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Abstract  

This paper provides a critical contribution to the UN Decade of Ocean Science for Sustainable 

Development 2021-2030, outlining some of the core challenges of sustainable ocean governance and 

management by reflecting on modes and logics of interactions between ocean-related sciences, policy-

makers and practitioners. In this regard, we give an overview of the potential for, and challenges of, 

transdisciplinary research which is essential to understanding the linkages between oceans and 

societies and thereby for attending to contemporary ocean concerns. The paper contributes both a 

review of transdisciplinary research and a particular format of transdisciplinary experimentation: Real-

world Laboratories (RwLs). These are currently gaining traction as a method and approach for the co-

creation of knowledge between the natural and social sciences and society to foster sustainability 

transformations. Altogether, we offer a first major contribution to synthesising knowledge on the 

potentials of marine RwLs, considering how they act as a way of exploring options for sustainable 

ocean futures through experimentation. Indeed, in the marine context, RwLs are under-explored but 

are a vital way for addressing the societal challenges of working towards transformations over the 

coming UN Ocean Decade.  

 

1. The ocean crisis  

The oceans, seas and coasts and the multiple uses of their (non-)living resources have always been 

central to societies worldwide. The marine environment provides food and energy, facilitates trading 

and transport of goods, generates jobs and is pivotal in securing human health and well-being (Fleming 

et al., 2019; Visbeck et al., 2014). According to the FAO, fisheries and aquaculture form the basis of 

livelihood provision for more than 10 percent of the world’s population (FAO, 2018) and in many 

countries, fish and seafood are an essential source of protein (FAO, 2020).  

The ocean has long been perceived as an endless resource reservoir and anthropogenic pressures on 

the ocean system were assumed to be negligible (Steinberg, 2001). However, it has been adversely 

affected through human pressures such as climate change, overfishing, pollution, habitat destruction 

and underwater mining for a long time (Duarte, 2014; Hoegh-Guldberg & Bruno, 2010). In this context, 

sustainable ocean and coastal management, which pursues ecosystem-based, integrative and 

multifunctional approaches and promotes a paradigm shift towards ‘building with nature’, is 

increasingly demanded (Temmerman et al., 2013; van Slobbe et al., 2013).  

Moreover, the Blue Economy, in spite of its aim to build blue sustainable growth around sectors such 

as fisheries, aquaculture, tourism, deep-sea mining and shipping, is largely set up in an unsustainable 

manner (Bennett et al., 2019; Ertör & Hadjimichael, 2020). The cumulative pressures of both global 

change and ocean exploitation endanger the health of the ocean and its ecosystems (Jouffray et al., 

2020). Consequently, there is an unprecedented loss of marine biodiversity, affecting ecosystem 

functioning (IPBES, 2019; IPCC, 2019) but also public health and well-being linked to the ocean (Borja 

et al., 2020).  

In spite of being essential to the functioning of physical, biological and societal processes, the ocean is 

the least understood ecosystem on earth (Antich et al., 2021; Reusch et al., 2021) and has remained 

‘out of sight and mind’ (Peters, 2010) resulting in a lack of ocean literacy (Kelly et al., 2021). However, 

awareness of the unsustainable use of marine ecosystems has been raised in recent years and led to 

the United Nations Decade of Ocean Science for Sustainable Development 2021-2030 (UN Ocean 

Decade) and the explicit ocean-related Sustainable Development Goal 14 ‘Life below Water’ (SDG 14) 

of the UN 2030 Agenda for Sustainable Development. SDG 14 formulates ambitious targets to ensure 
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the conservation of marine biodiversity, for example “by 2020, sustainably manage and protect marine 

and coastal ecosystems to avoid significant adverse impacts [...] and take action for their restoration 

in order to achieve healthy and productive oceans”. Nevertheless, the question of how to achieve 

these targets remains largely open and is to be defined on national, regional and global levels. 

Moreover, local, traditional and indigenous knowledge are needed and should not be ignored in such 

developments (Belhabib, 2021; Blythe et al., 2021; Tilot et al., 2021). The latter presents a challenge 

for ocean governance, whose foundational structures are grounded in western territorial management 

regimes (Peters, 2020). Conflicting societal interests, lack of political will, ineffective science-policy 

interfaces, geopolitics, ‘power plays’, weak ocean governance and a lack of operational frameworks 

and management plans are just some of the limitations (Germond, 2018). For example, large-scale 

marine protected areas (LSMPAs) are set up to meet international protection targets but poorly 

monitored and enforced (resulting, in effect, in nothing more than ‘paper parks’; Alger, 2021).  

The UN Ocean Decade, arguably offers an opportunity to mobilise action for increased ocean literacy 

and a transformation towards more sustainable forms of interaction. It aims to be inclusive and 

representative in its approaches to ocean science and the building of applicable knowledge, solutions 

and innovations. But this is not without its challenges. Whilst capacity development is central to the 

work of the UN Ocean Decade, there is also a need to acknowledge power systems that enable certain 

knowledge to dominate in potential ocean futures. As Tolochko & Vadrot (2021) argue, it is still the 

‘usual suspects’ or dominant ‘players’ producing marine biodiversity knowledge and sustainable 

solutions. Hence, there is a need to be cognisant of the ‘dark sides’ (risks) of transformation, as for 

example “shifting the burden of response onto vulnerable parties” (for further details see Blythe et al., 

2018).  

This interdisciplinary paper offers a critical contribution to the UN Ocean Decade, outlining some of 

the core challenges of marine sustainability and ocean governance by reflecting on modes and logics 

of interaction between ocean-related sciences, policy-makers and practitioners (see section 2). 

Moreover, it provides an overview of the potentials for and challenges of transdisciplinary research, 

essential to understanding the linkages between oceans and societies, and focuses on a particular 

transdisciplinary approach: real-world laboratories (RwLs). RwLs facilitate the co-creation of research 

and knowledge between science and society to foster ‘just’ sustainability transformations (Schäpke et 

al., 2018; Wanner et al., 2018) but have thus far been under-explored in the marine context (see 

section 3). Therefore, they are considered here as a method for ‘real-world’ problem solving in the 

marine realm and the development of transformative pathways towards sustainable ocean futures 

(see section 4 and 5). 

 

2. The societal challenges of progressing towards ocean sustainability  

Since the ocean and our societies are heavily interconnected, it is crucial to achieve and maintain ocean 

health and sustainability to safeguard food security, people's livelihoods, health and well-being  

(Franke et al., 2020). However, marine sciences have traditionally not comprised social sciences, 

making it difficult to unravel the interactions between marine ecosystems and social systems (Bennett 

et al., 2019). Consequently, the conservation and restoration of the ocean are significant challenges 

since many perspectives – societal, political, economic and relations between these – have to be taken 

into consideration. Apart from the general lack of ocean literacy, existing knowledge seems to be 

unevenly distributed around the globe (Tolochko & Vadrot, 2021). For example, many marine 

ecosystems of worldwide importance are situated in the tropics. However, literature research clearly 

shows that system knowledge production is not led by scientists coming from these regions, which 
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might bring a less fitting perspective and cement unilateral dependencies (Partelow et al., 2020). 

Though a body of work led by Majority World (Global South) scholars in the humanities (literature, art, 

post-, de- and anti-colonial thought) gives voice to perspectives beyond the west is important to note 

(Goodyear-Ka‘o̱pua, 2018; Hau’ofa, 1995; Hofmeyr, 2020; Underhill-Sem, 2020; Zondi, 2020), marine 

social sciences have, to date, scantily engaged in this rich work.  

Another main problem in addressing the ocean crisis is that the ocean is a global commons, leading to 

a range of nested collective dilemmas on various social, economic and geographical scales (Abhold et 

al., 2019; Glaser & Glaeser, 2014). In marine spaces different jurisdictions and social systems meet and, 

due to the fluidity and multi-dimensionality, are de facto overlapping (Schlüter et al., 2019, 2020; P. 

Steinberg & Peters, 2015; van Assche et al., 2020). Many marine governance and management tools 

are built, literally, from land-based norms where there is greater experience (Peters, 2020). These 

techniques are arguably less suited to the dynamism of the seas and oceans since governing a mobile 

resource is much more complex than a stationary resource (Peters, 2020). The emerging socio-political 

dilemmas can only be solved by intensive, equitable, interaction between the various jurisdictions, as 

seen in HELCOM, OSPAR, UNCLOS, or other governance bodies, which need to be understood and 

improved constantly, to meet the new arising challenges. It is thus fundamental to support 

negotiations on ocean matters within multilateral institutions with empirically ‘sound’ research to 

provide a basis for working towards connected-up governance for what are connected-up, 

transboundary problems. 

Moreover, the strategic relevance of the ocean and its resources as the subject of global geopolitical 

power relations and negotiating processes (e.g. at the International Seabed Authority) continues to be 

underestimated. Social inequality and marked global and sectoral differences in negotiations of power 

are contributing to situations that adversely affect the incomes and nutritional situation of some 

countries, particularly in the Global South (e.g. EU fisheries partnership agreements). Another example 

are the recent BBNJ (Marine Biodiversity of Areas Beyond National Jurisdiction) negotiations. In spite 

of being pitched as a global treaty, many countries – some with large stretches of coast – remain 

underrepresented or beholden to western pots of money to participate (De Santo, 2018; Mendenhall 

et al., 2019). There is clearly a need for greater openness in participation but also to listen to opinions, 

knowledge, ideas, visions and potential solutions for ocean futures that may not always align neatly, 

and may also contradict dominant desires, on how to ‘save’ the ocean.  

Certainly, participatory approaches for building sustainable ocean futures must enable the 

involvement of everyone with stakes in the future of oceans and marine resources. In order to build 

knowledge partnerships for sustainable ocean governance steps must be taken to boost the 

negotiating clout of coastal states in regional and multilateral Blue Economy debates on ecosystem 

conservation and job creation. To this end, it is suggested that it is necessary to develop regional 

networks between policy-makers and researchers based on local (scientific and non-scientific) 

knowledge systems in the fields of marine conservation, ocean governance, sustainability, climate 

change and development research. It is a fundamental prerequisite to imagine futures where local, 

traditional and indigenous knowledge are front and centre instead of including local knowledge within 

existing frameworks (frameworks that are themselves burdened with western power logics) (Brown & 

Peters, 2018; Hau‘ofa, 2008; Yusoff, 2018). 

Thinking about sustainability transformations also requires a discussion about the targets and thus 

normative research enabling transformational shifts. Even though there is a global consensus on the 

need of ocean sustainability (see SDG 14), an intensive societal discussion process is required to 

ascertain what sustainability – in a particular geographical, sectoral or holistic context and in a certain 
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moment in time – means and whose sustainability perspective counts (Bromley, 1998). Whilst certain 

marine system knowledge is now acquired and interdisciplinary scientific cooperation established and 

we are aware of governance challenges – neither jointly negotiated target knowledge (where to go), 

nor transformation knowledge (how to reach the new stage) exists to a sufficient degree (Pohl & Hirsch 

Hadorn, 2007). Moreover, transregional learning from each other's ‘solutions’ – while each time 

embedding them into local context to assure ‘local fit’ and applicability – needs to be further 

understood and structurally fostered  (Hornidge et al., 2020). 

In summary, our societal responsibility of working towards sustainable development and a healthy 

ocean requires a ‘just’ transformation. Such a process will be a challenging endeavour due to the 

complex nature of the ocean (a space of commons, social dilemmas and fluidity), the manifold 

pressures it is facing, the lack and asymmetry in distribution of knowledge, low societal ocean literacy 

and insufficient ocean governance arrangements. Hence, holistic and inclusive approaches, such as 

transdisciplinary research and experimentation (e.g. in the form of RwLs), involving all necessary 

stakeholders are crucially needed.  

 

3. Working towards ocean sustainability: Potentials and challenges of transdisciplinarity   

Transdisciplinary research  

In general, transdisciplinary research denotes a multitude of research approaches that abandon the 

traditional division of labour between science as knowledge producer and society as knowledge 

applicant. Instead, in transdisciplinary models of knowledge production, research questions, processes 

and products are developed collaboratively among researchers and broadly-defined stakeholders 

making use of local knowledge systems and cultures.  

This idea has been present for decades under various labels, including action research (Lewin, 1946), 

post-normal science (Funtowicz & Ravetz, 1993), mode-2 knowledge production (Gibbons et al., 1994), 

participatory research (Cornwall & Jewkes, 1995), co-production (Watson, 2014) and transformative 

research (Anderson & McLachlan, 2016). At the same time, the implementation of transdisciplinary 

approaches and ‘real-world’ embedding in the actual field of research is challenged by existing 

incentive mechanisms within the science systems (e.g. focus on scientific high-impact publications 

instead of community engagement) as well as the socio-political environments in which and for which 

the research takes place – in marine just as in terrestrial ecosystems (Hornidge et al., 2011). 

 

The core aspiration of transdisciplinary research is to contribute to ‘real-world’ problem solving 

through experimentation instead of advancing research in its own right (Cash et al., 2003; Hinkel et al., 

2016; Moss et al., 2013). In order to do so, transdisciplinary research is situated in a particular social 

context, place and issue (Norström et al., 2020) and follows a range of normative principles conducive 

to solving social conflicts. These principles include recognizing multiple ways of knowing and doing, 

fostering deliberation, mutual learning and trust building among actors through the creation of safe 

spaces in which they can express their own opinions, interests and experiences (Brandt et al., 2013; 

Mielke et al., 2017; Norström et al., 2020). A wide range of participatory methods, many of which 

originate from the related fields of public or citizen participation (Callahan, 2007), have been applied 

to implement these principles. Nowadays, public participation is widespread and particularly popular 

in environmental governance (Birnbaum, 2016). The European Commission, for example, has issued a 

Public Participation Directive (Quittkat & Kohler-Koch, 2013). Other Directives, such as the EU Water 
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Framework Directive, foresee the involvement of a wide range of stakeholders in all steps of the 

planning and implementation  (Challies et al., 2017). 

 

Transdisciplinary experimentation 

A core element of many transdisciplinary research approaches is experimentation followed by 

reflection, as first articulated through the concepts of action research (Lewin, 1946) and reflective 

practitioners (Schön, 1983). The idea is that the ‘right’ response to complex societal issues cannot be 

known beforehand, as abilities to predict complex systems are limited. Hence, there is a need to first 

experiment, in order to then be able to observe, reflect and learn for next steps. Experimentation at 

the interface of science and society can thereby target the biophysical realm, for example, 

experimenting with different ecosystem management approaches (Armitage et al., 2009), as well as 

the social realm, for example, experimenting with different governance arrangements (Folke et al., 

2005).  

With regard to the social realm, it is important to critically contextualise experimentation since it may 

not always be positive or transformative. Literature in the social sciences and humanities has 

cautiously and reflectively considered the laboratory work of natural science as a site of 

experimentation and testing (Kullman, 2013; Last, 2012). Whilst experimentation has potential for 

‘good’ in building and integrating knowledge for solutions, experiments may also be based upon 

particular contextual constructions of people and places that position societies and geographies as ‘in 

need of testing’ or ‘ripe for testing’. Experimentation therefore has ethical dimensions and always 

holds dimensions of power. Consider, for example, nuclear testing in the Pacific Ocean in the 1950s. 

The Atolls were used as a live lab of violent experimentation on people and environments (Yusoff, 

2018). Although, at the time, those doing the experiments believed there could be some ‘good’ in 

those tests for understanding the impacts of nuclear weaponry and technology – they employed those 

labs on the construction of certain Pacific Ocean areas as ‘empty’ (and thus ‘free’ for experimentation) 

and Pacific Islanders as less than human (and thus disposable) (Yusoff, 2018). Whilst this may seem a 

long way from transdisciplinary experimentation, notions of who experiments, why, for and on behalf 

of whom, for what knowledge and who benefits/loses, with reflections on positions of power, are vital. 

Thus, when proposing RwLs as a form of real-world experimentation here, we propose participatory 

ones – where the testing and experimenting is conducted hand-in-hand with those it could impact. 

Top-down experimental western science otherwise has the potential to be exploitative and damaging 

and to impose outcomes on people it aims to assist.  

 

Real-world laboratories  

In recent years a multitude of real-world experimentation approaches, such as real-world laboratories 

(RwLs), living labs (LLs), transition labs, transformation labs and innovations labs have emerged 

(Hossain et al., 2019; Huning et al., 2021). Standard definitions for the different approaches do not 

exist, which means that terms like RwL and LL seem to be used interchangeably. However, the different 

definitions and variants all have a common core: they are solution-oriented, experimental and 

‘laboratory’ research settings, attempting to accelerate transformations together with and for the 

society towards more sustainability (Schäpke et al., 2018). Here we focus on RwLs which can be 

described as a targeted set-up of a research ‘infrastructure’ or a ‘space’ in which scientists and actors 

from the civil society jointly invent and conduct real-world experiments to produce system, target and 

transformation knowledge for a more sustainable development of society (Schneidewind et al., 2018; 

WBGU, 2016). The different stakeholders involved are ranging from scientists to the general public, 

(non-)governmental organisations and businesses.  
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According to Schäpke et al., 2018, the core characteristics of RwLs are (i) the contribution to 

sustainability transformation using a transdisciplinary research mode and experimental methods, (ii) 

the scalability and transferability of the results and (iii) scientific learning, societal learning and 

reflexivity. Overall, RwLs focus on producing evidence for potential solutions to societal challenges 

with the overarching goal to foster transformation.  

The science-practice interaction of a RwL consists of three phases in which all stakeholders are involved 

from the beginning onwards: (i) a co-design phase, where problems and potential solutions are 

discussed and selected (ii) a co-production phase, where experiments are conducted and selected 

innovations are implemented and tested; and (iii) a co-evaluation and adjustment phase, which 

consolidates the innovations (Wanner et al., 2018). 

 

Lessons learned  

Transdisciplinary research aiming at the co-creation of transformative knowledge for implementation 

has gained prominence over the past twenty to thirty years, but largely in terrestrial settings. 

Particularly wide-scale experiences have been collected in agricultural research, development and 

environmental research and urban planning. However, transdisciplinary research, especially when 

using experimental approaches such as RwLs, is generally a challenging endeavour. One reason is that 

many educational systems are mainly based on disciplinary training which fosters a disciplinary 

mindset within scientific communities instead of inter- or transdisciplinary ways of thinking and 

interacting (Knapp et al., 2017). Over recent years, inter- and transdisciplinary master programmes are 

increasingly being offered, however, this is a rather new trend and one has to keep in mind that most 

scholars involved in current research have most likely a rather fixed disciplinary background. In other 

words, they bring a set of traditions (or disciplinary ‘baggage’) with them. Hence, transdisciplinary 

projects, in crosscutting disciplines and sectors, have different timescales, goals and measures of 

success compared to disciplinary projects and therefore require long-term funding. Changes in both 

natural and social systems take place on scales of years to decades. This results in a direct need for 

long-term planning, support and financing (particularly of RwLs) to secure the need for specialised 

technologies, observing systems and experimental equipment. Typically, funding instruments of public 

authorities and other organizations are designed for periods of 2 to 6 years. Hence, long-term research 

perspectives and infrastructures are usually funded through a series of projects with changing 

priorities that build on each other. The dangers of this approach lie in the unreliability of gaining 

consecutive funding and in the changing of topics or priorities of funding agencies. Thus, to capture 

transformative effects, long-term research programs (10 to 30+ years) would be appropriate, allowing 

for exchange, comparability and transparency on larger time scales. Analogous to Weller et al. (2019), 

“to grow the pool of users”, to sustain long-term operation of a RwL is key. 

Another challenge is that stakeholders, as well as the policy, governance and legal frameworks that 

are to be optimized, must be initially identified and followed-up with continuous communication, 

(intercultural) dialogs, knowledge exchange and outreach. Established trust within cooperation 

networks of different stakeholders can be an essential ingredient of a successful RwL. Yet whilst 

stakeholder engagement, exchange and participation are intended to be inclusive, power plays may 

persist during decision making on potential interventions. Accordingly, as some scholars show, 

participatory processes may be captured by powerful interest groups to enforce their interests 

potentially leading to worse outcomes than non-participatory processes (Flannery et al., 2018; 

Singleton, 2000).  
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To avoid misunderstandings and communication problems, the coherence of the used terminology and 

definitions is of utmost importance. To ensure that all RwL partners understand each other, the 

relevant keywords and central definitions for the respective RwL need to be jointly identified, collected 

and/or defined. For example, terms like ‘marine system’, ‘sustainability’, ‘life quality’ or ‘resilience’ 

might have different meanings for different stakeholders which may lead to fundamental problems 

regarding the formulation of the RwL objectives and goals. 

Furthermore, applied methods and technologies (e.g. utilization of existing data sources, repeated 

field measurements, fully autonomous environmental monitoring systems) are subject to constant 

change and oftentimes the partners in an RwL are not equipped with the same technologies for taking 

measurements. This need not be an obstacle for good measurements, as successful intercalibration 

projects show (Acri et al., 2020; Chander et al., 2013), but it is one of many components that require 

careful support from start to finish. The handling of data and information is another critical aspect that 

is highly relevant for the success of RwLs. Precisely because RwLs are characterized by participation 

and interaction, transparency and open handling of data are key success factors. Eventually, long-term 

and sustainable coordination among different transdisciplinary projects and RwLs should be achieved, 

promising a significant increase in individual project success and a more efficient use of resources. An 

example, for the increasing need to join up smaller projects into larger networks, is the Mediterranean 

Sea turtle rescue network (Ullmann & Stachowitsch, 2015). The research points out the problem of 

having many programs, stakeholders and interests but no overarching management consortia. 

Developing larger, coordinated networks would ultimately enhance the communication of 

transformative approaches towards society and foster knowledge exchange from a local to a global 

scale, which is indispensable for sustainable acceptance and support. 

While co-creation processes always vary depending on the focus, type of innovation, stakeholders, 

political, social, economic, ecological etc. context, several generalizable learnings and requirements 

for RwLs can be extracted (Hornidge et al., 2011; Norström et al., 2020; Ul Hassan et al., 2011):  

1. The process should be clearly situated within a particular context, place or issue.  

2. All necessary stakeholders should be involved before the start of the project. Roles and 

priorities should be clarified in the transdisciplinary team from the start. 

3. Substantial attention should be paid to a systematic, continuous, well-documented, 

transparent and reliable team interaction and communication.  

4. Shared and meaningful goals and innovations, related to the challenge at hand, should be co-

designed and clearly defined. Innovation packages should not be too complex.  

5. Multiple ways of knowing, doing and communicating should be explicitly recognized. 

Conscious investment into a culture that encourages the mutual exchange of knowledge (to 

overcome feelings of superiority and inferiority), fosters flat hierarchies, builds trust and true 

interests in each other's expertise is needed.  

6. Joint decision making during the entire process of co-development (incl. finances) is important. 

If only certain groups have the decision-making power while others are supposed to follow, 

ownership diminishes with negative effects on the co-production of knowledge. 

7. Individual and institutional level capacity development as well as team facilitation are crucial. 

Attention has to be paid to the facilitation being supportive without creating a dependency 

trap.  



9 

 

8. Transdisciplinary innovation development processes are time and resource intensive and 

require well trained, continuous local staff (incl. local language expertise). If it is not possible 

to budget for an at least three-year project with respective resources, it is not advisable to 

invest at all in a co-ownership producing process.  

9. The results of co-produced knowledge, the innovations, should be co-evaluated and 

reassessed on a regular basis in order to judge if they still pose ‘plausible promises’ for an 

improved situation or have lost that potential due to adjustments to stakeholder needs. 

 

4. Overcoming the ocean crisis: From traditional participatory approaches to real-world 

laboratories  

Above we describe the core characteristics, potentials and challenges of RwLs, as a transdisciplinary 

approach. These features illuminate that RwLs – if especially designed for the marine realm – have the 

potential to be a helpful tool to create transformation knowledge crucially needed to foster ocean 

sustainability and potential solutions together with and for the society. To demonstrate this potential, 

we next draw on marine examples of traditional participatory approaches in general, and RwLs in 

particular.  

 

Participatory approaches in marine settings  

There is a long history of participatory approaches in marine community, conservation, restoration and 

ecological engineering projects involving stakeholders, scientists and users, for the protection, study, 

management and enhancement of biodiversity (Abelson et al., 2016; Krause et al., 2020). For example, 

the compatibility of coastal protection with simultaneous strengthening of ecosystem services, e.g. 

water purification, binding of pollutants and/or strengthening of recreational value, has been shown 

in various coastal engineering and building with nature studies (Narayan et al., 2016; Temmerman & 

Kirwan, 2015). Other examples include (i) the world's largest and most successful eelgrass restoration 

project on the Atlantic west coast (Virginia, USA) (Orth et al., 2020), (ii) efforts in certain Great Barrier 

Reef areas where science, citizens and management have been working together to manage reef 

decimation by the Crown-of-Thorns starfish (GBRMPA, 2021), (iii) long-standing, experimental 

programmes for the reintroduction of the European Oyster to the German North Sea and the European 

Lobster into the Borkum Riffgrund offshore wind farm in the North Sea (Pogoda et al., 2020), (iv) the 

development of a strategy to deal with climate-induced problems of sea level rise along the Wadden 

Sea of Schleswig-Holstein in Germany (Wadden Sea Strategy 2100, Germany) where a transparent 

process was initiated, including project partners from both governmental and non-governmental 

organizations facilitating a high level of communication and intercultural dialog (MELUR, 2015).   

However, despite some success in restoring and conserving structural parts of ecosystems (e.g. 

vegetation and habitat structures) and populations of single species, restoring whole ecosystems to a 

functioning state has proven to be very challenging due to the high complexity of the human-ocean 

system. The level of ecological and socio-economic benefits deriving from marine protected areas 

(MPAs), for example, remain difficult to predict (Edgar et al., 2014). Hence, their effectiveness is under 

debate (e.g. Pendleton et al., 2018). It is argued that marine conservation targets based on area alone 

are not sufficient to optimize protection of marine biodiversity (Abelson et al., 2020; Krause et al., 

2020) while stakeholder engagement was found to be the most important factor for the success of 

MPAs (Giakoumi et al., 2018).  
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Marine real-world laboratories 

Since biodiversity in marine systems has never before been under such anthropogenic threat, it is 

crucial that concepts such as RwLs – which are co-designed, co-produced and co-evaluated with 

stakeholders – are applied in the marine context to connect up transdisciplinary methodologies and 

community efforts to foster knowledge building, communication, transparency, compliance and/or 

experimental work.  

Even though the use of RwLs in marine and coastal settings is not very common, the number of 

implementations of the approach is currently increasing. One example is the project ‘Gute Küste 

Niedersachsen’ (‘Good Coast Lower Saxony’, Germany), which was started in 2020 and aims to 

investigate and promote ecosystem strengthening coastal protection at the Lower Saxony North Sea 

coast using a RwL approach. The five-year joint project focuses on the following research questions: (i) 

how robust, multifunctional and especially ecosystem strengthening coastal protection measures work 

in the long run and (ii) how they are simultaneously considered in reliable planning and approval by 

the responsible authorities and accepted by civil society. Both questions are to be answered in RwLs 

to be defined during the project. Scientists, non-scientific stakeholders and other local actors will 

already be involved in the selection of RwL sites and the co-design of the research itself (following 

Mauser et al., 2013). Knowledge co-production will be ensured through regular exchange and 

reflection. The initial co-design process is nearly completed and has shown so far that, in addition to 

the spatial conditions as well as the ecological, legal and socio-economic dimensions, the existence of 

already available (research) infrastructures and preliminary scientific work is of high relevance for all 

parties. In this regard, it is noteworthy that coastal and ocean observatories, long-term time series and 

digital inventories, such as recording archives, have been in operation for decades and their advanced 

experience (at least on the technological and operational side) can be used as a basis for the 

development of marine RwLs (Muelbert et al., 2019; Weller et al., 2019). 

In the project ‘Wissen Schafft Lebensraum’ (‘Knowledge Creates Living Space’), the RwL approach was 

used to build a network of approx. 50 stakeholders to develop the coastal region around the harbour 

city of Bremerhaven (Germany) into a model region for sustainable food production and supply 

including aquaponics (Fuchs & Krause, in prep.). Bremerhaven has a historically important fishing port 

however continuously declining fisheries require a structural transformation of the area. The recently 

completed concept phase of the project revolved around the co-definition of goals, the co-

identification of stakeholders and consensus building regarding adequate communication formats to 

be used (e.g. a problem-focussed series of focus groups). To continuously consider different 

stakeholder interests over the entire project period, a pre-formulation of project goals by the scientific 

and/or the initial stakeholder groups was avoided as this would degrade the other stakeholders to 

spectators. It also became clear that not only the objectives of the project are of central importance 

but how they are going to be implemented. In this regard, the key actors, that have the necessary 

influence to enable transformative processes towards the development of regional and sustainable 

food production systems, were identified to jointly develop actionable transformative pathways. 

Another example is the pilot project ‘Eckernförder Bucht 2030’ (‘Eckernförder Bight 2030’, Germany). 

The aim of this marine RwL is “to contribute to the protection of biodiversity, the improvement of 

water quality and thus to the achievement of the objectives of the EU MSFD and the Baltic Sea Action 

Plan of the intergovernmental Baltic Sea Protection Cooperation HELCOM.” The area is characterized 

by designated nature reserves but also by high agricultural nutrient input into the sea, tourism, fishing 

and military presence. One of the goals of the RwL is to assess the extent to which coastal protection 

measures can contribute to improving the ecological situation in the area. 

http://gute-kueste.de/en/gute-kueste-niedersachsen-en/
https://www.uni-kiel.de/en/details/news/077-eckernfoerder-bucht
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Examples for real-world experimentation approaches in a coastal context can also be found in the 

Netherlands, where the term LL instead of RwL appears to be predominant. The LL ’Holwerd aan Zee’, 

for example, is a testing ground for the sustainable development of the Wadden Sea coastal area of 

Fryslân and Groningen (Zijlstra, 2019). Here, different research institutions, citizens, entrepreneurs and 

(non-)governmental organisations are working on solution-oriented research questions and 

innovations regarding saline agriculture, flood risk management and building with nature, sustainable 

energy production but also recreation, tourism and healthy ageing. In another Dutch consortium, over 

90 public and private partners joined forces resulting in the ‘Delta Plan for Biodiversity Recovery’. Apart 

from running the coastal LL ‘B7’ the consortium is set to find comparable LL standards which are 

representative of all landscapes in the Netherlands and can be translated accordingly into all possible 

practice situations for the maintenance of biodiversity in rural areas and extended into the marine 

environment in future. 

 

5. Implications and future perspectives 

The vision of the UN Ocean Decade is to “(...) coordinate interdisciplinary research efforts at all levels, 

in order to generate and use knowledge for the transformational action needed to achieve a healthy, 

safe, and resilient ocean for sustainable development by 2030 and beyond” (UNESCO, 2020). 

Transformation towards ocean sustainability is necessarily a journey towards the unknown and 

therefore requires real-world experimentation. Marine RwLs represent an opportunity to jointly 

perform this kind of transdisciplinary experimentation, at the interface of science and society, 

supporting capacity development at all levels (individual, organizational and enabling environment) 

and allowing for immediate reflexivity. In particular, marine RwLs have the potential to advance (i) 

ocean management and governance, (ii) ocean literacy and (iii) the blue economy and therefore help 

to address the key challenges of the UN Ocean Decade. In this conclusion we bring together our 

discussions thus far and set out the opportunities for marine RwLs as a transdisciplinary tool, under 

the headings (i-iii) before briefly discussing their limitations. 

 

(i) Ocean management and governance 

To date, most marine management goals are static as they aim to achieve a certain status (e.g. the 

MSFD GES). However, the ocean and its ecosystems are changing constantly due to their spatial fluidity 

and spatial-temporal variability (e.g. rapid turnover of biodiversity, adaptation etc.) which requires 

goals that take the dynamics of the marine realm into account. Due to the cyclical design of RwLs 

including a co-evaluation phase, RwLs present a feasible opportunity to co-develop dynamic 

management goals and frameworks while at the same time investigating their operationality and 

societal acceptance therefore putting research into practice. 

Potentially one of the most interesting concepts for marine biodiversity management in RwLs is the 

concept of biodiversity enhancement, encompassing enhancement of species, food webs and habitats. 

This can involve the development and implementation of active intervention strategies to counteract 

anthropogenic pressures on marine ecosystems and hence slow down or prevent their further 

degeneration. These strategies, such as the reduction of ocean plastic debris or mangrove 

reforestation, are often characterized by a lack of scientific knowledge transfer (Cormier-Salem & 

Panfili, 2016; Dharmawan et al., 2017; Rochman, 2016). Other proposed intervention strategies, such 

as improving coral reef resilience through assisted evolution, are not being implemented partly due to 

moral and ethical concerns (Anthony et al., 2017; van Oppen et al., 2015). Given that active 

interventions are (potentially) controversial, starting a societal dialogue on their feasibility, risks and 

benefits is crucial. For carrying this out, RwLs provide a suitable platform and therefore can help to 

https://www.samenvoorbiodiversiteit.nl/


12 

 

work towards societal consensus by providing a democratic communication backdrop between 

interested parties leading to the co-development of novel governance strategies. Marine RwLs on 

assisted evolution, for example, would be an excellent opportunity to learn from terrestrial restoration 

strategies where the planting of tree seedlings genetically adapted to climate change is already a 

standard method (Erickson, 2012).  

Altogether, RwLs hold potential to grapple with the qualities, forms and temporalities of the ocean 

that typically make governance approaches slippery. This is because a RwL creates space for 

participatory knowledge that allows in-depth and prolonged engagement with certain areas and 

stakeholders. Ultimately, ‘better’ governance and management can arise through increased 

understanding of the linkages between society and areas of the sea.  

 

(ii) Ocean literacy  

To generate the willingness to save and protect our ocean, people must first develop an understanding 

about its ecological and economic values (Kollmuss & Agyeman, 2002). However, many marine 

ecosystem services have very complex, long term and/or often not directly measurable and 

monetizable effects on human wealth, health and well-being. Therefore, it is not surprising that 

citizens often have a limited understanding regarding the human-ocean relationship (i.e. both the 

effects we have on the ocean but also the effects the ocean has on us). Especially, since there is a lack 

of marine topics in school curricula and still a low level of outreach to, and involvement of, citizens in 

marine research promoting ocean literacy (Fauville et al., 2019). To discuss and evaluate the 

(normative) values of marine ecosystem services in a societal dialogue, qualitative and extensive 

formats of participation facilitating knowledge exchange, like marine RwLs, can be particularly useful 

(Zivkovic, 2018). A recent systematic review on the effectiveness of ocean literacy points out that there 

is little correlation between knowledge and behaviour change hence providing knowledge is just one 

part of the solution (Stoll-Kleemann, 2019). Instead moral engagement through the promotion of new 

social norms and identities may elicit behaviour change (e.g. in regard to travel patterns, energy, 

material and food consumption) and encourage ocean citizenship leading to improved ocean health 

(McKinley & Fletcher, 2012; Stoll-Kleemann, 2019). Marine RwLs have the potential to play a crucial 

role in these collective processes due to their participatory nature warranting that all actors are 

involved from the beginning to the end of transformative projects therefore becoming part of the 

solution.   

 

(iii) Blue economy 

Transformative change argues for a paradigm shift: from ‘blue growth’ to a ‘sustainable blue economy’. 

For this shift to happen, economic activities in coastal and marine areas need to reduce their 

cumulative impacts on the marine environment and value chains need to transform themselves to 

contribute to a circular economy, net-zero carbon emission, zero pollution, coastal resilience and 

responsible food systems. To achieve such ambitious goals, transdisciplinary research ensuring cross-

sector stakeholder involvement is essential. The analyses of historical fisheries or aquaculture case-

studies, for example, highlight the diversity of values and needs that different stakeholder groups may 

have, however, current blue growth agendas do not explicitly consider this diversity (Caswell et al., 

2020). The authors concluded “that when the desires of only a subset of stakeholders are considered, 

short-term ambitions may be prioritized over long-term sustainability, and the perspectives and needs 

of the weakest stakeholders may be overlooked” (Caswell et al., 2020). To overcome these barriers, 

the RwL approach could be particularly helpful. Furthermore, RwLs provide the perfect basis for 

prototype testing, validating new marine technologies and services in real-life environments as they 
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involve Public-Private-People Partnerships in the co-creation process (Engel et al., 2020). They are also 

one of the most recent forms of open innovation networks integrating multiple concepts such as the 

transition to low-carbon economies (Evans & Karvonen, 2014). Consequently, marine RwLs provide a 

promising pathway towards solving potential multi-use conflicts and a sustainable blue economy. 

 

Limitations of marine RwLs 

Apart from the manifold opportunities and benefits that marine RwLs have to offer, the approach, just 

like every other method, has its limitations. RwLs are based on public participation but while there is 

wide agreement that participation is beneficial, there is little agreement on how exactly to do it and 

mixed experiences on the actual success of participation (Callahan, 2007). Reviews of available 

empirical evidence on participatory processes highlight that their benefits (e.g. trust building and 

reduction of social conflicts) are not necessarily realized (Flannery et al., 2018; Newig et al., 2013; 

Newig & Fritsch, 2009; Reed, 2008). Since the 1960's it has been repeatedly emphasized that many 

participatory processes fail because of mere tokenism, in which the have-nots are informed or heard 

but the power-holders retain the right to decide (Arnstein, 1969; Hoppe, 2011; White, 1996). 

Moreover, many of the societal challenges associated with the ocean are large-scale and global ocean 

solutions require international governance. However, RwLs are mainly used to address local issues and 

an upscaling to derive global solutions has limitations. That said, achieving sustainable transformations 

on a local level is of course a prerequisite for finding wide-ranging solutions and hence RwLs can be 

part of the basis to develop global transformative pathways.  

 

6. Summary 

In summary, RwLs are currently gaining traction as a method and approach for the co-creation of target 

and transformation knowledge. Here we have synthesised knowledge on the potentials of RwLs as a 

transdisciplinary approach to research, considering how they act as a way of exploring options for 

sustainable ocean futures through experimentation that may well work towards much-needed and 

just transformations over the coming years of the Ocean Decade and beyond. Developing them further 

nevertheless requires the respective design and budgeting in transdisciplinary research projects that 

aim at the co-creation of knowledge and possible pathways towards sustainable futures together with 

stakeholders from policy-making, the private sector and (non-)governmental organisations. The aim is 

to develop RwLs as transformative tools to build the required science-policy-practice networks for 

novel governance practices thereby contributing to the 2030 Agenda for Sustainable Development.  
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