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ABSTRACT

Sea turtles are ancient marine reptiles that play vital ecological roles across tropical and subtropical ecosystems. As
keystone species, they regulate trophic dynamics, enhance nutrient cycling, and maintain seagrass and coral reef health.
However, human-induced pressures—ranging from fisheries bycatch and coastal development to pollution and climate
change—have resulted in significant population declines globally. This review synthesizes scientific findings from 1987 to
2024 to evaluate the ecological significance, major threats, and conservation strategies for sea turtles. Emphasis is placed
on ecosystem services, emerging technological interventions, and policy frameworks that support global turtle
conservation. Findings highlight the importance of community engagement, innovative monitoring tools, and adaptive
management to mitigate anthropogenic threats. The study concludes that integrated, multidisciplinary approaches
combining ecological science, policy, and technology are essential for long-term sea turtle conservation and the
sustainability of coastal ecosystems.
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INTRODUCTION that can enhance the effectiveness of conservation efforts in
the coming decades. Sea turtles have a long evolutionary
history and complex life cycles that include extensive
pelagic juvenile stages and site-specific adult behaviors,
which influence both their vulnerability and conservation
requirements. Early foundational work documented pelagic
larval dispersal and life-history stages, providing the
biological framework for population studies (Carr, 1987).
Understanding age at maturity, natal homing, and
migratory connectivity has been critical for delineating

Sea turtles are one of the most ancient vertebrate groups,
surviving for over 100 million years. Globally, seven extant
species inhabit tropical and subtropical waters, providing
critical ecological functions within marine food webs.
Despite their ecological value, six of the seven species are
currently listed as Vulnerable to Critically Endangered by
the [IUCN. Major anthropogenic pressures include fisheries
bycatch, illegal trade, habitat degradation, and climate-
induced shifts in nesting patterns. These threats not only

endanger turtle populations but also disrupt key ecological
processes such as nutrient cycling, sediment stabilization,
and trophic regulation. This review aims to summarize the
ecological importance of sea turtles, analyze recent
literature on their conservation challenges, and assess the
effectiveness of management strategies. The paper also
explores emerging technologies and policy interventions

conservation units and identifying priority habitats for
protection (Hamann et al., 2010; Maxwell et al., 2011).
This life-history knowledge underpins modern approaches
to population monitoring and management.

Nesting behavior and hatchling output have strong
ecosystem implications: eggs and unhatched embryos
provide substantial nutrient inputs to dune vegetation,
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stabilizing coastal substrates and supporting beach ecology.
Seminal studies show that nesting density, clutch success,
and hatchling mortality directly influence nutrient transfer
to coastal dunes (Eckert et al., 1999; Nichols, 2003).
Anthropogenic pressures that reduce nesting success
coastal development, artificial lighting, and predation—
therefore cascade to affect dune vegetation and erosion
dynamics (Mazaris et al., 2009; Mazaris et al., 2014).
Methodological refinements in nest monitoring and
relocation have improved management outcomes when
combined with habitat protection (Najwa-Sawawi et al.,
2021). Sea turtles exert important top-down and habitat-
shaping effects. Grazing by green turtles enhances seagrass
productivity and patch dynamics, while hawksbill predation
on sponges regulates competitive interactions on coral reefs
(Heithaus et al., 2014). Leatherbacks and other species that
consume gelatinous zooplankton help control jellyfish
blooms that otherwise disrupt fisheries and ecosystem
balance (Carr, 1987). These functional roles demonstrate
that declines in turtle populations can produce measurable
changes in community composition, primary productivity,
and the services that coastal ecosystems provide to humans.
Fisheries bycatch remains one of the greatest direct
mortality sources for sea turtles worldwide; experimental
approaches such as illuminated gillnets show promise for
mitigation (Ortiz et al., 2016).

Coastal squeeze, shoreline hardening, and beach tourism
reduce available nesting habitat and increase egg/hatchling
mortality (Mazaris et al., 2009; Magalhdes et al., 2021).
Pollution including plastics and oil spills—further degrades
foraging habitats and causes direct mortality (Magalhdes et
al., 2021). Human disturbance, such as beach crowding and
artificial lighting, also disrupts nesting behavior and
hatchling orientation (Reboul ef al., 2021). Climate change
compounds these threats through sea-level rise and
temperature-driven sex ratio shifts (Butt ef al., 2016).
Monitoring techniques have advanced from traditional
beach patrols to high-tech solutions like satellite telemetry,
unmanned aerial systems, and automated photo-ID
algorithms. Satellite tracking has informed migratory
corridors and foraging hotspots that are critical for
designating protected areas (Maxwell et al., 2011;
Robinson et al., 2021). Unmanned aerial systems (UAS)
improve nest counts and disturbance-free monitoring at
scale (Rees et al.,, 2018). Computer-vision tools (Hot
Spotter) and citizen-science platforms enhance long-term
datasets and public engagement (Dunbar et al., 2021;
Cornwell & Campbell, 2012). These methodological
innovations increase the precision of abundance estimates
and support adaptive management.

MATERIALS AND METHODS

Databases searched: Scopus, Web of Science, Google
Scholar, and ScienceDirect. Keywords used: “sea turtle
conservation,” “marine biodiversity,” “nesting ecology,”
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“climate change and sea turtles,” “marine protected areas,”
“fisheries bycatch.” Inclusion criteria: peer-reviewed
journal articles, conference papers, and book chapters
addressing ecology, threats, or conservation strategies for
sea turtles. Exclusion criteria: non-English publications and
localized reports without empirical data. A total of 75
sources were screened, and 25 were included for detailed
analysis based on scientific relevance and contribution to
conservation knowledge.

ECOLOGICAL ROLES OF SEA TURTLES

Sea turtles act as ecosystem engineers and keystone species
within marine ecosystems. Nutrient Cycling: Turtles
transport nutrients from marine to coastal environments via
nesting and hatching processes, enriching beach vegetation
and dune stability (Eckert et al., 1999; Nichols, 2003).
Seagrass and Coral Reef Maintenance: Green turtles
regulate seagrass biomass, promoting new shoot growth,
while hawksbills limit sponge dominance on coral reefs
(Heithaus et al., 2014). Trophic Regulation: By consuming
jellyfish and benthic invertebrates, sea turtles maintain prey
balance and prevent ecosystem overgrowth (Carr, 1987).
Ecological Indicators: Because of their long lifespan and
migratory behavior, sea turtles serve as biological
indicators of ocean health and ecosystem stability.

MAJOR THREATS TO SEA TURTLES

Fisheries Bycatch: Accidental entanglement in trawl nets
and longlines remains the leading mortality cause (Ortiz et
al., 2016). Habitat Degradation: Coastal construction,
artificial lighting, and tourism have altered nesting sites and
reduced reproductive success (Mazaris et al., 2009).
Pollution: Marine debris ingestion and oil contamination
impair growth and reproduction (Magalhdes et al., 2021).
Climate Change: Rising sand temperatures alter sex ratios,
while sea-level rise threatens nesting beaches (Butt et al.,
2016). Illegal Trade: Consumption of turtle meat, eggs, and
shells persists in several regions (Verissimo et al., 2020).

CONSERVATION AND MANAGEMENT
STRATEGIES

Habitat Protection: Establishment of marine protected areas
(MPAs) and nesting sanctuaries ensures secure
reproduction zones (Mazaris et al., 2014). Fisheries
Management: Use of Turtle Excluder Devices (TEDs) and
illuminated nets effectively reduces bycatch mortality
(Ortiz et al., 2016). Community Participation: Local
stewardship and ecotourism programs increase awareness
and financial support for conservation (Campbell, 2007;
Shanker, 2020). Technological Advances: Satellite
telemetry, drones, and Al-based identification systems
enhance monitoring precision (Rees et al., 2018; Dunbar et
al., 2021). Policy and Governance: International
collaborations such as CITES and CMS foster
transboundary management for migratory populations
(Hamann et al., 2010).
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Figure 1. Global threats and conservation strategies.

RESULTS AND DISCUSSION

A synthesis of reviewed literature indicates that integrated
conservation frameworks combining biological, social, and
technological approaches yield the best results. Studies
show significant recovery of nesting populations in regions
with consistent monitoring and bycatch reduction policies
(Mazaris et al., 2017; Rees et al., 2018). However, regions
lacking governance and community engagement continue
to face population declines. Comparative evaluation reveals
that community-based conservation and technological
interventions have a synergistic effect on long-term
protection. Emerging tools like unmanned aerial vehicles
and Al-driven population mapping have enhanced accuracy
and cost-efficiency. Nonetheless, climate change adaptation
remains under-addressed, and the lack of standardized
global  monitoring  hinders data  comparability.
Strengthening local participation and policy enforcement is
vital for achieving global conservation goals.

CONCLUSION

Sea turtles are ecologically indispensable species whose
survival ensures the health and productivity of marine
ecosystems. This review highlights that effective
conservation requires the convergence of ecological
research, community involvement, and technological
innovation. While progress has been achieved through
bycatch reduction, habitat restoration, and awareness
programs, challenges remain in harmonizing global efforts.
Interdisciplinary collaboration across science, policy, and
society will be essential to secure sustainable sea turtle
populations for future generations. Future conservation
research should focus on Integration of Molecular and
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Genetic Tools to assess population connectivity and genetic
diversity.Al and Nanotechnology in Monitoring for real-
time tracking and data-driven conservation modeling.
Climate-Resilient Management Plans adapting nesting
habitats to thermal and sea-level stress. Cross-Border
Collaboration coordinated regional strategies for migratory
corridors. Eco-Tourism-Based Conservation Funding
linking sustainable livelihoods with biodiversity protection.
Developing standardized global databases, citizen science
networks, and multi-species management frameworks will
enable a holistic and adaptive conservation paradigm for
sea turtles.
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