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ABSTRACT. Although the importance of lakes for providing cultural ecosystem services (CES) is widely recognized, the integration
of associated values and benefits in decision making is still underdeveloped. Therefore, this study aimed at collecting and analyzing
people’s perceptions related to various CES of mountain lakes using an online questionnaire. We thereby distinguished societal values
in terms of CES from individual experiences that contribute to subjective well-being and elicited perceived pressures reducing the
quality of nature-based experiences. Based on 526 responses, our results indicate that bequest, symbolic, aesthetic, and spiritual values
are perceived as most important, while representation and entertainment were less important. Accordingly, experiences such as
connection to nature, relaxation, and freedom had the highest values. In terms of pressures, crowdedness was mentioned most often,
followed by noisiness and garbage. These pressures mostly affected experiences such as connection to nature, freedom, relaxation,
peace, and memories, with negative effects also on CES, mainly on aesthetic value, sense of place, existence value, and symbolic value.
In general, the perceptions were highly consistent across different socio-cultural groups. Nevertheless, some differences emerged between
groups with different cultural backgrounds with respect to CES and pressures, while differences in experiences were mostly related to
gender. Our findings advance the understanding of CES related to mountain lakes and provide useful insights for research as well as
decision and policy making, emphasizing the high intrinsic value expressed by the respondents as well as the variety of CES and
experiences associated with mountain lakes. Moreover, the identified pressures provide a valuable basis for consideration in tourism
management, the protection of natural resources, and sustainable development because they advance our understanding of how
infrastructure development and socioeconomic changes may aggravate impacts on societal values and individual experiences.
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INTRODUCTION

Lakes and reservoirs worldwide are highly important for human
well-being. In addition to providing water for domestic and
industrial use, irrigation, and hydropower production, as well as
being important for flood control and climate regulation
(Hogeboom et al. 2018, Ho and Goethals 2019, Sterner et al.
2020), they are highly valued for cultural ecosystem services
(CES). Lakes provide, for example, opportunities for recreational
activities, aesthetic experiences, education, and inspiration (Allan
et al. 2015, Angradi et al. 2016, Reynaud and Lanzanova 2017,
Fuet al. 2018, Hossu et al. 2019, Sterner et al. 2020). Large lakes
are critical for sustaining human livelihood (Sterner et al. 2020)
and are therefore the subject of a vast scientific and management
literature. In contrast, small, and remote mountain lakes are
highly appreciated for aesthetic experiences during hiking
activities (Schirpke et al. 2021a, b), but such lakes are rarely
included in management decisions, and the values that people
associate with them and that may support developing sustainable
management strategies are not yet sufficiently understood.
Compared to other terrestrial ecosystems, small mountain lakes
are more rapidly affected by climate change, posing a serious
threat to lake organisms, ecological functions, and ecosystem
services (Schmeller et al. 2018, Moser et al. 2019, Sadro et al.
2019). Increasing pressures on mountain lakes also originate from
recreational use, livestock farming, and water extraction (Dokulil
2014, Van Colen et al. 2018, Brunner et al. 2019, Senetra et al.
2020). In particular, the importance of outdoor recreation and
tourism is likely to increase in cooler regions such as the European
Alps because of global warming (Probstl-Haider et al. 2021).

CES have been defined as the non-material benefits that are co-
produced by human-ecosystem relationships (Chan et al. 2012,
Fishetal. 2016). These benefits are mostly referred to as the values
people obtain from their interactions with nature (Chan et al.
2012). Accordingly, various frameworks and common
categorizations include CES relating to recreational, aesthetic,
spiritual, symbolic, or cultural values (Haines-Young and
Potschin 2018). CES have been related to different aspects of
subjective well-being such as physical and mental health, identity,
belonging, and inspiration (Russell et al. 2013, Bryce et al. 2016).
Recently, blue spaces such as rivers, lakes, and coasts have been
increasingly recognized for their salutogenic capacity (Volker and
Kistemann 2011, White et al. 2013); indeed, they are considered
to be “therapeutic landscapes” (Bell et al. 2018). However,
research has mostly focused on coastal areas, whereas “freshwater
blue-health,”i.e., the relationships between freshwater blue spaces
and well-being, has received much less attention (McDougall et
al. 2020).

The assessment of CES poses various conceptual and
methodological difficulties, including unclear definitions and the
challenge of separating services, values, and benefits, which are
often strongly interwoven (Bieling et al. 2014, Hausmann et al.
2016). This can be explained by the fact that landscapes are
experienced in a holistic way (Wartmann and Purves 2018), which
makes it difficult to disentangle individual and collective
associations (Muhar et al. 2018). Following recent literature
(Kenter et al. 2015, Bryce et al. 2016, Fish et al. 2016, Muhar et
al. 2018), this study therefore distinguishes between CES
potential, representing societal values, and CES experiences,
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representing individual values related to subjective well-being. In
particular, we understand CES potential as the capacity of
mountain lakes to support activities and interactions of people
with ecosystems (Chan et al. 2012, Fish et al. 2016), creating
cultural values that are of societal importance (Kenter et al. 2015,
Small et al. 2017, Muhar et al. 2018). We distinguish CES
experiences that can be associated with a visit to mountain lakes
by referring to different facets of subjective well-being (Russell et
al. 2013, Bryceet al. 2016), which represent individual perceptions
depending on personal preferences and values (Small et al. 2017,
Muhar et al. 2018). In this way, we recognize the interactions
between the individual level (CES experience) and the collective
level (CES potential) in the perception and understanding of
nature-human relationships (Muhar et al. 2018).

The subjective character of CES makes it difficult to quantify
CES in biophysical or monetary terms (Daniel et al. 2012). Many
studies have therefore applied non-monetary methods, including
stated preference methods such as interviews, questionnaires, and
participatory mapping methods, or revealed preference methods
using social media data (Cheng et al. 2019). The analysis of social
media data, e.g., photographs posted on online platforms, is
relatively cost-efficient and can be applied for CES such as
outdoor recreation at regional or cross-regional level (e.g.,
Angradi et al. 2018, Keeler et al. 2015, Oteros-Rozas et al. 2018).
Insights from social media data are still limited because not all
CES can be assessed without interviewing people and asking for
their thoughts or feelings (Moreno-Llorca et al. 2020). Stated
preference methods are often applied to elicit in-depth insights
on CES, indicating a generally high agreement about preferences
concerning the attributes of valued ecosystems or semi-natural
contexts among respondents (Daniel et al. 2012). Some studies
have also found that perception of CES can be influenced by the
socio-cultural characteristics of the respondents (Quintas-
Soriano et al. 2018), i.e., perceptions can diverge because of
different underlying values and belief systems (Muharet al. 2018).
For example, younger people prefer urban green spaces for social
interactions, while older people appreciate more quiet nature-
based recreational activities (Riechers et al. 2018), or females
value CES provided by grassland more than males do (Nowak-
Olejnik et al. 2020). Other studies have found some differences
between local residents and visitors in terms of landscape
preferences (Soliva et al. 2010, Zoderer et al. 2016a) or their
connection or affinity with specific land-use types (Sayadi et al.
2009, van Zanten et al. 2016).

In summary, three major issues need to be addressed to better
support the integration of CES into policies and management
with regard to mountain lakes. First, to overcome conceptual
issues related to CES (Plieninger et al. 2015), the distinction
between community-based values and individual benefits may
provide useful information for decision makers (Small et al. 2017).
Second, knowledge about socio-cultural differences in
perceptions can support the development of better-targeted
management strategies. Finally, in contrast to large and low
elevation lakes, small mountain lakes have rarely been the focus
of CES assessments. Research on mountain lakes has mostly
focused on ecological issues, but little is known about people’s
perceptions of the provided CES. Such knowledge is particularly
important to develop sustainable management and conservation
strategies considering the increasing impacts of global change on
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these sensitive ecosystems (Schmeller et al. 2018, Moser et al.
2019) as well as the increasing demand for outdoor recreation
opportunities and nature-based tourism in mountain regions
(Buckley et al. 2015, Probstl-Haider et al. 2021).

To address these challenges, we aimed to identify how people
perceive CES of mountain lakes. Specifically, we aimed to (1)
assess the variety of values people associate with these small
ecosystems, distinguishing between CES potential (henceforth
referred to as CES) and CES experiences (henceforth referred to
as experiences); (2) recognize differences across socio-cultural
groups; (3) identify positive and negative correlations among CES
and experiences; and (4) assess the pressures on experiences. A
better understanding of these issues may be helpful in managing
the pressures on sensitive ecosystems and in anticipating potential
conflicts between different user groups. Using a questionnaire,
which was distributed to people living inside and outside the
European Alps, we collected people’s perceptions on CES,
experiences, and pressures as well as socio-demographic
information on the respondents.

METHODS

Conceptual design

The data for this analysis were derived from a questionnaire
(Appendix 1) with closed and open-ended questions. The
questionnaire included five sections, which were shown on
separate pages:

The first section started with a short description of the
study’s purpose and provided a definition of mountain lakes
as being “smaller-sized natural lakes, which are located at
least 1000 meters above sea level.”

Section 2 referred to CES. We selected CES that are
associated with mountain lakes based on the latest version
of the Common International Classification of Ecosystem
Services (CICES; Haines- Young and Potschin 2018) because
the CICES is widely used in mapping efforts and policies in
Europe. It offers a high level of detail and it is partly based
on previous classification systems used in the Millennium
Ecosystem Assessment (MEA), the Economics of
Ecosystems and Biodiversity (TEEB), and different national
ecosystem assessments (Burkhard and Maes 2017). We
asked the respondents in a closed question to indicate how
accurate the provided statements related to CES (Table 1)
were on a four-point rating scale (“does not apply at all,”
“does not really apply,” “somewhat applies,” “definitely
applies”) with an additional option for “I don’t know.”

In section 3, we asked the respondents about their
perceptions of experiences. Based on literature describing
different facets of subjective well-being (Russell et al. 2013,
Bryce et al. 2016), we selected different types of experiences
(Table 2) that can be associated with a visit to mountain
lakes. Perceptions of experiences were collected using closed
questions, asking the respondents to indicate how accurate
the provided statements (Table 2) were on a five-point rating
scale from 1 (“does not apply at all”) to 5 (“definitely
applies”).

In section 4, we included an open-ended question linked to
the pressures on experiences related to a visit to a mountain
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Table 1. Selection of cultural ecosystem services (CES) based on the Common International Classification
of Ecosystem Services (CICES; Haines-Young and Potschin 2018) and description used in the questionnaire.

Description [Mountain lakes are...]

CES CICES
Outdoor recreation 3.1.1.1
Scientific research 3.1.2.1
Education 3.1.22
Sense of place 3.1.23
Aesthetic value 3.1.24
Symbolic value 3.2.1.1
Spiritual value 3.2.1.2
Representation 3213
Entertainment 3.2.1.3
Existence value 3221
Bequest value 3222

!

suitable for leisure activities

suitable for research purposes

suitable to transfer knowledge about nature
places that convey a sense of home, of belonging
places of great aesthetic value

places with symbolic power

places of spirituality

suitable for advertising, e.g., of products

suitable for commercial purposes, e.g., film location
essential elements of alpine landscapes

worth preserving in their natural state

lake (“You are visiting a mountain lake. In your opinion,
what could diminish your experience of this visit and
discourage you from extending your stay? Please, briefly
describe this in a few words.”). Such free listings are
commonly used to elicit cognitive data, which can also be
useful to generate in-depth insights on CES (Bieling et al.
2014, Wartmann and Purves 2018).

In section 5 at the end of the questionnaire, we asked the
participants to provide information on gender, age, their
relation to the Alps, frequency of visits in nature, and lake
affinity (see also Fig. A2.1). The answers were not required,
and respondents could complete the questionnaire without
filling out the responses. The information from this section
was used to compare perceptions across socio-cultural
groups (Table 3).

A complete draft of the questionnaire was sent to 17 people,
selected to represent the target population, that is, people of
different gender, age, educational level, profession, and living in
and outside the European Alps. In this pre-test, participants filled
out the questionnaire and provided feedback on the presentation,
clarity, and completeness of the questions and response options.
After evaluating and incorporating suggested changes, the final
questionnaire was translated into the three languages: English,
German, and Italian.

Data collection

Data were collected via an online survey focusing on respondents
living in or visiting the European Alps. The European Alps are
the highest mountain range in Europe, extending over about
192,000 km? across different cultures and societies. They include
about 6000 small natural lakes (between 0.005 km? and 1 km?)
that are located above 800 m a.s.l. (Schirpke et al. 2021a). Being
also one of the most important European touristic destinations
with more than 100 million visitors each year (Batista e Silva et
al. 2018), the greater Alpine region is suitable for analyzing
perceptions related to CES of mountain lakes and to examine the
socio-cultural influence on values.

The questionnaire was made available between July and
December 2020. We targeted people that directly benefit from

CES of mountain lakes, for example, during hiking excursions,
such as members of Alpine clubs or people with a professional
interest in mountain lakes such as members of associations of
biologists, limnologists, etc. To reach many potential respondents
living or working in the European Alps and surroundings, we
asked various organizations to distribute the links to the
questionnaires via their newsletters and social media channels (e.
g., Facebook). Our request was supported by the Alpine clubs of
different countries (Austria, Germany, and Italy), different
associations of biologists and limnologists in Austria and
Northern Italy, and the International Commission for the
Protection of the Alps (CIPRA), among others. Moreover, we
sent invitations via email to research partners and colleagues
located in and around the European Alps with the request to
forward the links also to their relatives, friends, and colleagues.
The responses of all completed questionnaires were registered in
a database. Before filling out the questionnaire, the participants
were informed that the study was carried out in accordance with
national and institutional legal and ethical requirements, i.e., that
participation was anonymous and on a voluntary basis (see
Appendix 1). All participants also confirmed their voluntary
participation. To secure privacy, all data were collected via a web
survey with no collection of identifiers/codes and therefore
analyzed anonymously.

Data analysis

We analyzed the responses using a combination of qualitative and
quantitative methods. To quantify the values of CES and
experiences, we assigned numeric values to each answer of a
respective question (0 = does not apply at all/don’t know, 1 = does
not really apply, 2 = somewhat applies, 3 = definitely applies). We
then calculated the mean value for each CES and type of
experience from these values. For a comparison of values across
different socio-cultural groups, we categorized the respondents
into groups of similar sample size based on different socio-
cultural variables (Table 3). Because some respondents did not
provide information of all or some socio-cultural variables,
sample sizes may differ from the total sample. Groups with a very
small sample size were excluded, e.g., English-speaking
respondents (n = 22). We calculated the mean values of CES,
experiences, and pressures for each group using cross-tabulation
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Table 2. Experiences and description used in the questionnaire. Categories were selected and adapted from Russell et al. (2013) and

Bryce et al. (2016).

Category of well-being Experience

Description

In a place like this, I feel in touch with nature

Visiting a place like this gives me a sense of freedom

A place like this instills inner peace within me

Visiting a place like this leaves me with the feeling that I have learned

something from nature

Experiences Connection to nature
Freedom
Peace
Capabilities Life lessons
Inspiration
Identities Memories
Sense of belonging
Mental restoration Relaxation
Excitement
Physical benefits Health
Refreshment

In a place like this, I find inspiration

Visiting a place like this leaves me with lasting memories

A place like this makes me feel at home

Having visited a place like this, I feel more relaxed

In a place like this, I feel excited

Having spent time at a place like this, I feel healthier

This is a place to refresh and cool down on particularly hot days

and Chi-Square tests to assess the significance of the differences
between groups.

We assessed the relations between individual types of CES and
experiences as well as between CES and experiences using
correlation analysis to quantitatively evaluate positive and
negative relationships (Cord et al. 2017). For each pair, we
calculated bivariate correlations (Pearson’s r coefficient) in SPSS
Statistics (IBM SPSS 26), indicating the strength and direction of
the relationship. All significant correlations were plotted as
correlograms using the package corrplot version 3.3.3 for R (R
Core Development Team 2019).

Pressures were identified from the open-ended question adopting
a qualitative analysis of free lists (Bieling et al. 2014, Wartmann
and Purves 2018). All German and Italian responses were
translated into English merging conceptually and semantically
similar terms (e.g., too many people/crowds of people, rubbish/
garbage), which resulted in 90 different terms. Based on the
frequencies of these terms, we identified six broader categories of
pressures (crowdedness, noisiness, garbage/pollution, touristic
exploitation, bad weather, and anthropization). We then assigned
all responses to one or more categories, which were coded into
presence/absence. Mentions that did not fit into one of the
categories were summarized in a separate category (other). The
pressures were also examined for differences between socio-
cultural groups using a Chi-Square test.

To identify the differences in the influence of pressures on
experiences and consequently on CES, we coded all variables into
presence/absence, assigning 1 to “definitely applies” and 0 to all
other response options of experiences. We then created
correspondence tables to depict the relations between pressures
and experiences in a Sankey plot using SankeyMATIC (http:/
sankeymatic.com/build/). Similarly, the correlations between
experiences and CES were assessed using only significant
correlations between experiences and CES (p < 0.001).

RESULTS

Characteristics of respondents
In total, we obtained 526 valid responses, with a higher share of
female respondents (61%), more German-speaking people (56%),

and almost 50% were younger than 45 years (Fig. A2.1). In terms
of their relation to the European Alps, the largest group were
respondents visiting the Alps for touristic purposes (44%),
followed by residents who were also born in the Alps (38%). A
high share of the respondents had frequent contact with nature
spending time in nature at least several times a week (64%). More
than half of all respondents (54%) also indicated a high lake
affinity because they visited mountain lakes at least four times a
year.

CES relating to mountain lakes

Respondents attributed the highest value to bequest values,
followed by symbolic values, aesthetic values, education, spiritual
values, and existence values, whereas entertainment and
representation obtained the lowest values of all CES (Fig. 1).
Across the socio-cultural groups, high statistically significant
differences (p < 0.001) in the valuation of individual CES mainly
occurred in relation to cultural background (Table A2.1).
Accordingly, German-speaking respondents valued symbolic and
spiritual values higher than Italian-speaking respondents, who in
turn perceived scientific research, existence value, education, and
sense of place as more important. Although almost all socio-
cultural groups agreed on bequest value as being the most
important CES, some differences in the rankings of CES occurred
as well although they were not always significant (Table A2.1).
For example, female respondents valued symbolic values slightly
higher than aesthetic values, whereas male respondents assigned
higher values to existence values than to symbolic values.

CES were partly correlated to each other (Fig. 2). The highest
synergies occurred between symbolic and spiritual values. Bequest
values correlated with many other CES, mainly with existence,
spiritual, symbolic, and aesthetic values, while existence values
were more related to scientific research, education, aesthetic value,
and sense of place. The only negative correlation was found
between scientific research and spiritual value.

Experiences relating to mountain lakes

In terms of experiences, the highest values occurred for
connection to nature, relaxation, and freedom, followed by peace
and memories (Fig. 3). The greatest differences between socio-
cultural groups occurred for gender (Table A2.2): female
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Table 3. Socio-cultural groups used to identify their influence on values of cultural ecosystem services (CES) and
experiences. Groups may differ in sample size from the total sample (n = 256), as not all respondents provided
information for each variable. Further groups with a very small sample size were excluded.

Socio-cultural variables

Sample size

Gender Female 320
Male 201
Age 16-39 years 253
40+ years 256
Cultural background German-speaking 294
Italian-speaking 210
Relation to Alps Low (visits the Alps primarily as a tourist) 229
Strong (lives and grew up in the Alps) 199
Frequency of visits in Low (spending time in nature less than several times a month) 187
nature
High (spending time in nature at least several times a week) 335
Lake affinity Low (< three visits to lakes a year) 255
High (> four visits to lakes a year) 268

respondents generally valued experiences higher than male
respondents, in particular, connection to nature, relaxation,
peace, memories, health, inspiration, and excitement. Sense of
belonging was more important for respondents with high lake
affinity, residents, as well as respondents with frequent visits in
nature.

Fig. 1. Values of cultural ecosystem services (CES) of mountain
lakes with 95% confidence intervals. Values with non-
overlapping confidence intervals are significantly different from
each other. Same color bars indicate groups of CES for which
the values do not differ significantly from each other. Letters
indicate statistically significant differences in values between
socio-cultural groups: (a) gender, (b) age, (c) cultural
background, (d) relation to Alps, (e) frequency of visits in
nature, and (f) lake affinity.

Bequest value [N 2 53

Symbolic value — 2589¢c
Aesthetic value — 252¢c
Education — 250¢c
Spiritual value = 249c
% Existence value —249cf
Outdoor recreation —216f
Sense of place = 2.08ac
Scientific research 1.79¢c,e
Representation 153 ab
Entertainment 1.43
0.60 1.50 2_I00 3.&)0

Value of CES

Fig. 2. Bivariate correlations (Pearson’s r coefficient) across
cultural ecosystem services (CES) with a significance level of p
< 0.01. Strength shown through Pearson’s r coefficient,
represented by the size of the circles. Circles with different
shades of blue indicate positive correlations and the circles in
yellow shades represent negative correlations.
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Synergies occurred between most experiences (Fig. 4). The highest
synergies were found between connection to nature and peace.
Freedom and excitement were related to all other experiences with
the exception of life lessons, whereas the weakest synergies
generally occurred for refreshment and life lessons. Some positive
and negative correlations were also found between CES and
experiences (Fig. A2.2). Experiences were mainly related to
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aesthetic value, existence value, and sense of place, specifically,
inspiration, sense of belonging, health, life lessons, freedom, and
connection to nature. Weak negative correlations were found
between sense of belonging and outdoor recreation as well as
between memories and scientific research. Although refreshment
was only related to representation, none of the experiences
correlated with entertainment.

Fig. 3. Values of experiences of mountain lakes with 95%
confidence intervals. Values with non-overlapping confidence
intervals are significantly different from each other. Same color
bars indicate groups of cultural ecosystem services (CES) for
which the values do not differ significantly from each other.
Letters indicate statistically significant differences in value
between socio-cultural groups: (a) gender, (b) age, (c) cultural
background, (d) relation to Alps, (e) frequency of visits in
nature, and (f) lake affinity.

Connection to nature —260a
Relaxation —254a
Freedom =254 b f
Peace —237a.c
Memories

Health

Experiences

Inspiration
Excitement
Sense of belonging

Refreshment

Life lessons

0.00 1.00 2.00 3.00
Value of experiences

Pressures on experiences and CES

Based on the responses to the open-ended question, we identified
several pressures that would diminish the experience or prevent
extending the visit to mountain lakes. Most often respondents
mentioned crowdedness (70.0%), followed by noisiness (27.2%),
garbage/pollution (21.3%), touristic exploitation (18.6%), bad
weather (12.0%), anthropization (11.8%), and other aspects
(4.6%; e.g., disturbance by animals or difficult access). Some
significant differences occurred between socio-cultural groups
(Table A2.3). A higher share of German-speaking respondents
mentioned noisiness, garbage, and touristic exploitation
compared to Italian-speaking people. Although noisiness was
indicated more often by female respondents, garbage/pollution
was stated more often by younger people.

In general, the indicated pressures mostly affected connection to
nature, freedom, relaxation, peace, and memories, while having
lower impacts on excitement and life lessons (Fig. 5). Garbage/
pollution and anthropization seemed to affect all experiences
similarly, whereas the other pressures had some statistically
significant differences. Crowdedness had the greatest impact on
freedom and sense of belonging. Unlike touristic exploitation,
noisiness had the greatest negative effect on inspiration and the
least effects on the sense of belonging and refreshment. Bad
weather had the highest influence on life lessons, while the other
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mentioned pressures were most important for refreshment. These
negative impacts on experiences also affected CES at different
levels (Fig. 5). Relaxation (13.9%), peace (13.0%), freedom
(11.9%), and inspiration (11.5%) had the highest impacts on CES,
mostly affecting aesthetic value (22.6%), followed by sense of
place (20.5%), existence value (18.2%), and symbolic value
(15.2%).

Fig. 4. Bivariate correlations (Pearson’s r coefficient) across
experiences with a significance level of p < 0.01. Strength shown
through Pearson’s r coefficient, represented by the size of the
circles. Circles with different shades of blue indicate positive
correlations and the circles in yellow shades represent negative
correlations.
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DISCUSSION

CES and experiences relating to mountain lakes

In many studies examining the perceptions of various CES across
different landscapes, outdoor recreation was found to be one of
the most valued CES (Bieling et al. 2014, Rall et al. 2017, Ko and
Son 2018). Accordingly, studies emphasized the importance of
large and low elevation lakes for aquatic activities such as
swimming or boating (Allan et al. 2015, Sterner et al. 2020,
Probstl-Haider et al. 2021, Schirpke et al. 2021a). In contrast, we
found that mountain lakes are most appreciated for intrinsic
values, as has been reported in previous studies, which found that
aesthetic or spiritual values were deemed more important than
recreation (Ament et al. 2017, Riechers et al. 2018). In our case,
the preference for symbolic, aesthetic, spiritual, and existence
values can be explained by harsh climatic conditions at high
elevations and the remoteness of the lakes (Schirpke et al. 2021a).
Consequently, water-based activities are less important in
mountain lakes than other recreational activities that are carried
out in the surrounding landscape, such as hiking or biking that
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Fig. 5. Impacts of pressures (left) on experiences (center) and related cultural ecosystem services (CES; right). Only significant
relations between experiences and CES were included (see Fig. A1.2). The width of the lines indicates the magnitude of influence,

and the colors show individual pressures, experiences, and CES.
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do not require direct contact with the lake (Probstl-Haider et al.
2021, Schirpke et al. 2021b). This is also reflected in the most
valued experiences, which are related to mental and restorative
experiences such as connection to nature, relaxation, and
freedom, while respondents deemed physical benefits provided by
mountain lakes as less relevant.

By analyzing the correlations between CES and experiences, our
results indicate high positive correlations between three CES
(aesthetic value, existence value, and sense of place) with most of
the experiences (Fig. A2.2). This high level of interrelation and
overlap has also been acknowledged in previous studies in a
similar way (Bieling et al. 2014, Hausmann et al. 2016, Wartmann
and Purves 2018). The two negative correlations that emerged
suggest that there are distinct user groups with specific preferences
regarding some CES (outdoor recreation vs. sense of belonging
and scientific research vs memory), which probably do not
overlap. Other studies mention such similar competing interests,
for example, in relation to recreational activities or biodiversity
conservation goals (Ament et al. 2017, Roux et al. 2020). Sense
of belonging was highest valued by people with high lake affinity
regardless of being resident or tourist, whereas for outdoor
recreation the opposite was true. Therefore, diverging interests
seem to be related to specific values that are not limited to specific
socio-cultural groups but rather to their value orientations
(Kaltenborn and Bjerke 2002). This also allows the binary

Aesthetic.value
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‘% Scientific research

Education
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<
Spiritual value
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Representation =

distinction between residents and tourists to be overcome and for
intermediate categories of beneficiaries to be identified, e.g.,
tourists with a high lake affinity with similar perceptions
compared to specific groups of residents. This understanding can
be important for local institutions to promote a certain type of
tourism through a more conscientious infrastructure
development and accounting for social-ecological impacts over
time (Haraldsson and Olafsdottir 2018).

Socio-cultural differences

Although almost all socio-cultural groups agreed that mountain
lakes are “worth preservingin their natural state,” most differences
in values of other CES emerged between groups with different
cultural backgrounds. These findings are supported by other
studies pointing out the importance of accounting for socio-
cultural differences (Soliva et al. 2010, Zoderer et al. 2016a, b,
Quintas-Soriano et al. 2018, Dou et al. 2020). For example, many
studies found differences between male and female respondents,
suggesting that women more often indicate immaterial values
than men (Plieninger et al. 2013, Nowak-Olejnik et al. 2020). In
concordance with these findings, women attributed higher values
to sense of place in our study, while men scored higher
representation. Such differences were even more pronounced in
the valuation of the experiences, of which 7 out of 11 received
significantly higher values from women, in particular excitement,
inspiration, and peace, while refreshment and life lessons were
evaluated most similarly.
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The differences across socio-cultural groups reflect that different
uses and experiences are appreciated by different types of
beneficiaries (Van Berkel and Verburg 2014, Scolozzi et al. 2015,
Ament et al. 2017, Small et al. 2017, Schirpke et al. 2018).
Regarding mountain lakes, our results suggest two orientations
between the groups: (1) people who are more practice-oriented
(doing, enjoying, teaching, and learning something), and (2)
people with a more reflexive orientation (contemplating,
meditation moments, regardless of any particular activities). By
integrating further information on the preferred activities and
pressures, this information can be used as a basis for further
analysis to anticipate potential conflicts between groups with
different preferences (Confer et al. 2005, Schirpke et al. 2020).

Pressures on CES and experiences

Our results clearly indicate that crowdedness is the most
frequently mentioned pressure on the quality of nature-based
experiences, agreeing with previous empirical and recreational
studies (Moyle and Croy 2007, Arnberger and Mann 2008, Zehrer
and Raich 2016, Roux et al. 2020). Perceived crowdedness is
considered to be the subjective negative evaluation of density
levels in a specific location, emerging when the actual experience
diverges from the expectations (Oliver 1980). These expectations
can be influenced by gender, age, frequency of visit, and specific
situations (Zehrer and Raich 2016). Confer et al. (2005) found
that garbage, noise, and congestion increase negative associations
with recreational activities, resultingin less tolerance toward other
users. Similarly, our results suggest that the behavior of other
visitors is decisive in interfering with experiences, as many
respondents also specified noisiness (e.g., loud music, screaming
people) or garbage left around the lake. The pressures may also
be linked to different types of activities, which can provoke
conflicts between different user groups (Scolozzi et al. 2015,
Schirpke et al. 2020); in the case of mountain lakes, these may be
people visiting lakes alone or with their partner to enjoy the
quietness versus people having a barbecue with friends. In
addition, these pressures also affect highly valued CES such as
aesthetic value, sense of place, existence value, and symbolic value.
Here, management measures could start with specific
interventions for raising awareness on abandoned garbage or
exhibiting respective behavior toward nature and other people.
Asin Lapointe et al. (2020), we found some significant differences
between socio-cultural groups in pressures, indicating that
Italian-speaking respondents are more tolerant toward noisiness,
garbage, and touristic exploitation.

Management implications

Our findings emphasize the importance of mountain lakes in
providing CES and experiences, but also call for more attention
from decision makers and managers as stressed by the indicated
pressures, in particular crowdedness. Previous research on
crowdedness mostly concerned built environments (e.g., urban
areas and urban parks) or specific contexts, such as ski areas,
national parks, or forests (Moyle and Croy 2007, Arnberger and
Mann 2008, Kainzinger et al. 2015, Roux et al. 2020). Open
landscapes, however, have received less attention in studies
addressing the interrelationships between crowdedness and the
benefits of CES. Such research is particularly important in the
light of global megatrends because it is expected that relatively
remote and natural places will experience increasing pressures in
the coming decades because of a constantly growing demand for
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nature-based experiences (Buckley et al. 2015), despite and
possibly also due to economic and health crises (Gssling et al.
2021, Wen et al. 2021). Hence, efforts should be made to identify
carrying capacities to support visitor management plans, which
should also account for the impacts of recreational activities on
lake ecosystems (Dokulil 2014, Senetra et al. 2020). These could
be integrated with voluntary codes of conduct for hikers/tourists
for attentive and considerate behaviors toward other visitors.

Beyond the regional and national borders, the European Alps can
be considered as a large natural area in the center of a vast
urbanized area, providing high levels of CES and being exposed
to similar pressures and trends (Schirpke et al. 2019, Egarter Vigl
et al. 2021). Therefore, increasing pressures from socioeconomic
and climatic changes can also be expected on mountain lakes in
the future, requiring the attention of decision makers. Mountain
lakes are particularly vulnerable to increasing use, including water
abstraction, livestock farming, tourism, and hydropower
generation, and such pressures may severely affect the lake
ecosystem and related CES (Dokulil 2014, Van Colen et al. 2018,
Schmeller et al. 2018, Brunner et al. 2019, Moser et al. 2019). In
addition, these pressures may escalate the competing interests of
different users (Schirpke et al. 2020). A careful evaluation of
potential environmental impacts is therefore necessary before the
construction of new infrastructures, the increase of farming
activities, or the promotion of lakes as a tourist destination. By
understanding and acknowledging societal values as well as
individual well-being benefits, as reported in this study, decision
makers may be able to better balance potential impacts and
conflicts. For example, considering the high perception of
intrinsic values, tourism management and nature conservation
may pool forces to maintain the high environmental quality of
lakes, while offering opportunities to visitors to engage with
nature to encourage pro-environmental behaviors (Mackay and
Schmitt 2019).

Limitations and future directions

Our study is limited by several factors. One is related to our
sample, because we aimed to collect perceptions of people that
directly benefit from CES of mountain lakes, also asking
mountaineering associations to inform their members about the
survey. We can therefore assume that the sample of respondents
represents mostly people with a high interest in hiking and an
elevated level of nature awareness because the mountaineering
associations are very engaged in protecting the environment and
supporting a sustainable development of the mountain regions.
Accordingly, only 5% of the respondents never visit mountain
lakes, meaning that our results do not sufficiently reflect the
preferences of other types of visitors, e.g., mountain bikers and
leisure tourists (Scolozzi et al. 2015) or anglers and kayakers
(Confer et al. 2005). Moreover, our results mostly depict the
perceptions of German-speaking and Italian-speaking people,
but it would also be interesting to include people with other
cultural backgrounds, which seems to be a key factor for
differences in perceptions of CES. Future studies should also
account for psycho-cultural aspects to improve the understanding
of human behavior and human-nature interactions, which can
improve management issues and improve the characterization of
the respondents (Kumar and Kumar 2008).

Another issue is related to the choice of using an online-survey
because of Covid-19 restrictions. This is a disadvantage when
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including open-ended questions because we could not ask
participants to specify their answers as during interviews in situ
(e.g., Bieling et al. 2014, Wartmann and Purves 2018). For
example, many people indicated “too many people” as a pressure,
but there was no indication of how many people and whether
these people posed a disturbance simply because of their presence
or because of a specific behavior, e.g., screaming or leaving
garbage. Nevertheless, the broad categorization of the mentioned
pressures matches those used in other studies (Confer et al. 2005,
Roux et al. 2020), and the results are a useful starting point for
further studies. Further research could investigate the “style of
enjoyment” for each type of visitor to identify and possibly
anticipate important issues for destination management. This
could include a potential impact profile (e.g., high or low tendency
to litter, high or low potential for noisiness) and sensitivity to
crowdedness (e.g., ranges in the number of other users on the
same site that make people feel like it is crowded). These would
require research approaches similar to those used in market
studies, in which the variables can be controlled; this is feasible
for specific variables but difficult to perform for open landscape
features such as mountain lakes.

Concerning destination management, previous examples include
the models of wildlife tourism established in several British
destinations (Curtin 2013). However, in the macro-region of the
European Alps, an area with a high complexity of institutions
and diversity of administration forms, this would require long-
term visions and an anticipatory governance approach
(Jurgilevich 2021) to be shared between destination marketers,
local administrations, conservation NGOs, and private sector
operators.

CONCLUSIONS

This study addressed several challenges related to the assessment
of CES and focused on small mountain lakes, which are different
from many other ecosystems studied in terms of recognized
appreciation and values. First, by distinguishing between CES
and experiences, this study emphasizes synergies between a variety
of values associated with small mountain lakes. This provides a
basis for better consideration of CES in nature-based tourism and
conservation management because it encourages decision makers
and landscape managers to evaluate how interventions that affect
thelake characteristics can change experiences. Second, mountain
lakes are relatively more sensitive to global megatrends and local
pressures (e.g., nature-based tourism and outdoor recreation,
climate change) than large lakes, and therefore require the
attention of decision makers. This study provides novel insights
into the variety of values people associate with mountain lakes
and recognizes the potential pressures on related experiences.
Finally, our results relating to the socio-cultural groups suggest
that there are different user groups with distinct preferences and
value orientations, with lake enjoyment varying from more active
and recreational to more contemplative practices. Unlike previous
studies on other natural areas, these groups are not binarily
divided between residents and visitors; gender, age, cultural
background, lake affinity, and frequency of visits in nature
indicate finer differences in perceived values between the groups.
This understanding can be important for institutions to promote
sustainable tourism through a more aware infrastructure
development and accounting for social-ecological impacts over
time.
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APPENDIX 1

QUESTIONNAIRE

MOUNTAIN LAKES IN THE ALPS

Section 1

The questionnaire below is composed of questions about your perception of mountain lakes. These are smaller-
sized natural lakes, which are located at least 1000 meters above sea level. To complete this questionnaire will
take you approximately 10-15 minutes.

Within each section, please choose the most appropriate option for you.

The participation is voluntary and anonymous. You can withdraw at any time. All data will be treated
confidentially and not be passed on to third parties.

Please find further information about this project at: https://www.uibk.ac.at/projects/claimes/index.html.de
* required

Consent of voluntary participation *

O hereby confirm my voluntary participation



Section 2

What are mountain lakes particularly suitable for? How accurate are the following statements in your
opinion? Mountain lakes are suitable... *

does not does not somewhat definitely don't know
apply at all really apply applies applies

for research purposes @) O @) @) O
for leisure activities @) O @) @) O
to transfer knowledge about nature @) O @) @) O
for commercial purposes, e.g. as a film

location O O O O O
for advertising, e.g. of products @) O @) @) O

Thinking of mountain lakes, which of the following statements are more or less accurate for you?
Mountain lakes are ... *

does not does not somewhat definitely don't know
apply at all really apply applies applies
essential elements of alpine landscapes @) O @) @) O
places with symbolic power @) O @) @) O
places of spirituality @) O @) @) O
places of great aesthetic value @) O @) @) O
worth preserving in their natural state O @) @) O @)
places that convey a sense of home, of ®) e 0) ®) e

belonging



Section 3

Have a look at the picture. Imagine that you have arrived at this mountain lake and take a short rest.

How accurate are the following statements for you?

Visiting a place like this leaves me with the feeling that | have learned something from nature *

1 2 3 4 5
does not apply at all O @) O @) @) definitely applies

Having spent time at a place like this, | feel healthier *

1 2 3 4 5
does not apply at all O @) @) @) @) definitely applies

Visiting a place like this leaves me with lasting memories *

1 2 3 4 5
does not apply at all O O O @) O definitely applies

In a place like this, | feel excited *

1 2 3 4 5
does not apply at all O @) @) @) @) definitely applies



A place like this makes me feel at home *

1 2 3

does not apply at all O O O

Visiting a place like this gives me a sense of freedom *

1 2 3
does not apply at all O @) @)

In a place like this, I feel in touch with nature *

1 2 3

does not apply at all O O O

A place like this instills inner peace within me *

1 2 3
does not apply at all O @) @)

This is a place to refresh and cool down on particularly hot days *

1 2 3
does not apply at all O @) @)

Having visited a place like this, | feel more relaxed *

1 2 3
does not apply at all O @) @)

In a place like this, | find inspiration *

1 2 3
does not apply at all O @) @)

4

©)

definitely applies

definitely applies

definitely applies

definitely applies

definitely applies

definitely applies

definitely applies



Section 4

You are visiting a mountain lake. In your opinion, what could diminish your experience of this visit
and discourage you from extending your stay? Please, briefly describe this in a few words. *




Section 5

Concluding this survey, we would like to ask you for some personal data. Providing this information
is voluntary. We wish to reiterate that all data is treated confidentially and will not be passed on to
third parties.

Gender

O Female
O Mmale
O x

In which year were you born?

How frequently do you spend time in nature?

©) Every day

O several times a week
O several times a month
O Once a month

O Less than once a month

On average, how often do you visit mountain lakes a year?

O never

©) occasionally (1 - 3 times)

O often (4 - 10 times)

O frequently (more than 10 times)

How do you relate to the Alpine region?

O I live in the Alpine region, where | also grew up
O Ilive in the Alpine region, but I did not grow up there
O I live outside of the Alpine region and visit it primarily as a tourist
O grew up in the Alps, but now | live somewhere else
I mainly travel to the Alpine region for professional purposes
O | have no connection to the Alpine region



APPENDIX 2

Gender Language How frequently do you spend time in nature?
61 56%
% 39 40% Every day [N 15%
% Several times a week | 49%
I 4% Several times a month | 29%
- — Once amonth (M 4%
female male German ltalian English
Less than once a month [l 3%

Age

26%
° 23%

17%  16%

16-30 30-44 45-59 60+

How often do you visit mountain lakes a year?

Ml 5%
I 46%
I 35%
I 19%

never
1-3 times
4-10 times

>10 times

How do you relate to the Alpine region?

| live and grew up
in the Alps
38%

| visit the Alps primarily
as a tourist
44%

Fig. A.2.1: Characteristics of the respondents (n=526).

I live in the Alps but grew
s up elsewhere
! 8%
| have no connection to the
_— Alps
5%
| grew up in the Alps but

——— now live somewhere else
4%

~_ | mainly travel to the Alps
~— for professional purposes
1%



Table A.2.1: Perceived value of CES of mountain lakes (in descending order) and mean values of socio-cultural groups. Statistically significant differences between groups are

indicated by * (p < 0.01) and ** (p < 0.001).

Total Gender Age Cultural background Relation to Alps Frequency of visits in nature  Lake affinity
Female Male <40 40+ German Italian Residents Tourists Low High Low High

N=526  N=320 N=201 N=253 N=256 N=294 N=210 N=199 N=229 N=187 N=335 N=255 N=268
Bequest value 2.825 2.825 2.826 2.806 2.852 2.779 2.881 2.824 2.852 2.834 2.821 2.824 2.828
Symbolic value 2.587 2.641 2.502 2.585 2.586 2.799** 2.343** 2.613 2.611 2.487 2.639 2.627 2.545
Aesthetic value 2.521 2.553 2.463 2.510 2.539 2.408* 2.638* 2.613 2.524 2.535 2.507 2.459 2.578
Education 2.500 2.516 2.478 2.494 2.496 2.354** 2.690** 2.457 2.507 2.594 2.442 2.518 2.478
Spiritual value 2.494 2.559 2.388 2.443 2.535 2.694** 2.248** 2.477 2.498 2.417 2.531 2.545 2.440
Existence value 2.492 2.475 2.527 2.486 2.516 2.180** 2.876** 2.643 2.445 2.561 2.454 2.369** 2.616**
Outdoor recreation 2.158 2.159 2.149 2.213 2.090 2.204 2.133 2.090 2.170 2.257 2.099 2.302** 2.015**
Sense of place 2.076 2.184* 1.900* 2.008 2.141 1.952** 2.271** 2.241 2.070 2.032 2.093 1.976 2.168
Scientific research 1.795 1.769 1.856 1.806 1.793 1.224** 2.510** 1.819 1.812 2.005** 1.675** 1.765 1.836
Representation 1.534 1.441* 1.692* 1.660* 1.410* 1.599 1.467 1.608 1.428 1.529 1.534 1.498 1.575
Entertainment 1.430 1.416 1.468 1.455 1.406 1.364 1.505 1.528 1.393 1.503 1.391 1.459 1.410




Table A.2.2: Perceived value of experiences of mountain lakes (in descending order) and mean values of socio-cultural groups. Statistically significant differences between

groups are indicated by * (p < 0.01) and ** (p < 0.001).

Total Gender Age Cultural background Relation to Alps Frequency of visits in nature  Lake affinity
Female Male <40 40+ German Italian Residents  Tourists Low High Low High

N=526 N=320 N=201 N=253 N=256 N=294 N=210 N=199 N=229 N=187 N=335 N=255  N=268
Connection to nature 2.605 2.716** 2.458** 2557 2.676 2.527 2.695 2.603 2.668 2.578 2.621 2.569*  2.642*
Relaxation 2.544 2.644** 2.398** 2,549 2.566 2.503 2.576 2.523 2.616 2.545 2.546 2.510 2.582
Freedom 2.542 2.622 2.443 2.625 2.516 2.425** 2.686** 2.618 2.511 2.519 2.558 2.384**  2.687**
Peace 2.371 2.509** 2.169**  2.356 2.410 2.483** 2.176** 2.397 2.402 2.262 2.433 2.329 2.403
Memories 2.365 2.484** 2.189**  2.364 2.387 2.510** 2.171*%* 2.357 2.371 2.198* 2.454* 2.341 2.381
Health 2.169 2.294* 1.990* 2.249 2.145 2.075 2.271 2.231 2.175 2.267 2.116 2.078 2.25
Inspiration 1.943 2.075** 1.716**  1.874 2.023 1.854 2.038 1.95 1.974 1.904 1.955 1.867 2.015
Excitement 1.897 2.094** 1.607**  1.929 1.930 1.663** 2.205** 1.824 1.952 1.941 1.875 1.784 2.004
Sense of belonging 1.835 1.913 1.736 1.913 1.801 1.748* 2.005* 2.221** 1.555** 1.583** 1.973** 1.424**  2.228**
Refreshment 1.783 1.806 1.761 1.775 1.805 1.905 1.657 1.688 1.843 1.727 1.818 1.851 1.728
Life lessons 1.721 1.741 1.711 1.617 1.844 1.500** 2.038** 1.683 1.803 1.733 1.704 1.616 1.813

Table A.2.3: Pressures mentioned in relation to a visit to mountain lakes (in descending order) and mean values of socio-cultural groups. Statistically significant differences
between groups are indicated by * (p < 0.01) and ** (p < 0.001).

Total Gender Age Cultural background Relation to Alps Frequency of visits in nature  Lake affinity
Female Male <40 40+ German Italian Residents  Tourists  Low High Low High
N=526  N=320 N=201 N=253 N=256 N=294 N=210 N=199 N=229 N=187 N=335 N=255 N=268
Crowdedness 0.700 0.691 0.716 0.719 0.676 0.738 0.643 0.693 0.707 0.701 0.701 0.694 0.705
Noisiness 0.272 0.313* 0.209* 0.269 0.273 0.350** 0.162** 0.286 0.249 0.262 0.278 0.267 0.276
Garbage/pollution 0.213 0.231 0.184 0.289**  0.148**  0.269** 0.124** 0.191 0.223 0.198 0.224 0.235 0.190
Touristic exploitation  0.186 0.159 0.234 0.225 0.156 0.269** 0.081** 0.181 0.170 0.198 0.182 0.212 0.164
Bad weather 0.120 0.138 0.095 0.103 0.141 0.105 0.138 0.131 0.140 0.123 0.119 0.122 0.119
Anthropization 0.118 0.113 0.129 0.154 0.086 0.136 0.095 0.121 0.096 0.112 0.119 0.125 0.108
Other 0.046 0.053 0.035 0.036 0.055 0.048 0.038 0.030 0.066 0.064 0.036 0.063 0.030
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Fig. A.2.2: Correlations between CES and experiences with a significance level of p < 0.01. Strength shown
through Pearson’s r coefficient, represented by the size of the circles. Circles with different shades of blue
indicate positive correlations and the circles in yellow shades represent negative correlations.
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