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ABSTRACT
	While the Indian Ocean is home to a diverse assemblage of marine mammals, there is a marked paucity of data concerning cetacean ecology and conservation in the region.  This review analyzes current knowledge of species richness, distribution and conservation status of marine mammals in the Indian Ocean, particularly climate change vulnerability and management considerations. Based on systematic synthesis of more than 80 publications (2000-2025) from major databases, this review identifies key patterns, vulnerabilities, and research gaps. The Indo-Pacific represents a global hot-spot for threatened coastal cetaceans. The Indian Ocean humpback dolphin (Sousa plumbea) is one of the most threatened species with small geographic distribution and dependence on coastal localities. Climate change has emerged as the most devastating threat, fuelled by rapid warming of the Indian Ocean that currently has the highest rate of oceanic warming on a global scale. The projections indicate that by 2050, on-going marine heat wave conditions will establish with severe impacts on the ecosystem services and fishery productivity. Over 70% of marine mammal populations exhibit high sensitivity to climate impacts (e.g., modified prey distribution, habitat alteration, physiological stress). Such pressures are exacerbated by fisheries by catch, rising vessel traffic and acoustic pollution. Priorities for action include the implementation of climate-proof marine spatial planning, living protected areas, improved by catch measures in the fisheries sector and strengthened regional cooperation. Urgent policy action is needed to halt these declines and ensure long-term conservation of marine mammals in the Indian Ocean
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1. INTRODUCTION
Marine mammals, a diverse group of over 130 sub species are key elements of the marine ecosystems on earth (Pompa et al., 2011). Spanning a wide variety of trophic levels, including apex predator and primary consumer roles, they are integral in shaping marine food webs and promoting ecosystem integrity (Kiszka et al., 2022). As long-lived and highly mobile species, they act as powerful ocean sentinels. Over time, they reflect the effects of many environmental changes occurring across vast ocean regions. (Plön et al., 2024). They are more than just important in trophic interactions. In the case of great whales, such as baleen whales, these support nutrient recycling via what is known as the ‘whale pump’ Cetaceans transport of nutrients from the deep sea into surface waters and enhance productivity (Roman & McCarthy, 2010; Gilbert et al., 2023). In addition, the absorption of huge quantities of carbon in their body causes whales to be part of the biological carbon pump and to take part in climate regulation (Pearson et al., 2023; Durfort et al., 2022).
Marine mammals are of ecological significance but are under increasing anthropogenic pressure, which is driving many populations towards extinction. Today, 26% of all cetacean species are considered threatened by the International Union for Conservation of Nature (IUCN), a much higher proportion than in previous assessments (Braulik et al., 2023). This pattern is attributed to an array of stressors including fishing gear entanglement (bycatch), habitat loss, pollution, vessels strikes (ship strikes), and the growing impact of global climate change (Nicol et al., 2020; Lettrich et al., 2023).
The Indian Ocean is one of the five oceans that make up and connect our world’s marine environment, third only to the massive Pacific and Atlantic Oceans. It is a region of considerable socioeconomic significance, with a shoreline inhabited by more than 2.5 billion people. Despite its global importance, the Indian Ocean is also one of the least studied habits with reference to marine mammals to a great extent (Kumaran, 2002; Purkayastha et al., 2024). The area is known to provide habitat for a minimum of 28 cetacean species plus the dugong (Dugong dugon), a herbivorous marine mammal dependent on shallow coastal seagrass habitats (Notarbartolo di Sciara et al., 2021). The Northeast Indian Ocean Whale Sanctuary (IWC) is a large area it covers which contains important reproductive and feeding areas for many cetacean populations including the globally unique blue whale population of Omani waters (Dudhat, et al., 2024).
The Indo-Pacific, including the Indian Ocean, has been selected as a global hotspot for threatened coastal odontocetes (Toothed whales), where the ranges of seven threatened species intersect with areas of high bycatch risk (Braulik et al., 2023). This emphasizes the critical importance of increased research and conservation in this vital area.

Climate change is today not a novel threat but the leading and 1 growing driver of change in marine ecosystems worldwide. More than 90% of the additional heat associated with anthropogenic greenhouse gas emissions has been taken up by the world’s oceans, causing ocean warming rates to exceed levels experienced in a century (IPCC, 2019). The Indian Ocean is warming at a rate faster than that of any other ocean basin, which is expected to be sustained during the 21st century (Roxy et al., 2024). Such warming is being observed to be happening quickly as evidenced by the increasing number and severity of marine heatwaves (MHWs), prolonged periods of sea surface temperature anomalies (Azarian et al 2024;Saranya et al., 2022; Chatterjee et al., 2022). Under vector for projections of the tropical IO, large uncoupling reaches near permanent MHW state by 2050, with significant impacts on marine life (Soumya et al., 2025; Capotondi et al., 2024).
This review seeks to summarize the present knowledge on diversity, distribution, and conservation status of marine mammals in the Indian Ocean. The study focus on their susceptibility to compounded effects of climate change which acts as a force multiplier amplifying the impacts of other anthropogenic stressors. Critical knowledge gaps are identified, and a clear direction for future research and management is outlined. This provides a strong foundation for the effective conservation of the unique marine mammal fauna of the Indian Ocean. Such efforts are essential in the face of unprecedented environmental change.
2. METHODOLOGY
  . A broad literature search was conducted in Scopus, Web of Science and Google Scholar covering period from January 2000 to June 2025, for English publications using the following search string: ("marine mammal" OR "cetacean" OR "whale" OR "dolphin" OR "porpoise" OR "dugong" sirenian") AND ("Indian Ocean" OR Arabian Sea" Or Bay of Bengal" Or Andaman Sea (Or Gulf of Mannar" or Sri Lanka)) AND ("climate change' or ocean warming' or sea surface temperature’ or marine heatwave' or “vulnerability” or “conservation”* ) AND (“distribution”a';diversity'; “threat"). Database search results were complemented by manual reference list screening and referencing of IUCN Red List assessments, International Whaling Commission reports, and regional grey literature. The inclusion criteria required that the study: (1) pertain to marine mammals of the Indian Ocean basin, and/or include data in global analyses; (2) focus on cetaceans or sirenians; (3) cover diversity, distribution, population trends and status, conservation status, climate-related impacts, human-induced threats and their management measures among others; (4) be peer-reviewed papers or book chapters report with access to conference proceedings full papers as well as technical reports from recognised groups/organizations; 5- have English text; and 6- were issued between 2000 to2024 although a small number of seminal contributions published prior will be also considered. Exclusion criteria were applied to exclude studies: (1) on sites solely located outside the Indian Ocean whose results cannot be extrapolated; (2) on non-marine mammal taxa unless they provide essential ecological context; (3) lacking original data or sound methodology (abstracts, opinions); (4) with unclear methods and small sample sizes; (5) based on repetition of same dataset by other authors; and/or (6) which were unobtainable after reasonable attempts.. Data extracted included author, year, location of study, species studied, methodology, primary results obtained from each article and conservation related implications and information gaps. Because a diversity of research designs and data types were used, qualitative narrative synthesis was used, organized thematically by diversity and distribution patterns, climate vulnerability assessment (incorporating thermal tolerance, habitat specificity, dietary specialization, dispersal ability and trends in population size) cumulative anthropogenic impacts, and future research needs. Methodological quality was evaluated in terms of rigor, sample size and transparency in reporting, and the results from methodologically poor studies were interpreted with caution. Drawbacks include geographic and taxonomic biases in the literature (overrepresentation of certain areas such as Sri Lankan waters and species like blue whales and dugongs), limited temporal coverage (most studies from the last decade), lack of standardized monitoring protocols to compare across studies, dearth of empirical data regarding the impacts of climate change on Indian Ocean marine mammals with most vulnerability assessments based on globalized models or extrapolations rather than region-specific evidence, highlighting a clear need for coordinated, long-term efforts that span broad geographies.
3. MARINE MAMMAL DIVERSITY AND DISTRIBUTION IN THE INDIAN OCEAN
The Indian Ocean is home to a rich and diverse assemblage of marine ecosystems, including the productive shallow waters of the Arabian Sea and Bay of Bengal, through continental shelves in regions such as the Red Sea region, south western parts of India onto the banks of average Depths 700 metres (2,300 feet), to deep ocean basins away from land. These provide habitats for many species of marine life and marine mammals form an important part of this diversity. The region continues to be one of the least known and studied in comparison not only with other oceanic basins (Kumaran et al., 2002) This community includes almost a quarter of all marine mammals in the world, underlining the international conservation significance of the prospect area. The richest marine mammal faunas are found in temperate and subtropical regions, with particularly high local hotspots in the Southwest Indian Ocean region around island chains (Mascarene Plateau, Saya de Malha Bank as well as Andaman and Nicobar Islands). During surveys and acoustic monitoring, the region is found to have a high diversity with up to 12 different cetacean species reported in single areas (Webber et al., 2023) and significant bioacoustic activity has indicated frequent abundance of marine mammals (Torterotot et al., 2022; Mohan et al 2018; Laran et al., 2017). The western Indian Ocean alone supports over 35 marine mammal species including the endangered dugong and various whale and dolphin species (Diop et al., 2016; Scheren et al., 2016).
3.1. Baleen Whales (Mysticeti)
The Indian Ocean is home to a variety of large baleen whales and some migrate great distances. The most prominent is the Northern Indian Ocean blue whale (Balaenoptera musculus indica) which seems to be resident throughout the year in the northern Indian Oceans and concentrates around Sri Lanka and Arabian Sea. Unlike those in other oceans, such as their counterparts in the North Atlantic (NOAA, Cetracean Status and Distribution 2019), these whales have a characteristic calling pattern and non -migratory life history that infers they are endangered.(Liyanage et al.,2022; De Vos et al.,2013;Anderson et al.,2012).
They are accompanied by other rorquals (Family Balaenopteridae). The Arabian Sea humpback whale (Megaptera novaeangliae) is a genetically distinct, non-migratory population most of whose members do not undertake the seasonal migration to summer feeding grounds in the Southern Indian Ocean, and which is classified as “Critically Endangered”. Bryde’s whale (Balaenoptera edeni/ brydei) are one of the most numerous species scattered throughout tropical and sub-tropical waters in the area and usually in coastal, as well as offshore locations. Fin whales (Balaenoptera physalus) and minke whales (Balaenoptera acutorostrata) have also been observed, but the distribution and abundances of these species are less well known (Pomilla et al., 2014; Ratnarajah et al.2014).
3.2. Toothed Whales (Odontoceti)
There is a large variety of toothed whales in the Indian Ocean, such as the deep diving sperm whale and many other species of dolphin and porpoise.
Deep-Divers: The sperm whale (Physeter macrocephalus) is a deep-water inhabitant of the Indian Ocean, including significant numbers in the Arabian Sea. Beaked whales other than the northern bottlenose whale (Family Ziphiidae) including Cuvier's beaked whale (Ziphius cavirostris) and Blainville's beaked whale (Mesoplodon densirostris), are also present in deep waters but are rarely seen because they are so cryptic. ( Gray et al., 2018; AlGheilani & Jayabalan, 2010)
Oceanic Dolphins (Family Delphinidae) This family is the most diverse group in the region. Common dolphin (Stenella longirostris) is highly abundant however, the spinner dolphins are predominant in one of the core area and accounted for nearly 75% of all cetacean encounters have been reported from Andaman waters in an earlier study (Purkayastha et al., 2024; Afsal et al 2008). The other most commonly sighted species are the Indo-Pacific bottlenose dolphin (Tursiops aduncus), pantropical spotted dolphin (Stenella attenuata) and the Risso's dolphin (Grampus griseus) (Daniel et al., 2025; Anoop et al., 2011 Silva&Silva, 2005). Larger delphinids of G.extorquis are also evident including the short-finned pilot whale (Globicephala macrorhynchus) and the false killer whale (Pseudorca crassidens), occurring in offshore waters (de Boer et al., 2002).
Coastal and Estuarine Specialists: The Indian Ocean is home to some much endangered coastal species of cetacean. The Indian Ocean humpback dolphin (Sousa plumbea), an endangered species according to the IUCN, is distributed throughout the shallow coastal waters of the western Indian Ocean, including regions of the Arabian Sea and east coast of India ( Smith 2005; Braulik et al., 2015). Its congener, the Indo-Pacific humpback dolphin (Sousa chinensis), is categorized as Vulnerable and also occurs in the coastal waters of Bay of Bengal (IUCN SSC Cetacean Specialist Group, 2024; Jefferson et al., 2016). The Endangered Irrawaddy dolphin (Orcaella brevirostris) occurs in coastal, brackish and freshwater habitats, and with significant populations benefiting from conservation located in the Sundarbans mangrove forest and Chilika Lagoon. (International Whaling Commission, 2025; Chowdhury et al., 2020) Small and secretive is the IndoPacific finless porpoise (Neophocaena phocaenoides), which also inhabits coastal waters in this area, including notably the Bay of Bengal ((Dudhat et al., 2022; Jeyabaskaran et al., 2016).
3.3. Sirenians
The monotypic order Sirenia is represented in the Indian Ocean by Dugong (Dugong dugon). This marine mammal, a vegetarian, who relies on seagrass meadows in the coast till today. Large enough numbers are also present in the Indian waters, including Gulf of Mannar, Palk Bay and Andaman & Nicobar Islands ((Seal et al., 2024). Being a specialist species and hanging on in limited habitat, dugongs are particularly susceptible to direct anthropogenic threats as well the effects of climate change (including seagrass habitat loss) (Albouy et al., 2020).
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Figure 1. Marine Mammal Species Richness Across Indian Ocean Regions.   
Regional comparison of marine mammal diversity showing species composition by taxonomic group (baleen whales, toothed whales, and sirenians). Data compiled from regional surveys and species inventories (Kumaran, 2002; Notarbartolo di Sciara et al., 2021; al., 2024; Ratheesh kumar&Rahul 2024). The Gulf of Mannar exhibits the highest species richness (14 species), while the Andaman and Nicobar Islands serve as a critical habitat for spinner dolphins (Stenella longirostris), which comprise 75% of cetacean sightings in the region.
3.4. Regional Distribution Patterns and Hotspots
The diversity of species is not evenly distributed in the Indian Ocean. Some are recognised as biodiversity hotspots. The Gulf of Mannar lying between India and Sri Lanka is known to harbor the highest diversity of cetaceans in Indian waters with at least 14 species reported. The northern Bay of Bengal is a vital habitat for threatened coastal dolphins and porpoises. The waters around the Andaman and Nicobar Islands are a biodiversity hotspot, right from fish to larger animals such as spinner dolphins and dugong. The waters around the Srilanka are a feeding ground global significance for the Northern Indian Ocean population of blue whales that lives here year-round. The Arabian Sea is a distinct ecoregion with its own unique humpback whale subspecies, and the Port Sotto population of Indus river dolphins. (Purkayastha et al., 2024; Afsal et al., 2008)
4. CLIMATE CHANGE: A DOMINANT AND ACCELERATING THREAT
The impacts of climate change on marine mammals are complex and far-reaching, affecting their physiology, behavior, distribution, and survival (Van Weelden et al., 2021). The rapid warming of the Indian Ocean is the primary driver of these impacts, leading to a cascade of effects that ripple through the marine ecosystem.
4.1. Ocean Warming and Marine Heat waves
. 	The physiological thermo-sensitivity of marine mammals is one of the major determinants in their sensitivity to ocean warming (Favilla et al., 2022). While most species have adapted to withstand wide temperature ranges, such warming can readily thrust many across physiological thresholds (Venegas et al., 2023; Atkinson et al.,2015) During extreme events, e.g marine heatwaves, excessive thermal stress can lead to increased mortality and reproductive failure or disease outbreaks (Williams et al., 2025). The projected increase in frequency and intensity of MHWs in the Indian Ocean is an impending threat to marine mammals in this ocean, particularly those with narrow thermal tolerance windows (Soumya et al., 2025).
4.2. Shifts in Prey Distribution and Food Web Disruption
Oceans are also warming, leading to massive shifts in marine mammal prey species (Kebke & Siebert, 2022). A number of fishes and invertebrates have shifted toward the poles as a response to increased water temperature/marine heat waves in tropical waters (MacLeod, 2009; Lambert et al., 2014). This misalignment can lead to a disparity between marine mammals and their forage, forcing animals to travel greater distances to forage or be dependent on lower-energy prey (Becker et al., 2019). Another major threat from a decline in phytoplankton productivity is the decreased marine food web productivity that feeds all marine life at large scale, which is already being influenced by warming of the western Indian Ocean (Roxy et al., 2016; Chapman et al., 2020).
4.3. Habitat Degradation and Loss
The climate change is literally hitting the home and food of marine mammals. Higher sea level and a risk to some of our most important habitats such as mangroves and seagrass beds is also on the increase due to global warming (IPCC, 2019). Ocean acidification, a consequence of the uptake of atmospheric CO2 in the seawater, is a potential threat to coral reefs, which provide essential habitat for variety of marine animals and some coastal dolphins (Fabry et al., 2008; Kroeker et al., 2013; Doney et al., 2020). Polar sea ice loss is not a direct area of concern in the tropical Indian Ocean, but the loss of their insulating cover has broader implications for global climate change and ocean circulation (Kuletz et al., 2024) which may indirectly affect marine mammal populations within this region.
5. VULNERABILITY OF INDIAN OCEAN MARINE MAMMALS
A recent global scale analysis of climate change vulnerability for marine mammals found that 70% of all stocks are in the high or very high category (Lettrich et al., 2023). Species with limited thermal trait space, feeding specialists or poor dispersers are the most at risk (Albouy et al., 2020; Huey et al., 2012). Coastal species are most at risk, such as the Indian Ocean humpback dolphin and the dugong. They are particularly vulnerable to the impacts of sea-level rise, habitat loss and increased human activities in coastal areas because they rely so heavily on nearshore waters. The Arabian Sea humpback whale is another species of serious concern. This small, relic population is currently facing an array of threats and rapid warming of the Arabian Sea can exacerbate these (Chatterjee et al., 2022). (Source) The north Indian Ocean population of blue whales, being unique in nature, might also be influenced by changes in the presence of prey and oceanographic conditions (Palacios et al., 2019; Fahlbusch et al., 2022).
6. COMPOUNDING ANTHROPOGENIC THREATS
The impacts of climate change do not occur in isolation. They are compounded by a suite of other anthropogenic stressors that are already placing immense pressure on marine mammal populations (Nicol et al., 2020).
6.1. By-catch in Fisheries
.	Bycatch (the accidental capture of non-target species in fishing gear) is the most significant direct threat to marine mammals worldwide, with up to 300,000 cetaceans killed annually (Elliott et al., 2023; Read et al., 2006). The Indian Ocean is dominated by gillnet fisheries; it has therefore been identified as a hotspot for the incidental catch of cetaceans, including dolphins, porpoises and even great whales (Dolman et al., 2018a). This is a particularly problematic area to tackle due to the dense distribution of small-scale fisheries in much of the region, combined with an absence of good management and monitoring.
6.2. Ship Strikes
Ship strikes are one of the main causes of mortality for large whales and particularly in traffic areas (Nisi et al., 2024). The Indian Ocean also contains some of the busiest shipping lanes in the world, and measures to reduce the about 80 ship strikes per year to species such as blue whales and Arabian Sea humpback whales are a priority for many. Slowing speeds of vessels in risky locales also seems to be a successful measure (Redfern et al., 2024), but it remains difficult to implement.
6.3. Underwater Noise Pollution
Shipping, seismic survey and naval sonar are all introducing large levels of noise in the marine environment. This underwater sound created by ships can disrupt the communication, navigation, and feeding of marine mammals (National Research Council, 2005). Long-term exposure to noise can also result in physiological and mental stress as well as long-term health issues (Barratclough et al., 2023).
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Figure- 2 Multidimensional Threat Assessment for Indian Ocean Marine Animal groups
 Threat severity scores (1-5 scale) are based on vulnerability assessments and threat analyses from multiple sources (Albouy et al., 2020; Nicol et al., 2020; Braulik et al., 2023; Lettrich et al., 2023; Nisi et al., 2024). Coastal dolphins and dugongs exhibit the highest cumulative vulnerability due to restricted distributions, high site fidelity, and dependence on degraded nearshore habitats. Bycatch represents a critical threat across all groups, with an estimated 300,000 cetaceans killed annually in fisheries worldwide (Elliott et al., 2023).
7. CONSERVATION AND MANAGEMENT IN A CHANGING CLIMATE
The conservation of marine mammals in the Indian Ocean necessitates a shift from traditional static management approaches to those that can assist these species and their habitats to adapt in a more dynamic climate-driven scenario (Wilson et al., 2020). This would need to take a multi-faceted approach that deals with the direct and indirect effects of climate change, and also the raft of other anthropogenic threats facing marine mammals in the region (O’Regan et al., 2021). The (Table 1) shows the Conservation Management Strategies and Implementation Status for Indian Ocean Marine Mammals.
7.1. Climate-Adaptive Marine Protected Areas
Marine protected areas (MPAs) form the bedrock of marine conservation, but their efficacy under a changing climate is where they are coming under question (Hoppit et al., 2022). To be useful, MPAs must integrate climate change into their design and management. This includes integrating climate projections in to site selection, developing networks of MPAs connected by corridors for species movement, and promoting dynamic management actions that can be updated when conditions change (Notarbartolo Di Sciara et al., 2016).
7.2. Mitigation of Non-Climate Stressors
The mitigation of non-climate stressors is one of the best methods to increase the resilience of marine mammal populations to climate change. This may include reducing by-catch in fisheries through, for example, the employment of acoustic deterrent devices and time-area closures ((Hamilton & Baker, 2019; Larsen et al., 2021). This encompasses the reduction of ship strikes by limiting vessel speed and the re-routing of shipping lanes (Vighi, 2025) and addressing the effects of underwater noise pollution through development as well as implementation of quieter technologies along with designation of noise-free zones (Erbe et al., 2019).    
 7.3. Long-Term Monitoring and Research
To the extent possible, well founded scientific information is an important component of successful conservation and management. There are still large gaps in our knowledge about marine mammal populations, their habitats and threats in the Indian Ocean. It is a once-in-generation opportunity for long-term monitoring investment to enable assessment of changes in population size, distribution and health through time (Booth et al., 2020). There is also the need to better understand inter-population genetic connectivity, which will be important for formulating effective management units (Sveegaard et al., 2015; Barceló et al., 2021).
Table 1: Conservation Management Strategies and Implementation Status for Indian Ocean Marine Mammals
	Conservation Strategy
	Target Species/Groups
	Implementation Status
	Geographic Coverage
	Effectiveness
	Key Challenges
	Priority for Scaling

	Marine Protected Areas (MPAs)
	All species, especially coastal
	Partial (coverage gaps)
	Gulf of Mannar, Andamans, scattered sites
	Moderate (enforcement issues)
	Enforcement, funding, stakeholder conflict
	Very High

	Bycatch Reduction Devices
	Dolphins, porpoises, dugongs
	Pilot phase (limited uptake)
	India, Bangladesh (trials)
	Unknown (insufficient data)
	Fisher resistance, cost, training
	Critical

	Ship Strike Mitigation
	Large whales (blue, humpback)
	Proposed (not enforced)
	Sri Lankan shipping lanes
	Not assessed
	Lack of regulation, monitoring capacity
	Critical

	Whale Watching Guidelines
	Whales and dolphins
	Implemented (Sri Lanka, Maldives)
	Sri Lanka, Maldives
	Moderate (compliance variable)
	Enforcement, operator compliance
	High

	Habitat Restoration
	Dugongs, coastal dolphins
	Limited (seagrass focus)
	Gulf of Mannar, Palk Bay
	Low (limited scale)
	Funding, climate impacts, scale
	High

	Community-based Conservation
	Coastal species
	Emerging (few sites)
	India, Bangladesh coasts
	Promising (small scale)
	Resource limitations, capacity
	High

	Transboundary Cooperation
	Migratory species
	Minimal (bilateral only)
	Limited regional agreements
	Low (coordination challenges)
	Political will, data sharing
	Critical

	Fisheries Co-management
	Bycatch-prone species
	Rare (few examples)
	Bangladesh, India (localized)
	Moderate (site-specific)
	Power dynamics, benefit distribution
	Very High

	Acoustic Monitoring Networks
	All cetaceans
	Experimental (2-3 sites)
	Sri Lanka, Maldives
	Promising (early results)
	Technology cost, expertise
	Moderate



8. CONCLUSION AND FUTURE DIRECTIONS

The marine mammals of the Indian Ocean are at a crossroads, facing a perfect storm of threats where the accelerating impacts of climate change compound the pressures of a wide range of other human activities. Without immediate, coordinated, and decisive action, the future of many of these iconic species is in jeopardy. However, effective conservation action is fundamentally constrained by significant deficiencies in our scientific understanding. Addressing these knowledge gaps is a prerequisite for developing evidence-based management strategies capable of mitigating threats in a rapidly changing ocean. A systematic gap analysis reveals that while basic diversity and distribution have been documented for many species, mechanistic understanding and future projections are almost entirely lacking.. These deficiencies are not evenly distributed, with research effort varying significantly across the basin, leaving vast areas and numerous species critically under-studied (Table 2).
Table 2: Research Effort and Knowledge Gaps for Marine Mammals in the Indian Ocean.
	Region
	Research Effort
	Survey Coverage
	Data Availability
	Priority Gaps

	Gulf of Mannar
	Moderate
	Moderate
	Dugong only
	Offshore species, movements

	Sri Lankan Waters
	High
	High
	Blue whales
	Connectivity, feeding

	Arabian Sea
	Low
	Low
	Minimal
	Population size, distribution

	Bay of Bengal
	Moderate
	Moderate
	3-4 species
	Offshore, deep-water species

	Andaman & Nicobar
	Low
	Low
	Spinner dolphins
	Most species data

	Western Indian Ocean
	Very Low
	Very Low
	Largely absent
	Baseline for all species


Note: Research Effort reflects the relative volume of peer-reviewed publications and technical reports since 2000. Survey Coverage: High = year-round systematic surveys; Moderate = seasonal or spatially limited; Low = sporadic; Very Low = fragmented. Data Availability refers to population abundance estimates. Priority Gaps indicate most critical research needs

The path forward, therefore, must be twofold: expanding geographic survey coverage into data-poor regions while simultaneously launching targeted, hypothesis-driven research programs to address these critical thematic gaps. This requires a paradigm shift towards proactive, predictive science, underpinned by a new level of international cooperation, sustained long-term funding for monitoring networks, and a commitment to integrating research findings into adaptive management frameworks. The fate of the Indian Ocean’s magnificent marine mammal fauna, and the health of the ocean upon which we all depend, hangs in the balance, contingent on our ability to close these knowledge gaps before critical ecological tipping points are reached.
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