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Abstract: Environmental research and management organizations are mutually dependent when
it comes to produce and use knowledge in favor of responsible action in an increasingly uncertain
world. Still, science and practice interfacing remains a challenge when it comes to implementing
and sustaining a collaborative process. In this paper, we develop a descriptive framework to study
the coevolution of scientific and planning activities embedded in a territorial system. Scientists and
managers dynamically interact through institutional arrangements, operationalization of knowledge
and information and communication tools. We propose an approach to systematically document
transdisciplinary pathways and characterize the bounding process between organizations on a
typical case-study, the coastal Thau territoire (Mediterranean Sea, France). By tracing, illustrating
and analyzing coupled trajectories of environmental sciences and planning for the last decades, the
Systemic Timeline Multistep methodology tackles cross-fertilization mechanisms. The relational
analysis draws on the elaboration of a synchronic timeline to question co-evolution and grasp causal
mechanisms of research projects interactions with management pathways. Its application on the
Thau territoire shows that scientific activities and public actions shaped each other in a continuous
process of interaction. It also gives insights into the contributive roles of long-term place-based
research and intermediate organizations for the emergence of new sociotechnical arrangements.
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1. Introduction
Ecological knowledge seeks, more than ever, societal consideration as a common good,
informing environmental actions and contributing to deal with the new challenges faced
by humanity and the biosphere in which it is embedded [1,2]. Science–society interactions
about nature conservation are not recent; articulation between researchers and representatives of the environmental action has already lead to successful impacts. Indeed, research
organizations have been producing expertise for the elaboration of environmental policies
for decades [3]. Moreover, cross-disciplinary studies in-between social and ecological sciences have been largely triggered by socio-political factors [4] and driven by what precisely
result to be public policy hotspots [5]. Still, interactions are neither systematic nor simple,
and a large amount of work from diverse disciplines and sectors is currently being achieved
to support relevant interfacing between scientists and knowledge users.
Various terms have been used to describe collaborative research that address societal
problems [6], underlining the diversity of approaches developed in the last decades to
capture the complex adjustment processes between science and society [7]. The organization of dialog and cooperation between researchers and practitioners is now referred to as
“transdisciplinary” [8,9], and the deliberate action of structuring spaces for “knowledge
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co-production” has been recently acknowledged as a tool for environmental governance
and sustainability sciences [10]. While increasing recognition for better connecting research
and action to address sustainable development issues, shifts to transdisciplinary research
remain a challenge due to conceptual uncertainty [11] and the importance of contextual
factors for successful implementation [12].
Environmental policies and sciences achieved significant progresses in the last decades,
with a respective shift from sectorial to global and from disciplinary to interdisciplinary
approaches. For the water sector example, first the Integrated Water Resource Management
approach [13] empirically illustrates the explicit recognition of interdependencies between
social and ecological subsystems, favoring integration of sectorial preoccupations, local
knowledge and academic disciplines. Second, recent scientific works produced a shared
conceptual representation of the water cycle, including humans and their activities [14–17].
While the promotion of integrated approaches for regulations and scientific knowledge
generation is not recent, there are still difficulties in practical implementation. First, the
diversity of planning instruments (disjoint relationalities) [18], the variety of organizational
forms (distributed responsibilities) [19], and the power asymmetries between stakeholders [20] jeopardize management strategies. Second, the variety of academic disciplines and
their related epistemologies present a big challenge for scientists trying to have a systemic
approach on the nature–society interfacing [21,22].
Social–ecological interactions and feedbacks are increasingly studied through a systemic perspective. The Social-Ecological Systems (SES) concept plays a key role in the
operationalization of the research process [23,24]. Indeed, the SES concept was originally developed as a scientific framework for the study of local resource management
systems [25], considering environmental knowledge as a critical link between ecosystems
and nested political institutions. The associated or derived research is vast [26] but globally
oriented to address real-world problems by generating context-based understanding for
the active shaping of social-ecological change (also referred to as “stewardship” [27]).
Whatever the environmental challenge, stewardship is regarded as intimately connecting
knowledge to action [28], both being produced within the shared activity of engaging with
a particular situation [29].
To gain understanding on the complex interactions between ecological phenomena
and social arrangements, the learning from practice and research approaches emerged in
the late 1970s [30]. Since then, ideas of recursive learning spread all over communities of
practices as a strategy to improve policies based on field observation and experimentation [31]. Still, environmental conservation projects duration bounds the identification and
characterization of human–nature interactions and thus limits their broader impacts [32].
The nature of socio-environmental phenomena involves the acquisition of long-time series
and multistakeholder perspectives. From the mid-1980s to now, research organizations
have implemented a large number of Long-Term (social) Ecological Research (LTER) observatories in many places around the world to deepen understandings on transversal objects
and questions and to give space and time for further dialog between scientists and natural
resource managers [33–35]. Regardless of its initial origin and objective (questions may
come from a scientific dynamic or a societal concern), long-term research observatories
that focus on a single case study and follow its unique development are recognized as
crucial for dialog between scientific and local stakeholders [36] and for the development of
planning strategies [37,38]. Despite the many experimentations on socio-environmental
observatories, there are still gaps to be filled for the adoption of a common operational
framework able to bring research organization and management institutions in an adaptive
governance framework [38].
In the last decades, many works have been accomplished to describe and analyze
difficulties to connect research and sustainable development trajectories [39]. Today, the
focus of many funding agencies on impactful research projects pushes for concrete problem
solving and for the inclusion of socio-economic stakeholders in scientific activities [40,41].
While various insights into interactive arrangements between science and management

Sustainability 2021, 13, 8526

3 of 23

organizations are available—especially in long-term observatories where local institutional
arrangements facilitate collaborative practices—the coordination mechanisms between
public institutions is still poorly documented [42]. Only a few evolutional perspective
have been found in the literature [9,43,44], but original methodological developments are
increasingly needed to better connect knowledge to action [41] and to gain clarity about
roles and responsibilities among institutions [43]. This paper intends to fill this gap by
proposing a framework for transdisciplinary capitalization studies, analyzing temporal
evolution of environmental conservation projects in a specific place.
To capture the interaction dynamics between management and science public organizations, we hold a French social-geography perspective [44,45] and a landscape approach [46,47]. The spatial area of concern is an environment under various influences,
including humans in interaction with their surroundings composed of natural elements
and living beings (physical and biological entities). Human activities and technical infrastructures change over time following society’s objectives and social rules. In this
framework, we propose to use the concept of ‘territoire’ to denote the building of collective
strategies for the exploitation and conservation of natural resources. We intend to grasp
the increase in the complexity of socio-political interactions through the evolution of local
multistakeholder’s decision-making processes towards sustainable development, framed
by public policies and narratives induced by dominant worldviews [48]. Despite many
similarities with the concept of social-ecological system [49], the territoire emphasizes on
built-up social and technical infrastructures with a focus on collective choice.
In this methodological paper, we hold a systemic perspective on the interplay between
environmental scientists and managers which dynamics depend on and shape the broader
territoire in which it is embedded. We suppose the system dynamics can be described
through a retrospective analysis of past research and development projects. First, we
describe a case study that benefited from long-term research involvement together with
recognized investments in management efforts: the Thau coastal lagoon and its catchment
(Mediterranean basin, France). Second, we propose a descriptive framework to analyze the
transdisciplinary process and to question coevolution. To follow up place-based research
and development projects, and retrospectively analyze the joint progresses of knowledge
and action, we develop a multistep methodology. Conceptual and operational works
are later referred to the “Systemic Timeline Multistep” methodology. Third, we test its
implementation on the Thau territoire, which is a remarkable example of science-practice
interactions in coastal areas. Finally, a reflexive discussion is proposed.
2. Materials and Methods
2.1. The Thau Case Study
Delimited by the coastal lagoon and its catchment (watershed and karstic aquifer),
the Thau territoire is located on the French Mediterranean coast 20 km west of Montpellier
(Figure 1). As part of the Mediterranean basin, the area is subjected to land use transformation (high demographic pressure) while being recognized a hotspot for biodiversity [50,51]
and climate change [52]. The Thau territoire (later also referred to by ‘Thau’) is characterized
by its variety of landscapes (coastal plain, “garrigue” reliefs, lagoons and wetlands) at
the origin of important marine and terrestrial biodiversity. In the past, human activities
consisted originally in winegrowing and thermal activities [53]. The exploitation of a
karstic system of resurgences for freshwater resources then permitted the development of
Sète harbor in the middle of the 19th century [54]. The ‘Thau’ reputation is now largely
attributed to its shellfish farming, which economic development dates back to 1950s. Since
late 1980, the tourism and the economic development of the Montpellier metropolitan area
are the main drivers for urban expansion.
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Figure 1. Thau coastal lagoon and its catchment. Source: SMBT for the watershed boundaries, BD
LISA® for the limits of the karstic aquifer, BD TOPO® for streams and [55] for urban areas (shellfish
farms are represented with grey rectangles).

The Thau watershed (343 km2 ) is typical of French Mediterranean coastal areas, ending
up in an emblematic lagoon (10% of French shellfish aquaculture [56]). Over the 17 municipalities, Sète, Frontignan and Meze account for more than 60% of the 133,000 inhabitants.
Besides shellfish farming and fisheries in the lagoon, the main activities concern wine
growing, Sète’s harbor industries (3.5 million tons of goods passed through the port in
2012), thermal baths (first spa resort in France with 53,000 patients in 2018), and seaside
tourism (1.3 million tourist per year, mainly during the summer season).
In the Thau territoire, societal challenges emerged from water-related issues and more
specifically from the succession of sanitary warnings on shellfish production. In the end
of 1980s, lagoon microbial contamination and sanitary warnings, perceived as an environmental problem of great importance by shellfish farmers, gave opportunities for the
reconfiguration of spatial organization and lead to upgrading of wastewater infrastructures
for maintaining shellfish farming and fisheries (water quality standards). During 1990s
and 2000s, freshwater increasing needs for urbanization, agriculture and thermal industry
required water transfers from nearby watersheds. Water flows over space and time have
thus been shaped by local coordination mechanisms between increasing issues and competitive needs [57]. Simultaneously, in the early 2000s, European planning instruments framed
Thau’s environmental actions and strategic planning: the Water Framework Directive
(WFD) to identify water bodies and improve their quality and the Integrated Coastal Zone
Management (ICZM) to integrate coastal ecosystems and their related economic activities.
The agential role of water, e.g., the organization of societies to manage water [14], played a
critical role in the development of Thau (multiplication of stakeholders, diversification of
issues). A shift from technical infrastructure provision to coordination between actors and
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policies occurred during the 2005–2015 period notably through local implementation of
integrated planning (coastal zone, land and water).
In parallel, the Thau territoire also presented many advantages for academics studying
natural resources and competition between uses. As such, it has been intensively used as a
case study in research projects. Historically, initial investigations date back to the establishment of a biological station in Sète in 1879. Studies were originally driven by the issue of
shellfish farming, but since the 1980s, scientific initiatives increased in number and diversified across a wide range of disciplines (thanks to the geographical proximity with research
teams in Montpellier). Indeed, Thau benefited from various funding schemes at different
institutional level (regional, national and European), with telescoping research agendas
oriented to gain understanding on human–nature interactions in coastal Mediterranean
environments [5,58]. It resulted in sustained funding for multidisciplinary collaborations
over Thau territoire, focusing on lagoon ecosystems, karstic aquifer and freshwater quality
standards, but also in great attention to the coordination of various stakeholders.
Today, the Thau territoire is considered as an insightful case study to analyze political
decisions and public actions that have or not taken into consideration academic knowledge.
Regional communities of managers and scientists were bridged through solid collaboration
practices. Notably ‘sanitary crises’ prompted the implementation of specific governance
mechanisms with interventions across public policies and sustained interactions with
knowledge production. This process of societal changes still lacks qualitative and diachronic attention on institutional dynamics and interactive arrangements that facilitated
coordination between research and management organizations. Moreover, the succession,
duration and simultaneity of both kind of public projects have not been pooled together.
The initial objective of this work was thus to diagnose the relations between environmental issues (biophysical phenomena) and the organization of public actions through
the tracing of the logics of research and development projects. As spatial delimitation is
problematic in coastal systems [59], we considered different overlapping spatial scales for
knowledge and action, mainly related to water management (lagoon, watershed, karstic
aquifer and municipalities).
2.2. The “Systemic Timeline Multistep” Methodology
To question science–society coevolution on the Thau territoire, we develop a descriptive
framework of the transdisciplinary process and propose a multistep methodology for
its implementation.
2.2.1. Forewords: What We Mean by Science and Society
Environmental research activities are intrinsically embedded into the social-ecological
system under study (science is part of society), whether or not scientists are explicitly
engaged in evidence-informed action (operationalization of knowledge to deliver usable/relevant information to local stakeholders). Uncertainties do not prevent action; it is
rather based on a resilient strategy with the ability to integrate new knowledge in real time.
Actionable knowledge is interdisciplinary, systemic, people oriented, and co-produced
with users.
Citizens, politics and technicians are actively shaping land planning (action implementation emerges from actors’ configuration). Because there is no collective action without
instruments and tools, societies act upon their environment through technical systems
and develop management practices that are framed by institutional logics and policies.
Practitioners (stakeholders, decision-makers, resource managers) do not mirror society or
local knowledge, but they have a unique experience of their territoire and they are required
to implement development projects for a common valuable objective.
2.2.2. Transdisciplinary Collaborative Process
Many environmental scientific communities are involved in the challenge of producing knowledge adapted to action [41,60–62]. Discussions about the various modes
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of knowledge production began in the 1990s in scientific communities [63]. The ideas
were to challenge the classical representation of knowledge creation coming before practices and their relative disconnection from development’s trajectory. Today, various types
of interactions have been identified [64], and the experience gained through case studies [9,11,12,39,65–68] gave insights into the mechanisms and the components of “successful”
collaboration practices. First, trust-based relationships and frequency of interactions between researchers and practitioners (informal meeting, workshops, and seminars) is a
cornerstone for the construction of strategic coalitions able to engage in societal issues. Second, communication (sharing of information, delivering research results in various forms)
determines the quality of facilitation and mediation. Engagement and communication are
facilitated by “boundary works” [41], a cross-cutting concept referring to organizations
and objects supporting the establishment of a common understanding across worldviews
and academic disciplines [69]. Boundary organization, also referred to multistakeholder
arenas [70] or institutional spaces [71], are formal and informal rules that make the link
between multiple sources of knowledge and capacities from diverse stakeholders. Boundary objects [69,72,73] help coordinate different groups by proposing shared vocabulary
and communication tools. Interactive dynamics between science and practice thus calls
for rethinking the roles and relationships of their representatives [7], social context and
organizational structure being significant in this process [67].
Historical cultural norms of organizations and the institutional context shape the
engagement of human resources and time in the collaborative process, and so they play a
significant role in developing a shared understanding of their interactions [74,75]. Today,
management agencies, funding mechanisms and academic institutions are “pushing and
pulling” [76] to study environmental complexity and act in an increasing uncertain world.
Iterative frameworks have already been established to analyze the dynamics of knowledge
(research process, [77]) and action (policy cycle, [78]) towards one another. Because there is
no single causal link between research and its outcomes and impacts [39], transdisciplinary
works rest on the dynamics of research and development programs enabling long-lasting
alliances between science and society representatives. In the French water sector, for
example, environmental researchers and managers jointly progress in favor of dynamic
adjustment, interfacing and building community capacity [79]. Water agencies connect
managers and academics in the declination of national and European policies concerning
water (where and how to act? what impacts of the intervention? what tools for decision
support?), while long-term research technical platforms leverage integrative research and
long-term partnerships with managers. Specific interfaces have been established in the
long run, but the negotiation process between organizations has not been documented
and many questions arise about the dynamics of interactions and the mechanisms that
operate in the mutual shape of knowledge and action: How did scientific activities contribute to territorial development and how do actions on natural resource systems trigger
research questions? What is the role of research in multistakeholder networks? How does
continuous interfacing change collaborative practices?
2.2.3. Conceptual Framework
In this work, we consider that the connections between knowledge producers and
users pre-exists in any situation [80], but we also acknowledge the step-by-step progress
towards deliberate collaboration initiatives to cross the usability gap [10]. Hence, we pose
that the collaboration process between science and management organizations is constantly
evolving and transformative [9,29,79] in the sense of leveraging the positive impacts of
knowledge and action. In this paper, we argue that a dynamic system perspective on
the transdisciplinary process could help to have a clearer understanding of the interplay
between environmental scientists and managers. We put emphasis on the notion of driving
mechanisms to analyze the interaction dynamics and characterize complex feedbacks
mechanisms [26,81]. Besides vagueness of concepts like knowledge and action, we intend to
grasp different kind of information and develop a theoretical contribution on the dynamics
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of collaborative practices. Our starting point is that both are embedded in a broader system
and interact with each other through time (coevolution).
The unit of analysis is delimited by ecological and institutional framings, which can
be designed through various overlapping concepts (Social-Ecological System, territoire,
landscape). Research activities and management institutions are embedded in the territoire
and shape its trajectory (beyond other social-environmental interactions), in particular
through socio-technical interactions. Initially developed by Science and Technology Studies,
the concept of “evolving relationships between societies and their technical environments”
led to the notion of trajectory with different pathways [82]. The system under study
is composed of successive bundles of research and development projects, which forms
a given sociotechnical configuration that fulfill specific functions (Figure 2). Note that
we assimilate “knowledge” to academic knowledge and we consider “action” through
collective planning projects and governance events. Moreover, we do not expect that
changes in collaboration practices between researchers and managers can be attributed to a
specific project (we are interested in the oriented changes achieved through the contribution
of several successive projects).

Figure 2. Conceptual framework for the transdisciplinary process in a given territoire.

A trajectory is marked by the succession of relatively stable periods, or regimes
(given configuration of the collaboration in which different types of interactions can occur
simultaneously) globally oriented by transitions (shift from one regime to another revealed
by an evolution in collaborative practices). The system arrangement can be described by
internal mechanisms—within regime dynamics [81], stability of institutional formal and
informal rules [83], homeostatic properties [84].
A regime is the result of a dynamic process of interfacing between the knowledge and
action subsystems (interactions across trajectories), which have their respective evolution
(towards intersectoral and interdisciplinary). External disturbances (“trigger”) refer to
social and ecological press-pulse forces [37]. It grasps structural and contextual factors
(international regulation, environmental standards, innovations and information and communication technologies) and environmental hazards (biophysical disruptions). A regime
shift emerges from the system and might have transformative influence on the territoire
(“impacts”). Today, many scholars claim that social–ecological transitions are manageable
and that a governance organization can prevail in each period of stability and during
transitions [85]. Social-environmental observatories, and the sociotechnical system they
support, are great opportunities for insights into adaptive co-management [86,87], valorizing existing tacit and expert knowledge of researchers and managers about collaborative
practices and learn from them for improving coordination. Reflexive insights on the coevolution process (explicit will or exogenous factor, cross-fertilization process) can support the
establishment of collaborative governance approaches where multiple actors engage in a
transition (change trajectories, transform scientific outcomes into policy framework).
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2.2.4. Multistep Methodology
We draw from and operationalize the conceptual framework to propose an original
methodology which objective is to bound professional organizations trajectories. It relies on the study of the emergence and stabilization of sociotechnical regimes within a
given territoire.
The Systemic Timeline Multistep (STM) methodology takes a multilevel perspective
to trace, illustrate and analyze trajectories of research and development on a case study.
Its implementation objective is to identify regimes and transitions in the timeline and
characterize driving mechanisms of the collaboration arrangement and triggers and impacts
of the regime shift. Past environmental conservation projects are analyzed through a
diachronic and dialectic approach [88,89].
First, system boundaries (spatial and temporal) have to be drawn. For sociotechnical
systems it is generally achieved at the sectoral level [83], but it is an iterative process as
the analysis reveals new processes to be captured [81]. The degree of hindsight is then
provided by a relevant starting point (a shock, a new regime emerging from previous
dynamics [90]).
Second, a capitalization step (data collection) relies on the inventory of projects and
their contextualization (broader societal and governance events). The objective of this step
is to identify the assemblage of geographic, historical, ecological and political circumstances
that produce a given arrangement (synchronic), as well as to consider what might bring
about change in the collaboration practices. This can be achieved in various ways. For the
Thau case study, we benefited from embedding into relations with scientists and managers
of the territoire. We developed a hybrid deductive–inductive approach consisting of a
literature review guided by interviews (open-ended questions, acronyms and literature
referring to projects) and workshops (collective meetings) with a set of senior researchers in
a diverse sample of disciplines. Scientists who worked on the Thau case study consolidated
the listing of projects (key-words) and gave explicative factors of respective pathways,
cross-checked with information gathered through managers (strategic reports, field trips
and seminar in 2019 and 2020). Concerning research activities, we started with a limitation
to ambitious multiyear research projects that left digital records.
Third, to represent the coevolution of knowledge and action, the dynamics of projects
and events are illustrated by superimposed horizontal bands in a synthetic timeline representation (Figure 3). The objective is to envision the coupled dynamics between research
projects, development projects and markers in geohistorical trajectories (public policies
and biophysical disruptions). The illustrative process has been derived from “chronosystemic timelines” [91–94] as multi-temporal and multi-factorial capitalization tools for an
integrated vision of the social–ecological trajectory. As such, the illustration step can help
engage dialog between scientists and with managers on capitalization issues in long term
territorial observatories. Note the illustration of respective evolutions in asynchronic pathways (without pre-identification of vertical connections) provides an interpretative tool for
the analysis of the transdisciplinary process.
Fourth, the analysis of the overall trajectory is conducted through a relating process,
linking an observation (projects’ role) to context variables (events, policies) affecting the
patterns of interactions and outcomes [95]. Attention has to be paid on confounding
factors [96] which may retrospectively explain a trajectory but may not be a causality of the
pathway. The objective of this final step is to study synchronicity and question coevolution
between research and management projects. Hence, we propose to compose a narrative
of the evolution and transformation of the transdisciplinary collaborative process. Note
that we consider the narration as a story of a place which involves scientists and managers,
territoire and time. It gives space for the emergence of hypotheses and explanations that
could account for the observed change.
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Figure 3. Representation of research and development parallel trajectories.

3. Results
The STM methodology implementation on the Thau case study has been realized
in two steps. The capitalization is based on a collective work with a set of scientists
(17 researchers in 8 disciplines, from various research organizations located in Montpellier) and a qualitative literature review on the case study (127 scientific articles and
53 reports, including strategic planning documentation). The illustration and analysis steps
have been achieved during reflexive workshops with a restricted number of scientists,
mainly geographers.
3.1. Territorial Evolution
The frequency and intensity of two process-based phenomena (water-related issues)
acted as presses for collective actions. Unlike freshwater competitive needs (technically
solved by transfers from nearby basins), the succession of sanitary crises due to microbial
contamination had disastrous effects on public health and on the reputation of shellfish
activities (repetition of environmental problems perceived as negative events). Intensively
reported in regional media, the 1989 Christmas bacteriological fecal contamination deeply
affected public opinion and put on the spotlight the high dependency of the lagoon
activities on water quality. This event made the relationships between natural resource
systems and human activities more complex.
Environmental management for the Thau watershed was first imposed in 1995 by
the French government with the implementation of the first Sea Exploitation Scheme
(French acronym SMVM), supported by two successive bay contracts to upgrade domestic
wastewater infrastructures [97]. However, difficulties were encountered by stakeholders
in taking a position and enforcing legitimacy in terms of technical expertise, as illustrated
by the 2nd bay contract that was partly implemented by state engineers and a local
association [98]. Despite watershed management prioritizing shellfish and fishing activities,
sectorial measures were unable to stop sanitary crises and the lagoon downgrading was
enforced in 2004 (a depuration was then required before human consumption). In the
frame of the WFD and in exchange for the funding of the next action plan, the French
State and the Water Agency (public institution in charge of implementing the objectives
and provisions of the French management plans of the WFD) proposed the creation of
a public organization in charge of land-use planning, water management and protected
areas conservation. The “Syndicat Mixte du Bassin de Thau” (French acronym SMBT) was
created in 2005 based on intercommunal collaboration and lead by elected officials. From
the beginning, the SMBT was dedicated to apply Integrated Coastal Zone Management
(ICZM) principles [99] and as such took a role of mediation and translation. The SMBT’s
positioning between technical and scientific knowledge, administrative procedures and
local stakeholders profoundly changed the collaboration practices. Committed to the
integration of sectorial public actions with exemplary participatory process, the SMBT
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facilitated connections between multiple governance units and stakeholders [97]. The
specificity of this organization relies on its involvement in a combined diagnosis for land
planning and water management, looking for consistency in local directives. Currently the
SMBT intends to integrate a regional scheme for green and blue infrastructures.
3.2. Research Dynamics
Twenty research projects have been identified from 1986 to 2017, which corresponds
approximately to 100 cumulated years of funded activities. The data collection is summarized in Appendix A. The relevant information is sorted based on the project’ boundaries
(temporal duration and spatial extent), research object, funding opportunity and coordinator. While the spatial extent progressively shifted from the lagoon to the watershed
and the intermunicipalities level (called territoire in French), the research topics switched
from mainly ecologically oriented to a more comprehensive perspective including social
sciences. On the basis of respective objectives and challenges, six research objects (e.g.,
scientific topics) are attributed to groups of projects: 1. Lagoon ecosystem, 2. Flows from
watershed, 3. Lagoon water quality, 4. Karstic aquifer, 5. Innovative management and 6.
Global changes.
Note that this inventory does not grasp studies that were conducted out of the framework of a multiyear funded project, while many research activities can occur simultaneously
and be important in the global dynamic. For example, a PhD dissertation [97] concerning
the Thau territorial diagnosis triggered other researches, ranging from environmental
evaluation [100] to detecting opinion in planning documents [101]. This PhD resulted
in the involvement of new scientific disciplines. Other activities may also come from a
more detailed analysis of data collected in previous projects. For example, based on previous stakeholder’s interview records, analysis of the narrative dimension of public policy
highlights the prominent role played by politics in the social regulation of water use [102].
Finally, multiple co-occurring funded projects procured researchers with co-funding opportunities, for example, in works concerning flows of pollutants from the watershed to the
lagoon [103,104].
3.3. Synthetic Timeline
The timeline presented in Figure 4 synthetizes both territorial evolution and research
projects dynamics in a single graphical illustration. It is organized by horizontal bands,
with the upper x-axes related to events, public action, planning and policies, and the rest
representing the dynamics of research activities (topics and investigations). Note that
a distinction is made between scientific coordinated research projects and “boundary”
projects, e.g., research projects managed by territorial stakeholders (see “Coordinator”
column in Table A1 in Appendix A).
The timeline first highlights the multilayered and successive scientific and development projects deployed in Thau. In the late 1980s, the sequencing of sanitary events
coincided with the structuration of research activities on lagoon ecosystems, followed
by a progressive consideration of watershed inputs in research projects and sustained
investment on sewage infrastructures. Occasional studies on the functioning of the karstic
aquifer have been carried out following events of intrusion of salty water from the lagoon
into an underwater freshwater spring.
The synthetic timeline does not show any redundancy concerning research topics.
Increasingly detailed understanding of the biophysical functioning and its embedding
in sociopolitical processes have been achieved through mutually helpful works. For
example, better knowledge on lagoon ecosystems (Chantier Lag. Med.) and on freshwater
resources quality (TEMPQSIM) were combined in the RESTHAU project making the
link between land and lagoon waters. These projects then permitted the building of
integrative modeling and management tools to support political and economic decisions
(DITTY, SPICOSA and OMEGA THAU projects). Continuity of research themes and
involvement of the same actors may explain the good articulation of researches in terms
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of disciplines involved. However, the sequential shift from ecology to global change via
social issues hides an imbalance between research objects and scales: the lagoon attracted
much of the attention for the last 31 years, and sometimes a lack of connections between
research projects (for example SYSCOLAG with the rest of research projects of topic 5).
Despite some considerations or difficulties in between research teams, the timeline also
reveals that research and planning activities were mutually helpful from 2005, with an
overall consistency between research and management scales and temporalities. Hence,
the establishment of an intermediate organization and confident relationships between
scientists and managers supported continuity in actions and shared knowledge.

Figure 4. A representation of territorial evolution and the dynamics of research projects on the Thau
case study.

The institutional emulation that enforced the establishment of an engineering structure
for resource planning (SMBT) initiated a change in collaboration practices between scientists and managers. Indeed, a period of cross-fertilization appears from the creation of the
SMBT in 2005, with both researchers and managers contributing to knowledge production
and local planning. It suggests the presence of a transition between two regimes, which
is corroborated by a quantitative evaluation of knowledge and action (slope variations in
Figure 5). To go further in tackling synchronicity, the creation of the SMBT in 2005 will be
considered as a transition in the evolution of the system’s arrangement, and two distinct
periods will be analyzed (before and after 2005).
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Figure 5. Evolution of the number of years of funded projects through time (cumulated).

3.4. Narrative
The period 1985–2005 can be described by the situational influence of sanitary issues
on the scientific questioning and public action. While the socio-economic context pressed
the development of sewage infrastructures, the succession of social–ecological crises called
for deeper integration between scientific disciplines. Scientific activities, initially focused on
different ecological subsystems of the lagoon, operated a gradual transformation through interdisciplinary coupling of modelling approaches. Data aggregation tools certainly played
a fundamental role in the interfacing of ecological and economic disciplines. Concerning
territorial management, accumulation of evidence about quantitative and qualitative feedback effects of human activities on natural resources helped to perceive the systemic nature
of sanitary problems and the need for integrated management (human health, economic
activities, and environmental state). However, the lack of an intermediate organization
to manage the bay contracts did not facilitate knowledge appropriation and resulted in a
relative partitioning of research and development trajectories. Indeed, despite the rapid
emergence of explicit willingness for interactions [105], a 2005 survey of scientists and local
stakeholders revealed the absence of knowledge capitalization to support policy decision.
The boundary project (SYSCOLAG) assumed an early transdisciplinary approach for the
experimentation of a knowledge-pooling system to improve the communication between
natural and social scientists’ and with territorial managers [106]. The organization of a
network of research laboratories with regional organizations supported the funding and
coordination of the project, led by a social organization dedicated to coastal management
and activities. By the proposition of a breeding ground between research and public action,
this multidisciplinary research project set the stage for a collaborative change.
An intermediate public body was introduced in 2005, corresponding to a period of
European steering up of integration between sectoral policies (ICZM). Both researchers
and stakeholders benefited from the institutional emulation around water management.
The SMBT was built on the necessity of a multidisciplinary staff capacity to facilitate
communication and turn knowledge into action. During the second period (2005–2017),
two types of interactions co-occurred.
First, the SMBT launched and managed the boundary project (OMEGA THAU) in
the framework of the quality contract. Its objective was twofold: (1) diagnose the main
microbiological contaminations sources to prioritize public investment, and (2) develop
an early warning system concerning lagoon contamination [107]. The first step consisted
in the transformation of scientific databases into Geographic Information Systems and in
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the use of simulation techniques to develop applications for the design and assessment of
management pathways. The SMBT helped structuring the collaboration between scientists,
municipalities and the involvement of private engineering consultants. This interface
positioning promoted the building of a system pooling added values competences and
transformation of scientific outputs into outcomes. The second step aimed at delivering
a forecasting tool to shellfish farmers. However, the development of an early warning
system has so far been met with poor success because its projections are subject to as much
uncertainty as weather forecasts [108].
Second, the SMBT’s commitment to the ICZM principles for the participation of
multiple resource users revealed to be an opportunity for social scientists. More specifically,
the SMBT’s engagement in water and land planning have been supported and analyzed by
researchers from the Montpellier academic community. For example, the 2008–2012 period
(“Innovative management” x-axe in Figure 4) is marked by various action-oriented projects
to track and facilitate the water planning implementation process through innovative
governance. Developed with joint scientific board members, these projects were dedicated
to interviews with local stakeholders, observations of thematic commissions (e.g., elected
officials from local authorities, users and state representatives gathered to elaborate, revise
and follow water planning applications), proposal of participatory tools and organization
of workshops for a prospective approach. In complement to the projects listed, scientists
provided methodological support for the participatory processes of land planning, among
which are 3D physical models for the purpose of mediation [97] and inventory of Zostera
spp. seagrass based on local knowledge [98]. Finally and afterwards, the SYSCOLAG
proposal for environmental impacts indicators revealed to be a crucial support in land
planning [109].
Finally, the SMBT successfully transformed interactions between researchers and natural resource management and favored the emergence of a new sociotechnical arrangement,
enabling feedback loops between the knowledge production and its use in support of
public actions. Stakeholders and decision makers directly took part in scientific projects,
and researchers contributed to integrated development projects. The Thau case study is
representative of a coevolution process where research and management organizations
have intertwined dynamics and contribute to improve territorial adaptive capacities. The
articulation of social and ecological dynamics was considered an exemplary case study
at a regional scale: the lagoon became an object of cooperation changing of Thau’s image [102] into an inspiring territoire, where governance is closely tied to the maintenance of
its ecological integrity (learning from practice and research).
4. Discussion
With regard to on-the-ground changes, they may be difficult to relate to specific
research activities, but the results show the increase in the complexity of sociopolitical
interactions through the evolution of the collaborative process. Many works today are
tackling social–ecological outcomes, for example, concerning the Thau image [102], local
observatories [110], or ecological impacts on the lagoon ecosystems [111,112]. The following
discussion will be centered on the methodological contributions and mention these impacts.
4.1. Thau, a Typical Case Study
The Thau territoire presents persistent environmental problems that have been tackled
for the last 30 years through technical infrastructures (massive works on waste water
collection and treatment). Shellfish farming economic activities pressed for the constant
improvement of lagoon water quality. From 2005, the appropriation of land resources
by local actors and their engagement in local planning is explained by the creation of
a joint engineering planning social infrastructure. Supported by participatory research
activities [113], the SMBT triggered an empowerment sequence [114]. In terms of ecological
impacts, the decrease in nutrient discharges from the watershed led to the lagoon oligotrophication, with a shift in the eutrophication process during the period 2003–2006 [111].
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The lagoon ecosystem is now more resistant to the threat of summer heat waves and anoxic
crises [112], but the territoire is facing new issues driven by climatic change trends, which is
expected to influence the observed recovery process.
Some inspiring multidisciplinary approaches emerges for the study of the ecological
restoration trajectory of coastal lagoons [115]. The ecological shift coincides with the
change identified in collaboration practices between scientists and managers, revealed by
the complexification of trajectories between projects and organizations. Explicative factors
of this transformation are multiple, but the allocation of specific human resources devoted
to orchestrate capacities is pivotal in the coevolution trajectory [40,41].
Interactive dynamics are being currently triggered by multiple innovations that are
linked together [116], which combined have further impacts on the systems configuration [117]. Today, any environmental project on Thau operates within a complex system of
interacting actors [39]. For example, a series of scientific studies in relation to the IMAGINE
project (cf. Table A1 and Figure 4) explored how to adapt the ecosystem services concepts
in territorial planning in a context of ecological transition and climate change adaptation.
First, social assessment (participative workshops) aimed the identification of land functions
from land categories in order to produce an “ecosystemic services map” [118]. Second,
these maps were aggregated by typology of service (like food provision or flood risks)
and then used as boundary objects in a workshop with practitioners. It resulted in a
transformation of participants’ perspective, from a zonal reading with land-use map to a
multifunctional understanding [119].
Shared opportunities, joint learning and network embeddedness and awareness
drives a gradual transition in collaboration practices, towards a functional interfacing
where scientists and managers are partners that negotiate what is feasible, desirable, and
acceptable. First, the next action plan lead by the SMBT (2019–2025) has been elaborated by
a collective of researchers, stakeholders and decision makers through working groups and
calls for contribution. The exchanges with research laboratories reveals the role of scientists
within the organization and the support of research activities in management actions. This
bottom-up logic helped structure the ideas and identify a list of actions that will be adapted
during the course of the plan. The contract will be supported by a regional investment in
a territorial platform for innovation, the “Lab’Thau”, enabling the SMBT to experiment
ecological transition (from problem-oriented to solution-oriented). This approach aims to
foster the collaboration between academia, government and private sector [120]. Second,
scientific communities are up to structure their efforts with managers through a dedicated
research infrastructure to support interdisciplinary communities to share observations and
experiment new technics and/or practices. Encouraging collaborative practices, managers’
involvement in the long-term social-ecological research observatory elaboration process
has been reached through participative workshops. Thau is expected to benefit from these
new forms of research platforms situated in pilot territoires, with extended partnerships—
including “tech” private initiatives—to foster broader impacts.
4.2. Systemic Timeline Multistep Methodology
The STM methodology relies upon a schematic representation of the main ecological conservation projects and their environmental and contextual factors. Regarding
co-production principles [10], the building of a boundary object is expected to help organize interactive processes for collective learning, informing both scientists and decision
makers about collaborative pathways and their articulation through time. The coevolution
perspective facilitates cross-interpretation of trajectories and supports reflection for the
implementation and the sustainment of transdisciplinary research.
While its implementation on a territoire gives a simplified model of the reality, it
grasps a global vision of the dynamics of the collaborative process. Obviously, such
hindsight does not account for the intensive and time-consuming translation process,
where agency scientists and institutional involvement are precious (Messerli and Messerli
2008, Grove et al. 2016, Miller and Wyborn 2020). Scientific literature also reports the
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crucial importance of social and interpersonal factors [76], which tend to be overlooked
in the STM methodology. However, the methodology is built upon systemic factors
for the achievement of knowledge-use-centered approaches, which facilitates effective
collaboration across disciplines and actors [121]. Hence, the STM methodology may
be regarded as a mechanistic perspective on human relationships, which are implicitly
considered as functionally oriented (illustrated by the wheels in Figure 2). Doing so is
helpful in a retrospective study because many people that worked a few decades ago have
gone (retirement can be associated to a lost in knowledge), and the objective is not to put
emphasis on specific personalities, even if some competencies are crucial for collaborative
works [122] and sustainability science [123]. Hence, the STM methodology does shed
light on facilitating actors and activities to ensure a common understanding of ill-defined
problems and the definition of shared objectives [40].
Typical case studies provide critical opportunity to question the multiple forms of
boundary works and their transformative functions [41]. For Thau, it results that loops are
sufficiently visible to be grasped by the methodology. The next step is to investigate the
replicability of the method on other case studies (for example LTER study sites, comparable places). Moreover, the former and current decision makers’ perspectives need to be
explored, for example, using the synthetic timeline as an object of mediation. Sharing the
lessons learned and exchanging constructive arguments [92,94] on the requests formulated
by decision makers and their relations with scientists and knowledge would contribute
to the attempt of combining research activities and water governance. Connecting with a
public policy perspective’ [124] and ecological restoration [115] is expected to help relating
environmental outcomes to organizational patterns [19].
4.3. Science and Practice Interfacing
Situated practice of research, open to hybrid scientific knowledge and socially accountable, is a lever for sustainability transitions [125]. However, the current model of
science is pushing researchers to justify the territorial anchorage of their research projects
and provide evidence of broader impacts [39], although beneficial change takes a while
and is often difficult to relate to projects (research outcomes need time and public actions
have diffuse impacts). This flight to operationalization of knowledge erodes traditional
frontiers between actors engaged in environmental projects [113], speeds up and shortens
collaborative periods, and finally questions the respective roles of scientists and practitioners [7]. Safeguards certainly contribute to prevent from blurry interactions. For
example, in long-term scientific platforms [38], scientists experience a stakeholder’ posture
through their involvement in collective actions, accepting to reposition themselves and to
consider research as a social activity. As observed in competency groups [126], there is a
switch from project oriented actions to process oriented activities. It thus puts emphasis on
boundary objects, organizations and spaces that support social meeting, exchanges and
transformations while ensuring functional and operational interfacing [127].
In the present day, open data and open science are mainstreamed in the will to
secure information during the process of a research project. Beyond harmonization issues,
it can help keeping track of knowledge production (capitalization issue). With regard
to knowledge co-production, the elaboration of an information sharing system can be
considered as an integration mechanism in a “complex social process” between researchers
and practitioners [121]. In practice, an information system may take advantage of new
data streams (remote sensing, local sensors, and social media) to develop community
indicator systems. Many related initiatives arise in Thau to exploit data disseminated
among different research laboratories, engineering consultants, local communities and
nature associations. For example, a shellfish farms observatory aims to optimize cultivation
practices and product quality, and another action consists in the capitalization of available
hydrogeological data. Still, improving territorial management via information systems is a
daunting task [108,110], where overall success is the result of a negotiated iterative strategy.
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5. Conclusions
While global change issues urge for leveling-up human capacity to organize collectively (long-term vision and uncertainties consideration), cooperation is more and more
acknowledged as a key function of any project targeting sustainable management and
as the cornerstone for natural resource stewardship. Inherent interactions exist between
research and management organizations, but they do not always result in effective collaboration, defining its success in terms of coordination and integration of knowledge and
action in diverse forms. A system’s perspective on research and development activities
helps navigate the diversity of organizations and interactions among them which produce
a wide variety of arrangements. Moreover, transdisciplinary collaborations analysis brings
a strategic perspective on human–nature interactions and opens new tracks for territorial
diagnosis and for supporting action-research governance.
To question coevolution, we propose a descriptive framework of the transdisciplinary
process as a local sociotechnical system embedded in a territoire, a concept used to grasp
perpetual modification of the relations of proximity between the actors of the system and
between them and their environment. The spatial and temporal integration of data and
knowledge on environmental conservation projects is expected to bring useful support
to trace human–nature interactions and to explain levers of change in the co-production
process. Based on an efficient and innovative way of investigating the place of long-term
research in the adaptation of a territoire, the Systemic Timeline Methodology (STM) enriches
the sense of place and envisions coevolution trajectories. Its operationalization relies on
tracing, illustrating and analyzing the coupled dynamics of research projects and management pathway. It may add reflexivity to local actors about their role in the observed social
and ecological evolutions (explicit will or exogenous factor, cross-fertilization process),
highlighting the multiple forms of boundary works and their transformative function while
helping conserving diversity in the roles of respective organizations.
The STM methodology has been developed for the diagnosis of a case study, and successively applied to the coastal Thau territoire, which provides great insights for knowledge
and action interfacing. Research and development projects have a long history of coevolution and show high dependency of Thau lagoon’s water quality to spatial planning in the
catchment. Scientific activities and public actions shaped each other in a continuous process
of interaction. Driving factors supporting successful collaboration practices on the Thau
case study are numerous and interwoven: societal events, institutional entrepreneurship
and scientific trends played a fundamental role in the building of a favorable arrangement,
but long-term monitoring, data accessibility and knowledge pooling have benefited from
the presence of a boundary organization to create and maintain a co-production space
which facilitates the production of transformative knowledge.
Future work perspectives arise for the improvement of the STM methodology: (i) continuation of reflective works about past and on-going collaboration in the Thau territoire,
(ii) testing its implementation on other cases studies, and (iii) connecting organizational
arrangements with environmental outcomes.
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Appendix A
This appendix presents the listing of research projects inventoried during the data
collection step for the Thau case study (Table A1). Note that six research objects (e.g.,
scientific topics) are attributed to groups of projects: 1. Lagoon ecosystem, 2. Flows from
watershed, 3. Lagoon water quality, 4. Karstic aquifer, 5. Innovative management and 6.
Global changes.
Table A1. List of research project concerning the Thau territoire (Eur. stands for Europe, Nat. for National, Reg. for Regional).
Project Acronym

Duration

Spatial Extent

Research Topic (Object)

Funding
Opportunity

Coordinator

Illustrative
Reference

ECOTHAU

1986–1989

Lagoon

Ecosystem compartments,
hydrodynamic simulation (1.)

PIREN (Nat.)

CNRS

[128]

OXYTHAU

1991–1995

Lagoon

Resource-environment
relationship: biogeochemical
cycles and shellfish farms (1.)

PNOC (Nat.)

IFREMER

ANASYSMIC

1993–2000

Lagoon

Microbial food web,
picoplankton (1.)

UMR n◦ 5 (Reg.)

IFREMER

1995–2000

Karstic aquifer

Hydrogeological functioning (4.)

French
administrative
department (Reg.)

BRGM

[129]

SYSCOLAG

2000–2006

Lagoon + sea
coast

Maritime economy, knowledge
identification and indexation (5.)

GovernmentRegion
plan

Cépralmar

[106]

MICROBENT

2001–2003

Lagoon

Biogeochemical processes at the
water–sediment interface,
mobility of metallic
contaminants (1.)

PNEC (Nat.)

IFREMER

[130]

Chantier Lagunes
Méditerranéennes

1997–2009

Lagoon +
watershed

Biological and hydrodynamic
models, biogeochemical
composition and human
activities (1.)

PNOC (Nat.),
PNEC (Nat.)

IFREMER

[103,131]

TEMPQSIM

2002–2006

Sub-watershed

Intermittent river: water quality
modelling and pollutant
exportation (2.)

FP5-EESD (Eur.)

IRD

[132]

DITTY

2003–2006

Intermunicipality

Lagoon microbial
contamination, bacterial fluxes
reduction measures (3.)

FP5-EESD (Eur.)

Ifremer &
CNRS

[133]

Intermunicipality

Microbial contamination,
sewage treatment systems,
macroeconomic analysis,
governance mechanisms (3.)

FP6-SUSTDEV
(Eur.)

IFREMER

[134]

SPICOSA

2007–2009

OMEGA THAU

2007–2010

Lagoon +
watershed

Management tool,
environmental crises, early
warning system (3.)

Quality contract
(Reg., Nat.)

SMBT &
IFREMER

[107]

RESTHAU

2007–2010

Lagoon +
watershed

River flash floods, food web
dynamics (2.)

EC2CO (Nat.)

CNRS

[135]

Intermed

2007–2010

Open infrastructure,
Intermunicipality consultation, implementation of
management plans (5.)

ANR (Nat.)

INRAE

[136]

I-FIVE

2008–2011

Intermunicipality

FP6-ERA-NET
IWRM-NET (Eur.)

INRAE

[137]

Instruments and institutions,
WFD implementation at local
scale (5.)
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Table A1. Cont.
Research Topic (Object)

Funding
Opportunity

Coordinator

Illustrative
Reference

Intermunicipality

Companion modelling,
workshops with stakeholders,
information sharing (5.)

Eaux et
Territoires (Nat.)

INRAE

[138]

2009–2011

Sub-watershed

Water management, WFD and
intermittent rivers (2.)

FP7ENVIRONMENT
(Eur.)

Univ.
Montpellier

[139]

2010–2012

Karstic aquifer

Geochemical characterization,
quantitative contributions (4.)

French
administrative
region (Reg.)

BRGM

[140]

CLIMB

2010–2014

Watershed

Water scarcity, climatic
projections (6.)

FP7ENVIRONMENT
(Eur.)

Univ. Tours

[141]

IMAGINE

2017–2020

Intermunicipality

Multispecies distribution
models, connectivity
hotspots (6.)

Biodiversa (Eur.)

INRAE

[118]

DEM’EAUX

2017–2021

Karstic aquifer

Management tool, complex
phenomenon (4.)

GovernmentRegion
plan

BRGM

Ongoing
project

Project Acronym

Duration

SURGE

2008–2012

MIRAGE

Spatial Extent
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