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ABSTRACT  
Integrated Ocean Management (IOM) is an approach that links 
planning, decision-making and management arrangements across 
sectors in a unified framework, to enable a more comprehensive 
view of sustainability and the consideration of cumulative effects 
and trade-offs. As pressures on marine systems intensify, 
implementing effective IOM becomes increasingly critical for 
ensuring Australia’s increasingly crowded marine estate remains 
healthy and productive for future generations. For Australia to 
successfully utilise IOM it must overcome many challenges 
associated with the scale of its marine ecosystems, which are 
highly interconnected, multifaceted (multi-species, multi-use, 
multi-stakeholder) and multi-jurisdictional. This is not an 
insurmountable task, but it does requires sustained commitment 
to coordination and integration; additional research to inform 
policy, including better tools for evaluating complex allocations, 
trade-offs and cumulative effects; effectively engaging 
stakeholders at scale; stronger legal and institutional frameworks 
for coordination; building capacity for implementation; robust 
monitoring systems to assess outcomes and enable adaptive 
management; and adaptive approaches that can respond to new 
information and changing conditions. In this paper we lay out the 
pathway to IOM in Australia, including priority milestones to 2030.
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Introduction

Australia’s marine estate is defined by the world’s third-largest marine territory, spanning 
tropical to Antarctic waters, with multiple jurisdictions and many separately managed 
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sectors. These waters support all manner of marine activities that together generated $229 
billion economic output in 2022–2023 (approximately 9.1% of Australia’s GDP), supporting 
over 712,000 jobs (AIMS 2025). The value is more than monetary however, as Australia’s 
marine waters are culturally significant for Australia’s First Nations and wider communities.

Similar to many marine regions, Australia’s marine estate is under mounting pressure 
from existing and emerging activities (Laubenstein et al. 2022), compounded by climate 
change impacts (Commonwealth of Australia 2024), and the need to conserve biodiversity 
and maintain ecosystem functionality to ensure that the ocean continues to provide the 
many benefits it provides to society. The identification of threats in Australian waters has 
increased over time, with the identification and evaluation of ‘threats from use and extrac
tion’ rising most rapidly over the last decade (Laubenstein et al. 2022).

Traditional ocean management approaches have operated amid a lack of knowledge 
of ecosystem function, complexities of overlapping jurisdictions, inconsistent governance 
and/or differing resource use policies and allocation of resources within sector-specific 
frameworks (Stephenson et al. 2023) with a lack of integrated governance across portfo
lios/sectors and jurisdictions. There are currently over 200 pieces of legislation relevant to 
Australia’s marine activities, but the current siloed approach to ocean is inadequate to 
address the rapid growth in ocean uses and the complex interplay between human activi
ties and marine ecosystems (Stephenson et al. 2019). This is because this approach to 
ocean management lacks mechanisms for coordination or to achieve balanced outcomes 
across the many diverse objectives of the actors involved (Winther et al. 2020).

Integrated Ocean Management (IOM) is a comprehensive approach that brings 
together multiple sources of knowledge and aims to balance multiple stakeholder inter
ests and values to ensure sustainable use of marine ecosystems (Stephenson et al. 2019). It 
links planning, decision-making and management arrangements across sectors in a 
unified framework to address cumulative effects, protect biodiversity, support economic 
development, and maintain ecosystem services. Effective integration seeks to align or 
reconcile competing objectives at multiple scales and levels (e.g. Thebaud and Boschetti 
2024; Stephenson and Hobday 2024). This includes recognising trade-offs and reconciling 
the different social, economic, cultural and environmental goals and objectives of ocean 
users or sectors (normative integration), the regulatory or practical management arrange
ments for individual sectors or stakeholders (applied integration), and the integration of 
scientific data or knowledges (empirical integration) (Vince et al. 2024). Adopting IOM in 
Australia is essential to achieving ecologically sustainable use and conservation of Austra
lia’s marine ecosystems amid their escalating and cumulative human pressures, climate 
change, and competing sectoral interests.

The following sections synthesise information on the IOM approach, set IOM within an 
Australian context, identifies critical needs for successfully delivery and lays out a pathway 
to implementation, including priority milestones over the next two decades.

Dimensions of integration

Delivering IOM requires coordination and partnership leading to integration in a number 
of dimensions: 

1. Integrating values, norms and objectives
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Successfully and equitably addressing competing interests – including stakeholder 
preferences relating to resource allocation, economic development and long-term 
environmental sustainability – remains a fundamental hurdle for management (Haugen 
et al. 2024). Effective IOM processes seek to create a foundation of shared values and 
objectives that ground decision-making, exploring where and why conflicts might 
occur (Stephenson and Hobday 2024) and thereby reducing them by involving those 
who will be affected in developing solutions and alternatives. This requires robust stake
holder and Traditional Custodian engagement, partnerships and co-management pro
cesses from the outset and throughout IOM processes (Brooks et al. 2020). 

2. Integrating sectoral and stakeholder management arrangements

IOM is generally focused on producing a policy outcome that balances resource allo
cation and access across multiple sectors, stakeholders or rightsholder groups and inter
ests (Figure 1). Key management approaches used in IOM include marine zoning and 
protected areas, establishing and coordinating access rights, licensing frameworks and 
regulatory controls, and supporting monitoring and knowledge sharing programs. Estab
lished processes like Marine Spatial Planning (Douvere 2008) and Integrated Coastal Zone 
Management (Olsen 2003) are examples of practical tools used to implement IOM (Ste
phenson et al. 2021). Practicality and flexibility will need to have primacy when applying 

Figure 1. Integrated Ocean Management seeks to harmonise use of ocean spaces across multiple 
sectors. The fundamental challenges for the successful implementation of IOM lie in optimising 
resource allocation across various competing interests, recognising potential immediate economic 
gains while ensuring long-term environmental sustainability.
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IOM in Australia, where the marine estate spans the tropics to the poles and needs to 
accommodate activities regulated in multiple jurisdictions (Vince et al. 2024). 

3. Integrating data, knowledge and information

The implementation of IOM relies on evidence-based decision-making supported by 
various tools and mechanisms that drive adaptive management (Stephenson et al. 
2021; Vince et al. 2024; Figure 1). This involves collecting and analysing data on marine 
ecosystems, resource usage patterns, and socioeconomic outcomes and impacts to 
inform policy development and management strategies (Heenan et al. 2016). Care 
needs to be taken to avoid privileging specific data sources, which can marginalise 
specific disciplines, as well as social and cultural values (Fischer et al. 2022; McKinley 
et al. 2022). Instead, approaches used should make coordinated and collaborative use 
of all available knowledge to inform the applied policy development and management 
strategies (Brooks et al. 2020). Where there is absence of sufficient knowledge, application 
of the Precautionary Principle is warranted (Kriebel et al. 2001).

Current stakeholder engagement may occur through established partnerships and co- 
management arrangements between management agencies, industry, and community 
groups, formal consultation processes, and community and industry-based monitoring 
programs (Cvitanovic et al. 2015a). However, engagement levels vary significantly 
across regions and sectors and can also be transitory if connected to time-bound projects. 
Engagement could be substantially improved through the development of more struc
tured and sustained linking mechanisms and governance across portfolios/sectors and 
jurisdictions (Lockwood et al. 2010). Such links facilitate knowledge exchange throughout 
the engagement process (Cvitanovic et al. 2015a).

Indigenous perspectives are included in several ways in current marine management 
initiatives, such as via formal consultation (Hill et al. 2012), co-management processes (Yunu
pingu and Muller 2009; Rist et al. 2019), traditional knowledge incorporation into manage
ment frameworks (Nursey-Bray et al. 2019), through to Indigenous-led and implemented 
marine management (Hill et al. 2012). Examples include the Traditional Use of Marine 
Resources Agreements (TUMRAs), Indigenous Protected Areas (IPAs), and Sea Country 
Plans (Rist et al. 2019). The stepped Three-category approach, which provides a framework 
for understanding and respecting the different levels of engagement (Australian Government 
2022), and the ‘Our Knowledge, Our Way’ resources (Woodward et al. 2020), offer valuable 
information on cultural protocols, Indigenous knowledge, and best practices for engaging 
with Indigenous communities in research projects. However, there is recognition that part
nerships and deeper links with Indigenous knowledge systems are essential for ensuring 
inclusive management that recognises multiple values and rights (Tengö et al. 2017). The 
mixed success and penetration of existing undertakings highlights that significant co-ordi
nated effort is still required in this space for successful and consistent outcomes nationally.

How is Australia progressing IOM?

Australia has strong foundations in traditional marine management, particularly in single- 
sector approaches (Smith et al. 2017) and marine protected area management (Day et al. 
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2019). Australia has historically also been a leader in the concept of IOM (Vince et al. 2015). 
Recent work has shown that IOM, and associated tools such as Integrated Ecosystem 
Assessments, have been partially implemented in Australia (Smith, Fulton, and Boxshall 
2022; Stephenson et al. 2023). National and State governments have both made steps 
towards IOM (e.g. NSW’s Marine Estate,1 or Victoria’s marine Spatial Planning framework2), 
completing engagement, scoping and some risk assessments. However, in each case the 
process has either failed to be comprehensive (including only some groups and indus
tries), has stopped short of evaluating cumulative effects, or has not progressed 
through to truly integrated management outcomes. In practice, planning initiatives 
have focused primarily on marine spatial planning, or remained constrained by existing 
siloed governance arrangements, often due to limited legislative mandate or insecure 
funding.

As competition for access to marine spaces grows, interest has renewed in IOM as a 
possible solution. Nationally, the draft Sustainable Ocean Plan3 recognises IOM as one 
way to achieve improved outcomes for ocean stakeholders.

Australia is not alone in looking to IOM. Full implementation of IOM is an aspiration for 
several other nations – such as Norway (Olsen et al. 2014), the Netherlands (de Vrees 2021) 
and Canada (Fisheries and Oceans Canada 2002; Auditor General of Canada 2025) – but 
these nations also face the challenges described here (e.g. Vince et al. 2015). Progress 
requires advancing cross-jurisdictional frameworks, real-time data integration, and tools 
to balance competing interests in dynamic environments (Winther et al. 2020; Vince 
et al. 2015, 2024). Effective IOM also depends on improved governance, stakeholder 
engagement, technological innovation to facilitate data collection, reporting, communi
cation and engagement at continental scales, and better coordination across research, 
management, and policy sectors (Cvitanovic et al. 2015b; Brodie Rudolph et al. 2020; 
Voyer et al. 2021; Vince et al. 2024). Increased and sustained investment and collaboration 
will be key to achieving comprehensive and sustainable outcomes.

The pathway to IOM

IOM, and through that sound resource allocation, in Australia should balance the benefits 
to multiple end users including the responsible agencies, individual commercial sectors, 
as well as recreational users, Traditional Owners, coastal communities and conservation 
organisations (Hill et al. 2012; Cvitanovic et al. 2015b). Indirect beneficiaries include the 
broader Australian public through improved environmental outcomes and sustainable 
resource management with transparent conflict resolution mechanisms.

The degree of success of taking an IOM approach can be characterised in terms of sus
tainable resource use, reduced user conflicts and enhanced social outcomes due to inclus
ive decision-making processes, improved ecological outcomes through better 
management of cumulative effects, enhanced economic outcomes across sectors 
(through coordinated planning) and more effective governance through coordinated 
institutional arrangements (Stephenson et al. 2019).

While it is possible to identify metrics of IOM success (further elaborated below), under
standing and addressing key science gaps, needs, and challenges in implementing IOM 
requires a strategic approach that encompasses both fundamental research and 
applied science. Achieving scientific progress at the necessary pace demands overcoming 
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roadblocks such as funding limitations, technological constraints, and time-sensitive 
pressures (e.g. pre-development surveys). In the following three sections, we set out 
the needs for science, infrastructure and capability, and the dependencies that set the 
stage for success. Together the broad set of dependencies highlights the need for sus
tained investment in both technological infrastructure and human capability develop
ment across multiple scales within and beyond Australia.

Science needs – research requirements

The multidimensional nature of IOM creates numerous science gaps and challenges. Brid
ging these gaps requires advances of knowledge and information, infrastructure and 
capability (Figure 2).

Key amongst the information and knowledge needs is (Figure 2, top left panel) 
improved understanding of marine socioecological system thresholds, tipping points 
and recovery potential (particularly at multi-year to decadal scales), and quantification 
of cumulative effects across pressures and sectors (Smith, Fulton, and Boxshall 2022). 
This enables evaluation of trade-offs but also a shift to a new perspective that looks for 
mutually beneficial outcomes rather than competitive framing of ocean use. Achieving 
these advances requires improved understanding of cross-scale connectivity and socioe
cological system function, which will support identification of the most informative social, 
economic and cultural indicators that can then be tracked through time (past, present and 
into the future).

Figure 2. National science and infrastructure needs to advance Integrated Ocean Management (upper 
half) must be supported by collaboration, policy frameworks, human capital, technology, data proces
sing and analytics, and advanced data collection (lower half). White stars in inner circle indicate 
domains with major foreseeable capacity gaps.
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Providing system scale insights and predictive capacity in support of IOM requires 
long-term baseline environmental and socioeconomic impact data, resource use patterns, 
cultural and heritage value mapping, and scenarios of future change (Stephenson et al. 
2019; Smith, Fulton, and Boxshall 2022). Analytical innovation is also required to find 
and explore connections across these properties more effectively. For this knowledge 
to be captured in a meaningful way for end users, a new generation of integrated decision 
support systems are required, incorporating real-time monitoring dashboards, predictive 
modelling platforms, spatial planning tools, risk assessment frameworks and stakeholder 
engagement platforms that can function at the scales needed (from fine scale around 
specific features to much larger regional to national scale assessments).

For the maximum benefit of any technical and analytical requirements to be realised, 
research on the ‘how to’ of IOM is necessary (Winther et al. 2020; Rölfer et al. 2021). Law 
and policy development is required (Vince et al. 2024) alongside research on stakeholder 
behaviour analysis, apposite forms of governance, social impact assessment methods and 
appropriate cultural value mapping techniques (including their facilitation into ecosystem 
service valuations) (Voyer et al. 2021; Partelow et al. 2023; Vince et al. 2024). Success 
necessitates advances in underpinning disciplinary, interdisciplinary, and transdisciplinary 
approaches, including research on integrating diverse values held across different groups 
(Tengö et al. 2017; Rölfer et al. 2021), securing reliable evidence bases and translating that 
plethora of information into operational management and governance (Stephenson et al. 
2021; Karcher et al. 2024). Together this requires marine social sciences and humanities 
working with marine and computational scientists in interdisciplinary teams, furthering 
research and assisting action in the IOM governance and policy space, without waiting 
for all research gaps to be filled.

Infrastructure and capability needs

Success in the widespread implementation of IOM requires sustained investment in phys
ical infrastructure and human capability development (Figure 2, top right). It will be 
necessary to build and maintain the strong and reliable connections needed between 
science, stakeholders and management systems that is the foundation of IOM, which 
will involve technological and methodological advances. While effort and investment 
are required in all segments shown in Figure 2, foreseeable capacity gaps centre on inte
grated data systems, cross-jurisdictional coordination, advanced modelling capabilities 
and end user capacity (domains marked with a star in Figure 2).

Institutionally, effective delivery of IOM into decision-making and public good 
(especially cross-jurisdictionally) entails, at a minimum, improved coordination mechan
isms and unimpeded exchange of information (Haas et al. 2022). Ideally, there is also 
explicit supporting policy, planning and management coordination, conflict resolution 
and underpinning legal and institutional arrangements (Stephenson et al. 2019). This 
requires clear governance, to provide an authorising environment, as well as more 
effective stakeholder engagement platforms and knowledge sharing systems (especially 
at scale) (Stephenson et al. 2019; Haas et al. 2022). In turn, this engenders expanded 
capacity needs in these areas, with transdisciplinary research (Kelly et al. 2019) and stake
holder inputs across data collection, knowledge generation and decision support critical 
for successful IOM.
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Technologically, the mismatch in system understanding versus IOM needs translates 
into key infrastructure needs around enhanced (and automated) monitoring networks, 
associated equipment and data visualisation tools, data storage, high-performance com
puting facilities, collaborative research platforms and accessible information delivery plat
forms that allow stakeholder exploration of connections, interactions and trade-offs 
between alternative uses or management interventions. This may require modular 
research infrastructure, increased investment in mobile monitoring capabilities and scal
able data systems (Jones et al., in review). There are also substantial needs in terms of 
human resources capable of using these technologies, including more people with appro
priate engineering or analytical skills (e.g. modelling, data analytics, Artificial Intelligence 
(AI) and Machine Learning), marine social scientists, Indigenous knowledge integration 
experts, knowledge brokers and cross-disciplinary expertise (especially in marine 
science, economics, and policy) – see the papers in this Special Issue on enabling science.

The new decision support systems needed by IOM end users will come with expanded 
security and capacity needs, requiring investment in new data integrity checks (e.g. via 
blockchain), evolving security measures and an AI capacity lift, including specialised train
ing programs or other forms of technical capability-building within agencies. Beyond 
quantitative analytical skills, effective and powerful communications/strategies and 
people to broker those connections are also essential. Societal trust in the processes 
and underlying information needs to be an embedded feature for IOM to be effective 
in practical terms (Francis et al., in review).

Dependencies
All the advances and science needs outlined above come with strong interconnected 
dependencies (the bottom 6 panels of Figure 2). Successfully delivering to the many 
science needs will require coordinated advancement across multiple scientific and tech
nological domains, supported by appropriate policy and governance frameworks and 
strong leadership. The rate of progress will be significantly influenced by breakthroughs 
in key enabling technologies and the successful integration of these innovations into 
existing management frameworks, but also by investment in human capital and capacity 
uplift.

Six broad classes of critical dependencies exist: (1) Sustained and secure data collection 
and monitoring; (2) Data processing and analysis; (3) Technology and Communication 
systems; (4) Policy and institutional frameworks; (5) Investment in human capital; and 
(6) National and international collaboration.

The dynamic nature of marine socioecological systems, and the fact they are moving 
into novel combinations that may invalidate past understanding, means that the IOM 
must be underpinned by real-time data at appropriate scales. Ongoing advances in vali
dated remote monitoring remain the most-cost effective means of covering Australia’s 
vast EEZ (Evans et al. 2026). Other knowledge holders and citizen scientists have substan
tial roles in providing on-water understanding and monitoring of a range of system prop
erties, such as biodiversity, beach and coastal condition, marine debris, species 
distributions and shifts, and water quality (Aceves-Bueno et al. 2015; Pecl et al. 2019). 
Nonetheless, these approaches are insufficient in isolation and there is no escaping the 
importance of nationally coordinated ecosystem monitoring and sustained observing 
programs. This means there are strong dependencies on the development of advanced 
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sensor technologies for real-time monitoring (Vitousek et al. 2023). These include hyper
spectral imaging capabilities and expanded LiDAR systems for marine mapping (Smart 
et al. 2026), autonomous underwater vehicles (AUVs) and drones (Yuan et al. 2023), 
eDNA sampling and analysis capabilities (especially at sea capability and an expanded 
set of molecular markers for species identification) (Jiang et al. 2025), advanced acoustic 
monitoring systems (Mooney et al. 2020), integrated coastal radar systems and multi-plat
form data integration, and satellite technologies that provide for both broad-scale moni
toring and readily available low-cost high-resolution satellite imaging. All these require 
research and appropriate validation to ensure accurate interpretation and representative
ness of remotely collected data (Murray et al. 2018).

The required data and analyses will not be confined to biophysical systems. In terms of 
economics, cost–benefit analysis frameworks for multi-use scenarios are already in 
demand, as are Blue Economy opportunity assessments, ecosystem accounting and 
non-market valuation (required for both historical market oversight and new markets) 
(Milligan et al., in review). Integration of human population data, values and needs, and 
details of institutional arrangements for decision-making into analyses will require stan
dards allowing for social and economic datasets to be joined with other ‘big data’ in 
new ways informative to IOM. Social and governance sciences, finance, economics and 
even less traditionally associated disciplines (e.g. psychology) will also have an increased 
role to play in IOM and in the integrated research teams required to service it.

To maximise the benefit possible from different knowledge bases, Australia needs to 
invest in the innovative use of new analytical approaches. This creates infrastructure 
dependencies, such as high-performance and cloud computing infrastructure, as well 
as disciplinary dependencies – especially increasing demand for expertise in statistical 
and Bayesian inference, Machine Learning and AI algorithms (and related fields such as 
neuro-computing methods), and advanced statistical and dynamic/hybrid ensemble 
modelling tools (Jones et al., in review; Friedman and Shafi in review). As techniques 
evolve there is also the potential for a need to pivot to new technologies as break
throughs occur (e.g. in quantum computing applications) (Figure 2).

A swath of dependencies in realising secondary service-oriented delivery also exist, 
including leveraging AI and Machine Learning to deliver automated relevant pattern rec
ognition for broader sets of ecological data, improved predictive modelling of ecosystem 
changes (with assessment of the efficacy of predictions), real-time resource allocation 
optimisation (e.g. in-season catch adjustment, or changes in spatial use), automated com
pliance monitoring, and dynamic risk assessment systems. Expanded datasets and auto
mated biotechnological processing would see needs around effective genetic tracking of 
marine populations, bioinformatics tools for ecosystem analysis and rapid reliable biodi
versity assessment methods. The growth in familiarity with digital twins (i.e. models), and 
the pressure to develop them for marine systems (Tzachor, Hendel, and Richards 2023), 
requires the technical know-how to build such models (requiring breakthroughs in con
nection of physical and socioecological systems from local to global scales), but also in 
terms of their delivery and ethical use (Tzachor, Hendel, and Richards 2023; Hazeleger 
et al. 2024).

The speed and magnitude of delivery required is dependent on advances in engineer
ing and computational technologies (such as AI), automating monitoring and analytical 
workflows, while accelerating assessment and information sharing, delivering near real- 
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time simulation capabilities, knowledge processing and provision, broader scenario 
testing platforms, interactive visualisation tools, and simultaneously more powerful and 
increasingly user-friendly, predictive management systems. Realisation of this new com
puting capacity will be dependent on investment in the development of analytical 
capacity, adherence to standard operating procedures,4 and FAIR data standards, such 
as standardised metadata protocols, interoperable databases, rigorous quality assurance 
frameworks (as recognised by IMOS5). Maximal benefit will only be realised from cross-jur
isdictional data sharing agreements and, where-ever possible, open-source software 
(Figure 2). In parallel, enhanced data security and necessary regulatory controls are 
needed to address knowledge access and security concerns.

The increased computational demand associated with many of the technologies listed 
above creates dependencies in terms of real-time data processing, edge- and distributed- 
computing networks, and mobile processing capabilities. Additional infrastructure depen
dencies come from researcher and user group expectations around the necessary speed 
of access to and transfer of information. The shape of communication is changing quickly, 
with dependencies both in terms of the physical infrastructure and delivery mechanisms 
(e.g. enhanced satellite communication networks, national broadband 5G/6G network 
infrastructure and capacity, Internet of Things (IoT) integration), but also the service 
side – such as real-time data transmission systems and visualisation and data interrog
ation capacity. Delivering these infrastructure requirements will be physically dependent 
on addressing energy needs through renewable sources, an area where there is consider
able scope for Australian research contributions.

Dependencies go beyond physical infrastructure and computational methods to include 
human capital. Research technical expertise will be required to develop and use the methods 
(e.g. skilled data scientists, marine technology experts, systems integration specialists, Indi
genous knowledge experts and cross-disciplinary researchers). In addition, expertise will 
be needed pertaining to stakeholder engagement, governance, policy development, com
munity support, effective communication and supporting/facilitating Indigenous, industry 
and agency partnerships. Moreover, these differing research domains will need to come 
together to build a shared understanding of what the given IOM need is for a particular 
issue or region (e.g. Alexander et al. 2018). Without a pipeline of multidisciplinary researchers, 
the workforce needed to support IOM will not be available (Blythe and Cvitanovic 2020).

Nationally, for the full potential of the technologies and societal needs to be realised, 
supporting policy and institutional frameworks pertaining to regulatory adaptability, 
cross-jurisdictional and agency coordination, data sharing policies and investment frame
works at appropriate spatiotemporal scales will need to be implemented. For ultimate 
success, however, Australia will need to invest in building the capacity of its people to 
understand and utilise all these advances. Investment in communications and social 
learning within educational institutions, and more broadly in terms of society’s ocean lit
eracy, will be fundamental to ensuring the maximum possible benefit from all knowledge 
bases (Francis et al., in review; Blythe and Cvitanovic 2020). For IOM to succeed, high levels 
of ocean literacy and accessibility of evidence to those involved is required (Kelly et al. 
2025). Otherwise, decision makers will be required to prioritise some forms of knowledge 
over others (e.g. science versus local observational/anecdotal data), which can cause 
many conflicts, and limit the ability for ongoing constructive engagement across stake
holder groups after decisions are made.
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Finally, there is a dependency on collaboration. Collaboration herein is defined as the 
intentional, synergistic process of multiple organisations, individuals, and entities working 
collectively with a shared mindset to achieve the IOM goal. Australia can only bridge the 
gaps, address the dependencies and deliver IOM via partnership and enhanced levels of 
sustained investment from a diversity of sources, public and private. Collaboration is 
essential at every step, from appropriate long-term collaborations that can support sus
tained coordinated monitoring and assessment programs (and overcome fragmented 
data collection and complex jurisdictional arrangements) through to end-user delivery 
(IMOS 2025). Engaging the broader set of ocean uses in the development, but especially 
the use of data collection technologies, would have immense benefit (e.g. Lago et al. 
2025). Imagine the radical step change in observational extent, knowledge and capabili
ties if Australia’s entire maritime infrastructure and fleet were instrumented for environ
mental data collection. Critical partnerships in delivering IOM not only involve industry 
close research-industry-agency partnerships (e.g. with technology providers), but also 
connection across jurisdictions and with Traditional Owner organisations. Programs 
such as the Global Archive (Harvey et al. 2021) and NESP standard operating procedures 
(Przeslawski et al. 2019) provide starting points.

International collaboration remains essential despite geopolitical shifts requiring some 
self-reliance (e.g. in technological developments and analytics), Australia’s limited 
resources versus the size of its maritime jurisdiction (third largest globally) necessitates 
leveraging international efforts through technology sharing agreements, research part
nerships, data sharing (of actual data but also in alignments of data protocols and stan
dards), and joint monitoring and modelling programs.

Priority milestones

Achieving this level of change in the governance system and supporting research agenda 
benefits from clear timelines and objectives. Priority milestones (described briefly below 
and outlined in Figure 3) are directed by what can be leveraged from the capability and 
momentum built over the past 10–20 years of marine social-ecological research invest
ment in Australia and what will be needed to keep pace with societal needs and 
climate change impacts over the next 20–30 years. These priorities reflect the science, 
infrastructure and dependencies discussed above. Staging of these priorities allows 
funding and delivery pathways to be developed, and for changes in future years if circum
stances change.

5-Year Milestones (2025-2030): 

1. Standard Operating Procedures for IOM endorsed in one or more regions.6

a. Governance systems for empowered and improved participation across sectors and 
jurisdictions for decision-making (vs single issue constituent groups), also for aligning 
policies and actions across sectors to reduce conflict and enhance synergy.

b. Methods for cumulative effects assessment and evaluation of impacts are agreed by 
government agencies and are fit for purpose given available data and decisions that 
are needed in IOM regions.

c. Performance metrics are defined and available for IOM, spanning species, habitats, 
legal, social, economic, governance and cultural activities.
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d. Standard operating procedures and survey design are agreed on to maximise down
stream data use.

e. Principles for data sovereignty and inclusion of Indigenous and local knowledge 
systems into IOM (the Canadian Integrated Ocean Observing System can be looked 

Figure 3. Indicative timeline for the outcomes needed to achieve Integrated Ocean Management.
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to as an example of the application of digital data standards and CARE7 and FAIR8

principles).
2. Data for IOM are accessible and useable by decision makers, researchers, and stake

holders in IOM processes, and support management and evaluation (as highlighted in 
the draft Sustainable Ocean Plan). 

a. IOM should seek to utilise existing data sets, which may need to be federated
b. Data custodians should seek to adhere to CARE and FAIR principles and establish stan

dardised cross-jurisdictional data sharing protocols (e.g. by agencies).
c. Data analysis and mechanisms for exchange must be resourced alongside data 

collection.
3. Declaration of an IOM testbed to accelerate experience in implementing IOM, as 

understanding and supporting the transition in test bed locations provides lessons 
for broader implementation. 

a. Select a small number of candidate regions for developing IOM testbeds. This will likely 
require an authorising process to declare regions (e.g. akin to the Blue Economy Zone 
in Bass Strait) where IOM can be tested.

b. Candidate regions should span jurisdictions both horizontally and vertically and be 
selected and evaluated in terms of present governance, science and data frameworks, 
and how these would need to change to achieve IOM (an ideal candidate would have 
several IOM elements already in place, such as a recognition of the need for IOM, a 
governance structure that is amenable to new arrangements and either existing 
resources or a clear pathway to necessary funding). This will require looking across 
both those sites with extant partial implementation and ‘greenfield’ sites where 
there is a desire to move to IOM. Example regions include Bass Strait, southern 
Queensland and GBR, southwest Western Australia, and across different levels of gov
ernment from the Commonwealth to States and Local Councils.

4. Real-time integrated monitoring networks established in regions proposed for IOM 
that are sustained and will support management and evaluation. This takes the stan
dards of Milestone 1 and leverages broader data streams from Milestone 2 and con
cepts/advances from Milestone 5 but involves dedicated investment in monitoring 
in the specific region(s) identified under Milestone 3. 

a. Establish monitoring priorities for each region encompassing species, habitats, social, 
economic and cultural activities that build on efforts to date where possible.

b. Identify what would be needed to ensure implementation of the monitoring networks 
once priorities have been identified, including: what is needed to integrate current 
monitoring systems and how to transition to delivery of real-time data/information

5. User-friendly decision support for all stages of IOM. 
a. Creation of collaborative and transdisciplinary stakeholder engagement and partner

ship platforms to address research questions (e.g. Reef Knowledge Platform; RPN 
coordination group for fisheries); Summit approach (DEECA); code-designers with par
ticipatory approaches; Communities of Practice and Networks aimed at acknowled
ging and combining local knowledge.

b. Initiation of a growing set of AI-supported analytical and decision support systems.
c. Technology transfer and capacity development enabling locally appropriate data col

lection and full participation in subsequent activities.
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Building on these and other formative activities already under way sees the fruition of 
several technologies on the decadal time horizon, such that the 10-Year Milestones 
(2030-2035) include: 

1. Technological advances and innovation 
. Complete national coverage of automated monitoring networks
. Data exchange systems in place
. Full deployment of AI-driven decision support systems
. Implementation of advanced predictive modelling capabilities
2. IOM testbed in place with expansion to new regions planned.
3. Development of cross-sector (and ideally cross-jurisdictional) and integrated manage

ment frameworks.
4. Establishment of comprehensive IOM oriented ecosystem valuation systems.

Given the potential degree of global change by mid-century and beyond the 20–30 
Year Milestones (2035-2055) for resource allocation and IOM are: 

1. Complete cross-jurisdictional coordination (all levels) in Australia.
2. Fully integrated adaptive management systems.
3. Comprehensive sustainable resource allocation frameworks.
4. Advanced monitoring and prediction systems operating in real time.
5. Advanced climate change response capabilities (e.g. chronic climate change and 

extreme event strategic response plans that include operational climate interventions 
that are triggered by predetermined trigger points) that simultaneously build resili
ence to undesirable change.

Improving connectivity and communication will be key to delivering on these priori
ties for resource allocation and IOM, and would be assisted by: the development of an 
easily accessible and real-time national marine information and management network 
(underlain by standardised data sharing platforms) facilitation of seamless data access 
and regular knowledge exchange programs; cross-sector forums and workshops; 
enhanced digital collaboration tools; integrated stakeholder communication systems; 
standardised reporting frameworks across jurisdictions and national guidelines on rel
evant topics and protocols (such as climate responses, and integrated or regional stra
tegic assessments).

IOM as a unifying thread across Australia’s ocean research domains

IOM draws on diverse knowledge, requires inter-, multi- and transdisciplinary input and, in 
its most developed form, has substantial data collection and computational needs (Ste
phenson et al. 2021; Vince et al. 2024; and as discussed above). Simpler forms of IOM 
can be shaped to match the available resources and should still yield significant 
benefit (Vince et al. 2024). IOM links domains covered in all the white papers contributing 
to Australia’s National Marine Science Strategy 2026–36: Building Blue Futures9 (see other 
papers in this special issue). It provides the governance, data integration, and decision- 
support systems necessary for sustainable delivery of the Blue Economy, biodiversity 
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conservation, climate adaptation, and cultural heritage management. It also supports and 
benefits from Indigenous leadership, education, and national security and is reliant on 
each of the enabling disciplines and technologies.

Progress and impact measurement

Science delivery in support of IOM resulting in equitable resource allocation spans direct 
stakeholder engagement through digital platforms, regular reporting, policy briefings, 
online decision support tools, industry-specific guidance documents and public aware
ness campaigns. Outputs will be evident in the form of formal management plans and 
strategies, decision support tools used by agencies, industries and other decision 
makers, monitoring reports and research publications. Key indicators of success include 
maintaining biodiversity, stable or increasing fish stocks, improved biosecurity, preser
vation of cultural values and sustainable industry growth.

Progress around delivery of IOM can be measured through integration of IOM con
cepts and materials into established reporting mechanisms such as: resource (e.g. 
fisheries) and marine park management; State of the Environment reports; Environ
mental Impact Assessments and other forms of environmental assessment (including 
the establishment of new cumulative or broad scale strategic assessments); National 
Environmental Economic Accounts; SDG reporting, particularly Goals 14 (Life Below 
Water) and 13 (Climate Action); Economic performance metrics across marine sectors 
(reported via AIMS Marine Index and Australian Bureau of Statistics and the Australian 
Bureau of Agricultural and Resource Economics and Sciences); and other established 
reporting mechanisms, including commercial reporting requirements (e.g. Environ
mental, Social and Governance (ESG) reporting, climate and nature related financial dis
closures) and international reporting mechanisms such as those associated with 
Nationally Determined Contributions (NDCs) and National Biodiversity Strategies and 
Action Plans (NBSAPs).

Tracking progress and impact becomes increasingly problematic as IOM dimensions 
grow (Stephenson et al. 2021; Stephenson and Hobday 2024). In addition, the increasingly 
non-stationary nature of marine systems (in terms of judging resource status and allo
cations) creates challenges. Nonetheless, indicators for measuring the impact of IOM 
remain viable across the quadruple bottom line – i.e. of ecological condition, economic 
performance, social/cultural outcomes and governance effectiveness (Haugen et al. 
2024). A list of illustrative examples are provided in Table 1. Combined with the mile
stones in Figure 3, the progress and performance of IOM could be evaluated using a 
suite of these indicators. Specific indicators and desired end states would be determined 
through the IOM processes itself, as IOM requires input from stakeholders and right
sholders as a foundational part of the process.

In selecting indicators is not only important to settle on indicators that capture system 
state, but also structure and function. Where possible, these should be leading, rather 
than lagging indicators. Without a breadth of indicators, there cannot be confidence 
that all dimensions are being understood through time and over larger spatial areas. 
The performance of indicators can be tested in simulation models to understand 
leading/lagging performance, and sensitivity to system change. While consistency of 
concept is important, the specific indicators may need to be updated over longer 
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periods as climate change (and other pressures) reshape species mixes, potentially in 
novel ways.

Tracking the selected indicators of the socioecological system of interest will be impor
tant for IOM, but they are insufficient in isolation. As noted under the strategic progress 
metrics, and as illustrated in Figure 3, important aspects of IOM implementation require 
establishment of the technological, knowledge and policy infrastructure to support at- 
scale, sustainable approaches. While there are benefits to the ocean from development 
of individual component parts, such as the data collection, interoperability, technological 
advances, and improved assessment methods, the greatest benefits (and the biggest 
cumulative savings in terms of avoidance of undesirable ocean system states and mini
misation of social and economic losses) can only be realised if true collaboration and 
coordination is achieved.

Conclusions

The size and complexity of the challenges facing those responsible for management of 
Australia’s marine estate requires a move beyond historical approaches. The importance 
of these marine ecosystems to Australian cultures and economy intensifies the need. IOM 
presents a unified framework that can address the system complexities (interconnections, 
feedback processes, trade-offs, etc) while simultaneously reducing the complicated 
nature of cumulative incrementally developed single-jurisdiction/single-sector policies. 
Supporting such a shift while not suspending maritime operations necessitates addres
sing specific national science and infrastructure needs (Figure 2) and tracking progress 
again the priority milestones of standardising operating procedures, increasing data 
accessibility and usability under CARE and FAIR principles, undertaking (and learning 
from) IOM testbeds that demonstrate all associated steps – from policy to planning, 
ongoing real-time integrated monitoring networks, advanced predictive modelling capa
bilities, decision support and response capabilities. IOM provides Australian governance, 
and its supporting research community with real opportunities to achieve a sustainable, 
valued, equitable and thriving ocean future.

Table 1. Example indicators and strategic metrics for tracking the progress of IOM.
Indicator metrics Strategic progress metrics

. marine ecosystem health (e.g. the status of representative or 
indicator species, or species of special cultural or ecological 
importance – such as habitat forming species, hub species or 
keystone species)

. ecosystem structure and function (e.g. network indices or 
derivatives such as the ‘Green Band’ or ETI)

. economic performance across sectors

. resource utilisation efficiency

. stakeholder and First Nations community participation and 
satisfaction rates

. degree of implementation of management recommendations

. levels of social license and trust in the process

. community ocean literacy and behavioural change

. cross-sector collaboration effectiveness

. levels of conflict (or harmony/cooperation)

. esearch outputs and citations

. achievement of implementation milestones

. adoption rates of management tools

. ecosystem recovery

. stakeholder and rights holder engagement 
levels

. cross-jurisdictional coordination 
effectiveness

. technology and assessment method 
adoption rates

. data sharing, data usage, knowledge access 
and integration metrics

. extent and magnitude of ecosystem and 
ocean accounts
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Notes

1. https://www.marine.nsw.gov.au/
2. https://www.marineandcoasts.vic.gov.au/marine/marine-spatial-planning
3. https://www.dcceew.gov.au/environment/marine/sustainable-ocean-plan#draft-sustainable- 

ocean-plan
4. E.g., https://marine-sampling-field-manual.github.io/
5. https://imos.org.au/data/about-the-australian-ocean-data-network/data-management- 

standards-and-policies/quality-assurance-and-quality-control
6. These regions may be jurisdictional or bioregional. The exact scale remains flexible as the 

initial application processes are developed and implemented.
7. https://ardc.edu.au/resource/the-care-principles/
8. https://ardc.edu.au/resource-hub/making-data-fair/
9. https://www.marinescience.net.au/white-papers/

Acknowledgements

This work was undertaken as part of the development of Australia’s forward looking National Marine 
Science Strategy. The authors would like to acknowledge the many conversations that happened 
beyond the authorship group across Australia’s First Nations, marine science, marine industry 
and marine user communities. In particular, the authors would like to acknowledge the thoughtful 
review by Eric J. Raes, Claire Spillman, Matthew Bell, X. H. Wang, Di McLean, Eric J Woehler, Catherine 
M. Dichmont, Curtis Champion, Amelie Meyer, Sean Pascoe, Capri Jolliffe, Carla Sbrocchi, Piers 
K. Dunstan and Daniel Ierodiaconou.

Author contributions

CRediT: Elizabeth A. Fulton: Conceptualization, Writing – original draft, Writing – review & editing; 
Alistair J. Hobday: Conceptualization, Writing – original draft, Writing – review & editing; 
Joanna Vince: Conceptualization, Writing – original draft; Melissa Nursey-Bray: Conceptualization, 
Writing – original draft; Michelle Voyer: Conceptualization, Writing – original draft; Julie Robins: 
Conceptualization, Writing – original draft; Stephen J. Newman: Conceptualization, Writing – orig
inal draft; Pia Bessell-Browne: Conceptualization, Writing – original draft; Mel Cowlishaw: Concep
tualization, Writing – original draft; Nicola Waldron: Conceptualization, Writing – original draft; 
Ruth Patterson: Conceptualization, Writing – original draft.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Notes on contributors

Elizabeth A. Fulton is a Chief Research Scientist with CSIRO where she helps lead work on integrated 
oceans stewardship, the blue economy, sustainability and climate adaptation.

Alistair J. Hobday is a Chief Research Scientist with CSIRO whose research includes investigating the 
impacts of climate change and extreme events on marine systems, and identifying impactful marine 
adaptation options.

Joanna Vince Associate Professor is an oceans governance researcher based at the University of Tas
mania’s School of Humanities and Social Sciences.

Melissa Nursey-Bray Professor is a human geographer with the School of Society and Culture, Uni
versity of Adelaide. Her research focuses on engaging communities environmental decision- 
making.

AUSTRALIAN JOURNAL OF MARITIME & OCEAN AFFAIRS 17

https://www.marine.nsw.gov.au/
https://www.marineandcoasts.vic.gov.au/marine/marine-spatial-planning
https://www.dcceew.gov.au/environment/marine/sustainable-ocean-plan#draft-sustainable-ocean-plan
https://www.dcceew.gov.au/environment/marine/sustainable-ocean-plan#draft-sustainable-ocean-plan
https://marine-sampling-field-manual.github.io/
https://imos.org.au/data/about-the-australian-ocean-data-network/data-management-standards-and-policies/quality-assurance-and-quality-control
https://imos.org.au/data/about-the-australian-ocean-data-network/data-management-standards-and-policies/quality-assurance-and-quality-control
https://ardc.edu.au/resource/the-care-principles/
https://ardc.edu.au/resource-hub/making-data-fair/
https://www.marinescience.net.au/white-papers/


Michelle Voyer Associate Professor is a researcher at the University of Wollongong whose research 
focuses on the human dimensions of marine conservation and resource management, and the 
nexus of social science and policy.

Julie Robins is a fisheries scientist in the Queensland Department of Primary Industries whose 
research supports sustainable management of marine fisheries.

Stephen Newman is a Senior Principal Research Scientist with Western Australia’s Department of 
Primary Industries and Regional Development, specialising in fish science and assessments.

Pia Bessell-Browne is a research scientist with CSIRO whose research focuses on stock assessment 
and sustainable fisheries management.

Mel Cowlishaw is a protected area management expert who specialises in strategic policy develop
ment, partnerships and government relations.

Nicola Waldron specialises in marine and coastal legislation, policy and strategy to advance marine 
and coastal planning and management. She led the co-design and implementation of Victoria’s first 
marine spatial planning framework.

Ruth Patterson is a senior researcher at the University of Western Australia specialising in interdis
ciplinary oceanography, ocean observing, Uncrewed Surface Vessels, and numerical modelling in 
remote environments.

ORCID

Elizabeth A. Fulton http://orcid.org/0000-0002-5904-7917
Alistair J. Hobday http://orcid.org/0000-0002-3194-8326
Joanna Vince http://orcid.org/0000-0002-4469-7634
Melissa Nursey-Bray http://orcid.org/0000-0002-4121-5177
Michelle Voyer http://orcid.org/0000-0001-6170-9994
Julie Robins http://orcid.org/0000-0002-7126-5394
Stephen J. Newman http://orcid.org/0000-0002-5324-5568
Pia Bessell-Browne http://orcid.org/0000-0002-7754-7675
Mel Cowlishaw http://orcid.org/0009-0004-9814-4092

References

Aceves-Bueno, E., A. S. Adeleye, D. Bradley, W. T. Brandt, P. Callery, M. Feraud, K. L. Garner, et al. 2015. 
“Citizen Science as an Approach for Overcoming Insufficient Monitoring and Inadequate 
Stakeholder Buy-in in Adaptive Management: Criteria and Evidence.” Ecosystems 18:493–506. 
https://doi.org/10.1007/s10021-015-9842-4.

AIMS (Australian Institute of Marine Science). 2025. AIMS Index of Marine Industry: 2025. Deloitte 
Access Economics for the Australian Institute of Marine Science. https://www.aims.gov.au/ 
sites/default/files/2025-09/3.%20AIMS%20MARINE%20INDEX_WEB_2Sept2025_compressed.pdf.

Alexander, K. A., A. J. Hobday, C. Cvitanovic, E. Ogier, K. L. Nash, R. Cottrell, A. Fleming, et al. 2018. 
“Progress in Integrating Natural and Social Science in Marine Ecosystem-Based Management 
Research.” Marine and Freshwater Research, https://doi.org/10.1071/MF17248.

Auditor General of Canada. 2025. Integrated Oceans Management – Report 3. Reports of the 
Commissioner of the Environment and Sustainable Development to the Parliament of Canada. 
Ottawa: Office of the Auditor General of Canada.

Australian Government. 2022. “Three Category Approach: Researcher Workbook.” National 
Environmental Science Program. https://www.dcceew.gov.au/sites/default/files/documents/ 
nesp-three-category-approach-researcher-workbook.pdf.

Blythe, J., and C. Cvitanovic. 2020. “Five Organizational Features That Enable Successful 
Interdisciplinary Marine Research.” Frontiers in Marine Science 7:539111. https://doi.org/110. 
533389fmars.532020.539111.

18 E. A. FULTON ET AL.

http://orcid.org/0000-0002-5904-7917
http://orcid.org/0000-0002-3194-8326
http://orcid.org/0000-0002-4469-7634
http://orcid.org/0000-0002-4121-5177
http://orcid.org/0000-0001-6170-9994
http://orcid.org/0000-0002-7126-5394
http://orcid.org/0000-0002-5324-5568
http://orcid.org/0000-0002-7754-7675
http://orcid.org/0009-0004-9814-4092
https://doi.org/10.1007/s10021-015-9842-4
https://www.aims.gov.au/sites/default/files/2025-09/3.%20AIMS%20MARINE%20INDEX_WEB_2Sept2025_compressed.pdf
https://www.aims.gov.au/sites/default/files/2025-09/3.%20AIMS%20MARINE%20INDEX_WEB_2Sept2025_compressed.pdf
https://doi.org/10.1071/MF17248
https://www.dcceew.gov.au/sites/default/files/documents/nesp-three-category-approach-researcher-workbook.pdf
https://www.dcceew.gov.au/sites/default/files/documents/nesp-three-category-approach-researcher-workbook.pdf
https://doi.org/110.533389fmars.532020.539111
https://doi.org/110.533389fmars.532020.539111


Brodie Rudolph, T., M. Ruckelshaus, M. Swilling, E. H. Allison, H. Österblom, S. Gelcich, and P. Mbatha. 
2020. “A Transition to Sustainable Ocean Governance.” Nature Communications 11:3600. https:// 
doi.org/10.1038/s41467-020-17410-2.

Brooks, K., K. Barclay, R. Grafton, and N. Gollan. 2020. “Transforming Coastal and Marine 
Management: Deliberative Democracy and Integrated Management in New South Wales, 
Australia.” Marine Policy 139: 104053.

Commonwealth of Australia. 2024. State of the Climate 2024. Canberra: CSIRO and Bureau of 
Meteorology, Commonwealth of Australia.

Cvitanovic, C., A. J. Hobday, L. van Kerkhoff, and N. A. Marshall. 2015a. “Overcoming Barriers to 
Knowledge Exchange for Adaptive Resource Management: The Perspectives of Australian 
Marine Scientists.” Marine Policy 52:38–44. https://doi.org/10.1016/j.marpol.2014.10.026.

Cvitanovic, C., A. J. Hobday, L. van Kerkhoff, S. K. Wilson, K. Dobbs, and N. A. Marshall. 2015b. 
“Improving Knowledge Exchange Among Scientists and Decision-makers to Facilitate the 
Adaptive Management of Marine Resources: A Review of Knowledge and Research Needs.” 
Marine Policy 112:25–25 . https://doi.org/10.1016/j.ocecoaman.2015.05.002.

Day, J. C., R. A. Kenchington, J. M. Tanzer, and D. S. Cameron. 2019. “Marine Zoning Revisited: How 
Decades of Zoning the Great Barrier Reef has Evolved as an Effective Spatial Planning Approach 
for Marine Ecosystem-based Management.” Aquatic Conservation: Marine and Freshwater 
Ecosystems 29:9–32.

de Vrees, L. 2021. “Adaptive Marine Spatial Planning in the Netherlands Sector of the North Sea.” 
Marine Policy 132:103418. https://doi.org/10.1016/j.marpol.2019.01.007.

Douvere, F. 2008. “The Importance of Marine Spatial Planning in Advancing Ecosystem-based Sea 
Use Management.” Marine Policy 32:762–771. https://doi.org/10.1016/j.marpol.2008.03.021.

Evans, S. N., N. Konzewitsch, R. Marks, R. K. Hovey, and L. M. Bellchambers. 2026. “From Pixels to 
Policy: Calibration of Satellite-derived Ocean Water Quality Metrics to Guide EBFM in Exmouth 
Gulf, Western Australia.” Regional Studies in Marine Science 93:104672. https://doi.org/10.1016/j. 
rsma.2025.104672.

Fischer, M., K. Maxwell, H. Nuunoq Pedersen, D. Greeno, N. Jingwas, J. Graham Blair, S. Hugu, T. 
Mustonen, E. Murtomäki, and K. Mustonen. 2022. “Empowering Her Guardians to Nurture Our 
Ocean’s Future.” Reviews in Fish Biology and Fisheries 32:271–296. https://doi.org/10.1007/ 
s11160-021-09679-3.

Fisheries and Oceans Canada. 2002. “Canada’s Oceans Strategy: Our Oceans, Our Future – Policy and 
Operational Framework for Integrated Management of Estuarine, Coastal and Marine 
Environments in Canada.” Oceans Directorate, Government of Canada. https://waves-vagues. 
dfo-mpo.gc.ca/library-bibliotheque/264678.pdf.

Francis, P., R. Kelly, and L. Swanson. in review. “From Science to Sustainability: Advancing Ocean 
Literacy, Education, and Training.” Australian Journal of Maritime & Ocean Affairs.

Friedman, A., and K. Shafi. in review. “Artificial Intelligence and Machine Learning for Australian 
Marine Science.” Australian Journal of Maritime & Ocean Affairs.

Haas, B., M. Mackay, C. Novaglio, L. Fullbrook, M. Murunga, C. Sbrocchi, J. McDonald, et al. 2022. “The 
Future of Ocean Governance.” Rev Fish Biol Fisheries 32:253–270. https://doi.org/10.1007/s11160- 
020-09631-x.

Harvey, E., D. L. McLean, J. S. Goetze, B. J. Saunders, T. J. Langlois, J. Monk, N. Barrett, et al. 2021. “The 
BRUVs Workshop — An Australia-wide Synthesis of Baited Remote Underwater Video Data to 
Answer Broad-scale Ecological Questions About Fish, Sharks and Rays.” Marine Policy 
127:104449. https://doi.org/10.1016/j.marpol.2021.104430.

Haugen, J. B., J. S. Link, K. Cribari, A. Bundy, M. Dickey-Collas, H. M. Leslie, J. Hall, et al. 2024. “Marine 
Ecosystem-based Management: Challenges Remain, Yet Solutions Exist, and Progress is 
Occurring.” npj Ocean Sustainability 3 (7), https://doi.org/10.1038/s44183-024-00041-1.

Hazeleger, W., J. P. M. Aerts, P. Bauer, M. F. P. Bierkens, G. Camps-Valls, M. M. Dekker, F. J. Doblas- 
Reyes, et al. 2024. “Digital Twins of the Earth with and for Humans.” Communications Earth and 
Environment 5:463. https://doi.org/10.1038/s43247-024-01626-x.

Heenan, A., K. Gorospe, I. Williams, A. Levine, P. Maurin, M. Nadon, T. Oliver, et al. 2016. “Ecosystem 
Monitoring for Ecosystem-based Management: Using a Polycentric Approach to Balance 

AUSTRALIAN JOURNAL OF MARITIME & OCEAN AFFAIRS 19

https://doi.org/10.1038/s41467-020-17410-2
https://doi.org/10.1038/s41467-020-17410-2
https://doi.org/10.1016/j.marpol.2014.10.026
https://doi.org/10.1016/j.ocecoaman.2015.05.002
https://doi.org/10.1016/j.marpol.2019.01.007
https://doi.org/10.1016/j.marpol.2008.03.021
https://doi.org/10.1016/j.rsma.2025.104672
https://doi.org/10.1016/j.rsma.2025.104672
https://doi.org/10.1007/s11160-021-09679-3
https://doi.org/10.1007/s11160-021-09679-3
https://waves-vagues.dfo-mpo.gc.ca/library-bibliotheque/264678.pdf
https://waves-vagues.dfo-mpo.gc.ca/library-bibliotheque/264678.pdf
https://doi.org/10.1007/s11160-020-09631-x
https://doi.org/10.1007/s11160-020-09631-x
https://doi.org/10.1016/j.marpol.2021.104430
https://doi.org/10.1038/s44183-024-00041-1
https://doi.org/10.1038/s43247-024-01626-x


Information Trade-offs.” Journal of Applied Ecology 53:699–704. https://doi.org/10.1111/1365- 
2664.12633.

Hill, R., C. Grant, M. George, C. J. Robinson, S. Jackson, and N. Abel. 2012. “A Typology of Indigenous 
Engagement in Australian Environmental Management.” Ecology and Society 17:23. https://doi. 
org/10.5751/ES-04587-170123.

IMOS (Integrated Marine Observing System). 2025. IMOS strategy 2025-2035. imos.org.au.
Jiang, Y., W. Zhao, Y. Zhu, S. Ma, M. Li, S. Zhang, and K. Zou. 2025. “An Innovative Approach for 

Marine Macro-organism Monitoring: Methodology and Future Perspectives of Environmental 
DNA (eDNA) Technology.” Marine Biology 172:52. https://doi.org/10.1007/s00227-025-04609-4.

Jones, E., C. Brown, and L. Bruce. in review. “Modeling and Quantitative Science.” Australian Journal 
of Maritime & Ocean Affairs.

Karcher, D. B., P. Tuohy, S. J. Cooke, and C. Cvitanovic. 2024. “Knowledge Exchange at the Interface of 
Marine Science and Policy: A Review of Progress and Research Needs.” Ocean & Coastal 
Management 253:107137. https://doi.org/10.1016/j.ocecoaman.2024.107137.

Kelly, R., P. Francis, R. J. Shellock, S. Andrews, B. Arthur, C. A. Birkmanis, H. Breidahl, et al. 2025. 
“Ocean Literacy for Ocean Sustainability: Reflections from Australia.” Ocean and Society 2:9797. 
https://doi.org/10.17645/oas.9797.

Kelly, R., M. Mackay, K. L. Nash, C. Cvitanovic, E. H. Allison, D. Armitage, A. Bonn, et al. 2019. “Ten Tips 
for Developing Interdisciplinary Socio-ecological Researchers.” Socio-Ecological Practice Research 
1:149–161. https://doi.org/10.1007/s42532-019-00018-2.

Kriebel, D., J. Ticknerm, P. Epstein, J. Lemons, R. Levins, E. L. Loechler, M. Quinn, R. Rudel, T. Schettler, 
and M. Stoto. 2001. “The Precautionary Principle in Environmental Science.” Environmental Health 
Perspectives 109:871–876. https://doi.org/10.1289/ehp.01109871.

Lago, V., M. Roughan, C. Kerry, and I. Knuckey. 2025. “Fishing for Ocean Data in the East Australian 
Current.” Oceanography 38 (S1): 67–71. https://doi.org/10.5670/oceanog.2025e105.

Laubenstein, T., T. F. Smith, A. J. Hobday, G. T. Pecl, K. Evans, E. A. Fulton, and T. O’Donnell. 2022. 
“Threats to Australia’s Oceans and Coasts: A Systematic Review.” Ocean and Coastal 
Management 231), https://doi.org/10.1016/j.ocecoaman.2022.106331.

Lockwood, M., J. Davidson, A. Curtis, E. Stratford, and R. Griffith. 2010. “Governance Principles for 
Natural Resource Management.” Society & Natural Resources 23:986–1001. https://doi.org/10. 
1080/08941920802178214.

McKinley, E., R. Kelly, M. Mackay, R. Shellock, C. Cvitanovic, and I. van Putten. 2022. “Development 
and Expansion in the Marine Social Sciences: Insights from the Global Community.” iScience 
25:104735. https://doi.org/10.1016/j.isci.2022.104735.

Milligan, B., P. James, and R. Trebilco. in review. “Ocean Accounting.” Australian Journal of Maritime 
& Ocean Affairs.

Mooney, T. A., L. Di Iorio, M. Lammers, T.-H. Lin, S. L. Nedelec, M. Parsons, C. Radford, E. Urban, and J. 
Stanley. 2020. “Listening Forward: Approaching Marine Biodiversity Assessments Using Acoustic 
Methods.” Royal Society Open Science 7:201287. https://doi.org/10.1098/rsos.201287.

Murray, N. J., D. A. Keith, L. M. Bland, R. Ferrari, M. B. Lyons, R. Lucas, N. Pettorelli, and E. Nicholson. 
2018. “The Role of Satellite Remote Sensing in Structured Ecosystem Risk Assessments.” Science of 
the Total Environment 619–620:249–257. https://doi.org/10.1016/j.scitotenv.2017.11.034.

Nursey-Bray, M., R. Palmer, T. F. Smith, and P. Rist. 2019. “Old Ways for New Days: Australian 
Indigenous Peoples and Climate Change.” Local Environment 24:473–486. https://doi.org/10. 
1080/13549839.2019.1590325.

Olsen, E., D. Fluharty, A. H. Hoel, K. Hostens, F. Maes, and E. Pecceu. 2014. “Integration at the Round 
Table: Marine Spatial Planning in Multi-stakeholder Settings.” PLoS One 9 (10): e109964. https:// 
doi.org/10.1371/journal.pone.0109964.

Olsen, S. B. 2003. “Frameworks and Indicators for Assessing Progress in Integrated Coastal 
Management Initiatives.” Ocean & Coastal Management 46:347–361. https://doi.org/10.1016/ 
S0964-5691(03)00012-7.

Partelow, S., A. Schlüter, A. Schlüter, N. C. Ban, S. Batterbury, M. Bavinck, N. J. Bennett, et al. 2023. 
“Five Social Science Intervention Areas for Ocean Sustainability Initiatives.” npj Ocean Sustain 2 
(24), https://doi.org/10.1038/s44183-023-00032-8.

20 E. A. FULTON ET AL.

https://doi.org/10.1111/1365-2664.12633
https://doi.org/10.1111/1365-2664.12633
https://doi.org/10.5751/ES-04587-170123
https://doi.org/10.5751/ES-04587-170123
https://doi.org/10.1007/s00227-025-04609-4
https://doi.org/10.1016/j.ocecoaman.2024.107137
https://doi.org/10.17645/oas.9797
https://doi.org/10.1007/s42532-019-00018-2
https://doi.org/10.1289/ehp.01109871
https://doi.org/10.5670/oceanog.2025e105
https://doi.org/10.1016/j.ocecoaman.2022.106331
https://doi.org/10.1080/08941920802178214
https://doi.org/10.1080/08941920802178214
https://doi.org/10.1016/j.isci.2022.104735
https://doi.org/10.1098/rsos.201287
https://doi.org/10.1016/j.scitotenv.2017.11.034
https://doi.org/10.1080/13549839.2019.1590325
https://doi.org/10.1080/13549839.2019.1590325
https://doi.org/10.1371/journal.pone.0109964
https://doi.org/10.1371/journal.pone.0109964
https://doi.org/10.1016/S0964-5691(03)00012-7
https://doi.org/10.1016/S0964-5691(03)00012-7
https://doi.org/10.1038/s44183-023-00032-8


Pecl, G. T., J. Stuart-Smith, P. Walsh, D. J. Bray, M. Kusetic, M. Burgess, S. D. Frusher, et al. 2019. 
“Redmap Australia: Challenges and Successes With a Large-scale Citizen Science-based 
Approach to Ecological Monitoring and Community Engagement on Climate Change.” 
Frontiers in Marine Science 6:349. https://doi.org/10.3389/fmars.2019.00349.

Przeslawski, R., S. Foster, J. Monk, N. Barrett, P. Bouchet, A. Carroll, T. Langlois, V. Lucieer, J. Williams, 
and N. Bax. 2019. “A Suite of Field Manuals for marine sampling to monitor Australian waters.” 
Frontiers in Marine Science 6:177. https://doi.org/10.3389/fmars.2019.00177.

Rist, P., W. Rassip, D. Yunupingu, J. Wearne, J. Gould, M. Dulfer-Hyams, E. Bock, and D. Smyth. 2019. 
“Indigenous protected areas in Sea Country: Indigenous-driven collaborative marine protected 
areas in Australia.” Aquatic Conservation: Marine and Freshwater Ecosystems 29 (S2): 138–151. 
https://doi.org/10.1002/aqc.3052.

Rölfer, L., A. Liconti, N. Prinz, and C. A. Klöcker. 2021. “Integrated research for integrated ocean man
agement.” Frontiers in Marine Science 8:693373. https://doi.org/10.3389/fmars.2021.693373.

Smart, J. N., D. Cowley, D. E. Carrasco Rivera, M. Hafizt, M. Lyons, S. Phinn, and C. Roelfsema. 2026. 
“Hyperspectral remote sensing for monitoring coral reef and seagrass Ecosystems: capabilities, 
limitations and future directions.” Marine Environmental Research 217:107928. https://doi.org/ 
10.1016/j.marenvres.2026.107928.

Smith, D. C., E. A. Fulton, P. Apfel, I. D. Cresswell, B. M. Gillanders, M. Haward, et al. 2017. 
“Implementing marine ecosystem-based management: Lessons from Australia.” ICES Journal of 
Marine Science 74:1990–2003.

Smith, D. C., E. A. Fulton, and A. Boxshall. 2022. “Plan for Pilot Implementation Integrated Ecosystem 
Assessments in Australia.” Working Group Report to the National Marine Science Committee.

Stephenson, R. L., and A. J. Hobday. 2024. “Blueprint for Blue Economy implementation.” Marine 
Policy, https://doi.org/10.1016/j.marpol.2024.106129.

Stephenson, R. L., A. J. Hobday, E. H. Allison, D. Armitage, K. Brooks, A. Bundy, et al. 2021. “The quilt of 
sustainable ocean governance: Patterns for practitioners.” Frontiers in Marine Science 8:630547.

Stephenson, R. L., A. J. Hobday, I. Butler, T. Cannard, M. Cowlishaw, I. Cresswell, C. Cvitanovic, et al. 
2023. “Integrating management of marine activities in Australia.” Ocean and Coastal 
Management, https://doi.org/10.1016/j.ocecoaman.2022.106465.

Stephenson, R. L., A. J. Hobday, C. Cvitanovic, K. A. Alexander, G. A. Begg, R. H. Bustamante, P. K. 
Dunstan, et al. 2019. “A practical framework for implementing and evaluating integrated man
agement of marine activities.” Ocean & Coastal Management 177:127–138. https://doi.org/10. 
1016/j.ocecoaman.2019.04.008.

Tengö, M., R. Hill, P. Malmer, C. M. Raymond, M. Spierenburg, F. Danielsen, T. Elmqvist, and C. Folke. 
2017. “Weaving knowledge systems in IPBES, CBD and beyond – lessons learned for sustainabil
ity.” Current Opinion in Environmental Sustainability 26–27:17–25. https://doi.org/10.1016/j.cosust. 
2016.12.005.

Thebaud, O., and F. Boschetti. 2024. “A tale of two sectors: Offshore wind and fisheries out for a row 
in the ocean.” Journal of Environmental Management, https://doi.org/10.1016/j.jenvman.2024. 
121060.

Tzachor, A., O. Hendel, and C. E. Richards. 2023. “Digital twins: a stepping stone to achieve ocean 
sustainability?” npj Ocean Sustainability 2:16. https://doi.org/10.1038/s44183-023-00023-9.

Vince, J., M. Fudge, L. Fullbrook, and M. Haward. 2024. “Understanding policy integration through an 
integrative capacity framework.” Policy and Society 43 (3): 381–395.

Vince, J., A. D. M. Smith, K. J. Sainsbury, I. D. Cresswell, D. C. Smith, and M. Haward. 2015. “Australia’s 
Oceans Policy: Past, present and future.” Marine Policy 57:1–8.

Vitousek, S., D. Buscombe, K. Vos, P. L. Barnard, A. C. Ritchie, and J. A. Warrick. 2023. “The future of 
coastal monitoring through satellite remote sensing.” Cambridge Prisms: Coastal Futures 1:e10. 
https://doi.org/10.1017/cft.2022.4.

Voyer, M., C. Moyle, C. Kuster, A. Lewis, K. K. Lal, and G. Quirk. 2021. “Achieving comprehensive inte
grated ocean management requires normative, applied, and empirical integration.” One Earth 
4:1016–1025.

Winther, J. G., M. Dai, T. Rist, A. H. Hoel, Y. Li, A. Trice, A. H. Hoel, et al. 2020. “Integrated ocean man
agement for a sustainable ocean economy.” Nature Ecology & Evolution 4:1451–1458.

AUSTRALIAN JOURNAL OF MARITIME & OCEAN AFFAIRS 21

https://doi.org/10.3389/fmars.2019.00349
https://doi.org/10.3389/fmars.2019.00177
https://doi.org/10.1002/aqc.3052
https://doi.org/10.3389/fmars.2021.693373
https://doi.org/10.1016/j.marenvres.2026.107928
https://doi.org/10.1016/j.marenvres.2026.107928
https://doi.org/10.1016/j.marpol.2024.106129
https://doi.org/10.1016/j.ocecoaman.2022.106465
https://doi.org/10.1016/j.ocecoaman.2019.04.008
https://doi.org/10.1016/j.ocecoaman.2019.04.008
https://doi.org/10.1016/j.cosust.2016.12.005
https://doi.org/10.1016/j.cosust.2016.12.005
https://doi.org/10.1016/j.jenvman.2024.121060
https://doi.org/10.1016/j.jenvman.2024.121060
https://doi.org/10.1038/s44183-023-00023-9
https://doi.org/10.1017/cft.2022.4


Woodward, E., R. Hill, P. Harkness, and R. Archer, eds. 2020. Our Knowledge Our Way in caring for 
Country: Indigenous-led approaches to strengthening and sharing our knowledge for land and 
sea management. Best Practice Guidelines from Australian Experiences. Cairns: NAILSMA and CSIRO.

Yuan, S., Y. Li, F. Bao, H. Xu, Y. Yang, Q. Yan, S. Zhong, et al. 2023. “Marine environmental monitoring 
with unmanned vehicle platforms: Present applications and future prospects.” Science of The 
Total Environment 858:159741. https://doi.org/10.1016/j.scitotenv.2022.159741.

Yunupingu, D., and S. Muller. 2009. “Cross-cultural challenges for Indigenous sea country manage
ment in Australia.” Australian Journal of Environmental Management 16:158–167. https://doi.org/ 
10.1080/14486563.2009.9725232.

22 E. A. FULTON ET AL.

https://doi.org/10.1016/j.scitotenv.2022.159741
https://doi.org/10.1080/14486563.2009.9725232
https://doi.org/10.1080/14486563.2009.9725232

	Abstract
	Introduction
	Dimensions of integration
	How is Australia progressing IOM?
	The pathway to IOM
	Science needs – research requirements
	Infrastructure and capability needs
	Dependencies

	Priority milestones

	IOM as a unifying thread across Australia's ocean research domains
	Progress and impact measurement

	Conclusions
	Notes
	Acknowledgements
	Disclosure statement
	Notes on contributors
	ORCID
	References

