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In the face of global change, the exploration of possible futures of marine social-ecological systems (MSES) becomes increasingly important. A variety of models aims at improving our understanding of ecosystem dynamics and complexities by assessing how systems react to internal and external drivers of change. However, these models are often built from a natural-science perspective through a reductionist and top-down knowledge production process that does not engage with the interests, concerns and knowledge of stakeholders. Our work explores different futures of the Peruvian MSES tied to the Humboldt Current Upwelling System (HCUS) through a sequential integrative participatory scenario process. The methodology used opens novel ways to explore, at different contextual levels, the uncertainties of the future and, in doing so, to include diverging world views of different actors. This approach implies a broader social processing of scientific projections about the future and encourages the articulation of different notions of sustainability. We thereby contribute to current scientific discussions on scenario planning in MSES by exploring potential futures through the analysis of narratives, a process that helps to identify plausible future development pathways that can inform different types of ecosystem modeling or policy making.
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INTRODUCTION

In a world of rapid global change and multiple anthropogenic pressures affecting social-ecological systems (SES) in many dimensions, looking into the future becomes critical. Necessary transformations toward a more sustainable society are confronted with deep-seated uncertainties regarding economic, environmental, social and technical developments that will affect society and its natural environment in the coming decades (Priess et al., 2018). In the context of climate change, a particular focus is directed to the mitigation and adaptation capacities of communities to ensure viable policies, robustness of planning and political legitimacy (Larsen and Gunnarsson-Östling, 2009; McNamara and Buggy, 2017).

Scenario development has long been identified as a tool to tackle this multi-faceted task and explore the possible futures and associated impacts of SES (Börjeson et al., 2006; Kebede et al., 2018). Developing future scenarios to understand risks and uncertainties, has been part of the framework of “futurology” since the 1970s, with the Club of Rome’s report on “The Limits to Growth” (Meadows et al., 1972) as its preeminent example. Thenceforth, future studies have moved forward and both methods and theories have multiplied, being summarized in several works (Oteros-Rozas et al., 2015; Minkkinen, 2020). Scenario development has become a common tool in global environmental assessments (Millennium Ecosystem Assessment [MA], 2005; Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services [IPBES], 2015) and has been used widely in environmental and climate change studies over the last decades (Priess et al., 2018) mainly driven by the use of scenarios by the Intergovernmental Panel on Climate Change (IPCC). Today, scenarios are globally used as a key method for identifying plausible futures with medium- and long-term horizons (Saito et al., 2019) and stimulating reflective processes that can contribute to decision-making (Pereira et al., 2019).

Notwithstanding this renewed interest in scenario development, the theoretical foundations of future studies more broadly remain disputed. It is hardly surprising that a future which is conceived as being open to some extent leads to uncertainties and discussions when it comes to robust and reliable methodologies to explore this openness. Yet there are a number of widely shared practices and several plausible attempts to structure the field in theoretical terms, according to different criteria and multiple purposes (Minkkinen, 2020).

In an environmental sciences context, the appeal of quantitative approaches, forecasting, mathematical calculation and modeling is strong. Such probabilistic approaches, however, have great difficulties to integrate uncertainties that have not been measured with precision or consistency or are inherently difficult to quantify (deep uncertainties); and to capture context-specific problems like socio-economic and cultural dynamics entangled with complex processes of meaning-making and normative symbolic orders. These phenomena are commonplace in the social-ecological field, and therefore the use of scenarios has moved toward an integrated analysis of both, environmental and socio-economic change, with a growing complexity in recent years (Kebede et al., 2018). The latest IPCC report (IPCC AR5), for example, considers climate, socio-economic and policy dimension of changes with its scenario framework combining greenhouse gas concentration pathways, socio-economic trajectories and shared policy assumptions (Intergovernmental Panel on Climate Change [IPCC], 2014).

In methodological terms, this growing complexity and need for integration has led to approaches that bring quantitative methods together with qualitative, interpretive and participatory methods (Rosenberg et al., 2014) that try to account for the knowledge, values, and experiences of different types of stakeholders and experts (Alcamo, 2001; Biggs et al., 2007; Butler et al., 2014; Hemmerling et al., 2019). According to Badjeck et al. (2011), thinking about the future through qualitative (or combined) scenarios can follow three basic modes: (1) predictive, in which actors aim to find the most likely development in the future usually based on present trends; (2) normative, focusing on desirable futures and possible paths that could lead to obtaining those goals; and (3) explorative, characterized by being open (“what could the future be?”), allowing to deal with high levels of uncertainty and ambiguity and encouraging creative thinking (cf. Pereira et al., 2019).

In this paper, we make use of exploratory scenarios, largely based on qualitative research. Hence, in line with many other authors, we do not aim at forecasts or predictions, but see scenarios rather as plausible descriptions of how the future might unfold, based on a coherent and internally consistent set of assumptions about key uncertainties and drivers of change (Millennium Ecosystem Assessment [MA], 2005; Palomo et al., 2011; Hamann et al., 2012; Kebede et al., 2018; Saito et al., 2019). Scenario construction in this sense is based on the premise that the future cannot be predicted but rather shaped (Venturini et al., 2019) and that the exploration about what could happen might be a useful “rehearsal” for the future.

As documented by Oteros-Rozas et al. (2015), the scenario making exercise typically involves the development of three to five scenarios each one shaped by a different constellation of drivers of changes identified through participatory methods and ranked based on their impact, probability of influence, importance and/or relevance for a given SES. Each scenario is at the end a reasonably coherent narrative about how the future might unfold in a given constellation of drivers. This narrative is generally constructed by a group of actors sharing experiences and insights in a creative and collaborative way, bringing in different perspectives and aspirations. Narratives in this sense are not the grand discourses of environmental governance or the paradigmatic “story lines” (Hajer, 1995) of ecological modernization. They are meaningful ways to assemble assumptions about social-ecological trajectories, to make sense of experiences and connect them to possible futures, by a person or a certain group of people. As such, they are bound to subjective, collective and cultural positions and processes (Wollenberg et al., 2000); they are of course imbued with larger questions of power (Nilsson et al., 2017) and, as a result, there will always be “competing narratives of sustainability” (Bremer and Funtowicz, 2015). For these reasons, the use of participatory methods and a local embedding of scenario processes are very relevant.

This task brings up two further questions: how to downscale, and how to integrate different types of knowledge. Traditionally, regional and local information has been obtained through the downscaling of global or national scenarios to smaller scales (Kebede et al., 2018; Ford et al., 2019; Karner et al., 2019; Kok et al., 2019; Mitter et al., 2019). However, Kok et al. (2019) have criticized that most attempts do not go beyond a case study implementation to test conceptual recommendations across complex systems, scales, and scenarios. Moreover, although downscaling is said to facilitate comparability between different case studies (Ebi et al., 2014), attempts to adapt global narratives of change to fit local contexts can be problematic in several respect. First, in spatial terms, global models tend to produce (world) subregions that are still far apart from the differences in everyday perceptions and experiences in terms of natural resource use, let alone patterns of the socio-political and cultural fabric. Second, for the purposes of community members or policy makers alike, global scenarios usually perform on large temporal scales (e.g., 50 or 100 years into the future). Hence assumptions become broader and simpler and results are more generalized which can make them useless, or at least meaningless in practical terms (Kebede et al., 2018). Finally, and this brings us to our second question, using IPCC’s or other global science-based scenarios as a guiding framework can be seen as a restricted approach as these scenarios all have been constructed according to the principles of one and the same system of knowledge production, namely “modern,” “Western” science, a positivistic endeavor, socially inert and politically neutral in its self-understanding, but rather narrow-minded, hegemonic and made of “farfetched facts” (Rottenburg, 2009) in the view of its contenders.

Against this background, several scholars have highlighted the need to develop methodologies that allow communities to frame their own visions of the future and (co-)produce regionally and locally relevant information (Saito et al., 2019). Locally based future visions are specially needed to include “traditional ecological knowledge” (Oteros-Rozas et al., 2015) or “indigenous knowledge” (Agrawal, 1995). Furthermore, we note that there is a growing interest also in social-ecological research to develop new modes of knowledge collaboration and “co-creation processes” in the context of future scenarios (Galafassi et al., 2018; Obermeister, 2019).

These developments in the broader debate on social-ecological scenarios are becoming visible in the field of MSES. Traditionally, the focus of scenarios for MSES has been on the analysis of single drivers of changes like coastal planning under climate change (Tompkins et al., 2008), commercial species or the increased demand for fish (Cheung et al., 2011; Béné et al., 2015). Only few studies have attempted to explore several drivers simultaneously, e.g., the work of Maury et al. (2017) in which they used scenario development to explore the future of the tuna fisheries along economic, fisheries management and global governance perspectives. Moreover, bigger projects such as Radical Ocean Futures aiming at imagining the potential future of the oceans through scientifically grounded science fiction narratives also lack contextualization (Pereira et al., 2019).

In this study, we first present a methodology (see section “Materials and Methods”) that despite having its starting point in common methods of scenario making (i.e., axis technique) allows for a contextualization of uncertainties and for the integration of different knowledge systems and notions about the future (see section “Discussion”). We illustrate the methods with an application to the Humboldt Current Upwelling System (HCUS) of Peru. To the best of our knowledge, this is the first attempt of future studies in Peruvian MSES despite the increasing attention that future studies have had in Peru over the last decade (Instituto Nacional de Recursos Naturales [INRENA], 2008; Centro Nacional de Planeamiento Estratégico [Ceplan], 2014, 2019; Evans et al., 2014; Blancas et al., 2018). Given the great significance of fisheries in the country in social and economic terms and the ongoing changes in the Humboldt Current Upwelling System (see section “A descriptive Case Study: The Northern Humboldt Current Upwelling System”), integrative scenario development seems a fruitful endeavor. Therefore, our declared aim was to develop explorative scenarios, constructing narratives that deepen the understanding of the dynamics shaping the Humboldt Current Upwelling System, and also to refine and enrich the general visions on a regional scale. In section “Results” we present four collaboratively built narratives about trajectories of change over a 20-year period and their contextualization in regional settings. A further aim was to provide a collaborative space for co-learning and strengthening links among and between researchers, policy makers and users.



A DESCRIPTIVE CASE STUDY: THE NORTHERN HUMBOLDT CURRENT UPWELLING SYSTEM

The Humboldt Current Upwelling System (HCUS), stretching from southern Chile to northern Peru, is one of the world’s most productive marine ecosystems. This high productivity is created by coastal upwelling, transporting cold, nutrient-rich waters from deeper layer to the ocean’s surface providing the basis for a high primary and fishery productivity. With an average annual capture production of 6,4 × 106 tons (for the period 2005–2014), Peru ranks as the second most important fisheries producer worldwide (after China), mainly due to the landings of the Peruvian anchovy Engraulis ringens, which represents 85% of annual catches (Food and Agriculture Organization of the United Nations [FAO], 2018). The fisheries sector represents Peru’s second important sector after mining, contributing between 0.7 and 1.5% to the country’s GDP [for the period 2008–2017. Note that the fishing sector as an economic sector within the national GDP, only corresponds to the extraction phase; the transformation (i.e., manufacture of fishmeal and fish oil, fish processing and preservation) is included in the manufacturing sector; Ministerio de la Producción [PRODUCE], 2018]. Targeting more than 300 species (Guevara-Carrasco and Bertrand, 2017), Peruvian small-scale fisheries (SSF) landings represent only about 9% of the national total (Mendo and Wosnitza-Mendo, 2014), though the sector provides the majority of fish for domestic human consumption (26% of animal protein; Béné, 2006) and employs four times more people than the industrial fisheries (Alvarez, 2003).

In the region Ica in the south of Peru (see Figure 11), both industrial and small-scale2 fisheries represent important ocean-based livelihoods, with Pisco ranking third when it comes to landings of the Peruvian anchoveta (Engraulis ringens) for fish meal and oil production, as well as for overall landings (in 2017; Ministerio de la Producción [PRODUCE], 2018, p. 57). Other important fisheries target species include the Eastern pacific bonito (Sarda chiliensis chiliensis), the Chub mackerel (Scomber japonicus), Cabinza grunt (Isacia conceptionis), Jack mackerel (Trachurus murphyi) and octopods (Octopus mimus) (Castillo et al., 2018, p. 323). Fishing and post-harvest processes provide labor and income to thousands of people in the region. Pisco has the fourth highest number of processing plants for the production of fish meal/oil as well as for the processing of fish and shellfish for direct human consumption (in 2017; Ministerio de la Producción [PRODUCE], 2018, p. 141). Moreover, aquaculture takes place, with 192 ha (in 2017) being officially designated to the culture of the Peruvian bay scallop (Argopecten purpuratus) (Ministerio de la Producción [PRODUCE], 2018, p. 178).
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FIGURE 1. Overview map of Peru, indicating the country’s capital Lima and the region of Ica (panel to the left); Peru in the context of the Latin American continent (panel to the upper right); the study setting Pisco province, indicating the two National Reserves (dashed line) (panel to the lower right).


Additionally, the region hosts a flourishing tourist sector, being the third most important region visited by foreign tourists (Comisión de Promoción del Perú para la Exportación y el Turismo [PROMPERÚ], 2017) and receiving up to 3 million national and 0.5 million international visitors per year (in 2018; Ministerio de Comercio Exterior y Turismo [MINCETUR], 2019). The two National Reserves of Islas Ballestas and Paracas, situated at the coast of Pisco province (see Figure 1), are the most frequently visited National Reserves (on the national level; Servicio Nacional de Áreas Naturales Protegidas (Sernanp), 2020). The great biodiversity of birds and sea mammals together with the beaches and sand dunes allow for all kind of recreational activities. The region Ica is also renowned for its agricultural production, with main crops being corn and (sweet) potatoes, grapes, asparagus and tomatoes (Ministerio de Agricultura y riego [MINAGRI], 2018).

Impacts of climate change on eastern boundary upwelling systems (including the HCUS) were argued to likely be profound, though difficult to forecast, because environmental variability is progressively expanding its earlier ranges (Bakun et al., 2015). There is still considerable debate as to whether or not climate change will drive an intensification (Bakun and Weeks, 2008; Narayan et al., 2010; Bakun et al., 2015; Xiu et al., 2018) or decline (Barton et al., 2013) of upwelling in these systems, including the HCUS. Moreover, the HCUS is exposed to the interannual environmental variability induced by the El Niño Southern Oscillation (ENSO) dynamics, affecting both the marine and terrestrial environment and damaging human settlements and their livelihoods along the entire coast. Also, whether or not climate change will induce an intensification and/or increase in frequency of occurrence of El Niño events is still under debate (e.g., Bakun and Weeks, 2008; Collins et al., 2010; Vecchi and Wittenberg, 2010; L’Heureux, 2018), though for some regions, the effects of ENSO events were suggested to be reinforced by climate change effects (Fasullo et al., 2018).

During its warm phase (El Niño), a cessation in upwelling drastically increases ocean temperatures and reduces primary productivity, while extreme rainfalls and flooding occur in an otherwise arid coast. Effects on the marine living resources and depending fisheries are multifold. While some species struggle to find enough food in times of reduced primary productivity (e.g., anchovies; Ñiquen et al., 1999; Bertrand et al., 2004), others thrive under increasing water temperatures, resulting in an immigration of offshore and tropical species to near-shore regions (e.g., Chub mackerel Scomber japonicus and Jack mackerel Trachurus murphyi; Ñiquen et al., 1999). The province of Pisco was also selected as a study setting for this work because effects on the near-shore habitats were, in the past, reportedly very different than that of the upwelling system. In the region, many benthic species suffered from almost tropical conditions (e.g., macroalgae, crabs), while others flourished (e.g., scallops, sea stars, and sea urchins) (Taylor et al., 2008). The Peruvian bay scallop (Argopecten purpuratus), increasing fiftyfold in biomass during the El Niño 1983/84 stipulating a “gold-rush” environment for fishers from all over the country hurrying to make use of this opportunity, is a particular example for effects on fisheries (e.g., Wolff, 1984; Meltzoff et al., 2005; Wolff et al., 2007; Badjeck, 2008; Gonzalez, 2009).

So far, most research has aimed to understand consequences of environmental variability on Peruvian fisheries through a natural science lens, with little attention to the human dimension (but see Meltzoff et al., 2005; Badjeck, 2008; Gonzalez, 2009; Kluger et al., 2018). Given the socio-economic importance of the HCUS and its resources, and the uncertainty associated with foreseeing future disruptive events and climate change effects, the setting provides a rich case for studying possible futures and consequences thereof through a participatory scenario approach.



MATERIALS AND METHODS

Several literature reviews have emphasized the lack of a single, unifying approach to scenario development while pointing to a number of shared characteristics of existing approaches: the identification of key drivers in a systematic way and their ranking in terms of importance and uncertainty (Amer et al., 2013; Oteros-Rozas et al., 2015). Our work adapts the framework developed by Chermack (2011) to the needs of our study setting (see Figure 2). The first step drew from a two phase online survey as to integrate knowledge from different perspectives in the identification and ranking of drivers of change (see section “Identifying Drivers of Change: Reaching Out Through Online Surveys”); the second step used a participatory stakeholder workshop for developing the scenarios and respective narratives based on a four-cell matrix (see Figure 3) (see section “Developing the Scenarios: A Participatory Stakeholder Workshop”); in a third step, these narratives were enriched and, indeed, confronted with insights, perceptions and interpretations of resource users from the two regional study settings in a series of focus group discussions (see section “Contextualizing the Scenarios: Enriching Scenario Narratives With Vision of Local Stakeholders in Focus Group Discussions”). The combination of these different participative methods allowed us to use a gradual approach to explore the future of the HCUS in collaboration with different stakeholders.
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FIGURE 2. Scheme of the designed participatory method, being divided in three steps. For each step, the sample size and a brief description of the main aim is provided. From top to the bottom: (1) the first step consisted of a two-phase online survey and in between coding of answers (sections “Identifying Drivers of Change: Reaching Out Through Online Surveys” and “Online Survey” of this manuscript); (2) the second step comprised of a central workshop (sections “Developing the Scenarios: A Participatory Stakeholder Workshop” and “Central Workshop”); and (3) the third step included several Focus Group Discussions (FGD) in two coastal regions of Peru (Piura in the north and Pisco in the south; section “Contextualizing the Scenarios: Enriching Scenarios Narratives With Visions of Local Stakeholders in Focus Group Discussions” and “Focus Group Discussions”).
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FIGURE 3. Drivers of the axis limiting the quadrants in which each pair of groups (A-A′,B-B′,C-C′,D-D′) of the central workshop elaborated the narratives (cf. section “Developing the Scenarios: A Participatory Stakeholder Workshop”).



Identifying Drivers of Change: Reaching Out Through Online Surveys

A two-phase online survey was used to identify potential environmental and socio-economic drivers of change (i.e., “any natural or human-induced factor that directly or indirectly causes a change in an ecosystem,” Millennium Ecosystem Assessment [MA], 2005, p. 87) of the HCUS in the future (i.e., 20 years) and their perceived uncertainty and impact. An online survey was used to reach a large number of people (Voinov et al., 2018). It was constructed in English and Spanish using the statistical survey tool LimeSurvey3 (LimeSurvey Project Team/Carsten Schmitz, 2012), and consisted of two phases that were open to responses for a 3 weeks’ period each during September–November 2019.

Potential participants were selected based on whether they were working in the Peruvian marine-coastal environmental sector, be it through research (local and international scientists working on marine-related issues), industry, governmental (representatives of ministries relating to the marine-coastal space) or non-governmental institutions (local and international NGOs). The selection relied on a sampling strategy with multiple entries, i.e., previous professional contacts of the authors, project colleagues, and contacts provided by survey respondents.

For the first survey phase, potential participants (n = 143) were invited through an email to which an informative summary document of the research process was attached. Out of 143 contacted persons, 49 responded (response rate: 34%). The first phase’s survey entailed two modules. First, respondent’s sociodemographic information was explored, including gender, age, level of completed formal education, current employment sector and country of work and experience working on marine-coastal environments. The majority of survey participants were male, researchers, and specialized in marine ecology and marine governance topics (see Supplementary Material 1). Second, respondents were asked to list as many environmental and socio-economic factors as they thought would influence the marine-coastal environment in 20 years. For each factor, participants were requested to provide a short explanation on the effect (for details on the survey see Supplementary Material 2). After terminating the first online round, results were analyzed by the first two authors as to standardize and code the answers, and to then cluster them into two categories: general and specific. To ensure rigor, participants’ answers were coded separately by the two first authors, to then discuss all drivers’ coding through several consensus-building exercises. Whenever disagreement persisted, the other authors engaged in the coding process until an agreement was reached. Overall, the inventory of drivers of change identified contained a total number of 53 drivers of change, 22 environmental and 31 socio-economic (see Table 1) organized in 10 and 12 general categories respectively (see Supplementary Material 3). For the second survey phase, all (potential) participants despite their (non)-participation in the previous phase were contacted again, only excluding those who had disagreed on being written to again (all but two persons; n = 141). In this phase, about a third of the contacted people participated (51 of the 141 contacted; response rate: 36%). The results of the first phase (i.e., the list of specific drivers constructed by the first two authors; see Table 1) were used to ask respondents to evaluate the perceived certainty of occurrence of each driver and the magnitude of its impact on the future MSES, based on a five-level scale (see Supplementary Material 4). To avoid positional effects, the order of drivers was randomized for each participant. After terminating this second online survey, mean values of all drivers were plotted along the two scales (certainty of occurrence, impact level) as to visually inspect distribution patterns. The list of driver categories and Figure 4 were visualized in the R environment (R Core Team, 2019) using the ggplot2 (Wickham, 2016), dplyr (Wickham et al., 2019), viridis (Garnier, 2018), RColorBrewer (Neuwirth, 2014), and cowplot (Wilke, 2019) packages.


TABLE 1. List of drivers resulting from the coding exercise analysis of the first step (cf. section “Identifying Drivers of Change: Reaching Out Through Online Surveys”.
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FIGURE 4. Results of the second step of the scenario scoping approach (cf. section “Identifying Drivers of Change: Reaching Out Through Online Surveys”). (A) Scatterplot of individual environmental (orange) and socio-economic (blue) drivers along the level of certainty and impact based on a five level likert scale. (B) Number of answers received per level of likert scale (being 1 = Not at all; 2 = Not much; 3 = Intermediate; 4 = Moderate; 5 = High) for the environmental (orange) and socio-economic (blue) drivers grouped.




Developing the Scenarios: A Participatory Stakeholder Workshop

The cumulative survey results were then used to construct different narratives of potential futures in the course of a participatory stakeholder workshop that took place in November 2019 in Lima, Peru (central workshop hereinafter). Central workshop participants (n = 33; of which 19 had been invited to participate in the survey but only 12 had answered) from diverse backgrounds (scientists, representatives of NGO, governmental bodies, and the fisheries sectors) were asked to imagine four alternative futures (see Figure 3).

Before this central workshop, the first two authors used the scatter plot (see Figure 4A) to select those three drivers ranking highest on both scales (i.e., high certainty, high impact: pollution [SOC24], (coastal) human population growth [SOC02], and expansion and diversification of coastal use [SOC06]) to define the boundary conditions for the discussion of possible futures. Second, drivers with the (relatively) highest potential impact and the lowest certainty were identified, with the aim to select from those one environmental and one social driver that should form the axis of the four-cell matrix to be discussed by central workshop participants (cf. Figure 3). Among a group of very closely ranked drivers, we selected two drivers (ocean currents [ENV04] and social cohesion [SOC29]) based on the frequency with which they were mentioned in the first step of the online survey (see Supplementary Material 3). Due to practical reasons, like the better understanding of the drivers to participants, the drivers were later presented under slightly modified names: ocean variability and organizational capacity (the way we refer to them from now on).

In the central workshop, the methodology and results from the online surveys were first presented by the research team. Then, each contextual frame of the four-cell matrix (see Figure 3) was discussed by two of eight heterogeneous (i.e., including people with different expertise) groups (with n = 3–5). Each group was asked to discuss for half an hour how the given guidelines (based on the drivers of change mentioned; cf. Supplementary Material 5) would affect the future of the HCUS within a timeline of 20 years. Being asked to note the most important points onto a flipchart, participants also had to agree on a title for their scenario. Then, groups were prompted to discuss questions concerning emerging challenges and sustainability implications for their scenario: What are the challenges for the public policy/civil society/research and technological development that your scenario implies? How could the public policy/civil society/research and technological development promote sustainability in your scenario? After 45 min the exercise was completed, and a representative of each group was invited to share the scenario developed in his∗her group with the whole audience.

These presentations were recorded (with the verbal consent of participants) to be afterward analyzed – together with the flipchart content – by the first two authors as to derive consistent narratives for the four scenarios (as presented in section “Central Workshop”).



Contextualizing the Scenarios: Enriching Scenario Narratives With Vision of Local Stakeholders in Focus Group Discussions

In their majority, actors in the central workshop represented central and national institutions (such as representatives from governmental agencies), hence privileging a centralized vision on the Peruvian marine-coastal environment. Thus, in the third step of our research process we took the results of the scenario exercise to actors in two study regions with the aim to contrast and complement the narratives formulated in the central workshop with the vision of regional actors (fishers, mussel farmers, tourism operators, regional state representatives, practitioners). We conducted a total of ten focus group discussions (FGD) in the regions of Ica and Piura (cf. Figure 1) between late November and early December 2019 (cf. Figure 2). Events with fishers and regional entities were held separately in both study areas as to encourage freedom of speech.

To open the discussion on how the Peruvian MSES might look like in the future, FGD participants were asked to imagine different specific situations that linked back to the key environmental and socio-economic drivers used for the four-cell matrix discussed in the central workshop. To concretize these drivers, we used examples for both gradual and erratic environmental (ocean) change such as the disappearance of a certain key species or changes in wind patterns for the environmental sphere and massive migration toward the coast or shifts in seafood market prices for the socio-economic dimension. Additionally, the response to those circumstances was explored at different levels of social organization through questions on how participants expected the state, their social organization and themselves to deal with the new situations. Emerging common themes were explored and comparatively discussed in the context of the previously constructed scenario narratives.

For the purpose of providing exemplary insights into diverging and converging interpretations and positions with regard to the topics covered in both central and study regions workshop initiatives, we draw in the following on the focus groups held with the marine resource users (fishers) in the province of Pisco (Ica region). Participants were mostly male artisanal fishers (n = 12; only one woman was present) and a diversity of fishing gears and fishing practices was represented such as artisanal fishers of anchoveta (Engraulis ringens) from San Andrés, fishers targeting multiple species from Chincha and non-embarked fishers (i.e., fishers that fish from the shore or very close from it without a vessel) from Camacho. Two of the three FGD were heterogenous in spatial terms (i.e., including fishers from different parts of the region) while the remaining third group was homogeneous. Discussions in FGD were about 60–90 min long and guided by the authors, purposefully engaging in the emerging discussions and remaining flexible with regard to their structure. Data was coded by the first author aiming at the identification of general topics that allowed the structuring of the material and the identification of convergences and differences among participants’ answers.

A detailed, in-depth analysis of stakeholders contrasting visions using material from all FGDs is part of an ongoing, complementary discussions among the authors and will be published in a separate manuscript.




RESULTS


Online Survey


Phase I

The number of answers per category was 107 for the environmental system and 207 for the socio-economic one. The median of drivers mentioned by participants was 4 for the environmental and 3 for the socio-economic. Resulting in the identification of a total number of 53 drivers of change: 22 environmental and 31 socio-economic (see Table 1) organized in 10 and 12 general categories respectively (see Supplementary Material 3).

Interestingly, climate change appeared as a common global phenomenon umbrella, cross cutting all but two environmental drivers (see Supplementary Material 3; [ENV21] and [ENV19]). However, regarding socio-economic drivers of change only a few answers appeared connected to global phenomena; for instance, the demand and offer of seafood/fish meal/oil were linked to market forces or drivers such as SOC19 and SOC27 that were connected to governability.



Phase II

A slightly smaller number of participants answered the ranking questions for socio-economic drivers (63%) than for the environmental ones (68%) despite the higher return of socio-economic answers in the previous phase. The percentage of participants replying to the questions about impact level and certainty of occurrence did not differ. Moreover, a higher number of socio-economic drivers were ranked as having a big impact when compared to environmental ones; the same holds true for the level of certainty (see Figure 4B).

Environmental drivers appeared more lineally distributed on the impact/certainty sphere (see Figure 4A in orange) than socio-economic drivers (see Figure 4A in blue). For the latest, two clusters are distinguished. One group, together with the majority of environmental drivers (except for ENV21, ENV12), fell into the top right quadrant, were impact and certainty are high; the other distinguished group of socio-economic drivers clustered in the center, were impact and certainty are intermediate (see Figure 4A in blue).




Central Workshop

The vertical axis of the four-cell matrix used as an input for the central workshop (i.e., Figure 3) represented the environmental variability of the ocean that could in the future evolve in two directions: (1) a “gradual ocean change with low variability” defined as an environment where the sea temperature gradually increased, changing marine species composition and abundance but the gradual increase allows predictability with models; and (2) a “high and erratic ocean variability” referring to unstable environmental patterns leading to unpredictable changes (i.e., strong fluctuations in environmental conditions). The horizontal axis represented two extremes in organizational capacity: one where formal and informal institutions are well developed and one in which the organizational capacity is low. The implication on what the organizational capacity meant, for example when it came to the enforcement or effectiveness of norms in place was left open for interpretation. On top of this, as described in detail in section “Developing the Scenarios: A Participatory Stakeholder Workshop,” three other drivers of change (i.e., pollution, (coastal) human population growth and expansion and diversification of coastal use) made up the boundary conditions. As a result, in all futures pollution, especially plastic, industrial and urban pollution, are affecting fishing and coastal activities (tourism, oil exploitation and urban development) in addition to human health.

In the central workshop, the following four scenarios were constructed by the participants. The narratives and titles of the scenarios are an accurate synthesis and translation from the existing options that participants provided, however, they have not yet been checked with participants.


Scenario A: “Together, Adaptation Is Possible”

In 20 years’ time, the use of the ecosystem services and resources of the HCUS has intensified. Ocean characteristics such as water temperature and species composition and distribution are highly fluctuating spatially and temporally. This has increased the uncertainty for research and technology to develop models and address the existing problems. As a result, extreme events are stronger and more frequent, increasing the vulnerability of coastal human communities due to strong rains and subsequent flooding; furthermore, fisheries have to deal with changing natural habitats and reproductive spaces of key valuable species. The demand for primary products exports from Peru is significantly higher and informal settlements in coastal areas have grown. At the same time, conflicts between fishers and industries such as tourism and oil exploitation are taking place due to the weak intersectoral coordination of public policy regarding spatial planning. However, the organizational capacity is strong, reflected in a stronger collaboration between society and science, a high user’s awareness of the importance of sustainable use of resources, and the need to develop successful resource management plans. Regarding the latter, social organizations believe that management plans should not only consider living marine resources but also waste management and the creation of new marine protected areas.



Scenario B: “We Need to Know”

In 20 years’ time, a gradual increase of sea temperature and a decrease in the variability of ocean characteristics are causing a progressive change in the abundance and distribution of certain living marine resources. Therefore, some resources are no longer available in some areas; this new resource availability has led to changes in human consumption habits. Fortunately, fishers show an enhanced response capacity, for example by migrating to more favorable fishing areas, because the low environmental variability allows for longer-termed planning. This greater adaptive capacity has also been favored by the increase in organizational capacity helping to take better advantages of the available resources. Likewise, the strong organizational capacity increases the demand of information, education and technology. However, the research and technological institutions are struggling with their scientific communication strategies in a moment where the opportunity to increase user’s awareness about sustainability through knowledge is more real than ever. Moreover, social organizations are demanding a new regulatory framework to tackle the existing conflicts between fishers and tourist operators over the use of space. This demand has put social equity, power and representation struggles on the table and public policy is urged to implement bottom-up governance initiatives and design flexible adaptive management plans. Furthermore, research and technological institutions are taking advantage of the organizational capacity by increasingly working together with local communities’ traditional local knowledge and broadening their research scope as to embrace interdisciplinarity.



Scenario C: “Not Looking Good”

In 20 years’ time, eutrophication processes are more frequent. Ecosystems such as mangroves and wetlands and refuge areas for species are smaller and biogeochemical parameters such as the increase in the oxygen minimum zone and the stratification of ocean waters are observable. Also, sea temperature changes have altered the average size of key species and trophic regimes, leading to the extinction of some species and the overexploitation of others. An ever-growing environmental pollution puts at risk both human health and the trust of marketing channels for the Peruvian seafood through the increased threat for spread of diseases. This negatively affects the national economy and the income of communities. Additionally, fishers need to travel longer distances to find fish of good quality. This lower income per capita is exacerbated by a decrease in the organizational capacity which allows intermediaries and companies to obtain higher percentages of the benefits, and social inequality is high. The presence of illegal and undocumented fishing has increased in response to the decrease in income, fishers are searching other seafood products with which to generate profit. Furthermore, the state is lacking capacity to monitor and control the fisheries activity. Society and in particular users of the marine space struggle with diversifying their activities and alternative livelihoods to fishing, e.g., in the agriculture sector, are rare, because droughts are more frequent and the agricultural sector is in crisis. The low social cohesion restricts society to effectively participate and commit to problem solving strategies. Under this scenario, public policy is aiming to reduce the competencies of local governments and is in search of new management tools that help mitigate the effects of the environmental impacts. Research and technological institutions work toward strengthening the interdisciplinary scope of their work to generate new knowledge useful for society.



Scenario D: “Chaos Is Back”

In 20 years’ time, the HCUS partially mirrors the situation of Peru during the 1980s, when a mass migration from the interior of the country to Lima had occurred. The MSES is characterized by an erratic environmental variability with more frequent ENSO events and scarcity of marine living resources. The high environmental variability has strong economic implications for society, and renders the development of mid-/long-term management plans difficult. The lack of organizational capacity and the low predictability of environmental changes complicates the creation of scientific knowledge that is needed to manage the resources with a minimum degree of certainty. This uncertainty also translates into an increase of informal activities: users are adopting individual coping strategies, each one doing what they possibly can, because all communal self-management is lost, delinquency is on the rise and social conflicts are serious. The governability is very difficult as functional institutions cease to exist and the state is increasingly opting for top–down strategies to get the situation under control.




Focus Group Discussions

Participants were asked to imagine three situations of change. First, the disappearance of key species [e.g., anchoveta, mojarra (Gerreidae)]; second, a migration movement of people toward coastal regions and the fishing sector; and third, the increase in the price of a (currently) non-economically valuable species such as the minor stardrum Stellifer minor (Sciaenidae) or fishes from the genus Torpedo. When participants were exposed to the mentioned potential future settings, three themes appeared frequently and were discussed as very relevant. In addition, differences and agreements between fishers appeared.

The first important theme was the role of the state in the management of the fisheries sector in the past, present and future, and how fishers perceived this role. For instance, the current lack of control that the state has on who goes fishing or the future dependence on the state in order to extract the resources as it is written in the constitution were discussed in the context of the second and third settings respectively. Moreover, it was maintained that management schemes have changed in the past to the advantage of the industrial fleet, leading to increasingly unequal social conditions.

“In the 70s, there was a law that favored all of us [fishers] but unfortunately when they [the state] saw the potential benefit, they came with a new general fishing law. So, what happens? They take us away, they give them [the industrial fleet] what we [the artisanal fishers] fished before, mackerel [Trachurus murphyi and Scomber japonicus peruanus], bonito [Sarda chiliensis] (…) the artisanal fishers are over because there was no longer a mackerel fishing season…” (FGD3; 22 November 2019).

Furthermore, all fishers complained about both the lack of (institutional) support the artisanal fleet received in comparison to the industrial one, and about bureaucratic hurdles when trying to access funding or to present development projects; claiming that in the future the state needs – above all – to grow an interest in the artisanal sector. Also, all fishers stressed that the state should be more efficient regulating activities that are currently threatening fishing, such as tourism and urban development. Moreover, fishers from San Andrés stated that through a higher organizational capacity (i.e., sharing common goals, being coordinated, self-managing) they would be able to build up sufficient pressure to make artisanal fishers’ voices heard and galvanize changes in current management schemes. Fishers from San Andrés highlighted how the reforms of the Peruvian labor laws has weakened fishers’ organizational capacity by increasing their division, resulting in a loss of the capacity to claim new regulations, unity and common visions for the future.

“If we are united, and fishers react to our call, we strike at a national level and demand the government to implement management schemes that safeguard fisheries resources, such as the anchoveta” (FGD3; 22 November 2019).

 “The state arrived (let’s say in the 2000s) so in the 90s fishers were recognized at a national level, we pushed back the state and removed rules (…) and then the doors were opened so that four, five fishers could make associations. Right now, there are 200–300 (…) and if we do not manage to consolidate as before, we will continue like this all our lives, lamenting, and our children will continue to lament, until they find a solution, because nobody is going to give it to them, rights are defended with fighting” (FGD3; 22 November 2019).

In agreement, fishers from Chincha believed that an increase in the organizational capacity could reduce the negative effects from development projects, while increasing benefits. In contrast, fishers from Camacho saw as almost impossible the possibility to stop or modify development projects; mainly due to the power of big companies and the minimum influence they could exert themselves. In this regard, the need to improve the dialogue between actors while addressing power issues was stressed; fishers perceived that despite often being invited to talk about development project, their concerns and knowledge were very often not considered.

Issues of social equity also appeared when fishers discussed the first and second settings and was again linked to the management regarding the current informal situation of Venezuelan fishing crew members. Fishers stressed that in a future of key species disappearance the associations should support and coordinate responses to help the most vulnerable fishers. In the second scenario, fishers from Chincha expressed that they were already feeling displaced by the arrival of migrants to the fisheries sector mainly because again, they tend to accept lower wages. This as mentioned was believed to complicate future adaptations and therefore fishers expressed the need for the state to implement a decent minimum wage. Moreover, fishers from San Andrés described how state impediments to issue new fishing permits leads to an increase in informal fishing by migrants despite the efforts of their social organizations to try to formalize migrants and allow them to become members of the association.

“We currently have a lot of Venezuelans fishing without permits, the government has not foreseen it.” “Venezuelans are not operating as members here, of the union. The port authorities are preventing us from making them members of the union because we cannot give them the permit to become fisher [which is mandatory to be part of an association]; we have fought, we have gone to speak with the port captain so that he allows them to work, so that they are not marginalized in their work (…) they have come, we have trained them…” (FGD3; 22 November 2019).

The second important theme was the role of and trust in knowledge and technology. Regarding this, fishers did not extol scientific knowledge or technology other than to comment that certain adaptive strategies are partially limited by the lack of it; such as fishing further from the coast and for other type of species for which technology and/or knowledge would be needed. Moreover, non-embarked fishers from Camacho expressed that their knowledge and relationship with IMARPE (the Peruvian Research Institute of the Sea; namely the most important scientific institution of the country) is non-existent. However, fishers were concerned with the lack of recognition for their traditional ecological knowledge (TEK) and the doubtful use of scientific knowledge made by some companies in order to gain concessions for tourism development for example. More generally, artisanal fishers from San Andrés articulated mistrust toward scientific knowledge and how this was even been misused to pursue the interests of other actors.

“… According to the laws you have to do an environmental impact assessment for every project, they [a company] have started to do it, we have participated in one workshop, nothing more. We have told the engineer what we know, that if you construct the seawall the currents will be disturbed and there will be no longer fishing there… But the classical move of every company, they say no that is not true according to the studies that we have done (…)” (FGD2; 22 November 2019).

 “They [scientists] work and give a false report regarding fish volumes; that false information is being used to grant the quotas to those [industrials] who fish” – (FGD3; 22 November 2019).

A third common theme was the way in which the responses to proposed changes were elaborated, drawing on past experiences rather than speculating or exploring the future in a creative manner. For example, participants from Camacho related to the potential disappearance of the key species by discussing past pollution events (and the adaptation process to them) that appeared after the settlement of industrial companies. Additionally, when discussing the possibility of a high number of migrant fishers arriving to the area to take part in fishing, all participants engaged with the past by highlighting several occasions where this influx of people had already happened. Finally, the possibility of an increase in price of a presently non-economically valuable species stipulated a discussion, in which there was a general consensus on the perception that historically, whenever market dynamics had resulted in a rise of a species’ economic value, the artisanal fleet had been deprived of the right to continue extracting this resource – in favor of the industrial fleet and the big investors:

“Do you think that when a species has a big value, the state offers the fishing possibilities to the industrial fleet instead to the artisanal? Of course (…) there is a little bit of diamonds and everything goes away. This current [Humboldt Current] brought the Peruvian Scallop (…) and what did the government do after seeing that fishers were growing? close its extraction” (FGD3; 22 November 2019).




DISCUSSION

The contextualized scenarios presented here are fictional pieces that aim to highlight and explore different ways in which the HCUS could develop over the coming decades. The future could unfold in ways that contain elements of the different narratives and it will also contain elements that have not been anticipated. The results from the first step of our participatory exercise showed the belief of survey participants that, on the one hand, the identified socio-economic drivers will have a higher impact in the future than natural factors, and on the other, they were also slightly more convinced about their occurrence.

Our study provides insights into some important factors that could shape the future of the HCUS and mostly shows the importance of the contextualization of future studies through on one hand the commonalities and divergences found between the four visions about the future created by participants during the workshops and the themes of the FGDs; and on the other, through the differences, that lay on their area of fishing or fishing practice, between fishers during the FGDs that have been mentioned in the previous section.

Firstly, the four scenarios showed the commonality that they all describe the presence of strong social conflicts between fishers, the tourist sector and other industries mainly as a result of growing and diversifying use of coastal areas. This aligns with what was raised by fishers during the FGD although other participants remarked that some fishers have shifted their activity toward tourism.

In our work we also found that the ways of engaging toward imagining alternative futures differed between the central workshop and the FGD; this highlights the need to think about the challenges of the intercultural/interdisciplinary dialogue. Fishers engage with the scenarios recalling past experiences while participants of the central workshop did so in a much more limited way; only the scenario D (“Chaos is back”) also referred to past events.

Differences became also visible with regard to how the scenarios addressed social equity in the future. In scenario B (“We need to know”) equity has become a social demand while in scenario C (“not looking good”) inequality was described to be deepened especially due to unequal benefits along the commercialization value chain, exacerbated by a weak social organization. This view aligns with what fishers commented when they imagined a situation in which an increase in the organizational capacity could lead to a different regulation of prices that would benefit them more [“Right now we have a market with a maximum purchasing power what would happen if we begin to regulate our prices? (…) they would rise”- FGD3; 22 November 2019]. As seen in section “Focus Group Discussions,” in general, fishers expressed a strong concern of social and economic equity and solidarity toward the most vulnerable for the future and migrants (“we fisher have learned that there is a way in which we can all win”)- (FGD3; 22 November 2019). Additionally, different sources of knowledge received diverging attention in the two sets of workshops: while FGD participants stressed the lack of TEK recognition as a common problem of many management initiatives, participants of the central workshop (dominated by scientists and centralized governance actors) highlighted the need to integrate TEK in only one of four scenario narratives, and rather emphasized the need to produce more scientific knowledge as to be able to cope with the different futures.

It was also a general result that both, positive and negative visions about the future of central workshop participants were strongly shaped by the social axis (i.e., organizational capacity). As a result, the scenarios in which the organizational capacity was high (A “Together adaptation is possible” and B “We need to know”) were considered positive scenarios and participants of both groups used words such as successful, very good or optimistic to define the imagined futures, irrespective of the environmental axis. A higher organizational capacity was believed to favor the sustainable use of resources; it was interpreted as a closer collaboration between society and science and as an increase in the demand for scientific knowledge, technology and new regulatory frameworks. In contrast, during the FGD despite the fact that participants did mention examples of collaboration between fishers’ associations and state institutions such as the National Service of Natural Protected Areas, they did not engage with the need for an increase in scientific knowledge. However, as seen in section “Focus Group Discussions,” a relationship between the organizational capacity and the capacity to influence regulatory frameworks did appear. This again highlights the importance of scale as it reveals the need to consider the power which organizations at certain spatial scales can exercise over others at other, either higher or lower, scales.

Scientific knowledge production was linked to the adaptive capacities (of users, society, the state) in all four scenarios. The four narratives describe futures in which the production of scientific knowledge is compromised by the uncertainty of environmental variability and how this negatively affects problem solving capacity and issues of sustainability. However, as was shown above, the artisanal fishers did not make this connection during the FGDs. This connection shows, in line with other studies (Planque et al., 2019), a limit of many scenario processes, i.e., the tendency of participants to assume that being prepared for the future is linked to the capacity to predict the future. In a similar vein, it is usually assumed that a better understanding of the nexus between the elements and drivers of change leads to sustainability but the truth is that integrated analytical approaches that can be translated into coherent cross-sectorial scale policies are often lacking (Yung et al., 2019). Furthermore, several studies have shown how different actors can have different understandings of sustainability (Fernández-Llamazares and Virtanen, 2020) and therefore the need to consider future transformations toward sustainability in a more plural and political way (Blythe et al., 2018).

For instance, at a national level, sustainability of the MSES is understood in social, economic and environmental terms following an international definition (Food, and Agriculture Organization of the United Nations [FAO], 1999), and its importance is justified under the terms of SDG 14 “Life below water” (cf. national marine policy D.S 012-2019-DE). It is stressed that it is up to the state to promote and propose measures and policies that strengthen the management of the marine-coastal environment and ensure the contribution of ecosystems and their resources to the current and future well-being of the nation (National Marine Policy, 2019). This position stands in contrast with visions from the FGDs where some fishers were very critical toward the states’ notion of sustainability, especially regarding resource extraction. Fishers from San Andrés mentioned the need for the state to implement the existing laws, as not all laws are negative, and prevent the disappearance of key species, especially its reproductive and feeding areas. According to fishers, the state is not currently promoting sustainability measures which are needed to allow adaptation to change; and it does not go to the root of the sustainability problem as the existing laws prevent this.

“That word: sustainability, is pretty isn’t it? For a species to last every year and to leave it to our children as an inheritance; but that is not so, why? Because we have a root problem (…) and we do not attack it, why? Because laws are made for that…” (FGD3; 22 November 2019).

When we asked participants from the central workshop about notions of sustainability in their scenarios we found that these notions circled around two major themes, largely independent of the four contrasting scenario contexts: (1) Individual and community responsibility; (2) Techno-scientific and knowledge driven solutions. The first notion partially contrasts with participants of the FGDs. First, fishers highlighted that they already cared about sustainability (“we [artisanal fishers] have learnt to differentiate between overfishing and conservation” FGD3; 22 November 2019); for instance, by stressing the importance of fishing the correct sizes of fish or by describing own attempts to establish self-management schemes of resource extraction that would contribute to sustainability. Second, they problematized that fishers were considered as a homogenous group even though big differences in fishing practices could be found both between the industrial and the artisanal fleet and within the artisanal fleet. Claiming that the state actors blamed the fishing practices of the artisanal fleet for the bad status of marine resources, without acknowledging the role of the industrial fleet, fishing major shares of catches (“we are identified as artisanal fishers and as so we are all predators. It is not like that, there is a big difference, while one [industrials] uses a boat of 200 to 1000 tons, us [artisanal fisher] use 20 tons ones” FGD3; 22 November 2019). And third, that the sustainability problem is not one of individual action but would require system change. In this context, fishers expressed their perception of constantly being asked for a greater commitment toward sustainability, through for instance the development of marine protected areas; however, they mention that project development ideas that they have and could benefit the MSES and their communities are usually not discussed. Despite all this, fishers also stated their willingness to increasingly engage with sustainable resource management, especially with respect to tackling potentially unsustainable practices emerging from individualism.

“Nature has given us everything (…) it gives us all, but we are not doing anything to help nature defend itself a little, and say, well, let me rest then, help me a little; and artisanal fishing has evolved, we have now purse seines; and we also have to admit that sometimes we have failed to maintain the responsible fishing” (FGD3; 22 November 2019).

Here again the issue of scale becomes relevant. For instance, when discussing with FGD participants the abrupt increase in economic value of a single species, several fishers expressed their concern that this could result in the overexploitation of the resource, while others emphasized it would be important to try to prolong this phase (fishers agreed that such a development would necessarily be something temporary) by extracting it in a sustainable manner. Moreover, some fishers discussed the potential of such an event to decrease the organizational capacity of organizations, whereas others thought that the associations could have the opportunity to grow as an institution and for instance, build boats to be able to fish in open waters or conduct development projects. Other fishers from San Andrés also believed that sudden changes in resource prices could provide opportunities, e.g., to allow the association to create companies for younger generations. This is a clear example on how not only global drivers impact sustainability on the local and regional social-ecological scales but how sustainability can also be impacted by bottom-up processes (Nayak and Berkes, 2014).

Secondly, the role of techno-scientific solutions was also identified at the national level as a key variable for the future of the national marine system (i.e., “development of science, technology and innovation in the maritime environment,” National Marine Policy, 2019). At the institutional level, this is translated into an increase in the number of people with professional and scientific capacities and in the financial resources toward research, technology and innovation; the aim thereof is to improve the profitability, eco-efficiency and the sustainable use of living and non-living resources, and ecosystem services in the marine environment. However, scholars have argued that the focus on technical strategies as solutions is not necessarily helpful to develop transformations of complex SESs (Moore et al., 2014). As shown, fishers only engaged with technological and scientific innovations as a mean toward recovering their activity in times of scarcity. Finally, the fact that their notions of sustainability for uncertain scenarios align with global vision points out to what Bendor (2018) believes to be a deep-seated inability as individuals and as a collective to imagine what a sustainable future may look like, rooted in a general crisis of our social, economic and political imaginaries.



CONCLUSION

To the best of our knowledge, this paper is the first attempt to explore the future(s) of the marine-coastal social-ecological environment of Peru in a participatory way. This study has provided a preliminary catalog of factors perceived to be important by researchers, decision-makers, and users in the future of the HCUS. Our results, emphasize the importance to acknowledge the intricate uncertainties that are part of plausible future trajectories, including potentially contested issues such as diverging notions of sustainability and power dynamics in decision-making that are due to differences in resources and organizational capacity.

The focus group discussion, in particular, i.e., the third step in the multi-step participatory method presented here, has highlighted the need to contextualize scenarios in regional and local settings. With the aim to address local concerns and power asymmetries, this can be done by exploring the scientific uncertainty regarding the future effects of global change in the HCUS and analyzing contrasting and common visions between and within spatial scales and organizational levels. This regional and local contextualization brings nuance to global models and national narratives, highlighting the diverse positions of local actors, concerning political dynamics as well as broader issues of knowledge production. Notably, different interpretations of sustainability were articulated – ranging from a technocratic understanding paired with a neo-liberal economic vision to transformative approaches that embrace localized political, economic, and ecological alternatives. Moreover, the engagement with local and regional actor brought trade-offs to the fore regarding the capacity to adapt and the role accorded to technological development. As we have shown, resource users may have different reference points in their adaptation imaginaries than scientists and public resource managers. For example, the former tended to rely more strongly on experiences from historic adaptation processes while the latter often privilege techno-scientific solutions. Our multi-step participatory method allowed stakeholders to generate MSES narratives of the future through a collaborative process, collecting and acknowledging such multiple perspectives. This provides a basis for all approaches aiming to incorporate knowledge on the social dynamics that would allow transitioning to more democratic and legitimate policies toward the future.

The work presented here allows researchers, managers, and users to jointly engage in participatory management to act in a more effective and robust manner in the face of unpredictable future change. At the same time, these scenarios scoping processes can provide input for modeling, e.g., when exploring the future of resource extraction in a quantitative manner. Often focusing on ecological drivers exclusively, traditional quantitative modeling has tended to portray fisheries systems as platonic worlds of model assumptions. Incorporating local socio-political contexts of fisheries settings and exploring stakeholder views can shed light on critical relations – that are invisible at first sight. As we have shown, the adopted foresight process can, for example, reveal interdependencies of drivers and critical social and economic aspects of the system. The contextualized, co-developed scenarios hence provide further value to modeling approaches exploring more relevant futures and co-producing knowledge for those in charge of subsequent decision-making processes. On a methodological level, our experience suggest that such scenarios must be further developed to include systematic feedback from the collaborative partners in an iterative manner, thus enabling their reflexive improvement.
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FOOTNOTES

1
Figure 1 was constructed in the R environment [R Core Team, 2019 the maps (Brownrigg, 2018), sp. (Pebesma and Bivand, 2005; Bivand et al., 2013), sf (Pebesma, 2018)]. Peruvian administrative areas (region- and province-level) were retrieved from the Database of Global Administrative Areas (GADM, www.gadm.org, subdivision levels 1 and 2). National Reserve geographic information used for the figure was downloaded from the webpage of the Peruvian National Service for Natural Protected Areas (http://geo.sernanp.gob.pe/visorsernanp/).

2Regulated by the D.S. N° 005-2017-PRODUCE, the Peruvian law considers “small-scale” all vessels with a Gross Registered Tonnage up to 32.6 m3 and 15 m in length, while being operated predominantly manually.

3www.limesurvey.org
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best practices (catch manipulation, processing); under-regulated tourism

Innovative research and implementation of new technological tools
Access to fisheries, fishers’ earnings, dependencies of fishers to intermediaries
Inflation, changes in sources of national growth, globalization

Control of the marine-coastal activities, traceability and certification schemes; power of institutions to
implement rules

(Spatial) Expansion of Peruvian aquaculture activities, development of new aquaculture types
Changes in offer and prices of anchoveta

Changes in offer and prices of seafood

Overexploitation of resources by artisanal fishing fleet

Environmental, beach and sea bottom pollution including plastic and microplastics

Pollution from extractive industries such as heavy metals or oil spills

National investment in fisheries sector, education, health, infrastructure

Existing rules and laws to regulate marine activities including fisheries, and resulting problems
Pollution and eutrophication from terrestrial sewages

Social organization, unity and conflict resolution capacity

Establishment of protected areas and management schemes that incorporate different marine activities
Transformation of state structure and policies, processes of decentralization and/or privatization

For each driver, the respective code (first column), name (second column) and a definition (third column) is provided. The names and definitions showed were the ones
presented to participants in the second phase of the first step; for Spanish speaking participants the information was translated.
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