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Abstract Urban small water bodies, such as ponds, are essen-
tial elements of human socio-economic landscapes. Ponds al-
so provide important habitats for species that would otherwise
not survive in the urban environment. Knowledge on the bio-
diversity of urban ponds and the relationship between their
ecological value and factors linked to urbanization and
socio-economic status is crucial for decisions on where and
how to establish and manage ponds in cities to deliver maxi-
mum biodiversity benefits. Our study investigates if the pat-
tern of urban-pond biodiversity can be related to different
socio-economic factors, such as level of wealth, education or
percentage of buildings of different types. Because of lack of
previous studies investigating that, our study is of exploratory
character and many different variables are used.We found that

the biodiversity of aquatic insects was significantly negatively
associated with urbanisation variables such as amount of
buildings and number of residents living around ponds. This
relationship did not differ depending on the spatial scale of our
investigation. In contrast, we did not find a significant rela-
tionship with variables representing socio-economic status,
such as education level and wealth of people. This latter result
suggests that the socio-economic status of residents does not
lead to any particular effect in terms of the management and
function of ponds that would affect biodiversity. However,
there is a need for a finer-scale investigation of the different
potential mechanism in which residents in areas with differing
socio-economic status could indirectly influence ponds.
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Introduction

Urban small water bodies, such as ponds, are essential ele-
ments of human socio-economic landscapes. They also pro-
vide important habitats for species that would otherwise not
survive in the urban environment (Colding et al. 2009; Hill
and Wood 2014; O’Brien 2015). While ponds in rural land-
scapes have been well investigated (Biggs et al. 2005;
Céréghino et al. 2008; Davies et al. 2008), there are far fewer
studies about the biodiversity of these environments located in
cities. Studies that consider ponds in cities have tended to
concentrate on ponds in urban gardens (Gaston et al. 2004,
2005; Loram et al. 2011), but many ponds can also be found in
the overall urban landscape, particularly within green areas,
such as parks or nature conservation areas (Gledhill et al.
2005; Gledhill and James 2012; Blicharska et al. 2016).
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Urban ponds have been found to have high natural value
and rich biodiversity (Le Viol et al. 2009; Hassall and
Anderson 2015). However, there is little knowledge on the
relationship between urbanisation factors such as spatial con-
figuration and socio-economic factors and the ecological val-
ue of urban ponds. Such knowledge could be very important
when planning urban areas, as it could inform planning deci-
sions that would benefit both people and biodiversity. For
example, knowledge on species richness in the ponds could
provide rationale for creation of new ponds or preventing
filling the existing ones, and information on which variables
are associated with high richness could facilitate better selec-
tion of areas for establishing new ponds, as well as improved
management measures at local level. The current trend of
increasing urbanisation necessitates the effective management
of existing green and blue areas in urban landscapes to assure
that they deliver maximum benefits, both in terms of
biodiversity and human well-being. Hence green and
blue areas are designed to both provide habitats for different
species, and to be attractive for the people living in the prox-
imity. Understanding how different socio-economic variables
can potentially be related to the biodiversity of ponds would
be helpful, as it could provide information on where, how and
why to establish new ponds. In addition, studies have shown
that walking, watching or in other ways being close to water
bodies and biodiverse resources such as ponds are positive for
physical and psychological wellbeing (Johansson et al. 2011;
Blicharska and Johansson 2016) indicating that planners
need to take both human wellbeing and biodiversity into
account.

Different studies have explored the role of people in shap-
ing the natural environment in cities, particularly focusing on
vegetation distribution (Martin et al. 2004; Grove et al. 2006;
Luck et al. 2009; Locke and Grove 2016), and diversity of
avian species (Kinzig et al. 2005; Melles 2005). These studies
are often rooted in the human population density, behavioural
or social stratification theories that link diversity or distribu-
tion of species to either population and housing density (Smith
et al. 2005), or different social strata existing in the societies
(Hope et al. 2003; Tratalos et al. 2007; Locke and Grove
2016) or lifestyle behaviour associated with perceived norms
(Troy et al. 2007; Nassauer et al. 2009), linked to e.g. Bluxury^
and Blegacy^ effects (Martin et al. 2004; Cook et al. 2012).
The described mechanisms, associated with socio-economic
status of people, are said to influence both formal and informal
practices that shape urban environments (Locke and Grove
2016). For example, lifestyle choices and linked management
activities by urban residents can be influenced by the desire to
conform to the (often informal) rules represented by particular
social group (Grove et al. 2006), so called Becology of pres-
tige^ (Troy et al. 2007). Also, management practices can vary
depending on personal ideals and attributes, knowledge level
or possibilities linked to income level (Cook et al. 2012).

Although the theories and studies described above are de-
rived from investigations of vegetation and birds in cities,
building on them one could expect that also biodiversity of
urban waters could potentially depend on the influences of
humans. Luxury or legacy effects could, for example, have
consequences for ponds’ biodiversity, as they in general shape
how the neighbourhoods look like and how they are taken care
of (Martin et al. 2004). The level of management in and
around ponds could be linked to the affluence of the residents,
as more wealthy residents have more possibilities to influence
their surrounding environment (Landry and Chakraborty
2009) and also have simply larger potential to move to more
attractive cared-for areas (Fischel 1985). For example, it is
possible that in low income areas the city planners and man-
agers of green areas do not put that much effort in the man-
agement of these areas as they would do in more wealthy
neighbourhoods, which could have some influence on biodi-
versity. On the other hand developments inmore affluent areas
could potentially lead to unnatural and barren habitat not ben-
eficial for biodiversity as well. For example, it has been shown
that impervious surfaces (e.g. car parking areas) may take over
the green areas in more affluent places (Perry and Nawaz
2008). However, to the best of our knowledge, there has been
almost no studies that would attempt to investigate these po-
tential relations. One study by Gledhill and James (2012) has
attempted to explore the relationship between the ecological
status of urban ponds and socio-economic variables. The au-
thors looked at the ponds in two towns in northwest England
and explored the potential correlation of their ecological status
with both socio-economic factors and landscape features.
According to their results, neither social classification of par-
ticular local areas nor house prices determined the species
richness of ponds. However, the social character of particular
areas significantly influenced the ponds’ Community
Conservation Index (CCI: describing species richness, their
rarity and pollution tolerance). The highest CCI was scored
for ponds located in areas classified as BConstrained by cir-
cumstances^, which the authors suggested may be related to
an increased amount of green spaces in such areas. These
authors also found that Biological Monitoring Working
Party statistics (indicating tolerance to organic pollutants by
a ponds’ species) decreased with increasing house prices (i.e.
an index for assessing socio-economic conditions of particular
areas), which they suggested may be related to variation in
management activities, increased use of cars, and paving of
front gardens for parking in more affluent areas. Another
study, by Blicharska et al. (2016) investigated if pond function
and level of management influenced pond biodiversity. They
found no significant relationship between these variables, but
revealed that biodiversity in ponds were correlated with
amount of vegetation in water, which could be indirectly
linked to management. Still, it is clear that more studies of
urban ponds are needed in order to establish firmer
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conclusions on the relationships between socio-economic fac-
tors and urban pond biodiversity and our study attempts to
contribute to fill parts of this research gap. However, because
of little existing information on the potential mechanisms that
could influence urban pond biodiversity, the study is of ex-
ploratory character, where many different variables are tested.

The aim of the present study was to investigate if the
pattern of urban-pond biodiversity, is related to various
socio-economic factors. To address this question, we gath-
ered information about the several metrics of biodiversity
(species richness, Shannon-Wiener and Evenness) of 51
ponds in the city of Stockholm, Sweden, and related them to
the socioeconomic variables given in Table 1. Three
different scales were addressed, to see if potential effects
of socio-economics may differ with scale.

Methods

Study area and pond selection

Our study was conducted in Stockholm. The city has ca.
900,000 residents but the metropolitan area is home to approx-
imately 1.5 million inhabitants and is characterised by a large
number of areas of open water and high coverage of green
areas (Andersson et al. 2009). In the present study, we consid-
ered 51 ponds in central Stockholm, which covers seven mu-
nicipalities (Fig. 1). We tried to find all ponds in these munic-
ipalities by scanningmaps and using information frommunic-
ipalities’ officials. We defined ponds as natural or man-made
water bodies having an area between 1 m2 and 2 ha and hold-
ing water for at least 4 months of the year (Biggs et al. 2005;

Table 1 Variables used in the analysis. SEK = Swedish krona (1 SEK = approximately 0,1 Euro in 2015)

Variable [variable name] Unit Explanation

Pond size [PondSize] m2 Size of the pond

Age of buildings [BuldingsAge] year Average age of buildings within specified radius around the pond

Percentage of detached houses [DetachedPerc] % Percentage of detached houses within specified radius around the pond

Percentage of row houses [RowHousePerc] % Percentage of row houses within specified radius around the pond

Percentage of apartment blocks [ApartmentPerc] % Percentage of apartment blocks within specified radius around the pond

Percentage of other housing [OtherHousPerc] % Percentage of other types of housing buildings within specified radius around the
pond

Percentage of community buildings [CommBuildPerc] % Percentage of community buildings within specified radius around the pond

Percentage of industry buildings [IndustryBPerc] % Percentage of industry buildings within specified radius around the pond

Percentage of other buildings [OtherBuildPerc] % Percentage of other buildings within specified radius around the pond

Percentage of lakes [PercLakes] % Percentage of open water or lakes within specified radius around the pond

Percentage of all buildings [AllBuildPerc] % Percentage of all buildings together within specified radius around the pond

Amount of residents [Residents] Number Total number of people within specified radius around the pond

Percentage of visible minority [VisMinPerc] % Percentage of so called Bvisible minority ,̂ a group of people whose country of
birth suggests that they are likely to look like Bminority group^ and be exposed
to racial discrimination, within specified radius around the pond. The group
included The Americans south of USA, all of Asia (excluding Russia), all of
Africa and Oceania (excluding Australia and New Zea land)

Percentage of relatively low educated people
[LowEduPerc]

% Percentage of relatively low educated people, based on highest attained education
level within regular school system, within specified radius around the pond.
Relatively low education includes people how have not finished lower
secondary school or have done so, but not started any higher education

Percentage of relatively high educated people
[HighEduPerc]

% Percentage of relatively high educated people, based on highest attained
education level within regular school system, within specified radius around
the pond. Relatively high education includes people with post-secondary
school education

Percentage of relatively poor people [RelPoorPerc] % Percentage of relatively poor people, i.e. people earning less than 60% of the
Swedish national medium income, within specified radius around the pond

Percentage of relatively rich people [RelRichPerc] % Percentage of relatively rich people, i.e. people earning 1.4 times the national
medium income, within specified radius around the pond

Percentage of people getting social support
[SocHelpPerc]

% Percentage of people getting social support, within specified radius around the pond

Disposable income [DispIncome] 100 s SEK Average income of all residents within specified radius around the pond

Distance to nearest highway [DistHighway] m Distance to nearest highway from pond coordinates

Distance to nearest train station [DistTrain] m Distance to nearest train station from pond coordinates
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Pond Conservation 2002). The selected ponds ranged in size
from 13 to 17.219 m2 (mean 1794 m3). We took into account
only densely populated areas in the city, i.e. areas where >75%
of the area (looking at each 1 × 1 km square) is developed, as
defined by the Swedish mapping, cadastral and land registra-
tion authority (Lantmäteriet). This meant that, for example,
ponds located in golf courses were excluded, even though
they usually have high potential value for biodiversity in ur-
ban areas (Colding et al. 2009).

Biodiversity data

We defined biodiversity in terms of three metrics: species
richness, Shannon Wiener diversity and eveness
(Krebs 1989) for dragonflies (Odonata), aquatic beetles
(Coleoptera), aquatic true bugs (Hemiptera) and caddisflies
(Trichoptera). These invertebrates represent various function-
al groups, and may thus represent overall biodiversity in city
ponds (Oertli et al. 2010; Hassall et al. 2011).

Aquatic insects were sampled in May–June 2013 and
May–June 2014 with a bottom scoop net with a diameter of
20 cm and a mesh size of 1.5 mm. We used a sampling strat-
egy derived from the Swedish Environmental Protection
Agency’s guidelines (SEPA 2006). Six samples were taken
in each pond at a depth of 2–3 dm. The net was swept along
the bottom in opposite directions (left to right) eight times on a
1m stretch (one sample). By using six samples, we covered all
types of representative microhabitats along the shoreline, e.g.
soft bottom, hard bottom, with and without vegetation. We
sampled the aquatic life stages i.e. larvae in Odonata and

Trichoptera and larvae and adults in Coleoptera and
Hemiptera. We determined the Order of all insects at the pond
site and then preserved the specimens in 70% ethanol, stored
them in labelled plastic tubes and brought them back to the
laboratory for further identification to species level. All other
organisms that did not belong to the selected taxa were imme-
diately released back to their respective ponds. Specimens that
could not be determined to species level (in most cases
early instar larvae) were ascribed to family or genus-
level and included in the final analysis as separate taxa.
These were Odonata larvae of Coenagrion pulchella
and C. pulchellum that were not distinguishable and
were, therefore, regarded as the same species in our
analysis. The same applies to three cases among the
Trichoptera, where larvae could not be distinguished
between pairs of species. These were i) Limnephilus affinis
and L. incisus, ii) Limnephilus luridus and L. ignavus and
iii) Oligotricha stricta and O. lapponica.

Socio-economic data

Because of the paucity of studies that would indicate which
socio-economic factors could influence biodiversity in urban
ponds, our study is of exploratory character and thus we in-
clude a large set of variables (Table 1). We chose socio-
economic variables (for details see Table 1) related to the
social-economic status of residents, for example, education
level (represented by variables: % of relatively low educated
people and % of relatively high educated people) or wealth
(disposable income, % of relatively poor people and % of

Fig. 1 Location of the
investigated ponds in the study
area in the city of Stockholm,
Sweden. Orange sections depict
urban areas, grey sections indicate
land. Central railway station and
highways are indicated to make
identification of ponds easier
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relatively rich people, that could potentially be linked to Blux-
ury^ or social norms effects. We also selected variables linked
to urbanisation, for example, number of residents, percentage
of buildings by type that is a proxy for impervious surfaces,
indicating less green areas, or age of buildings that can reflect
potential legacy effects (Table 1). The socio-economic data
were sourced from Statistics Sweden (SCB 2015), compiled
at research database, PLACE. The PLACE database contains
geocoded (100 m × 100 m) and individual level statistics of
socio-economic and demographic status. In this study,
geocoded statistics for the year ending December 2010 were
employed. Three buffer zones with a radius of 200, 500 and
800 m around each pond (from coordinates indicating the
middle of the pond) were created and the different variables
were constructed as counts within each buffer zone. The
socio-economic variables describing the surrounding planned
landscape, such as distance to a highway or distance to a train
station, were measured in meters from pond coordinates.
Finally, we also used size of ponds as one of the potentially
explanatory variables, as habitat size is a strong predictor of
species richness (MacArthur and Wilson 1967; Oertli et al.
2002; Kadoya et al. 2004). The list of all variables is presented
in Table 1. The geographical and statistical context of the
ponds included in our study is exemplified in Fig. 2
(for details see Fig. 2 caption).

For some ponds there were no people or buildings within
the buffer zones investigated (24 ponds for 200 m radius and
12 ponds for 500 m). Thus, no age of buildings or income
variables were included in the analysis of the 200 m and
500 m buffer zones. Age of buildings and income variables
were included in relation to 800 m buffer zones, although one

pond was removed from the analysis as its surrounding lacked
both houses and residents within the prescribed radius.

Data analysis

Our study was of exploratory character, because of little
existing knowledge on the potential factors that could influ-
ence species richness in urban ponds (see Introduction), and
therefore relatively many exploratory variables were used.
Some of the variables were correlated (see example of corre-
lation matrix for 500 m scale in Online Resource 1). For ex-
ample education was correlated with income and visible mi-
nority was correlated with income and education level. We
therefore used Principal Component Analysis (PCA) to reduce
them to uncorrelated principal components (PCs). The
Varimax rotation method with Kaiser Normalization was used
to find the simplest structure in the data while explaining as
much of the variance as possible. The PCs were extracted
based on an Eigenvalue 1. The variables with a factor loading
of at least 0.5 were included for interpretation. The resulting
PCs were then used in regression analysis to check if any of
them were correlated with the three metrics of biodiversity
using all taxa: species richness, Shannon-Wiener diversity,
and Evenness (J). In addition, we regressed species richness
against the PCs’ separately for each insect order in order to
examine if they showed a taxon specific pattern. All analyses
were conducted separately for each size of buffer zone (i.e.
200, 500 and 800 m radius) around every pond, to see if the
scale of analysis influenced relationships between biodiversity
and socio-economic variables. The analyses were conducted
using SPSS software (IBM SPSS Statistics 22).

Fig. 2 Geographical and
statistical context of the ponds. In
section (a) blocks and houses in
each of the blocks and one of the
ponds are depicted. From the
pond three buffers with the radii
distances of 200 m, 500 m, and
800 m are shown in different grey
colours in section (b). In section
(c), the share of wealthy
individuals (relative wealth
according to EU definitions) per
100 m × 100 m is indicated. The
gridded 100 m individual level
statistics is the basis for the socio-
economic studies used in our
analyses. In section d, the pond’s
location relative to all other
studied ponds in the Northern
parts of Stockholm is indicated
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Results

Correlations between variables

Principal Component Analysis of correlated variables that had
an Eigenvalue >1 resulted in seven Principal Components
(PCs) for buffer zones of 200 and 500 m radius, and six PCs
for buffer zones of 800 m radius (Tables 2, 3 and 4). In com-
bination, these PCs explained 71.2, 78.6 and 75.0% of vari-
ance in the data for the 200, 500 and 800 m buffer zones
respectively.

At a 200 m radius:

& PC1 (22% variance explained) was associated with edu-
cation, wealth of people, percentage of people getting so-
cial help, and distance to highway; the highest positive
correlation in this PC was with percentage of people get-
ting social help, while the highest negative correlation was
with percentage of relatively high educated people;

& PC2 (13.7%) was positively associated with low educa-
tion and percentage of relatively poor people;

& PC3 (8.4%) was positively associated with per cent of all
buildings and number of residents; and

& PC 4 (7.9%) was positively associated with the percentage
of other buildings, and pond size.

The other three PCs (PC5, PC6 and PC7) explained rela-
tively little of the variation (6.9, 6.6 and 5.7% respectively)
and, thus, were not considered in further analysis of relation-
ships between PCs and species richness.

At a 500 m radius:

& PC1 (26.6% of variance explained) was positively associ-
ated with percentage of visible minority, percentage of
people getting social help and percentage of relatively
low educated and poor people. It was at the same time
negatively associated with percentage of relatively high
educated and rich people;

& PC2 (14.1%) was positively associated with number of
residents, total percentage of buildings and apartments
and community buildings;

& PC3 (11.5%) was positively associated with percent-
age of other houses and buildings and distance to
train station;

& Finally, PC 4 (8.4%) was positively associated with per-
centage of industrial buildings and percentage of relatively
low educated.

The remaining PCs (PC 5, 6 and 7) explained relatively
little of the variation (7.1, 5.5 and 5.3% respectively) and,
thus, were not included in further analysis.

Table 2 Results of the PCA of
the variables for 200 m radius
around the pond. In bold: factor
loading at least 0.5

Variables Components and their interpretation

PC 1 Socio-
economic
status (1)

PC 2 Socio-
economic
status (2)

PC 3 Urban-
isation (1)

PC 4 Urban-
isation (2)

PC 5 PC 6 PC 7

PondSize -.121 .073 -.164 .622 -.108 .403 .064

DetachedPerc -.246 .593 -.014 .520 -.226 .033 .067

RowHousePerc -.063 .084 -.103 .034 -.104 -.772 .137

ApartmentPerc .089 -.090 .458 -.164 .329 .276 .531

OtherHousPerc .007 -.127 -.089 .640 .155 -.072 -.035

CommBuildPerc .037 .100 .067 -.035 .845 .058 .159

IndustryBPerc .227 .067 .033 -.007 .674 .003 -.025

OtherBuildPerc -.220 .139 -.018 .515 .375 -.485 -.217

PercLakes -.364 .143 -.455 .019 .061 .453 .150

AllBuildPerc -.092 .263 .835 -.176 .106 -.008 -.250

Residents .112 -.098 .831 -.125 .031 .059 .045

VisMinPerc .123 -.146 .278 -.094 -.022 .183 -.749

LowEduPerc .416 .788 .117 .070 .179 -.106 .074

HighEduPerc -.814 -.305 .103 .081 .044 .121 -.090

RelPoorPerc .246 .845 -.090 -.212 .145 -.032 .076

RelRichPerc -.583 -.525 -.157 .244 -.378 -.048 .117

SocHelpPerc .741 .035 .089 -.005 .206 .083 -.278

DistHighway .583 .179 .234 .089 .213 .199 .367

DistTrain .129 -.064 -.150 .671 -.365 -.177 .126
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At a radius of 800 m:

& PC1 (32.8% variance explained) was positively associated
with percentage of visible minority, percentage of people
getting social help and percentage of relatively low edu-
cated and poor people, while negatively associated with
percentage of relatively high educated and rich people;

& PC2 (13.6%) was positively associated with apartment
buildings, community buildings, total buildings, and num-
ber of residents;

& PC3 (10.5%) was positively associated with other houses
and buildings.

PC4, PC5 and PC6 explained relatively little of the vari-
ance (7.3, 5.7 and 5% respectively) and were not included in
further analysis.

In summary, PC1 and PC2 at a radius of 200 m and PC 1 at
radii of 500 and 800 m were associated with education, resi-
dents’ level of wealth and social help they were getting.
Henceforth, these PCs will jointly be referred to as Bsocio-eco-
nomic status^ PCs. The remaining PCs described above were
associated with amount of residents, density of buildings, and
particular types of buildings and will hereafter be encompassed
by the term Burbanisation^ PCs. An exception was PC4 at a
radius of 500 m, which was associated with both urbanisation
(industry buildings) and socio-economic status (education).

Species richness

The ponds differed with regard to amount of species present,
ranging from only 1 (two ponds) to as many as 22 (two ponds)
species. These numbers ranged from 0 to 10 forOdonata, 0 to
15 for Coleoptera, 0 to 6 for Hemiptera, and 0 to 8 for
Trichoptera. On average 9.8 species were present in a pond
(median 9.42); 2.3 of Odonata, 4.2 of Coleoptera, 1.3 of
Hemiptera, and 2.1 of Trichoptera.

When we regressed species richness on the PCA
scores, the overall species richness was negatively asso-
ciated with the PCs linked to urbanisation factors, such
as amount of buildings and number of residents (PC3
for 200 m and PC2 for 500 and 800 m: Table 5), mean-
ing that the more buildings or residents, the lower the
species richness. For the 500 and 800 m buffer zone,
the overall species richness was negatively associated
with the PC2 (Online Resource 2: Tables 1 and 2),
linked to the type of buildings, such that species rich-
ness was lower with greater numbers of apartments and
community buildings there were. When we correlated
richness of Odonata with the PCs associated with im-
pervious surfaces, we found the same results as in the
case of overall species richness, i.e. amount of residents
and buildings were negatively correlated with Odonata
richness (t = −2.373, P = 0.024; t = −2.830, P = 0.007;

Table 3 Results of the PCA of
the variables for 500 m radius
around the pond. In bold: factor
loading at least 0.5

Variables Components and their interpretation

PC 1 Socio-
economic
status

PC 2
Urban-
isation (1)

PC 3
Urban-
isation (2)

PC 4
Urbanisation &
Soc-eco. status

PC 5 PC 6 PC 7

PondSize .035 .026 .171 .044 .834 -.007 .043

DetachedPerc -.149 -.110 .138 -.026 .498 .632 .232

RowHousePerc -.083 -.044 .293 -.009 -.149 .170 .716

ApartmentPerc .346 .791 -.080 -.013 -.054 .188 -.131

OtherHousPerc .036 .070 .828 -.096 .051 .016 .014

CommBuildPerc -.015 .688 .123 .049 -.142 .230 -.394

IndustryBPerc -.048 .105 -.107 .922 .036 .057 .061

OtherBuildPerc .074 -.184 .809 .074 .011 .167 .123

PercLakes -.143 -.068 -.043 -.160 .695 -.035 -.344

AllBuildPerc .178 .878 -.044 .038 .060 .015 .171

Residents .067 .893 -.146 .071 -.016 -.026 .039

VisMinPerc .858 .215 -.111 -.108 .064 -.191 .216

LowEduPerc .501 -.047 .014 .716 -.071 -.088 -.069

HighEduPerc -.596 -.066 -.251 -.579 .241 .100 .092

RelPoorPerc .827 -.102 .086 .126 -.102 .080 -.363

RelRichPerc -.763 -.269 -.075 -.367 .221 -.013 .194

SocHelpPerc .885 .314 -.058 .063 .052 .025 .120

DistHighway -.009 .301 .003 -.010 -.151 .797 .033

DistTrain -.170 -.130 .616 .011 .387 -.255 .219
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t = −3.467, P = 0.001; for 200, 500 and 800 m respec-
tively, See Online Resource 3: Tables 1-3). However,
for the other three groups we found less significant
relationships, but there was a negative association with
amount of residents and buildings at the 500 m scale
for Coleoptera and at the 800 m scale for Trichoptera
(see Online Resource 3: Tables 5 and 12). Interestingly,
richness of Hemiptera showed a significant positive re-
lationship with PC1 (Online Resource 3: Table 9). In
summary, total richness was negatively associated with
amount of buildings and number of residents. A similar
patterns of species richness association was found when
the data set was dissected down to the level of insect

order, although some of the relationships for the overall
data set were none significant for some of the orders.

PCs associated with the socio-economic status of res-
idents, i.e. their level of education or wealth or percent-
age of visible minority (PC 1 and 2 for 200 m, PC 1
and 4 for 500 m, and PC 1 for 800 m) did not show a
significant relationship with overall species richness
(Table 5; Online Resource 2: Tables 1 and 2) or rich-
ness of particular taxonomic groups. The only signifi-
cant results was revealed for Hemiptera that at the scale
of 800 m was correlated with PC 1, associated with
socio-economic factors linked to education and economic
wealth (See Online resource 3: Table 9).

Table 5 Results of PCA
regression for 200 m radius for
overall species richness.
R2 = 0.317; total df = 36; n = 51.
In bold: significant effect with
p < 0.05

Model Unstandardized Coefficients Standardized Coefficients P

B Std. Error Beta t

(Constant) 9.486 .797 11.898 .000

PC 1 -.227 .808 -.043 -.281 .781

PC 2 -.941 .808 -.179 -1164 .254

PC 3 -2.181 .808 -.414 −2.698 .012

PC 4 .830 .808 .158 1027 .313

Table 4 Results of the PCA of
the variables for 800 m radius
around the pond. In bold: factor
loading at least 0.5

Variables Components and their interpretation

PC 1 Socio-
economic status

PC 2 Urban-
isation (1)

PC 3 Urban-
isation (2)

PC 4 PC 5 PC 6

PondSize .039 -.047 .158 .177 .846 .064

BuildingsAge .133 -.267 .106 .683 -.010 .137

DetachedPerc -.194 .028 .157 .069 .316 .774

RowHousePerc -.036 -.235 .230 .389 -.119 .438

ApartmentPerc .362 .823 -.071 -.079 .026 .035

OtherHousPerc .108 .031 .852 -.048 .059 -.053

CommBuildPerc .142 .721 -.041 -.300 .003 .018

IndustryBPerc .263 .313 -.013 .614 .014 -.185

OtherBuildPerc -.008 -.035 .835 .192 .032 .212

PercLakes -.215 -.040 -.015 -.265 .761 -.042

AllBuildPerc .226 .845 .113 .261 -.026 .134

Residents .143 .866 -.050 .044 -.072 .050

VisMinPerc .923 .050 -.066 .035 .019 -.175

LowEduPerc .869 .226 .085 .346 -.089 .005

HighEduPerc -.629 -.363 -.346 -.349 .248 -.019

RelPoorPerc .901 -.043 -.022 -.087 .009 .153

RelRichPerc -.832 -.447 -.154 -.003 .150 .008

SocHelpPerc .769 .295 -.066 .338 .022 -.025

DispIncome -.693 -.345 -.171 -.028 .177 .346

DistHighway .088 .348 -.031 -.108 -.205 .731

DistTrain .012 -.464 .466 .041 .267 .080
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Shannon-Wiener index and evenness

When biodiversity was estimated as Shannon Wiener index
we found the same pattern for the whole data set as for species
richness, i.e. it there was a negative relationship between the
index and the amount of buildings and number of residents
(Online Resource 4: Tables 1-3). For evenness we found only
one significant relationship and that was positive relationship
between evenness and PC4 at a scale of 800 (Online Resource
4: Table 6). However, PC4 explained only 7% of the variation.

Discussion

Our study found that biodiversity of aquatic insects was signif-
icantly negatively associated with the PCs linked to urbanisa-
tion, i.e. the ones associated with amount of buildings and of
residents living around the pond. This relation was valid at all
three scales of buffer zones investigated. In addition, we found
that biodiversity was also negatively associated with the PC
linked to percentage of apartments and community buildings
within the 500 m buffer zone, which may be perhaps explained
by the fact that such buildings usually have more residents than
other types of buildings (e.g. detached or row houses). These
relations were valid for overall biodiversity and also to some
degree at level of insect order. This result is in line with other
studies that have found that amount of build-up areas and related
fragmentation of habitats is the main reason for the loss of bio-
diversity in cities. These studies have, for example, found that
increased urbanisation was negatively associated with butterfly-
species richness (Clark et al. 2007), and amphibian assemblages
(Parris 2006). McKinney (2008) who reviewed over 100 studies
on the impact of urbanisation on species richness confirmed this
trend for different taxa. The same logic seems to apply to urban
ponds, as our results indicate. The lower richness of species in
areas with more impervious surfaces (e.g. more buildings and
thus potentially less green areas) may be related to the low
connectivity between habitats, affecting species dispersal be-
tween habitats (Damschen and Brudwig 2012; Chester and
Robson 2013; Guimarães et al. 2014). Similarly, the impact of
more impervious surfaces on reducing connectivity in our study,
is probably one of the reasons for the lower species richness of
areas with more apartments and community buildings.
However, there is a need for more in-depth investigation of the
impacts of impervious surfaces on biodiversity, since surfaces
may act very differently, depending on species group. It also
needs to be underlined that our study is of exploratory character
where we included many different variables to shed a light on
broad patterns between biodiversity and socio-economic factors.
We acknowledge that it was not a focus of the study to investi-
gate the potential differences between different types of ponds or
consider pond density. However, such studies would be an im-
portant continuation of the analysis initiated in the present paper.

Although it was not the purpose of our study, future studies
on urban ponds should focus on the relation between connec-
tivity patterns and species richness in urban ponds. For exam-
ple, in stream ecology, the so called urban stream syndrome
has gained much research interest in the past 15 years (Paul
and Meyer 2001; Meyer et al. 2005; Walsh et al. 2005;
Hughes et al. 2014). This concept identifies a number of fac-
tors that affect urban watercourses that lead to reductions in
biodiversity and dominance of tolerant species: increases in
water-level fluctuation, nutrients, pollutants, temperature, and
canalisation (Walsh et al. 2005). These factors increase with
the proportion of impervious surface in the catchment. Thus,
connectivity provided by watercourses may have a negative
effect on biodiversity in highly-developed catchments with a
high percentage of impervious surface. In contrast, connectiv-
ity facilitated by vegetated terrestrial habitats may be positive,
at least for insect with aerial life stages (Braaker et al. 2014).

We found no significant relationships between the different
socio-economic variables and species richness in ponds. In
contrast, many other studies investigating the relationship be-
tween biodiversity in cities and species richness of taxa, such
as birds or plants (Iversson and Cook 2000; Hope et al. 2003;
Melles 2005; Loss et al. 2009), have found a correlation be-
tween socio-economic status and species richness. Some of
these effects were explained by the so called Bluxury effect^
where people with higher socio-economic status have more
possibilities to influence their nearby environment, particular-
ly when the presence of species depends on human choices
and landscape maintenance (Martin et al. 2003), or by Blegacy
effect^ where neighbourhood green areas vegetation may de-
pend on development time (Cook et al. 2012). Other studies
underlined role of human behaviour in management decisions
and the importance of social norms (Troy et al. 2007; Locke
and Grove 2016). In relation to urban ponds, Blicharska et al.
(2016) investigated the potential connection between the types
of ponds and level of management (as described by pond
managers), and biodiversity of urban ponds, however, they
did not find significant relationship between these variables
and species richness in ponds. Nevertheless, the authors
acknowledged that more detailed analysis, including actual
measurement of management intensity would be needed.

Without more data and detailed analysis of such data, it is
difficult to explain why we did not find a relationship between
biodiversity and socioeconomic factors in the city of Stockholm.
Gledhill and James (2012) suggest that, while it is unlikely that
socio-economic status of residents directly influences species
occurrence, some physical features of particular areas related
to their socio-economic status may influence pond ecology.
For instance, one could hypothesise that although richer and
poorer areas are of different character and provide various con-
ditions for biodiversity, they may have similar levels of biodi-
versity due to different mechanisms. For example, richer areas
might contain more green areas (Iversson and Cook 2000;
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Kinzig et al. 2005) and, thus, include more ponds and that could
provide better connectivity and higher potential for biodiversity.
On the other hand, richer areas with more detached and semi-
detached houses might have more impervious surfaces (e.g. in-
creased amount of parking lots) (Perry and Nawaz 2008), or
more intensively-managed ponds without vegetation, which
could lead to less biodiversity. At the same time, poorer areas
could be less cared for and managed and, thus, support more
natural and abundant vegetation, leading to levels of biodiversity
comparable to the biodiversity of richer areas (although for dif-
ferent reasons). Hence, there is a need for a finer-scale investi-
gation of the different ways that residents in areas with differing
socio-economic status might indirectly influence ponds. As
Gledhill and James (2012) conclude BClearly the connection
between social classification and pond ecology is complex and
requires a greater understanding of the precise physical, as well
as social nature of development surrounding particular ponds^.

Interestingly, we found some differences among our insect
orders in the relationship between the amount of buildings and
of residents living around the pond and species richness. While
Odonata showed the same patterns as the overall dataset,
Trichoptera and Coleoptera showed it only at a certain scale,
500 and 800 m radius scale respectively. For Hemiptera no
pattern was found with respect to these environmental vari-
ables. Interesting, Goertzen and Suhling (2013) found no strong
effect on land use variables around city ponds in their study on
biodiversity of Odonata when using a radius of 500 m.
Nevertheless, the insect order and scale differences, could be
related to dispersal and or niche specialisation. In general, we
would expect species with high dispersal and a general niche to
be affected at larger scales, compared to those with limited
dispersal and a more specialised niche (Concepción et al.
2015). Information on dispersal abilities in our insect taxa is
limited, and therefore an analyses including some kind of dis-
persal variable would be very weak. Size has been used as a
surrogate for studying dispersal in insects, but shows not con-
sistence between studies with regard to dispersal (De Bie et al.
2012). We note that the Odonata, which are believed to be
strong flyers with good dispersal abilities (Corbet 1999),
showed effects of urbanisation at all three scales, suggesting
that dispersal does not affect the results of this order at the level
of these scales. As for dispersal, we have no or little information
on niche use in our species, but we encourage studies using
dispersal and niche use differences among species to unravel
differences in urbanisation in relation to these two variables.

Two of our biodiversity indexes, richness and Shannon
Wiener show a negative relationship with regard to the PCs
that described the amount of buildings and of residents living
around the pond. These two indexes which have a focus on
species number per see, thus gave the same results with regard
to biodiversity. In contrast, evenness, which reflects abun-
dance distribution of species (a high evenness suggest similar
frequencies of the species in the sample), showed no

relationship with these environmental variables. This suggest
that although, for example, species richness decrease with
amount of buildings, for those species that are present, the
proportion among them is similar as one moves along the
environmental gradient. Other studies have also found that
species richness and evenness do not show similar response
to urbanisation. For example Rota et al. (2015) found that
taxonomic richness of soil fauna increased with distance from
roads whereas evenness showed higher values at both ends of
the gradient. Similarly, Turrini and Knop (2015), found in a
study of six cities, that a high amount of vegetated area in the
cities increased species richness and abundance of the major-
ity of investigated arthropod groups, whereas evenness
showed no clear pattern within cities.

In our study, we utilized three different scales of buffer
zones in analysis, since results in landscape ecology studies
are affected by the spatial scale of the study (Wu et al. 2002).
For example, a study by Andersson et al. (2009) conducted in
Stockholm investigated whether scale chosen for analysis in-
fluenced relationships between landscape variables and urban-
ization patterns. The authors concluded that correlations be-
tween some variables may change depending on the scale
used, while others will remain unchanged and hence there is
a need for use of multi-scaled gradients. Our results, however,
were broadly similar across all three sizes of buffer zones
(200, 500, and 800 m radius) when we used all insect taxa,
suggesting that at this scale the patterns we found are robust.

Conclusions

To conclude, our results suggest no strong relationship be-
tween biodiversity of city ponds and socioeconomic factors
in the city of Stockholm. This results contrast with those found
for terrestrial environments where higher biodiversity has
been found in areas with higher socio-economic status
(Iversson and Cook 2000; Hope et al. 2003; Melles 2005).
We suggest that this difference between aquatic and terrestrial
environment could be due to two main factors. First, it could
be that terrestrial and aquatic environments are affected differ-
ently by socioeconomic factors with regard to biodiversity.
Second, it could be an effect of difference in methods used
to investigate the biodiversity. Future studies are needed to
investigate in detail in what way the socioeconomic factors
could influence biodiversity in terrestrial and aquatic environ-
ments in the cities. These studies should use as similar
methods as possible and there is a need for comparative stud-
ies in the same geographic area.
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