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With the start of the United Nations (UN) Decade of Ocean Science for Sustainable
Development in 2021, research priorities to support the sustainable use of coastal
and ocean resources and their conservation are in the spotlight. However, to date
comprehensive regulation and management of multifaceted and multi-used ecosystems
has proven challenging. This is partly due to the complexity of coastal and ocean social-
ecological systems (SES), as well as the multitude of approaches to manage those
spaces. In order to address such challenges, magnified by often-conflicting interests
between economic activities and nature conservation, there is an urgent need for
integrated approaches that bridge the gap between science, policy and society, as well
as across different epistemological boundaries set by various management approaches.
Consequently, the interest in multi-, inter-, and transdisciplinary research approaches at
the national and international levels has been growing. In light of the recently started
Decade of Ocean Science, this paper aims at providing key considerations for research
approaches that tackle the outlined challenges in managing the ocean space. From a
survey targeted at projects and initiatives that apply multi-, inter-, and transdisciplinary
approaches, we draw examples of challenges and good-practices. Based on this, we
propose three key considerations for an integrated research approach, including (1)
target setting, resource management, and adaptive planning; (2) knowledge production
and responsiveness toward policy and society; and (3) co-design, co-development,
cooperation, as well as effective communication. The considerations laid out in this
paper are aimed at the effective translation between science, policy, and society
in support of sustainable coastal and ocean governance within the Decade of
Ocean Science.

Keywords: science-policy interface, ocean action, science communication, social-ecological systems,
interdisciplinarity, transdisciplinarity, ocean literacy, conservation

INTRODUCTION

People’s perception of the ocean has changed particularly throughout the last decade. More
attention and awareness within society are created around “Our Blue Planet” (referring to
the equally named BBC series), e.g., throughout (social) media, citizen science (e.g., Earp and
Liconti, 2019), and ocean literacy initiatives (Drakou et al., 2017). Furthermore, the ocean and its
governance have been increasingly put on the agenda of international policy meetings, including
various actors from science, governments, non-governmental institutions, and the private sector
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(Campbell et al., 2016). There is increasing awareness that
the ocean presents an integral part in the earth’s system and
successive recognition of ocean systems providing valuable
services sustaining human livelihood, well-being, and economic
development. Coastal and ocean ecosystem services, such as the
provision of resources, energy, carbon sequestration and tourism,
contribute to a global estimated value of > 2.5 trillion US$
(Costanza et al.,, 2017), providing food to 3 billion people, and
transporting 90% of world trade through the ocean (WWTF, 2015).
These growing economic activities are commonly referred to as
the Blue Economy (Voyer et al,, 2018). Its rapid increase was
recently termed the “Blue Acceleration” (Jouftray et al., 2020),
which also describes the pace at which coastal and ocean systems
are altered. Despite the increasing awareness for the services
the ocean provides to humankind, related human activities are
contributing to the persisting degradation of coastal and ocean
ecosystems. Respective environmental issues include, but are not
limited to, climate change, the overuse of natural resources, alien
species, (plastic) pollution, eutrophication, and sedimentation
(IPCC, 2019; Jouffray et al., 2020).

The year 2020 presented a benchmark for many international
policy goals and targets linked to ocean health. The EU
Water Framework Directive, for example, has called for “Good
Environmental Status” to be reached by 2020 (European
Commission, 2008), the United Nations (UN) Aichi Biodiversity
Target 11 aimed at protecting at least 10% of the global ocean
by 2020 (Convention on Biological Diversity, 2010), and several
Sustainable Development Goal (SDG) sub-targets aimed at
conservation and sustainable use of the oceans, seas and ocean
resources for sustainable development by 2020 (e.g., SDG 14.2
sustainably manage and protect coastal and ocean ecosystems
to avoid significant adverse impacts; 14.4 effectively regulate
harvesting and end overfishing and IUU fishing; 14.6 harmful
subsidies). Due to the current COVID-19 pandemic, reviews and
renewal of commitments for international agreements such as the
Aichi Biodiversity Targets have been delayed to 2021. However,
according to the Global Biodiversity Outlook 5, no single target
has been met by 2020 (European Environment Agency, 2020;
Secretariat of the Convention on Biological Diversity, 2020;
WWE, 2020). In early 2021, only 6.4% of the ocean’s surface
is formally protected through marine protected areas (MPAs),
while an additional < 1% is designated and further 1.4% are
proposed, yet not implemented (Marine Conservation Institute,
2021). Even when considering all proposed areas, a maximum of
8.4% is designated for protection, which falls short of the arguably
low target for protection of 10%. The protection of biodiversity in
areas beyond national jurisdiction (ABN]J) is only emerging (see
Box 1) and currently negotiated under UNCLOS (United Nations
Convention on the Law of the Sea).

Moving toward a more sustainable and resilient ocean requires
an improved translation of intergovernmental agreements such
as the SDGs, Aichi Biodiversity Targets, and the Paris Climate
Agreement into locally relevant action (UN, 2021). Various
means exist that are aimed at the sustainable management
of marine resources, including ecosystem-based management
(EbM), local to regional planning processes such as Integrated
Coastal Zone Management (ICZM), and Marine Spatial Planning

(MSP), and a variety of other area-based management (ABM)
approaches, including MPAs (Figure 1) (Winther et al., 2020;
Dunstan et al., 2021). Such means are adaptive in order to
adjust to changing conditions and new knowledge for constantly
improving management policies and practices (Katona et al,
2017; Winther et al., 2020). EbM is defined as “an integrated
approach to management that considers the entire ecosystem,
including humans” (McLeod et al., 2005). It is widely agreed
upon as an effective and integrated approach to planning
and management and aims at maintaining an ecosystem in a
healthy, productive, and resilient condition for the provisioning
of services to humans. It provides a holistic approach that
goes beyond examining sectors, habitats, or ecosystem functions
in isolation. Instead, it recognizes ecological systems as a set
of rich and complex actors and processes, which are strongly
interdependent. EbM considers the increasing role of humans
and acknowledges that human welfare and the health of the
environment are strongly linked (Tallis et al., 2010; Long et al.,
2015).

While EbM is generally acknowledged as a meaningful tool for
ABM, there are still issues with the implementation of different
approaches at multiple scales. First, coastal and ocean social-
ecological systems (SES) are complex, including interactions and
dynamics across epistemological, geographical, and institutional
boundaries (Neumann et al., 2017), which are concurrently set
by such ABM approaches. Second, adaptive management also
needs to integrate knowledge about uncertain future drivers
(Brown et al., 2014; Chakraborty et al., 2020; Weise et al,
2020). Particularly, the integration of climate change has been
challenging to date (Tobey et al., 2010; Frazao Santos et al., 2020;
Gissi et al., 2021). Third, given the vastness of coastal and ocean
ecosystems, an institutional fragmentation of governance and
management activities predominates (Nursey-Bray et al., 2014;
Campbell et al., 2016; Cumming and Peterson, 2017; de Alencar
et al, 2020). This fragmentation is particularly pronounced
in these systems, as the implementation of EbM via different
ABM approaches varies among responsible authorities and across
regions and nations, from global to local level (Boyes and Elliott,
2014). The governance of coastal and ocean systems is hence
perceived as a “complex, non-linear, and confusing policyscape”
(O’Hagan et al., 2020).

Given the extent of tools, approaches, and processes that
govern the ocean space, as well as the concurrent need to
view it as an integrated SES, the demand for more holistic
approaches, such as “Integrated Ocean Management” (IOM),
has gained awareness in recent years (Diz et al., 2018; Rudolph
et al., 2020; Stojanovic and Gee, 2020; Winther et al., 2020).
IOM can be defined as “a holistic, ecosystem-based, and
knowledge-based approach to planning and managing the use
of ocean space, with the goal of balancing various uses and
needs to achieve a sustainable ocean economy along with
healthy ecosystems” (Winther et al., 2020). Alongside knowledge
about the ecological processes in coastal and ocean systems, it
specifically recognizes the role — as well as issues — of humans
and their agency in form of actors involved in, the scale of,
and knowledge informing their governance (Campbell et al.,
2016). The engagement of actors with often diverse interests
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BOX 1 | Managing the “last conservation frontier” in areas beyond national jurisdiction.

Governance has long focused on coastal shelf areas, which are subject to national jurisdiction (see Figure 1). While national waters cover only 39% of the ocean
area of which 17.3% are designated as MPAs, only 1.2% of areas beyond national jurisdiction (ABNJ) have been established as protected areas (UNEP-WCMC
et al., 2018). Yet, while this domain has long been considered “dangerous and dark,” it has become increasingly accessible and, as with other commons free to
access, over-utilized. Already in the 1950s, fishing grounds were extended beyond 200 nm and in subsequent decades catches from the ABNJ increased by a
factor of more than 10, resulting in overfishing and rapid biodiversity declines in vulnerable marine ecosystems (Dunn et al., 2018). Growing interests in deep-sea
metals and marine genetic resources further challenge the current regime governing ABNJ, which so far presents a patchwork of attempts to regulate resource
extraction (Tiller et al., 2019). EbM approaches, including a representative system of comprehensive MPAs that protect the full range of species and habitats in
ABNJ, fall outside the scope of any single sector-specific or conservation agreement (Ardron et al., 2014).

To fill the prevailing void of a comprehensive ocean governance regime in ABNJ, the United Nations General Assembly (UNGA) launched an intergovernmental
conference in 2017 (Resolution 72/249) with the mandate of negotiating a new international legally binding instrument under UNCLOS, aimed at the conservation
and sustainable use of biodiversity beyond national jurisdiction (BBNJ) (Tiller et al., 2019). In this process, area-based management tools (ABM tools) such as MPAs
in combination with environmental assessments were identified as the two key management tools for achieving “coordinated implementation of EbM approaches by
sectoral bodies and states” (Ardron et al., 2014). Further, the current draft encompasses a chapter on capacity building and marine technology transfer as well as
marine genetic resources including respective benefit sharing. However, there are still many open questions and underlying conflicts dominating the BBNJ
negotiations. A prevalent issue centers around the question on how to create a powerful instrument without undermining competences of existing instruments,
which constitute the primary authorities, e.g., to designate ABM tools (Scanlon, 2018). Another line of divergence lies in the different perceptions on what
“science-based approaches” and the use of “best available science” mean in the BBNJ context. Many stakeholders seem to agree on the benefits of integrated
management, issues pertaining to the trustworthiness and credibility of science, as well as the application of precautionary approaches given data insufficiency. Yet,
perceptions diverge regarding the definition, status, or authority of “science” in the BBNJ process and the extent to which conservation or sustainable use goals are
emphasized (Gaebel et al., 2020).

The slow progress in the BBNJ negotiations, which have started already in 2004, may thus reflect the inherent difficulty of implementing a cross-sectoral and
science-based approach, which moves beyond sector- or area-specific protection measures, in a setting which is transboundary in nature. As the finalization of the
BBNJ negotiations is still outstanding, there remains a window of opportunity to apply the lessons learned and overcome the sectoral and national interest-driven
thinking, for preserving the Earth’s “last conservation frontier” (Gjerde et al., 2016).

National Jurisdiction Areas Beyond
National Jurisdiction

Exclusive Economic Zone

Marpol Special Area

I‘“ fiT

High Seas MPA High Seas
VME / EBSA Fisheries Closure

Continental Shelf Extended Shelf The Area

FIGURE 1 | lllustrative spatial coverage of various area-based management approaches for areas within and beyond national jurisdiction, as well as respective
international management bodies (modified from UN Environment, 2018). MSP, Marine Spatial Planning; ICZM, Integrated Coastal Zone Management; LMMA,
Locally Managed Marine Area; MPA, Marine Protected Areas; PSSA, Particularly Sensitive Sea Area (IMO, International Maritime Organization); VME, Vulnerable
Marine Ecosystem (FAO, Food and Agriculture Organization; RFMOs, Regional Fisheries Management Organisations); EBSA, Ecologically or Biologically Significant
Area (CBD, United Nations Convention on Biological Diversity); APEI, Areas of Particular Environmental Interest (ISA, International Seabed Authority).
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has gained importance and should include stakeholders from
a variety of sectors from local to international scale (Jones
et al., 2016), including communities, governments, businesses,
and civil society organizations (Celliers et al, 2020). An
integrated approach between multiple area-based management
approaches as well as different sectors may furthermore
support coordinated actions for achieving co-benefits and
synergies among stakeholders (Gissi et al., submitted). Therefore,
management needs to be boundary spanning both in terms
of integrating different planning and management approaches
(Winther et al.,, 2020; Dunstan et al., 2021), as well as at the
science—policy interface (Posner et al., 2020).

Science plays an important role in guiding policy toward
more sustainable pathways (Ramesh et al., 2015). However, the
translation of scientific findings into policy and therefore action
remains an outstanding issue, which has been identified as a
major barrier to sustainable management of marine resources
(Game et al.,, 2015; Dale et al., 2019). The need for “actionable
knowledge” has been highlighted within environmental
sustainability science (Caniglia et al., 2020; Mach et al., 2020;
Wong-Parodi et al., 2020), which draws on the importance of
increasing the uptake of scientific evidence through knowledge
co-production with society (e.g., Norstrom et al., 2020; Folke
et al, 2021). Clear communication between scientists and
policy-makers facilitating a two-way knowledge exchange is
imperative to improving mutual understanding and producing
policy-relevant ocean science (Cvitanovic et al, 2015; Game
et al., 2015; Drakou et al., 2017). This requires the integration
of multiple disciplines as well as all relevant stakeholders within
SES (Rockmann et al., 2015; Dominguez-Tejo et al., 2016;
Delacamara et al., 2020; Pendleton et al., 2020). Hence, inter-
and transdisciplinary approaches (see Box 2 for definitions)
have become key at the interface between science and the
implementation of coastal and ocean policy. Given an often
diffuse boundary between these two approaches (Stock and
Burton, 2011), we will further refer to them as “integrated”
research approaches.

Despite a profound understanding of the impacts of
environmental change on the ocean and an extensive body of
literature on related ecological and societal challenges, “ocean
action” has been lagging behind. Against this backdrop, the
UN called out the Decade of Ocean Science for Sustainable
Development (2021-2030), further referred to as “Decade
of Ocean Science.” It puts high emphasize on closing the
so-called “research-implementation gap” (see Knight et al,
2008) by producing actionable knowledge that is efficiently
communicated between science, policy, and society. Given still
existing challenges to the integrated management of coastal and
ocean resources in face of accelerating economic activities and
environmental change, therefore, suggest that research needs to
respond to these issues.

In light of the Decade of Ocean Science, this paper aims at
providing key considerations for research approaches that tackle
the outlined challenges in managing the ocean space. From a
survey and review targeted at projects and initiatives that apply
integrated approaches, we draw examples of challenges and good-
practices. Based on this, we propose three key considerations for

integrated research that is aimed at the efficient communication
between science, policy, and society in support of sustainable
and integrated ocean management'. With this contribution, we
emphasize the need for more integrated research projects within
the Decade of Ocean Science.

“There is a compelling need for new trajectories of coastal research
that transcend disciplinary boundaries and the barriers between
science, policy, and practice in order to facilitate transformative
changes necessary to transition toward safer and more resilient and
sustainable pathways” (Ramesh et al., 2015).

MATERIALS AND METHODS

Given the inherent complexity of coastal and oceanic SES,
this study aims to complement current knowledge from
scientific literature investigating how to bridge the research-
implementation gap across epistemological, geographical, and
institutional boundaries. We therefore draw on project-based
and hands-on experiences of integrated projects and initiatives.
Thereby, we want to shed light to the challenges and success
stories of projects ranging from pure science, over citizen-science
to management applications and provide an in-depth assessment
of structural challenges, which are unlikely to be found in
scientific publications or public material.

Projects and initiatives from the field of marine science and
conservation were selected comprising a continuum from applied
research to management and outreach. For a project to be
included, it had to involve a multi, inter-, or transdisciplinary
perspective. We aimed at covering a diversity of geographic
origin and study foci, management areas, and institutional levels.
Projects were expanded beyond academic research to account
for practical experiences, which scientific projects could strongly
benefit from, and identify shortcomings, which may highlight
potential to close the research-implementation gap. We applied a
qualitative approach, which can be used to establish an in-depth
understanding of the perceptions of different participants, or in
this case researchers and practitioners, and for identifying key
principles of best practices (Blythe and Cvitanovic, 2020). Project
selection was limited to the authors’ knowledge and extended
networks and therefore did not follow a systematic project review.
Therefore, the results must be regarded as spot lights of extant
projects rather than a representative project selection, which does
not warrant inferences about general trends.

For each of the projects or initiatives included in the analysis,
the following information was collated from publicly available
resources: aims, time period, environmental or societal pressures
addressed, academic disciplines involved, geographical focus,
scientific method(s) applied, means and tools of communication,
non-academic stakeholders consulted or involved, geographical
location of conducted research, political institution(s) addressed,
published papers (if available), funding type, and achievements.

'While Integrated Ocean Management refers to a specific management approach,
we will further refer to integrated ocean management (with small letters) as we
refer to it as a concept that needs to be addressed by science within the Decade of
Ocean Science.
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BOX 2 | Definitions of multi-, inter-, and transdisciplinarity.

context (Stock and Burton, 2011), they can be conceptualized as follows:

or generate new integrative knowledge.

complex problems.

research approaches.

Language has often been mentioned as one of many barriers to integrated research (Bracken and Oughton, 2006; Donaldson et al., 2010) and terminology is often
not used consistently or used interchangeably in this field. However, there are subtle, but significant differences between the terms “mullti-,
“transdisciplinarity,” three main forms of integrated research. There is no common definition of these concepts, but based on reviewed literature in a sustainability

Multidisciplinarity — Presents the least integrative, but most attainable form of integrated research.

In multidisciplinary research, an object of study is approached from two or more unconnected disciplinary viewpoints, in succession and in isolation without any real
interaction between them (Darbellay, 2015). Researchers aim to share knowledge and compare results from the studies, but there is no attempt to cross boundaries

What divides multidisciplinarity from the other concepts is the lack of iterative research, a failure to cross-disciplinary boundaries, the lack of integration in the
research process, and a failure to engage non-academic stakeholders as participants in the research. In addition, multidisciplinarity may sometimes focus on the
theme under investigation — rather than being problem-oriented and may or may not involve a coordinated program of research.

Interdisciplinarity — Can be regarded as a step up from multidisciplinarity, based on the level of integration and cooperation.

Interdisciplinarity goes beyond simply juxtaposing different disciplinary viewpoints, but rather bridges these viewpoints by enabling the examination of existing
accumulated knowledge from the perspective of a neighboring discipline. It involves a collaborative and integrative approach by disciplines to a common object of
study, in the joint production of knowledge (Darbellay, 2015). Respective studies commonly focus on addressing specific real-world problems.

Transdisciplinarity — Highest form of integrated project, and probably the most desirable and yet the one most difficult to obtain.

Transdisciplinary work aims to synthesize new disciplines (reconfiguring disciplinary divisions within a systemic, global, and integrated perspective) and theory
(generating knowledge that transcends disciplinary boundaries) (Darbellay, 2015). It further emphasizes holism in its approach to problem solving by involving
scientists and non-academic stakeholders. Adopting pluralist methodologies combines interdisciplinarity with participatory approaches to address

As according to Stock and Burton (2011), the boundaries between inter- and transdisciplinary projects are often diffuse, and rather depend on subjective judgment
about the level of holism applied, than on the presence of clear boundary indicators (Stock and Burton, 2011), we will further refer to both concepts as “integrated”

» o

inter-,” and

Where applicable, good-practices, challenges, and suggestions
were collated from gray literature including published articles,
interviews, talks, and project websites.

To obtain more personal and in-depth insights, an online
questionnaire (Supplementary Appendix 1) was designed and
distributed to all projects via email. The survey followed the
principle of prior informed consent, with the participants
having been informed about the purpose of the survey and the
inclusion of their information in a publication. Project names
were provided on a voluntary basis. A list of the projects and
initiatives included in this study can be found in Supplementary
Appendix 2. Extracted information from the projects and
questionnaire responses was analyzed to identify challenges
and good-practices (section “Challenges and Good-Practices of
Integrated Research Projects”) and key considerations for an
integrated research approach in support of integrated ocean
management (section Key Considerations for an Integrated
Research Approach). In total, information from 26 projects were
collated and analyzed, of which 13 provided further information
by responding to the survey.

From the 13 surveyed projects we collected further project
details (see section “Project Details”) regarding: the ocean
basin(s) they cover; maritime zones covered; operational level
of the project/initiative; academic disciplines involved; type of
non-academic stakeholders involved; application of integrated
approaches (classified by Stock and Burton, 2011); and funding
type. The classification of integrated approaches into multi-,
inter-, and transdisciplinary after Stock and Burton (2011) is
thereby characterized by: problem solving focus; involvement
of multiple disciplines; knowledge sharing between disciplines;
involvement of non-academic stakeholders; synthesis of new
disciplines and knowledge; iterative research process between

disciplines; application of approaches that cross epistemological
boundaries; and involvement of implementing results as
part of the process.

RESULTS

The following section presents an overview of the projects and
initiative that took part in the survey. The results are meant to
be indicative, but, given the low response rate (n = 13), do not
provide a comprehensive overview of existing global research
projects and ocean initiatives. We therefore concentrate on a
descriptive presentation of the results. In Table 1, we highlight
the qualitative outputs from the survey and further information
of all analyzed projects (n = 26) collected from publicly available
resources. Respective findings including recommendations from
survey respondents are presented and discussed in the context
of recent literature in Section “Discussion,” providing a more
comprehensive picture of challenges and good-practices for
integrated research projects.

The survey projects and initiatives cover all ocean basins
except the Arctic Ocean and include all maritime zones from
Internal Waters toward the High Seas. While 70% of all projects
covered waters of the Territorial Seas and Exclusive Economic
Zone, many projects also cover ABNJ. Specifically, 54% of
projects focus on the High Seas, 46% on the Continental Shelf,
and 31% on “The Area” (seabed/ocean floor) (see Figure 1).
Thereby, more than half of the projects (54%) operate at the
international level, while 15 and 31% operate at national and
local to regional level, respectively. Funding was mainly provided
by governmental or intergovernmental institutions (69 and
49%, respectively), while also private sector, non-governmental
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TABLE 1 | Challenges and good-practices mentioned by surveyed projects and initiatives.

Challenges

Good-practices

Addressing complexity

Stakeholder
engagement

Knowledge and data
sharing

Effective internal and
external communication

Policy relevance

Funding

Public involvement

e Fragmentation of research efforts

o Resource (i.e., time, personnel, and funding)
and technical limitations

e Hindrances in developing novel approaches in
pilot projects

o Lack of data and/or level of uncertainty makes
managing cumulative stressors difficult

Diverse backgrounds impede establishment
and maintenance of trustful relationships
among stakeholders

o Elusive and complex stakeholder networks

e Fragmentation of research efforts due to poor

communication among partners

Lack of accessible project-related data (internal

and external use) during and beyond the

project phase

e Knowledge sharing hinged by language barriers
and different backgrounds (e.g., science,
industry, local communities, etc.)

e Lack of a clear project or “brand” identity

e Lack of internal communication and trust

among partners

Difficulty in keeping the public engaged and

informed

Deliverables not stated or unclear

e Language barriers (both internal and external
communication)

e Slow or limited implementation of knowledge
into policy structures

e Unclear policy goals or gaps due to institutional
complexity and lack of science—policy dialogues

Projects relying on continued fundraising
struggle to implement funding strategies at the
design stage

Difficulty to sustain funding throughout the
project may limit its ability to carry out daily
activities

o Inadequate funding schemes and structures for
integrated research

Lack of resources and experience in involving
the public and complementing traditional
research with, e.g., citizen science

e Language barriers (e.g., scientific jargon and
indigenous communities)

v Account for integrated approaches in the
project structure to address complexity of SES

v’ Provide support to include innovative
methodologies

v Reduce administrative barriers (e.g., further
digitalization)

v’ Project co-development with relevant
stakeholders from the design stage on

v~ Structured stakeholder dialogue to build
mutual trust

v~ Science is applicable and understood by
stakeholders

v Aims and objectives are well communicated to
all stakeholders throughout the project

v~ Structured international networks to facilitate
collaboration across disciplines and fields

v~ Facilitate mutual understanding and
acknowledge property rights among
stakeholders

v’ Data sharing via a common (open access)
platform

v~ Ensure project output to be finable, accessible,
interoperable, and reusable (FAIR principles)

v~ Shared training and capacity building

v Distinctive “brand” identity to ensure internal
cohesion and facilitate outreach activities

v Shared communication training

v Clear, consistent, and up-to-date information
for the public via a variety of media platforms

v~ Clear internal communication of project aims
and deliverables (bi-directional communication)

v~ Use simple and inclusive language

v~ Clearly address a legislative gap and policy
from the design stage

v Project co-development with relative legislative
bodies (such as Regional Councils)

v~ Scientific output translated and targeted to be
easily understood by policy-makers

v~ Ensure consistent, long-term funding through
adequate funding strategy, which may be
based on a variety of sources

v Provide adequate reporting to and maintain a
positive relationship with funders

v~ Advocate for funding schemes and structures
which facilitate integrated research (e.g.,
longevity, support innovations, interdisciplinary
review and project architecture, outreach
deliverables, etc.)

v~ Account for public involvement in project
design with adequate resources

v~ Ensure active outreach and participatory
approaches throughout the project

v Involvement of youth and local community
organizations

v~ Use of inclusive language and actions

The subtopics are based on re-occurring, often interrelated subjects highlighted by the projects or initiatives in either published information or the survey.

institutions, and donations were mentioned as a source. One
of the projects was not funded at all, but was carried out on a

voluntary basis.

All projects and initiatives consulted or involved non-
academic stakeholders.

The stakeholders involved covered

representatives from (ordered from most mentioned to least
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mentioned): industry/business (85%); governmental institutions
(77%); local communities (77%); non-governmental institutions
(69%); educators (69%); private foundations (62%); media (54%);
culture and arts (46%); and public health, tourism, youth groups,
and indigenous communities (8% each).

Projects varied in the number and constellation of academic
disciplines they combine, and in the degree of integration,
depending on their purpose and aim. While natural sciences such
as Ecology and Oceanography were predominantly applied by
93 and 69%, respectively, social sciences including Economics,
Political Sciences, and Sociology were applied by 39-46%.
A chord diagram visualizing the combinations of academic
disciplines involved within investigated projects and initiatives
is depicted in Figure 2. While some projects drew upon the
expertise of up to nine disciplines, others simply combined two
disciplines to develop novel ideas driving innovation. On the
one hand, the Horizon 2020 project SOPHIE brought together
marine and environmental scientists with medical and social
scientists, public health, and other experts to tackle complex
issues of SES in one joint forum. On the other hand, the
Ecostructure project combines the two disciplines of ecology and
engineering to find commercial solutions to enhance biodiversity
along human-made coastal infrastructures such as marinas,
by creating innovative constructions enhancing the structural
complexity of facades.

The level of integration between different disciplines in
the projects and initiatives, as characterized by Stock and
Burton (2011), was mainly driven by the involvement of
both multiple disciplines and non-academic stakeholders (100%
each), knowledge sharing between disciplines (85%), and

problem solving focus (62%). Synthesis of new disciplines
and knowledge, iterative research process between disciplines,
application of approaches that cross epistemological boundaries,
and involvement of implementing results as part of the process
were mentioned by almost half of the projects (46%). While all of
the projects apply an integrated approach, more specifically, 46%
of the surveyed projects include transdisciplinary specific aspects.

Projects and initiatives were asked to provide information
on their achievements, challenges, and good-practices. Table 1
provides an overview of the challenges and good-practices in
conducting integrated research. The sections are based on re-
occurring, often interrelated issues highlighted by the 26 projects
and initiatives in either publicly available resources or the
survey responses. In order to provide more context to the
results presented in Table 1, they will be discussed in light of
other literature in Section “Challenges and Good-Practices of
Integrated Research Projects.”

DISCUSSION

Given an increasing number of research projects around the
world attempting to cross-disciplinary and epistemological
boundaries, we here want to shed light on how to bridge
the research-implementation gap across such boundaries. By
including the challenges and good-practices from ongoing
integrated projects, lessons can be learned and applied to new
research projects aiming to cross this gap. In the following
sections we will i) discuss the results from the survey, ii) identify
key considerations for an integrated research approach in support
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FIGURE 2 | Chord diagram visualizing the combinations of disciplines involved within investigated projects and initiatives. The thickness of the connections relates to
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of integrated ocean management, and iii) provide an outlook for
addressing the research-implementation gap in the “Decade of
Ocean Science”.

Challenges and Good-Practices of

Integrated Research Projects

Addressing Complexity

Most of the challenges faced by coastal and ocean ecosystems
can be attributed to the complexity of SES and their inherent
interrelationships between different system components (social,
economic, and ecological), which are interlinked across scales
(Chakraborty et al, 2020; Weise et al., 2020; Haas et al,
2021). Integrated research projects address this complexity from
different perspectives by integrating knowledge from different
disciplines, therefore providing a more comprehensive approach
to coastal and ocean research and conservation. Yet, among the
featured projects, the integration of multiple disciplines seemed
to present a major challenge when addressing interconnected
SES. In line with Blythe and Cvitanovic (2020), particularly the
complexity of socio-political interactions has been mentioned
to constitute a major obstacle by survey respondents. While
different combinations of academic disciplines can create
room for knowledge production, sharing and cross-disciplinary
innovation (Markus et al., 2018), including multiple perspectives
in a project, may lead to a fragmentation of research efforts
instead of providing a more holistic view (Sievanen et al.,
2012). There are many organizational obstacles in streamlining
disciplines and methodologies in one project against the
backdrop of time and funding limitations (Bos et al., 2015).
This is particularly true for smaller initiatives, which as pilot
projects are often limited in available capacities and know-
how, especially when developing or applying novel approaches.
Further, a lack of comprehensive knowledge of the physical
environment and technological limitations may diminish the
ability to investigate and sustainably manage these systems. This
is especially pronounced when it comes to deep-sea ecosystems,
as in the Atlas project, where in-depth research and monitoring
of deep-sea ecosystems are combined with technological
innovation, outreach activities, and directed policy action.
To better understand the complexity of marine ecosystems,
cumulative stressors and associated risks and uncertainties need
to be accounted for (Davies et al., 2018). Addressing these
aspects through a cooperation with scientists, local communities,
environmental groups, councils, and the central government, the
Sustainable Seas National Science Challenge acknowledges the
inherent complexity of marine management. To address it, this
and other initiatives highlight the importance of a holistic EbM
approach, which requires effective project co-design across all
disciplines and stakeholders.

Stakeholder Engagement

To facilitate integrated research projects, which involve very
distant disciplines and rely on collaborations stretching beyond
academia, effective stakeholder engagement is fundamental
(Lundquist and Granek, 2005; Ison et al, 2021). Multi-
stakeholder processes ensure constant dialogue and thus long-
term and equitable cooperation among those involved in the

process. But following the questionnaire results, the involvement
of stakeholders seems not to come without challenges. Building
mutual understanding and trust among the stakeholders and
with the project leaders requires time and an effective internal
communication strategy which is bidirectional (encourages
feedback) and uses an inclusive language. Examined projects
also support the finding that effective and inclusive co-design
and co-development generates a sense of ownership and
responsibility, which in turn increases the likelihood of successful
implementation as well as it ensures longevity and sustainability
of the project (Brouwer et al., 2016; Merten et al., 2016). This
is particularly key in heterogeneous stakeholder groups, which
combine a wide array of cultural and training backgrounds,
such as projects liaising with stakeholders outside of academia,
including indigenous communities or industry.

This is demonstrated by the Mami Wata Project, in which
centers of expertise such as the International Ocean Institute
(I01) are working with countries along the African Atlantic
coast to make human utilization compatible with conservation
interests by using Marine Spatial Planning (Queffelec et al,
2021). Given their experiences, a participatory communication
strategy from the very beginning of the project is essential to
provide a space in which different opinions and knowledge
are respected and integrated into the process. This allows local
stakeholders to identify with and feel part of the project and
ensures science relevance, uptake, and implementation. Another
example of successful stakeholder engagement is the Lyme Bay
Reserve, which has from day one considered fishermen an active
part of the project, listening to their local knowledge and needs
and supporting them throughout the establishment and the
maintenance of the reserve. In order to keep the catch fresh,
reduce the utilization of polluting single-use items, and at the
same time support the catch of local fish, fishermen were given
ice-making machines and reusable fish boxes. These actions
made them an active and collaborative part of the project
(Singer and Jones, 2021). Integrated research projects like the
Sustainable Seas National Science Challenge and the Atlas Project
further underline that cooperation beyond academia and across
sectors as well as the co-development of the projects objectives
among stakeholders is key and proved very effective for a more
comprehensive assessment and monitoring of a coastal SES and
deep-sea ecosystems in ABNJ.

Knowledge and Data Sharing

Integrated research efforts and collaborations across disciplinary
boundaries rely on effective knowledge and data sharing.
Despite the facilitated information sharing and cross-disciplinary
networking due to online sharing platforms and open-access
publications (Alvarez-Romero et al., 2018), some research
networks and communities are still fragmented, and openly
accessible data and repositories are only slowly becoming
mandatory (Guidi et al., 2020). Databases are often incompatible
due to different architectures, which promotes bias, duplication,
and inaccuracy, which is why scientists increasingly call for
ocean data products to be findable, accessible, interoperable, and
reusable, following the FAIR principles (Tanhua et al., 2021).
Ensuring interoperability proves particularly difficult when trying
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to establish partnerships which reach beyond academia to
governance bodies or industry. Alongside scientific data sharing,
local and traditional knowledge and good-practices from local
stakeholder-driven projects have to be distributed as well, to
facilitate successful implementation of projects on the ground
(Mellado et al., 2014). Data and knowledge transfer needs to
facilitate collaboration beyond the core stakeholder group and be
designed as to ensure the project’s longevity via platforms which
are accessible to research communities and wider society in the
long term, which in turn requires adequate funding schemes.
Many among the considered projects mentioned knowledge
sharing, and trust building as one key challenge to address in
integrated projects, mentioning partners “all working together,
but not sharing knowledge.” Thus, promoting capacity building
and shared training has come up among the questionnaire
results as a possible solution to increase knowledge sharing
in an equitable and complementary way, which will in turn
facilitate cooperation among disciplines, as also found by
Stojanovic et al. (2010).

Among the featured projects, the implementation of
knowledge and open data sharing has proven an effective
instrument to promote ocean sustainability in projects like
Global Fishing Watch. Using satellite technology and machine
learning, with the support of IT and digital partnerships (ie.,
Google), it monitors commercial fishing allowing anyone to
track fishing activity with near real-time tracking via a public
map. With a platform making related data freely accessible, the
project facilitates scientific research, enhances ocean literacy,
and advocates for better fisheries policies in support of ocean
protection and sustainable management, such as in the efforts
to minimize illegal, unreported, and unregulated (IUU) fishing
(Merten et al., 2016). The project in turns represents an
innovative, interdisciplinary solution to share knowledge, data,
and information at the service of marine conservation.

Effective Internal and External Communication

To facilitate stakeholder engagement and ensure long-term
partnerships, effective communication is imperative. In line with
previous findings (Cooke et al., 2017), our project-based analysis
demonstrates that communication is among the chief reasons
why projects tend to fail in achieving their objectives. Particularly,
when asked about naming suitable approaches or actions toward
bridging the gap between science, society, and policy for
future ocean protection, most survey respondents mentioned the
importance of internal project communication for trust building
between partners. More disciplines often result in more entities,
partners, and stakeholders involved, making relation building,
trust, and communication not rarely complicated (Cvitanovic
et al,, 2020). Additionally, research institutes often rely on
complex formalities that have been mentioned to often limit
communication and inhibit a more fertile working environment.
Maintaining an open and less formal working environment
among project stakeholders might enhance relation building and
trust, and in turn facilitate more integrated research. Online
project management platforms, as well as digitalization and
automation of administrative and formal decisions, could also

prove useful in keeping a transparent and smooth internal
communication and administration (Stevens et al., 2021).

Survey responses highlight that scientists are required to
receive better education opportunities to develop appropriate
communication skills to improve both internal and external
communication, which previously has also been pointed out by
other authors (Brownell et al., 2013; Bartel et al., 2019). An
adaptive communication strategy seems to be required which can
evolve with the project and ensures that aims, objectives, and
respective changes are communicated effectively to all partners
through all project stages. Creating an understanding for the
importance of collaboration and fostering the establishment of a
“bridge of communication” which explains individual objectives
against the backdrop of a common vision to all partners, was
mentioned as one of the key means by the Atlas Project to bridge
the gap between stakeholders and generate a sense of ownership,
which Blythe and Cvitanovic (2020) refer to as “cultivating a
visible brand.” Further, the role of “translating” or “boundary”
organizations which integrate science communication experts in
the project could be considered at the design stage to support
communication at the science-policy interface (McDonald et al.,
2018; Arnott et al., 2020).

In order to facilitate sharing of information across all
stakeholders as well as the public, language barriers must
be considered in internal and external communication
(Bullock et al., 2019). Within research, disciplines use different
terminologies and concepts, which allows for miscommunication
between academic fields. Yet even stronger barriers exist as soon
as projects involve non-academic partners such as local
communities, as in case of the Mami Wata Project. To reach
the wider public, external communication strategies can
build on multiple communication channels besides scientific
publications. Featured project distributed reports, policy briefs,
or disseminated shareable infographics or short videos online.
Innovative communication and visualization tools such as
storytelling or gaming are also critically important when it comes
to disseminating project findings and targeting wider audiences
(Green et al., 2018). For instance, the ResponSEAble project
designed a novel ocean game to test Ocean Literacy, one of the
elected pillars of the Decade of Ocean Science (Borja et al., 2020),
among participants and ran a series of webinars, so-called “Ocean
Dialogs” (Panto, 2019). Keeping online platforms consistently
updated, active, and easily accessible has been reported to
contributing to the success of such projects. The more people are
aware about our impact on the ocean and the ocean’s impact on
us, the more involved will the public and the more integrated will
the solutions be for future ocean management.

Policy Relevance

If well-communicated, integrated research can provide valuable
assets to bridge the gap between science and policy (Markus
et al.,, 2018). However, many of the investigated projects find
it difficult to make their findings accessible to and applicable
for policy-makers. To ensure the uptake of scientific findings
into decision-making, science needs to be policy-relevant and
tailored to the policy cycle from the design stage (Game
et al., 2015; Rose and Parsons, 2015). To this end, project
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design has to consider project outcomes that can be linked
to currently debated policy issues or be framed in a way that
they can contribute to political agenda setting (Parsons et al.,
2015). The variety of governance bodies responsible different
policy acts, including coastal management plans or international
directives or agreements, can make it confusing for projects
to identify relevant decision makers. Identifying such linkages
therefore requires a thorough understanding of the existent
governance frameworks prior to research design, and in some
cases, it may be beneficial to include policy elicit experts in the
design process. By conducting consecutive surveys on seabed
biotopes in line with the European Environmental Agency
EUNIS Habitat Type Classification (Wood et al., 2014) rather
than focusing on single species, the marine citizen science project
SEASEARCH for example has assisted the national government
of the United Kingdom in the process of designating Marine
Conservation Zones. In addition to a good understanding
of extant governance framework, an effective communication
strategy is key to allow for feedback mechanisms to avoid
misunderstandings and ensure it to be fit for purpose. In terms
of effective means of communicating project outputs to policy-
makers, many projects view the integration of infographics,
policy briefs, or summaries for policy-makers as a strong tool.

Funding

Even with an effective communication and stakeholder-engaging
strategy which ensures policy-relevance, the success of almost
every integrated research project is dependent on the amount
and conditions under which resources are available (Blythe and
Cvitanovic, 2020). Funding is widely considered to be the most
critical and limiting factor to a project success (Bos et al., 2015;
Laufer and Jones, 2021). On the other hand, this high importance
also poses a chance, as funding can constitute an important driver
of change in the research landscape. Despite the observable trend
to increasingly provide funds to inter- or even transdisciplinary
projects and consider outreach and communication activities as
part of the deliverables, the acquisition of funding for integrated
projects, which cross disciplinary and geographical boundaries,
often proves difficult.

In part, internal structures of funding agencies still seem
to reflect traditional funding schemes, tailored toward single
discipline projects. National funds can hamper international
collaboration and envisaged project architecture (e.g., choice
of leader, location, and reporting) is often not fit for purpose.
Further, review and evaluation mechanisms of funding agencies
are often not suited to assess integrated research projects
adequately, requiring rather interdisciplinary performance
metrics as well as adjusted evaluation hierarchies and reviewer
expertise (Lyall et al., 2013; Blythe and Cvitanovic, 2020). In some
cases, it might also be a lack of knowledge among researchers
about the institutional capacities supporting interdisciplinary
knowledge production (Blythe and Cvitanovic, 2020). Yet, in
line with earlier findings (Bos et al., 2015), many projects among
those featured, stated that the continuous lack of adequate
funding compromised the quality and quantity of their work as
funding opportunities are rare, and if available often inadequate
in terms of size, duration, diversity of source, usage, and planning

timings. One respondent reported that their funding capacity was
too limited to accommodate all staff and volunteers interested
in participating in the project. For pilot projects, which utilize
innovative but non-established approaches and methodologies,
often involving integrated approaches, it is especially difficult to
acquire funding. In addition, there is a particular lack of long-
term funding, despite its high relevance for long-term monitoring
(Blythe and Cvitanovic, 2020). Such funding not only sustains
the initiation and execution of the project in question but also
ensures its adaptability in the face of unforeseen problems and
changes (Kalpazidou Schmidt, 2020). Yet, many of the European
grant schemes supporting some of the featured projects and
initiatives, as well as other local, national, and international
financial support are often restricted in time (1-5 years), which
makes it difficult for projects to develop and establish. Further,
projects often end abruptly with the end of the funding period
and generated knowledge, material, or data are not transferred to
follow-up projects or accessible long-term repositories (Blasiak
etal., 2019). The most long-lasting and successful projects among
those considered had a variety of trusted sponsors and local,
national, or international political support, emphasizing the need
for consistent, and well-structured long-term funding from a
diverse array of sources.

Public Involvement

Not only policy responsiveness from policy-makers, but also
responsiveness from society such as through the inclusion
of a wider public has been shown to significantly increase
the success of environmental projects (Grodzinska-Jurczak
and Cent, 2011; Burgos-Ayala et al., 2020). And indeed, the
involvement of the broader public in research has gained
traction through the last years. The latest call by the European
Commission lists “empowering citizens” as one of the thematic
areas within the Horizon 2020 European Green Deal Call
(European Commission, 2020). While respondents of our
survey see the need for more outreach, they see both chances
and challenges in participatory approaches. Citizen Science
projects can offer opportunities to gather large quantities of
data on large spatial and temporal scales (Earp and Liconti,
2019); however, survey respondents have pointed out the
difficulty of applying citizen science to traditional research
procedures such as benthic surveys, due to the need for
training and standardized methodology. Furthermore, the
engagement process is challenging. Public engagement is not only
fundamental to keep up the motivation of participants, but also
requires a large amount of time and capacity to feedback regular
updates and build relationship and excitement. Projects such as
Fjord Phyto, which engages with more than 3000 travelers to
engage in polar research, have been great examples. Even though
such citizen projects are difficult to coordinate, international
projects such as the Ocean Plastics Lab have succeeded in
engaging with local communities by increasing their impact at
the local scale and providing accessible outputs (open exhibitions,
flyers, and public talks). For new research approaches to be
sustainable and long-term, especially in coastal governance,
public support and compliance are essential and are needed as
a pivotal work-package, when designing an integrated project
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(McKinley and Fletcher, 2011). This said, the involvement of
public in marine research and conservation remains one of the
most challenging, yet most effective and rewarding aspects of
integrated projects and initiatives.

Key Considerations for an Integrated
Research Approach

Integrated research projects in coastal and ocean science lie
at a crossroad of good-practices and unresolved challenges, as
described above. Some of the challenges that arose from the
selected projects relate to the project design. If well designed,
the holistic perspective that these projects provide could prove
fundamental in addressing targets set out in intergovernmental
agreements and particularly within the Decade of Ocean Science.
By integrating some key principles in the planning cycle, the
success of respective research projects or initiatives, and thereby
their conservation outputs, could be promoted. Building on
the results from Section “Challenges and Good-Practices of
Integrated Research Projects” and further information provided
by surveyed projects, we propose three key considerations
for an integrated research approach (see Figure 3), which
aims at bridging the research-implementation gap for better
science-informed decision-making in support of integrated
ocean management.

1. Target setting, resource management, and adaptive
planning

At the core of a successful integrated research project, a
clear target, sufficient resources and adaptive planning are
essential. Clearly defined targets are particularly necessary for
environmental policymaking in order to translate scientific
findings into political objectives and to guide policy decisions
toward implementation (Neumann et al, 2017; Dreujou
et al., 2020). Our analysis suggests that the objectives of an
integrated project can address different issues, such as a specific
environmental policy gap, or societal problems (see point 3). For
addressing the complexity of coastal and ocean SES, innovative
approaches may be indispensable, but the implementation is
often challenging. In order to achieve ambitious goals different
resources, e.g., financial, human, temporal, and institutional,
are required. Even though the availability of financial resources
is beyond the influence of individual researchers and project
managers, a clear fundraising strategy can support consistent
and long-term funding of the project. Further, as clearly
highlighted in this paper, crossing academic boundaries and
synthesising new knowledge through the involvement of experts
from different scientific and non-scientific disciplines will
increase the capacities of integrated projects to achieve ambitious
environmental sustainability goals. An improved understanding
about institutional capacities that support interdisciplinary
knowledge production may therefore prove beneficial (Blythe
and Cvitanovic, 2020). Due to the inherent complexity of the
marine environment which is reflected in the structure of
integrated projects themselves, it is presupposed that project
actions are planned reflectively requiring adaptive and strategic
management. This includes setting appropriate timeframes at

the planning stage, which leave room for unforeseen changes
and encompass strategies how project outputs can add value
in the long-term, beyond the active project phase (e.g., through
consistent monitoring and evaluation,).

2. Knowledge production and responsiveness toward policy
and society

To facilitate collaboration within science, knowledge exchange
and transfer should be facilitated and follow the FAIR principles.
In this context, researcher networks crossing geographic,
disciplinary, and institutional boundaries are valuable. However,
knowledge production in integrated research projects is highly
dependent on collaborations beyond academia, throughout the
project. A clear target in form of a common vision among all
stakeholders is pivotal for integrated research to be responsive
to political and societal needs (IPCC, 2019). Including local and
traditional knowledge, capacity building, and improving ocean
literacy at the local level are acknowledged to foster ownership
among stakeholders and to sustain their active involvement in
management processes. This will ultimately support achieving a
desirable and possibly more sustainable state of the SES.

3. Co-design, co-development, cooperation, and effective
communication

True political and societal responsiveness requires a knowledge
exchange that can only be achieved by a co-designed, co-
developed, and cooperative process. This means that integrated
research projects need to engage with stakeholders from the
design stage on, to build mutual trust and understanding
and ensure collaborative implementation. Feedback from and
exchange among policy and society will also facilitate to create
novel approaches together with the stakeholders. This relies on
effective communication, which allows a bi-directional, equitable
exchange by making use of simple and inclusive language. To
this end, the means of communication have to be tailored to the
audience and should include feedbacks directed to both the public
and policy-makers, which may involve participatory approaches
such as citizen science and public discussions and provide output
that is accessible via multiple platforms.

Outlook: Addressing the
Research-Implementation Gap in the

“Decade of Ocean Science”

Given the increasing awareness of policy and society toward
the need for effective and integrated ocean management, the
momentum for “ocean action” needs to be taken up in the
Decade of Ocean Science. This requires not only action at
the scientific level toward improved science-based and policy-
targeted research, but also a transformation at the system’s level to
achieve effective implementation. Strong political will and social
commitment are often required in high-level decision-making
processes. Still, researchers can contribute to more effective
science-based decision-making through policy-targeted research
projects. By following integrated research agendas, outputs are
capable of addressing complex SES more holistically and thus
are better tailored to the realities of society and policy-makers,
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increasing their effective uptake. Thereby, science can provide
a starting point for a structured dialogue with society and
politics on pathways toward integrated ocean management for
a more sustainable and resilient ocean. Such discourses will
in turn facilitate joint action with the potential to trigger the
transformative changes required in light of trade-offs between
increasing economic activities and global sustainability goals
(Ramesh et al., 2015; Norstrom et al., 2020; Rudolph et al,
2020). At the same time, structural changes of the academic
landscape and respective funding bodies are required to support
integrated approaches. Capacity building, for example, may also
include the training of early career researchers (ECR) in applying

an integrated research approach (Brasier et al., 2020). Given
the often purely disciplinary and academic education focus, it
is particularly challenging for ECR to integrate a variety of
disciplines and concepts. Discussion among researchers from
different professional levels is needed on what challenges and
opportunities are entailed in applying integrated approaches
and what future professional pathways in coastal and ocean
science exist for ECR.

The key considerations laid out in this paper (Figure 3)
may support researchers at all career stages to design integrated
research approaches within the Decade of Ocean Science.
Through strong and inclusive collaborations which reach beyond
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disciplines and epistemological boundaries, researchers have the
opportunity to actively engage in decision making on all levels.
Thereby, they can facilitate effective implementation of science-
based knowledge and thus contribute to initiating transformative
change toward integrated management for a healthy, productive,
and (climate) resilient ocean integrated ocean management.
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