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Abstract

:

Protected area managers rely on relevant, credible, and legitimate knowledge. However, an increase in the rate, extent, severity, and magnitude of the impacts of drivers of change (e.g., climate change, altered land use, and demand for natural resources) is affecting the response capacity of managers and their agencies. We address temporal aspects of knowledge governance by exploring time-related characteristics of information and decision-making processes in protected areas. These areas represent artefacts where the past (e.g., geological periods and evolutionary processes), the present (e.g., biodiversity richness), and the future (e.g., protection of ecosystem services for future generations) are intimately connected and integrated. However, temporal horizons linked with spatial scales are often neglected or misinterpreted in environmental management plans and monitoring programs. In this paper, we present a framework to address multi-dimensional understandings of knowledge-based processes for managing protected areas to guide researchers, managers, and practitioners to consider temporal horizons, spatial scales, different knowledge systems, and future decisions. We propose that dealing with uncertain futures starts with understanding the knowledge governance context that shapes decision-making processes, explicitly embracing temporal dimensions of information in decision-making at different scales. We present examples from South Africa and Colombia to illustrate the concepts. This framework can help to enable a reflexive practice, identify pathways or transitions to enable actions and connect knowledge for effective conservation of protected areas.
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1. Introduction


Protected areas are artefacts where the past, present, and future are connected and integrated. As public assets, these designated conservation areas are boundary objects—spaces where multiple actors share information and interact [1], connecting diverse social-ecological elements, each with specific temporalities. Elements from the past are represented by landscapes, geological and ecological processes, refuges as sites and symbols of Pleistocene extinctions and historical climates [2], or the deep time evidence of the unfolding relationships between people and nature. Through time, human societies have evolved narratives that reflect different ways of conceptualizing, interpreting, and interacting with nature, justifying what is considered important or of value (including tangible and intangible values) and how to manage nature. In this context, protected areas represent the stage on which particular societal interpretations of nature are played out [3]. Human agency is expressed in conceiving and deciding what, why, and how nature in these protected areas needs to be conserved.



As complex social-ecological systems, protected areas comprise multiple temporal and spatial scales where human and non-human actors connect [4], although not necessarily at the same pace. Time-related characteristics in ecological systems include ecological and evolutionary processes including variables such as seasonality, frequency, and duration of interacting biotic and abiotic processes that are organized hierarchically [5,6]. For human societies, time provides the cues for specific practices, for instance, traditional local and Aboriginal communities organize their activities according to natural, seasonal tempos (i.e., harvesting, ceremonies, fishing), using customary and experiential knowledge that comes from memories and stories transmitted from one generation to the next. In this perspective, knowledge is active, rather than static and processed [7]; memories represent information from the environment that has been filtered and interpreted by human agents [8]. For modern human societies, time is entrained to deal with administrative issues, the creation of daily routines embedded in time-related metaphors like calendars, clocks, diaries, and time zones. In the case of protected areas, time is related with management and operational plans to meet conservation goals, with specific timeframes for implementation measured in months or years.



Managing and planning biodiversity conservation is complex, with inherent uncertainties and contested interests affecting decision-making [9]. In managing for environmental sustainability—including protected areas—practitioners rely on relevant, credible, and legitimate information for their decision-making processes [10]. Although advances have been made to better integrate information for managing natural resources, two issues are still evident: the constant call for better, more effective science indicates a persistent frustration and perceived lag between science and action [11], and there remain many cultural and institutional barriers to effectively use scientific information [12,13].



Unpredictable change is inherent to managing protected areas as complex systems and managers often are prepared to deal with it [14]. However, the increase in frequency and severity of impacts of drivers of change [15] affects institutional and individual capacity to respond to such events and use information for decision-making; in part, because of the inherent tensions managers face in reconciling management timescales and ecological timescales. For example, the speed and rate of extreme climate events and their impacts can extend beyond both the timeframe of a management plan and boundaries of a protected area or a country; its effects overlapping different temporal and spatial scales and cascading across biophysical systems [16]. Such events limit the ability of managers to identify and use climate information for decision-making processes [17,18], design monitoring systems, and comprehend ecological transformations and how people and nature respond to climate change [19,20]. In short, the additional complexity of climate variability limits the capacity of managers to design conservation strategies that effectively address adaptation to climate change.



What does time mean for managing protected areas under uncertain changing conditions, and how can people plan for, and select the best information to deal with unexpected changes? To help answer these questions, we propose that careful consideration of temporal and spatial aspects could provide benefits for knowledge creation and its application for managing natural resources in times of high uncertainty and rapid change. We argue that the linear conceptualization of temporal dimensions, implemented and reinforced through the use of modern calendars and clocks (as well as timetables, diaries and agendas), might be constraining our capacity to understand complex interactions in social-ecological systems at multiple spatial and temporal scales. Land managers operate in at least two spatio-temporal scales: the here and now and day-to-day of their responsibilities, as well as the scale at which social-ecological processes play out in the longer term at a landscape or regional scale [21,22]. However, managers are often constrained by the need to respond to specific timeframes mandated by the tools for management or urgent responses to meet administrative or political objectives, rather than operating at more extensive spatio-temporal scales beyond administrative constraints and maps [23].



To facilitate a multi-dimensional understanding of knowledge-based processes, we propose that dealing with uncertain futures starts with a better understanding of the knowledge governance context and decision-making processes involved in adapting protected areas management to climate change. Drawing primarily from civic epistemologies studies [24], the manuscript is divided in four sections. In the first section we present concepts related to time, presenting the idea of the “eternally unfolding present” [25,26] to enable actionable knowledge and practice under uncertain futures. The second section focuses on knowledge governance, and the implications for decision-making in the context of protected areas management. In the third section we propose a framework that can help understand time-related issues in relation to identifying, accessing, and using knowledge in ways that reflect the multi-dimensional scales within which protected areas operate. In the fourth section we illustrate our concepts with practical examples from the South African National Parks (SANParks) experience with Strategic Adaptive Management, and interviews performed during a study of knowledge governance under climate change in Colombia [18]. In the concluding section, we highlight the importance of understanding time related processes in planning and practice, to facilitate addressing multidimensional processes where protected areas managers operate.




2. Timescapes and Time Perspective


2.1. Understanding Time: Connecting Past, Present, and Future


Time helps human societies, individuals, and institutions to plan and organize activities, connect with specific moments in history, and, in separating the past from the future, it facilitates the making of prospective decisions [27,28]. In every society, different conceptions and perceptions of time coexist. A key assumption in planning for the future is that time is “continuous, linear, unidirectional and irreversible”[28] (p. 140); time is continuous in that it keeps moving on and does not comprise discrete units, unidirectional in that one event follows the other, even if repeated in cycles, and irreversible in that it cannot go backwards. The perception of time as linear or circular is not only a subjective construction but also a cultural one [28].



In modern industrial societies, and the management of natural resources, time is the “…disciplining coordination metrics of modern clocks and calendar… by which modern society measures and responds to change and categorically distinguishes the ‘past’ from the ‘future’” [27] (p. 3). Ecological processes and ecological responses to external variables (including human disturbances) operate in longer spatial and temporal scales. This inherent mismatch between human planning and the rhythms of nature constrains the capacity to recognize, access, and use alternative tempos from Indigenous and Local Knowledge (ILK); such knowledge comprises individual and collective memories, their relation to and interpretation of territory, and environmental change [29].



From a temporal perspective, the duality of nature and society that is inherent in natural resource management does not exist in Indigenous societies [27,30]. For example, a landscape represents both abstract and physical aspects, where time and space are intrinsically related and evident (i.e., in geological eras, evolutionary processes, and human habitation). A landscape is created in the eyes and mind of the observer, so its boundaries depend, in part, on the observer’s capability for interpretation and imagination [30] and represent both tangible and intangible elements of cultural relationships between people and nature. From landscapes, we can move to the idea of timescapes as described by Adam [30], to acknowledge complex environmental phenomena and inherent temporalities relevant to social-ecological systems. Timescapes encompass time-related characteristics (seasons, rhythms, pace, cycles, environmental change, memories) linked to the natural environment. The concept acknowledges change and how past events and memories influence the present while offering options for the future: “A timescape perspective enables us to integrate scientific and everyday knowledge and the constitutive cultural Self with the workings of nature” [30] (p. 55).



In protected areas and in the context of climate change, timescapes can help integrate diverse forms of knowledge to understand how climate change-related impacts cascade across scales [16] and levels of governance, including different temporal and spatial scales that go beyond the boundaries of protected areas. A timescape includes the complex responses to changes in social-ecological systems, the different interpretations of risk, and the urgency to act. It implies active learning from past events and diverse actors, crafting new knowledge in the present, and envisioning future scenarios under climate change.




2.2. Temporal Dynamics and Conservation Goals


This interaction of different timelines (past, present, future) is common in biodiversity conservation and climate adaptation studies. However, sometimes knowledge-related work does not explicitly consider temporalities. Knowledge baselines for managing protected areas are often based on species inventories, which are limited to a specific location and time. Long-term monitoring can address temporal coverage from single inventories [31]. Defining indicators of the conservation goals, alongside Thresholds of Potential Concern (TPC) can help managers and scientists to identify levels of unacceptable change in the system under management [32,33]. Ecological responses have specific temporal hierarchies, representing long-term system variability [6]. Understanding the differences between individual ecological responses (events) and processes can facilitate the identification of information needs and the design of monitoring systems. Monitoring ecological processes and responses—not just particular biotic groups—can provide a better understanding of the complex, non-linear processes of ecological responses through time, and help to understand patterns and trajectories across scales (see e.g., [5] for a watershed case covering multiple protected areas, and [34] for long term elephant and fire savannah management in Kruger National Park).



As drivers of change and their impacts operate at multiple scales, monitoring systems might consider units beyond the protected area boundaries to facilitate an understanding of the complex dynamics of social-ecological systems. Tools for forecasting and prediction can help to visualize scenarios for the future and identify information needs for conservation goals [35,36]. These prediction tools have an important temporal basis enabling time perspective: being aware of how events follow each other over time, and the role of past events in shaping the choices made today for the future [37]. It emphasizes the role of everyday practice, experience and learning, placing an actor (individuals and institutions) in an “eternally unfolding present” [25,26].



Memory is an important element of time-related perspectives. In “The importance of a certain slowness”, Cilliers [8] describes the relevance of knowledge and memory, and its role to help anticipation of what is to come as complex systems unfold over time. He points out that memory is the “persistence of certain states of the system, of carrying something from the past over into the future”. This does not mean to glorify the past, but allowing past events to linger in the present is how we can process information, interpret new events to help inform anticipation of the future, and counter the illusion that “if we live quickly and efficiently in the present we are somehow closer to reality” [8] (p. 108). Knowledge creation is a social process that requires learning, reflection, and dialogue, all of which take time. Integrating diverse forms of knowledge and memories provide a means to interpret the changes and evaluate the rhythm, impacts, and extent of drivers of change.



As different stakeholders in protected areas usually hold a diversity of beliefs, values, and knowledge, and different interpretations of time and change, exploring knowledge governance arrangements can help to identify potential political, cultural or customary tensions when selecting and applying knowledge for planning [38]. In the next section, we discuss how these temporal dimensions connect with knowledge-based processes.





3. Knowledge Governance: Accessing, Using, and Sharing Information


3.1. Creating Meaning, Crafting Knowledge


Words and stories shared by a group shape its identity and create meaning for mutual ideas and concepts. Meaning is produced through interactions with the world and reinforced by the selected choice of words, language, and metaphors used in everyday interactions [39]. This collective creation of meaning is closely connected with knowledge creation. Knowledge-based processes are context-dependent: institutions, rules, geographies, as well as individual and collective preferences, shape how knowledge is created, shared, and applied. A variety of cultural and political settings frame how people perceive, understand, and respond to natural phenomena and processes, including the ‘how’, ‘what’, and ‘whose’ of knowledge and its use [40].



Acknowledging the complexity and varied forms of knowledge, in this paper we consider two domains: scientific knowledge, and ILK [41]; ILK evokes the strong, long-standing linkages of Indigenous people, but also of more ‘recent’ communities (e.g., pastoralists or farmers) to their natural environments, and their specific interpretations of environmental change. Protected areas provide a good example of the interplay (or lack thereof) between knowledge and action produced by different actors operating at different spatial and temporal scales. As a ‘community of practice’ [39], protected area managers reinforce meaning through maps, regulations, and management plans, the implementation of which is measured in calendar time. In contrast, Indigenous communities create meaning and make sense of their world through dreams, stories, ceremonies, and traditional practices, where calendars and clocks are less relevant [42]. As explained by Cuvi [43] (p. 81), ILK1 is created through practice, learning, and openness to experiment. These individual and collective interpretations of the world, with different understandings of risk and future climates, can lead to different environmental rules and standards, which can then enable or constrain adaptation options [29]. In managing complex social-ecological systems, it is important to acknowledge the plurality of visions and human dimensions shaping science-policy relationships [44].



In doing their work, protected area managers are expected to find, produce, and use information to connect management objectives with specific time horizons for their implementation, monitoring and evaluation [45]. In deciding what knowledge to use for planning and making decisions to deal with changing environments, protected area managers are conditioned by their decision contexts. Gorddard et al. [46] explain the decision-context as a societal construction whereby held human values (such as the motivation to conserve nature), societal and institutional rules (formal and informal actions, norms and practices for managing and planning), and knowledge (the diverse ways used by people to make sense and understand the world) influence how people make decisions. When certain values or rules predominate it affects how certain forms of knowledge are included or excluded, depending on what values, rules and knowledge the decision makers consider credible, legitimate and important (see examples of values, rules, and knowledge interactions from Australia in [46,47]; for Colombian examples, see [48]). In the next section, we provide details of this knowledge-practice interaction.




3.2. Producing, Co-producing and Governing Knowledge


In linking science with management decisions, there is a trend to move from the knowledge deficit model [11] to co-production as a way to promote actionable science while considering the complexity of challenges in managing natural resources under climate change [49]. Although co-production has different definitions, we follow Wyborn et al. [50] (p, 3.2): “processes that iteratively unite ways of knowing and acting—including ideas, norms, practices, and discourses leading to mutual reinforcement and reciprocal transformation of societal outcomes”. This definition addresses context-related aspects of producing and applying knowledge and the governance of knowledge-based processes in situations where there are different interpretations and ways of creating meaning in the setting of goals, as is the case for protected areas.



Knowledge exchange, understood as processes of creating, sharing, interpreting, accessing and using knowledge, is one way of understanding the interplay that is required for co-production, and is not straightforward [13]. Understanding contexts and barriers can facilitate the identification of options to enable knowledge exchange for more efficient decision-making and management. Such an approach requires an understanding of the governance of knowledge: the overarching rules of how societies engage in knowledge creation (including the preferred types of knowledge for making decisions) and how to share, protect, use, or access that knowledge [38]. Knowledge governance “can help to understand the role of knowledge and learning in the governance of complex societal issues” [51], including knowledge-based arrangements (formal and informal rules) for decision making, and facilitate more effective interactions between knowledge and practice. Knowledge governance is often confused with knowledge management, however the latter involves the day-to-day practice of organization along with accessing and using information and is not considered here.



Understanding knowledge governance can help to address temporal mismatches when deciding how to address conflicts of interests, identify ways to move beyond traditional practices and embrace innovative options for managing natural resources. A first step is to identify existing knowledge governance systems, for example the so-called ‘loading dock’ model [50,52], as well as institutional arrangements in use, for example boundary organizations, knowledge exchange, and embedded researchers [13,53]. These models are often framed by high-level processes and complex arrangements that shape the way society governs knowledge-based processes (known as civic epistemology), which therefore influence knowledge systems (such as institutional arrangements for science-policy interaction), as well as interventions and knowledge management responses for the application and translation of knowledge into action [38].



Knowledge-based processes (including co-production) might benefit from explicitly embracing different temporal dimensions. In collaborative interdisciplinary research, different perceptions of the urgency to solve problems, and the different paces to create knowledge by different disciplines and communities of practice, influence how we define timeframes for action [54]. In the next section, we present alternatives to explicitly explore the diverse conceptions of time, how it is conveyed in knowledge-based processes, to open opportunities for productive collaboration and dialogue with multiple stakeholders in and around the protected area, rather than mismatched understandings based on preconceptions or assumptions of time.





4. Framework for Multidimensional Knowledge-based Processes



“Some years ago, we started reflecting on fragile ecosystems and climate change, and we realized, what are we going to do with the glaciers? Who is working on that? What management actions are needed?”



Manager, Colombian National Parks, 2016





In its conception and implementation, management of natural assets often neglects or misinterprets temporal horizons when designing environmental monitoring programs and decision-making processes. To facilitate an understanding of time in relation to knowledge processes and decision making, we propose a framework to evaluate current knowledge-based processes in protected areas management and planning, as a guide to understanding the timescapes in which managers operate. Acknowledging that management of conservation goals operates within spatial and temporal limits, the framework is a guide to addressing the complex interactions of multidimensional management in a practical way while identifying options to move beyond constrained and utilitarian concepts of time (such as calendars) in relation to knowledge selection, usage, and the implementation of policies. Each protected area context is different, and it is likely that some managers are already applying some of these ideas. The framework aims to enable managers to navigate options for integrating practice (e.g., management effectiveness), applying science and technical knowledge (e.g., monitoring systems), and connecting diverse knowledge systems and memories to understand social-ecological processes and responses to drivers of change. For example, ILK can provide a richer vision of social-ecological processes, based on multigenerational observations and practice [55].



The framework is based on the idea of ecological reflexivity [56], involving recognition (monitoring impacts and system changes while anticipating future conditions), reflection (learning from past events, rethinking values and practices and envisioning), and response (reviewing objectives and values and reconfiguration of processes and practices). We integrate these elements into a simplified version of protected areas decision making (Figure 1). The framework includes the idea of the here-and-now that protected area managers face every day in their jobs. The present represents the living memory (including previous learning) gained by practice, anticipation of what is going to happen, and careful observation of the outcomes. We present some guidance questions (Figure 2 and Appendix A) intended to facilitate the reflexive process, guide discussions, and help managers exploring multidimensional knowledge-based processes in their current practice. These questions can happen as part of a deliberative process to update management plans or monitoring systems and can guide managers navigate and understand how current knowledge systems address time across scales. The framework and suggested options are not prescriptive, but aim to guide the discussion to identify what information is useful, whose knowledge is relevant, and elements to consider in designing monitoring systems that allow managers to capture systems dynamics in space and time.



The first category is the day-to-day practice, or operational level, which represents the activities to meet the strategic objectives, including anticipating changes and monitoring current conditions. This level is critical to provide feedback to strategic decisions and update planning. Then, an intermediate level of reflexive practice, to allow learning about past projects, planning and activities, rethinking the effectiveness of knowledge systems used to understand change, and envisioning expectations for the future. Finally, the strategic level corresponds with decisions related to broad, overarching, long-term goals that span geographical and temporal scales. These can include setting collective visions for a protected area and surrounding landscapes, align management plans with Indigenous Plans of Life (a participatory planning instrument to reimagine Indigenous futures), developing and managing a network of protected areas, or complying with international conventions.



The information required to understand changes in ecological functions and the cascade effects of disturbances across scales require more than data collected over narrow temporal and spatial scales [57]. The relationship between information needs and decision-making timeframes might have different interpretations in management and planning [18] (p. 45), affecting how information is produced, selected, and used. Moreover, our lack of clear knowledge about the type, speed, and extent of ecosystem transformation as consequence of climate change challenges how we make decisions, our interpretation of time, affecting knowledge-based processes for managing protected areas. For example, when designing monitoring systems, scientists and managers often omit the response timeframes of ecological processes, or use incomplete datasets that do not reflect the interconnectedness of ecosystem processes at different spatial and temporal scales [5] or the underlying complexity of ecosystem services and the processes that provide them. In this sense, we understand ecosystem services as biophysically and socially co-created; their use and interpretation evolve over time according to societal preferences [58]. As ecosystems, biodiversity and social processes are structured hierarchically across temporal and spatial scales, protected area managers can benefit from explicitly addressing temporal scales, territorial dynamics and ecological processes when using knowledge and information.



Careful linking of management effectiveness times, with long-term monitoring results can help visualize changes and responses while allowing learning, testing of management options, the effectiveness of information collected and evaluation of thresholds of change. At the strategic level, the rethinking of information and knowledge needs involves a process of collective reflexivity on how to adjust knowledge systems for managing change and understanding that management of future ecological transformation requires dynamic management, learning and eventually rethinking and changing practices, structures and conservation approaches consistent with what has been learnt and observed. Although this re-articulation is not straightforward, it can occur as small transitions in current approaches that facilitate reframing knowledge governance processes and incorporating other forms of knowledge (e.g., see four conceptual transitions to enable future adaptation in [48]).



The example illustrated in Figure 3 shows how ecological processes and information needs on conservation goals distribute across spatio-temporal scales to support predictions of ecological responses and change over the longer term. Anticipatory processes can benefit in setting TPCs, and reflecting on the observed responses of biota to climate and other drivers of change, managers and researchers will be able to better understand the mechanisms of climate impacts, the sensitivity of natural systems and implications for transformation in the protected area. Human needs and their dependence on ecosystem services play an important role in defining conservation goals, but also as underlying drivers of environmental change. Social TPCs can complement ecological ones to allow an integral understanding of processes and responses of the social-ecological system [59].



Human responses to environmental change play an important role in the dynamic nature of knowledge production. These responses can include changes in agricultural practices, reforestation and restoration efforts, human migrations or shifts in use of natural resources [20]. Observing and recognizing these responses within and outside the protected area can facilitate learning and experiential management, which is essential to enabling adaptive practices, while adjusting information needs, timeframes, and planning, which is essential for moving into the strategic practice level.



Finally, it is important to recognize the knowledge governance and decision-making context in the protected area. Each case is different and human perceptions and interpretations of the conservation values influence the creation of knowledge for managing these areas. An open dialogue with relevant stakeholders might allow agreement about objectives and desired future goals as well as identify the most relevant socio-ecological processes that require monitoring and management, while defining the thresholds of potential concern and limits of acceptable change [9,59]. In understanding the type of information available, including the timeframes for which climate information exists, managers can reflect on current practices and management questions, update planning tools, and improve decision making processes.




5. Reconciling Calendar Time with Reflexive Practice


So far, we have considered a framework for multidimensional knowledge-based processes for protected areas management. We emphasize that recognizing temporal dynamics related to production of knowledge is essential to support decision making and planning of social-ecological systems. It can help in understanding complex temporal patterns, the interaction at different geographical scales, and biotic responses to different drivers of change [6]. However, some questions remain outstanding. Environmental managers in the Anthropocene need to be more aware of driver-response dynamics through time and rethink temporal horizons and spatial scales, given the complex context under which multiple actors interact and make decisions [4]. We suggest this framework can help reconcile the different motivations for protecting natural assets when defining and implementing management and adaptation options under uncertain and changing conditions.



Calendar timeframes are useful when dealing with administrative issues, assessing changes in the conditions and guiding future management [60]. Independent on the knowledge model in use, applying a reflexivity process for the management of protected areas can facilitate a time perspective approach and identify relevant information from past events, while observing, documenting, and learning from previous practices, and investing that knowledge in new meaning in the present and into the future. This approach includes thinking about what information is available now or what information might be relevant to understand socio-ecological processes and responses in relation to the conservation goals, while reflecting on the biophysical characteristics that span through space and time and can support an understanding of ecological responses to climate change. In this context, the time perspective can help design monitoring systems with a more systemic vision and facilitate adaptation to a changing climate.



We present examples from South Africa and Colombia to illustrate how calendar times can be reconciled with reflexive practice. An ongoing collaboration between the authors helped to infer how this is happening in each country. The different governance models and knowledge systems of these countries allowed the authors to explore––through an inductive process––the assumptions for the framework. The example from South Africa comes from SANParks extensive experience with adaptive management; for Colombia, we used data collected through a co-production and knowledge governance study [18].



5.1. South African Approach: Strategic Adaptive Management and Reflexivity


How different is the framework presented here (Figure 1) from adaptive management? Adaptive management has become a foundation of effective environmental management in contexts characterized by high levels of ecological uncertainty [61]. It stems from acknowledging that ecological (and social-ecological) systems are complex, that understanding of such systems is imperfect and partial, and that the responsible way to proceed with management in these contexts is to learn by doing, and to adapt actions as new understanding emerges. It achieves this by integrating research, planning, management, and monitoring in repeated cycles of learning [62]. Adaptive management is a systematic approach to improving the management process by purposefully learning from the outcomes of management actions.



Strategic Adaptive Management (SAM) is a version of adaptive management that has been iteratively developed and implemented by SANParks for more than 20 years [9,63]. SAM has been applied to a variety of social-ecological challenges, from relatively narrow (e.g., management of elephant populations [64]) to extremely broad (e.g., management of a national park; for more information, see Roux et al. in review) application contexts. Regardless of the context, SAM consists of four interlinked and dynamic sub-processes [65]: adaptive governance (co-producing the ‘rules of the game’ at a range of levels, from national legislation to park policy to local rules shaped by stakeholder norms and values); adaptive planning (co-creating a vision and management objectives for addressing a specific social-ecological challenge); adaptive implementation (designing and implementing management measures, research experiments and monitoring programs to action the above objectives and enable learning from their outcomes); and adaptive evaluation (assessing and reflecting on the outcomes of implementation against the vision and objectives, to inform ongoing learning and adaptation).



During adaptive planning, diverse stakeholders participate in face-to-face dialogues during which they deliberate the social values, changing contexts (social, technological, economic, environmental, and political) and vital attributes (special or unique features) of the social-ecological system of concern that should guide future decision making. These dialogues provide the basis for jointly articulating a vision and setting management objectives. The tacit knowledge of participants, which reflects past experiences, converges into an explicit vision statement and objectives for directing management in the future.



During adaptive implementation, ongoing engagement between agency scientists, park management, and stakeholder groups enables the consideration of multiple knowledge sources, including experiential and tacit understanding as well as science-based information, to inform decision options. Selected management actions are implemented in conjunction with complementary research projects and monitoring programs, to enable purposeful learning by doing. Monitoring of key indicators, and setting TPCs for these indicators, serve as forms of feedback to stimulate reflection, especially when thresholds are being approached or exceeded.



Adaptive evaluation refers to formal and informal assessment of and reflection on progress towards achieving the vision and set objectives, in line with the reflexive level. Lessons learned through these processes provide forms of feedback to, at least in theory, update or adapt the rules of the game (adaptive governance), the vision and objectives (adaptive planning) and management actions, research agendas, and monitoring programs (adaptive implementation). The SAM process incorporates memories and prior knowledge of stakeholders to anticipate and articulate a desired future state, which in turn guides sense-making in the present through combined actions, monitoring, learning, and research.



The SAM approach aligns to some degree with the framework. However, even SAM, with its strong emphasis on getting “consensus on a desired future state across a range of value systems” [62], has shortcomings. Park management plans are embedded in national legislation, which render their planning, implementation, and evaluation processes less flexible, responsive, and adaptive to natural social-ecological cycles than ideal [62] (e.g., policy determines when a plan gets revised, and not necessarily readiness of the social-ecological system; compliance culture stifles experimentation; and resource constraints limits dialogue with stakeholders). However, there are opportunities to rearticulate the rules. For example, where management plans include a program on climate change, ongoing learning about, and improved understanding of, climate as a driver of social and ecological change will help to update the normative rules of the game, to better understand information needs for climate adaptation, update monitoring systems, facilitate envisioning options, and rethinking assumptions.




5.2. Colombian Protected Areas: Linking Knowledge and Management Beyond the Calendar


The Colombian protected areas national agency has been actively working to understand the hazards and impacts related to climate change and their implications for managing protected areas. The Future-proofing Conservation project worked with protected area managers to rethink management options in the context of climate change and uncertainty about future socio-ecological transformation [48]. Using semi-structured interviews, the quotes below were documented by C.M. during the project to identify the different forms of knowledge related to climate and ecosystem services that are used for long-term planning and management, and how knowledge governance can be enhanced for strategic thinking and decision making. Full details on the methodological approach and methods are presented in Munera and van Kerkhoff [18]. The quotes in this manuscript have not been published previously.



Knowledge creation is an evolving process of past experiences and everyday interaction with the world, in which reflection is encouraged and learning is incorporated into practice. In Colombia, managers recognize these attributes, and are in the process of implementing reflexive practice: “we have [scientific] information; [now] is a moment to stop, review and analyse what we have, looking at the future, to identify gaps, reflect on other issues we would need to cover and to develop a long-term vision for managing protected areas” (Int. 3). This quote demonstrates the relevance of practices of learning, collaboration, and openness to change. In applying long-term thinking, it is important to consider choices and decisions made today, while being open to accepting and using alternative knowledges to understand territorial processes to support implementation of conservation strategies and connect with different concepts of time and knowledge.



For Colombian protected areas the learning process is allowing reflection on current practices to integrate risk into management and better connect with territory: “we are working on understanding if restoration is an adaptation action or not, what criteria we need to consider and how to apply it in practice to decide if we need to update zoning in the management plan. Managing risk is helping to better understand the territory and identify places where landslides can affect indigenous communities or farmers” (Int. 4). This process is facilitating managers to integrate other forms of knowledge alongside scientific information, enabling the strategic thinking necessary to manage uncertain futures and planning for climate adaptation [18].



Climate change and uncertainty of climate-related information have been reported as a major barrier for making decisions [66], so is the poor understanding of climate change impacts and mechanisms of climate sensitivity for species and ecological processes [17]. These limitations, plus a sense of urgency in trying to avoid ecological change, might prevent managers from fully considering social-ecological dynamics and potential mismatches in the information available to them. Climate change is opening the door to update current practice: “climate change is forcing us to look beyond the boundaries of the protected area and have more integral planning” (Int. 12). Although this openness to incorporating new knowledge was in response to a technical deficit (a lack of instruments for monitoring climate variables), it demonstrates that it is possible to rethink practice [18]. Instead of a reactive use of information, when a climate event triggers a response [66], managers can benefit from careful consideration of how past events have shaped present-day ecosystems, and cross-scale ecological responses of the conservation goals. Such considerations include the identification of conditions that may trigger other responses and can give managers agency to identify the most relevant information to act as the future unfolds.



A diversity of worldviews in a context of managing protected areas and knowledge-based processes can facilitate the reconfiguration and rethinking of managing multidimensional protected areas systems. Indigenous communities have specific timescapes, intrinsically linked with their interpretation of the environment across temporal and spatial scales. In their view, life and nature are not seen as discrete units, but as processes that have specific cycles linked with belief systems and cosmology. For Indigenous groups, decisions on their land requires revisiting their ancestral history [42,55], a view that demonstrates a deep time perspective and connectedness with the territory. Some Colombian protected areas that are co-managed by indigenous groups are in the process of adjusting modern administrative timeframes to local tempos, set by nature and people’s connection with it [42,67], and, when setting meetings, managers need to consider environmental rhythms (e.g., river flows), customs (e.g., funerals, wakes, and dreams) and their timing with nature. Although these parks are managed under State rules, local practices have been influencing the way the National Protected Areas agency interprets their role and governance in areas inhabited by Indigenous communities [42].




5.3. Implications for Future Management


As we started developing the ideas for this manuscript, an unprecedented bushfire season ravaged parts of Australia. Although bushfires are expected every summer, their severity and extent had enormous impacts on National Parks, wildlife, and livelihoods, challenging the response capacity to deal with them and questioning how to integrate Aboriginal customary practices of fire management. Fire regimes in Australia are well documented, especially in relation with the human practices and Aboriginal knowledge [68]. Aboriginal customary practices to manage the land using fire have been proven to reduce the density of shrubby understory plants and fuel loads, thereby reducing the intensity of bushfires [69,70]. Incorporating Indigenous fire management into Australian protected areas can be regarded as a direct adaptation measure to manage dynamic ecosystems under a changing climate or as an indirect adaptation measure, which aims to maintain ecosystems in their current configuration, depending on context and perspective [71]. Integrating ILK with modern technology and science can be beneficial, but requires changes in knowledge governance hierarchies, reflection on future expectations of conservation goals, and defining how much change managers and local communities are willing to accept to facilitate system monitoring, management, and action [72].



Understanding and accepting change (ecological change, change in practice, change in knowledge, and change in the territory) is a first step to rethink management of biodiversity under changing environmental conditions and climate. This perspective constitutes a shift in the way we conceptualize nature and management, and therefore the epistemic context and responses. In documenting dynamics of change and adaptation in epistemic communities (specifically practitioners and researchers working in ecological restoration), Hirsch and Long [73] found that when practitioners move their expectations from stable climates and ecological models to recognize the possibility that historic conditions and preconceived assumptions of nature might no longer exist, they were able to reorient practice and goals. This shift in thinking and practice might bring new paradigms, concepts, perspectives, and ideas, enabling the integration of new information and knowledge for strategic adaptive management.



Through a reflexive practice, managers, local communities, and other relevant stakeholders (information providers included) can discuss and identify TPCs and limits of acceptable change and identify management responses in relation to change, while adapting information needs. This shift in the science-practice paradigm is reported in Kruger National Park [9], where SAM was a response from managers who realized that instead of avoiding change, it would be better to understand and anticipate it, while working to identify conservation goals and thresholds of potential concern. This re-framing allows a transition from business-as-usual management to an approach where the complexity of social-ecological dynamics is recognized. Rapid change is embraced to allow room for co-learning, to understand change and the multiple values, knowledge, and interpretations of nature.



The interaction between different epistemic communities can help to update knowledge-based processes, as reported for Colombian protected areas [18]. This interaction demonstrates that biodiversity conservation planning processes can accommodate a range of different outcomes and worldviews, while recognizing how environmental decisions connect or impact other sectors. Anticipating the future is not about speculating, but being able to consider future consequences of decisions made today, having agency and willingness to change and take action, question current alternatives, being able to connect with other forms of knowledge, disciplines, and stakeholders, and being aware of others (nature or society) when making decisions [37].





6. Conclusions


The framework we present provides some guidance to connect multiple dimensions where knowledge and decision-making interact in the management of protected areas. We consider it is adaptable to specific context and circumstances, considering the knowledge governance model in use, and taking advantage of managers’ experience and daily interaction with social-ecological systems to facilitate learning and co-production. Also, the framework incorporates a recognition that social-ecological processes and drivers of change have different time horizons and operate at different spatial scales. Rethinking and changing knowledge systems in use can take advantage of the diverse ways people make sense of the present and envision the future.



The custodianship of the present for future generations is augmented by an appreciation of the past and the acknowledgement of the plurality of knowledge systems. Use of diverse knowledge systems takes advantage of a richer set of memories, facilitating the process of anticipation and adaptation to new conditions, dealing with surprises, and reconciling collective agendas and expectations [8,74]. In a context of climate change, governance determines how we respond to new and uncertain climate impacts, and influences whether and how strategies are implemented [75]. Considering the challenges posed by climate change, and other drivers, we need more flexible management of biodiversity and ecosystem services while incorporating multiple visions, temporalities, processes, and interpretations of the world. The concept of timescapes [30], can help managers to understand time related processes in their areas, rethink assumptions, and explicitly consider and integrate multidimensional knowledge-based processes in mental models and practice. For example, because timescapes encompass seasons, natural rhythms and cycles, and memories of natural events, they can be used in TPC thinking and SAM by paying greater attention to changes in the return interval and seasonal shifts in events related to drivers of change, such as bushfires, floods, droughts, and cyclones. The effects of such changes on the integrity of protected areas and surrounding landscapes, and the consequences for achievability of management objectives then form a basis for a more reflexive approach to management.



Reconciling calendar management times with reflexive practice is possible, as we have presented here. South Africa National Parks is working on it, while Colombian protected areas have been accommodating diverse knowledge systems to complement technical knowledge and transitioning to adjust practices and rules. Although we probably will not find an ultimate suitable and cost-effective solution to deal with complex problems in a rapidly changing world, as Fernández [11] (p. 172) points out, we need to remember “new circumstances and context, including past solutions, require ongoing work because we are dealing with co-evolving systems”. Accepting this challenge requires for us to stop, contemplate, and understand the moment, as well as to be conscious about how our actions and knowledge are connected and can impact future social, political, and ecological outcomes. Embracing a bit of slowness is important to better identify, evaluate, and deploy the knowledge required to deal with future changes, beyond just responding to “efficient” calendar times. We finish quoting an old Italian proverb: chi va piano, va sano e va lontano (whoever goes slowly, goes safely and goes far).
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Table A1. Guiding questions for protected area managers to facilitate the reflexivity process in multidimensional knowledge-based processes, and options to consider for the day-to-day practice level. Words highlighted in bold represent some key ideas and issues to consider.
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	Guiding Questions
	Options
	References





	What is the current model of knowledge governance in use?
	Constant dialogue between managers, practitioners and scientists to follow up system responses and ‘novelties. Even under a loading dock knowledge transfer model, managers can have a dialogue with scientists to refine information needs.

Co-production, interdisciplinarity and socio-cultural diversity to integrate local knowledge can facilitate understanding of different needs, expectations, and social-ecological responses.

Evaluate costs and needs for data collection, including where to host the data, funding, and capacity to analyse and interpret it in the long term
	[12,13,50,52,53]



	What is the main conservation goal (e.g., biophysical attributes, ecosystems services, ecological processes) and what information better capture conservation goals responses to drivers of change?
	Inventories and surveys provide a first glimpse of conservation goals status but are limited to narrow spatio-temporal scales.

Evaluate survey characteristics, frequency of data collected, and applicability of results. Historical data can be useful to understand the system and anticipate responses, important to evaluate availability and quality (e.g., gaps in time or space) of datasets.

Identify indicators that can help understand climate change as a factor influencing ecological integrity (e.g., early warnings systems-floods and droughts)
	[5,31,76,77]



	Where are the ecological processes and drivers of change located?
	Conservation objectives can have a narrow or broad spatio-temporal scale; drivers of change can be inside, or outside the protected area.

Evaluate which methods for data collection best captures processes and drivers of change at different scales.

Identify the quality and origin of the drivers of change (e.g., endogenous change, exogenous-agriculture, anthropogenic climate change-related)
	[5,31,78,79]



	What temporal and spatial scales are more relevant to monitor conservation goals and social-ecological processes?
	Information about social-ecological responses at smaller spatial scales (and over short periods) can help, over time, to connect to broader scales (even if this is not the original objective) but requires consistency to avoid information gaps.

Consider establishing long-term monitoring systems of ecological processes and monitoring impacts of external drivers of change.

Understand persistence time of conservation goals to improve design of monitoring systems and observe responses and trends to anticipate future changes
	[5,78]



	How much change are managers and stakeholders willing to accept in relation of social-ecological systems?
	Define indicators and thresholds of potential concern of these indicators, co-produced with managers, scientists, and communities to track social-ecological responses, define future expectations, limits of acceptable change and decide when to intervene.

Complementary to quantitative tools, qualitative tools can help predict system responses and cascade effects of disturbances
	[32,57,59,80,81]
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Table A2. Guiding questions for protected area managers to facilitate the reflexivity process in multidimensional knowledge-based processes at the reflexive practice level. Words highlighted in bold represent some key ideas and issues to consider.






Table A2. Guiding questions for protected area managers to facilitate the reflexivity process in multidimensional knowledge-based processes at the reflexive practice level. Words highlighted in bold represent some key ideas and issues to consider.





	Guiding Questions
	Options
	References





	Are managers and scientists understanding response times and social-ecological systems responses?
	Evaluate if current information systems and data quality allow managers and other relevant stakeholders to understand ecological processes, functions, and responses to disturbances.

Conceptual models and mental maps can help design monitoring, understand system dynamics, connect knowledge systems, and identify management options
	[9,31,82,83,84]



	What was learnt from the previous practice and monitoring?
	Allow time for co-learning and evaluate social-ecological responses in deciding if, and when to intervene, including understanding and learning from human responses to ecological transformation through time
	[48,85]



	Are current monitoring systems and management effectiveness processes adequately capturing responses and changes of socio-ecological systems across temporal and spatial scales?
	Review and update monitoring systems to capture knowledge and learning from different actors and facilitate future decisions.

Evaluate if monitoring system timeframes are adequate to follow social-ecological responses, inform decision-making processes, communicate risks, and facilitate stakeholder engagement.

Evaluate if management effectiveness results can help to understand changes in social-ecological systems
	[78,86]



	Can observations from stakeholders outside the protected area and local knowledge, help to understand human and nature responses to drivers of change?
	Evaluate and update thresholds of potential concern to ensure monitoring systems are capturing ecological responses across scales and enabling action.

Identify potential collaborators for monitoring ecological processes outside the protected area
	[18,59]



	Are future expectations for the conservation goals in the still valid and relevant?
	Under conditions of uncertainty and complex systems, envisioning and futures thinking approaches can help visualize future scenarios and identify actions that can be done in the present
	[35,36,48]
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Table A3. Guiding questions for protected area managers to facilitate the reflexivity process in multidimensional knowledge-based processes at the strategic planning level. Words highlighted in bold represent some key ideas and issues to consider.
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	Guiding Questions
	Options
	References





	Under scenarios of ecological change, is the long-term vision of the protected area inclusive of the beliefs, livelihoods, and expectations of different stakeholder groups?
	Identify complementary management and adaptation options (e.g., stewardship programs, corridors, community conservation).

Evaluate if conservations goals are still relevant or need to be reframed to address stakeholder visions while addressing future climate change. Participatory workshops, face-to-face dialogues, or co-production to reconcile different expectations about the future.

Evaluate changes in perception of values about the protected area and identify how to allow access to conservation benefits without compromising ecological integrity.
	[48,78]



	How do we improve and update monitoring systems and knowledge governance models to facilitate strategic planning in a context of high uncertainty?
	Update standards and rules (including funding) to improve monitoring systems and enable action; evaluate adequacy of funding.

Co-design strategies for knowledge co-production can help identify options to rearticulate knowledge governance models to deal with uncertain futures.

Evaluate management options, identify new alternatives and barriers that constrain adaptive management
	[12,48,87]



	Are there options for cross-scale management and knowledge co-production in and outside protected area boundaries?
	Consider the voices and expertise from diverse stakeholders in and outside the protected area to enable a dialogue and participatory strategic planning. This can help evaluate responses and rethink current practices while finding a balance between the requirement of protected area management and the social-ecological context.
	[48]



	Are decision-making processes and knowledge systems still valid to deal with new conditions and navigate ecological change?
	Evaluate strategic alliances between different groups for collecting, analysing, and sharing information (e.g., private sector, academia, local communities).

Identify which rules and norms might need to change to facilitate integrating diverse knowledge systems to facilitate adaptation in the short and long-term
	[46]
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Here ILK is inferred by the authors; in Cuvi (2019) Indigenous knowledge is mentioned, but does not refer explicitly to ILK.
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Figure 1. A framework to address multi-dimensional knowledge-based processes for management of protected areas. The day-to-day practice on the left focuses on monitoring social-ecological processes and anticipating or thinking about future conditions of the system. The reflexive practice (center) emphasizes learning from previous knowledge-based processes, rethinking assumptions and knowledge systems, and envisioning expectations. To the right, the strategic practice level focuses on how to rearticulate or transition to alternative forms of knowledge and management. Modified from Dryzek and Pickering [56]. 
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Figure 2. Illustrative example of the guiding questions and options for managers, to guide the discussion about multidimensional knowledge-based processes. Table A1, Table A2 and Table A3 expand the questions at each level. 
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Figure 3. Overview of social-ecological processes and information needs on conservation goals for managing protected areas across spatio-temporal scales, from the short-term and local scale (bottom) to the long-term, large scale (top). Information from local level can help to understand conservation goals and social-ecological responses across scales, and the overall performance of ecological processes and functions. Data collected at the local scale (e.g., inventories) are limited to a moment in time and space; long-term monitoring can address temporal coverage from single inventories. Identifying early warnings like Thresholds of Potential Concern (TPC) facilitates an understanding of systems responses to drivers of change. Drivers of change can be events at local level/small temporal scales, or located at larger spatiotemporal scales, even outside the protected area, their impacts cascading across biophysical systems. 
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