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ABSTRACT

Despite the crucial importance of pond landscapes for biodiversity conservation, they are less studied, especially in terms of their impacts
on people and society. This paper presents the results of a survey carried out on the perceptions of inhabitants and stakeholders across
17 pond landscapes in six countries in Europe, as well as Tiirkiye and Uruguay. We collected 117 and 590 answers from stakeholders and
local inhabitants, respectively, through questionnaires, including questions about their perceptions and preferences. Our results show that
pondscapes are widely valued for their benefit to the quality of life and biodiversity. Three Nature’s Contributions to People are considered
important by both groups: ‘creation and maintenance of habitats, ‘physical and psychological experiences’and ‘maintenance of options’ (i.e.
potential opportunities offered by nature to ensure resilience). Similar perceived threats related to‘climate change’and ‘pollution’ have been
identified by stakeholders and inhabitants in all countries and have a direct impact on the maintenance of the most important contributions.
The perceptions of potential solutions to identify threats are quite similar for most pondscapes, with conservation and maintenance actions
being the most important for enhancing ecosystems and societal resilience to climate change and other societal challenges.

Keywords: nature-based solutions; nature’s contributions to people; pond conservation and management; pondscape

Introduction

Ponds represent an estimated 304 million standing
waterbodies of less than 10 hectares worldwide (Cérégh-
nio et al. 2014). The number of ponds has fallen dramat-
ically in many places. In Europe, the reasons (Hill et al.
2018) are related to land use change (Curado et al. 2011;
Smith et al. 2022), urbanization (Brans et al. 2018) and
climate change (Fahy et al. 2024). Additional anthropo-

genic pressures that affect biodiversity and ecosystem
functioning (Stamenkovi¢ et al. 2019) include pollution
and the appearance of exotic and invasive species (Smith
and Buckley 2020; Macedo et al. 2024). Ponds are en-
vironments that can make a significant contribution to
aquatic biodiversity, for example, by harbouring 70% of
the pool of freshwater species in European landscapes
(Davies et al. 2008). They also make other contributions,
such as the provision of water for livestock, pollination,
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carbon sequestration, fish production and recreational
facilities (Oertli et al. 2023). Depending on the context,
ponds can also contribute to cultural heritage (Delpero
and Volpato 2022), flood regulation and tourist attrac-
tiveness (Turkelboom et al. 2021; Pereira-Lindoso et al.
2025). All the life that these ponds support makes a gen-
eral contribution to human well-being (Jiang et al. 2023;
Vasco et al. 2024). Over the last decade, pond landscapes,
also known as pondscapes (Boothby 1997; Borthagaray
et al. 2023), have gained traction in the field of pond sci-
ence and management due to interest in thinking about
them as networks and better integrating them with land
uses. In a way, this concept overlaps with the other no-
tion of waterscape (Karpouzoglou and Vij 2017), which
invites us to think about the interplay of social and bio-
physical components of the landscapes.

In light of this perspective, better management of
ponds at the pondscape level is increasingly promoted to
achieve integrated management actions at the crossroads
of water management, biodiversity conservation, and
land planning (Hill et al. 2021; Cuenca-Cambronero et
al. 2023). As mentioned by de Necker et al. (2024), it is
essential to understand the opinions and knowledge of
individuals on pondscapes when making any decisions
regarding the conditions of these water bodies. In the
face of growing societal demand for information and
involvement, the identification of pond values provides
the basis to prioritize the most important social and envi-
ronmental issues for local actors (Lopez-Rodriguez et al.
2015), improve their condition, fine-tune their manage-
ment, and better integrate their management plans with
regulatory and planning frameworks in many countries
(Ryfisch et al. 2024).

Although largely focusing on Europe, ponds are spac-
es that have been studied in recent years by social sci-
ence, whether concerning fishpond management (Popp
et al. 2019; Lasner and Antje 2024; Zdenék et al. 2025),
their uses in relation to socio-economic interests (Bli-
charska et al. 2017; Vo et al. 2023; Bartrons et al. 2024),
implementation of public policy (Ryfisch et al. 2023) and
maximizing their ecosystem services (Jiang et al. 2023;
Rey-Valette et al. 2024). Several studies show that pond-
scapes are highly valued by people, bringing psycholog-
ical benefits (Zhang 2021), as well as cultural services
(Oertli and Parris 2019). However, it is possible to collect
some contrasting perceptions of pondscapes as spaces in-
tended either exclusively for human use with anthropo-
genic pressures (Bouahim et al. 2014) or for uses oriented
towards biodiversity conservation (Zamora-Marin et al.
2021). The social perception approach has also been mo-
bilized recently to understand the contribution of ponds
to well-being (Rey-Valette et al. 2022; Vanhofen et al.
2025), the relationship of inhabitants with biodiversity
(Vasco et al. 2024), their role in supporting local identi-
ties and water quality in urban environments (Mitroi et
al. 2022). The social perception approach examines how
individuals process information using their senses, expe-

riences, and cognitive activity to make sense of what they
understand and observe (Zebrowitz 1990). Perceptions
are themselves influenced by knowledge of the environ-
ment and depend on social, economic and cultural con-
text (Cauberghe et al. 2021). The analysis of perception
can help take social and geographic perspectives into ac-
count (Castro et al. 2014; Quintas-Soriano et al. 2018)
by proposing strategic ecological intervention measures.
For example, meeting the specific needs of local actors
can contribute to cultural heritage, pond restoration or
biodiversity conservation, educational intervention, or
preventing area degradation.

Cuenca-Cambronero et al. (2023) and Hill et al.
(2021) identified research priorities for ponds and pond-
scapes that the social perceptions approach can strongly
contribute to cover, such as climate change, water quali-
ty deterioration, biodiversity decline, and the delivery of
environmental benefits. In this vein, we used two con-
cepts, Nature-based Solutions (NbS) and Nature’s Con-
tributions to People (NCP), in order to assess perceptions
of these challenges by linking them to the biophysical
properties and functions of the pondscapes. The NCP
concept (Diaz et al. 2018) represents nature’s key positive
and negative contributions to people and considers the
socio-cultural dimension by identifying all links between
society and nature. To interpret what nature is and un-
derstand its benefits for human societies, the NCP per-
spective emphasizes culture as one of the main factors in
identifying bonds between society and nature (Pedersen
etal. 2019). Specifying the relationship with nature is cru-
cial to understanding the context-specific viewpoints and
different knowledge systems (Pascual et al. 2017). The
same NCP may be perceived as beneficial or detrimental
depending on the cultural, socioeconomic, temporal, or
spatial context. Within the NCP framework, nature con-
tributes to the quality of life through material (e.g. food
and feed), nonmaterial (e.g. recreational activities), and
regulating processes (i.e. regulation of hazards), which
are affected by natural or anthropogenic drivers. The
concept of NbS (Nesshover et al. 2017) refers to meas-
ures based on or inspired by nature that are implemented
to modify the functioning of environments and deliver
specific outcomes to people while providing benefits to
biodiversity and ecosystems. The NbS concept includes
various forms, from creating, protecting, or restoring
natural ecosystems to management measures. There-
fore, NbS and restoration are not identical (Waylen et al.
2024). NbS is grounded on two logical follow-up ideas:
(1) natural and artificial ecosystems must be managed
to secure the production of a diverse range of services
that impact the quality of life (Mell and Clement 2019);
(2) this implies understanding and producing knowledge
on socio-ecological processes and determining the most
appropriate way of addressing environmental challenges.

In this study, using a survey, we explored social per-
ceptions of different pondscapes in Europe, Tiirkiye and
Uruguay to identify common patterns despite local varia-
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tions and different respondents. The paper highlights the
importance of studying several types of study sites in are-
as with different histories and uses to gather as many dif-
ferent perceptions as possible. It is thus important to fill a
knowledge gap concerning the variability of perceptions
according to the contexts of the study sites and the types
of respondents. The study areas have never been studied
from the perceptions point of view. Analysis of responses
can provide important insights on eliciting motivation
for pond management measures and the design of public
policies.

This paper takes a global and comparative view by ex-
amining the responses of stakeholders and inhabitants.
By stakeholder, we mean anyone who keeps abreast of
pondscape news and is professionally, politically or asso-
ciatively involved in its management. This framing allows
us to draw up an exhaustive inventory of the existing
expectations of inhabitants and stakeholders regarding
current and potential future contributions. In doing so,
we provide a step toward valuing the role of pondscapes
for the quality of life, estimate the importance of certain
challenges, assess the perceptions of different NCPs, and
determine which NbS measures should be prioritized. It
is likely that a large part of the perceptions could be in
favor of the conservation of pondscapes. In light of the
results, we discuss this hypothesis using the literature in
order to identify ways of making a positive contribution
to the management of these pondscapes.

Materials and Methods

Questionnaire content and dissemination

We distributed questionnaires in six European coun-
tries (Belgium, England, Denmark, Germany, Spain/
Catalonia, Switzerland), Tiirkiye and Uruguay between
2021 and 2023. Questionnaires were developed with the
specific purpose of assessing the inhabitants’ and stake-
holders” perception of pondscape offered by each differ-
ent case study. Two different questionnaires were used
for stakeholders and inhabitants. While both question-
naires largely contain the same questions for all pond-
scapes, they also include different questions relating to
the profile of the inhabitants and stakeholders regarding
their activities and their role in pondscape management.
These specific questions were tailored to each type of re-
spondent to better understand the relevance of their an-
swers in relation to their profiles, were informative and
had no connection to their social perceptions of pond-
scapes. In this article, through a comparative study, we
present the results of the common questions asked of
the two types of actors surveyed. Data from stakehold-
ers and inhabitants have been analyzed to determine
convergences and divergences between them. The ques-
tionnaires included several common questions covering
topics such as: profile of the respondents, relation to na-
ture and pondscape, the self-reported rating on the role

of pondscapes on quality of life, visual perception of
changes over time, perception about the environmental
condition of the pondscape, perception of NCPs, percep-
tion of the most important threats and impact of threats
to the pondscape in future and perception on the select-
ed measures of NbS. Perceptions of the contribution of
pondscapes to life quality may depend on familiarity and
intensity of use, but also on connection and commitment
to nature. Therefore, we have included these questions to
understand the respondents’ profiles. We selected closed
questions, including questions concerning preferential
choice (ranking) and rating. Several questions comprised
close-ended dichotomous and multiple-choice questions
to gain structured data on specific topics. A Likert rating
scale was chosen to measure respondents’ personal atti-
tudes toward particular topics (Brown 2000). As interval
data, we use the Likert scale where 1 is the lowest and 5
is the highest rating. The template of the common ques-
tions of the questionnaire is attached as Annex 1.

Templates of both questionnaires were written in
each local language (Catalan, Danish, Dutch, English,
French for Switzerland, German, Spanish for Uruguay,
and Turkish). The translation of the questionnaire was
standardized across countries, so that questions and an-
swers were exactly the same. Only the unit of measure-
ment varied (km-mile, hectare-acre) and was considered
in calculating the results (Table S1). Before starting the
questionnaire, a brief presentation of the research project
was provided, along with a confidentiality statement and
a guarantee of anonymity. Responses to the question-
naires were obtained via the internet and on-site during
times spent on the pondscape.

The completed questionnaires were entered into a
LimeSurvey database (http://www.limesurvey.org) that
we developed for this study. Online questionnaires were
collected via LimeSurvey and the paper were later en-
tered to LimeSurvey by the authors.

Approach regarding the NCP and NbS framework

Diaz et al. (2018) proposed 18 different types of NCPs,
of which not all are necessarily relevant to ponds. The
list of 18 types of NCPs was therefore filtered according
to their relevance for pondscapes and reduced to a final
list of 11 NCPs (Table 1), selected to determine the con-
tributions they provide and how they impact quality of
life.

As suggested in the study by Gonzalez-Ollauri et al.
(2023) on the selection of NbS concerning hydro-mete-
orological hazards, the list of NbS was also filtered ac-
cording to their relevance for pondscapes. The NbS con-
sidered in the paper are:

Pond creation (e.g. digging a pond in a place where

there was formerly no waterbody);

Pond restoration (e.g. digging a pond in a place where

formerly a pond existed; regenerating a landfilled

pond; undertaking important transformations on an
existing pond that was functionally lost);
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Table 1 List of the 11 types of NCPs selected in this survey based on IPBES (Diaz et al. 2018).

Explanations

Regulation of
environmental
processes

Habitation creation
and maintenance

Diverse habitats (shelter, nesting, breeding, refuge...) for numerous freshwater
species such as aquatic plants, benthic invertebrates, amphibians, fish...

Pollination

Favourable habitats for beneficial insects, such as wild bees and syrphid flies,
due to the surrounding vegetation and the water supply in the pond landscape.

Regulation of climate

Ponds can influence the microclimate by cooling or warming the surrounding air.

Ponds also have the potential to sequester greenhouse gas and capture carbon
through wetland vegetation.

Regulation of water quantity,
location and timing

A pond, being a water reservoir, can contain a certain level of stormwater
and serve to reduce the amount of water delivered downstream.

Regulation of water quality

Ponds can be important in purifying water against pollutants, by retaining them
through algae, plants and other organisms present in the environment.

Regulation of hazards
and extreme events

Prevent flooding during heavy rainfall events.

Materials and assistance

Food and feed

Fishponds, livestock watering...

Non-materials

Physical and psychological
experiences

Place open to the public and providing a great environment in which people
can exercise and relax.

Learning and inspiration

People can learn and be inspired by contact with nature. This space can also be
used and studied for educational programmes.

Supporting identities

Cultural heritage, local identity.

Other

Maintenance of options

Potential opportunities offered by nature to ensure resilience in the future.

Pondscape’s ability to keep options open for the future.

Pond infrastructure and local management actions
(e.g. removing some vegetation or tree shade; remov-
ing or introducing species; water management);
Landscape management actions (protective status,
changing land use around the landscape of ponds, en-
hancing the connectivity between ponds or the land-
scape of ponds).

Presentation of the studied pondscapes

The seventeen pondscapes where the questionnaires
were distributed are shown in Table 2, along with their
main characteristics. They have not been chosen to be
representative of all European, Turkish or Uruguayan
pondscapes but rather to represent a diversity of areas in
terms of bioclimatic zone (Continental, Mediterranean,
Subtropical, Arid context, Atlantic), surface area of the
pondscapes (less than 1 km? to 30 km?) and pond age
(from newly created ponds to naturally occurring ponds
that have existed for thousands of years). The pondscapes
are integrated into watersheds with a variety of land uses
(arable, urban and suburban zone, grassland, pasture, na-
ture reserve) and have different land tenure relationships.
Pondscapes have all seen measures implemented in re-
cent years to improve their condition. On the one hand,
across all study areas, the creation of ponds has been the
most implemented measure, followed by management
actions, and then measures to restore ponds (Table 3).
These features may directly affect the relationship of
stakeholders and inhabitants to the pondscapes because
the issues and challenges linked to them may be different.
This selection of study sites with natural or artificial na-

ture of a pond is explained by the context of each coun-
try. While in European countries, pondscapes tend to be
located in recreational areas, dedicated to biodiversity or
no intended purpose of use, the context in Uruguay and
Tiirkiye is a little different. In Uruguay, man-made ponds
are located in isolated areas and mostly dedicated to live-
stock watering and secondarily for low scale irrigation
support to boost rural production. In Tiirkiye, the three
pondscapes are close to a large lake and flats (Dolcerocca
et al. 2024) with no officially identified use for the ponds,
but which are currently used as nature areas, landfill
sites, informal pleasure gardens with water pumping
system.

Samples of respondents

In all countries combined, we collected 117 complet-
ed answers from stakeholders and 703 completed an-
swers from the different inhabitants, of which 590 have
visited the pondscapes at some point (Table 3). Given
that these pondscapes are located in different countries,
their management mode is not as institutionalized as
other water bodies such as large lakes and rivers. There
is no exclusive legal responsibility (uncertain status of
ownership) for the ponds in some countries, which pre-
sents the challenge of identifying the stakeholders. This
explains the limited number of responses from stake-
holders.

There are large differences in the number of respons-
es from inhabitants between the seventeen pondscapes
studied. We identified four groups of pondscapes with a
similar number of answers:

European Journal of Environmental Sciences, Vol. 16, No. 1
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Table 2 Characteristics of the studied pondscapes.

Name of the Bioclimatic Landscap‘e and Land Area Numbe.r of Pond siz- | Activities in the
Country surrounding land ponds in the 2
pondscape zone tenure (km?2) es (m?) pondscapes
use pondscape
. Rural with wood- Mostly 100 to Wildlife watching
Bois de Jussy land and agriculture | public / = 4000 Hiking
Switzerland Continental | Suburban (agricul-
Rhéne tural, woodland, / 16 40 50 to Hiking
Genevois partly nature 20000 Wildlife watching
reserve)
L . Suburban with Mostly 100 to Relaxation
Germany Schoneiche Continental agriculture private 16 12 20000 Wildlife watching
Wildlife
. Mostly 4000 to .
Dikkuyruk Central- Peri-urban (wheat private 0.58 4 80000 :'kati:]hmg
Anatolian | field, landfill, 9
Turkiye " . arid-cold ornamental garden | Mostly 100 to Hiking
Golbasi steppe with water pumping | public 0.26 = 10.000 Relaxation
climate system, near a lake)
Imrahor Private 2.51 12 22510 Informal uses
’ 57000
Pinkhill Rural and floodplain Private 04 50-60 20to W|Id||feiwatch|ng
England Meadows | (Thames) 3000 Relaxation
Atlantic
/UK : - .
Wate!' Friendly Rural with farmland M<.)stly 30 120 100 to W|Id||fe.watch|ng
Farming private 5000 Relaxation
Albera Rural with agricul- Mgstly 25 23 450 to V\/.I|(.Il|lfe watching
Catalonia Mediterra- ture private 62000 Hiking
/Spain nean ildli i
La Pletera Suburban and Public 06 2 100 to W|Id.I|fe watching
coastal marshes 3600 Cycling
. Rural with grass- Mostly 100 to Hiking
Gete Vallei land/ arable land private >10 4 150 Cycling
Belgium Pikhakendonk | Atlantic Rural with grassland M9st|y 0.1 62 100to Hiking .
private 150 Relaxation
Tommelen Nature reserve near Public 012 144 100 to Hiking .
urban area 150 Relaxation
Sierra de los ) ) 510 25 Agriculture
Caracoles Subtropical/ | Rural with pastures 400 to Education purpose
Uruguay temperate and grasslands for Private 5000 —
La Pedrera humid grazing cattle >10 18 Hiking
Picnic
Mostly 100 to Wildlife watching
Lystrup Suburban public 8-30 14+ 1500 Relaxation
Denmark Continental
Rural with pasture/ | Mostly 100 to Hiking
Fyn arable private 8-250 | 30+ 1500 Wildlife watching

Three pondscapes with more than 80 responses:
Rhone Genevois in Switzerland, Albera and La Pletera

in Spain;

Four pondscapes between 30 and 60 responses:

Pinkhill Meadows, Schoneiche in Germany, Golbasi

in Tirkiye, Bois de Jussy in Switzerland;

Four pondscapes between 15 and 30 responses: Pikha-

kendonk and Tommelen in Belgium, Lystrup in Den-

mark, Water Friendly Farming in England;

Six pondscapes between 2 and 12 responses: Fyn in

Denmark, the Uruguayan pondscapes, Gete Vallei in

Belgium, Imrahor and Dikkuyruk in Tiirkiye.

Given these discrepancies and the low number of
responses per pondscape for the last group of six pond-

scapes, we will place less emphasis on their results when
presenting comparisons between pondscapes but we
will keep them for the figures including all pondscapes
combined. However, it is important to explain the low
number of responses due to the difficulty of collecting
data on ponds. Many are not located in tourist or fre-
quented areas. Population density in the immediate vi-
cinity of some ponds (particularly in Uruguay, Turkey,
and Funen, Denmark) is low, with some ponds having
a small surface area. Other ponds are difficult to access
(Uruguay, Funen, Denmark, Water Friendly Farming in
England, Turkey), with some areas being geographically
isolated. The temporary or permanent disappearance of
ponds (in Spain and Germany) does not attract particu-
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Table 3 NbS implementend of the studied pondscape in recent years.

Pond infrastructure and local
Country Name of the pondscape Pond creation Pond restoration management actions (e.g. digging,
vegetation clearing)

Bois de Jussy X X X
Switzerland

Rhone Genevois X X X
Germany Schoneiche X X

Dikkuyruk X X
Turkiye Golbasi X X

Imrahor X X

Pinkhill Meadows X X
England/UK

Water Friendly Farming X X

Albera X X
Catalonia/Spain

La Pletera X X

Gete Vallei X X X
Belgium Pikhakendonk X X

Tommelen X

Sierra de los Caracoles X X
Uruguay

La Pedrera X X

Lystrup X X
Denmark

Fyn X X X

Table 4 Number of answers per respondent type (i.e., inhabitants and
stakeholders) and pondscape.

Number of answers
Country Pondscapes
Inhabitants | Stakeholders
Bois de Jussy 57
Switzerland
Rhone Genevois 84 7
Germany Schoneiche 44 5
Dikkuyruk 8 8
Turkey Golbasi 41 9
Imrahor 2 6
Pinkhill Meadows 32 1
England Water Friendly
. 18 6
Farming
Albera 92 17
Spain
La Pletera 118 9
Gete Vallei 8 5
Belgium Pikhakendonk 22 5
Tommelen 23 7
Sierra de los 12 4
Uruguay Caracoles
La Pedrera 4 3
Lystrup 17 3
Denmark
Fyn 8 5

lar attention. As shown in Table S1 (supplementary data),
the profile of stakeholders varies from one pondscape to
another. The stakeholders see themselves mostly in the
role of counselling, public authority and civil society.

Regarding the profile of the inhabitants (supplementary
data), some pondscapes attract a very local population
on average with less than 5 kilometers away whereas half
of the pondscapes in this study are visited by people who
live more than 10 kilometers away. That distance explains
why inhabitants do not visit the pondscapes more fre-
quently.

Statistical analyses

All the graphical representations and statistical analy-
ses were carried out with R and RStudio software (R De-
velopment Core Team 2025). Graphics have been made
using the ggplot2 package (Wickham 2016) or associated
packages such as ggradar (for certain types of graphic
representation, Fig. 1). All results based on these ques-
tionnaires are expressed with mean scores (from 0 to
5, and accompanied by standard deviations) or as per-
centages. These responses are presented by pondscapes,
by type of respondents or for all respondents combined
(main figures and supplementary data), according to the
most readable and useful way of presenting them. Our
aim was to analyze the data as a whole, comparatively by
study site, but also by type of respondents. Where results
vary between pondscapes, we also highlight comparisons
between study sites. Hence, the results are presented at
one or two levels of analysis: by pondscape and all pond-
scapes combined, to show both specific features and over-
all trends. Comparisons between the responses provided
by inhabitants and stakeholders were carried out using
t-tests. Differences between pondscapes were analyzed
using ANOVA. For both types of tests, the alpha risk was
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set at 5%. For the questions on threats and impacts, we
have chosen to retain only the top-3 responses, to make
it easier to read the results, but also to easily identify gen-
eral trends and compare both between pondscapes and
between types of respondents.

Results

Relation to pondscapes and the environmental condi-
tion of the pondscapes

We asked participants a series of questions to find out
about their relationship with nature, the pondscape that
concerns them and the importance of this same pond-
scape for their quality of life. We included a table in the
supplemental data (S2).

Inhabitants and stakeholders gave both high scores to
express their connection with nature (i.e. replies to the
question: how would you describe your relationship with
‘nature’?) with a mean of, respectively, 4.4 (£ 0.8) and 4.7
(+ 0.6) out of 5. The maximum average score was 5 for
La Pedrera in Uruguay, and the minimum was 3.5 for the
Imrahor pondscape in Tiirkiye (Fig. 1). Both respond-
ent types also gave high marks to their relationship with
the pondscapes (between 3 and 4.2 for inhabitants with
a mean value of 3.8 (+ 1.0) and between 3.2 and 4.6 for
stakeholders, with a mean value of 4.0 (+ 1.1) and quality
of life (between 3.1 and 4.1 for inhabitants, with a mean
value of 3.8 (+ 1.1) and between 3 and 4.8 for stakehold-
ers, with a mean value of 4.2 (+ 1.0). We note that the
given scores are higher for the relation with nature than
for the relation with pondscapes (Fig. 1; t test, t = 13.83,
df =1202.8, p < 0.001). Stakeholders gave higher ratings
than inhabitants for the connection to nature and the
quality of life (t tests, respectively; t = —4.94, df = 188.45,
p <0.001 and t = —3.41, df = 175.92, p < 0.001). Despite

Dikkuyruk

Water Friendly Farming 5 Albera

Tommelen Bois de Jussy

Sierra de los Caracoles Fyn

Schoneiche Gete Vallei
Rhone Genevois Gélbasi
Pinkhill Meadows Imrahor
Pikhakendonk La Pedrera
Lystrup La Pletera

—e— Quality of life —e— Relation to nature Relation to pondscape

Fig. 1 Representation of the average scores given by the two types of
respondents (inhabitants and stakeholders) on their relationship with
nature (intermediate grey line), the pondscape (grey line) and the
pondscape’s contribution to their quality of life (black line), for each
pondscape.

a higher average score, this difference is not significant
for the relationship with the pondscape (t = —1.44, df =
156.02, p = 0.07). This trend is reversed for the Uruguay-
an pondscapes, and to some extent in Tiirkiye ones. De-
spite the variability of the results obtained, the average
scores given to these three questions are high (>3), re-
gardless of the pondscape or type of respondents (Fig. 1).

To get an overview of the condition of pondscapes
from the respondents’ point of view, we asked them
how they assess the environmental status of pondscapes
(Fig. 2) and what changes they noticed over the last ten
years. Across all the pondscapes, the inhabitants gave an
average score of 3.6 (x 0.9), while the stakeholders gave
a score of 3.4 (+ 1.0), with a significant difference (t test,
t = 2.06, df = 138.01, p < 0.05). Except for the Pinkhill
pondscape in England, Albera in Spain, Bois de Jussy in
Switzerland and Dikkuyruk in Tiirkiye, the inhabitants
gave a higher score than the stakeholders about the en-
vironmental status of the pondscape (Fig. 2), contrary
to the trend observed for the first questions. Concern-
ing this environmental status, there were divergent per-
ceptions between stakeholders and inhabitants in Gete
Valei (£ 0.9), Pink Hill, Gélbasi and Dikkuyruk (+ 0.8),
Lystrup, Pikhakendonk, Fyn, Rhone Genevois and the
Uruguayan pondscapes (+ 0.6). In contrast to the first
three questions, there was a slightly greater variability
between pondscapes, with a minimum mean score of
1.6 given by Schoneiche stakeholders in Germany (2.4 by
inhabitants) (Fig. 2). Conversely, Pinkhill stakeholders
gave the highest mean score of 4.7. Considering both
types of respondents, the pondscape effect is signifi-
cant (ANOVA, df = 16, F = 14.11, p < 0.001). Except for
Schoneiche (Germany), environmental status appeared
satisfactory from the respondents’ point of view.

To further address the perception of each landscape’s
status, we asked respondents to select the main visual
changes observed during the last decade. With multi-
ple-choice questions, we have retained here the most
selected answers according to the number of responses
selected by respondents (Table 5). Some negative chang-
es (‘decrease of pondscape surface area, ‘more frequent
drying pond” and ‘lower pond water level’) were mainly
selected by both types of respondents. Conversely, only
one positive change, ‘increase in the number of ponds,
was selected. When combining all pondscapes and an-
swers, the negative changes highlighted exceed the posi-
tive ones. The perceptions of the changes observed were
similar for residents and stakeholders in Switzerland and
Water Friendly Farming (England) with positive chang-
es, Germany, Spain, Tommelen (Belgium) with negative
changes.

Analysis conducted to understand perceptions of threats

and their impacts

Perceptions of threats and their impacts on pondscapes
are represented in Figures 3 and 4. The threat ‘climate
change’ was selected in the top-3 in 13 out of 17 pond-
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Type of respondent
. Inhabitants
[] stakeholders

Pinkhill  Water Schoneiche Albera La
Meadows Friendly Pletera
Farming

Gete  Pikha- Tommelen Lystrup  Fyn
Vallei  kendonk

Bois de
Jussy  Genevois

Sierra La
delos  Pedrera
Caracoles

Rhéne Dikkuyruk Gélbasi Imrahor

Fig. 2 The environmental status per pondscape according to the type of respondent (inhabitants in black and stakeholders in gray).
The values represent the averages of the various responses obtained, and the bars represent the standard deviations.

Table 5 Comparison between inhabitants and stakeholders on the changes observed during the last decade (S = Stakeholder. | = Inhabitants). The
term “citations” refers to responses that were quoted at least twice by respondents to ensure congruence between responses.

Country Pondscape Decrease More Increase Lower Coloni- Coloni- Deterio- Impro- Higher
of pond- frequent in the pond zation of zation of riation vement pond
scape sur- drying number of water new plant | new plant of water of water water
face area ponds ponds level species species quality quality level
Switzer- Bois de Jussy S&l | S&l
land Rhoéne Verbois S&I s&l [
Germany Schoneiche S&l S&l
Turkiye Dikkuyruk S | S&l
Golbasi S S |
Imrahor S&l S&l
England Pinkhill M. S S |
Water Friendly F. S&l S&l
Spain Albera | S&l S&l
Belgium Gete Vallei | | S
Pikhakendonk S&l S |
Tommelen S&l S&l |
Uruguay Sierra de los C. S | S
La Pedrera | | |
Denmark Lystrup |
Fyn S S |
Total number of citation 6S &3l 45 & 51 4S & 4l 45 & 21 35&71 35&6l 35&3lI 2l 11

scapes (global average for the 13 pondscapes in S1 in
supplementary data: 4.1), followed by ‘pollution’ (9 out of
17 pondscapes), and ‘tourism’ (9 out of 17 pondscapes)
according to inhabitants (Fig. 3). Their responses on im-
pacts highlight that the ‘impact on biodiversity’ is the
primary concern (selected 14 times out of 16 pondscapes
with a global average available in Fig. S2 in supplemen-
tary data: 4.3). Tmpact on water quantity’ (11 out of 16
pondscapes with a global average of 4) was selected as

second, followed by ‘impact on water quality’ (selected
11 times out of 16 pondscapes with global average: 3.9).
Interestingly, the data from stakeholders (Fig. 4) are fairly
similar, with ‘climate change’ (15 out of 17 pondscapes,
global average: 4.4) and ‘pollution’ (10 out of 17 pond-
scapes, global average: 3.8) chosen by the majority as the
main threats (Figure 4). Concerning the impact of threats,
stakeholders have given priority in top-3 to ‘impact on
biodiversity’ (13 out of 17 pondscapes, global average:
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Fig. 3 Threats assessment in inhabitants’and stakeholders’ responses per pondscape. Mean scores are given

for the top three for each pondscape.
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Fig. 4 Impacts of threat assessment in stakeholders’and inhabitants’ responses per pondscape. Mean scores are given

for the top three for each pondscape.

4.4), ‘impact on water quality’ (12 out of 17 pondscapes,
global average: 4.4) and ‘impact on water quantity’ (11
out of 17 pondscapes, global average: 4.4). This means
that the views are quite aligned between both samples.
About differences between pond landscapes, the
Turkish and Uruguayan respondents selected slightly
different answers compared to the other pondscapes,
given their agricultural context. In particular, they per-
ceived “overexploitation” and “urbanization” as signifi-
cant threats (Fig. 3 and 4). We also observed that Turkish

and Uruguayan pondscapes received the highest average
scores on both questions when all responses to threats
were combined. Conversely, Danish pondscapes received
the lowest overall average score for all threats. The rest of
the pondscapes scored in the mid-range.

NCP assessment

The ranking of NCP made by inhabitants and stake-
holders is proposed in Fig. 5. The data (Fig. S3, S4, S5,
S6 in supplementary data) clearly show similar results
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Fig. 5 Mean scores of NCPs assessment from all pondscapes combined, according to the type of respondent (stakeholders in black

and inhabitants in grey).

with a clear top-three for a large part of the European
pondscapes: ‘creation and maintenance of habitats’ relat-
ing to biodiversity (4.6), ‘physical and psychological ex-
periences’ (4.2) and ‘maintenance of options’ as potential
opportunities offered by nature to ensure resilience (4.1).
The three contributions are important for both types
of respondents. Similarly, a certain consensus emerges
concerning NCPs that are perceived as more secondary
such as ‘learning and inspiration, ‘regulation of climate’
and ‘regulation of water quality. For all NCPs, the two
types of respondents give almost identical average scores
(t-tests for each, p > 0.05), with differences of no more
than 0.2 (Fig. 5). This means that the NCP expectations
are aligned between them despite some slight differenc-
es, resulting in homogeneous perceptions of the NCPs,
shared between inhabitants and stakeholders.

Some perceptions of all NCPs are more noticeable
than others among the sites studied. For example, we can
mention Uruguay and Tirkiye with the highest scores for
‘food and feed’ and ‘regulation of water quantity’ (supple-
mentary data), although these two NCPs have the lowest
scores all sites combined (2.9 and 3.4, respectively). The
prioritization of the NCPs is the same between stake-
holders and inhabitants.

NbS’ assessment

We also compared the results from inhabitants and
stakeholders about the perception of the NbS measures
that should be implemented in the future (Table 6). Sev-
eral pondscapes with a lack of data were not included.
Analyzing by pondscape, there is often agreement on
at least 2 types of NbS measures to be implemented for
pondscapes among the 9 proposed, except for Bois de
Jussy, Pinkhill, la Pedrera and Tommelen. Therefore, the
views of both types of respondents on NbS are more or
less aligned without being exactly the same. If we read
this table by NbS measures, there are clearly four of

them that were selected the most: ‘restoration measures,
‘maintenance of biodiversity, ‘better/more environmen-
tal education, ‘improving water quality’. On another lev-
el, compared to stakeholders, inhabitants chose distinctly
the NbS measures ‘limitation of certain uses’ and ‘better/
more environmental education.

Discussion and Perspectives

Pondscapes and quality of life: connecting people to nature
Our results demonstrate that stakeholders and inhab-
itants both show strong interest in pondscapes, with high
mean scores. The stakeholders gave higher scores for the
items “quality of life” or “connection to nature” than the
inhabitants. The results on “relation to pondscape” show
no significant difference between respondents. Except
for Germany and England, this high link for stakeholders
can be explained by their professional profiles with activ-
ities in management and public policy monitoring, and
backgrounds focused on biology and ecology. Inhabit-
ants visiting the pondscapes mostly once a month for ac-
tivities (hiking, wildlife watching and relaxation) demon-
strate a strong relationship with ponds thanks to nature
exposure and connectedness. This can also be explained
by the fact that all pondscapes have seen measures imple-
mented in recent years to improve their conditions. This
is consistent with studies on the same subject (Lumber et
al. 2017; Rey-Valette et al. 2022; Vasco et al. 2024). These
pondscapes are thus widely appreciated by respondents
for their contribution to their quality of life, which has
also been highlighted by other authors (Xie et al. 2021;
McDougall et al. 2022; Vo et al. 2023). In addition to our
survey, it would be interesting to find out whether this is
linked to the aesthetic quality of the landscape (Hill et al.
2021), the presence of emblematic species (Oertli et al.
2005) and the naturalness of the vegetation and the land-
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Table 6 Comparison between inhabitants and stakeholders on NbS measures (S = Stakeholder and | = Inhabitants). The term “citations” refers to
responses that were quoted at least twice by respondents to ensure congruence between responses.

Country Pondscape Resto- Mainte- Better/ Improving | Limitation | Creating | Increasing | Monitoring | Abandon-
ration nance more envi- water of certain new water of ment of
measures of bio- ronmental quality uses pond volume ponds certain
diversity education uses
Switzer- Bois de Jussy S S&l |
land Rhone Verbois 3 S&l S&l [
Germany | Schoneiche S&l S S&l S&l
Turkiye Dikkuyruk | S&l S&l | S
Golbasi | S&l S&l | S
England Pinkhill M. S&l | | S
Water Friendly F. S&l S&l S&l
Spain Albera S&l S S&l S&l
Gete Vallei S&l S&l S&l
. Pikhakendonk S&l | S&l S S
Belgium
Tommelen | S | | S
Uruguay La Pedrera | S | S&l
Denmark | Fyn S S&l S&l |
Total number of citations 7S &8l 9S &6l 65 &9l 6S &7l 35&6l 25 &4l 25 & 11 2S 2S

scape structure (Szilassi et al. 2017; Hermes et al. 2018),
or the right conditions for practising recreation activities.
This would need to be correlated with other nearby green
spaces to identify the specificity of the pondscapes in re-
lation to other waterscapes in particular (Karpouzoglou
and Vij 2017; Borthagaray et al. 2023).

Perceptions of changes, threats and environmental status

Based on the responses obtained and within the frame-
work of pondscapes that have already undergone mea-
sures to improve their condition, positive changes such
as the ‘increase in the number of ponds” were perceived
in seven pondscapes out of seventeen. These pondscapes
most often concerned recently restored sites shown in
Table 3, such as Bois de Jussy and Pinkhill Meadows. The
effects of restoration have, therefore, been perceived and
made visible and do not seem to have generated any form
of resistance to restoration strategies (van Marwijk et al.
2012; Rajput et al. 2023), as evidenced by the high as-
sessment awarded to the relationship with the pondscape
and their contribution to quality of life. Given these pos-
itive post-restoration perceptions in certain pondscapes,
the restoration frameworks applied seem to converge in
socially acceptable and ecologically feasible (Petursdottir
etal. 2013).

A wide consensus was found on a range of threats and
impacts of threats with significant negative changes such
as “more frequent drying of ponds”, “lower pond water
level”, “degradation of water quality”, and ‘decrease of
pondscape surface area’ selected. An interpretation could
be made to link these main negative changes observed
in the majority of the pondscapes (9/16) with the main
threats identified, namely ‘climate change” and ‘pollution;,

and the main impacts identified by respondents on ‘bio-
diversity’ and ‘water quantity’ This perception of deteri-
oration over the last ten years are in line with the threats
mentioned by de Necker et al. (2024), including climate
change and habitat degradation.

It is important to consider the links between social
perceptions and the monitoring of pondscapes as the
documentation of temporal changes by authorities, which
does not exist to date for some of these pondscapes. This
is why future research is needed to determine how the
different respondent types perceive visible and invisible
elements of the landscape’s biogeophysical processes. Ac-
ceptance of the management of the pondscapes could be
affected by not considering the habits (visual, auditory,
practical) of the inhabitants. Similarly, it would be in-
teresting to explore why “colonization of new plant spe-
cies” and “degradation of water quality” were frequently
cited as threats, in order to identify the causes from the
respondents’ point of view. A multitude of anthropo-
genic disturbances could affect pondscapes (Bronmark
and Hansson 2002), and it is important to identify them
for each study site so that they can be incorporated into
management plans (Biggs et al. 2024). Making visible the
types of change and their causes could be a useful deci-
sion-making tool in environmental education initiatives
(Ardoin et al. 2020).

NCP and Nb$ assessment

Both stakeholders and inhabitants generally ranked
the various proposed NCPs in the same order, suggesting
that this is not necessarily dependent on the context of
local uses. The NCPs ‘habitat creation and maintenance’
was considered a priority. This means that respondents
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are very attached to the pondscapes because they can ei-
ther derive a source of satisfaction as a place to connect
with nature or alternatively enjoy leisure activities on
pondscapes that have a fairly direct impact on their qual-
ity of life: contemplating nature, relaxation and hiking
are important recreational activities for people (Schafft
et al. 2021). Two other NCPs, ‘physical and psychological
experiences and ‘maintenance of options, were also per-
ceived as important. NCP ‘physical and psychological ex-
periences’ refers to the direct uses of humans with leisure
activities (cycling and walking, picnic areas) with bene-
ficial effects on physical and mental health (Lopez-Haro
etal. 2024), particularly in urban areas (Vasco 2024). The
NCP ‘maintenance of options’ is interesting and original
and was not expected to be so important, especially for
inhabitants. This highlights the importance of maintain-
ing or improving the current situation to avoid losing po-
tentially useful options for the future. This NCP makes it
possible to link existing nature with future options for use
and benefit. There is a convergence of social perceptions
between stakeholders and residents revealing the acute-
ness of risks and impacts in the future with a felt need
to think about the future and anticipate the management
of pondscapes. The prominence given to this NCP testi-
fies to the importance of intergenerational justice and the
quality of life of future generations (Faith 2021).

While our results highlighted that the most select-
ed NCPs are focused on biodiversity, the numerous
non-material NCPs (Methorst et al. 2020; Hill et al. 2021)
are consistent with the literature on the multifunction-
ality of ponds (Popp et al. 2019; Hambick et al. 2023).
It is important to study in greater depth how these var-
ious contributions can be combined. Two recent articles
on ponds and pondscapes have contradictory results on
this subject. According to the review from Necker et al.
(2024), some European restoration projects have regret-
tably failed to take account of different contributions and
services in the initial ecological objectives of the resto-
ration. However, in their analysis, Bartrons et al. (2024)
mention combinations of NCPs that have implemented
NbDS in ponds/pondscapes in 24 countries. According to
this paper, the NCP ‘creation of habitat for biodiversity’
was combined with the NCPs ‘learning and inspiration,
‘regulation of water quantity’ or ‘physical and psycholog-
ical experiences. The integration of various objectives on
the NbS measures is central to achieving the inter-rela-
tionship between biodiversity, aquatic ecosystem func-
tioning and human activities, in knowing whether these
objectives are compatible or contradictory. This brings us
back to the scientific debates specific to ecosystem ser-
vice bundles (Raudsepp-Hearne et al. 2010; Meacham et
al. 2022), in terms of whether contributions can be cu-
mulative, synergetic, antagonistic or neutral (Hamback
et al. 2023). The maintenance of the quality of the en-
vironment and of contributions provided by the envi-
ronment (Streimikiene 2015) are ways of strengthening
stakeholders™ attention (Smyth et al. 2021) and public

awareness (Sousa et al. 2016), in this case to pondscapes.
Maintaining or improving the environmental condition
of a pondscape is a milestone in fostering the commit-
ment of inhabitants and stakeholders to preserve it. This
preservation, in whatever form (creating, managing or
restoring), is achieved by integrating various contribu-
tions such as visitor activities, the aesthetic quality of the
landscape, the landscape or cultural identity of the site, or
the presence of emblematic species.

Across countries, most opinions on NbS were quite
similar for a majority of pondscapes with the same op-
tions of responses selected: ‘restoration measures, ‘main-
tenance of biodiversity, ‘improving water quality’ and
‘better/more environmental education’. Views of both
types of respondents on NbS were more or less aligned.
This may be explained by the large number of suggested
answers (12; detail in supplementary data), which may
have dispersed the responses. Alongside the best way to
integrate the different contributions, the same applies to
the co-benefits to be implemented during an integrat-
ed approach to NbS planning (Gonzélez-Garcia et al.
2025). In facing the challenge of water quantity, respond-
ents from the Belgian, German, Turkish and Uruguayan
pondscapes have selected other options, such as “increas-
ing water volume”, “limitation of certain uses”, and “aban-
donment of certain uses” with action both on the supply
and demand of water. This refers to the causes of the de-
terioration of the pondscapes, which implies a limitation
of activities (industrial, agricultural or touristic) to main-
tain or improve the situation or preserve water resources
in the face of climate change. However, abandoning cer-
tain practices and uses, such as agriculture, is not always
a panacea, as shown by Eros et al. (2020). Monitoring the
dynamics of pondscapes requires close cooperation be-
tween those involved in habitat conservation and man-
agement, in order to develop strategies that encourage
closer socio-ecological links and improve the impact of
research on decision-making (Fisher et al. 2020). Another
main research priority moving forward should be to better
understand applying (Arnautu and Dagenais 2021) these
results to the management and policy of pondscapes (Ry-
fisch et al. 2024). The broad-based knowledge exchange
collaborations can assist local actors including particu-
larly interested inhabitants, and actors at the meso-level
(e.g. regional actors and civil society) and macro-level
(e.g. legal and regulatory systems) that together shape
management decisions in implementing NbS measures.

Limitations

This survey has limitations. Firstly, we did not obtain
a similar number of responses for all pondscapes with a
low number of responses linked to certain pondscapes in
Tiirkiye, Belgium and Uruguay. Although the low num-
ber of responses can be justified by the characteristics of
these pondscapes, a larger sample of responses would
have been required to study more precisely certain vari-
ables (age, gender) in greater statistical depth. Therefore,
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when comparing inhabitants-stakeholders, we thus paid
more attention to pondscapes with the strongest response.

Secondly, we are unable to explain the reasons that
led different respondent types to favor specific answers.
While most responses often converge, the interpreta-
tion of the main differences between the population
and stakeholders remains limited. As a result, the sum
of individual points of view cannot be representative
of the collective point of view, since this approach does
not allow for the emergence of discussion and negotia-
tion processes leading actors to change their perceptions
through contact with others (Zerbe 2023). This approach
is also biased towards the profile of respondents (S1 in
supplementary data). For example, we sent the question-
naire to stakeholders, with the indication to share it with
people likely to be able to respond. An initial orientation
was therefore carried out. This way of dissemination may
have led to more responses from existing small networks
of actors and specific epistemological communities in
pond management, perhaps to the exclusion of other
actors with fewer institutional links but with potentially
greater expertise (Arango-Quiroga et al. 2023).

With the face-to-face surveys and the sign boards
dedicated to inhabitants, the respondents likely includ-
ed people already interested in ponds and pondscapes, as
we targeted respondents who live near/within or use the
pondscapes. Social networks, which could have broad-
ened the spectrum of respondents, were not used, as
none corresponded to the perimeter of these pondscapes.
It should also be stressed that the representativity of the
inhabitant sample was not an issue in terms of gender,
income, geographical location or age group.

All the pondscapes studied exhibit a diversity of uses
(biodiversity and recreation, and sometimes agricultural
and informal uses linked to a lack of management and
maintenance) and land-use contexts (urban, peri-urban,
agricultural). These mixed-use ponds not allow for the
deduction of specific perceptions for each use due to
the multifunctionality provided by the ponds. Selecting
study sites with very different and less multifunctional
uses would allow us to determine whether potentially
different perceptions would facilitate or reinforce the
synergies or antagonisms of management objectives. This
would lead to specific strategies for prioritizing or not
multifunctionality at the pond landscape scale in order
to consider the synergies between NCPs.

Conclusion

Our survey describes and compares perceptions with-
in and across pondscapes and explores to what extent
perceptions vary between stakeholders and inhabitants.
The examination of perceptions on a variety of topics
(biodiversity, nature conservation, environmental condi-
tion, environmental change, threats assessment) gives in-
teresting insights into the role of these small water bodies

and their importance. Overall, with regard to the ques-
tions asked, the perceptions of stakeholders and inhab-
itants are fairly similar (threats and impacts, NCPs), but
may also differ (quality of life, relationship with nature,
environmental status), with high scores given by both
types of respondents nonetheless. A central conclusion of
our study is that pondscapes are widely valued by inhab-
itants and stakeholders in all pondscapes in all studied
countries, and that this largely stems from the benefits
that the pondscapes provide for the quality of life. Bio-
diversity was overall highly valued, and the importance
for the conservation and protection of pondscapes was
strongly acknowledged. Social, cultural, and recreational
activities were also perceived as beneficial and promot-
ing well-being and integration into the community. Re-
spondents also rated the ‘maintenance of options’ NCP
particularly highly, referring to long-term management
to ensure resilience. Stakeholders and inhabitants iden-
tified ‘climate change’ and ‘pollution’ as the most impor-
tant threats in the investigated pondscapes. Regarding
the various ways of addressing the problems identified,
the perceptions on NbS are quite similar for a large ma-
jority of pondscapes. The most frequently selected NBS
were “restoration’, “maintenance of biodiversity” and
“better/more environmental education”

In light of this, by analyzing perceptions in several
pondscapes, we gain insight into ways of understand-
ing and acting upon pondscapes as Nature-based Solu-
tions. These results are not necessarily representative
of the European and South American context, but they
illustrate how attachment to ponds, geospatial chang-
es over time, and the issues surrounding NCPs inform
management projects. Future actions should aim to en-
sure that these pondscapes continue to play a key role in
biodiversity conservation and improving peoples quali-
ty of life through recreational activities. Our social data
can be used to analyse synergies and trade-offs in future
policies and management of pondscapes, provided that
broad-based knowledge exchange collaborations and ed-
ucational and dissemination campaigns are put in place.
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Any additional raw data used in the manuscript are avail-
able from the corresponding author upon reasonable re-
quest.

Consent to participate

We conducted this survey in accordance with ethical
standards, and informed consent was obtained from all
respondents. Participants were adults whom we asked
exclusively in relation to pondscapes and not on sensitive
subjects (e.g. health, sexual orientation, politics, etc.).
The questionnaire explained the objectives of the study,
the scientific context and required the consent of the re-
spondents. All the data gathered during the survey will
be only used for the research purposes and will be stored
and used in line with GDPR. Any results will be present-
ed only in aggregated form, so it will not be possible to
identify particular participants.
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Annex 1 (template of the common questions asked to the inhabitants and stakeholders)

How would you describe your relationship with ‘nature’?
Please select a score from 1 to 5, where 1 means ‘very weak’ and 5 means ‘very strong’

How would you describe your relationship with pondscapes?
Please select a score from 1 to 5, where 1 means “very weak” and 5 means “very strong”

Are pondscapes important for your quality of life?
Please respond using the five-point scale, where 1 means “not important at all” and 5 means “very important”

Have you observed significant changes in this pondscape during the last ten years?
Yes
No

And, if so, which one(s)?

Check any that apply

- Colonisation of new animal species
extinction of local animal species
colonisation of new plant species
extinction of local plant species
increase of bad odours
decrease of bad odours
increase of pondscape surface area
decrease of pondscape surface area
increase in the number of ponds
decrease in the number of ponds
more rubbish
less rubbish
higher pond water level
lower pond water level
improvement of water quality
deterioration of water quality
more frequent drying of ponds
less frequent drying of ponds
other:

In your opinion, what are the contributions provided by this pondscape?
Please rank the following contributions on a scale from 1 to 5, where 1 means “not important at all” and 5 means
“very important”.

Food and feed (productivity of food: fish, waterfowl, livestock)

habitat creation and maintenance (preservation of desired species, for biodiversity conservation)

pollination (diversity of plants to be pollinated)

regulation of water quality (water purification)

regulation of water quantity (reservoir of irrigation, water supply)

regulation of hazards (flooding regulation, fire protection)

regulation of climate (carbon storage, maintaining an acceptable temperature)

physical and psychological experience (calm, freshness, sociability, activities)

learning and inspiration (aesthetic, art, education, science)

supporting identities (cultural heritage, local identity)

maintenance of options (potential opportunities offered by nature to ensure resilience
in the future)
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In your opinion, what is the environmental condition of this pondscape?

Please respond using the five-point scale, where 1 means “very bad” and 5 means “very good”.

What do you perceive are the most important threats to this pondscape in future?
Please, rank the following threats on a scale from 1 to 5, where 1 means “not important at all” and 5 means

<« . »
very important’.

Climate change

Deforestation

extraction of materials (gravel, sediment, sand...)

intensive farming (trampling by cattle for example)

invasive species

over-exploitation (water abstraction, irrigation)

Pollution

tourism (rubbish, damage to vegetation by trampling, disturbance of wildlife)

Urbanization

For you, what are the impacts of these threats in future?

Please, rank the following impacts on a scale from 1 to 5, where 1 means “minor impact” and 5 means “major impact”

2 3 4 5

impact on the productive purpose

impact on human health

impact on water quantity

impact on water quality

impact on biodiversity

impact on water temperature

impact on soil erosion

impact on the landscape

impact on my property/my security (nuisance species and flooding for example)

In order to mitigate these threats and impacts, what changes would you propose to improving the environmental state

of the most visited pondscape?

Tick the following propositions on a scale of 1 to 5, where 1 means “not at all important” and 5 means “very important”

better/more environmental education
creating new ponds

increasing biodiversity (species, populations, or on a genetic level)

improving water quality

increasing the volume of water
limitation of certain uses
abandonment of certain uses
restoration measures

maintenance of biodiversity
monitoring of ponds

developing public ownership
developing environmental regulation
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Supplementary data
Table S1 Dominant profile of stakeholders and inhabitants per pondscape.
Stakeholders Inhabitants
Pondscapes Dominant area . Sense of professional | Most selected visit Mean distance from
education Prominent role responsibility (1-5) | frequency their home (km)
Bois de Jussy Biology Consultancy 3.2 Once a month 74
Rhone Genevois Biology Consultancy 3.8 Once a month 7.2
Schoéneiche Administration Local authority 2.6 Once a month 24
Dikkuyruk Engineering Civil society 4.0 Once a week 12.0
Golbasi Engineering Civil society 4.1 Once a week 9.7
Imrahor Engineering National authority 4.3 / 15.0
Pinkhill Meadows Ecology Civil society 3.0 Once a month 125
Water Friendly Far. Ecology National authority 3.0 Once a week 9.6
Albera Biology Regional authority 3.1 Once every six months 17.6
La Pletera Biology ?;seze;;cnhall;_Stc;é;l:;hority 2.5 Once every six months 19.2
Gete Vallei Ecology Civil society 3.6 Once a month 9.3
Pikhakendonk Ecology Research 34 Once a month 4.2
Tommelen Ecology Civil society 3.0 Once a month 38
Sierra de los Car. Agronomy Research 35 Once a month 18.7
La Pedrera Ecology Research 4.6 / 18.8
Lystrup Biology National authority 3.6 Once a day 22
Fyn Biology National authority 4.0 Once every six months 23.1

Table S2 Mean scores obtained by respondent types for their relations to nature, to the pondscape and quality of life. The values are presented by
pondscapes, by country, and also for all data obtained.

How important are
Relation to nature Relation to pondscape the pondscapes for your
Country Pondscapes quality of life?
Inhabitants | Stakeholders | Inhabitants | Stakeholders | Inhabitants | Stakeholders

Bois de Jussy 44 4.8 38 4.2 35 4.2
Switzerland

Rhone Genevois 4.5 438 3.9 42 3.8 42
Germany Schoneiche 4.2 4.8 3.6 3.6 32 4.2

Dikkuyruk 4.5 4.6 4.2 3.6 3.8 43
Turkey Golbasi 39 4.6 3.8 33 37 4.2

Imrahor 3.5 4.6 3.0 34 3.5 4.5

Pinkhill Meadows 4.4 4.7 3.0 3.9 3.1 43
England

Water Friendly Farming 4.7 5.0 33 4.5 37 43

Albera 4.5 4.5 3.8 3.9 4.0 4.0
Spain

La Pletera 4.1 / 3.9 / 4.1 /

Gete Vallei 43 48 3.8 4.6 3.8 42
Belgium Pikhakendonk 4.2 4.6 35 4.4 32 4.0

Tommelen 40 45 3.9 42 3.8 4.1

Sierra de los Caracoles 45 45 3.8 3.2 3.9 3.0
Uruguay

La Pedrera 5.0 5.0 3.7 4.0 40 3.0

Lystrup 4.1 5.0 4.1 43 3.8 4.6
Denmark

Fyn 4.6 5.0 37 42 35 4.8
Average 44 47 3.6 3.9 3.6 41
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Fig. S1 Assessment of threats with mean scores given by both respondent types (inhabitants in black and stakeholders in grey),
with all pondscapes combined.
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Fig. S2 Assessment of impacts of threats with mean scores given by both respondent types (inhabitants in black
and stakeholders in grey), with all pondscapes combined.
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Fig. S3 NCP assessment for inhabitants (in black) and stakeholders (in grey) in the Belgium pondscapes.
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Fig. S4 NCP assessment for inhabitants (in black) and stakeholders (in grey) in the Turkish pondscapes.
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Fig. S5 NCP assessment for inhabitants (in black) and stakeholders (in grey) in the English, Danish and Spanish pondscapes.
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Fig. S6 NCP assessment for inhabitants (in black) and stakeholders (in grey) in the Uruguayan, Swiss and German pondscapes.




