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ARTICLE INFO ABSTRACT
Keywords: Protected Areas contribute to the conservation of nature with associated cultural ecosystem services (CES) and
Nature’s contribution to people values, such as recreational and educational opportunities, wildlife observation, scenic beauty, inspiration and
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sense of belonging. Informed management of Protected Areas needs to consider the distinct use and preferences
for CES of different types of visitors to increase opportunities for nature experience while avoiding conflicts with
biodiversity conservation. Therefore, it is important to understand the linkages between visitor characteristics

Stakeholders and their demand for specific sets of CES, particularly in fragile mountain ecosystems. Here we do so by
Survey combining information from individual on-site surveys and participatory mapping of visitors in four European
CES use mountain Protected Areas. We analysed visitors’ frequency of use of eight CES and their socio-demographic

information, identifying three clusters of visitors. We also assessed the spatial distribution of CES locations
used by each visitor cluster. Our results highlight strong differences between clusters both in the most frequently
experienced CES and in the spatial location where those CES were experienced. We suggest that a better un-
derstanding of visitors regarding the way they experience nature is relevant for the environmental management
of mountain Protected Areas and their surroundings.
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1. Introduction

Protected areas (PA) such as National Parks and Biosphere Reserves
aim to conserve biodiversity and ecosystem services, while supporting
human-nature interactions and cultural values (IUCN 2008). Indeed, PA,
particularly in mountain ecosystems, are highly appreciated by their
inhabitants and visitors for the opportunities to experience cultural
ecosystem services (CES) (Lavorel et al., 2020; Ndayizeye et al., 2020;
Schirpke et al., 2020; Llopis et al., 2021). CES represent the immaterial
benefits people obtain from their mental and/or physical interactions
with nature (Millennium Ecosystem Assessment 2005), such as oppor-
tunities for spiritual, scientific, educational, recreational and aesthetic
experiences. The demand for CES can represent a strong motivation to
visit mountain PA (Chan et al., 2012). For example, hiking, observing
wildlife, and experiencing pristine mountain scenery were indicated as
the main motivations for visiting the Swiss National Park in visitor
surveys (Backhaus and Rupf 2014). Observing landscape and nature,
fauna and flora, and recreation and sports were also the most common
CES mentioned in Peneda-Gerés National Park according to Vaz et al.
(2022); the main drivers of these top CES were landscape visual-sensory
attributes, namely the amount and diversity of landscape colours.
Hence, the actual enjoyment of CES depends on management regula-
tions, such as accessibility to PA and allowed interactions and activities
(Schirpke et al., 2020; Crouzat et al., 2022). A high demand for CES use,
in these important PA for conservation, may put pressure on ecosystems,
species and habitats, justifying the implementation of such management
regulations. Therefore, identifying the use of CES by different visitors
can help managers to support the interests and activities of multiple
users within and around mountain PA (Ament et al., 2017).

Despite the importance of CES to PA management, CES are under-
appraised and their contributions to wellbeing remain poorly captured
(Horcea-Milcu et al., 2016; Nowak-Olejnik et al., 2022), especially the
mental wellbeing benefits (Hirons et al., 2016; Bratman et al., 2019;
Hussain et al., 2019). One of the reasons for this under-appraisal is that
CES experiences can vary greatly across groups of people with distinct
motivations, perceptions and interests. Another challenge to assess CES
is their “intangible” character (Horcea-Milcu et al., 2016), requiring
interdisciplinary approaches and often relying on resource-consuming
methods to capture human perceptions, such as questionnaire-based
surveys or participatory mapping (Bryce et al., 2016; Schirpke et al.,
2016; van Riper et al., 2017). Surveys can be used to assess the fre-
quency of CES experiences, or their relative importance by different
people (Torralba et al., 2020), while participatory mapping allows
identifying the areas where key CES are experienced (Plieninger et al.,
2013). Locating where CES are mostly experienced, and where different
visitors may show conflicting uses of CES is particularly relevant for
mountain PA, as these areas are already under numerous socio-
ecological pressures, and require long times for recovery (Schirpke
et al., 2020).

To date, most research aiming to map mountain CES has been con-
ducted using Earth observation data, which locate nature-based attri-
butes underlying CES opportunities (Gret-Regamey & Weibel 2020; Vaz
et al., 2020, Vaz et al., 2022). Fewer studies, however, have taken
participatory approaches to map mountain CES and assess their use
across a range of visitors (but see Bogdan et al., 2019; Crouzat et al.,
2022). Still, only rarely are the former studies applied to mountain PA,
despite the importance of this information for the sustainable manage-
ment of these fragile areas (Schirpke et al., 2021). Hence, a standardized
approach is needed to understand the linkages between groups of visi-
tors and sets of CES across distinct mountain PA, in order to upscale
learning for PA managers, and better inform the management of PA.

In this paper, we assess and map CES experiences across four Euro-
pean mountain PA and characterize different groups of visitors accord-
ing to their frequency of CES experiences. We combine information from
individual on-site surveys and participatory mapping to assess the match
between frequency of different CES experiences by visitors, socio-
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demographic information and locations of CES experiences in the PA
and surrounding environment. In previous studies, CES demand is often
assessed by asking participants whether they liked or disliked recreation
and aesthetic CES (Hegetschweiler et al.,, 2017). Often spiritual,
educational, scientific, and cultural heritage as identity CES are not
examined (Hegetschweiler et al., 2017). Here, we move beyond asking
for preferences to assess frequency of use (or demand for) a variety of
CES. We aim to answer the following questions: (1) Which CES are
mostly experienced by visitors across four European mountain PA? (2)
What are the most relevant socio-demographic factors driving the use of
such CES? and (3) Where do groups of PA visitors most frequently
experience CES? Our results allow us to generalize our findings and
provide relevant information for the management of mountain PA to
balance conservation interests with the wellbeing opportunities for a
range of users. In doing so, our work covers a double knowledge gap.
Firstly, it understands the connections between groups of visitors and
sets of CES in mountain PA. Secondly, it serves as a standardized method
to enhance learning for, and provide guidance to, PA management.

2. Methods
2.1. Study sites

Our study focused on four mountain Protected Areas (PA) located in
different continental Europe countries (Fig. 1): Austria (Nationalpark
Kalkalpen/Kalkalpen National Park, KNP), Switzerland (Parc Naziunal
Svizzer/Swiss National Park and UNESCO Biosphere Reserve Engiadina
Val Miistair, SNP), Portugal (Parque Nacional da Peneda-Gerés/Peneda-
Geres National Park, PNP) and Germany (Nationalpark Bayerischer
Wald/Bavarian Forest National Park, BNP). We chose mountainous PA
across Europe within the Ecopotential consortium project (www.ecopo
tential-project.eu/). The four PA were selected according to the
following criteria: along an East-West gradient in Europe, but within
more or less similar climate zones; vary in altitude from highly alpine
(SNP / KNP) to midrange low mountains in PNP and BNP; and cover a
range of PA management regulation from strictly protected sites (SNP
with clear access restriction) to less stringent protected sites (PNP).

All case studies are characterized by a complex topography,
remoteness, a combination of wild and cultural landscapes and a variety
of protection levels (e.g., from strictly protected areas where entrance is
not allowed to transition zones where traditional agro-silvopastoral
activities take place in some of the locations, see Sup. Box 1 for de-
tails). See Sup. Table 1 for the characterization of land cover types and
Sup. Fig. 1 for individual maps of the four study areas.

2.2. Data collection

2.2.1. Questionnaire

We designed a 2-page questionnaire to investigate the type of in-
teractions and perceptions that different visitors hold on the landscapes
in and around each PA. Specifically, we asked visitors to assess their
frequency of experiences for eight CES commonly assessed in mountain
areas in general, and some of these PA in particular (Backhaus and Rupf,
2014; Vaz et al., 2022) among those identified by the Millennium
Ecosystem Assessment (MEA 2005), IPBES (Diaz et al., 2018) and PA
managers (Crouzat et al., 2022): (1) Scenic beauty, (2) Recreation, (3)
Identity and belonging, (4) Wildlife observation, (5) Research and ed-
ucation, (6) Inspiration and spiritual experience, (7) Wild plant and
mushroom picking, and (8) Hunting and fishing. Each item was assessed
on a 5-point Likert scale to assess frequency of CES experience, ranging
from O (never) to 4 (a great deal); higher scores indicate greater fre-
quency of experience for each assessed CES. This is a common response
scale used in questionnaires to assess frequency (Vagias 2006). The
questionnaire was accompanied by a guide with definitions and pictures
of each CES and was available in seven languages (English, German,
Spanish, French, Italian, Portuguese and Czech) to ensure a common
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understanding by all respondents (Sup. Mat. Questionnaire Introduction
and Guide).

We also collected additional data that might influence CES experi-
ences (i.e., CES drivers), such as socio-demographic information (four
explanatory variables, namely: age, gender, duration of the visit and the
presence of others in the visit) and their perception of the area (three
explanatory variables, namely: familiarity with the place, perceived
difficulty in getting self-oriented and degree of perceived naturalness of
the area). Age was a numerical continuous variable; gender was a cat-
egorical variable (Male, Female, Others/Prefer not to say); duration of
visit was a categorical variable (1-2 h, 2-4 h, all day, up to 3 days, up to
1 week, more than 1 week, I live in the Park or the surroundings, Prefer
not to say); accompaniment (i.e. presence of others in the visit, White
et al., 2013) was a categorical variable (alone, with other adults only,
with adults and children, with children only); familiarity with the place
(Williams & Vaske 2003) was assessed with a single item, 5-point Likert
scale ranging from not at all familiar (1) to extremely familiar (5); easy
orientation (i.e. perceived difficulty orientating around the park, Herzog
& Leverich, 2003; Herzog & Kropscott 2004) was assessed through a
single item, 5-point Likert scale 1 = very difficult, 5 = very easy); arti-
ficial place (i.e. perceived naturalness, was assessed with a single item,
6-point semantic differential scale (1 = natural, 6 = artificial), Marselle
et al.,, 2016). The questionnaire was pretested with volunteering re-
spondents outside the study areas prior to their administration in the PA
and adapted accordingly to improve its understanding. Questionnaire
administration in Austria, Switzerland and Portugal took place in the
summer of 2018, while in Germany it was carried out in summer 2019.

2.2.2. Participatory mapping

Following the questionnaire, respondents were asked to map the
locations where they most enjoyed the eight different CES assessed.
Respondents placed up to 10 sticky dots on a printed A3-size map,
assigning each dot to a CES, with the option to assign one CES multiple
times and exclude others. The instructions to this exercise were handed
out on paper to the participants in seven languages (see Sup. Mat.
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Questionnaire Introduction and Guide). However, assistance was pro-
vided to participants who had difficulty reading and orienting them-
selves on the maps. The printed map depicted the PA with a buffer zone
of 10 km around each PA to better incorporate visitors’ experiences, as
we do not expect visitors to be familiar with the exact location of the PA
perimeter (Crouzat et al., 2022). This approach resulted in maps
covering areas from 1367 km? (scale 1:70.000) in KNP to 2832 km? in
PNP (scale 1:115.000) (Sup. Table 1). We used topographic maps as base
map (i.e. Carto-AT map in KNP (1:70 000) and OpenStreetMap for PNP
(1:115 000), SNP (1:110 000) and BNP (1:100 000)).

2.2.3. Participants and procedure

All respondents were adults (older than 18 years), who were fully
informed about the study, and gave their consent to participate volun-
tarily and without compensation. They were approached in public
spaces within or at the entrance of each PA (e.g., parking lots, visitor
centres, viewpoints) in several locations, to cover different entry points,
activities and types of visitors. We followed a convenience sampling
approach, which is a form of non-probability sampling approach
commonly used in CES studies (e.g. Hegetschweiler et al., 2017; Subiza-
Pérez et al., 2020). Respondents completed the questionnaire and map
on their own (or with assistance, if required). Completing the ques-
tionnaire and map took approximately 15 min. A total number of 996
respondents answered the questionnaire, from which 810 also took part
in the participatory mapping (Sup. Table 2).

2.3. Data analyses

2.3.1. CES experiences

We represented the frequency of experiences of each CES and
explanatory variable using the R likert package (version 1.3.5) (Bryer &
Speerschneider 2016) in R (R Core Team 2020). To identify the main
variables explaining the frequency of experiences for each CES across all
PA, we conducted linear mixed-effects models (Imm) using the R
package nlme (version 3.1.153) (Pinheiro et al., 2019). All seven
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Fig. 1. Location of the four mountain Protected Areas included in this study: Parque Nacional da Peneda-Gerés/Peneda-Geres National Park (PNP) in Portugal, Parc
Naziunal Svizzer/Swiss National Park and UNESCO Biosphere Reserve Engiadina Val Miistair (SNP) in Switzerland, Nationalpark Kalkalpen/Kalkalpen National Park
(KNP) in Austria and Nationalpark Bayerischer Wald/Bavarian Forest National Park (BNP) in Germany.
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explanatory variables (i.e., four socio-demographic variables and three
area perception variables) were used as fixed effects, with the identity of
the PA as random effect. In addition, responses with missing data were
removed for each CES model. To avoid collinearity among the explan-
atory variables in the models, we checked that the variance inflation
factors (VIF) was below three, as recommended (Zuur 2009). We used
the emmeans R package (version 1.6.0) (Lenth 2021) to detect significant
differences within categorical explanatory variables (i.e., gender,
duration of the visit and accompaniment) in the models.

2.3.2. Clusters of visitors

We identified clusters of visitors across all PA together using a hi-
erarchical clustering approach in R (Legendre & Legendre 2012) based
on the frequency of experiences of the eight CES assessed. We selected
the “complete” method option of the hclust function for clustering,
together with the dist function to compute the distance matrix based on
the Euclidean distance, to obtain highly compact clusters based on the
furthers neighbour pairs of data (Adams 2018). We found that three
clusters allowed us to maximize cluster differences while keeping a more
balanced distribution of cluster sizes. We explored differences among
clusters of visitors for each of the four numerical explanatory variables
(i.e., age, familiarity with the place, perceived difficulty in orientating
around the park — “easy orientation”, and perceived naturalness
—“artificial place”-,) using lmm, with PA identity as random effect. For
the three categorical explanatory variables (i.e., gender, duration of the

Table 1
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visit, and accompaniment), differences among clusters of participants
were explored using the Fischer’s exact test, which is appropriate when
expected counts are below five (McDonald 2014).

2.3.3. Participatory mapping of CES

We digitalized the location of the CES mapped by each participant
using ArcGIS 10.3 (ESRI 2015). A total number of 4866 points were
mapped (namely, 1073, 826, 526 and 2439 in SNP, KNP, PNP and BNP,
respectively) (Sup. Table 2).

CES locations were assigned to the visitor cluster to which the
respondent who placed them belonged. We then analysed the similarity
between the spatial distribution of the CES location of each visitor
cluster over the four PA. To do that, we used the spatial point pattern test
(sppt) from the R sppt package (Steenbeek et al., 2017), which allowed
us to statistically compare the similarity of the point patterns between
each pair of clusters taking into account random, uniform or cluster
distributions (Andresen 2016). The sppt measures the global S-Index
indicating the overall similarity between the spatial point patterns from
two clusters, ranging from 0 (no similarity) to 1 (perfect similarity).

In addition, we measured the Kernel density of CES locations, in
number of dots per square kilometre. For that, we plot the Kernel density
surface of each cluster with a pixel size of 100 m x 100 m. We
normalized each Kernel surface from 0 to 1, where 1 indicates the
highest density of CES locations for each cluster separately. In order to
identify differences in the density of the location between clusters, we

Predictors of cultural ecosystem services (CES) experiences across four Protected Areas. Only significant effects are reported, with asterisks (*) indicating significance
levels: ***p < 0.001; **p < 0.01; *p < 0.05. (See further model details in Sup. Table 3).

Predictors
CES (Intercept)  Familiar Artificial Easy Age Duration of the Gender  Accompaniment
place place orientation visit
Recreation F- 219.493 24.802 5.546 10.283 10.808 3.352 5,421
value
p- 0.000 0.000 0.019 0.001 0.000 0.035 0,001
value
Sign sk ek % o sk % .
Scenic beauty F- 4302.139 16.342 16.661 9.486 8.892 14.433
value
p- 0.000 0.000 0.000 0.002 0.000 0.000
value
Sign Fekk ek ek k¥ ek ek
Wildlife observation F- 594.401 46.137 6.557 10.506 3.630 9.070
value
p- 0.000 0.000 0.011 0.001 0.001 0.000
value
Sign ok o . . e
Research and education F- 1207.435 71.990 10.561  3.856
value
p- 0.000 0.000 0.001 0.001
value
Sign Fedkk ek *¥k ek
Inspiration and spiritual F- 189.494 26.191 4.092 3,984
experience value
p- 0.000 0.000 0.017 0,008
value
Sign ek o .
Identity and belonging F- 534.942 165.058 5.939 4.319 3.286 3.490
value
p- 0.000 0.000 0.015 0.038 0.003 0.031
value
Slgl‘l Fekk ek * * ek *
Wild plant and mushroom F- 140.292 71.039 20.275
picking value
p- 0.000 0.000 0.000
value
Sign sk ek sk
Hunting and fishing F- 7.755 4.886 3.784
value
p- 0.005 0.027 0.001
value
* k%

Sign i
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calculated the difference between each pair of clusters using ArcGIS 10.3
(ESRI 2015) raster calculator with 2 standard deviations. Values range
from —1 to 1, where the lowest values indicate high density in one of the
clusters and low density in the second one; highest values indicate high
density in the second cluster and low density in the first one; interme-
diate values indicate locations shared between the two clusters. Loca-
tions not belonging to any of the clusters were not represented to
facilitate interpretation.

2.3.4. Travel distance of PA’s visitors

To assess the effect of travel distance on the distribution of the visitor
clusters, we first calculated the distance from the centre of each PA to
the centre of each postal code given in the surveys (i.e. respondents’
living place) using MMQGIS from QGIS (QGIS Development Team
2021). Because a few cases had a much larger value of travel distance in
relation to other cases, we used the square root transformation following
Zuur (2009). Then, we modelled travel distance as a function of clusters
using Imm in R, with PA identity as a random effect. We also used the
emmeans R package (Lenth 2021) to detect significant differences in the
travel distance within the clusters in the model.

3. Results
3.1. CES experiences

Across all four PA, we found that scenic beauty was the CES most
frequently experienced by visitors, followed by recreation, identity and
belonging, wildlife observation and research and education, in this order
(Fig. 2). The least experienced CES were hunting and fishing, wild plant
and mushroom picking, and inspiration and spiritual experience.
Consistent results were observed in each PA separately (Sup. Fig. 2).

3.2. Visitors of mountain PA

The average age of the respondents was 48 years (Fig. 3a). Visitors
were generally accompanied by other adults; in most cases the visit
lasted a few days or more and we detected equal presence in PA across
genders (Fig. 3b). Most people considered the PA familiar places, that
were not artificial and where they could easily orient themselves
(Fig. 3b).

3.3. Drivers of CES experiences

Across the four PA investigated, familiarity was the best predictor for
all CES (except for hunting and fishing), meaning that higher frequency

Scenic beauty

Recreation

Identity and belonging

Wildlife observation

Research and education
Inspiration and spiritual experience
Wild plant and mushroom picking

Hunting and fishing
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of CES experiences was associated to respondents that considered the
place as familiar (Table 1). Easy orientation was also an important pre-
dictor for the frequency of recreation, scenic beauty, wildlife observa-
tion and identity and belonging experiences, suggesting that the signage
and other things that make it easy for visitors to orientate themselves in
the PA increases the opportunity to experience these types of CES.
Perceiving the PA as artificial was negatively associated with frequency
of recreation, scenic beauty and identity and belonging experiences,
indicating that PA that are perceived as more natural increase the op-
portunity to experience these types of CES. Older age had a positive
effect on wildlife observation and research and education.

Female participants experienced all CES more frequently than male
participants. Adults visiting the PA alone experienced the CES recreation
and scenic beauty more frequently than those accompanied by other
adults and children. In terms of duration of the visit, we found that
visitors that identified as locals showed a higher frequency of CES ex-
periences and reported a larger number of different CES experiences.
Visits shorter than one day had a negative effect on the frequency of
recreation, scenic beauty, wildlife observation and research and edu-
cation experiences. Longer visits had a positive effect on the frequency
of wild plant and mushroom picking, identity and belonging, and
hunting and fishing (Sup. Table 3).

3.4. Clusters of PA visitors

The cluster analyses revealed three main groups of visitors (Fig. 4).
The first group (red outline on the boxplot) exhibited a medium-high
frequency of experiences of most CES. The red cluster showed the
highest frequency of experiences for scenic beauty, and recreation, and
almost no experience for wild plant and mushroom picking and hunting
and fishing. The second group (Fig. 4, green outline) showed a
comparatively lower frequency of experiences of most CES; again, the
most experienced CES in the green cluster was scenic beauty, while wild
plant and mushroom picking and hunting and fishing were rarely
experienced). The third group (Fig. 4, blue outline) presented the
highest frequency of experiences across all CES, especially scenic
beauty, but also wildlife observation, education and research, and
identity and belonging, wild plant and mushroom picking and hunting
and fishing.

Based on the analysis of socio-demographic and area perception
variables per cluster (Fig. 5), we describe each of the three clusters of
visitors. Cluster 1 (Fig. 5, red outline) is characterized by long-term visits
(one week or more), and visitors that recognize the place as familiar and
easy to orientate (hereafter, named the “long-stay visitors” cluster).
Cluster 2 (Fig. 5, green) is characterized by visitors spending a few hours

Response
0 (Never)
1 (Rarely)
2 (Occasionally)
3 (Moderately)
4 (A great deal)

50 75 100

Percentage

Fig. 2. Frequency of experiences of cultural ecosystem services by visitors across four mountain protected areas. The x-axis represents the percentage of responses to

a Likert scale ranging from O (Never) to 4 (A great deal).
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a)
25 50 75 100
Age
b)
Duration of the visit 1-2h 2-3 days Local
2-4h 1 week
1 day > 1 week
Gender
Diverse Female Male
Accompaniment Alone [7] Adults & kids
Adults Kids
Familiar place 1 (Not at all) 4}Moderate| )
2 (Slightly) 5 (Extremely’
3 (Somewhat)
Artificial place ; (Natural) g
3 6 (Avrtificial)
Easy orientation 1 (Very difficult) 4 %Easy)
2 Difﬂcult? 5 (Very easy)
3 (Neutral
0 25 50 75 100
Percentage

Fig. 3. a) age, b) socio-demographic characteristics and perception of the Protected Areas (PA) by visitors. See Sup. Fig. 3 for PA level results.

on the PA and finding it more difficult to orientate themselves in the PA
(hereafter, named the “short time visitors” cluster). Cluster 3 (Fig. 5,
blue) is characterized by visitors mostly identifying themselves as locals,
often accompanied by other adults and kids (i.e., a familiar group) and
that recognize the PA as a familiar place (hereafter, named the “regular
visitors” cluster). We also analysed cluster results for each PA individ-
ually and found consistent results (Sup. Fig. 4, Sup. Fig. 5).

In addition, we considered the effect of travel distance in the dis-
tribution of the clusters and found significant differences among the
three clusters based on their postal codes, with the “regular visitors”
(cluster 3) having a shorter travel distance to the PA, and the “short time
visitors” (cluster 2) having a longer travel distance than the other
clusters (Sup. Fig. 6; see further details including model significance
levels in Sup. Tables 4-6). At the individual CES level, we could clearly
differentiate between CES that decrease their frequency of experiences
with increasing visitors travel distance (namely, wild plant and mush-
room picking, hunting and fishing, identity and belonging, recreation,
education), and CES for which travel distance seems to not affect their
frequency of experiences (namely, scenic beauty, wildlife observation,
inspiration) (Sup. Fig. 7).

3.5. Distribution of CES location by clusters of visitors

Our results revealed strong differences in the distribution of CES

locations across clusters of visitors. The global S-Index values were
0 (clusters 1 vs 2, and clusters 2 vs 3) or 0.5 (clusters 1 vs 3), indicating
low similarity in the spatial pattern of CES locations between clusters in
these pairwise comparisons (Sup. Fig. 8). The main differences in CES
locations were observed between the “short time visitors” (cluster 2,
green) and the other two clusters of visitors. The hotspots areas for CES
experiences are located close to key natural (e.g. waterfalls, viewpoints)
or cultural (e.g. sanctuary) features of the sites, and along most popular
hiking trails (Sup. Fig. 1). In general, “long-stay visitors” (cluster 1, red)
explored more areas within and in the surroundings of the PA, while
“short time visitors” (cluster 2, green) concentrated their visits to a few
points, and “regular visitors” (cluster 3, blue), reached more remote
places (Fig. 6).

4. Discussion
4.1. Variation in CES experiences according to visitors’ profiles

Our study shows that scenic beauty, recreation and identity are the
most frequently experienced CES across the targeted European moun-
tain PA. This finding supports the selection of CES commonly made by
studies using modelling or Earth observation data, which usually assess
scenic beauty and recreation (Schirpke et al., 2016; Gret-Regamey &
Weibel 2020); while recreation is also the main focus of economic
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values are indicated. See Sup. Fig. 4 for PA level results.

valuation of CES (van Berkel & Verburg 2014; Schirpke et al., 2018;
Vallecillo et al., 2019). Aesthetic values are often the most frequently
reported CES in participatory approaches in other contexts as well,
including a mountain state park in Brazil (Ribeiro & Ribeiro 2016), a
mosaic landscape in Germany (Plieninger et al., 2013), and marine areas
(Ocelli Pinheiro et al., 2021). However, our study reveals that identity is
another critical CES for PA visitors that is commonly overlooked by
those other approaches, highlighting the importance of investing in
detailed field-based methods such as participatory approaches for socio-
cultural assessments of ecosystem services (Scaini et al., 2022).

Our analyses were able to distinguish among three main clusters of
PA visitors, showing consistent results across PA despite the diversity of
contexts covered. Our characterization of the visitor clusters as long-
stay, short time and regular visitors, based on socio-demographic vari-
ables and information on CES experiences, found patterns in the
behavior of PA visitors similar to other studies. For example, based on
their touristic behavior, Schirpke et al. (2018) distinguished between
the regional excursionist, the local recreationist, and the sportive tourist,
while Ndayizeye et al. (2020) found differences in CES identified by
farmers and hunter-gatherers entering a forested PA. However, still
fewer studies have explored the differences between a larger range of
CES beneficiaries, i.e. including local people as visitors of mountain PA.
Instead, most studies compare CES experiences of local people and
tourists, distinguishing between only these two type of visitors (e.g.
Plieninger et al., 2013; Ament et al., 2017; Ocelli Pinheiro et al., 2021).
These studies suggest that tourists prefer recreational and aesthetic ex-
periences, while the feeling of identity and social relations are most
important for local people. These findings partially align with our travel
distance’s results (Sup. Fig. 6), which suggest that the frequency of

experiences for identity and sense of belonging and recreation decrease
with visitors’ travel distance, but that scenic beauty is experienced by all
visitors independently from their living place. In any case, all these
studies highlight the importance of considering the variation of CES
experiences among individuals and of taking CES experiences by
different types of visitors into account in planning and decision-making.

In line with other studies (Plieninger et al., 2013), we found that
familiarity with the PA best explained the frequency of CES experiences
(Table 1), which could be related to the duration of the stay, another
important predictor of CES experiences by mountain PA visitors
(Table 1). For example, Fig. 5 shows long-stay visitors (Cluster 1, red)
and regular visitors (Cluster 3, blue) being more familiar than short time
visitors (Cluster 2, green) and these clusters of visitors also engaged in
more CES experiences (Fig. 4). This suggests that familiarity with the
place and duration of visit both enable greater opportunities to experi-
ence a wider variety of CES. Similarly, some studies indicate that PA
relatively close to urban areas are more visited by people who prime
such familiarity with the surroundings (Martinez-Harms et al., 2018).
On the other hand, other studies show that visitors prefer remote and
unknown areas to experience contact with nature, which can be related
to people’s preferences to visit areas that are less crowded or used by
others, or reflect people’s desire for exploration, as we observed in SNP
for the regular visitors (Fig. 6).

Interestingly, our results reveal the relationship between familiarity
and the CES of identity and belonging (Table 1), which indicates the
feeling of connectedness to a place. Although previous literature shows
that familiarity is positively related to place attachment (i.e., our
emotional bonds to a place; Tveit et al., 2018), this has not yet been
analysed for CES experiences. We argue that identity, belonging and
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sense of place should be investigated more as CES experiences in PA.
This is especially important with the growing interest in relational
values — the meaningfulness of people-nature interactions, and in-
teractions among people (including across generations) through nature
(e.g., sense of place, spirituality, care, reciprocity) — at the international
policy level (IPBES 2022). Further study of these CES experiences will
help assess people’s relational values about PA (de Vos & Rouz, 2018).

Our results show that across the visitor clusters, orientation was
high, despite relatively lower perceived familiarity with the PA. In
environmental psychology literature, orientation is known as legibility,
the features in the environment that enable wayfinding (Kaplan et al
1989; Herzog & Kropscott 2004), such as landmarks and visual access
(Herzog & Kropscott 2004). Our results found that easy orientation was
an important predictor for several key CES experiences (e.g. recreation,
scenic beauty, wildlife observation and identity and belonging experi-
ences); this suggests that PA management should usefully improve
signage, maintain pathways or enhance landmarks to enable wayfinding
and the opportunities to experience these types of CES. Further, envi-
ronmental preferences have been described by Kaplan et al. (1989) as
the combination of coherence and legibility (which are about under-
standing or “making sense” of an environment) and complexity and
mystery (which lead to exploration or involvement with the environ-
ment), which could partially explain CES experiences. For example, in
PNP we observed most CES experiences closer to trails and other
accessibility infrastructures (Fig. 6). These findings support the impor-
tance of increasing PA accessibility by promoting the existence of PA
closer to urban areas to facilitate access by a largest share of the

population, as protecting only remote areas may limit access to PA,
potentially excluding the most vulnerable sectors of society from CES
experiences.

In addition, our results revealed that the main differences between
clusters of visitors were not only the socio-demographic characteristics
(i.e. duration of the stay) and perception of the area (i.e. level of fa-
miliarity and orientation in the PA), but also the spatial location of the
sites where visitors mapped the CES they enjoyed. Other studies have
also found that the location of CES is not randomly distributed but rather
reflects variations in the landscape and accessibility parameters
(Plieninger et al., 2013; Crouzat et al., 2022). For example, in SNP,
regular visitors were most likely to visit remote places; in PNP, short
term visitors where the only cluster visiting a popular religious place
while long-stay and regular visitors also visited mountain viewpoints,
waterfalls and forests along walking trails; and across PA, long-stay
visitors tended to visit places outside the borders of the PA (Fig. 6).
These results highlight the importance of assessing both the frequency
and location of multiple CES to understand the variation of preferences
among CES beneficiaries and improve PA management (Palomo et al.,
2013).

4.2. Contributions to CES research and outlook

Our work is the results of a comprehensive, large-scale European-
level study where the same survey to assess CES was conducted in four
different countries (Sup. Mat. 1). Although large-scale studies are often
conducted in other fields, such as ecology, this is still a novelty in the
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study of social-ecological systems, and it contributes replicable methods
and methodological standards to ecosystem services research. Indeed,
our methods can be used to set the basis for field sampling protocols and
promote the comparability of studies across social-ecological systems or
landscapes. In this way, our work contributes to developing a strategy
for the standardized monitoring of Essential Ecosystem Services Vari-
ables (EESV) in the context of GeoBON (Balvanera et al., 2022), while
also serving as a complementary and validated way for other emerging
CES analysis, such as those arising from social media (Cardoso et al.,
2022). In addition, using our methodology to monitor changes in the
frequency of CES experiences over time, we can contribute to under-
standing and forecasting the drivers of change in socio-cultural and
relational values through generalisable and scalable procedures (Vaz

et al., 2021). The temporal dimension has rarely been addressed in the
assessment of CES, although it holds great potential to inform policy and
decision-making (Tengberg et al., 2012; Felipe-Lucia et al., 2015).
Hence, we suggest future studies to use standardized base maps, as
provided by OpenStreetMap® for reproducibility and comparability.
Further, comparing the spatial co-occurrence of potential CES supply
with the location of CES experiences can provide additional insights to
understand the drivers of CES experiences.

An additional way forward in CES research is combining results of
CES assessments with those of other disciplines, such as tourism or
cultural heritage studies, which could enhance the understanding of the
system from different perspectives and contribute to better and more
coordinated management approaches (Tengberg et al., 2012) and
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reduce potential conflicts (Schirpke et al., 2020). In this sense, the
concept and definition of CES would need to widen in order to embrace
the multiple cultural values of landscapes, and their biotic or abiotic
origins.

4.3. Applications and limitations for the management of PA

Most PA might already have a good level of knowledge on visitors’
management for biodiversity conservation. However, less effort has so
far been placed in developing methodologies that could help them
achieving a better understanding of CES experiences and management.
Our study reveals that several CES can be experienced during a given
stay in a mountain PA, becoming a strong motivation to visit them.
Therefore, a key aspect for the management of these mountain PA is to
have a planned and strategic vision for CES offer, articulated with the
multiple relevant entities from local and regional governments,
administration departments, environmental and social NGOs, which
could guide a multidimensional perspective of PA management. In
general, facilitating wayfinding for people to easily get familiar with the
place and orient themselves in the area could be a general recommen-
dation for managers to increase the benefits people receive from visiting
PA, as these were the main predictors of increasing frequency of CES
experiences. However, to balance nature conservation and CES experi-
ence in the management of mountain PA, investments in environmental
education activities could be a promising way forward to meet and
enhance PA double role and reduce conflicts between CES users and
biodiversity conservation (Schirpke et al., 2018; Lavorel et al., 2020).
For example, conflicts could arise if management is not balanced be-
tween goals such as enhancing biodiversity conservation, increasing
tourist revenues and providing quality experiences (Roux et al., 2020).
Particularly mountain PA need to carefully consider their management
approaches given their high vulnerability to disturbances and slow re-
covery (Kokkoris et al., 2018; Gret-Regamey & Weibel 2020). In addi-
tion, conducting regular mapping and questionnaires with visitors
would facilitate the monitoring of CES experiences, offering updated
information to PA managers about where pressures to nature and
biodiversity are predominant. For example, accessibility has been found
to be a main driver of the location of CES hotspots (Paracchini et al.,
2014; Crouzat et al., 2022). These findings highlight again the impor-
tance of protecting accessible places as well as ensuring appropriate
access to CES-providing areas (Ridding et al., 2018).

Although scenic beauty was the CES most frequently experienced by
all visitors, our work showed evidence of how visitors of mountain PA
experience a variety of other CES, which can help identify specific
management needs for different types of visitors. In line with other
studies (Schirpke et al., 2018), this demonstrates the utility of dis-
tinguishing between clusters or types of visitors according to the CES
they aim to experience in their visit to a PA. Based on the results of our
study, we identified that for the “short time visitors”, having a short and
accessible way to get to a scenic viewpoint might be sufficient to meet
their CES needs. This might also include improving legibility of the sites,
i.e. improving trails and signage to help people better understand how to
find their way and not get lost. For the “long-stay visitors”, a variety of
hikes, destinations or sites of recreational activities would be more
important, as well as a robust offer of accommodation, possibly
ecotourism units. In turn, for the “regular visitors”, it could be more
critical to maintain access to locations related to the identity of the site
and that offer unique educational opportunities to show the “typical”
identity of the area (e.g. through the observation of endemic species or
wildlife and cultural interpretation centers). These findings can guide
management decisions in PA in terms of providing information, re-
sources and services to visitors as well as to manage visitors’ flow to
increase the use of particular places or reduce pressures in the envi-
ronment (Schirpke et al., 2018).

Our study did not delve into the details of different modes of
enjoying a given CES, such as different recreational activities (e.g.
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hiking, mountain-biking, horse-riding), which would provide additional
relevant information to PA managers, as these different recreation ac-
tivities can create conflict if practiced on the same trails. Future studies
could also offer participants the opportunity to provide their feedback in
terms of direct suggestions for improving the management of the PA and
the experience of CES (e.g. guided tours, information, trail creation or
maintenance, seating, signage), as well as to indicate their average
expenditure to capture their contribution to the local economy (Schirpke
et al., 2018). Given that extensive fieldwork is required to collect these
data, which is often time consuming, based on our experience we sug-
gest using simple questionnaires for PA visitors, while workshops could
be organized to identify nuances in CES experiences (Crouzat et al.,
2022) and as a tool to promote social learning (Garcia-Nieto et al.,
2019).

5. Conclusion

Our study identified multiple commonalities in CES experiences and
their drivers across four mountain PA, which facilitates the transfer of
knowledge and practices across Europe and other mountain PA. Across
all four PA, we found that scenic beauty was the CES most frequently
experienced by visitors, which was not affected by travel distance. We
identified three main clusters of visitors of mountain PA (namely, “short
time visitors”, “long-stay visitors”, and “regular visitors™) according to
the CES they experienced more frequently and their socio-demographic
variables. The main difference between the clusters were due to visitors
perceptions regarding familiarity with the place, legibility of the site and
duration of the stay. Familiarity with the place and duration of the stay
also explained best the frequency of CES experiences. Understanding the
spatial patterns of CES experiences among different user groups could
help PA design more effective visitor management approaches. Our re-
sults highlight different management needs for each type of visitor that
should be taken into account to increase the benefits people receive from
visiting mountain PA. For example, short-term visitors less familiar with
the area may be more responsive to signage and directions, while such
measures are less likely to affect the spatial behaviour of regular visitors
who seek out remote areas. In turn, this kind of study, if replicated, can
set a basis for social-ecological systems protocols and contribute to
monitor Essential Ecosystem Service Variables.

CRediT authorship contribution statement

Maria R. Felipe-Lucia: Writing — original draft, Formal analysis,
Conceptualization. Angel de Frutos: Writing — review & editing, Visu-
alization, Methodology, Formal analysis, Data curation. Emilie Crou-
zat: Writing — review & editing, Methodology, Investigation. Volker
Grescho: Writing — review & editing, Visualization, Software, Re-
sources, Investigation, Conceptualization. Jonna M. Heuschele:
Writing — review & editing, Investigation. Melissa Marselle: Writing —
review & editing, Methodology. Marco Heurich: Writing — review &
editing, Resources, Funding acquisition. Franziska Popperl: Writing —
review & editing, Investigation. Florian Porst: Writing — review &
editing, Methodology. Ana Paula Portela: Writing — review & editing,
Investigation. Christian Rossi: Writing — review & editing, Investiga-
tion. Claudia Carvalho-Santos: Writing — review & editing, Investiga-
tion. Ana Stritih: Writing — review & editing, Investigation. Ana Sofia
Vaz: Writing — review & editing, Investigation. Aletta Bonn: Concep-
tualization, Methodology, Supervision, Writing — review & editing.

Declaration of competing interest
The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.



M.R. Felipe-Lucia et al.
Data availability

Data will be made available on request.
Acknowledgements

We are thankful to the participants and managers of the PA for
supporting this study, and to the Biodiversity and People lab for support
in data collection and discussions. This project was partly made possible
by the EU H2020 project ECOPOTENTIAL and we gratefully acknowl-
edge the support of iDiv funded by the German Research Foundation
(DFG- FZT 118, 202548816). MFL contract was partially supported by
the RYC2021-032828-1 grant, financed by MCIN/AEI/10.13039/
501100011033 and by the European Union “NextGenerationEU”/
PRTR». A.S.V. acknowledges support from FCT — Portuguese Foundation
for Science and Technology through the program Stimulus for Scientific
Employment - Individual Support [contract reference 2020.01175.
CEECIND], and through project ClimateMedia [contract reference
2022.06965.PTDC], as well as from the EarthCul Project [reference
PID2020-118041GB-100], funded by the Spanish Ministry of Science and
Innovation. Claudia Carvalho-Santos is supported by the “Financia-
mento Programatico” UIDP/04050,/2020 funded by national funds
through the Fundagao para a Ciéncia e Tecnologia I.P. Ana Paula Portela
was supported by Fundacao para a Ciéncia e Tecnologia through a
doctoral fellowship (SFRH/BD/115030/2016) co-financed by the Eu-
ropean Social Fund, the Human Capital Operational Program (POCH),
the North Portugal Regional Operational Programme (NORTE2020) and
national funds from Ministério da Ciéncia, Tecnologia e Ensino Superior.
This paper contributes to the GEO BON working group on Ecosystem
Services.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ecoser.2024.101663.

References

Adams, R.P. (2018). Hierarchical Clustering. COS 324 — Elements of Machine Learning.

Ament, J.M., Moore, C.A., Herbst, M., Cumming, G.S., 2017. Cultural ecosystem services
in protected areas: Understanding bundles, trade-offs, and synergies. Conserv. Lett.
10, 440-450.

Andresen, M.A., 2016. An area-based nonparametric spatial point pattern test: The test,
its applications, and the future. Methodol. Innovations 9, 2059799116630659.
Backhaus, N., Rupf, R., 2014. «..die Wege nicht verlassen» Ein Park fiir Menschen? In:

Baur, B., Scheurer, T. (Eds.), Wissen Schaffen: 100 Jahre Forschung Im
Schweizerischen Nationalpark. Nationalpark-Forschung in Der Schweiz 100. Bern,
Switzerland, pp. 296-325.

Balvanera, P., Brauman, K.A., Cord, A.F., Drakou, E.G., Geijzendorffer, I., Karp, D.,
Martin-Lopez, B., Mwampamba, T., Schroter, M., 2022. Essential Ecosystem Service
Variables for monitoring progress towards sustainability. Curr. Opin. Environ.
Sustain. 54, 101152.

Bogdan, S.M., Stupariu, 1., Andra-Toparceanu, A., Nastase, 1.I., 2019. Mapping social
values for cultural ecosystem services in a mountain landscape in the romanian
carpathians. Carpath. J. Earth Environ. Sci. 14, 199-208.

Bratman, G.N., Anderson, C.B., Berman, M.G., Cochran, B., de Vries, S., Flanders, J.,
Folke, C., Frumkin, H., Gross, J.J., Hartig, T., Kahn, P.H., Kuo, M., Lawler, J.J.,
Levin, P.S,, Lindahl, T., Meyer-Lindenberg, A., Mitchell, R., Ouyang, Z., Roe, J.,
Scarlett, L., Smith, J.R., van den Bosch, M., Wheeler, B.W., White, M.P., Zheng, H.,
Daily, G.C., 2019. Nature and mental health: An ecosystem service perspective. Sci.
Adv. 5, eaax0903.

Bryce, R., Irvine, K.N., Church, A, Fish, R., Ranger, S., Kenter, J.O., 2016. Subjective
well-being indicators for large-scale assessment of cultural ecosystem services.
Shared, Plural and Cultural Values Ecosyst. Serv. 21, 258-269.

Bryer, J., Speerschneider, K., 2016. likert: Analysis and visualization likert items.

R Package Version 1 (3), 5.

Cardoso, A.S., Renna, F., Moreno-Llorca, R., Alcaraz-Segura, D., Tabik, S., Ladle, R.J.,
Vaz, A.S., 2022. Classifying the content of social media images to support cultural
ecosystem service assessments using deep learning models. Ecosyst. Serv. 54,
101410.

Chan, K.M.A.,, Guerry, A.D., Balvanera, P., Klain, S., Satterfield, T., Basurto, X.,
Bostrom, A., Chuenpagdee, R., Gould, R., Halpern, B.S., Hannahs, N., Levine, J.,
Norton, B., Ruckelshaus, M., Russell, R., Tam, J., Woodside, U., 2012. Where are

11

Ecosystem Services 70 (2024) 101663

cultural and social in ecosystem services? A framework for constructive engagement.
Bioscience 62, 744-756.

Crouzat, E., De Frutos, A., Grescho, V., Carver, S., Biiermann, A., Carvalho-Santos, C.,
Kraemer, R., Mayor, S., Popperl, F., Rossi, C., Schroter, M., Stritih, A., Sofia Vaz, A.,
Watzema, J., Bonn, A., 2022. Potential supply and actual use of cultural ecosystem
services in mountain protected areas and their surroundings. Ecosyst. Serv. 53,
101395.

de Vos Rouz, B., 2018. Relational values about nature in protected area research. Curr.
Opin. Environ. Sustain. 35, 89-99. https://doi.org/10.1016/j.cosust.2018.10.018.

Diaz, S., et al., 2018. Assessing nature’s contributions to people. Science 359, 270-272.
https://www.science.org/doi/10.1126/science.aap8826.

ESRI. (2015). ArcGIS Desktop: Release 10.

Felipe-Lucia, M.R., Comin, F.A., Escalera-Reyes, J., 2015. A framework for the social
valuation of ecosystem services. Ambio 44, 308-318.

Garcia-Nieto, A.P., Huland, E., Quintas-Soriano, C., Iniesta-Arandia, I., Garcia-
Llorente, M., Palomo, I., Martin-Lopez, B., 2019. Evaluating social learning in
participatory mapping of ecosystem services. Ecosyst. People 15, 257-268.

Gret-Regamey, A., Weibel, B., 2020. Global assessment of mountain ecosystem services
using earth observation data. Ecosyst. Serv. 46, 101213.

Hegetschweiler, K.T., de Vries, S., Arnberger, A., Bell, S., Brennan, M., Siter, N.,
Olafsson, A.S., Voigt, A., Hunziker, M., 2017. Linking demand and supply factors in
identifying cultural ecosystem services of urban green infrastructures: A review of
European studies. Urban For. Urban Green. 21, 48-59. https://doi.org/10.1016/j.
ufug.2016.11.002.

Herzog, T.R. & Kropscott, L.S. (2004). Legibility, Mystery, and Visual Access as
Predictors of Preference and Perceived Danger in Forest Settings without Pathways
[WWW Document]. URL https://journals.sagepub.com/d0i/10.1177/
0013916504264138.

Herzog, T.R. & Leverich, Ol.L. (2003). Searching for Legibility [WWW Document]. URL
https://journals.sagepub.com/doi/10.1177,/0013916503035004001.

Hirons, M., Comberti, C., Dunford, R., 2016. Valuing cultural ecosystem services. Annu.
Rev. Env. Resour. 41, 545-574.

Horcea-Milcu, A.-I., Leventon, J., Hanspach, J., Fischer, J., 2016. Disaggregated
contributions of ecosystem services to human well-being: a case study from Eastern
Europe. Reg. Environ. Chang. 16, 1779-1791.

Hussain, R.I., Walcher, R., Eder, R., Allex, B., Wallner, P., Hutter, H.-P., Bauer, N.,
Arnberger, A., Zaller, J.G., Frank, T., 2019. Management of mountainous meadows
associated with biodiversity attributes, perceived health benefits and cultural
ecosystem services. Sci. Rep. 9, 14977.

IPBES (2022). Summary for Policymakers of the Methodological Assessment Report on
the Diverse Values and Valuation of Nature of the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services. Pascual, U., Balvanera, P., Christie,
M., Baptiste, B., Gonzdlez-Jiménez, D., Anderson, C.B., Athayde, S., Barton, D.N.,
Chaplin-Kramer, R., Jacobs, S., Kelemen, E., Kumar, R., Lazos, E., Martin, A.,
Mwampamba, T.H., Nakangu, B., O’Farrell, P., Raymond, C.M., Subramanian, S.M.,
Termansen, M., Van Noordwijk, M., and Vatn, A. (eds.). IPBES secretariat, Bonn,
Germany. https://doi.org/10.5281/zenodo.6522392.

Iucn, 2008. Defining protected areas: an international conference in Almeria. [UCN
(International Union for Conservation of Nature), Gland, Switzerland, Spain.

Kaplan, R., Kaplan, S., Brown, T., 1989. Environmental preference: A comparison of four
domains of predictors. Environ. Behav. 21, 509-530.

Kokkoris, I.P., Drakou, E.G., Maes, J., Dimopoulos, P., 2018. Ecosystem services supply in
protected mountains of Greece: setting the baseline for conservation management.
Internat. J. Biodivers. Sci. Ecosyst. Serv. Manage. 14, 45-59.

Lavorel, S., Rey, P.-L., Grigulis, K., Zawada, M., Byczek, C., 2020. Interactions between
outdoor recreation and iconic terrestrial vertebrates in two French alpine national
parks. Ecosyst. Serv. 45, 101155.

Legendre, P., Legendre, L., 2012. Numerical ecology, 3rd English ed. Elsevier Science BV,
Amsterdam.

Lenth, R.V., 2021. emmeans: estimated marginal means, aka least-squares means.

R Package Version 1 (6).

Llopis, J.C., Chastonay, J.F., Birrer, F.C., Bér, R., Andriatsitohaina, R.N.N., Messerli, P.,
Heinimann, A., Zaehringer, J.G., 2021. Year-to-year ecosystem services supply in
conservation contexts in north-eastern Madagascar: Trade-offs between global
demands and local needs. Ecosyst. Serv. 48, 101249.

Marselle, Melissa R., Irvine, Katherine N., Lorenzo-Arribas, Altea, Warber, Sara L., 2016.
Does perceived restorativeness mediate the effects of perceived biodiversity and
perceived naturalness on emotional well-being following group walks in nature?

J. Environ. Psychol. 46, 217-232. https://doi.org/10.1016/].jenvp.2016.04.008.

Martinez-Harms, M.J., Bryan, B.A., Wood, S.A., Fisher, D.M., Law, E., Rhodes, J.R.,
Dobbs, C., Biggs, D., Wilson, K.A., 2018. Inequality in access to cultural ecosystem
services from protected areas in the Chilean biodiversity hotspot. Sci. Total Environ.
636, 1128-1138.

McDonald, J.H., 2014. Handbook of biological statistics, 3rd ed. Sparky House
Publishing, Baltimore, Maryland.

Millennium Ecosystem Assessment, 2005. Ecosystems and human well-being: Our human
planet: Summary for decision makers. Island Press.

Ndayizeye, G., Imani, G., Nkengurutse, J., Irampagarikiye, R., Ndihokubwayo, N.,
Niyongabo, F., Cuni-Sanchez, A., 2020. Ecosystem services from mountain forests:
Local communities’ views in Kibira National Park, Burundi. Ecosyst. Serv. 45,
101171.

Nowak-Olejnik, A., Schirpke, U., Tappeiner, U., 2022. A systematic review on subjective
well-being benefits associated with cultural ecosystem services. Ecosyst. Serv. 57,
101467.


https://doi.org/10.1016/j.ecoser.2024.101663
https://doi.org/10.1016/j.ecoser.2024.101663
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0010
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0010
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0010
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0015
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0015
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0020
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0020
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0020
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0020
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0025
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0025
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0025
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0025
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0030
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0030
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0030
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0035
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0035
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0035
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0035
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0035
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0035
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0040
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0040
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0040
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0045
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0045
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0050
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0050
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0050
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0050
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0055
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0055
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0055
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0055
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0055
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0060
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0060
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0060
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0060
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0060
https://doi.org/10.1016/j.cosust.2018.10.018
https://www.science.org/doi/10.1126/science.aap8826
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0080
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0080
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0085
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0085
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0085
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0090
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0090
https://doi.org/10.1016/j.ufug.2016.11.002
https://doi.org/10.1016/j.ufug.2016.11.002
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0110
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0110
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0115
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0115
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0115
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0120
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0120
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0120
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0120
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0130
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0130
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0135
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0135
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0140
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0140
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0140
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0145
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0145
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0145
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0150
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0150
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0155
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0155
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0160
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0160
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0160
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0160
https://doi.org/10.1016/j.jenvp.2016.04.008
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0165
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0165
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0165
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0165
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0170
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0170
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0175
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0175
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0180
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0180
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0180
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0180
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0185
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0185
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0185

M.R. Felipe-Lucia et al.

Ocelli Pinheiro, R., Triest, L., Lopes, P.F.M., 2021. Cultural ecosystem services: Linking
landscape and social attributes to ecotourism in protected areas. Ecosyst. Serv. 50,
101340.

Palomo, 1., Martin-Lépez, B., Zorrilla-Miras, P., Amo, D.G.D., Montes, C., 2013.
Deliberative mapping of ecosystem services within and around Donana National
Park (SW Spain) in relation to land use change. Reg. Environ. Chang. 1-15.

Paracchini, M.L., Zulian, G., Kopperoinen, L., Maes, J., Schagner, J.P., Termansen, M.,
Zandersen, M., Perez-Soba, M., Scholefield, P.A., Bidoglio, G., 2014. Mapping
cultural ecosystem services: A framework to assess the potential for outdoor
recreation across the EU. Ecol. Ind. 45, 371-385.

Pinheiro, J., Bates, D., DebRoy, S., Sarkar, D. & R Core Team. (2019). nlme: Linear and
Nonlinear Mixed Effects Models. R package version 3.1-142.

Plieninger, T., Dijks, S., Oteros-Rozas, E., Bieling, C., 2013. Assessing, mapping, and
quantifying cultural ecosystem services at community level. Land Use Policy 33,
118-129.

QGIS Development Team. (2021). QGIS Geographic Information System.

R Core Team, 2020. R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria.

Ribeiro, F.P., Ribeiro, K.T., 2016. Participative mapping of cultural ecosystem services in
Pedra Branca State Park, Brazil. Natureza & Conservacao 14, 120-127.

Ridding, L.E., Redhead, J.W., Oliver, T.H., Schmucki, R., McGinlay, J., Graves, A.R.,
Morris, J., Bradbury, R.B., King, H., Bullock, J.M., 2018. The importance of
landscape characteristics for the delivery of cultural ecosystem services. J. Environ.
Manage. 206, 1145-1154.

Roux, D.J., Smith, M.K.S., Smit, I.P.J., Freitag, S., Slabbert, L., Mokhatla, M.M., Hayes, J.,
Mpapane, N.P., 2020. Cultural ecosystem services as complex outcomes of
people-nature interactions in protected areas. Ecosyst. Serv. 43, 101111.

Scaini, A., Stritih, A., Brouillet, C., Scaini, C., 2022. What locals want: citizen preferences
and priorities for the Tagliamento River. Environ. Res. Lett. 17, 025008.

Schirpke, U., Timmermann, F., Tappeiner, U., Tasser, E., 2016. Cultural ecosystem
services of mountain regions: Modelling the aesthetic value. Ecol. Ind. 69, 78-90.

Schirpke, U., Scolozzi, R., Da Re, R., Masiero, M., Pellegrino, D., Marino, D., 2018.
Recreational ecosystem services in protected areas: A survey of visitors to Natura
2000 sites in Italy. J. Outdoor Recreat. Tour. 21, 39-50.

Schirpke, U., Scolozzi, R., Dean, G., Haller, A., Jager, H., Kister, J., Kovacs, B.,
Sarmiento, F.O., Sattler, B., Schleyer, C., 2020. Cultural ecosystem services in
mountain regions: Conceptualising conflicts among users and limitations of use.
Ecosyst. Serv. 46, 101210.

Schirpke, U., Wang, G., Padoa-Schioppa, E., 2021. Editorial: Mountain landscapes:
Protected areas, ecosystem services, and future challenges. Ecosyst. Serv. 49,
101302.

Steenbeek, W., Vandeviver, C., Andresen, M., Malleson, N., 2017. sppt: Spatial Point
Pattern Test. R Package Version (1), 4.

12

Ecosystem Services 70 (2024) 101663

Subiza-Pérez, M., Vozmediano, L., San Juan, C., 2020. Green and blue settings as
providers of mental health ecosystem services: Comparing urban beaches and parks
and building a predictive model of psychological restoration. Land. Urb. Plan. 204,
103926.

Tengberg, A., Fredholm, S., Eliasson, ., Knez, 1., Saltzman, K., Wetterberg, O., 2012.
Cultural ecosystem services provided by landscapes: Assessment of heritage values
and identity. Ecosyst. Serv. 2, 14-26.

Torralba, M., Lovri¢, M., Roux, J.-L., Budniok, M.-A., Mulier, A.-S., Winkel, G.,
Plieninger, T., 2020. Examining the relevance of cultural ecosystem services in forest
management in Europe. Ecol. Soc. 25.

Tveit, M.S., Ode Sang, A., Hagerhall, C.M., 2018. Scenic beauty. In: Environmental
Psychology. John Wiley & Sons, Ltd, pp. 45-54.

Vagias, W.M., 2006. Likert-type scale response anchors. Clemson International Institute
for Tourism & Research Development, Department of Parks, Recreation and Tourism
Management. Clemson University.

Vallecillo, S., La Notte, A., Zulian, G., Ferrini, S., Maes, J., 2019. Ecosystem services
accounts: Valuing the actual flow of nature-based recreation from ecosystems to
people. Ecol. Model. 392, 196-211.

van Berkel, D.B., Verburg, P.H., 2014. Spatial quantification and valuation of cultural
ecosystem services in an agricultural landscape. Ecol. Ind. 37, Part A, 163-174.

van Riper, C.J., Landon, A.C., Kidd, S., Bitterman, P., Fitzgerald, L.A., Granek, E.F.,
Ibarra, S., Iwaniec, D., Raymond, C.M., Toledo, D., 2017. Incorporating Sociocultural
Phenomena into Ecosystem-Service Valuation: The Importance of Critical Pluralism.
Bioscience 67, 233-244.

Vaz, A.S., Moreno-Llorca, R.A., Gongalves, J.F., Vicente, J.R., Méndez, P.F., Revilla, E.,
Santamaria, L., Bonet-Garcia, F.J., Honrado, J.P., Alcaraz-Segura, D., 2020. Digital
conservation in biosphere reserves: Earth observations, social media, and nature’s
cultural contributions to people. Conserv. Lett. 13, e12704.

Vaz, A.S., Selomane, O., Jones, L., Gosal, A.S., Ziv, G., Muller-Karger, F.E., Montes, E.,
Vallejos, M., 2021. The journey to monitoring ecosystem services: Are we there yet?
Ecosyst. Serv. 101313.

Vaz, A.S., Moreno-Llorca, R., Carvalho-Santos, C., Cardoso, A.S., Honrado, J.P.,
Cabello, J., Alcaraz-Segura, D., 2022. Earth observations of human-nature
interactions from a cultural ecosystem service perspective. In: Misiune, 1.,
Depellegrin, D., Egarter Vigl, L. (Eds.), Human-nature interactions: Exploring
nature’s values across landscapes. Springer International Publishing, Cham,
pp. 85-99.

White, M.P., Pahl, S., Ashbullby, K., Herbert, S., Depledge, M.H., 2013. Feelings of
restoration from recent nature visits. J. Environ. Psychol. 35, 40-51.

Williams, D., Vaske, J., 2003. The measurement of place attachment: Validity and
generalizability of a psychometric approach. For. Sci. 49, 830-840.

Zuur, A.F., 2009. Mixed effects models and extensions in ecology with R. Statistics for
biology and health. Springer, New York, NY.


http://refhub.elsevier.com/S2212-0416(24)00070-6/h0190
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0190
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0190
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0195
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0195
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0195
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0200
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0200
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0200
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0200
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0210
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0210
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0210
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0220
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0220
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0225
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0225
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0230
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0230
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0230
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0230
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0235
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0235
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0235
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0240
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0240
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0245
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0245
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0250
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0250
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0250
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0255
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0255
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0255
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0255
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0260
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0260
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0260
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0265
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0265
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0270
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0270
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0270
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0270
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0275
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0275
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0275
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0280
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0280
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0280
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0285
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0285
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0290
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0290
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0290
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0295
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0295
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0295
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0300
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0300
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0305
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0305
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0305
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0305
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0310
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0310
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0310
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0310
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0315
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0315
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0315
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0320
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0320
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0320
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0320
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0320
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0320
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0325
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0325
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0330
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0330
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0335
http://refhub.elsevier.com/S2212-0416(24)00070-6/h0335

	Differences in the experience of cultural ecosystem services in mountain protected areas by clusters of visitors
	1 Introduction
	2 Methods
	2.1 Study sites
	2.2 Data collection
	2.2.1 Questionnaire
	2.2.2 Participatory mapping
	2.2.3 Participants and procedure

	2.3 Data analyses
	2.3.1 CES experiences
	2.3.2 Clusters of visitors
	2.3.3 Participatory mapping of CES
	2.3.4 Travel distance of PA’s visitors


	3 Results
	3.1 CES experiences
	3.2 Visitors of mountain PA
	3.3 Drivers of CES experiences
	3.4 Clusters of PA visitors
	3.5 Distribution of CES location by clusters of visitors

	4 Discussion
	4.1 Variation in CES experiences according to visitors’ profiles
	4.2 Contributions to CES research and outlook
	4.3 Applications and limitations for the management of PA

	5 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


