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Protected urban green spaces (PUGS) are exposed to numerous disturbances and threats since they are immersed in highly dynamic socio-ecological systems. PUGS in highly urbanized cities require particular conservation strategies. Here, we propose an approach for PUGS management which integrates three components: (i) scientific knowledge (monitoring/restoration), (ii) community interaction with the environment, and (iii) management decision. Based on the perception of stakeholders, we searched for evidence that these components are well-integrated in PUGS management and decision-making. The intersection of these components should produce a solid management program, provided that the obtained multidisciplinary knowledge meets the needs of information required by the community and decision makers. We tested this in a small PUGS located within Mexico City at the National Autonomous University of Mexico campus that holds the Ecological Reserve of Pedregal de San Ángel. Through a participatory approach we elicited mental models and represented group beliefs using Fuzzy Cognitive Mapping (FCM). This, in turn, produced evidence of effective integration of the three components in terms of management and decision-making. Our findings provide insight into the actors' perceptions and concerns and suggest that the interactions among the three components, although important, are not self-generated and must be constructed. The findings also suggest that one of the management problems is the mismatch between scientific knowledge and conservation programs. It is paramount to include generated knowledge into management and monitoring programs. The complexity of the PUGS requires an active collaboration among actors and monitoring the development of management strategies using the three components while taking the conservation goals into account.
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INTRODUCTION

In most cities urban green spaces (UGS) are subject to urbanization pressures and ecological disturbances (Ernstson et al., 2010), such as the reduction of green areas, the introduction of invasive species, increased pollution, and soil compaction in pathways (Alberti et al., 2003; Andersson, 2006; Yang et al., 2017). The establishment of protected urban green spaces (PUGS) can reduce urban pressures upon these areas if they are properly managed. However, devising effective management programs for PUGS is a challenge in highly dynamic and populated areas. Outside of cities, the management of natural protected areas is based on multidisciplinary scientific information that generates tasks to increase the efficacy of conservation strategies. This strategy is focused on simultaneously maintaining ecological processes and the activities carried out by local people in rural communities such as forestry, gathering, hunting, harvesting, or cropping (e.g., Kharel, 1997).

Human and nature interactions are integrated systems in which people interact with natural components (Liu et al., 2007), thus, the resources used by humans are embedded in complex social-ecological systems (SESs) which are composed of multiple subsystems and internal variables at different levels (Ostrom, 2009). Due to intense interactions with humans, PUGS in urban areas with complex socio-ecological dynamics must generate new management strategies. For example, restoration projects in rural regions are normally controlled by few people who have minimal contact with local settlers (Mangun et al., 2009; Davenport et al., 2010). In cities, restoration programs such as the eradication of exotics—plant or animal—may be misunderstood by numerous citizens who are in daily contact with those protected areas (Leong et al., 2009). This may culminate in protests against eradication measures (e.g., Gaertner et al., 2016; Novoa et al., 2018), and ultimately reduce program achievements (e.g., Madden and McQuinn, 2014). In addition, there is an increase in the number of people who are adopting pets, especially dogs and cats near PUGS (e.g., Sepúlveda et al., 2014; Paschoal et al., 2016). Exotic pets like fish, turtles, and frogs are also being released into PUGS (e.g., Taniguchi et al., 2017), which can generate human health issues and harm native biodiversity.

Land is one of the critical limiting resources in cities for both society and nature (Lambin et al., 2001). The large influence of UGS in urban ecosystems is based on the amount of land they occupy within cities (Xu et al., 2016). Parklands in New York City cover 21% of the area, containing 85% of the flora diversity (Schewenius et al., 2014), while in Chandirgah they extend over a third of the city's surface (Chaudhry and Tewari, 2010; Shen and Fitriaty, 2018). This land occupies a key role in ecological processes such as biodiversity maintenance and ecosystem services (Aronson et al., 2017; Sirakaya et al., 2018). The PUGS often undergo fragmentation, which in turn modifies ecological/evolutive interactions as well as provision of ecosystem services (Tian et al., 2011; Mitchell et al., 2015a,b). Fragmentation not only modifies ecological dynamics but also change social interactions in the neighborhood of green spaces (Hansen and DeFries, 2007). Therefore, to increase conservation success, management practices in PUGS should pay attention to the socio-ecological interactions generated in and around PUGS.

An assessment of the factors and interactions comprising each component is critical to evaluate PUGS management, which may vary from areas to areas. We studied a small PUGS, the Ecological Reserve of Pedregal de San Ángel (REPSA, as it stands in Spanish; hereafter it might be also referred as “Reserve”), situated in the National Autonomous University of Mexico main campus, Mexico City. We analyze PUGS management based on three components that have been traditionally used to manage protected areas: (i) scientific knowledge (monitoring/restoration), (ii) community interaction with the environment, and (iii) management decisions (Figure 1).
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FIGURE 1. PUGS management using the three components. The intersection of the three circles is in which elements of a proper management should arise.



In order to answer the research questions “Is there evidence that these components are well-integrated in REPSA decision-making, according to stakeholder perceptions?” and “Is the intersection of the three components enough to create a solid foundation for management of any green space within this university?” we described the characteristics of the three components in this PUGS, elicited mental models and represented group beliefs (including students, academics, and administrators) using Fuzzy Cognitive Mapping (FCM) (Kosko, 1986; Gray et al., 2014). We evaluated the connections among these components based on activities, perceptions, and ecological variables within the university campus. The intersection should be critical since both decision makers and those who generate the scientific information come from the same community. Then, the FCM will show that the key concepts for the solid management of the REPSA will fall exclusively in the intersection of the three components.

STUDY SITE

In the middle of the last century, the Federal Government bought 723 ha of lava field far away from the city center and gave it to the National Autonomous University of Mexico (Morales-Schechinger and García-Jiménez, 2008). The land lies within a xerophytic and thornshrub ecosystem established over volcanic material generated from the eruption of a monogenetic volcano (Xitle) in 280 ± 35 BCE, which covered roughly 70 km2 in the south of Mexico City (Siebe, 2009), which is known as Pedregal de San Ángel (hereafter will be also referred as “Pedregal”). It generates diverse habitats, depending on the flow and cooling conditions, resulting in a heterogeneous interstitial matrix. It has a high gradient of light and temperature within few meters, allowing only xerophytic species of plants to survive (Rzedowski, 1954; Peralta-Higuera and Prado-Molina, 2009).

The University moved its main campus in 1953 to this land in an attempt to generate a development pole at the south of the city, but occupied only 178 ha of the total area (Zambrano and Cano-Santana, 2016). Soon afterwards, regional urbanization spread along the area outside of the University, reducing the lava field ecosystem. The University had development plans that would urbanize the rest of the lava field landscape (Morales-Schechinger and García-Jiménez, 2008), threatening the geoheritage of this ecosystem and a large number of species.

Academics and students mobilized to protect this area and the university authorities established a protected 124 ha area within the campus in 1983, naming it Ecological Reserve of Pedregal de San Ángel (REPSA) (García-Barrios, 2014). During the past three decades, the Reserve has been expanded and now occupies a third of the campus area (237 ha). Scattered along the campus there are also 40 ha of non-protected patches of original ecosystem. It comprises a complex basaltic volcanic field that is the base for a large biodiversity of pioneer plants and animals (Cano-Santana et al., 2008). The REPSA is now home to 1,849 native and 317 exotic species (REPSA, 2017). As other PUGS, this area is inserted in an urban matrix and provides ecosystem services such as high-water infiltrations to the city and flood regulation (Vargas, 1984; Delgado et al., 1998; Nava-López et al., 2009; Palacio-Prieto and Guilbaud, 2015).

THE THREE COMPONENTS APPROACH

First Component: Scientific Knowledge

The constant generation of scientific information of a protected space is essential since most parts of ecosystem interactions can be explained by long term ecological monitoring (Brown et al., 2001) and ecological restoration programs, which give information about ecosystem processes. Long-term ecological data provide baselines for evaluating environmental change (Rustad et al., 2007), help to detect and evaluate changes in ecosystem structure and function, and help to distinguish the ecosystem's response to changes in environmental trends from those responses to changes in the intensity and frequency of episodic events (e.g., by drought or wildfires).

Two examples are understanding fire causes or eutrophication trends due to pollution accumulation within a reserve (Welch, 1998; Radeloff et al., 2010), and understanding the interaction among species in different areas. Information on native and exotic species is critical to understand the ecosystem functioning in an urban space. For example, understanding ecological interactions such as competition or predation is critical for management (MacKenzie et al., 2004). Monitoring represents a challenge but provides reliable estimates of demographic and population variables (Yoccoz et al., 2001; Nichols and Williams, 2006). Recent methodological advances, such as occupancy models, allow demographic estimations with simple observation of presences and apparent absences of species and should be implemented in long-term monitoring programs (Buckland et al., 2015; MacKenzie, 2018). Ecological monitoring studies in the REPSA have revealed that occupancy of exotic species occupancy may have both negative and positive effects on native species (Ramírez-Cruz et al., 2018, 2019). Likewise, the analysis of genetic erosion (e.g., de Oliveira and Martins, 2002; Moodley et al., 2017) of the species is necessary given the small PUGS size where populations are intended to continue their evolutionary processes (Sherwin and Moritz, 2000; Moritz, 2002). Factors that maintain diversity should also be considered, like plants with their pollinators, seed dispersers, and other ecological interactions (Tylianakis et al., 2010; Jordano, 2016).

Restoration ecology programs are equally important to the monitoring of PUGS and therefore need to be included in management programs. The first restoration program developed in the REPSA was the reduction of the Eucalyptus spp. populations, initially introduced in the campus when it was under construction in 1951 (Segura-Burciaga and Meave, 2001; Cano-Santana et al., 2006; Antonio-Garcés et al., 2009; Estañol-Tecuatl and Cano-Santana, 2017). A current restoration program, which aims to restructure the original trophic dynamics of local wildlife (Kagata and Ohgushi, 2006), comprises two significant actions: (i) the restoration of wildlife populations by the eradication of feral dogs and cats (Zambrano et al., 2016), and (ii) the population re-establishment of gray foxes (Urocyon cinereoargenteus) which were presumed to have been extirpated from the REPSA (Hortelano-Moncada et al., 2009) until an individual was photographed in 2017 by Y. Glebskiy (see López, 2017).

Scientific information is critical for a biological understanding of the system, but also, for creating strategies to ensure that current and future generations enjoy an ecosystem and its services (Faith et al., 2010). Therein lies the importance of the interface between generating scientific information and the other two components (i.e., community interaction with the environment and management decisions); it provides the knowledge that authorities and the community require along with information on community-nature interactions needed for management.

Second Component: Community Interaction With the Environment

The university community's perceptions regarding the green spaces on campus have changed, particularly the perception of the REPSA being either a problem or a solution. This has modified the position of stakeholders (authorities, students, and workers) toward these green spaces. In the early stages (1951–1983), only aesthetics aspects were valued for campus management. Most of the community was essentially unaware of the natural area (Morales-Schechinger and García-Jiménez, 2008; García-Barrios, 2014). In a more recent study from 2014, a poll showed that <30% of students and academics knew the type of ecosystem in the campus (Pérez-Escobedo, 2014). Nevertheless, in recent years there has been a change in perception about what it means to have this ecosystem amidst buildings and avenues.

In order to understand this second component based on the conflict between urban land use and conservation at the university, different perspectives (other than those used for the traditional biodiversity conservation studies) have been employed. For example, social cartography is one tool that has been applied on specific areas of the campus to uncover collective ideas of urban nature (Amin, 2007; James, 2015). Cartography studies helped to evaluate if the university community is willing to balance conservation vs. infrastructure needs, without compromising social cohesion. In this sense, the environmental game theory approach (Dinar et al., 2008) has been also implemented as a tool to represent and manage the conflicts arising from the interaction of the various REPSA stakeholders (researchers, students, administrative workers, authorities, and citizens in general), whose acts are guided by their own interests (Kreps, 1990). The third employed tool is participatory modeling through FCM (e.g., Gray et al., 2015). There are many experts in several disciplines, focusing on specific species, processes and knowledge of history, working within or closely-related with the REPSA (academics, students, and administrators) whose perceptions and knowledge are important to capture, integrate, and facilitate the decision-making related to the management of the Reserve (Gray et al., 2012).

Because each stakeholder of this particular socio-ecological system plays a fundamental role and has different perceptions, a clear communication and close interaction between the community and the decision-makers are critical. Frequently, plans to change the infrastructure are communicated late by the authorities. This shows opposite interests among stakeholders and induces difficulties in each stage of the process. The result in the long term turns out exhausting to each part of the community. Nevertheless, the authorities of the REPSA have a role only in cases when a project is carried out on the Reserve land. For the rest of the projects (even in those that affect the Reserve) they do not have decision capacities. A constant interaction of the second component with the other two is relevant as it can potentially contribute to the social-environmental dynamics. This is a basic relation for the establishment of programs and actions that effectively allow the transfer of valuable information to the community, and thereby increases the chances of better management.

Third Component: Management Decisions

Urbanization of the campus since 1953 has increased according to the development projects of each Dean and the economical capacities of the country. Historically, for the first few years, no consideration was given to landscaping from an architectural point of view (Morales-Schechinger and García-Jiménez, 2008; García-Barrios, 2014). Since the PUGS was established, a series of conflicts between the community and the campus authorities have surfaced. The result is a campus with fragmented and scattered areas, some of them well-planned, while others seem poorly-planned (Zambrano et al., in press). Even though there is a protected area, the green space is divided by buildings, roads, and fences, therefore, the ecosystem is highly fragmented with biotic communities poorly connected.

The REPSA had a difficult start as a PUGS since it resulted from a dispute between university authorities, had limited planning to urbanize the total area in a short period of time, and students and academics promoted the protection of the native ecosystem (García-Barrios, 2014). This generated confrontations for decades, and surprisingly the result has been an increment on the protected space on the campus and the strengthening and institutionalization of the office in charge of its protection (Carrillo-Trueba, 1995; Zambrano and Cano-Santana, 2016). Volunteer programs, political gatherings and social mobilizations to stop the destruction of the remaining native ecosystem in the Pedregal areas, and the institutional work based on the people in charge of the Reserve have helped to save it from destruction (Carrillo-Trueba, 1995; García-Barrios, 2014).

Nowadays, the campus is facing a new challenge since the university needs to grow to meet the demand for education in the country. The remaining space is highly reduced and, hence, the opportunities to increase the infrastructure are severely limited. Similar to other universities, such as Oxford or Cambridge in the UK (NIC, 2018), a university needs to increase its facilities without affecting its landscape or monuments. With these challenges in mind it is necessary to ask if it is possible to manage a PUGS under this type of pressure. The information generated on each of the parts is crucial to guide management decisions. Consequently, the integration of the three components (scientific knowledge, community interaction with the environment and management decisions) may provide the building blocks for the authorities and decision-makers to define actions for the university and the reserve.

Assessment of the Three Components

Typically, knowledge is generated by different and very specific disciplines; collaborators work together and produce information within each one of the three components explained above. Once the information is available, selection, and organization processes are carried out to develop Reserve management plans that could facilitate decision making regarding its management.

Therefore, it is expected that the intersection between the three components should lead to the proper management of a PUGS. That is, the union between all of the disciplines is crucial to generate effective management regarding the Reserve. This should be particularly true in a PUGS within a university able to generate scientific knowledge needed immediately by academics in constant communication with the authorities and the community.

METHODS

Participatory Approach and Group Fuzzy Cognitive Map Building

Integrating knowledge through participatory modeling has been a successful approach although it can present several challenges (Gray et al., 2012). Through participatory workshops it is plausible to elicit the perception of different sectors of stakeholders. In order to know, communicate and graphically capture the perception of an individual or group of individuals who are part of a socio-ecological system several techniques have been developed, one of which is the mental model. A mental model obtained through the FCM approach (see Kosko, 1986) can be defined as internal representations or beliefs of the external world (Jones et al., 2011; Gray et al., 2012). FMC is a useful tool for understanding the community's knowledge about the university campus and its implications for the REPSA management since it has a bottom-up approach and can integrate in a standardized format several levels of knowledge from individual to community as well as expert knowledge (Gray et al., 2015). After building the FCM, results are analyzed by an interdisciplinary group. The ideas, and perceptions of different actors are merged through an in-depth discussion, which in turn contributes toward better decision-making related to scientific monitoring and restoration, and improvement of the interaction university community—nature and urbanization decisions. The analysis evaluated whether the concepts of the FCM and its interactions fit into the three components (i) scientific knowledge (monitoring/restoration), (ii) community interaction with the environment, and (iii) management decisions.

In order to further understand the factors driving management strategies for PUGS, we applied a participatory approach through which the perceptions of different actors and their social and ecological relationships with this PUGS were elicited and used to prove the integration of the three components. A participatory workshop was conducted in 2018 with 25 members of the university community to discuss the main concerns, management plans, and decision making around the university campus and REPSA protection and conservation. The group of participants was formed by students, academics, and administrators working at the university in different areas of expertise (e.g., conservation biologists, ecologists, restoration specialists, architects, urban planners, veterinarians, and administrators) and collaborating closely with projects related to the REPSA. Specifically, the students (40%) were mostly part of the Postgraduate Program of Biological Sciences although a few undergraduate students also participated. The academics (36%) were from several research institutes such as Biology and Ecology Institutes as well as the Architectural, Sciences, and Veterinarian and Zootechnics Faculties, whose research activities have been focused for several years on the REPSA. In addition, some of the academics from the Sciences Faculty and Architecture Faculty were working on topics related to campus mobility. Finally, the administrators (24%) were part of the Executive Secretariat of the Ecological Reserve of Pedregal de San Ángel (SEREPSA, as it stands in Spanish) which is in charge of the liaison between the Technical Committee and several academic entities, as well as with the university community and society. The percentage of members of each one of these particular sectors was similar to prevent as much as possible specific group bias.

The participatory workshop consisted of several activities (see Supplementary Material 1 for more details) to build a collaborative model (e.g., Voinov et al., 2018; Cholewicki et al., 2019): (i) construction of a rich picture, or a drawing to illustrate a specific situation (in groups of five people). Since the RESPA is immersed in the campus and what is happening might affect or have influence on the decisions made at the Reserve level, the participants were asked to discuss and to make a sketch based on the question What do you think are the main problems on the campus and their implications for the Reserve conservation? Drawing a rich picture provides an understanding process of the central idea, and it is plausible to identify multiple viewpoints as all of the participants intervene; (ii) explanation of the rich picture and collection of the concepts that will be the building blocks of the FCM. In this activity the participants exposed to each other the drawings; concurrently a facilitator was writing on paper cards all of the words and concepts mentioned by the participants; (iii) building a group FCM where the paper cards with the concepts were connected through causal relations. For example, a concept may have a direct influence on another and/or others by increasing or decreasing them. The participants were asked to connect the concepts and to establish the relations among them through positive and/or negative arrows. Here the role of the facilitators was critical to guarantee a mental model that reflected the perceptions of all of the participants through a large discussion and promoting consensus; and finally, (iv) weighting of the FCM concepts, which provides an individual weight of the most relevant components and their relative importance in the model according to each one of the participants. For this activity, the same number of stickers were given to the participants who were asked to put the stickers on what they believe were the most important concepts of the map. Each sticker had a value of one point, and the participants made a freewill to use their points in one or several relevant concepts.

This exercise triggers the communication between parties that need to communicate in a systematic way and to synthesize the community perception of REPSA, the urban green areas, and the urban context. The mental model generated is a first interdisciplinary product to evaluate the management of this PUGS. The result obtained is dynamic and therefore can be used to analyze changes in the perception of the problems of the university campus, to evaluate conservation strategies based on management, population growth, and public safety.

Fuzzy Cognitive Map Analysis

By employing the specialized software Mental Modeler (www.mentalmodeler.org; Gray et al., 2013) and Cytoscape 3.4.0 (Shannon et al., 2003) the mental model generated during the workshop was digitized, visualized and analyzed. The model is visualized as a network in which concepts are connected through positive or negative edges. These programs were also employed to compute the network structure statistics, including number of concepts, type of concept (driver, ordinary, receiver) number of connections, connections per concept (number of connections divided by number of concepts), and the calculation of measures such as density or an index of connectivity determined by dividing the number of connections present by the maximum number of possible connections (Hage and Harary, 1983; Özesmi and Özesmi, 2004), and complexity score calculated as the ratio of receiver concepts to driver concepts (Özesmi and Özesmi, 2004; Gray et al., 2014). In addition, in Cytoscape 3.4.0 a Hierarchical Layout algorithm was applied to the network to help visualize the flow of information from the base to the top concepts.

In order to deeper analyze the concepts and their relations, all of the concepts were assigned to categories regarding the three components as follows: A = scientific knowledge (monitoring/restoration), B = community interaction with the environment, and C = management decisions. Since some of the concepts fell into two or the three categories, the subcategories A-B, A-C, B-C, and A-B-C were also included. For instance, concepts that potentially corresponded to both the A and B categories were included into the A-B subcategory. Thus, some concepts were exclusive to a category or fell into two or more categories. The concepts assignment was conducted as part of a group activity that included the complete interdisciplinary work team, who discussed the categorization of concepts and reached a consensus. Finally, the concepts were color coded to be visualized according to the categories (see Figure 1) in the hierarchical network. Likewise, the weighting score was visualized as black dots for the corresponding concepts.

RESULTS

The participatory workshop was successful in terms of attendance and participation of members of the university community. Through several activities conducted during the workshop (described in the Supplementary Material 1), a FCM representing the participant community's perception was created. This model was the first interdisciplinary product developed by the research project team to evaluate the management of the REPSA.

The FCM developed from the workshop was moderately complex (Table 1) as it consists of 45 concepts and 85 connections, whereas the connections per concept (calculated by the ratio connections/concepts) was of 1.88, the density of 0.042, and complexity (ratio of receiver concepts/driver concepts) was of 0.875. Through the hierarchical arrangement of the network a total of 14 hierarchical levels were observed (Figure 2) as well as the flow of information which goes from the bottom to the top of the network, and in the same flow, three types of concepts or nodes were recognized: the drivers or those affecting other concepts, the ordinary ones which are affecting and at the same time are influenced by other concepts, and the receivers not having influence on others only being influenced by others (Özesmi and Özesmi, 2004) (Figure 2; for more detail on the meaning of concepts see Supplementary Material 2).


Table 1. Summary statistics of the network.
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FIGURE 2. FCM depicting the community's perception. The color of the concepts corresponds to the different categories established: A in yellow, B in red, C in blue, whereas the subcategories A-B, A-C, B-C, and A-B-C are in orange, green, purple, and brown, respectively. Likewise, the size of the nodes is consistent with the centrality, hence, bigger nodes have more connections with other nodes, while the smallest nodes contain one edge only. The small black circles next to the concepts indicate the weighting scores, that is, the sum of the points given by each participant to those concepts considered of high relevance for the system. The concepts are connected through causal relations that are positives (solid lines) or negatives (dotted lines). The black arrow to the left depicts the flow of information from the base to the top concepts.



With regard to the category allocation, 30 out of the 45 concepts are contained within the category C (15 concepts) and the subcategory B-C (15 concepts; see Table 2 and Figure 3). The categories A and B contain four concepts each, whereas A-B and A-C contain two and three concepts, respectively. The intersection of the three components, the subcategory A-B-C, comprises only two concepts, one of these (Protected and non-protected ecosystem remnant) presented the highest centrality, however, it is not related with any management action. Category C and subcategory B-C not only have the highest number of concepts, also, the first seven hierarchical levels of the FCM (Figure 2) presented concepts corresponding to these categories only. It is not until the eighth level where a component from the subcategory A-B-C (The use of space) appears. From the ninth to the fourteenth levels all categories are present. Figure 4 depicts the centrality for each one of the concepts contained in the categories and subcategories. The polygons are shaped according to the number of concepts per category and subcategory and their centrality. Thus, one of the concepts of subcategory A-B-C (Protected and non-protected ecosystem remnant) presents the highest centrality while the lowest are for two concepts within category B and one of category C.


Table 2. Concepts location and characteristics.
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FIGURE 3. Total number of concepts per component (see Figure 1) and the number of concepts within each of the intersections. Yellow circle represents Scientific knowledge, Blue circle represents Management decisions, and Red circle represent Community interaction with the environment.
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FIGURE 4. Number of connections for each one of the network components per categories.



The category C is highly connected to almost all of the categories (Figure 5), while the category A has the lowest percentage of connections (both the number of edges incoming to and outgoing from a node). From the total number of connections (coming in and going out of the nodes), the category C and subcategory B-C corresponded to 74–89% and 55–60%, respectively. Private relations of a category, that is, those connecting concepts within the same category or subcategory are depicted in brown, and as shown in Figure 5 a considerable number of such private relations are presented in categories C and B-C.
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FIGURE 5. Proportion of connections within and between categories. Darker lines correspond to unique connections or those linking components from the same category.



The concepts with the highest centrality were Protected and non-protected ecosystem remnants, Campus population, Governance, More infrastructure, Cars, and Ecological damages (Table 2 and Figure 4). Undermining authority, Conflict with personal ambition, Surveillance, Public university, High transient student population, Land fragmentation, Ignorance and Lack of information are the driver concepts, that is, components that influence others. On the other hand, Damages to human health, Altered movement of animals, Water infiltration, Public safety, Inaction, Native species, and Conflict with authorities are receiver concepts or those that are affected by others (Table 1). The concepts at the end of the discussion of the participatory workshop were weighted up individually (see Supplementary Material 1) and the highest score was for the concepts Protected and non-protected ecosystem remnants (with 10 points), Governance and Planning (nine points each) (Figure 2). At least for the concepts Protected and non-protected ecosystem remnants and Governance the highest centrality and the highest weighted score were consistent.

DISCUSSION

The analysis tests three components —scientific knowledge, community interaction with the environment, and managements decisions—and provides insight into the community perceptions and conflicts between the university campus and the REPSA. There is a prioritization to solve problems in the Reserve, focusing mostly in urban threats. The first seven levels of the network (bottom to top, see Figure 2) highlight the urbanization pressure within the campus; showing a society that expects constant growth of the public university. In second place, the main problems are those variables that directly affect the REPSA. The discussion that took place during the participatory workshop and building of FCM revealed that assistants view the campus as being under constant urban pressure; an increase in infrastructure and student population represents a severe threat to the protection of green spaces.

Since the participatory workshop was conducted with similar percentage of participants from each sector (students 40%, academics 36%, and administrators 24%), the power was balanced to hold discussion and dialogue (Barnaud and van Paassen, 2013). Participants were free to express their opinion within the workshop, and the power relations were shown in the mental model. The model—and the moment when it is being built—is unique for the community as it represents a relevant learning experience for participants and detonates the processes of reflection within the group. Nonetheless, participants and executors might validate and use the information in very different ways because each one of the participants has, starting at the same mental model, a particular analysis according to individual interests and concerns. Planning formulas (another of the more weighted concepts), can help absorb complications and disputes if conducted with a long-term vision under a proper institutionalization and balance of power to reduce short term individual actions (e.g., Puchet-Anyul, 2010; Puchet-Anyul et al., 2013).

Several methodologies have been developed to meet different needs in participatory approaches (Voinov et al., 2016), thus, results might be different based on the methodology employed (Jordan et al., 2018). We used FCM to represent a group mental model, nonetheless, as this approach takes a large-scale view of the world (Giabbanelli et al., 2017) methodological limitations dealing with the complexity of a particular problem are recognized (Jordan et al., 2018). In contrast, Agent Based Modeling, with a micro-level view technique (each entity or agent is represented) can be adopted and used in combination with FCM (e.g., Giabbanelli et al., 2017) to obtain an accurate socio-ecological interaction model. As for our study, we found that the FCM approach was useful to evaluate areas where conflicts around the reserve and the university campus occur.

When the concepts of the FCM were classified within the three components, surprisingly there were only two that fell in the intersection: Protected and non-protected ecosystem remnants and The use of space. The first one, with the greatest centrality, would support our central idea that the intersection of the three components is essential. Nevertheless, this concept does not have any management implication as it only refers to the conserved area. Likewise, REPSA benefits (such as ecosystem services) are not displayed here or in the rest of the model.

The FCM suggests that some reasons why this interaction is reduced are: (i) the lack of feedback links among actors, and (ii) a mismatch between conservation objectives and actual projects generated to preserve the Reserve. The absence of a concept related to scientific generation and the presence of concepts such as Ignorance, Indifference, Imposition of authorities, and Conflicts with authorities suggest a lack of feedback on the most important interaction between knowledge generation and management decision.

The lack of links among actors is partially based on the poor communication regarding the importance of the ecosystem services and the biodiversity inhabiting PUGS. Other factors related to the perception of the local community, including academics working on its ecological understanding and authorities that are responsible for the protection of these urban ecosystems, seem to be relevant in the decision process. The mismatch arises from the low number of connections that the ecological scientific knowledge component (Category A) has in the FCM. Even at the university, this lack of inclusion of current scientific knowledge in management and conservation programs is as common as in the rest of urban societies (Kim and Byrne, 2006). Some projects fail partially because they are justified under a particular research interest instead of management needs. Also mono-disciplinary scientific research is unable to solve problems in socio-ecological systems for these require interdisciplinarity and transdisciplinarity (Lélé and Norgaard, 2006; MacMynowski, 2007). The lack of feedback loops may generate a spiral of apparently impossible-to-solve conflicts, as well as discontent and general discomfort across sectors coupled with discomfort that falls on individuals rather than institutions.

These conditions can be seen in several examples in REPSA. A first example that shows the lack of feedback links was the elimination of the Eucalyptus populations in the Reserve, which generated a series of expressions of disapproval and protests against deforestation by the community. The weak feedback links came from the authorities since a communication channel did not exist to explain the ecological damages being caused by the presence of exotic flora (Segura-Burciaga and Martínez-Ramos, 1994; Segura-Burciaga, 2009). There was no explanation of the importance of their removal or the positive environmental outcomes that accompanied such actions (Segura-Burciaga and Meave, 2001; Antonio-Garcés et al., 2009). The response to these eradication programs by groups of the society is clearly in defense of eucalyptus. Same problem applies to a more recent feral dog eradication program.

Weak feedback links can be seen in a second example based on the efforts made by the academic community to generate information that contributes to educational programs or strategies that promote that the whole community understands and supports the protection of lava relicts surrounded by buildings and roads. The adoption and restoration of a remnant lava field by the Geosciences community called “Geopedregal” (González et al., 2016) succeeded in promoting the conservation and geo-heritage identity, but only at the local community level, and this effort is not acknowledged for larger decisions regarding land use on the campus or for receiving long-term support.

Likewise, the complexity of the misinformation cannot be solved only with informative programs. It is necessary to create a web of connections between components A and C. There is abundant scientific information produced under robust analysis that can be easily accessed by the community; however, none of it is used in the decisions regarding new constructions, placing fences, and gardening. The application of scientific knowledge requires additional work that facilitates the understanding of authorities to make informed decisions.

One of the examples of the mismatch is based on the monitoring program of several species that provided relevant knowledge on how these species use the reserve, as well as their population and seasonal dynamics (Ramírez-Cruz et al., 2018, 2019). This includes ecological interactions among species and the diverse impacts of humans. These efforts have to be continued to understand ecological interactions in the long-term. Nevertheless, constant monitoring is not considered by funded programs of the Reserve.

Other examples show the mismatch between conservation objectives and the projects in REPSA. There is a social cartography study that aims to understand the time spent by the inhabitants within an area, where these are distributed, and their environment. Results are visualized by mapping territory use by individuals (Fox, 1998; Vaughan, 2018). This information is valuable to decide the land use of the campus and the importance of green spaces and the Pedregal ecosystem, but it is not used for management. This constantly happens when decisions are made without considering the scientific information about land conservation, the genetic diversity, species richness, and the ecological interactions in the long-term. Both projects are part of the responsibilities of the authorities and could be used to evaluate the efficiency of actions taken on A, B, C, and their intersections, but are not used in any of the management programs.

PUGS can be seen as a common resource having different dynamics for their management. An approach for proper management is based on the community's appropriation of the area, thus ensuring that the whole community will protect it (Ostrom, 1990; Matson et al., 2016). In this situation, it is paramount that the community is informed with clear mechanisms of decision and that most members reach an agreement. Decisions must be based on the integration of the new information generated by the community itself (Cook, 2008). Our results suggest this is not happening partly because the scientists should improve the communication strategies (Raymond et al., 2010; Safford and Brown, 2019), monitoring the adequate integration in the conservation programs. Nonetheless, reverting this situation is possible. The constant cooperation and learning between researchers—an important condition to develop innovative research— is key for an organization (Buanes and Jentoft, 2009), an idea that is entirely applicable to PUGS management. Systematic monitoring of the long-term effects of invasive species, acid rain and atmospheric deposition of residues, and species prioritization for conservation plans (Arponen, 2012; Lindenmayer et al., 2015; Wright et al., 2018) must be properly communicated to generate a reaction from different actors. Likewise, the assessment of the ecosystem services provided by the REPSA should be made public. Profitable management of the Reserve depends on the active engagement of several actors as well as a supportive university governance.

Importantly, the model revealed that the REPSA management is only focused on administrative activities. Technical profiles only focus on solving management and administrative problems, without time, or funds to generate or apply academic information for management. Nonetheless, the mismatch can be solved by taking actions directed to specific fields, that is, actions directed to well-localized high-pressure points, for example More infrastructure near the base of the FCM and Governance in the middle of it (see Figure 2). By changing the negative edges to positive ones, the structure of the network will modify the whole FCM by establishing priority actions related to management based on scientific knowledge. This would possibly improve the system's internal management and sustainability.

To modify the interactions based on the FCM, a variable that must be included should be the institutionalization of the reserve management. Even though the reserve operates under specific guidelines that are part of the internal regulations of the Technical Committee of the Ecological Reserve of Pedregal de San Ángel (Gaceta UNAM, 2006), it lacks institutionalization processes for scientific knowledge. There is no liaison group or committee that functions as organizer and facilitator with capacities of linking the great amount of scientific information accumulated about social-ecological systems to the operational groups as well as to other researchers and the general public (Castillo et al., 2018).

The intersection of the three components only had the two concepts Protected and non-protected ecosystem remnants and The use of space), the first one was highly connected but it does not imply management or applied scientific knowledge. In this particular case, our assumption about the intersection does not apply because the interaction is not naturally given, and even in this university community these interactions do not guarantee the management and conservation goals. Further studies that aim to accomplish this will be developed within the REPSA.

The complexity of the protected urban green spaces in terms of their dynamics within the city requires to actively build the collaboration among actors to reinforce the three components (scientific knowledge, community interaction with the environment, and management decisions).
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*Components A, scientific knowledge (monitoring/restoration), B, community interaction with the environment, and C, management decisions.
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