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While a landscape usually provides a wide range of benefits, the ecological and spatial entanglement of the processes behind ecosystem services does not allow maximizing benefits from all services at the same time. Different stakeholders relying on different services might therefore prefer different policies and management for the wider area where they operate. Trade-offs, disagreements and mutual interests are rooted in ecological processes but are manifested in the social sphere. Social networks were shown to have a significant impact on the management of ecosystem services. In this paper we show that ecosystem services also influence the structure of management-networks and power-relations among stakeholders, thus ecological factors set the stage for (local-regional) political discourse. We used social network analysis (SNA) to show how ecological processes become agents of social-ecological systems (SES), this method is also useful for finding those players who can adopt a mediator role in the social sphere, having a special position in the web of competing interests. Our research shows how mutual influence between social and ecological elements shapes management strategies in five protected areas in Central and Eastern Europe. The most voluminous and profitable ecosystem services (primarily timber production in our cases) define which stakeholders are the most powerful in management networks—this eminent position allows these players to make decisions unilaterally. Other, smaller players tend to negotiate with a diverse set of counterparts with whom they share and co-manage often multiple services. Power relations that emerge as a consequence of production differences among ecosystem services often do not allow participatory management methods. These situations lead to over-utilization of natural resources with a narrow interpretation of sustainability which decreases resilience for the whole social-ecological system. Our results contribute to the theoretical understanding of political discourses in SES and showcase how SNA can be applied as a tool to facilitate participatory landscape-management. We show how ecological factors co-create the social sphere where decisions are made about sustainable land-use.

Keywords: ecosystem services, social network analysis, participatory management, resource management, conflict resolution, adaptive management


INTRODUCTION

Protected areas are increasingly studied and managed as social-ecological systems (SES) where people and ecological systems form complex interactions instead of the traditional view of nature and society being separated (Westley et al., 2002; Ostrom, 2009; Levin et al., 2013). This view calls for new approaches in landscape management that reflect on the multiplicity of views among stakeholders on the one hand and inherent, unpredictable variability of ecosystems on the other (Carlsson and Berkes, 2005; Folke et al., 2005). The study of governance in SES has also uncovered that informal, personal connections are sometimes more influential in natural resource management than formal institutions and strategies with top-down approach. These informal interactions can be uncovered with Social Network Analysis (SNA) that is a powerful tool both for decision makers and researchers (Bodin and Crona, 2009; Bodin and Prell, 2011).

There are numerous studies on how social networks influence natural resource management in various SES, for instance in protected areas (Calvet-Mir et al., 2015), small-scale fisheries (Crona and Bodin, 2010), urban green spaces (Ernstson et al., 2010), rural areas (Hirschi, 2010). Much less is discussed how these networks are formed and what factors influence their structure and their effect on local decision making. Social networks not only shape management through institutional arrangements and communication, but also determine if certain desired goals or processes (such as adaptive co-management or other community based conservation efforts—CBC) are feasible in a particular case (Carlsson and Sandström, 2008; Sandström and Rova, 2010). When stakeholders cooperate, use certain tools and resources together, they usually also share knowledge about the resource system—they form a social network. Central agents in such informal networks may play an important role in shaping public opinion on the state of the ecosystem and the need to change strategies for more sustainable methodologies (Crona and Bodin, 2010). Such informal ties among stakeholders can have a stronger effect on their views than their categorical attributes such as profession (Prell et al., 2010). It is increasingly clear, that the structure of a social network not only sets limits to the desired management options but also offers intervention points that might facilitate the transformation of a governance network into a more flexible, participative web of actors where learning, cooperation and dealing with uncertainty are accepted parts of management (Crona and Hubacek, 2010; Schröter et al., 2018).

SNA is increasingly used in studies and practice of natural resource governance. While this method requires more technical skills than many others, it offers unique insights into the context of stakeholder interests, alliances, conflicts and other relations (Borgatti et al., 2009). SNA is strong in selecting stakeholders for a participative process, where a wide range of views are to be considered, people with different interests have to work together or maybe conflicts are expected (Reed et al., 2009). SNA is a good tool to design interventions to improve conservation or collaboration and also offers a method to evaluate their outcome (Mills et al., 2014; Schröter et al., 2018). Networks often grow in collaborative management systems, but rearrangement of connections may be an even more important development in such situations: rearranging connections show changes in human interactions that might be a result of a new policy, alliance, conflict or other similar changes. Reflecting on the social network structure shows where is healthy and efficient cooperation and where there is need for some intervention (Bixler et al., 2016a). While there is a list of network characteristics that are worth examining in every case of natural resource management (Bodin et al., 2006). SNA often also reveals patterns that are less generalizable yet important in the local context such as consequences of local policies, presence of administrative borders or the role of a specific player with broader effect in the network.

In this paper, we present social networks compiled in five protected areas in South-East Europe. Each network was constructed to assist stakeholder involvement in a local planning process that focused on sustainable management of key ecosystem services (ES). In our study SNA was used to (1) find key players for stakeholder involvement in each of the study areas, (2) identify organizing forces (such as shared location of activity or shared economic sector) behind informal subgroups, (3) test if there is a relationship between communication patterns and ES use and finally (4) to show patterns of conflict and domination between groups of stakeholders. Analyzing the local stakeholder network is also expected to (5) help to assess the feasibility or preconditions of a CBC solution to the various challenges of the protected areas.



MATERIALS AND METHODS

Data was collected in the Apuseni Nature Park, Romania (APUS); Bükk National Park, Hungary (BUKK); Kalkalpen National Park, Austria (KALK); Tara National Park, Serbia (TARA); Žumberak—Samoborsko gorje Nature Park, Croatia (ZUMB) (see Table 1 and Figure 1). These parks are all karstic areas, primarily covered with forest. Their management is very different, ranging from strict no-disturbance policy (KALK) to parks where park managers have limited influence on the intensive logging within the protected area (BUKK). The study sites were selected from the consortium of the “Eco Karst” project in the Danube Transnational Programme.


TABLE 1. Basic description of the network graphs.
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FIGURE 1. Central-Eastern Europe, our study sites are highlighted with red.


We used SNA to select people for participatory action planning, understand institutional challenges and find intervention points that could improve cooperation in conservation efforts within the five protected areas and with potential pro-biodiversity business efforts. The analysis was organized into a three-step process, similar to the structure recommended by Alexander et al. (2016): (1) creating a database of all possible stakeholders who use the landscape in question or who are interacting with the park management, (2) map power relations among stakeholders, and (3) collect and analyze social network data to inform stakeholder involvement for participatory work.


Stakeholder Groups

The first two steps were completed on a one-day interactive workshop where we worked together with local park-managers to list stakeholders and map their power relations according the framework described by Felipe-Lucia et al. (2015). Using pre-existing databases of external partners of the parks we compiled a list of stakeholders who might have interest in the development of the park. These stakeholders were then categorized by workshop-participants into six-to-seven groups based on their legal status, economic power and land-use strategies (step 1). Groups were placed in a coordinate system where the horizontal axis shows how dependent stakeholders are on local ES while the vertical axis shows how strong their decision-making power is. In this placement the primary ES use of each group was considered where this applied (e.g., forestry—timber) in other cases there were no differences, thus the position is based on a virtual average (e.g., national level regulators—all ES). There are three positions in this framework, that deserve special attention (Figure 2): the upper-left corner where decision makers can be found who do not depend on the landscape in question themselves (usually, national-level governance), the top-right corner, where major resource managers are placed (in our cases, most often forestry) and finally the bottom-right corner, where stakeholders are represented who rely heavily on the ecosystem but have little influence on policy (typically small-scale producers). Besides these important positions, other groups (such as tourism sector) took positions in-between. Apart from identifying the groups and placing them into the power-dependence framework, workshop participants also attached ES to them based on their most important economic or regulatory activities. According to this, some groups only use or manage one ES, others—typically “regulators”—influence a longer list of them (step 2).
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FIGURE 2. A schematic illustration of stakeholder groups’ power relations.




Data Collection for SNA

Based on these groups a survey was constructed in order to collect social network data, similarly to the one described by Prell et al. (2011). Name (person or institution), location (of activity) and economic sector of the respondent were collected first, then the following question was asked for all stakeholder groups: “Who do you communicate with from group X about issues related to the Y park? Please list up to 5 persons or institutions.” In this question “group X” was substituted with the groups identified in the process described above (steps 1 and 2) while “Y park” refers to the protected areas participating in the project. Questionnaires were translated to local language. Park managers could choose between online and paper-based data collection, but the questions and the structure of the surveys were identical.

Against our expectations, paper-based surveys were much more efficient in data collection both in terms of the volume and completeness of the responses. These were used in two cases (BUKK and APUS) and administered by national park rangers. In all other cases an online survey was distributed among the stakeholders identified in “step 1.” Data was cleaned and spell-checked by the park administrators. After cleaning, data analysis was done with Gephi (Bastian et al., 2009) by national park staff for further use, for which a guidance document was compiled giving a detailed, step by step description of the methods applied for non-expert users (EcoKarst, 2019). A more detailed and documented analysis was done using the igraph 1.2.2 R package (Csardi and Nepusz, 2006) by the authors that is presented in this paper. The anonymized datasets and the R script containing all analyses described in this paper are available in the Open Science Framework repository (Kuslits, 2020).



Network Graphs

Based on the surveys, in all five protected areas a directed social network of stakeholder communication was created (Figure 3). In these graphs, persons and institutions are represented by nodes. Edges represent that the source mentioned the target as a communication partner (see the exact survey question in the previous section), if both parties mentioned each other, two edges were added in the opposite directions. In each case, initially the protected area management authority had the most incoming edges, which is the consequence of the fact, that the park itself let all respondents fill out the survey. This is a by-product of the survey methodology; the park was therefore removed from all graphs to avoid distortion.
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FIGURE 3. Social network graphs of the 5 study sites.




Key Players

Key players are network members with a special status in the graph structure that enables them to influence the whole system in specific ways. In practice these positions can be a consequence of various social attributes (position, personality traits)—but these cannot be specified exactly only by using SNA. We calculated the in-degree (number of all incoming edges) and betweenness centrality (number of times a node is on the shortest path between two others) of the nodes to find key players in the parks. We interpreted in-degree as a proxy for trust or power, as these nodes have a high number of incoming edges and much less outgoing—this is an influential position in information sharing that can be explained potentially by legal authority in some cases. Betweenness centrality is interpreted as the ability to connect players with different or conflicting views. Conflict is often represented in networks as a lack of connection, thus players having the ability to connect distant groups are in a position to ease these situations (Bodin and Prell, 2011). Players having higher than average values in these two dimensions were all selected for stakeholder involvement (node size on Figure 3 shows betweenness centrality). Before starting the three steps of stakeholder analysis, initial interviews were conducted with the teams from all the participating parks in order to test the efficiency of SNA. They were asked to name the most influential stakeholders based on their personal experience. Some teams were hesitant to choose any, others named some institutions. Comparing their selections with the results of our key player metrics we could test how selection based on a SNA differs from a stakeholder selection process that is based on the personal network of the park management.



Communities

Subsets in a network can be defined for example based on economic sectors, locations and other attributes of the individual nodes. Besides these, there are various algorithms that are able to detect subgroups based on connection patterns instead of categorical variables. The walktrap cluster algorithm in igraph takes short (four step in our case) random walks from the nodes of the graph, following the edges and their directions and defines clusters based on how many times such a path remains inside the same group of nodes. We can interpret the result of this model as communities, or subgroups who tend to circulate information among themselves with some level of relative separation from the rest of the network. Subsets in a network can also be defined for example based on economic sectors, locations and other attributes of the individual nodes. Using chi square test (in R 3.5.1), we compared the group membership generated by walktrap clustering to attribute-based subgroup memberships (location and economic sector) to see whether there is an association that indicates an organizing principle behind communication patterns.



Connections Between Groups

To see the strength of communication between groups, we have contracted individual nodes that belong to the same economic sector into one and merged their ties into undirected, weighted edges (Figure 4). For example, all mentioned NGOs were merged into one node whose connection with another group is an undirected and weighted tie, where the weight is the number of all connections between any member of these two groups in any direction. This way a relative strength of communication can be assessed between pairs of groups. Weak edges (edges with weight less than the median weight within the network) were dropped from these networks in order to make strong communication more apparent.
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FIGURE 4. Group-networks, power relations and unexpected communication patterns in the 5 study sites.


When we identified stakeholders (step 1) and analyzed their power relations (step 2) we also collected which ES do the groups manage. From this data, we have created an ES co-management network with undirected, unweighted edges. The nodes in the group-communication network and the ES co-management network are the same, thus comparing the presence and absence of the edges reveals how strong the two processes are associated. When two actors manage together a shared ecosystem element, they inevitably influence the activity, opportunities and economic performance of the other. Sometimes these two actors might be interested in different aspects of the same habitat, for example a water management company has different preferences than a logging company, but both are interested in timber production and forest management in general. In other cases, preferences might be more compatible (for example, hiking and conservation NGOs).

Therefore, we hypothesized that any two groups that co-manage an ES need to have a strong communication connection (many members of both groups are connected to members of the other group), while groups who do not share ES tend to have weak communication connections—thus the presence and absence of edges in the two networks is expected to be the same. Comparing the pattern of edges in the two types of networks between group pairs from all five cases combined was used to test this hypothesis (with chi square test using R 3.5.1).



RESULTS


Network Graphs and Key Players

In Table 1, we have summarized the basic properties of all graphs. It is apparent that the two parks that have used paper-based surveys (APUS, BUKK) were able to collect much more responses in a similar timeframe than the others. By comparing the SNA-identified key players to the list of stakeholders who were suggested as influential during initial interviews with the park management, the park managers did not find the results controversial, but were nevertheless surprised by some of the players that were listed.



Communities

Communication based subgroups (walktrap clusters) were compared with attributes as location and economic sector. Categories generated as a result of walktrap clustering were strongly related to the location attributes of the individual nodes (p-values of chi square test were between 10–8 and 10–16) with the exception of BUKK and TARA where only limited information was collected on location of nodes. This relation is much weaker between economic sectors and walktrap clusters. As walktrap clusters identify subgroups with stronger internal communication, we can conclude that communication is strongly associated with the location of stakeholders and much less with shared (economic) activity. If we look at sub-networks of members belonging to the same economic sector, usually we see many isolates (nodes who are not connected to any other within the subgraph) and a small component of 3–4 nodes (this pattern is typical even if we remove non-respondent nodes to compensate for their missing outgoing edges).



Relationship Between ES Use and Social Connections

In the networks of groups, we found that the weight of edges varies greatly. Weak edges (edge weight below median of all edges within the network) were dropped from these graphs. We compared this network with the ES co-management graphs where the same nodes had different edges based on ES use patterns (Figure 4). There is a significant correlation between the absence and presence of edges in these two networks (p < 0.03 with chi square test calculated on all cases involved together, individual cases are also significant to a lesser extent due to the smaller number of observations: 21–15 node-pairs in one case and 87 node-pairs in all cases combined). In the two graphs, nodes were the same, only edges were somewhat different. These results indicate that ES have a strong influence on formation of social interactions.

While this is a significant result, there are exceptions to this tendency that give some further insight into the formation of relations in the specific protected areas (Figure 4). Among nodes having such exceptional strong edges (group-pairs who do not share any ES in their activities but have a strong connection), usually one group is the tourism sector (40% of all exceptions) or the NGO group (30%). These players naturally tend to have many connections due to the nature of their work. The opposite kind of exceptions that occurred in our graphs consist of node-pairs who do share one or more ES in their activities, yet their communication is weak or non-existent. These pairs most often include the forestry sector (52%), while in other cases these players have some special legal status either with a high level of autonomy in their decisions (30%, e.g., there is a highly autonomous monastery within TARA that manages its land and ES exploitation relatively independent from national park officials or other regulators) or being excluded from the park activities due to conservation regulations (17%, e.g., due to the strict non-disturbance management in KALK).



DISCUSSION

Our study showed that SNA is a feasible and useful tool in non-academic professional environment with limited expert support. While practitioners at the national parks had a deep contextual knowledge of the protected areas, with the application of SNA some new insights could be gained to support a more representative stakeholder involvement process. Key player metrics are one of the basic features of SNA that is also one of the easiest tasks to do once the data is collected. Our results show that such simple analyses can provide results that may not be intuitively available for locals. Since key player metrics have a limited sensitivity for sampling biases, we can conclude that SNA is able to help find key players even in situations where local conflicts, or other factors hinder collection of responses. All network graphs contain more nodes than the number of respondents, probably we also collected data about stakeholders who might not be in a friendly relationship with the park management. Similarly, this method was also able to provide data about players who have high informal power, who are trusted or those who can connect distant groups—despite the fact that these stakeholders themselves have not always responded to the survey. SNA as a method has a broader overview of the stakeholder network than any player within the graph. This means that it is worth the effort to collect and process social network data in order to have a more inclusive and more efficient participatory process.

Network members can be structured in sub-communities in multiple ways. Some of these are based on attributes of the nodes (“location” and “economic sector” in our cases), others rely on structural features of the network. Comparison of such communities offers insights into how communication patterns are shaped. In our case “location” was the strongest organizing factor in stakeholder communication—this finding is in line with results of similar studies conducted elsewhere (Maciejewski and Cumming, 2015). People who belonged to the same economic sector (that also means similar forms of land-use in the cases analyzed) did not have a strong relationship with each other. This is an important finding as it indicates that similar land-use strategies do not necessarily mean frequent communication, stakeholders do not necessarily share experiences with their colleagues within one park. Such a fragmented, localized structure hinders participatory processes and even more community-based landscape management structures (Sandström and Rova, 2010). In similar cases, such network structure is typical: network members tend to communicate with others based on non-professional social ties (kinship, friendship, shared life-history) that build trust over longer periods of time, primarily driven by social similarity (Ramirez-Sanchez, 2011).

We have found that communication patterns are strongly influenced by stakeholders’ reliance on ES. Those stakeholder groups who used or managed the same ES likely also had a strong channel of communication. The exceptions we found to this general rule are worth paying attention to: tourism sector and NGOs sometimes have strong ties to those whom they do not use common ES with, while the largest ES users (such as forest management in our cases) often have only loose ties where strong connections would be expected based on the general pattern of group connections. We believe that this is due to their effort to control the management of the habitat in a disproportionate way, a strategy that is enabled by their overwhelming economic power in the region. Such loose connections are interpreted by local park managers and stakeholders as signs of conflict in the literature (Bixler et al., 2016b) which was verified by the park management in our cases as well. These patterns may be signs of network capture efforts, when one network member tries to control many other members by some formal or informal means and thus extend its power over the whole managed area. These patterns are also hindering participatory processes and may be major obstacles in establishing community-based management structures. The eminent role of forestry among non-communicating players has probably little to do with forestry in particular. We hypothesize this is more a rupture between a powerful manager of a dominant ES and “the rest of stakeholders” who cannot challenge their dominance (economically, ecologically). As the protected areas studied are all forested landscapes, this powerful sector happens to be forestry, while other habitats might show a similar pattern with different dominant players.

Participatory management practices require a certain level of agreement among stakeholders, trust in the process and between the parties involved and flexibility in the management options so that the decisions agreed on can be implemented (Gunderson, 1999). Adaptive management and similar approaches to natural resource management are more popular in theory than in practice as they are often challenging (Lee, 1999). This is in part because conflicts are frequent in challenging management situations and institutions are rarely prepared for a long-term learning process that is necessary for this kind of decision-making. The fact, that adaptive and participative management practices often fail in situations where stakeholder involvement is weak, or cooperation is hindered by conflicts, does not mean that these methods themselves are not appropriate for the specific environmental challenges. In such situations however change, flexible decision making, adjustment of goals and tools are steps that are avoided due to the conflicts—with other words conflicts themselves contribute to rigid management and also hinder experimentation and learning (Rist et al., 2013). In management of SES effective and inclusive (formal and informal) leadership and support from trusted expertise are also necessary to achieve desired goals (Gregory et al., 2006). In a context of conflict, these preconditions are also usually lacking that makes it even harder to implement a new management regime. SNA can help to reveal these possible shortcomings and make it tangible to participants (Schröter et al., 2018) and possibly induce some momentum toward cooperation.

Our analysis of the communication patterns of the natural resource users in the five protected areas shows that professional groups have weak internal communication and powerful resource users tend to communicate sparsely with other stakeholders. These shortcomings are on the one hand consequences of national-level policies, on the other hand consequences of the locally uneven provision of various ES. These two factors reinforce each-other and are mainly responsible for the stability of the present pattern of communication and conflicts. As a consequence, we do not consider participatory or community-based management schemes feasible in the near future in the protected areas involved in our study. Conflict and rigid institutions are in part consequences of poor human decisions, but our results also show, that ecosystem services in themselves are a strong force shaping social networks, thus stakeholders might find themselves completely separated in a social network without ever engaging in a conflict. CBC methods are efficient to establish sustainable resource management but creating the preconditions for them requires long term effort. Key players identified with SNA can be crucial in pursuing this strategic goal.
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“Respondents” gives the number of people or institutions that have filled in the survey, “nodes” and “edges” give the number of vertices and ties within the graph. H.
Indegree is the number of nodes that have higher in-degree than the mean in-degree x 2, betweenness is the number of nodes who have a betweenness higher than O.
Groups column shows the number of identified stakeholder groups.
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