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Abstract

The concept of linkages between human, animal and environmental health is particularly relevant in the
marine realm. The Aquatic One Health (AOH) was introduced as a developing concept with emphasis on
overcoming the limitations of One Heath theory in view of raising awareness to specific challenges and
potential opportunities highlighted in relation to those species dwelling in the oceans. The Paule D.M.
report: The Aquatic One Health A framework for promoting the economic benefits of aquatic health
knowledge 2015-2025 Summary this overall view paper summaries the status of AOH at present, its
utilizations as well as its difficulty in practices form 2015 to 2025. Using case study examples that
describe efforts to monitor marine mammal health and monitor harmful algal blooms, and to understand
the health impacts of marine pollution on the public and animals, as well as tracking zoonotic disease
emergence, we show why an integrated approach to human health and marine health is necessary. This
review summarizes critical research gaps, challenges to implementation, and future opportunities in this
domain. Our results suggest that the Aquatic One Health concept can provide a strong framework for
tackling complex marine health issues but needs stronger cross-sectorial support, better surveillance and
more intensified policy integration. We argue that its application is essential for maintaining marine
ecosystem health and the provision of benefits to humanity in the face of an everchanging environment.

Keywords: Aquatic One Health, marine ecosystems, public health, environmental health, marine
mammals, ocean pollution, climate change, zoonotic diseases, surveillance systems, transdisciplinary
research

1. Introduction

The world's oceans: feeding humanity and maintaining life on earth The world’s oceans span
~71% of the Earth's surface, utterly dominate its hydrological cycle, harbor 97% of its water,
and constitute the largest contiguous ecosystem on our planet . The services of these marine
ecosystems include climate regulation, oxygen production, carbon sequestration, food
provision and economic resources for billions of people worldwide. Nevertheless, marine
ecosystems are now experiencing more anthropogenic impacts than they ever have before,
with climate change, pollution, overfishing and habitat destruction, in addition to emerging
infectious diseases that threaten marine life along with human populations reliant on the ocean
[2]

In the past conservation of marine ecosystem and public health have been managing
independently with poor access to environment, animal, human health. Such silo-management
has failed to address the highly integrated, emergent challenges faced by marine ecosystems in
the 21%t century. The introduction of the One Health concept, acknowledging that human,
animal and environmental health are interdependent [1, has facilitated a more holistic approach
to health problems.

Applying the One Health approach to aquatic ecology - Aquatic One Health (AOH) is a
relatively new but emerging field, which aims to focus on specificities and challenges, related
with aquatic ecosystems. Marine ecosystems present dynamic boundaries, highly complex 3D
habitat architectures, and high levels of connectivity at phenomenal spatial scales and host
predominantly marine organisms that possess unique physiological adaptations influencing
disease transmission and environmental health dynamics I,

~300~


https://www.fisheriesjournal.com/
https://www.doi.org/10.22271/fish.2025.v13.i5d.3171

International Journal of Fisheries and Aquatic Studies

This review has been conducted with the goal of synthesizing
established knowledge regarding Aquatic One Health,
including  its  theoretical  underpinnings,  practical
implementation, and research prospects. We review seminal
cases and use cases from 2015-2025, as well as
implementation challenges and opportunities to date -
concluding with recommendations for the field that are based
on evidence. We propose through this analysis that the
Aquatic One Health paradigm is an indispensable departure
from traditional thinking in response to complex issues at the
convergence of marine science and public health.

2. Theoretical Foundations of the Aquatic One Health
Framework

2.1 Evolution from Terrestrial One Health

The One Health approach was developed on the premise that
human health, animal health and environmental health are
interconnected and the resolution of complex public health
challenges calls for coordinated, multispectral and
interdisciplinary  action Bl One Health emerged
predominantly as a concept for terrestrial issues, in particular
with respect to zoonotic diseases and antimicrobial resistance,
but has gradually grown to include wider environmental
health problems.

The extension of One Health paradigm to aquatic contexts
acknowledges the range of unique conditions separating
marine from terrestrial environments. Oceans show high
connectivity over very large spatial scales, as currents act to
readily transport pathogens, pollutants, and other health-
relevant factors across national borders. The 3-dimensional
structure of marine environments results in intricate vertical
gradients between species, environmental exposure and
pathways to human health outcomes [,

2.2 Core Principles of Aquatic One Health

The Aquatic One Health framework is built upon four
fundamental principles that distinguish it from traditional
sectoral approaches
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Interconnectedness and Interdependence: The structure
acknowledges that the health of marine ecosystems, marine
fauna, and human communities are inherently linked.
Modifications in such a system element influence the other
parts of the system through intricate ecological, physiological
and socioeconomic routes irrespective of whether they
intended or not. For instance, the geographic distribution of
marine pathogens is likely influenced by climate-related
ocean warming that not only affects health of marine animals,
but also human exposure to illnesses caused by organisms in
the sea 7],

Transdisciplinary Integration: Successful implementation
of aquatic One Health necessitates integration across
discipline lines including marine biology, oceanography,
veterinary medicine, public health, toxicology, climate
science and social sciences. Such transdisciplinary approaches
are critical to understanding the complexities of the
interactions that occur within marine socio-ecological systems
and develop holistic solutions to health issues [,

Systems Thinking: The framework promotes a systems
perspective that accounts for the complex interactions,
feedbacks, and emergent properties inherent in marine social-
ecological systems. The approach recognizes that marine
health issues cannot be understood or solved using a
reductionist approach that addresses individual component
parts in isolation [,

Adaptive Management: Taking into account the constantly
evolving character of the oceans and uncertainty resulting
from complex systems, the Aquatic One Health framework
calls for adaptive management solutions that accommodate
changing conditions and new information. This recognizes the
need for flexible monitoring systems, adaptive governance
systems and iterative learning processes [,

Table 1: Core principles of Aquatic One Health and why they matter

Principle Definition Why it matters Marine example Refs
Human-animal-environment health Avoids siloed actions; Warming shifts pathogens affecting
Interconnectedness - . g o 3,7
are inseparable. improves decisions. seafood & wildlife.

2.3 Unique Characteristics of Marine Environments

There are several characteristics of marine environments that
provide unique opportunities and challenges for the
implementation of One Health:

Spatial and Temporal Scales: Marine ecosystems can
operate over vast spatial scales, from local coastal areas to
ocean basins, and over temporal scales from tidal cycles to
multi-decadal climate regimes. This introduces difficulties in
monitoring, attribution of causality, and coordination of
managerial responses across multi-jurisdictional scales 4,

Connectivity and Transport: Ocean currents, tidal flow and
animal migrations make for a highly interconnected marine
system that allows the rapid dissemination of pathogens,
toxins and  other  health-relevant  factors.  Such
interconnectedness means that local health impacts may be
far-reaching and effective management often necessitates co-
ordination across wide geographical areas [*2,

Physiological Marine

Adaptations: organisms  have

developed unique physiological adaptations to their aquatic
habitats. Modification of respiratory systems, osmoregulatory
mechanisms, and metabolic pathways permit establishment of
specific pathological areas of susceptibility, as well as
responses to environmental stress and bioaccumulation of
xenobiotics that are entirely different than those of terrestrial
organisms [*31,

3. Case Studies and Applications

3.1 Marine Mammal Health Surveillance

Marine mammals are important sentinel species for ocean
health because they are apex predators, have long lifespans
and reside in coastal areas, where they interact with humans
(141 The establishment of organized marine mammal health
monitoring systems is among the more extensively mature
prospective applications of One Health for aquatic species.

A Workshop Report titled, Marine Mammal Health
Surveillance (2024) developed a cohesive national approach
to health monitoring for marine mammals that is consistent
with Aquatic One Health concepts . The envisaged
monitoring system harmonizes different components such as
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standardised sampling protocols, priority pathogen as well as
biotoxin monitoring, non-infectious disease indicators and
coordinated laboratory support networking.

Key elements of this surveillance framework include

Standardized Sampling Approaches: Development of
consistent methodologies for the collection of health data
from marine mammal populations from different areas,
species, and life stages, both opportunistically from stranded
animals and systematically from live captured or biopsied

https://www.fisheriesjournal.com

animals [16],

Priority Species and Populations: Identification of focal
species and populations for targeted monitoring according to
conservation status, ecological significance, geographic
distribution and sentinel value for ecosystem health. Priority
species include coastal cetaceans, pinnipeds and polar marine
mammals which are particularly sensitive to environmental
change 071,

Table 2: Sentinel marine mammals and priority health indicators

Species/Population Region Indicator Sampling Sentinel rationale Refs
Callfor_nla sea lion (*Z. U.S. West Coast Domoic acid Strandings; necropsy; Coastal predato_r, early HAB 181921
californianus®) (HAB) serum/urine warning

Integrated Disease Monitoring: On-going surveillance of
both infectious and non-infectious diseases, including novel
pathogens, exposure to biotoxins, diseases associated with
contaminant exposure, and disease outcomes associated with
climate change. This integrated approach acknowledges that
the health of marine mammals is impacted by a number of
different and frequently interacting stressors 1€,

The marine mammal health monitoring program already has
provided valuable information on trends in ocean health. For
instance, long - term Steller sea lion monitoring revealed a
high incidence of domoic acid toxicity associated with
harmful algal blooms and served as an early warning system
for environmental changes that also affect human health, such
as seafood consumption 4, Likewise, monitoring of marine
mammals in the Arctic has uncovered new infectious diseases
which are related to climate change-driven changes in habitat

[201,

3.2 Harmful Algal Bloom Surveillance and Response
Harmful algal blooms (HABs) are a prime example of
Aquatic One Health threats since they impact the health of
marine ecosystems, marine animals and humans in a complex
cross-sectoral manner via various exposure routes 2!, The
CDC’s One Health Harmful Algal Bloom System (OHHABS)
offers a model for integrated HAB surveillance and response.
Started in 2016, OHHABS is the sole national public health
system to uniformly capture investment in HABs and
associated human and animal disease ?2. The system is an
example of Aquatic One Health in action - with a holistic
surveillance system, multi-sectoral partnerships, and a focus
on health impacts beyond species boundaries.

Table 3: Integrated HAB surveillance elements (OHHABS model)

Domain Core metrics

Data source

Response trigger/action Refs

Environment | Cells & toxins; species ID

Monitoring programs; field; remote sensing

Advisories; beach/harvest closures |22,23,25

Multi-Domain Data Integration: The OHHABS monitored
environmental occurrence and toxin levels of harmful algal
blooms (HABs), human health, animal health, and food
safety. This integrative approach ensures a thorough
evaluation of the effects of harmful algal blooms (HABs) on
the human-animal-environment interface 231,

Collaborative Surveillance Network: The cooperation of
state and territorial public health departments, environmental
health agencies, veterinary health professionals, and academic
researchers is a major component of the system. The results
will be the multipronged protection of the public from
dynamic and unpredictable harmful algae bloom (HAB)
events 24,

Early Warning and Prevention: Through the synergistic
combination of health monitoring and monitoring of the
environment, OHHABS enables early warning of HAB-
related health threats and preventive measures to be taken,
such as beach closings, seafood harvest restrictions, and
public health advisories 21,

A recent analysis of OHHABS data has indicated important
patterns with respect to the occurrence of harmful algal
blooms and health effects, including the geographical
expansion of harmful algal bloom events, increases in the
frequency of multi-toxin events, and new associations among
climate variability and patterns of illness related to harmful

algal blooms 281, These results underscore the importance of
integrated surveillance systems for understanding and
responding to the complex problems with respect to
environmental health.

3.3 Marine Pollution and Human Health

Marine pollution constitutes one of the most pervasive threats
to the health of marine ecosystems and human health, with
impacts delivered through a variety of pathways, including
(but not limited to) direct exposure and bioaccumulation in
the food chain, and disruption of ecosystem services 71, The
systematic review performed by Landrigan et al. (2020)
indicated the urgent need for One Health approaches to tackle
the complex and interlinked impacts of ocean pollution on
human health 281, Continents Marine chemical pollution with
chemicals including heavy metals, persistent organic
pollutants (POPs), pharmaceuticals, personal care products
and emerging contaminants such as microplastics compounds
the contamination of marine compartments. This pollutants
biomagnifies the marine food webs and risk to both marine as
well as human seafood consumers have been reported 21,

Microplastic Pollution: New findings have emphasized
growing concern in microplastics as a threat to marine animal
health and human health. Studies have reported microplastic
ingestion in marine mammals with potential implications for
inflammation, intestinal blockage and contaminant transfer [0
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The finding of microplastics in human tissues and the
subsequent threat from seafood ingestion emphasizes the

https://www.fisheriesjournal.com

requirement to consider this emergent risk in a holistic
manner 34,

Table 4: Marine pollutants (incl. microplastics) and exposure pathways

Pollutant Sources Marine fate/bioaccum. Human exposure Health concern Refs
. . Consumer plastics; Ingestion; trophic transfer; Seafood; aerosols Inflammation; vector for
Microplastics - - - 30,31
textiles sediments (coastal) chemicals/pathogens

Marine Endocrine Disruption: Marine environments act as
reservoirs of endocrine-disruptive chemicals that may
interfere with the reproductive health, development and
immune profiles of marine species and mammals. The
ubiquitous nature of these compounds in marine food webs
provides exposure avenues connecting the health of marine
ecosystems to the human health (2,

3.4 Climate Change in Relation to Marine Health

Climate change has been identified as one of the key drivers
for changes in marine ecosystems, which cascade and impact
on both marine animal and human health 33. Climate change

in marine systems provides an example of where such
integrated approaches are necessary as the influences of
environmental change and ecosystem health on people's well-
being becomes increasingly complex.

Ocean Warming and Acidification: Increased ocean
temperatures and acidification influence marine organism
physiology, the distributions of species, and ecosystem
organization. These shifts impact pathogen dynamics, food
web configuration and the provision of ecosystem services
that are essential for human health and well-being (4,

Table 5: Climate drivers — mechanisms — marine & human endpoints

Driver Mechanism (example) Marine outcomes Human outcomes Refs
Marine Thermal stress; altered Mass mortalities; range shifts; predator Food security; HAB illnesses; economic 33 36
heatwaves immunity collapse loss '

Sea level Rise and the Health of our Coasts: Sea level rise
poses a growing threat to coastal communities, through
increasingly frequent flooding, saltwater intrusion, and
infrastructure damage. These impacts interact with human
health through displacement, water and food security, as well
as higher exposure to water-related diseases [*°l.

Extreme Weather: Climate change is driving up the number
of extreme weather events like hurricanes, storm surges and
marine heat waves. Such events can lead to large-scale die-
offs of marine animals, perturb marine food webs and
contribute to public health emergencies in coastal
communities %1,

3.5 Emerging Zoonotic Diseases

Marine habitats harbor many zoonotic pathogens that can
infect marine animals as well as humans %. The range
expansion and transmission of marine zoonoses illustrate the
importance of a "One Health" approach, whereby surveillance
and response capacity is developed to account for a myriad of
interactions among marine hosts, environmental factors, and
human exposure.

Viral Zoonoses: Recent systematic reviews have also
identified a high proportion of marine mammal mortality
events resulting from zoonotic viral diseases, once again
demonstrating the capacity for marine environments to act as
drivers of emerging infectious disease [, Anthropogenic
disturbances and climate change might increase the risk of
viral spillover from marine wildlife to humans.

Bacteral Infections: The ocean is home to a variety of
bacteria, some of which may be pathogenic and are capable of
causing disease in marine animals as well as humans. The rise
of antibiotic-resistant bacteria in the marine ecosystem is also
becoming a more significant threat to both marine animal
health and human 9,

Parasitic diseases: Parasites of the marine environment can
infect both marine animals and humans from direct contact or
consumption of contaminated seafood. Changes in marine
conditions due to climate change appear to disrupt parasite
life cycles and extend the geographical distribution of
parasitic diseases I,

4. Implementation Challenges and Barriers

4.1 Institutional and Governance Challenges
Jurisdictional Complexity: Marine ecosystems frequently
are geographically divided between a range of legal systems,
including national, state and local jurisdictions and even less
well-defined practices such as those that apply in international
waters through treaties. This jurisdictional complexity makes
it difficult to coordinate integrated health surveillance and
responses 14,

Sectoral Fragmentation: Conventional modes of managing
have strongly separated institutions in human health, animal/
plant health and environment. Disassembling these silos and
establishing effective mechanisms for coordination are
challenging themes in the implementation of Aquatic One
Health ©21,

Resource Constraints: It will be cost and human resource
intensive to realise the full potential of Aquatic One Health
approach through surveillance, laboratory capacity, data
management and coordination activities. Many countries have
no financial capacity for multidimensional interventions [*],

4.2 Scientific and Technical Challenges

Gaps in monitoring and surveillance: Robust health
surveillance in the marine environment is technically difficult
because of its scale, difficulty of access and complicated
three-dimensional nature of marine habitats. The existing
monitoring system has large gaps in spatial and temporal
coverage 41
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Attribution and Causality: There are challenges in
attributing cause to change for environmental change and
health within marine systems, as these are complex, multi-
factorial issues which occur over long time scales with
implications at the population level (451,

Data Integration and Standardization: Harmonizing data
across sectors, disciplines and jurisdictiones requires
standardized protocols, compatible Data systems, and
functioning mechanisms for data sharing which often do not
exist 461,

4.3 Capacity and Training Needs

Cross-disciplinary training: There is a limited pool of
individuals who are trained across the multiple fields
necessary to successfully implement Aquatic One Health.
Creating educating activities and training programs that unites
these fields is a big challenge 71,

Technical Capability: Much of the region does not have the
technical capabilities for marine health surveillance, i.e.
laboratory facilities, analysis and trained human resources.
Creating such a reserve will necessitate significant investment
and long-term commitment €1,

Communication and engagement: In order to implement
Agquatic One Health effectively, good communication and
engagement skills are needed in particular when it comes to
working collaboratively across areas as well as hope for
translating complex scientific messages into language that is
understandable by different stakeholders ],

5. Future Directions and Opportunities

5.1 Technological Innovations

Remote Sensing and Autonomous Systems Recent progress in
satellite remote sensing, autonomous underwater vehicles, and
sensor networks has been driving the development of
capabilities to monitor marine environments as well as health
indicators on large temporal and spatial scales 5],

Molecular Diagnostics: Rapid developments in molecular
diagnostics such as environmental DNA (eDNA) and portable
diagnostic devices are facilitating expansive, cost-effective
surveillance of marine pathogens and health indicators B4,

Artificial Intelligence and Machine Learning: Al and
machine learning methods hold promise of combining large
multi-dimensional datasets and revealing hidden patterns and
associations that would not be otherwise evident using
traditional analysis 52,

5.2 Policy and Governance Innovations

Coordinated Governance Framworks:  Coordinated
governance framworks, including those that have horizontal
coherence among sectors and jurisdictions such as:
ecosystem-based management approaches EBM [ %51 and
One Health governance systems [®1 may promote better
coordination and efficiency in the adjustment process.

International cooperation: Enhanced efforts are needed to
develop global mechanisms for health surveillance and
response for the marine environment, including sharing of
data and coordinated monitoring programmes because of the
transboundary character of marine systems >4,
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Adaptive Management Systems: Adopting adaptive
management methodologies, which are able to dynamically
respond to gradients and change in conditions, including new
information could increase the efficacy and resilience of
aquatic OH programs %],

5.3 Research Priorities

Systems-level Understanding: Research that progresses our
understanding of the interactions in marine socio-ecological
systems, such as development of integrated models predicting
health outcomes under different scenarios 1,

Effectiveness of Interventions: This could include studies
assessing the effectiveness of Aquatic One Health
interventions such as surveillance, management and policy
strategies 7,

Social and Economic Aspects: Studies on social and
economic aspects of Aquatic One Health, such as costs and
benefits of integrative approaches, the drivers for stakeholder
engagement or change in behavior B8],

6. Recommendations

Drawing on our extensive examination of the Aquatic One
Health framework, we make several recommendations
towards furthering this essential area:

6.1 Surveillance and monitoring enhancement

Strengthen Integrated Surveillance Networks: Build
integrated networks, such as those that harmonize
environmental monitoring and marine animal health

surveillance with human health surveillance at spatial and
temporal scales appropriate to the challenge.

Standardize Protocols and Data Systems: Create
standardized protocols for how data is collected, analyzed and
shared in order to integrate effectively across sectors as well
as across location.

Invest in Monitoring Infrastructure: Increasing investment
into monitoring infrastructure such as laboratory capacity,
field monitoring options and data management systems.

6.2 Enhance Institutional Coordination

Develop Coordination Mechanisms: Formal coordination
mechanisms that facilitate the organization of relevant sectors
and jurisdictions to develop implement, and assess Aquatic
One Health programs.

Integrative Governance Frameworks: Aim for governance
frameworks that are broader than the traditional sectoral silos
and support cohesive decision-making.

Enhance International Cooperation: Boosting international
collaboration for monitoring and response efforts for marine
health, including data sharing agreements and collaborative
surveillance programs.

6.3 Build Capacity and Expertise

Training Programs Development: Develop training
programs that will develop trans-disciplinary capacity in
Aquatic One Health.

Support Research and Development: Invest in research to
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explore marine socio-ecological systems and the effectiveness
of integrated health interventions.

Facilitate Innovation: Facilitate the development and
adoption of new technologies and methodologies for marine
health monitoring.

6.4 Engage Stakeholders and Communities

Enhance Communication: Facilitate communication
mechanisms that strengthen stakeholder and demographic
involvement in aquatic One Health efforts.

Support Participatory Models: Carry out participatory
models in which communities and stakeholders are actively
engaged to design, implement Aquatic One Health programs.

Tackle Social and Economic Factors: Factor in the social
and economic aspects of marine health challenges, and make
sure Aquatic One Health approaches are attuned to concerns
about equity and justice.

7. Conclusion

The Aquatic One Health (AOH) paradigm is a fundamental
shift necessary to address the complex, interrelated challenges
facing ocean systems and humans in the 21st century. Our
comparitive analysis shows that while there has been
significant advancement in the conceptualization and
operationalization of AOH, a lot of barriers still exist towards
its institutional arrangements, command on science and
resources.

The case studies reviewed in this analysis—marine mammal
health monitoring, harmful algal bloom surveillance, marine
pollution exposure, and emergent zoonotic disease—are
indicative of the promise and obstacles to integrated
approaches to marine health. These case studies illustrate that
successful implementation of Aquatic One Health will
necessitate ongoing sectoral collaboration, significant
investment in surveillance and monitoring tools, and adaptive
management strategies capable of addressing evolving
conditions.

The successful implementation of the Aquatic One Health
framework in future will rely on us to address these
institutional, scientific and capacity challenges raised in this
review. This will necessitate an unprecedented level of
cooperation between disciplines, sectors and jurisdictions, as
well as sustained investment in infrastructure and capacity to
support the integrated approach.

However, the increasing acceptance of how interconnected
are marine health with human health, and technology
advances along with an increasingly  widespread
understanding about our need to conserve the sea, offer room
for optimism. The Aquatic One Health concept provides a
model for more efficient and sustainable options that
safeguard not only the health of marine ecosystems, but also
benefit human well-being.

With the world now entering a period of unique
environmental change the timing couldn’t be better for
integrated thinking around marine health. The Aquatic One
Health framework must serve as a vehicle to address this
challenge, but its effectiveness will be shaped by how
committed we are — collectively — to implementing the
team- and discipline-based approaches that are integral to it.
The state of our oceans and the health of human societies are
intertwined. By adopting the Aquatic One Health paradigm, it

https://www.fisheriesjournal.com

is possible to move toward a future in which both marine and
human communities can flourish sustainably within healthy
relationships with our world's aquatic systems.
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