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Abstract

:

Combining socio-cultural valuations of ecosystem services with ecological and monetary assessments is critical to informing decision making with an integrative and multi-pronged approach. This study examined differences in the perceptions of ecosystem service supply and diversity across eight major ecosystem types in Spain and scrutinized the social and ecological factors shaping these perceptions. First, we implemented 1932 face-to-face questionnaires among local inhabitants to assess perceptions of ecosystem service supply. Second, we created an ecosystem service diversity index to measure the perceived diversity of services considering agroecosystems, Mediterranean mountains, arid systems, two aquatic continental systems, coastal ecosystems and two urban ecosystems. Finally, we examined the influence of biophysical, socio-demographic and institutional factors in shaping ecosystem service perceptions. Overall, cultural services were the most widely perceived, followed by provisioning and regulating services. Provisioning services were most strongly associated with agroecosystems, mountains and coastal systems, whereas cultural services were associated with urban ecosystems and regulating services were specifically linked with agroecosystems, mountains and urban recreational areas. The highest service diversity index values corresponded to agroecosystems, mountains and wetlands. Our results also showed that socio-demographic factors, such as place of origin (urban vs. rural) and educational level, as well as institutional factors, such as management and access regimes, shaped the perception of ecosystem services.
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1. Introduction


An emerging challenge in contemporary societies is to reverse the decline of ecological life support systems and the ecosystem services they provide to humans [1,2,3]. The concept of ecosystem services (ES), which more recently incorporated the concept of nature’s contributions to people, was coined to emphasize the links between ecosystem health and human well-being. Since the publication of the Millennium Ecosystem Assessment [1], the term has become a core concept in environmental management and biodiversity conservation [4,5,6,7,8,9]. Consequently, it is now included in the agendas of global conservation initiatives, such as the international Strategic Plan for Biodiversity 2011–2020 adopted by the Convention on Biological Diversity in the Aichi Targets and by the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). In the case of Spain, the National Ecosystem Assessment was a crucial milestone for scientific legitimization of the ES concept. Later, the term was formally incorporated, but not truly operationalized, in a number of policy strategies. These initiatives include the Spanish Strategic Plan on Natural Heritage and Biodiversity [10] for the period 2011–2017, the strategic document “Society and Protected Areas Program 2020” [11] elaborated by EUROPARC-Spain (an entity comprising the organizations involved in the planning and management of protected natural areas in Spain) and recently in the draft of the National Strategy for Green Infrastructure and Ecological Connectivity and Restoration, which addresses the conservation of natural and semi-natural ecosystems to enhance the delivery of a wide range of ES [12].



The literature on ES science is increasingly emphasizing the need for integrated valuation perspectives, in which a combination of tools and valuation metrics helps to uncover the diverse values of nature [9,13,14,15,16]. For decades, ES assessments have been heavily dominated by biophysical and economic approaches [17,18,19,20], whereas socio-cultural approaches have only started to gain prominence in recent years [21,22,23,24,25,26,27].



Socio-cultural valuation moves a step beyond monetary techniques by relying on directly lived experiences with our surrounding environment and the ways in which we live in, interact with, perceive, and value our immediate environments [28]. The analysis of values, attitudes and beliefs modeling socio-cultural preferences towards ES can be especially relevant in decision-making and environmental planning processes, as the success of policies heavily depends on social acceptance and support. Accordingly, it has been suggested that the deficit of research and data on non-monetary values of ES may lead to narrow decision-making processes designed from incomplete or biased information [29]. In this study, we used a freelisting technique [30,31] to assess all ES that local people perceived from the surrounding ecosystems.



As biophysical, socio-demographic and cultural characteristics differently influence one’s experience of nature [21,32,33], many studies have focused on ES from individual ecosystems and have lacked the capacity to build simultaneous comparisons. However, stakeholder recognition regarding the capacity to provide services varies among different types of ecosystems [21]. For instance, traditionally urban areas have been considered only as areas of ES consumers. In the same way, drylands have been traditionally considered a poor ecosystem type in terms of their lower capacity to provide ecosystem services [34]. Our study approached the representative ecosystem types of Spain and explored the influence of socio-demographic variables such as age, gender, education level and place of residence on the perceptions of local residents. The preferences of individuals and communities might co-evolve with land management and land use changes, but it is difficult to demonstrate how regional cultural values, attitudes and norms shape preferences separately from other socio-demographic factors [35]. As mentioned, to date, most research has either focused on a certain ecosystem type or landscape across countries/regions (e.g., [36,37]) or on comparing land uses or ecosystem types at a local/regional scale. However, this study is, to our knowledge, the first approach employing a large sample of primary data that has explored socio-cultural preferences in different ecosystem types in the same country, i.e., in a relatively similar cultural context. In addition, given that people’s preferences also depend on institutional contexts and access regimes [15,38], we explored the influence of different governance and management regimes across ecosystems in the perception of the ES they provide. Spain, which has a wide variety of governance settings, from private to diverse commons in land ownership and use, constitutes a good setting in which to explore this influence.



Along these lines, the aim of this research was to analyze how residents perceived the supply and diversity of ES across ecosystem types of Spain and the influence of different biophysical, socio-demographic and institutional contexts on these perceptions. We only targeted residents (i.e., people living in the area) in each of the study areas because our interest was in exploring the perceptions that local communities had of their immediate natural surroundings [28]. Our specific goals were (1) to assess the perception of ES across ecosystem types and the relative importance locals attributed to them; (2) to measure the diversity of ES perceived for each ecosystem type; and (3) to explore how biophysical, socio-demographic and institutional factors affected the relative importance that local residents attributed to ES. Finally, we discussed the suitability of the freelisting technique for uncovering socio-cultural preferences towards ES.




2. Materials and Methods


2.1. Study Sites


We worked at eight study sites in Spain that covered a wide range of eight representative ecosystems as defined in the Spanish National Ecosystem Assessment [39], including agroecosystems, Mediterranean mountains, arid systems, two aquatic continental systems (wetlands and rivers), coastal ecosystems and two urban ecosystems (homegardens and a periurban green area) (Figure 1). The study sites also covered a diversity of management systems, including urban ecosystems managed primarily for recreational purposes, intensive agriculture, extensive farming and protected areas.



The agroecosystems in our study included the Cañada Real Conquense, which is the longest drove road in Spain (approximately 410 km) that is still in use by transhumant herders who move their cattle and sheep on foot [40]. The Mediterranean mountain ecosystems included the Sierra Nevada mountains located in southeastern Spain [41] due to its botanical, geological and geomorphological interest [42]. The Spanish drylands were represented by semiarid ecosystems located in Almería Province in SE Spain. The freshwater ecosystems included the Doñana wetland on the southwestern coast of Spain, which is considered one of the most important wetland areas in Europe [43], and the Guadiamar River green corridor. Coastal ecosystems were represented by the Da Morte coast, a fishing and shell fishing rocky shore that includes European dry heaths, siliceous rock, fixed and mobile dunes and vegetated sea cliffs of the Atlantic and Baltic Coasts. Urban ecosystems included the Bilbao Metropolitan Greenbelt in Basque County in northern Spain and community gardens of Madrid, central Spain, representing orchards and ornamental plants. A summary of each study site is provided in Table 1 and Appendix A.




2.2. Sampling Strategy and Data Collection


We implemented face-to-face semi-structured questionnaires with residents (i.e., people living in one of the municipalities included in the study area) to assess the participants’ perceptions of ES delivered in the area in which they lived. A total of 1932 questionnaires were administered between 2008 and 2013 (Table 1). Random sampling was conducted by asking residents to participate in our study at representative points, such as recreational areas, visitor centers of protected areas, orchards, agricultural fields, agrarian offices, universities, city halls and other meeting points. Personal face-to-face interaction facilitated the communication between researchers and interviewees, allowed for explanation and increased the comprehension of the study questions. The same questionnaire structure was followed in the eight case studies. The first question was designed to motivate respondents to think about the study area and as a filtering question: “Do you think that the natural environment of the [sampled area] generates environmental benefits that positively affect your well-being and that of society?” We used the term environmental benefits instead of ES to facilitate understanding by respondents.



The second question aimed to elicit the ES that were identified by those respondents who answered “yes” to the first question (N = 1667). Negative answers (i.e., those people who did not recognize any ES; N = 265) were not considered in further analyses. We used a freelisting technique, i.e., respondents were requested to list all possible environmental benefits they considered the ecosystems in the study area to be providing to them. The freelisting technique is a direct consultative method aimed at obtaining spontaneous responses, in contrast with what happens when a list of given options is suggested by a questionnaire, thereby minimizing framing effects [30,44]. The application of this method resulted in a long list of aspects (qualitative data) mentioned by respondents that were later codified as ES by the authors through a collective and unified process according to the three main ES categories: provisioning, regulating and cultural (following the Common International Classification of ES, CICES, www.cices.eu). Ambiguous responses (e.g., nature, feeling good) and those that could not be defined as ES (e.g., work, money) were not codified. The final ES classification was reviewed by the first author to avoid different codifying criteria.




2.3. Data Analysis


We first calculated the share of respondents (percentage) that mentioned ES overall related to each of the three main ES categories and then per ecosystem type so that we could measure the social perception of ecosystem capacity to supply ES (specific objective 1). Then, we used a non-parametric Kruskal-Wallis test followed by Dunn’s multiple comparison test to analyze whether the relative importance given to each ES category by respondents was affected among ecosystem types.



An ES diversity index, hereafter ESDI, was calculated using the Shannon diversity index [45]. Even though other diversity indices, such as Simpson’s diversity index, have started to be applied to analyze ES [46], ESDI considers the number of ES recognized in each ecosystem type and their relative abundance so that the higher values correspond to areas where the local population shows higher and more diverse recognition of ES. This index is calculated as follows:


   H ′  = −   ∑   i = 1  R   p i  l o  g 2   p i   








where R is the number of ES mentioned (richness) and    p i    is the proportion of each ES mentioned regarding the total ES perceived in an ecosystem type (abundance). We also calculated the average number of ES recognized per person and the percentage of respondents who named at least one ES at each ecosystem type (specific objective 2).



Finally, to identify the influence of different biophysical, socio-demographic and institutional factors on the social perception of ecosystem capacity to supply ES, we conducted a redundancy analysis (RDA; specific objective 3). The biophysical characteristics were described by the share (%) of six land use covers in each ecosystem type, including agricultural lands, forest, open areas, scrublands, urban areas and water areas. The socio-demographic variables included age, formal education, place of origin (urban, rural, semiurban) and gender. Governance was analyzed following the typology of property and access regimes, including (1) private property (e.g., areas with private farms, private hunting grounds, etc.); (2) community-based land (e.g., regions with predominantly communal grasslands, communal dehesas, areas where freshwater for crop irrigation was managed following community rules, community homegardens, etc.); (3) national protected areas (where part of the ecosystem type is covered by a national protected area, even if only partially) and (4) other protected areas (e.g., such as natural protected areas or Natura 2000 areas). Management regimes were categorized in each ecosystem type along three levels: (1) market oriented (e.g., where food products were produced as an economic activity mostly oriented towards commercialization; i.e., products obtained for self-consumption would not be market-oriented); (2) intense use of human labor (e.g., the workforce is critical for land management) and (3) intense use of other inputs (e.g., productive systems based on external inputs, such as fertilizers or pesticides). As in the previous case, the categories were not mutually exclusive, so one municipality could meet more than one category. A Monte Carlo permutation test (1000 permutations) was performed to determine the significance of independent variables in explaining the relative importance of ES. We used Ward’s linkage method with Euclidean distance to identify relatedness among ES.





3. Results


3.1. Perceptions of ES Supply


Among the different ES categories analyzed (provisioning, regulating and cultural), cultural ES were the most widely perceived; on average, 58.9% of respondents listed a cultural ES, while provisioning ES (36.3%) and regulating ES (28.1%) were less frequently listed. We found statistically significant differences regarding people’s recognition of the capacities of different ecosystem types to supply ES (Kruskal–Wallis test for provisioning ES, χ2 = 443.04, p-value < 0.01; Kruskal–Wallis test for regulating ES, χ2 = 73.41, p-value < 0.01; Kruskal–Wallis test for cultural ES, χ2 = 247.74, p-value < 0.01). In this regard, the Sierra Nevada Mediterranean mountains together with the Da Morte coast, followed by the agroecosystems of the Conquense Drove Road, were the ecosystem types where people more frequently perceived the capacity to supply provisioning ES (65.9%, 57.5%, 50.7% of participants, respectively, Figure 2a). In contrast, provisioning ES were rarely perceived in the Bilbao Metropolitan Greenbelt (2.4%). In the Sierra Nevada Mediterranean mountains, respondents further recognized the relevance of ES, such as food from livestock (25.1%), freshwater (20.0%), timber (17.4%) and forest harvesting (11.7%). Along the Da Morte coast, fishing and shell fishing services were frequently acknowledged (56.5%). Finally, food from livestock (31.0%) and timber (14.1%) turned out to be the most reported ES at the agroecosystems of the Conquense Drove Road (see Table 2).



Regulating ES were most widely recognized in the agroecosystems of the Conquense Drove Road—where they were listed by almost half of respondents (47.9%)—and in the Bilbao Metropolitan Greenbelt (36.4%) (Figure 2b). We did not find significant differences in the social perception of ecosystems’ capacity to supply regulating ES in the Sierra Nevada Mediterranean mountains (30.1%), Doñana wetland (29.2%), Madrid homegardens (24.7%) and semiarid Spain (24.7%). In particular, air quality appeared as a commonly perceived ES in the Conquense Drove Road, the Bilbao Metropolitan Greenbelt, Madrid homegardens, Sierra Nevada Mediterranean mountains and Doñana wetland. Respondents from the Conquense Drove Road equally highlighted the importance of the habitat for species (15.5%) and the prevention of natural hazards, such as fires (11.3%; Table 2).



Cultural ES were most widely recognized among urban populations connected to the Madrid homegardens (99.4%) and to the Bilbao Metropolitan Greenbelt (79.5%) (Figure 2c). We found no significant differences in the perception of cultural ES in the rest of the ecosystem types. Particularly in Madrid urban homegardens, respondents remarked certain cultural ES, such as environmental education (81.6%), recreational activities (72.2%), local identity (46.2%), tranquillity and relaxation (36.7%) and aesthetic enjoyment (31.0%). The two main cultural ES elicited in the Bilbao Metropolitan Greenbelt were recreational activities (47.7%) and tranquillity and relaxation (33.7%). Recreational activities were mentioned in all ecosystem types.




3.2. Perceptions on ES Diversity


The study areas with the highest values of the ESDI were the agroecosystems of the Conquense Drove Road, the Sierra Nevada Mediterranean mountains and the Doñana wetland. This was coherent with the high level of social recognition of those ecosystem types, particularly in the case of the Conquense Drove Road and Sierra Nevada mountains as ecosystems with a high capacity to provide ES (95.0% and 93.8% of respondents, respectively, mentioned at least one ES, Figure 3).



Semiarid, coastal and urban environments obtained the lowest ESDI values. These were mono-functional areas where respondents tended to report on one example of provisioning ES, such as intensive farming practices in semiarid environments, fishing and shell fishing in the coast, or recreation in urban areas (see Table 2). In the semiarid Spain region and the Guadiamar River green corridor, we obtained the lowest percentages of respondents who perceived that ecosystems provided at least one example of ES (75.0% and 68.0%, respectively).



The highest number of ES mentioned was obtained in the community gardens of Madrid, with 3.6 ES per person, whereas in semiarid Spain and coastal environments, respondents named on average between one and two ES. Overall, 99.0% of respondents recognized that Madrid urban homegardens supplied any kind of ES, but most of the ES listed pertained to the category of cultural ES, thereby leading to the lowest ESDI value.




3.3. The Influence of Biophysical, Socio-Demographic and Institutional Variables on the Perception of Ecosystem Capacity to Provide ES across Ecosystem Types


The RDA indicated a statistically significant association between the relative importance of ES and the biophysical characteristics (land use covers), socio-demographic characteristics and institutional context (based on governance and management models). The first three axes explained 81.6% of the total variance (see more details in Appendix B, Table A1). The first axis of the RDA (45.99% of the variance; Figure 4) seemed to reveal a contrast between urban non-protected areas, which had positive scores, and rural areas with a certain degree of protection, which had negative scores. The positive side was also associated with the importance of cultural ES (tranquillity and relaxation, environmental education, tourism and recreation, local identity and aesthetic enjoyment) and air quality and was related to highly educated respondents (with university studies). The negative side tended to be associated with extractive provisioning ES (livestock and fishing and shell fishing), respondents with lower degrees of education and rural origin, market-oriented management systems, intense use of inputs for farming and private properties or areas under protection other than national protected areas.



The second axis of the RDA (21.64% of the variance; Figure 4) presented in its positive loads a higher perceived importance of provisioning ES, particularly food from farming activities and environmental education, in municipalities with larger areas managed under community-based and private property systems. The negative scores of the second axis seemed to be associated with the recognition of tranquillity and relaxation, fishing and shell fishing and air quality ES and were related to water spaces and urban areas. The third axis of the RDA (13.96% of the variance) was related on the positive side with fishing and shell fishing in municipalities with larger areas managed under community-based systems.





4. Discussion


4.1. Uncovering ES Preferences through the Freelisting Technique


Solid protocols for implementing socio-cultural valuations could help to better combine this information with ecological and monetary assessments and to inform decision making from an integrative and plural approach [47,48]. As noted by [49], different valuation rationalities elicited different types of responses. The social processes of ES assessment were value-articulating institutions, which means that those were constructed sets of rules that not only revealed values but also contribute to shaping and constructing them in the valuation process itself [49,50,51]. Therefore, methodologies and frameworks were not neutral instruments that merely revealed the values people held towards ES but devices that actively shaped them. The use of the freelisting technique did not explicitly adopt ES language and avoided the service production metaphor [47]. This methodology, instead, allowed spontaneous responses because interviewees could report all possible ecosystem benefits they perceived. Other advantages were the possibility of assessing a wide range of ES at the same time and the capacity to provide robust quantitative information [32]. In addition, from a methodological perspective, it avoided incommensurability issues resulting from the assigning of monetary values to ES properties that could not be monetarily measured [52] and facilitated comparisons with other case studies [21]. However, the freelisting technique is not free of limitations. One restriction is related to the exhaustion or fatigue bias of respondents mentioning the maximum number of ES they receive from nature. To minimize this effect and to avoid information biases, this open-ended question was conducted at the beginning of the survey at all study sites. Another limitation is respondents’ difficulty verbalizing all ES perceived without any prior guidance; for example, regulating ES are less obvious [25], which could explain the lower frequency of mention of regulating ES.




4.2. An ES Diversity Index for Measuring Ecosystem Multifunctionality


Over the last few years, several efforts in the ES literature have been made to define ES indices and indicators that can be used to integrate ES in decision domains and land planning. Previous authors [53] discussed the roles of ecology and economics in the construction of an ES index; although that index suggested to be valid both economically and ecologically, the authors suggested that the need for a precise definition of ES is required to avoid double-counting. Other studies [54] introduced ES provision indexes derived from a combination of field and remotely sensed data, which are useful for forming aggregated indicators of the status and trends of ES at large spatial scales. Likewise, ref. [55] proposed the multiple ES landscape index, a new integrative environmental indicator at the landscape level to measure multifunctionality based on ES provision. In this sense, the ESDI we proposed and tested is new approach for measuring the supply of ES from a social dimension. We argue that the ESDI is a useful complementary approach, since it can help to unravel stakeholders’ perceptions by integrating not only the number of ES identified per person but also the diversity of ES. Our findings showed that agroecosystems, Mediterranean mountains and wetlands were perceived as having the highest capacity to provide a diverse range of ES to society. This result was consistent with previous findings in which Mediterranean ecosystems subject to traditional management practices and customary governance (e.g., community-based governance systems) were recognized as multifunctional landscapes [38,56,57].



We also found that urban areas were not mere consumers or receptors of ES provided in rural contexts despite showing lower ESDI values, but these areas create spaces and opportunities for contact with nature through cultural ES. This finding has also been documented by studies conducted in the community homegardens of Barcelona (Spain), where cultural ES were salient due to their high social importance [25,58,59]. Ecological restoration and rehabilitation of ecosystems, such as rivers, lakes and woodlands in urban areas and agroecosystems in periurban areas, has been proven to be not only ecologically and socially desirable but also quite often economically advantageous [60,61].



Finally, it is remarkable that the Guadiamar River green corridor obtained low scores regarding the social importance of ES categories (see Figure 2) and the lowest percentage of respondents who perceived the ecosystem’s capacity to provide ES (68.0% of respondents were able to mention at least one ES). There is still a lack of scientific evidence linking indicators used to assess the ecological status of fluvial and riparian ecosystems with ES. Fluvial and riparian ecosystems are still being incorporated into the ES approach to properly value their ecological and social relevance [62].




4.3. The Influence of Socio-Demographic and Institutional Factors on ES Perceptions


We found that cultural ES were highly recognized by more educated respondents in urban contexts, while less educated and rural respondents easily identified provisioning ES, which is a pattern that has also been found in previous studies [21]. We contend that these results may be interpreted in the context of ongoing trends towards the ‘tertiarization’ (i.e., shift from agriculture and industry towards the service sector) of nature in urbanized societies. Urban cultural values and lifestyles strongly shape a population’s approach towards nature (the extinction of experience hypothesis [63,64], and displace to a secondary role the productive or economic utility (provisioning ES) along with the importance of ecological balance for ecosystems (regulating ES). Recent studies have shown that the social demand for cultural ES is increasingly evident, especially in regions, such as urban areas, where economic activities and lifestyle are less connected with extractive activities and subsistence economies [65,66].



In comparison with socio-demographic characteristics, considerably less attention has been drawn to more structural characteristics, such as the institutional contexts that mediate the experiences of people with nature or the level of involvement in decision-making and public access [15,38]. In a study on the ES provided by urban gardens, [67] found that individually managed urban allotment gardens were more likely to provide a higher supply of provisioning ES (food), while in community gardens, where participants have higher capacity to influence and determine management, nature stewardship was related to higher levels of place identity and social cohesion. Homegardens are expanding their representation in cities with a capacity to connect quality of life and green spaces and are therefore starting to become a key element in urban policies [68]. Accessibility and management regimes are also determinant institutional settings with an influence on ES perception. In accordance with previous studies in Spain, we found that market-oriented and high-input farming in private properties were more related to provisioning ES [38], while cultural and regulating ES were more related to communal or open-access environments, such urban areas and water spaces. Spanish legislation prioritizes public access and the use of spaces such as grasslands, but in certain regions such as Andalusia and Extremadura, large rangeland properties tend to limit access to avoid public uses that interfere with hunting activities [38]. However, depending on the region, private areas also appear as important providers of a diverse range of ES. Particularly for the ES that are generated at the landscape level, cooperation among multiple land users and managers improves provision by shaping the landscape [69]. The results from the present research further support the need to safeguard such cooperative systems and common access and property systems that have been proven to sustain the provision of a diverse range of ES in Spain. In this regard, homegardens can be understood as spaces for food supply but also for participation and cooperation opportunities between actors that strengthen social-ecological stewardship [67]. Similarly, drove roads and the publicly owned Bilbao Metropolitan Greenbelt, as publicly protected land with priority for common access, constitute critical green infrastructures within a mosaic landscape of agroforestry and urban systems that are able to provide a diversity of ES [23,65].





5. Conclusions


Our study used eight place-based cases to analyze how residents perceived the supply and diversity of ES across ecosystem types in Spain. Previous research from international projects has evaluated ES provision/demand in similar ecosystems across different countries and large-scale regions, but to our knowledge, this is the first attempt employing a large sample of primary data to cover different ecosystem types in the same country. With this purpose, this research addresses one of the main challenges to integrating socio-cultural values into policy domains, i.e., measuring and expressing their relevance with easy-to-use tools and accounting units different from monetary metrics [70,71]. We propose an ESDI that assesses ecosystem multifunctionality by integrating both the number of ES socially recognized in each ecosystem type and their relative abundances. Its application in the case of ES perceived by Spanish residents in different ecosystems has shown the importance for human wellbeing of multifunctional landscapes, such as agroecosystems and mountain landscapes, as well as urban settings. Socio-demographic factors, such as place of origin (urban vs. rural) and educational level, as well as institutional factors, such as management and access regimes, have also proven to shape the perception of ES. These results should be useful for decision-making and land use planning aimed at improving human wellbeing while preserving ecosystem functioning not only at the state level but also at more local scales, such as in large urban municipalities.
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Appendix A. Description of the Study Sites


We worked at eight study sites that cover a wide swath of eight representative ecosystems in Spain as defined in the Spanish National Ecosystem Assessment [39], including agroecosystems, Mediterranean mountains, arid systems, two aquatic continental systems (wetlands and rivers), coastal ecosystems and two urban ecosystems (homegardens and a periurban green area).



We included the Cañada Real Conquense, the longest drove road in Spain still in use by transhumant herders who move their cattle and sheep on foot, as an agroecosystem in this study [40]. This region covers a summering area, which is located in the eastern forests of the Montes Universales (Teruel, Guadalajara and Cuenca provinces), a wintering area, which is located in southeastern Sierra Morena and the southern fields of La Mancha, and the drove road itself, which is a 75-m-wide (in most parts) corridor that crosses the central Iberian Plateau (Cuenca and Ciudad Real provinces) for ~410 km and is covered by agroforestry systems and croplands. For the present study, we included all municipalities located along the drove road, including 19 municipalities in the Teruel, Cuenca, Guadalajara and Jaén provinces, covering an area of 1554 km2.



The Mediterranean mountain ecosystems covered in our research are the Sierra Nevada mountains in the Almería and Granada provinces of southeastern Spain. Part of this area is protected because of its botanical interest and geological and geomorphological structures [42]. Traditional agriculture (i.e., olive and almond), and extensive livestock production activities have been historically relevant in the area; however, high-mountain farming has been gradually abandoned because of the rural exodus since the 1970s due to lack of farming industrialization and economic profitability and local population ageing, among other reasons. Its mountainous features and its conservation status have attracted interest for the aesthetic and recreational values of the area [52].



Arid ecosystems cover Almería Province (SE Spain). This region is considered the most arid region in continental Europe, with a predominantly Mediterranean warm and dry climate with average annual temperatures ranging between 12 and 15 °C and an average annual rainfall of less than 350 mm in most of the region [72]. Regarding socio-economic activities, the municipalities located on the coast are mainly associated with intensive agriculture and beach tourism. This area also holds one of the most important coastal protected areas in Spain: Cabo de Gata Natural Park [66].



The freshwater ecosystems covered in our research include the Doñana wetland and the Guadiamar River. The Doñana wetland is considered to stand among the most important wetland areas in Spain [43]. The site is located at the end of the Guadalquivir River basin (Seville, Cadiz and Huelva provinces) on the southwestern coast of Spain and holds protection status as a national park, biosphere reserve and Ramsar site, among other designations. Throughout the 20th century, the Doñana wetland has been subject to a prolonged processes of land use transformation through agricultural intensification [73]. As a protected area, Doñana serves a critical role in biodiversity conservation, particularly because it is embedded in a matrix of intensive land uses, with increasing conflict between biodiversity conservation and the expansion of agriculture, tourism and urbanization outside the borders of the protected area [41]. The area is also internationally recognized for the importance of its cultural and spiritual values [74]. The Guadiamar River green corridor connects the Sierra Morena Mountains and Doñana wetland following the Guadiamar River. It crosses extensive agricultural and rural lands. In 2003, it received protected status after a mining spill occurred in 1998, damaging its ecological value. The area has been subject to various restoration and conservation programs, which have increased its recreational and educational interest. Finally, the Da Morte coast, which means the “coast of death”, is part of the Atlantic rocky shore and is located in La Coruña Province in northwestern Spain. These coastal ecosystems are characterized by diverse geomorphological and vegetation formations that include European dry heaths, siliceous rock, fixed and mobile dunes (18% of the protected area are sandy beach-dune deposits) and the vegetated sea cliffs of the Atlantic and Baltic coasts. It covers 11 coastal municipalities mainly dedicated to fishing and shell fishing activities. This area has suffered several oil spills, including the Prestige oil spill in 2002, which was considered one of the main environmental catastrophes that occurred in Spain.



Regarding urban ecosystems, our research covered the green spaces of Bilbao and Madrid cities. The Bilbao Metropolitan Greenbelt is in the region of Bizkaia in Basque County, northern Spain. In this region, urban areas are situated in the valley along the estuary of the Nervión-Ibaizabal River, which is delimited by small mountains and by the coast to the north. The associated periurban ecosystems are called the “Bilbao Metropolitan Greenbelt” and cover almost 75% of the metropolitan area. These ecosystems include beaches, cliffs, rivers, meadows, scrublands, forests and plantations [65]. Finally, we studied the urban community gardens of Madrid. This area has orchards or gardens with areas between 100 and 1000 m2, providing mainly vegetables and ornamental plants. They are mostly located in previously abandoned plots that have been either occupied by grass root associations or leased by the local councils. Currently, most of them enjoy public municipal administrative support, which facilitates their access to water, fencing, etc. These homegardens are frequently self-built public spaces open to citizen participation through self-management practices that follow agroecological principles [75]. Our research covered 20 urban gardens of the so-called Madrid Community Urban Orchards Network (ReHd mad!), an initiative promoted by different groups involved in urban agriculture following agroecological practices in Madrid.
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Table A1. Redundancy analysis scores for the first three factors obtained for ES and two dependent variables and biophysical characteristics (land use covers: LUC), sociodemographic characteristics and institutional context (based on governance and management models) as explanatory variables.






Table A1. Redundancy analysis scores for the first three factors obtained for ES and two dependent variables and biophysical characteristics (land use covers: LUC), sociodemographic characteristics and institutional context (based on governance and management models) as explanatory variables.





	
Variable Type

	
Variable

	
F1

	
F2

	
F3






	
Provisioning ES

	
Food from agriculture

	
−0.063

	
0.814

	
0.085




	
Food from livestock

	
−0.294

	
0.446

	
−0.122




	
Fishing and shell fishing

	
−0.236

	
−0.170

	
0.813




	
Forest harvesting

	
−0.106

	
0.210

	
−0.065




	
Freshwater

	
−0.123

	
0.300

	
−0.087




	
Clean energy

	
−0.037

	
0.074

	
0.013




	
Timber

	
−0.108

	
0.300

	
−0.056




	
Regulating ES

	
Climate regulation

	
−0.070

	
0.032

	
−0.016




	
Habitat for species

	
−0.077

	
0.026

	
−0.043




	
Air quality

	
0.304

	
−0.142

	
−0.270




	
Water regulation

	
0.011

	
0.050

	
−0.004




	
Erosion control

	
−0.029

	
0.068

	
−0.019




	
Natural hazards prevention

	
−0.036

	
0.065

	
−0.013




	
Cultural ES

	
Existence values

	
0.048

	
0.116

	
0.021




	
Tranquillity and relaxation

	
0.634

	
−0.174

	
−0.080




	
Environmental education

	
1.010

	
0.362

	
0.261




	
Recreational hunting

	
−0.081

	
0.022

	
−0.008




	
Recreational activities

	
0.883

	
−0.099

	
−0.085




	
Aesthetic enjoyment

	
0.248

	
0.101

	
0.161




	
Local identity

	
0.596

	
0.153

	
0.060




	
LUC (in Ln)

	
Agricultural lands

	
−0.190

	
0.100

	
−0.180




	
Forest

	
0.019

	
0.030

	
0.080




	
Open lands

	
−0.271

	
−0.035

	
0.191




	
Scrublands

	
−0.166

	
0.085

	
−0.100




	
Urban

	
0.429

	
−0.224

	
−0.010




	
Water

	
−0.089

	
−0.273

	
0.090




	
Governance

	
National park

	
−0.150

	
0.185

	
−0.120




	
Other protected area

	
−0.385

	
0.075

	
0.169




	
Community-based

	
0.097

	
0.314

	
0.240




	
Private property

	
−0.246

	
0.256

	
−0.263




	
Management

	
Market oriented

	
−0.302

	
0.178

	
0.148




	
Labor oriented

	
0.178

	
0.101

	
0.122




	
Inputs

	
−0.190

	
0.051

	
0.169




	
Socio-demographic

	
Age: 34

	
0.013

	
−0.113

	
0.039




	
Age: 35-49

	
0.008

	
0.057

	
−0.006




	
Age: 50-64

	
−0.002

	
0.063

	
−0.035




	
Age >65

	
−0.034

	
0.003

	
−0.005




	
Gender: Men

	
0.102

	
0.001

	
−0.013




	
Studies-none

	
−0.132

	
−0.002

	
0.082




	
Studies-primary

	
−0.166

	
0.032

	
−0.015




	
Studies-secondary

	
−0.042

	
−0.026

	
−0.011




	
Studies-university

	
0.241

	
−0.002

	
−0.008




	
Rural origin

	
−0.215

	
0.181

	
0.021




	
Semi-urban origin

	
−0.182

	
−0.106

	
0.030




	
Urban origin

	
0.407

	
−0.063

	
−0.053




	
Eigenvalue

	
0.081

	
0.038

	
0.024




	
Constrained inertia (%)

	
45.991

	
21.641

	
13.958




	
Cumulative %

	
45.991

	
67.632

	
81.589
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Figure 1. Location of the eight study sites across ecosystem types in Spain. 
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Figure 2. Social importance of ecosystem services (ES) categories (in % of respondents) in each ecosystem type: (a) provisioning, (b) regulating, (c) cultural. Differences in perceived importance among ecosystem types were identified by letters representing significantly different groups as identified by the Dunn test at p-value < 0.05. 
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Figure 3. Scatter plot representing the social importance of ecosystem services (ES) (mean number of ES recognized per person) and the ES diversity index (ESDI) per ecosystem type. The bubble size indicates the percentage (%) of respondents who named at least one example of ES. 
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Figure 4. Redundancy analysis (RDA) biplot showing the relationships between social perceptions towards ecosystem services (ES) and variables related to biophysical, socio-demographic and institutional factors. 
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Table 1. Main characteristics of sites and data sampling characteristics in each case study. The total area is expressed in km2. Population density (pop density) is expressed in inhabitants/km. N° of Muni: N° of municipalities.
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Characteristics of the Case Study

	
Data Sampling Characteristics




	
Site

	
Total area

	
Main Ecosystems

	
Land Use Covers

	
Level of Protection

	
N° of Muni

	
Pop Density

	
Sampling Points

	
Date

	
Sample Size (N)






	
Bilbao Metropolitan Greenbelt

	
408

	
Urban

Forests

	
33% urban

24% agriculture

19% scrublands

18% forest

	
None

	
29

	
2281.85

	
23

	
May 2009/July 2010

	
409




	
Da Morte coast

	
1606

	
Coastal

Agroecosystems

	
33% forest

28% scrublands

16% agriculture

14% open lands

6% urban

	
None

	
17

	
111.68

	
7

	
Sep 2008

	
212




	
Conquense Drove Road

	
15297

	
Agroecosystems

	
53% agriculture

27% scrublands

14% forest

	
There are 5 natural parks along its extent

	
19

	
47.32

	
39

	
Sep 2009/March 2010

	
112




	
Doñana wetland

	
3713

	
Wetlands

Coastal

Rivers and streams Forests

	
47% agriculture

17% forest

17% scrublands

9% water

7% urban

	
National park-1969

Natural park-1980

	
16

	
78.81

	
20

	
Oct 2007/March 2009

	
772




	
Guadiamar River green corridor

	
2060

	
Rivers and streams Agroecosystems

	
63% agriculture

16% urban

10% scrublands

5% forests

5% water

	
Protected landscape-2003

	
15

	
85.69

	
10

	
Oct 2008/March 2009

	
211




	
Sierra Nevada Mediterranean mountains

	
3655

	
Mountains

Forests

Drylands

	
36% scrublands

34% agriculture

19% forest

	
Natural Park-1989

National Park-1999

	
73

	
230.44

	
59

	
May 2009/July 2011

	
657




	
Urban homegardens

	
604

	
Urban

	
56% urban

23% agriculture

11% scrublands

9% forest

	
None

	
12 1

	
5337

	
20

	
Dec 2012/May 2013

	
158




	
Semiarid Spain

	
12130

	
Drylands

	
40% agriculture

32% scrublands

18% urban

6% open lands

	
Cabo de Gata Natural park-1988

	
160

	
379.18

	
26

	
Feb to April 2012

	
304








1 The Madrid municipality was subdivided into 12 districts.
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Table 2. Main ecosystem services (ES) elicited in each study site (we have included those mentioned as important by at least 10% of the respondents in a particular ecosystem type; figures (in %) are presented in parentheses).
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	Ecosystem Type
	Provisioning
	Regulating
	Cultural





	Conquense Drove Road
	Food from agriculture (31.0)

Livestock (29.6)

Timber (14.1)
	Air quality (16.9)

Habitat for species (15.5)

Natural hazards prevention (11.3)
	Recreational activities (17.6)

Aesthetic enjoyment (11.3)

Tranquillity and relaxation (11.3)



	Sierra Nevada Mediterranean mountain
	Food from agriculture (41.5)

Food from livestock (25.1)

Freshwater (20.0)

Timber (17.4)

Forest harvesting (11.7)
	Air quality (16.5)
	Recreational activities (32.9)

Tranquillity and relaxation (15.0)

Aesthetic enjoyment (11.7)



	Semiarid Spain
	Food from agriculture (23.4)
	Climate regulation (15.1)
	Recreational activities (27.3)

Aesthetic enjoyment (13.2)



	Doñana wetland
	Traditional agriculture (13.5)

Fishing and shell fishing (10.4)
	Habitat for species (16.7)

Air quality (11.5)
	Recreational activities (27.1)

Aesthetic enjoyment (12.5)



	Guadiamar River green corridor
	Food from agriculture (12.8)
	Habitat for species (10.0)
	Recreational activities (32.7)

Aesthetic enjoyment (19.0)



	Bilbao Metropolitan Greenbelt
	Food from agriculture (16.1)
	Air quality (31.5)
	Recreational activities (25.4)

Aesthetic enjoyment (18.1)

Tranquillity and relaxation (11.9)



	Da Morte coast
	Fishing and shell fishing (56.5)
	-
	Recreational activities (47.7)

Tranquillity and relaxation (33.7)



	Urban homegardens
	Food from agriculture (36.7)
	Air quality (22.2)
	Environmental education (81.6)

Recreational activities (72.2)

Local identity (46.2)

Tranquillity and relaxation (36.7)

Aesthetic enjoyment (31.0)
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