the Aichi
Biodiversity Targets and their update under the Kunming-Montreal Global Biodiversity Framework
(2022) and Introduction of specific protocols like the Nagoya Protocol (focused on access and benefit-
sharing) and the Cartagena Protocol (addressing biosafety in genetically modified organisms).

CITES (Convention on International Trade in Endangered Species of Wild Fauna and Flora), 1973
CITES seeks to regulate the international trade of wild species to prevent overexploitation leading to
endangerment or extinction. CITES contributes to Classification of species into Appendices I, Il, and
111, based on their vulnerability to trade and Strict control over trade in species listed under Appendix |
(e.g., tigers, elephants).

United Nations Convention on the Law of the Sea (UNCLQOS), 1982

UNCLOS establishes a comprehensive legal framework governing various aspects of ocean use,
including the delimitation of maritime boundaries and the sustainable management of marine resources.
By outlining rights and responsibilities over these resources, UNCLOS plays a vital role in regulating
economic activities such as fishing, mining, and offshore oil exploration.

International Whaling Commission (IWC)

The International Whaling Commission (IWC), established in 1946 under the International Convention
for the Regulation of Whaling (ICRW), serves as a global organization dedicated to the conservation of
whale populations. Its primary role is to oversee and regulate whaling activities worldwide, ensuring
sustainable practices and the protection of these marine mammals.

Convention on the Conservation of Migratory Species of Wild Animals (CMS), 1979
Also known as the Bonn Convention, this treaty focuses on the conservation of migratory species that
cross international borders. CMS Promotes habitat conservation and restoration for species such as
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migratory birds, marine mammals, and sea turtles as well as Encourages international collaboration to
protect migration corridors.

FAO Code of Conduct for Responsible Fisheries

The Food and Agriculture Organization (FAO) established the Code of Conduct for Responsible
Fisheries as a voluntary framework that outlines principles and standards for sustainable fisheries
practices. It addresses various aspects, including fishing operations, resource management, aquaculture
development, and the trade of fishery products. The code emphasizes the sustainable use of fishery
resources, ecosystem-based management, and measures to combat overfishing and lllegal, Unreported,
and Unregulated (1UU) fishing.

Ramsar Convention on Wetlands, 1971

This treaty emphasizes the conservation and wise use of wetlands, recognizing their critical ecological
and economic value. The key objectives include, Designation of Wetlands of International Importance
(Ramsar sites) to prioritize protection and Support for wetland restoration to sustain biodiversity and
ecosystem services.

United Nations Framework Convention on Climate Change (UNFCCC), 1992

While primarily addressing climate change, the UNFCCC acknowledges its impact on biodiversity and
promotes ecosystem-based approaches to adaptation and mitigation. UNFCCC is committed to
protecting natural carbon sinks like forests, mangroves, and oceans as well as promotes nature-based
solutions to climate challenges.

World Heritage Convention, 1972

Administered by UNESCO, this convention seeks to identify and protect natural and cultural heritage of
exceptional universal value. The key objectives include conservation of biodiversity hotspots such as
the Great Barrier Reef and the Sundarbans, designated as Natural World Heritage Sites and
encouragement of international cooperation for safeguarding these sites

Regional legal instruments

European Union Habitats Directive (1992)

This directive aims to safeguard habitats and species in Europe through the “Natura 2000” network of
protected areas, ensuring the maintenance of biodiversity within member states.

African Convention on the Conservation of Nature and Natural Resources (2003)
Revised in 2003, this convention promotes biodiversity conservation and sustainable development
across African nations, emphasizing the integration of conservation into national policies.

ASEAN Agreement on the Conservation of Nature and Natural Resources (1985)
This agreement focuses on biodiversity issues specific to Southeast Asia, advocating for sustainable
resource use, habitat protection, and regional cooperation in conservation.

By combining international and regional efforts, these legal instruments offer a comprehensive
approach to preserving biodiversity and ensuring the sustainable management of natural
resources across the globe. Negotiations are underway under the United Nations to create a
legally binding instrument for the conservation and sustainable use of marine biodiversity in
Areas Beyond National Jurisdiction (ABNJ), which includes the high seas and seabed areas.
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With over 80% of global trade reliant on maritime transport and growing human activity in
ABNJ, such as fishing, seabed mining, and bioprospecting, the need for a unified legal
framework is urgent. The new instrument aims to address gaps in the current fragmented legal
framework, focusing on key issues such as marine genetic resources, environmental impact
assessments, area-based management tools, and capacity building, ensuring global
cooperation, especially with developing countries, to safeguard marine biodiversity for future
generations.

National legal instruments for biodiversity conservation in India

To fulfil international commitments and address domestic conservation priorities, India has developed a
robust framework of laws, policies and regulations aimed at protecting marine ecosystems, species, and
habitats and promoting sustainable environmental practices (Rawat and Agarwal, 2015). These national
instruments serve as the foundation for biodiversity conservation and ecosystem management across the
country.

Key national legal frameworks
The Environment (Protection) Act, 1986

This comprehensive legislation provides a framework for safeguarding and improving the environment.
It enables the creation of specific rules and guidelines for biodiversity conservation and environmental
protection, serving as a cornerstone for the environmental policies of the country.

Wildlife (Protection) Act, 1972

This landmark legislation focuses on the conservation of wildlife and their habitats in India.
Key provisions include, establishment of protected areas, including national parks, wildlife sanctuaries,
and biosphere reserves as well as strict prohibition on hunting and the illegal trade of endangered
species, ensuring protection for diverse fauna and flora of the country.

Biological Diversity Act, 2002

Enacted to implement the objectives of the Convention on Biological Diversity (CBD) at the national
level, this act focuses on preserving India's rich biodiversity. Key provisions include, Formation of
Biodiversity Management Committees (BMCs) at local levels to involve communities in conservation
efforts and Regulation of access to biological resources and equitable sharing of benefits arising from
their use.

Coastal Regulation Zone (CRZ) Notification, 1991

This notification aims to protect and preserve coastal ecosystems, which are vital for biodiversity and
livelihoods. CRZ notification contributes to Regulation of developmental activities along India’s
coastline to protect sensitive ecosystems like mangroves, coral reefs, and wetlands and formulates
Guidelines for sustainable use of coastal resources while maintaining ecological integrity.

National Green Tribunal (NGT) Act, 2010
This act establishes the National Green Tribunal, a specialized judicial body to address environmental
disputes and enforce environmental laws. NGT provides a platform for expeditious resolution of cases
related to biodiversity and environmental conservation as well as ensures accountability and
enforcement of environmental regulations.
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Corporate and community-level instruments

Environmental Impact Assessment (EIA)

Environmental Impact Assessment is a mandatory process for major developmental projects to evaluate
their potential impacts on biodiversity and ecosystems. EIA helps to identify and assess ecological risks
associated with proposed projects and recommends mitigation measures to minimize biodiversity loss
and promote sustainable development.

By integrating these legal instruments, India has developed a robust system to protect its rich
biodiversity while promoting sustainable use of natural resources. These measures highlight the
country’s commitment to balancing development with ecological preservation, ensuring long-term
environmental sustainability.

Conclusion

Marine biodiversity plays a crucial role in maintaining the health of the planet, providing essential
resources for human well-being, and regulating the Earth's climate. However, the growing threats to
marine ecosystems require immediate action to safeguard these vital resources. By adopting effective
environmental management measures, such as establishing marine protected areas (MPAS), promoting
sustainable fisheries, controlling pollution, and adapting to climate change, we can protect marine
biodiversity for the future. The preservation of marine ecosystems is vital not only for the survival of
marine life but also for the sustainable development of communities that depend on the oceans for food,
livelihoods, and climate stability.
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