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Abstract

The current progressive increase in urbanisation is a contributing factor to the alarming rate of decrease in biodiversity
worldwide, so it is critical to propose new solutions that bring nature, and their associated benefits, back to cities. Urban
ponds and pondscapes are potential Nature-based Solutions that play a crucial role in the conservation and promotion of
biodiversity, as well as providing other ecosystem services. Therefore, it is important to understand people's perception of
the contribution that these ponds/pondscapes make in their daily lives. The aim of this study was to assess public perception
of the value of the multiple ecosystem services, here referred to as Nature's Contributions to People (NCPs), provided by
urban ponds with a focus on biodiversity. To achieve it, we conducted a face-to-face questionnaire survey among 331 visitors
of urban parks and nature reserves in a medium-sized European city (Geneva, Switzerland). The results show that people
highly value the different contributions provided by urban ponds, and that contact with nature is the main motivation for
visiting urban pondscapes. Their positive view about the provided NCPs and also their acknowledgement of an improved
quality of life suggest a public acceptance of these ponds. We also found that gender and income do not influence public
perception of the contributions provided by urban pondscapes. Additionally, the biodiversity of urban ponds was highly
appreciated, but there was a knowledge gap relating to biodiversity conservation, as both native and exotic species were
valued equally. In conclusion, ponds are Nature-based Solutions that are very well adapted and accepted in cities, and in the
future they should be part of the greening (and blueing) of urban planning to conserve and enhance freshwater biodiversity
whilst also providing NCPs.

Keywords Urbanisation - Urban ponds and pondscapes - Constructed wetlands - Public perception - Aquatic biodiversity -
Nature’s contribution to people

Introduction

Currently, more than half the world’s population lives in
cities, and this number is expected to increase to two-thirds
by 2050 (UN DESA 2018). This global trend coupled with
greater densification in cities and thus a greater need to
improve the quality of life of their inhabitants. Associated
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with climate change, the increasing urbanisation has affected
ecosystem dynamics, leading to a change in land use, an
impact on freshwater availability, and a decline in biodi-
versity, resulting in a reduction in the human quality of life
(McKinney 2006; Wilby and Perry 2006). The decline in
biodiversity results in a significant decrease in ecosystem
services and people’s quality of life, has a negative impact
on the food and materials supply chain and access to water
(Chapin IIT et al. 2000; Diaz et al. 2006). Additionally, this
leads to an increase in diseases and epidemics, vulnerability
to natural disasters, among other issues that further jeopard-
ise human life on earth (Schmeller et al. 2020).

Cities can support biodiversity conservation and ensure
the survival of endangered species. This can be achieved by
increasing and raising awareness of green and blue spaces,
restoring native species of flora and fauna, and creating
biodiversity-friendly habitats within urban spaces (Botkin

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11252-023-01493-y&domain=pdf

Urban Ecosystems

and Beveridge 1997; Beninde et al. 2015; Shaffer 2018). It
is therefore extremely important to manage cities for both
human well-being and biodiversity in an optimal way. One
of the innovative solutions proposed during the last two
decades to bring nature into cities is the creation of ponds.
These small waterbodies have well-known functions of pre-
venting flooding by stormwater runoff and also to bring an
aesthetic and educational value to urban landscapes (parcs,
gardens). The networks of ponds (i.e., pondscapes) can also
potentially have a crucial role in the conservation and pro-
motion of biodiversity and ecosystem services in urban areas
(Bastien et al. 2012; Oertli and Parris 2019).

A pond is an inland freshwater body with a surface area
of 1 m? to 5 hectares and a maximum depth of 8 m. It sup-
ports environmental connectivity and biodiversity (Oertli
et al. 2005; Persson 2012). A large proportion of existing
ponds are today linked to human activities and are artificial
(Oertli 2018). A pondscape is a network of ponds connected
biologically, i.e. with exchanges of plant or animal species,
and their surrounding matrix (see also Boothby 1997). Con-
structed ponds or pondscapes, particularly in cities, repre-
sent Nature-based Solutions (NBS) (Cuenca-Cambronero
et al. 2023; Oertli et al. 2023) as they are “solutions that are
inspired and supported by nature, which are cost-effective,
simultaneously provide environmental, social and economic
benefits and help build resilience” (Dumitru and Wendling
2021). Indeed, urban ponds and other artificial ponds, offer
collectively a diversity of Nature's Contributions to People
(NCPs) or Ecosystem Services (ES), including a habitat for
biodiversity (Cuenca-Cambronero et al. 2023). Since the
term ES has been mainly used in an economic perspective,
the nomenclature NCPs was created to be more inclusive
from social sciences perspective (Diaz et al. 2018). For clari-
fication, we will use the term NCPs in this paper.

Biodiversity appears to be well-represented in ponds in
cities despite the multiple urban anthropic pressures, such
as pollution, lack of connectivity and mismanagement
(Hassall 2014; Oertli and Parris 2019). Several case-studies
have highlighted the importance of promoting diversity in
urban ponds, for example for dragonflies (Goertzen and
Suhling 2013; Simaika et al. 2016). They have found that
urban ponds enhance people's experience of green space
because dragonflies are appreciated for their colour and
high visibility. Ngiam et al. (2017) highlighted in London
(UK) the socio-ecological relationship between humans,
ponds, and dragonflies. Other investigations have shown
that vegetation characteristics and abundance can affect
public preference for urban wetlands in Victoria (Australia),
Minnesota (USA), and Sapporo (Japan) (Asakawa et al.
2004; Nassauer 2004; Dobbie 2013).

The interaction of population with urban nature has been
extensively described by several studies (Nordh et al. 2011;
Paul and Nagendra 2017). For instance, enquiries made
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among citizens evidence that nature in cities (e.g., parks,
urban forests, stream corridors) is linked to physical and
psychological experiences, aesthetics, recreation and leisure,
human well-being and health (Matsuoka and Kaplan 2008).
Recreational use, participation, nature and landscape, sani-
tary maintenance, and water safety were among important
factors identified by the public (Asakawa et al. 2004). Urban
ponds seem also to benefit of a generally positive view from
citizens, related mostly to their aesthetic aspect, as evidenced
by several social surveys (Hassall 2014). Additionally, these
ponds contribute to nature-culture interactions, adding local
distinctiveness, therefore being involved in people's sense of
place and neighbourhoods’ identity (Gledhill et al. 2005).

Highlighting the cultural values offered by wetlands,
which are high near residential areas, is important to encour-
age the creation of wetlands in cities (Pedersen et al. 2019).
Social participation is an extremely important tool to be used
in the management and creation of urban ponds as it helps to
accept, conserve, design and improve them for the benefit of
more people (Jones 1999; Lamond and Everett 2019). Such
social engagement is also reported in a survey in three public
parks in Geneva (Meilland 2018). It highlighted the benefits
of ponds for visitors' well-being, biodiversity and aesthetics,
and encouraged the creation of new, more natural-looking
ponds in the city.

However, past investigations also show that there is still
a need for more information with regards to understand-
ing how people perceive and accept the values of the NCPs
offered by the urban pondscape. Specifically, there are open
questions remaining: (i) How are the NCPs, and especially
the biodiversity, provided by urban ponds perceived by visi-
tors? (ii) Do the public feel an improvement in their quality
of life through the presence of an urban pond? (iii) Is there
a difference in the public perception of the NCPs provided
by urban ponds compared to more natural ponds (e.g., rural
pondscape)? (iv) Do gender or income have any influence
on visitors’ perception of an urban pondscape?

These questions constitute the aim of this study which
was carried out in Geneva (Switzerland), a medium-sized
European city. We conducted a face-to-face questionnaire
survey among 331 visitors of three urban parks and of two
rural natural reserves.

Material and methods
Study sites

The study was conducted in western Switzerland, Canton of
Geneva, which include an urban area and a rural area hosting
more than 200 ponds (Oertli et al. 2018). The urban area is
the city of Geneva, capital of the Canton of Geneva, with an
area of 16 km? and a population of over 204,000 inhabitants,
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it is the second largest and the second most populous city in
Switzerland. About 75% of the city is composed of build-
ing and transportation areas, and about 19% are wooded
and recreational areas (FSO 2020). Due to the high density
of buildings, urban ponds are mostly small in surface area
(mean surface area of about 100 m?).

The survey was carried out in three urban parks - Parc
des Franchises, Jardin de la Paix, and Parc Bertrand - and
in two rural nature reserves - Moulin-de-Vert and Bois des
Mouilles — (Fig. 1 and Table 1). These urban parks and
rural nature reserves were chosen because they have at least
one pond, they are well known to the public and therefore
receive significant numbers of visitors. The natural ponds

differ from the urban ponds in their naturalness, as (i) they
are located in a rural or peri-urban environment, with a low
degree of urbanisation in a 2 km radius (i.e. < 13% or<26%
of impervious surfaces for the urban and peri-urban areas,
respectively), and (ii) the ponds and their buffer area lack
artificial structures (no concrete surfaces).

Data collection and analysis

The data used in this study were collected from face-to-face
interviews through a questionnaire survey of visitors of
the urban parks and the nature reserves. The surveys were
collected during the peak visitor months of June to August

0 100
J—

SWITZERLAND

B Social surveys
@ Ponds

[IPondscapes
Environment
Urban
[ Suburban
[ Peri-urban
Rural N

Fig. 1 Canton of Geneva (black region in the upper left map of Swit-
zerland) and the location of the three public urban parks in the urban
pondscape (urban environment) and two rural nature reserves in the
rural pondscape (peri-urban and rural environments) where social
surveys were conducted. The pictures of each location are identified

0 5000
Meters

by numbers from 1 to 5 at the bottom of the figure. The urbanisation
gradient is represented from urban to rural areas (shown by different
colours), characterised by the proportion of impervious surface in
a 2 km radius (<13%, 13 to 26%, 27 to 39%,>39%, for rural, peri-
urban, sub-urban and urban areas, respectively)
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Table 1 Characterisation of the ponds where the social surveys were conducted

Study sites Characterisation of the Ponds
Pond type Area [m?] Mean deep [m] % of imperveous Biodiversity
surfaces in a 2 [Number of species]
km radius 3 .
Aquatic plants Odonata Amphibia
Urban parks Parc des Ornamental pond 576 >39% 33 9 3
Franchises
Jardin de la Paix ~ Ornamental pond 263 >39% 21 5
Parc Bertrand Ornamental pond 275 0.39 >39% 16
Nature reserves Moulin-de-Vert ~ Restored natural 20182 <13% 28 27
(Hainard pond) pond
Bois des Mouilles Restored natural 7473 13 to 26% 34 23 3

pond

Source: Oertli et al. (2000), Oertli and Ilg (2014)

2022 between 09:00 and 18:00 on days with good weather
conditions, giving a total of 31 collection days and 331 inter-
views. The research was conducted by the same person (by
the first author of this paper), with visitors randomly chosen
in the proximity of ponds. Before starting the interview, the
research description, confidentiality and assurance of ano-
nymity were provided verbally.

The questionnaire consisted of 14 easy-to-understand ques-
tions (13 closed questions and one optional open question) to
be completed within 10 min (see Appendix A). The questions
were formulated to assess the perception of the population of
the ecosystem values offered by Swiss urban ponds. The ques-
tionnaire was divided into four sections, addressing questions
on: (i) frequency of visits to ponds and motivations of visitors,
(i) assessment of contributions provided by ponds (NCPs),
(iii) pond features and facilities, and (iv) interviewee profile
(some sociodemographic factors). For the questionnaire, we

identified a list of 10 NCPs from the 18 NCPs proposed in the
IPBES report 2019 (Diaz et al. 2019), that were selected for
their relevance in our study. These 10 NCPs were renamed,
slightly adapted or divided into sub-categories to reflect
the local context and to make them easier for respondents
to understand (see Table 2). For clarity, the 12 categories of
NCPs as named in the third column of Table 2 will be used
throughout the paper. The 12 NCPs were listed in question
number 6 of the questionnaire (see Appendix A) and set to be
measured on a 5-point Likert scale. In the analysis of question
6 “I don't know” answers were not considered. It is important
to highlight that certain pond-related disservices, such as mos-
quitoes, frog noise, and child safety concerns, were reported
by citizens in some areas of the Canton of Geneva, however
they did not concern the studied ponds.

Questions 6, 3, 7 and 8 of the questionnaire (Table 3) were
analysed to investigate whether the public identifies biodiversity

Table 2 The NCPs selected and their terminology as investigated in present study

NCPs Category Reporting categories of selected NCPs (Diaz et al. 2019) Renamed or slightly adapted NCPs,
investigated in present study
Regulating Habitat creation and maintenance e Biodiversity

Pollination and dispersal of seeds and other propagules

Regulation of air quality

Regulation of climate

Regulation freshwater quantity, location, and timing
Regulation of freshwater and coastal water quality

Regulation of hazards and extreme events

Non-material Learning and inspiration

Physical and psychological experiences

Regulating, Non-material,
and Material

Maintenance of options

e Pollination

o Air quality

e Refreshment (microclimate regulation)
o Water quantity

o Water quality

e Flood prevention

o Fire prevention

e Learning & inspiration

o Aesthetic

e Sport & leisure

e Maintenance of options
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Table 3 Questions in the questionnaire directly related to our investigations

Question

Number Intended to assess Description Type

3 The interviewees’ motivation for visiting Geneva’s What motivates you to come to this particular place? Multiple choice
urban pondscape

5 The contribution of urban ponds in the interviewees' To what extent does this pond and its surroundings Five-point Likert scale
quality of life contribute to your quality of life?

6 The interviewees’ perception of the contribution of Which of the following do you think are the most Five-point Likert scale
ponds to each of the 12 NCPs important positive contributions of this pond (and

other ponds too)?

7 The importance for interviewees of the role of urban ~ How important do you think this pond is for the Five-point Likert scale
ponds in protecting endangered biodiversity in protection of endangered animals and plants in
Switzerland Switzerland?

8 The characteristics of urban ponds most appreciated ~ What are the 5 elements you appreciate (or would Multiple choice

by interviewees

appreciate, if absent) most about the pond at the

selected site?

as an important NCP offered by urban ponds. However, for
question 8, in the choice of answers, we didn’t make a differ-
ence between native and exotic species to prevent bias.

Question 5 and 6 (Table 3) were used to investigate
whether urban ponds provide an improvement in people's
quality of life and to explore their public acceptance through
NCPs assessment.

Question 6 (Table 3) was explored to investigate whether
there was a difference in public perception of the NCPs pro-
vided by urban and rural pond landscapes (hypothesised to
be lower for urban ponds). The rural pondscape (comprises
the two nature reserves in the peri-urban and rural environ-
ments) with 43 interviewees, while 288 in the urban pond-
scape (comprises the three parks in the urban environment),
was underrepresented and was used for comparison purposes
in this study.

Questions number 6, 5 and 7 (Table 3) were used to dis-
cover whether gender (female and male) or income (low and
high) has any influence on the public perception of the NCPs
provided by the urban pondscape.

The completed questionnaires were manually entered into
a LimeSurvey database (http://www.limesurvey.org) that
we developed for this study. The data analysis was carried
out with Microsoft Excel (Excel®) for descriptive statis-
tics, and with Minitab statistical software (MINITAB®) for
inferential statistics using the one-way analysis of variance
(ANOVA) with subsequent Tukey’s post-hoc, T, X2 and
1-Proportion tests.

Profile of interviewees

In total, 331 voluntary visitors were interviewed, 288 in the
urban pondscape and 43 in the rural pondscape. The age
of visitors, from 18 upwards, was divided into five groups.
The group between 35 to 49 years old represented the largest

sample, 29%, followed by the 25-34 age group (21%), the
18-24 group (18%), the group over 65 years old (17%), and
the 50-65 group (15%). The gender of the interviewees was
very homogenous with about 50% being female and 50%
male. With regards to income, about 21% of the interviewees
declared themselves to be low income, 41% medium income,
25% high income, and 13% did not want to say. With regards
to the place of residence of the 288 visitors to the urban
parks, 53% live near the urban park (up to 2 km from the
urban park) and 47% further away (more than 2 km from the
urban park). A table with details on the interviewees profile
is presented in the Appendix B.

Results

How are the NCPs, and especially the biodiversity,
provided by urban ponds perceived by visitors?

To find out whether the public identifies biodiversity as an
important NCP offered by urban ponds, we analysed the
responses to questions 6, 3, 8, and 7 of the questionnaire
(see Table 3) among 288 visitors in three urban public parks.

Among 12 NCPs, interviewees identified biodiversity as
the most important NCP offered by urban ponds (Fig. 2).
The NCP “biodiversity” had the highest mean score (4.39
in a maximum scale of 5), however, there was no sig-
nificant statistical difference with the five following best
scored NCPs: “learning & inspiration”, “aesthetic”, “main-
tenance of options”, “pollination”, and “refreshing" (Tukey's
ANOVA test; p>0.05). The NCPs identified with the lowest
importance were “fire prevention” and “flood prevention”,
with mean scores of 3.41 and 3.47, significantly lower than
most of the other scores (p <0.05). See Appendix C for the

detailed results of the statistical tests.
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Biodiversity
Learning &inspiration
Aesthetic
Maintenance of options
Pollination
Refreshment
Air quality
Sport & leisure
Water quality
Water quantity
Flood prevention ¢ (&} F-G
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Score given by interviewees

Fig.2 Public perception of the importance of 12 NCPs provided
by Geneva's urban pondscape, represented by the mean score (+CI
95%), according to 288 interviewees. Five-point scale ranging from
1="not important at all” to 5=“extremely important”. ANOVA

The main motivation that leads interviewees to visit urban
parks is “contact with nature”, followed by “leisure”, “land-
scape/aesthetics”, and “the local biodiversity of flora and
fauna” (Fig. 3). We also investigated whether the place of
residence, near the urban park or further away, influences
the motivations to visit the urban pondscape. The top three
motivations remain the same, with the fourth motivation
being "the local biodiversity of flora and fauna” for people
who live in the region and “facilities available on site” for
people who do not live in the region. We can also conclude
from these results that “landscape/aesthetics”, “the local
biodiversity of flora and fauna”, “practicing sport”, and
“the pond” are more important for people who live in the
region than for those who do not (significant differences;
XZ: p=0.0011; 1-Prop Test: p<0.01; i.e., Appendix C).

Concerning the role of urban ponds for the conservation
and protection of threatened biodiversity in Switzerland, all
visitors expressed a certain level of importance (none was
0%), with the importance qualified as high or very high for
79% of the interviewees (Fig. 4).

The 5 features most appreciated in urban ponds by the 288
interviewees are, in decreasing order of importance, “pres-

LEINT3

ence of frogs”, “presence of ducks and other water birds”,
bR YY

“trees and associated shading”, “presence of dragonflies”, and
“presence of fishes” (Fig. 5). All these ponds’ features are
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(p<0.05). The grouping according to Tukey’s post-hoc test (dif-
ferences with p>0.05) is indicated by the letters A to G (means not
sharing any letter are significantly different)

directly linked to biodiversity, with four of them connected to
aquatic biodiversity. Among amphibians, a group typical of
ponds, the presence of toads was clearly not appreciated (7%)
contrarily to frogs (49%). The frogs that were present in these
urban ponds, and were appreciated, were mainly represented
by Pelophylax sp., an invasive non-indigenous group of spe-
cies. Toads were represented by Bufo bufo, a native species,
listed as vulnerable on the Swiss red list.

Do the public feel an improvement in their quality
of life through the presence of an urban pond?

To investigate if the presence of an urban pond leads to an
improvement in people's quality of life, we analysed the
answers to question 5 of the questionnaire (see Table 3) for
288 visitors in three urban public parks in the city of Geneva.

The clear majority of interviewees (71.2% of the total
number) expressed that urban ponds make a high or very
high positive contribution to their quality of life (Fig. 6).
The people who live near the park hosting the pond were
much more sensitive to this point and provided the majority
(64%) of responses expressing a “very high” benefit (sig-
nificant difference with the people leaving further away;
1-Prop Test: p=0.006).
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No particular motivation [100% ns

Working/Studying [EE333% ns
Daily commute [EEZH27% ns
Other EZ61% | ns

Dog walking 37%0 ns

Facilities available on site 49% ns
The pond 0% **
Practising sport 69% 31%
The local biodiversity of flora and fauna 30%
Landscape/Aesthetics 61%
Leisure 52%
Contact with nature 3
0 50

Fig.3 Motivation of interviewees for visiting Geneva's urban pond-
scape (n=288 interviewees). The number of answers is divided into
two groups based on the location where interviewees live: within the
region of urban parks (n=152) and outside this region (n=136), with

Is there a difference in the public perception
of the NCPs provided by urban ponds compared
to more natural ponds?

To find out if there is a difference in the public percep-
tion of NCPs provided by urban and rural pondscapes, we
compared the results of question 6 of the questionnaire (see

140 46.2%
120
w
o
= 100 33%
2
2
o 80
)
=
o
o 60
]
'g 40 13.2%
=
2
20
0
Very high High Medium

Interviewees who do not live in the urban park region
B Interviewees who live in the urban park region

44% ns

100 150 200 250

Number of answers

information on potential significant differences (XZ: p=0.011; 1-Prop
Test: *for p<0.05, ** for p<0.01 and ns for p>0.05; see Appendix
C). Note that each person could choose up to 4 reasons from the list

Table 3) conducted among interviewees in three urban pub-
lic parks (n=288) with the results collected in two rural
nature reserves (n=43).

Interviewees mostly did not express a difference in the
importance of a given NCP provided by urban ponds, com-
pared with the same NCP provided by more natural (rural)
ponds. For 10 of the 12 considered NCPs, there was no

4.5%
3.1% s
o ]

Low None No opinion

Fig.4 Importance of the visited urban pond for conservation and protection of threatened biodiversity in Switzerland, as expressed by 288 interviewees
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Other ll%

Presence of toads | 3
Fence around the pond [
Observation point _10.1%

[l Biodiversity of the pond
[l Biodiversity in the terrestrial

Presence of insects || ¢ - surrounding of the pond
A bridge or footbridge [ o [ Material features
Walkingpath [
Explanatory panels on local biodiversity I
public benches [
Fountain [ s
Areas with colourful flowers |GGG :
presence of aquatic plants [ NG
presence offishes [
Presence of dragonfiies | —-
Trees and assocated shacing [~
Presence of ducks and other water birds [ NN 5+
Presence of frog | e

0 3

70 105 0
Number of answers

Fig.5 Material features and biodiversity (aquatic or terrestrial) of urban ponds most appreciated by interviewees (n=288). Note that each per-

son could choose up to 5 features

statistical difference (T-test: p>0.05; i.e., Appendix C)
(Fig. 7). Interviewees identified a difference (p <0.05)
only for the two NCPs “flood” and “fire prevention”, con-
sidered as less important in the urban area. Nevertheless,

120

considering all 12 NCPs, the scores attributed to each of
them were always higher for natural ponds. Globally, a
higher score is attributed to rural ponds (mean=4.20), if
compared with urban ponds (mean=4.02).

ns ¥ Interviewees who do not live in the urban park region
m Interviewees who live in the urban park region

100 **

80

60

40

Number of interviewees

64% 56%

Fig.6 Contribution of an urban pond to the quality of life of 288
interviewees. The number of answers is divided into two groups
based on where interviewees live: within the region of urban parks
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(n=152) and outside this region (n=136), with information on
potential significant differences (xz: p=0.012; 1-Prop Test: *for
p<0.05, ** for p<0.01 and ns for p>0.05; i.e., Appendix C)
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Fig.7 Public perception of the 12 NCPs provided respectively by
urban and rural pondscapes in the Canton of Geneva, represented by
the mean values of the score (five-point scale ranging from 1="‘not
important at all” to 5="extremely important”). The number of inter-

Does gender or income have any influence
on perception of pondscape?

In order to find out if gender (female and male) or income
(low and high) has any influence on the public perception
of NCPs provided by urban pondscape, we separated the
answers collected in three public parks in the urban area of
Geneva (n=288 interviewees) by genders (145 males, 143
females). We also extracted the two most contrasted classes
of income (61 low-income, 71 high-income).

Gender

The perceptions of the importance of each of the 12 NCPs
provided by the urban pondscape were all statistically
similar for female and male (T-test: p>0.05; i.e., Appendix
C) (Fig. 8). Nevertheless, if all 12 NCPs are considered
globally, females attributed a higher score to all NCPs
(mean =4.18) compared to males (mean =3.87).

With regards to the perception of the urban pond's contribu-
tion to quality of life by gender, 73% of the female and 70% of
the male groups agreed that the contribution was high or very
high (no significant differences; XZ: p>0.05; i.e., Appendix C).

ns ns e e
| ns
W Urban pondscape
Rural pondscape
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viewees of urban and natural pondscapes are 288 and 43, respectively
(T-test: *for p<0.05, ** for p<0.01, and ns for p>0.05; See Appen-
dix C)

Concerning the role of urban ponds for the protection of
threatened biodiversity in Switzerland according to gender, a
higher proportion of females (85%) ranked the importance as
high or very high, compared to males (73%) (no significant
differences; X2: p>0.05; i.e., Appendix C).

Income

Considering the different income levels, the perceptions
of each of the 12 NCPs provided by the urban pondscape
were statistically similar (T-test: p>0.05; i.e., Appendix
O) (Fig. 9).

In context of the contribution of these urban ponds
towards the quality of life, according to income, 76% high-
income and 69% low-income groups agreed the contribu-
tion qualified as high or very high (no significant differ-
ences; X2: p>0.05; i.e., Appendix C).

On the role of urban ponds for the protection of threat-
ened biodiversity in Switzerland, both income catego-
ries (86% high-income and 77% low-income) expressed
high or very high importance to the issue. No statisti-
cally significant differences were found (XZ: p>0.05;
See Appendix C).
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Fig.8 Public perception accord-
ing to gender of 12 NCPs pro-
vided by Geneva's urban pond-
scape, mean values and standard
deviations. Five-point scale
ranging from 1 ="*not impor- 4
tant at all” to 5 ="“‘extremely
important”. The sample sizes
of females and males are 143
and 145, respectively. There
are no statistical differences for
all 12 pairs of answers (T-test:

p>0.05)
1
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Discussion

Perception of the benefits offered by an urban pond

In this study, the citizens recognise and value the multi-
ple benefits that urban ponds offer. Indeed, when scoring
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Fig. 9 Public perception, according to high and low income, of the 12
NCPs provided by Geneva's urban pondscape, mean values and stand-
ard deviations. Five-point scale ranging from 1="not important at
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(from 1 to 5) the 12 NCPs, the 288 interviewees always
rated them above average (3.41 was the lowest score).
This is in agreement with other studies where people
acknowledged the benefits provided by urban ponds and
wetlands (Manuel 2003; Nassauer 2004; Scholte et al.
2016; Ngiam et al. 2017). Furthermore, the presence of
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all” to 5 ="“extremely important”. The number of interviewees of high
and low incomes are 71 and 61, respectively. There are no statistical
differences for all 12 couples of answers (T-test: p>0.05)



Urban Ecosystems

an urban pond was found in our study to contribute posi-
tively to people’s perceived quality of life. People living
in the region of the urban pond were particularly sensitive
to this point and they perceived an even greater contribu-
tion to their quality of life (80%) than people who live
further away (61%).

The positive assessment of the public about the NCPs
provided by urban ponds, as well as their acknowledge-
ment of an improved quality of life, suggest a public
acceptance of these ponds. This is important, as the crea-
tion of ponds as NBS requires the public acceptance of
these spaces for their long-term success (Giordano et al.
2020; Anderson and Renaud 2021). Additionally, it can be
seen as an incentive for the development of public policies
and programs to ensure the preservation and restoration
of urban ponds.

The question of acceptance also relates to the freedom
to roam as a right of public access to wilderness. In an
urban context, wilderness is not relevant because nature
is seen historically as something to be tamed and con-
quered. But pond creation and access to ponds is fully
in tune with the right to the city (Lefebvre 1967), as a
proposal to reclaim the city as a co-created space. There-
fore, the restoration and creation of urban ponds merits
special attention by allowing the provision of NCPs as
connection of people to nature as well as other contribu-
tions (habitats for biodiversity, small thermal effect in
climate-responsive design practice (Jacobs et al. 2020),
aesthetic appeal).

Improving the social acceptance of new ponds in urban
areas presupposes taking into account the diversity of
people that live in cities. Indeed, our study has shown
that 47% of visitors live outside the urban park area.
The unbalanced spatial distribution of urban parks could
result in different perceptions between visitors and local
residents, and possibly requires a public planning strategy
and zoning that distribute ponds spatially, including in the
most deprived areas of cities.

The high contribution of ponds to quality of life as per-
ceived by people living in the park region demonstrates
that the proximity of these natural areas has a significant
impact. This is undoubtedly due to the greater possibility
of contact with these blue spaces (leading to a higher fre-
quency of connection with nature, psychological benefits,
recreational opportunities, etc.). However, it is important
to mention that this difference in perceived quality of life
between people living near and far from the studied urban
pond does not necessarily mean that the pond is the only
contributing factor. Other factors, such as maintenance of
the park, easy access and other green habitats present in

the park may play an important role in the general percep-
tion of quality of life.

Urban ponds are valuable spaces that can be used as
tools to improve the quality of life of people in cities and to
promote environmental sustainability. The highly positive
recognised value of urban ponds in this study is a strong
encouragement for the continued preservation, enhance-
ment, and integration of urban ponds into the framework
of urban planning and design, further strengthening their
status as valuable assets for present and future generations.

Comparing perceptions of urban ponds and more
natural ponds

Overall, we observed that the interviewees thought urban
ponds were of slight lower value than rural ponds. Nev-
ertheless, if considered individually, a similar importance
was recognised for most of the NCPs (10 from 12) deliv-
ered by both types of ponds. Interviewees identified that
ponds in rural pondscapes were more important for the
regulation of flooding and fire events than urban ponds.
This is in line with the fact that rural ponds were clearly
larger in terms of surface area: they have therefore a higher
capacity for buffering water runoff during storm events,
and also the water can be used by firefighters to extinguish
forest fires. The perception of a slightly lower value of
the urban ponds compared to the rural ponds is without
doubt also linked to many particular features characteris-
ing urban ponds: artificial structures (e.g., artificial sub-
strate and shorelines, barriers around the pond, fountain,
public benches), a lower surface area, and the high public
attendance (Oertli and Parris 2019). It is worth noting
that as urban pondscapes are important areas adapted for
human use, some environmental factors in these areas can
be easily controlled and modified with good management.

The importance of urban ponds for biodiversity
as highlighted by public perception

The public interviewed in the Canton of Geneva was aware
of the importance of urban ponds for biodiversity, as this
NCP was identified as the most important NCP provided
by ponds. Furthermore, a high level of importance for the
conservation and protection of threatened biodiversity was
recognised. Notably, 79% of interviewees who expressed
their opinion scored the importance of biodiversity as high
or very high of urban ponds for the preservation of threat-
ened biodiversity in Switzerland. The fact that "landscape/
aesthetics”, and "the local biodiversity of flora and fauna”
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were among the main motivators that leads interviewees
to visit the urban pondscapes studied further provides evi-
dence that visitors have a high awareness of the impor-
tance of the ponds and pondscapes for biodiversity.

The challenge of conciliating pond ecological quality
with users’ perceptions (Hassall et al. 2016; Martin et al.
2016) is important for site managers. The fact that the
interviewees were aware of the pond’s importance given to
biodiversity conservation, indicates a positive perception,
and therefore an opportunity to strengthen public percep-
tion of the importance of these spaces as key areas to pre-
serve biodiversity in the urban environment. It could be a
motivating factor for the local community to become more
engaged in the preservation and conservation of these eco-
systems (Sterrett et al. 2019), creating plans and strategies
to preserve and restore these natural spaces within cit-
ies, and taking part in environment education program by
understanding the threats and cause of extinction of some
species (Jari¢ et al. 2020).

The contact with nature was emphasised by the
respondents, showing the necessity to integrate green
and blue spaces in urban environments to reverse the
ongoing trend towards dissociation between people and
nature (Soga and Gaston 2016), and improving the inhab-
itants’ quality of life. Thus, it reflects the basic human
need (Seymour 2016; Baxter and Pelletier 2019) to be
connected with nature because of the physical and men-
tal health benefits resulting from it. This is supported
by several previous studies (Hart 2019; Vandergert et al.
2021; Zhang et al. 2021) which show that contact with
nature provides an opportunity to divert negative emo-
tions, increase attention span and reduce the effects of
stress. The maintenance or the improvement in quality
of life supposes that people have access to ponds and
find the most propitious conditions in terms of aesthetic
preference (Dobbie 2013; Hayden et al. 2015; Arnberger
et al. 2021), refreshing space in summer and the range of
facilities required for visitors (Parker and Simpson 2018;
Liu and Xiao 2021).

To promote pond conservation and raising awareness
about their biodiversity, it may be helpful to identify
flagship species (Sousa et al. 2016). Urban ponds were
here essentially appreciated for the aquatic biodiversity
observed by the interviewees. Aquatic wildlife was cited
as a priority, in particular the presence of frogs, water
birds, dragonflies, and fish. It should be noted that most
interviewees valued biodiversity and at the same time
enjoyed the presence of exotic species (such as the intro-
duced fishes, ducks, and frogs) or even invasive species
(mostly Pelophylax frogs) that may in fact constitute one
of the main threats to native biodiversity (e.g., to other
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amphibian species, dragonflies or plants). From this
result, it is possible to infer that the public has little to
no knowledge about the national or international strate-
gies for biodiversity conservation. Due to this lack of
information, the public itself is prone to continue accept-
ing or even encouraging exotic species, which are gen-
erally very colourful (e.g., mandarin duck, gold fishes,
exotic water lilies) and draw public attention. Previous
studies have already highlighted this gap in biodiver-
sity knowledge, with people generally having also poor
biodiversity identification skills (Dallimer et al. 2012).

This low level of knowledge on biodiversity conser-
vation among interviewees raises questions concern-
ing strategies for the conservation of ponds (Hill et al.
2018). The perception of what makes an ‘attractive’ and
‘natural’ pond varies among the study population (Hoyle
et al. 2019), their backgrounds, their location and their
level of knowledge. Human preferences can therefore
represent an obstacle to the implementation of pond res-
toration, depending on its objective. This brings to the
fore the need to reconcile the local expectations with
the scientific requirements of pond restoration (Oertli
et al. 2010). A potential solution would be to improve
the multifunctionality of the ponds or to promote ponds
with diverse uses in a same pondscape. Multifunctional
ponds are indeed extremely important for biodiversity in
the urban environment (Hassall 2014; Oertli and Parris
2019). They can prevent flooding, contribute to carbon
storage, microclimate, water purification and provide
opportunities for recreation, learning and inspiration
for people (Alikhani et al. 2021; Krivtsov et al. 2022).
The creation and restoration of urban ponds in line with
local expectations and scientific requirements is a politi-
cal decision that could change the functioning of ponds,
the habitats for species, the relation between ponds and
visitors and the current trade-offs in pond management
(Faith and Walker 2002; Hambick et al. 2023) with
potential conflicts (land use, rampant urbanisation,
waste water etc.). Therefore, it is crucial to have an effi-
cient management of urban ponds to provide ongoing
benefits to the population and biodiversity (Shrestha
et al. 2021). This requires information on the different
NCPs and individual preferences of the local community
to provide a comprehensive overview to underpin recom-
mendations to decision-makers.

Influence of proximity of residence
on the motivation to visit the urban park

The influence of people's proximity of residence on the
motivation to visit urban parks is an important aspect
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to be considered in the creation and planning of these
spaces. According to our results, people who live close
to the park seem to value more the biodiversity of flora
and fauna, the practice of sports and the presence of a
pond compared to those who live further away. Based
on this observation, the creation of a pond in a new or
in an existing urban park (currently without a pond)
can be an effective strategy that ensures accessibility
for all neighbourhoods and promotes an urban environ-
ment that is more inclusive and aligned with the motiva-
tions of residents. Urban ponds offer multiple benefits
including opportunities for outdoor activities, enriched
biodiversity, and environmental improvements such as
microclimate regulation and water filtration, fostering a
more diverse ecosystem in the urban park and in the sur-
rounding region. However, it is essential that the devel-
opment of new urban parks and the presence of ponds
is done with careful consideration of ecological, safety
and sustainability dimensions. It is important to involve
experts in urban planning, environmental conservation
and public participation to ensure these parks meet com-
munity needs and desires (including caveat and reduction
of disservices) while preserving and protecting natural
resources. In this way, the creation of new urban parks
with ponds can offer significant benefits for the well-
being of people and the conservation of the environment.

Gender and income effects on visitors’ perception
of urban pondscape

In contrast to other studies that showed that social factors
can influence the perception and use of public spaces (de
la Barrera et al. 2016; Schiile et al. 2017), no relationship
was found in this study between the gender and income
social factors and the perception of the contributions pro-
vided by urban ponds. Our results then suggest that peo-
ple of different genders and incomes have a similar posi-
tive perception of the contributions provided by urban
ponds. Male and female both stressed the importance
of the NCPs provided by urban ponds, and especially
biodiversity. The consensus among gender and incomes
is important in ensuring that these spaces are accessible
and valued by a variety of individuals. It can be seen as
an opportunity to create blue and green spaces that pro-
mote equity and inclusion for all individuals regardless
of their socio-economic background. It is worth noting
that further studies regarding these socio-demographic
factors are needed to grasp if pond are attractive to the
local community as they increase the value of a particu-
lar area, contributing to the phenomena of gentrification
(Anguelovski et al. 2022).

Conclusion

For an increasingly urbanised society and a busy urban envi-
ronment, integrating and promoting blues spaces, such as
ponds, is a way to minimise the effects of strong urban pres-
sure on the environment and biodiversity, while improving the
quality of life of the population. This can lead to more sus-
tainable cities and greater connections of people with nature.

As demonstrated in our study, public perceptions of
urban ponds can provide interesting insights into the
role of these small water bodies, their importance and
public preferences. There is evidence that urban ponds
are widely valued by the citizens because of their ben-
efits for quality of life and the provided NCPs, as well
as being important spaces for contact with nature. The
biodiversity represented in these ponds is also highly
valued by the public, who expressed their importance
for the conservation and protection of threatened spe-
cies. However, there was a clear gap in public knowledge
about the conservation of biodiversity, with the presence
of exotic and often invasive species being accepted and
even welcomed. This stresses the importance of environ-
mental education, and urban ponds could constitute an
important tool (knowledge of species, understanding of
the functioning of an ecosystem, and of the impairment
through urban pressure). It is important to understand
people's perception of the contributions of urban ponds
in order to accept, conserve, design, manage and improve
them for the benefit of more people, thus contributing
to their sense of belonging and quality of life. In light
of this, conservation and maintenance actions should be
taken to ensure that these urban ponds continue to play a
key role in biodiversity conservation, improving people's
lives, and inclusiveness. Furthermore, it is important to
promote public awareness about biodiversity conserva-
tion and the benefits of urban ponds.

In conclusion, ponds are Nature-based Solutions very
well adapted and accepted in cities, and they should in the
future be part of the greening (and blueing) in urban plan-
ning to conserve and enhance freshwater biodiversity whilst
also providing NCPs.

For future research on this topic, it is suggested: (i) to
examine more thoroughly the drivers of the quality of life
related to urban ponds, and to highlight their specificity
among other elements of the urban blue and green
infrastructure, (ii) to carry out an in-depth study of socio-
demographic factors explaining the acceptance of urban
ponds, considering the level of education and employment
status, with the finality to encourage more inclusion, equity
and diversity, and (iii) to address the public perception of the
“disservices” offered by urban ponds (e.g., unwanted species
such as mosquitoes, safety aspects for children).
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Appendix A. Survey questionnaire

Questionnaire for the general public on the perception of ponds in

the canton of Geneva
DESCRIPTION

My name is Fernanda Vasco. | am a master’s student at the HES-SO (University of Applied Sciences and
Arts of Western Switzerland) and my project focuses on the perception of the population of the utilities and
services provided by urban ponds. Your opinion on the subject is very important for me and for the success
of this study. Please note that, there is no right or wrong answer, all answers are legitimate. Your responses
are strictly confidential and anonymous. This survey will take less than 10 minutes. Thank you very much in
advance for your time.

If you have any questions, please contact me by email: fernanda.vasco@master.hes-so.ch.

FREQUENCY, GEOGRAPHICAL PROXIMITY AND MOTIVATIONS

1. In which site are you located? * Please choose only one answer. (NPA = Postal code)

] Parc des Franchises (NPA 1203) or ] Moulin-de-Vert (NPA 1288) ou Bois
des Mouilles (NPA 1233)

Jardin de la Paix (NPA 1201)

La Plaine de la Haute-Seymaz ou
autre zone agricole a Geneve

1a. Do you live in this region? []Yes []No

Some of the following questions will only concern the site you have selected above.

2. How often do you visit the ponds in this area? * Please choose only one answer.
[] Once a day [] 2 to 3 times a month []1to 5 times a year

[] 1 to 3 times a week [] Once a month
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3. What motivates you to come to this particular place? * Please choose up to 4 reasons that you consider
most important.

Contact with nature [] Dogwalking ] :;?e'i:;e = dime-vath tamilyand

O

The local diversity of Practising sport (for example.,
animals and flowers that D walking or running)

can be observed

Facilities available on site (for
example, playground and benches)

l

Daily commute (for example,
The presence of a pond D home-work commute)

Landscape / Aesthetics ~ [] Vorking/ Studying

UTILITY OF PONDS (ECOSYSTEM SERVICES / NCPs)

4. Do you think that the presence of this pond makes a positive contribution to the area?

No particular motivation

O O
0o 0O

Other:

[J None [J Low [ [ High ] Very high [C] No opinion
5. To what extent does this pond and its surroundings contribute to your quality of life?
] None O Low O [CJ High [] Very high ] No opinion

6. Which of the following do you think are the most important positive contributions of this pond (and other
ponds too)? * Please select using a ranking of importance.

—_— Not |
Contributions important Not Very Extremely don’t
at all important important important know
2 Habitat for animals and
Ry o O O O O O O

Better water quality 0 0 O O O Ul

(less polluted)

Reservoir for flood D I:I D D D D

000 prevention

66

& & Milder temperatures in H 0 O 0 O (]

the in the surroundings

a Aesthetic value O O O O O O

{beauty of the landscape)

j%‘a & e’b & Leisure activities 0 0 0 O O 0

(walking, sports, picnics...)
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7. How important do you think this pond is for the protection of endangered animals and plants in Switzerland?
* Please choose only one answer.

[]None ] ] ] [] Very high [_] No opinion

FACILITIES

8. What are the 5 elements you appreciate (or would appreciate, if absent) most about the pond at the
selected site? * Choose from 1 to 5 most important elements.

O

Presence of dragonflies Fountain

Presence of insects Fence around the pond
Presence of fish A bridge or footbridge
Presence of frogs Explanatory panels on local biodiversity
Presence of toads Observation point
Public benches

Presence of aquatic plants Walking path

OO0oOooooan

Areas with colourful flowers Other:

]
]
[
]
|:| Presence of ducks and other water birds
[
[
]

Trees and associated shading

9. Comment (optional):

PROFILE
10. Are you?

[] Resident of the Canton of Geneva
[] Swiss resident (outside Geneva)
] Tourist

11. What is your gender? * Please choose only one answer.
[] Male [] Female [] Non-binary / Other
12. What is your age range? * Please choose only one answer.

[]18to 24 yio (] 25to0 34 y/o [] 35t0 49 y/o (] 50to 65 ylo [] More than 65 y/o

13. What is your professional situation? * Please choose only one answer.

[] Student [] Self-employed
[ No gainful activity [] Retired
[] Employed [] Other:

14. Do you consider your income? * Please choose only one answer.
[] Very low ] Low [] Medium [] High [] Very high []1don’t know

Thank you very much for your attention and support! ©
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Appendix B. Profile of the interviewees

- = B E L LE MO LUSP |
; - 1 |- Bay
,x._.. £ G yBuy fusp, pm—
- - WG LE Fid 2 LB ok
- - SE LY GLL L ey n ok 1P
. n )
- - W9 ¥l ¥ Mo °0°vi0
- - A Gl mof faap,
BB LT ZL %5 0Z GBS paunay
sl f Fid sl g GE pafojdwe-yag LU ENYPS
BGES EE E B GEL padojdwz [EuCisSa)oud
0L E A GL Apnoe ywel op | anok s 1EUN TELD
0L E %09l gt juepms
SEED oL Se0°LL Gt ok G UEL 8oy
; - 13
et : e g A sooums e
Nk 51 JEUA TT L
%6 0F & %5 0Z G5 off ¥E 01 52 11U ZHD
Blt i %L Z5 o/h 2 01 g1
LA T 0g %9 G Etl CENEN ;iepush
SGES EE St 05 Gt L B{ERY | INoA 51 IEUM, L LD
AL g SEL LE jsuncy
net 4 A 0g (EABUBL) BESING) JUBMSE SSIMG inok ang gLD
%l ER 9 WEGE LYE Freussy jo UDJUED BU) JO JUBMSEY
%EEE o %0 FE (1] JEBL B s8WN § 0 |
%e9el g %99 18 Ljuow B 83Uy FEBE
%6 LT Zl WEEL lE Yuow B sewn g o) g s1L) psia nok
WE'EE oL %E BE oLL HEEBW B S8 £ 0] || op uslc MoH "ZD
0L £ SRl ES fep B Baug
%GES o % LY 9EL oN ZuniBel sil) Ui
%G 9 0g A Z5L sap| e nof og eLn
mmm.t._mu._ﬁn_ SBaMIAIBIUI 1O JaqLuInp mmﬂ_.:mnr_mn_ SBaMIAIBIUI JO Jaquunp Jamauy uonsang)
(Et=U) (ggZ=u) puenieg Jed pue
SENCyY SBP SICH PUE W8/, Bp UINOW SBIS  'XIEJ E| 8p WRIET 'SBSIYDIUEL] SBP ME [S8US
avdany NvY84dn
JdVISANOd

pringer

a's



Urban Ecosystems

very high-income categories were assumed as high-income.

C. Statistics

Appendix
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