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For almost two decades, marine protected areas (MPAs) have been a central instrument of coastal conservation and management policies, but concerns about their abilities to meet conservation goals have grown as the number and sizes of MPAs have dramatically increased. This paper describes how a large (15 years) program of transdisciplinary research was used to successfully measure MPA management effectiveness (ME)—how well an MPA is managed, how well it is protecting values, and how well it is achieving the various goals and objectives for which it was created. This paper addresses the co-production and uptake of monitoring-based evidence for assessing ME in coastal MPAs by synthesizing the experiences of this program conducted with MPA managers. I present the main outcomes of the program, many were novel, and discuss four ingredients (learned lessons) that underpinned the successful uptake of science during and after the research program: (i) early and inclusive co-design of the project with MPA partners and scientists from all disciplines, (ii) co-construction of common references transcending the boundaries of disciplines, and standardized methodologies and tools, (iii) focus on outcomes that are management-oriented and understandable by end-users, and (iv) ensuring that capacity building and dissemination activities occurred during and persisted beyond the program. Standardized monitoring protocols and data management procedures, a user-friendly interface for indicator analysis, and dashboards of indicators related to biodiversity, uses, and governance, were the most valued practical outcomes. Seventy-five students were trained during the projects and most of the monitoring work was conducted with MPA rangers. Such outcomes were made possible by the extended timeline offered by the three successive projects. MPA managers’ and scientists a posteriori perceptions strongly supported the relevance of such collaboration. Local monitoring and assessment meets the needs of MPA managers, and forms the basis for large-scale assessments through upscaling. A long-term synergistic transdisciplinary collaboration between coastal MPA managers and research into social-ecological systems (SESs) would simultaneously (i) address the lack of long-term resources for coastal monitoring and SES-oriented research; (ii) increase science uptake by coastal managers, and (iii) benefit assessments at higher levels or at broader geographic scales.
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INTRODUCTION

Global change and local anthropogenic pressures are affecting marine and terrestrial ecosystems worldwide at a pace faster than ever before in human history (Halpern et al., 2008; Ceballos et al., 2017). Coastal ecosystems are particularly vulnerable to global changes through coastline erosion and extreme events, and to the adverse consequences of human activities. Among coastal ecosystems, coral reef ecosystems are under intense threats from multiple stressors (Ban et al., 2014; Darling et al., 2019, among others).

Marine protected areas (MPAs) have been a central instrument of coastal conservation and management policies for almost two decades, and strengthening MPA coverage, and effectiveness crucial for international agendas [e.g., Aichi Target 11 (Convention for Biological Diversity [CBD], 2014) and Sustainable Development Goal (SDG) 141 ]. many recent papers have debated or documented the real degree of protection afforded by MPAs (Edgar et al., 2014; Campbell et al., 2018; Strain et al., 2019; etc.), pointing to the risk of “paper parks” that fail to meet their goals (Agardy et al., 2003; Rife et al., 2013). The unprecedented number of recent and sometimes large MPAs has raised the issue of their effectiveness at achieving high standards in environmental and social performance; a concern reflected in the creation of guidelines for performance assessments (Parks et al., 2004) and quality labels for effective MPAs2 ,3 (Wells et al., 2016).

This paper refers to MPA management effectiveness (ME), a notion stemming from the International Union for Conservation of Nature (IUCN) World Commission on Protected Areas4, and subsequently used by the Convention on Biological Diversity (CBD)5. ME pertains to “how well a protected area is being managed, and primarily the extent to which it is protecting values and achieving the various goals and objectives for which it was created” (Hockings et al., 2006). Values include ecosystem services and functions, biodiversity, landscape, and geomorphological features, as well as cultural, socioeconomic, and research- and education-related aspects. In this paper, the term assessment refers to MPA ME assessment, i.e., MPA ME is gauged with respect to the management goals and objectives. Wells and Dahl-Tacconi (2006) listed all benefits for MPAs of conducting such assessments. An indicator-based methodology for MPA ME assessment was produced through an international collaboration of managers and experts under the auspices of the IUCN (Pomeroy et al., 2005).

Most MPAs have a management plan stating the goals and objectives against which MPA ME effectiveness must be assessed. Monitoring and assessment should guide management interventions in the short and medium terms. Local monitoring and assessment of biodiversity generally also lay the foundations for higher-level (national and international) assessment needs through successive upscaling, e.g., for evaluating the good ecological status in European seas (European Union [EU], 2008) or for supporting international reporting or assessment (Convention for Biological Diversity [CBD], 2014; United Nations [UN], 2016, among others, see Weatherdon et al., 2017 for a list of international treaties and policies in need of data for assessments).

Periodic monitoring programs should provide consistent assessments over time. Monitoring is achieved with various operators including MPA staff, consultants, NGOs, and research scientists. Additional data are collected within research projects. Addison et al. (2015) showed that even where periodic monitoring existed, management agencies preferred to conduct qualitative MPA ME assessments based on expert interpretation of monitoring results. But they also observed a willingness from management practitioners to better utilize monitoring data in quantitative condition assessments.

The workflow from monitoring to assessment, and to final knowledge products (understood here as the set of outputs ready for dissemination to end-users), is rarely fully documented and reproducible, which is detrimental to the uptake of monitoring-based science by MPA managers and beyond. Similarly, the link between research data and decisions is not always explicit, resulting in a number of scientifically sound datasets not being used to inform policy and decisions (Weatherdon et al., 2017). This was particularly the case for MPA management, where very few MPAs reportedly used monitoring-based results to inform management (Gill et al., 2017). Strategic linkages are needed to ensure the use of ocean observations across scales to address management and policy needs at local, regional, and global scales (Evans et al., 2019). At intermediate scales, e.g. in the wider Caribbean region, the science-policy interfaces appear as a network of relationships, and the extensive use of science in policy is uncommon (McConney et al., 2016). At the European Union (EU) level, implementing the ecosystem approach requires a stronger integration of science, policy/management, and society, consistently with the CBD recommendations (Ramírez-Monsalve et al., 2016).

This paper discusses transdisciplinary experiences in an applied research program aimed at assessing MPA ME for coastal MPAs. The program involved close cooperation between MPA managers and scientists from several disciplines to conduct monitoring-based ME assessments. I present the approach, outcomes, and perceptions of the project partners. From this experience, I then identify and discuss four lessons learned early in the program that were essential to fostering science uptake. Finally, I propose ways to achieve longer-term synergies between scientists and MPA managers that will help to address some challenges of both research into coastal social-ecological systems (SESs) and, coastal monitoring and assessment.



PROJECTS AND METHODS


Overview of Projects

The research program consisted of three projects that took place successively from 2004 to 2017 to support science-based coastal management. Project 1 (LITEAU2-AMP, 2004–2006) aimed to develop decision-support diagnostic and exploratory tools for assessing MPA performance. Project 2 (PAMPA, 2007–2012) aimed to construct and document indicators of MPA ME together with corresponding monitoring protocols and assessment tools. Project 3 (AMBIO, 2012–2017) built on the previous two projects by developing and adapting monitoring, and assessment methodologies for biodiversity and uses (particularly for large MPAs), and transferring them to managers and consultants.

The three projects had four common features: (i) funding from management-oriented agencies; involvement of (ii) scientists from ecological, economic, and social sciences; and (iii) management practitioners from different MPA contexts; and (iv) a focus on the production of practical outcomes and decision-support tools for monitoring and assessing MPAs.



MPA Partners

The MPAs involved spanned five regions of the world, with two in mainland France and three in overseas territories in the Atlantic, Indian, and Pacific oceans (Supplementary Material 1). They corresponded to different institutional and governance settings, contrasting sizes, ages, and protection levels, from the small marine reserve to the large multiple-use marine park. In Project 2, the French MPA Agency was an active partner, and the French Coral Reef Initiative (Ifrecor) ensured the participation of overseas MPAs and assisted with communicating outcomes to other MPAs not in the project.

Project 3 chiefly concerned New Caledonian MPAs, including World Heritage properties and the Coral Sea Marine Park. The vastness of these MPAs was central in the project. Monitoring and assessment methods of Project 3 were also applied at La Réunion and Mayotte MPAs during the project.



Methods

The projects were built around workshops and intersessional activities, with an extensive program of outreach that brought partners, managers, and agencies together, facilitating broad discussions on MPA management. The overall program evolved as follows:

1. The initial workshops aimed to explicitly define management objectives, priorities and constraints as well as to provide contextual information and existing data for each MPA. Using a common template elaborated beforehand, these were held in each MPA, and in clusters for Mediterranean MPAs and for overseas MPAs.

2. Later workshops were on specific methodological topics: conducting indicator-based assessments, interpreting indicators and constructing dashboards, ingredients of socioeconomic assessments, and definition and dissemination of data-based products. All project partners were invited to foster transdisciplinarity and capacity building within the consortium.

3. The final series of workshops convened a broader audience to share outcomes with project outsiders, engage in discussions and seek additional inputs, with the goal of making the outcomes more generic and applicable for other MPAs.

Between the workshops, activities were conducted in each MPA and by the scientific team in charge of coordination and tool development. In Project 2, this team devised monitoring protocols and assessment methodologies, and generic templates and guidance documents for implementing the same approaches across sites and facilitating distant work across the five regions. The junior scientists from the coordination team developed the user interface and common references together with field experts. In Project 3, the coordination and development team played a similar role in a less geographically dispersed context.

At the ends of Projects 2 and 3, MPA managers and scientists were asked to express their perceptions on the project.

The outreach program was substantial in Projects 2 and 3: the methodologies and other scientific outcomes were transferred to the MPA managers (and to private operators and consultants for Project 3) through a series of meetings, presentations and public conferences that took place in different settings.



Projects’ Outcomes


Initial Perceptions of MPA Managers and Scientists

The Project 1 workshops facilitated a broad discussion of MPA-related projects and management issues. The audience included scientists from the natural and social sciences, nine managers from different MPA contexts, and representatives from NGOs and agencies. A methodological framework for indicators (Beliaeff and Pelletier, 2011) and a common glossary were discussed. The exercise documented the interactions between the scientists and MPA managers, their respective expectations and constraints, and how mutually productive interactions could best be achieved (Supplementary Material 2).

MPA managers pointed out the contribution of MPA-focused research to adaptive management. They wanted an operational science-based toolbox to support management activities, in particular for MPA ME assessment. They underlined their MPA was involved in numerous research projects with little coordination among scientists, and a potential to unnecessarily interfere with local stakeholders. Scientists highlighted the need for better information from managers, including access to previous research projects and data. The group as a whole spoke in favor of structures to facilitate dialog between managers and scientists. These exchanges stimulated the partnership for Project 2, which included a number of the same participants.



Co-constructing the Project Framework and Approach

In Project 2, the four workshops held over the first year laid a consensus-based foundation and were crucial to promote consistency across MPAs and disciplines. A conceptual model was proposed (Figure 1) and was subsequently used in Project 3. A glossary and a common formulation of management goals and objectives (Table 1) were produced. The goals spanned the three main domains reflected in the MPA management plans: biodiversity, uses and MPA governance The MPA managers listed possible interventions (or responses) to progress toward the achievement of each objective: regulation of activities, by law or agreements with users, communication and education, monitoring and enforcement. MPA ME assessment aimed to indicate where intervention was needed, and to guide managers toward the appropriate response.


[image: image]

FIGURE 1. Conceptual model used for Projects 2 and 3. The model depicts the relationships between biodiversity, uses, and management responses in the MPA. It was derived from the DPSIR (Driving forces-Pressure-State-Impact-Response) framework (Organisation for Economic Co-operation and Development [OECD], 1993), developed for indicator definition and widely used in environmental assessments (Beliaeff and Pelletier, 2011).



TABLE 1. Consensus-based formulation of MPA management goals and objectives that laid the foundation for subsequent work on the indicators and decision-support tools.

[image: Table 1]The overall methodology of the project was agreed (Figure 2). Existing data had to be utilized, and where the data were lacking, observational protocols should be developed with the condition that they could be implemented by MPA staff or non-scientific staff.
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FIGURE 2. Consensus indicator approach for Project 2.


Expectations from partners were diverse and high, and these workshops also provided a place to clarify what the project would not achieve. Equally important was the time-consuming task of writing a consortium agreement, which was essential for building trust and data sharing.



Ecological Data: Evaluating the Existing Data and Proposing New Protocols

Most existing data pertained to the conservation goals (1 and 2, Table 1). They had been collected from three sampling platforms: (i) diver-operated underwater visual censuses (UVC) using several designs and protocols to survey fish, invertebrates, benthic fauna and cover; (ii) catch and effort data collected either on board or from landings, from recreational and small-scale fisheries and from scientific surveys; and (iii) unbaited underwater video landers for fish and benthic cover. The adequacy of the sampling design for MPA ME assessment was evaluated during joint meetings, as many samples had been collected for other purposes. Out of 33 data sets, 22 were suited for assessing the ecological effects of protection. Metadata were documented using a common template. Technical training was concurrently provided to build the partners’ capacity in MPA statistical assessment and appropriate sampling designs.

In Project 2, underwater video data were collected in two MPAs to provide spatially replicated data (Pelletier et al., 2012). During Project 3, the protocol was consolidated into a standardized operating procedure (Pelletier et al., 2016) to address monitoring needs for vast MPAs, and was extensively implemented (New Caledonia, Indian Ocean, and Cerbère-Banyuls, Supplementary Material 1). Field work was conducted with rangers, local fishers, and participatory management committees.



Protocols for Monitoring Recreational Uses

Characterizing and assessing human uses within and around the MPA was a priority for all MPA managers (Supplementary Material 2, #6). No data being available, an original standardized protocol comprising on-site user counts and interviews was devised with the managers. Interviews relied on a questionnaire to characterize use pressures and user perceptions fishers, catch, and fishing effort. Data was collected in each MPA over at least 12 months by or with MPA rangers (Supplementary Material 3). A database was constructed to facilitate the input and validation of all use-related data. During Project 3, the protocol for user counts was modified to address new operating constraints for MPA rangers. The consistency of data over time enabled the analysis of changes in MPA use at a decadal scale (Gonson et al., 2016).



Standardized Assessments: Indicators, Generic Tools, and Reference Data

Indicators relevant to each management objective were selected during workshops. The proposed ecological indicators were prioritized with MPA managers to address specific assessment needs, e.g., iconic species, sensitive habitats, target species or fishing gears which differed between MPAs and between ecosystems.

With respect to uses and users, pressure-related metrics obtained from user counts included the (i) number of boats or of users; (ii) number of boats moored, beached or anchored for boat-based activities; and (iii) number of fishers for shoreline fishing. Fishing-related metrics (effort in number of gears and/or time, and catch per unit effort) were computed from the questionnaires. Perception metrics also derived from the questionnaires described user awareness of MPA and fishing regulations, opinions on MPA effects and management, and perceptions of conflicts between users. The indicators related to MPA governance and to education and knowledge were iteratively co-developed during four workshops, and then prioritized by MPA managers (Supplementary Material 4).

An R-based user-friendly interface was developed to compute, plot and statistically analyze numerous ecological and use-related indicators (Supplementary Material 5). It was iteratively improved over 4 years (corresponding to an effort of ∼72 person. months) following extensive testing by partners. This required defining common data formats across ecological sampling protocols; common references for taxonomic and species traits, fishing gears; and a spatial reference table for handling georeferenced data in each MPA. Species and fishing gear references were interoperable with international references. Project 3 improved and reused the user interface (Pelletier et al., 2014), and further developed the spatial reference table for New Caledonia (Gonson and Pelletier, 2018). These tools enabled the efficient analysis of large underwater video datasets to produce the first large-scale baseline assessment of New Caledonian MPAs (Pelletier et al., 2020; Schohn et al., 2017a,b).



Management-Oriented Outputs: Indicator Scoring and Dashboards

The managers generally preferred simple non-technical assessments, but also wanted access to the underlying scientific evidence, either to reach a finer understanding or for assessment transparency.

In Project 2, the ecological indicators were scored using the color codes used for the Water Framework Directive (European Union [EU], 2000). Here, the colors scored the need for a response from the manager, from “no intervention required,” to “strong intervention needed.” Due to the lack of reference values for most indicators, color codes were agreed between the expert partners during two workshops. In Project 3, the wealth and broad coverage of data allowed color codes to be derived from indicator values.

The dashboards aimed to track progress toward each management objective and orient possible interventions. For the conservation goals, it relied on the conceptual model with indicators depicting the State (ecological) and Pressures (use-related) that might affect the State, and indicators likely to guide management toward the appropriate Response (MPA management intervention). For each MPA, results were compiled into a comprehensive report that enabled tracking the assessment from field collection (e.g., Tessier et al., 2011). Project 3’s assessment reports comprised both a non-technical synthesis with radar plots for comparisons between sites, and detailed assessment results with dashboards (e.g., Schohn et al., 2017a,b).



Capacity Building and Dissemination

Both were essential during and after the projects. Capacity building occurred through interdisciplinary exchanges and shared methodologies. Monitoring activities conducted with rangers and managers provided additional opportunities for discussions. Tools and protocols were transferred to managers and consultants through presentations, trainings, and guides (Pelletier et al., 2014, 2016).

Student supervision substantially contributed to building capacity in management-oriented science, with 54 students in Project 2 (many interns were hired by the MPAs) and twenty in Project 3. Students were immersed in the projects’ transdisciplinary approach and atmosphere, and several were subsequently hired in the field of marine monitoring, whether in NGOs, management agencies or MPAs, or they created their own business as consultants. They currently apply or adapt some of the approaches and skills learned (e.g., Gamp et al., 2016).

The numerous standardized deliverables ensured that the activities and outputs may be tracked and reproduced, and facilitated the dissemination of outcomes toward both partners and beyond the consortium. Dissemination to technical audiences, s.a. MPAs and agencies, and to the public, was given high priority through multiple presentations, roundtables and workshops in the different regions. The final conference of Project 2 gathered a broad audience of management practitioners and agencies, and the video recordings were made accessible on the Web6. In Project 3, the use of underwater videos facilitated engaging knowledge exchange with local management committees and the public, who were able to discover (for some) “their” marine biodiversity and resources through the video clips provided.

Overall, these efforts resulted in direct and indirect assimilation of outputs during and beyond the projects, including for the construction of the French MPA dashboard (Agence des Aires Marines Protégées [AAMP], 2014; Supplementary Material 3).



A Posteriori Perceptions of the Project Partners

The MPA managers’ perceptions were overall very positive (Supplementary Material 6). Among others, the utilization of existing MPA data was valued by both managers and rangers as it tested the usefulness of spending resources on monitoring, and sometimes improvements in sampling design were suggested. The information-rich outcomes were differently appreciated by the MPA managers (Supplementary Material 6, #4).

The scientists’ perceptions were also supportive of the transdisciplinary dynamic. They enjoyed the tools as a time-saver for indicator analysis, the methodological workshops, and topical discussions on MPA governance, MPA ME assessment, indicator scoring, and dashboard construction. However, they felt that there was insufficient opportunity to publish science because all available time was required to develop tools, complete field work, effectively communicate and report to stakeholders, and to ensure the project’s cohesion through coordination. Publishing such transdisciplinary science was also found difficult, despite the claims of journals, as experienced from feedback asserting that the science had only a “local” relevance.

The partners wanted to build on the project to establish a science-practitioner interface in the long term. Over a 2-year period following Projects 2 and 3, further events were successfully held to transfer outcomes to MPAs and agencies. However, despite the willingness of local practitioners, including beyond project partners, this network and dynamic were not supported at the institutional level and did not receive support from management agencies or research institutes. Science uptake thus occurred outside of an organized framework through (i) a persisting relational network; (ii) the tools provided and adopted by the MPAs; and (iii) the capacity transferred to management practitioners, scientists, and students.



DISCUSSION


Four Learned Lessons That Fostered Science Uptake

Fostering the uptake of science in this extensive and successful transdisciplinary program can be summarized as follows:

• Lesson 1: Early and inclusive co-design of the project with MPA partners and scientists from all disciplines.

• Lesson 2: Co-construction of common references transcending the boundaries of disciplines and, standardized methodologies and tools.

• Lesson 3: Focus on outcomes that are management-oriented and understandable by end-users.

• Lesson 4: Ensuring that capacity building and dissemination activities occur during and persist beyond the program.

Lesson 1 is the prerequisite for constructing a transdisciplinary partnership, understood here as “different disciplines working together with non-academic collaborators to integrate knowledge and methods, to develop, and meet shared research goals achieving a real synthesis of approaches” (Kelly et al., 2019). This prerequisite was e.g., identified by Brandt et al. (2013); Cvitanovic and Hobday (2018), and Gurney et al. (2019). Transdisciplinarity was made possible here through the co-construction and consensus on the semantics, the conceptual model, and the common methodology. Our conceptual model was not an SES framework in the sense of Ostrom (2009) [e.g., implemented by Gurney et al. (2019)] or Mascia et al. (2017). It had to capture the transdisciplinary essence of the project while being simple enough to be appropriated by partners. It was also consistent with the goal of defining indicators for MPA ME assessment and for guiding management response, in relation to the DPSIR framework, which has an action-oriented perspective rather than an analytical purpose (Binder et al., 2013).

Lesson 2 was necessary to operationalize a common methodology for real-world problems. Tailored standardized methods and co-constructed user-friendly tools contributed to strengthening the interface between science and MPA management. Common references are particularly needed in projects that encompass several case studies and where objectives transcend disciplines, here MPA ME assessment. In a program addressing conservation in several Indo-Pacific countries, Gurney et al. (2019) defined key social-ecological attributes relevant to the program’s objectives and applicable across multiple countries and management actions. Subsequently, they could implement the same monitoring protocols and indicators across sites. Our program produced numerous standardized outcomes (see sections “Ecological Data: Evaluating the Existing Data and Proposing New Protocols,” “Protocols for Monitoring Recreational Uses,” “Standardized Assessments: Indicators, Generic Tools and Reference Data”) and notably a versatile user-friendly interface. Villaseñor-Derbez et al. (2018) developed a user-friendly web-based app to test ecological, socioeconomic and governance indicators for assessing the effectiveness of no-take marine reserves. Our interface differs in several ways: (i) it is not presently web-based, as first developed in 2011; (ii) it can handle a variety of ecological monitoring protocols; (iii) the set of indicators is not predefined to enable exploration of a wider spectrum of ecological and use-related indicators; and (iv) the scorecard is not produced by the interface. The last three development choices resulted from MPA manager preferences. The user interface was iteratively improved with end-users over 4 years, and is currently used by several scientists and by four MPAs for processing monitoring data.

More generally, decision-support tools should aim at broad utilization, while being tailored to the needs of managers and other users including scientists. Weatherdon et al. (2017) underlined this need for “iterative co-design of a user-friendly interface, standardized, comprehensive, and documented methods with quality assurance, consistent capacity, and succession planning, accessible data, and value-added products that are fit-for-purpose” as a condition to the production of knowledge conveying the information required by policy- and decision-makers. There are currently very few such interfaces for producing and analyzing knowledge products from monitoring data to support marine management and policy, whereas the demand from stakeholders for tools to support outcome-based approaches in environmental management is increasing (Hewitt and Macleod, 2017).

With regard to Lesson 3, several science needs initially expressed by MPA managers (Supplementary Material 2, #6), were addressed. Hence, monitoring protocols for characterizing and assessing use-related pressures and accounting for MPA manager constraints were developed and implemented by rangers and MPA staff. Monitoring of uses is rarely routinely integrated in MPA ME assessment (Tobin et al., 2014). Underwater video monitoring protocols were devised, and subsequently implemented by trained operators together with non-scientific staff. The devised protocols and data processing enabled producing maps of use-related pressures and biodiversity indicators7, thereby addressing another expressed need. Spatial information is crucial for all environmental decision-makers as a means of communicating about interventions (Hewitt and Macleod, 2017), particularly for MPAs. Last, uncertainties (Supplementary Material 2, #6) were accounted for through the statistical tests in the user interface, and the reliance on statistical significance in the indicator dashboards.

The usefulness of the outcomes largely reflected in the MPA manager perceptions (see section “A Posteriori Perceptions of the Project Partners”). Following the program’s conclusion, the outcomes most reused by MPAs were the protocol for monitoring uses, the dashboard approach and its semantics, and the methodological guide for underwater video monitoring.

Lesson 4 dealt with dissemination and capacity building. The deliverables were standardized, understandable, and reusable by scientists from several disciplines, management practitioners, and management agencies (see section “Standardized Assessments: Indicators, Generic Tools, and Reference Data”). They were widely disseminated through networks or made freely accessible (open access archives and map servers), ensuring the spillover of outcomes beyond the program’s partnership and timeline. Interestingly, the MPA managers largely communicated about Project 2 through seminars with peers, media interviews, MPA newletters, and activity reports (Supplementary Material 7). The fact that the final users of science spoke about the approach and outcomes themselves was considered a strongly positive indicator of science uptake. In Project 3, imagery-based evidence facilitated knowledge exchange with local stakeholders. Moreover, images provided a sense of pride and custodianship about the territory, with positive consequences for caring about their environment, a perception also shared by managers in another MPA context and contributing to science uptake (Cvitanovic et al., 2016). Local communities and stakeholders may be reached, either by involving them in management or through educational activities, thereby contributing to goals 6 (social acceptance of the MPA) and 7 (knowledge improvement and education) of the MPA management plans. Such science programs enhance trust building between MPA managers and community members (Cvitanovic et al., 2018).

Guidance documents and training for end-users were key resources for dissemination and capacity building. A similar experience was reported by Gurney et al. (2019) who trained practitioners in four countries and delivered a multilingual handbook during the program mentioned under Lesson 2. Capacity building is central to improving MPA ME and major regional gaps in conservation capacity have been identified (Elliott et al., 2018). Gill et al. (2017) showed that adequate staff capacity was the most important factor in explaining the response of fish to MPA protection; accordingly they also found that only 13% of MPAs reportedly used results from scientific monitoring (biological, social or management) to inform management. However, many MPA staff are willing to forge a stronger link between MPA ME and evidence-based management (Addison et al., 2015, see section “Introduction”). For junior scientists and MPA staff, our projects offered a favorable context for learning about “the main five focal areas of importance to contemporary conservation: policy, practice, collaboration, leadership and interdisciplinarity” (Elliott et al., 2018, see also Kelly et al., 2019). Furthermore, the projects provided junior staff with a highly beneficial sense of empowerment in conservation practice (Cvitanovic and Hobday, 2018).



Provision of Time Was a Crucial Enabling Ingredient

With a typical project duration of 2–4 years, establishing a transdisciplinary consortium is challenging as more time is needed to understand each other and work in harmony. For instance, a collaborative process between scientists, managers, and recreational fishers aimed at reshaping science-based conservation practice required 10 years to be successfully developed (Caudron et al., 2012). Our three projects successively built upon one another. The participation of several partners in two or three projects created continuity in the consortium, fostered the involvement of additional partners and the establishment of a transdisciplinary network. The extended timeline was also key for iterative testing of the methodologies with end-users.

The provision of time matters also because science uptake continues several years after the projects, here through the legacy afforded by the deliverables, the persistence of the relational network, the use of tools, the adoption of outcomes by MPAs, and the movement of former students into new conservation-related jobs. A delayed uptake may be explained by the relative novelty of the approaches. Transdisciplinary problem-oriented (here, assessment- and management-oriented) projects often give rise to innovations (Mainzer, 2011). The four conditions for the diffusion of innovation identified by Rogers (2003) were exemplified here: existence of early adopters, communication channels, provision of time, and acceptance by the concerned group or organization.

This experience demonstrated the amount of time and work needed to develop standardized approaches to monitoring and assessment. By the same token, the lack of time left to simultaneously publish in mainstream journals is an obstacle to engaging more academic scientists in such activities, notably early career scientists. As also underlined by Caudron et al. (2012) and Cvitanovic et al. (2015), the current measures of science impact ignore engagement activities, and institutional support is urgently needed to provide time and resources for such engagement.



Achieving Transdisciplinary Synergies Between Coastal MPAs and Research

Over this 15-year program, a range of outcomes, benefits, and problems were experienced by the coordination team and by the consortium (Table 2). The program’s legacy expands perspectives for future cooperation serving both research and coastal management through monitoring and assessment activities. Similar time-series data on biodiversity, human uses of MPAs and MPA governance are necessary to assess MPA ME and to conduct transdisciplinary research into complex coastal SESs. Moreover, local monitoring must serve additional assessment and reporting needs at larger scales (see section “Introduction”), through Essential Biological Variables and Essential Ocean Variables (Muller-Karger et al., 2018). Local assessments must thus be both scalable enabling consistency across regions, in addition to being robust and locally informative. However, monitoring costs are still incurred at the local scale and likely exceed the MPA and science resources because (i) the involved ecological, socioeconomic and management territories are often vast, (ii) several facets of SESs must be monitored, and (iii) spatial replication is needed to appraise complex SESs and to assess ecological status (among others).


TABLE 2. Experienced benefits and difficulties in running these transdisciplinary MPA management-oriented projects.

[image: Table 2]A cost-efficient partnership could be organized to sustain win–win science-management interactions in coastal MPAs (Table 3). The evolution of MPA managers’ perceptions and the partners’ willingness to engage in longer-term partnership at the science-practitioner interface suggested a collaborative model of applied research cofunded by research, policy-makers, and management agencies and that would target both transdisciplinary SES research and local MPA ME assessment with the view of upscaling to higher-level assessments.


TABLE 3. Synergies between coastal MPAs and transdisciplinary research into SESs.

[image: Table 3]On-site monitoring operated by both scientists and local experts such as management practitioners, would definitely benefit both research and management. Securing monitoring in the long-term then enables organizing transparent and reproducible data workflows together, including data collection, knowledge production and dissemination, and data management. In situ monitoring remains indispensable for environmental science and management. Ad hoc human resources and funding are dropping, despite increasing environmental challenges and calls for continued science-based evidence. Consolidating monitoring bases and organizing bottom-up and shared and consistent knowledge flows to document multiple assessment needs requires the joint efforts of both engaged scientists and local management practitioners.
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