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Abstract. Some wildlife species can successfully adapt to urban environments. To prevent potential conflict
of these species with humans or their pets, a better understanding of the presence of urban wildlife is needed.
However, traditional monitoring methods are often inadequate because many privately owned properties are
inaccessible. In this study, we analyse reports of European hedgehogs (Erinaceus europaeus or E. roumanicus)
and badgers (Meles meles) provided by two long-term citizen science projects in the city of Vienna, Austria –
stadtwildtiere.at and roadkill.at – to assess habitat preferences and potential ecological interactions. Vienna has
a human population of about 2× 106 and covers an area of 415 km2, 50 % of which is green space in the form
of forests, parks and private gardens. A total of 356 hedgehog and 918 badger sightings were reported between
2012 and 2023. Sightings of both species were positively associated with a mix of sealed/built-up areas and
green spaces with meadows and shrubs. However, sightings of both species were negatively associated with
arable land, most likely due to the avoidance of open terrain, reduced food availability or simply because both
nocturnal species were more difficult to spot on dark arable land. The steeper the slope of a habitat, the fewer
hedgehogs were reported, whereas for badgers, a positive correlation between slope and reports was observed
in areas with built-up fractions over 15 %. Overall, we observed hardly any hedgehog reports in areas in which
badgers were reported. We conclude that citizen science wildlife monitoring can be a good data source to better
understand human–wildlife interactions and could therefore be a model for other urban areas and species.

1 Introduction

Urbanization is an ongoing worldwide trend in human popu-
lation distribution (United Nations, Department of Economic
and Social Affairs, Population Division, 2019). However, ur-
ban areas have also become attractive wildlife habitats, es-
pecially for species exhibiting a high level of adaptability in
the form of behavioural and dietary flexibility, as well as dis-
turbance tolerance (Lowry et al., 2013; Santini et al., 2018).
Examples in Europe are the red fox (Vulpes vulpes) (Walter

et al., 2018), the European hedgehog (Erinaceus sp.) (Hu-
bert et al., 2011; Williams et al., 2018b; van de Poel et al.,
2015; Taucher et al., 2020) and the Eurasian badger (Meles
meles) (Geiger et al., 2018; Huck et al., 2008; Lovell et al.,
2022), which inhabit urban habitats given the wide availabil-
ity of anthropogenic food sources (Harris, 1984; Hubert et al.
2011; Gazzard et al., 2022; Gomes et al., 2019), good condi-
tions for hibernation and shelter (Hubert et al., 2011), lower
abundance of predators (Williams et al., 2018a; Poel et al.,
2015) and restricted hunting regulations. Some urban species
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(e.g. foxes and badgers) can cause conflicts with humans,
their properties or their domestic animals (Araújo, 2003; Ives
et al., 2016; Kettel et al., 2018).

Hedgehog densities are much higher in urban areas com-
pared to rural areas (Hubert et al., 2011; Schaus et al., 2020).
In urban areas, hedgehogs mainly use gardens (here defined
as privately owned non-sealed areas around buildings) as
their preferred habitat (App et al., 2022; Baker and Harris,
2007; Gazzard et al., 2022; Hof and Bright 2009; Williams
et al., 2015; Williams et al., 2018a). Although there are no
notable human–wildlife conflicts, hedgehog numbers have
declined on a national scale in Great Britain (Matthews et al.,
2018; Pettett et al., 2018) and in the city of Zurich, Switzer-
land (Taucher et al., 2020). Factors for the decline are habi-
tat degradation (Taucher et al., 2020; Hof and Bright, 2009;
Braaker et al., 2017; Pettett et al., 2018; Rondinini and Don-
caster, 2002); road kills (Łopucki et al., 2021; Wright et al.,
2020); lower food availability in the form of invertebrates,
mainly through intense agriculture (Taucher et al., 2020;
Rautio et al., 2015; Nottingham et al., 2019); and a high risk
of predation, mostly by badgers (Poel et al., 2015; Williams
et al., 2018a; Hof et al., 2012; Hof et al., 2019; Pettett et al.,
2018). The International Union for Conservation of Nature
(IUCN) therefore recently updated the status of E. europaeus
to “Near Threatened” (Gazzard and Rasmussen, 2024).

The Eurasian badger is listed as “Least Concern” by the
IUCN, due to increasing population sizes in most of its nat-
ural range (Kranz et al., 2016). The main reasons for in-
creasing badger populations are the control of rabies, for
which badgers can serve as a reservoir host (Schwierz and
Wachendörfer, 1981; Smith and Wilkinson, 2002), and a di-
verse adaptable diet (Gomes et al., 2019; Van Den Berge
et al., 2022). Badgers mainly use structure-rich habitats such
as (the edges of) woodland (Feore and Montgomery, 1999;
Huck et al., 2008; Piza-Roca et al., 2018) or shrubs (Davison
et al., 2009; Harris, 1984; Huck et al., 2008) due to their high
cover and structural support of roots for their setts (i.e. bur-
rows) and high abundances of invertebrates as an important
food source (Gomes et al., 2019; Kruuk and Parish, 1981;
Van Den Berge et al., 2022). Moreover, badgers prefer slopes
as their sett sites (Fischer and Weber 2003; Huck et al., 2008;
Macdonald et al., 2004; Reid et al., 2012). Badger activity de-
clines when humans are present (Lovell et al., 2022; Schley
et al., 2004); however, an increase in their activity in the city
of Zurich was observed (Geiger et al., 2018).

Hedgehogs and badgers have a complex ecological rela-
tionship. Both species show similar diets, feeding mainly on
invertebrates (Gomes et al., 2019; Nottingham et al., 2019),
and thus compete for food. In areas where both species are
present, lower abundances of invertebrates are observed (Hof
et al., 2012). Moreover, badgers are known as the main
predator of hedgehogs, and hedgehogs are avoiding areas
with high badger abundances (Hof, 2009; Hof et al., 2019;
Pettett et al., 2018, van de Poel et al., 2015; Williams et al.,
2018a; Young et al., 2006). Additionally, hedgehogs prefer

more cover structures like field margins and hedgerows (Hof
et al., 2012; Pettett et al., 2017) when badgers are present
(Doncaster, 1992; Hof et al., 2012; Young et al., 2006; Pet-
tett et al., 2017; Williams et al., 2018a; Poel et al., 2015).
In extreme situations, the interspecific interactions described
can lead to local extinctions of hedgehogs in areas with high
numbers of badgers (Micol et al., 1994; Young et al., 2006).

Monitoring urban populations can be challenging, because
the large number of privately owned properties with pro-
hibited access impair the implementation of traditional re-
search methods. Therefore, citizen science approaches be-
came popular, with reported sightings of animal species con-
taining important meta information such as date, time and
exact location of the sighting. These datasets are often pres-
ence only, lacking information on areas where species are
absent, and they frequently exhibit uneven spatial and tempo-
ral coverage. To address these challenges, various statistical
methods have been employed, including conditional proba-
bilities (Heigl et al., 2017; Walter et al., 2018) and gener-
alized linear models (GLMs) (Tiago et al., 2017; Goldstein
and de Valpine, 2022). Conditional probabilities are partic-
ularly effective for examining isolated associations, such as
the relationship between species presence and specific land-
use classes, due to their simplicity and minimal data prepara-
tion requirements. GLMs, in contrast, provide a more flexible
framework for incorporating multiple predictors and explor-
ing complex interactions. These complementary strengths
make both methods valuable tools for addressing the chal-
lenges of analysing citizen science data.

Here, we analysed data from long-established citizen sci-
ence projects for hedgehogs and badgers in the city of Vi-
enna, Austria, to investigate the following research questions.
(i) Are hedgehogs and badgers more likely to be reported in
land-use classes typical for private gardens, such as herb and
meadow areas and shrub layers? (ii) Does a sloped terrain
favour reports of badgers due to their preference for sett lo-
cations (Huck et al., 2008)? (iii) Are conditional probabili-
ties a valid method to analyse the effect of land-use classes
on hedgehog and badger reports in Vienna? We hypothesize
that both species are reported mostly in areas close to private
gardens, given a combination of food availability (Gazzard
et al., 2022; Gomes et al., 2019) and good detectability by
participants. Moreover, we also hypothesize that badgers are
more likely to be reported from areas with higher slopes than
hedgehogs, due to their sett locations (Huck et al., 2008).
Finally, we hypothesize that conditional probabilities show
similar results compared to alternative statistical methods
(negative binomial models) and, therefore, are a valid method
for analysing wildlife reports (Heigl et al., 2017; Walter et al.,
2018).
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Figure 1. Satellite image of the study area, the city of Vienna. Blue (hedgehog) and green (badger) points show reported locations between
2012 and 2023. Source: © https://basemap.at (last access: 26 February 2025)

2 Methods

2.1 Study area

We conducted the study in the city of Vienna, Austria (city
centre coordinates: 48°12′ N, 16°22′ E), determined by its
administrative borders. Vienna is the capital of Austria with
about 2×106 inhabitants, an area of 414 km2 and an elevation
gradient of 151–544 m above sea level. The city has a tem-
perate climate with an annual mean temperature of 10.9 °C
and an average annual rainfall of 703 mm. Over 50 % of the
city area is classified as “green space”, containing forests,
parks, arable land and gardens (Haberfellner et al., 2022).
However, the green space is unevenly distributed, with highly
sealed districts (up to 86 %) in the city centre and large green
space areas towards the outer city borders (such as the Vi-
enna Woods in the west, the national park Lobau in the east
and arable land in the north and south; Fig. 1).

2.2 Hedgehog and badger reports

Two citizen science projects were used to obtain reports on
hedgehog and badger sightings in Vienna. Participants re-
ported road-killed vertebrate species to the project Roadkill
(https://roadkill.at/, last access: 26 February 2025) and sight-
ings of all wildlife, dead or alive, within the city of Vienna to
the project StadtWildTiere Wien (https://wien.stadtwildtiere.
at/, last access: 26 February 2025). Both projects enable par-
ticipants to report their sightings – including date, time and
coordinates – via a website or a mobile app. StadtWildTiere
and Roadkill have a similar quality assurance system (Heigl
et al., 2022; Zink and Walter, 2016). For this study, we only
used the highest possible validation rank where experts val-
idate reports based on provided photos and overall plausi-
bility. If several reports of the same species came from the
same location (equal GPS coordinates) within 72 h, we ex-
cluded all reports after the first one to avoid multiple reports
of the same individual. Therefore, we used 356 hedgehog re-
ports, 74 from project Roadkill and 282 from StadtWildTiere;
and 918 badger reports, two from Roadkill and 916 from
StadtWildTiere. Roadkill provided data from 2014 to 2023
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and StadtWildTiere from 2012 to 2023. Participants reported
hedgehogs from 26 May 2012 to 3 July 2023 and badgers
from 14 February 2015 to 8 June 2023.

2.3 Land-use data

The Municipal Department 22 – Environmental Protection
in Vienna provides land-use classes for the entire area of Vi-
enna. The data source is the Grünraummonitoring Wien 2018
(green space monitoring Vienna 2018) and contains raster
data with a pixel size of 50 cm× 50 cm. The data consist of
eight categories. Infrared aerial images were used to classify
the first three categories by detecting vegetation in combina-
tion with relative height, which is the difference between a
surface model and a terrain model.

– Herb and meadow areas: height was < 1 m;

– Shrub layers: height was between 1.1 and 4 m;

– Treetop area: height was > 4 m.

A combination of infrared aerial images (again to detect
vegetation) and the multi-purpose map of Vienna was used
to classify the other categories.

– Unsealed areas, e.g. water bodies, railroad lines;

– Sealed areas, e.g. streets, parking lots or squares;

– Built-up areas, e.g. buildings;

– Green on built-up areas, e.g. roofs with vegetation;

– Arable land, mostly areas designated for agricultural
use, specifically for growing crops.

Other available land-use datasets
are the zoning plan of Vienna
(https://www.data.gv.at/katalog/de/dataset/flachenwidmungs-
und-bebauungsplan-plandokumente-wien, last ac-
cess: 26 February 2025) or OpenStreetMap (https:
//www.openstreetmap.org/, last access: 26 February
2025). However, the zoning plan often merges privately
owned gardens with building areas, while OpenStreetMap
categorizes gardens as green spaces, which also include
parks and other meadow areas. Compared to these datasets,
the Grünraummonitoring has a finer breakdown of green
space into meadow areas, trees and shrub layers, making it
the best available option for this study.

Additionally, we calculated the degree of slope inclination
with data from the terrain model of the Municipal Depart-
ment 41 – City Survey (https://www.data.gv.at/katalog/de/
dataset/stadt-wien_gelndemodellrasterwien, last access: 26
February 2025) and the Quantum geographic information
system (QGIS) algorithm slope (QGIS 3.32.3; QGIS Devel-
opment Team, 2023). The algorithm calculated the change in
elevation between each cell and its neighbouring cells of the
terrain model.

2.4 Statistical analysis

We conducted all analyses using the statistical software R
(version 4.3.0; R Core Team, 2023) in the integrated devel-
opment environment RStudio (version 2024.4.2.764; RStu-
dio Team, 2024) and Microsoft Excel for Microsoft 365
MSO (version 2501 Build 16.0.18429.20132) 64 bit (Mi-
crosoft Corporation, 2024).

We used Jaccard coefficients to calculate the geographic
similarity between reports of both species by measuring the
proportion of shared vs. unique elements (Eq. 1) (Heikin-
heimo et al., 2020; Levandowsky and Winter, 1971). We
used a structure with squared grid cells of 16 ha, which we
placed randomly over Vienna. We chose the cell size because
it roughly matches the daily home ranges in urban environ-
ments for both study species (Korslund et al., 2023; Marco-
Tresserras and López-Iborra 2022; Morris 1988; Šálek et al.,
2015). For comparison, we calculated Jaccard coefficients
(again via the grid structure) with the same number of ran-
domly generated pseudo reports.

|B ∩H |

|B ∪H |
(1)

Equation (1): here we used the Jaccard coefficient between
badger grids (B) and hedgehog grids (H ), with B as the num-
ber of grid cells with a badger report and H as the number of
grid cells with a hedgehog report.

Biologically, higher coefficients indicate greater overlap in
the reported distributions of both species, while lower values
suggest segregation. For Jaccard coefficients, we only used
reports for 2016, because an equal report period allows for
better interpretation of interspecific coexistence. In this year,
both species had the highest number of reports. For all fol-
lowing calculations, we used the full dataset from 2012 to
2023.

To analyse the effect of land-use classes on reports of
hedgehogs and badgers, we calculated conditional proba-
bilities as described in Eq. (2) (Heigl et al., 2017; Walter
et al., 2018). In the first step, we uploaded species observa-
tion points, land-use class data (European Petroleum Survey
Group (EPSG): 32633) and the previously used 16 ha grid
structure into QGIS.

P (E|Dj )=
P (E ∩Dj )

P (Dj )
=

∑
iAj

Atot

P (Dj )
(2)

Equation (2): this is the conditional probability of a species
report (E) given a land-use class (D).

∑
iAj is the sum of all

fragments of a land-use class in present grids, and Atot is the
total study area.

In the next step, we extracted separately all grids with ei-
ther a badger or hedgehog report and summarized all frag-
ments of a land-use class in these present grids (=

∑
iAj ).

This sum was divided by the total study area (= size of Vi-
enna, Atot). We then divided the total land-use class area by
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Figure 2. Interaction plot between slope and fraction of (a) built-up areas for badgers and (b) sealed areas for hedgehogs. The y axis shows
predicted counts.

the total study area to get the overall probability of a land-
use class P (Dj ), which we then used as a divisor for the
previously calculated quotient (P (E ∩Dj ). We used the al-
gorithm raster layer unique values report to calculate area
sizes. Lastly, we calculated P (E), which is the overall prob-
ability of a hedgehog or badger report, by dividing the area of
presence grids by the total study area. When the conditional
probability of a land-use class P (E|Dj ) is lower than P (E),
the land-use class hampers a report. If P (E|Dj ) is higher
than P (E), it favours a report.

As comparison to the conditional probabilities, we used
GLMs to analyse the influence of land-use classes and slope
inclination on reports. We used the number of reports in
grid cells as the dependent variable and land-use classes and
slope as independent variables. We coded land-use classes
between 0 and 1, representing the area fraction of a land-use
class in a grid cell and slope from 0 to 90, according to the
mean slope degree of a grid cell. Because of the present dis-
tribution of the dependent variable with many zero counts
(no badger/hedgehog report in that area), we used negative
binomial models in the package MASS (Venables and Rip-
ley, 2002). The models were tested for multi-collinearity by
the variance inflation factor (VIF) with the package car (Fox
and Weisberg, 2019), whereas the land-use classes Unsealed
area and Green on built-up areas were removed due to VIF
values being higher than 10 (Kutner et al. 2004). We also

analysed models, examining the relationship between slope
and land-use classes, as interactions may occur, such as fewer
buildings being present in steep areas. Final models were se-
lected through the use of stepwise variable selection (for-
ward and backward) and the Akaike information criterion
(AIC) as a metric. We generated interaction plots (Fig. 2)
by dividing interacted land-use classes into four fractions de-
pending on their percentage of area in the report grids (0 %–
10 %, > 10 %, > 20 %, > 30 % for sealed areas (hedgehog);
0 %–15 %, > 15 %, > 30 %, > 45 % for built-up areas (bad-
ger)). We calculated the mean values for all covariates, ex-
cept slope, for each land-use fraction. Then we predicted re-
ports based on the fraction of the land-use class and varying
slope values, while all other covariates were held constant.
We used the packages ggplot2 (Wickham, 2016), tidyverse
(Wickham et al., 2019) and gridExtra (Auguie, 2017).

3 Results

3.1 Spatial distribution of hedgehog and badger reports

Hedgehogs and badgers were reported from different areas
in Vienna. While hedgehogs were reported dominantly in the
central and eastern parts of the city, badgers were more of-
ten reported in the western part of the city, near the Vienna
Woods (Fig. 1).
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Table 1. Land-use classes, their sizes in all grids with reports (
∑

Aj ), the factor when dividing
∑

Aj by the total area under investigation
(
∑

Aj /Atot), the overall probability of a land-use class P (Dj ), the conditional probabilities P (E|Dj ) and the effects of land-use classes on
hedgehog and badger report probabilities. The threshold P (E) for a positive or negative effect is 0.1 for hedgehogs and 0.163 for badgers.
Land-use classes are sorted by their P (E|Dj ) value.

Land-use class
∑

Aj (ha)
∑

Aj /Atot P (Dj ) P (E|Dj ) Effect

Hedgehogs

Sealed areas 897.2 0.021 0.152 0.143 +

Built-up areas 764.5 0.018 0.13 0.141 +

Green on built-up areas 61.1 0.001 0.011 0.136 +

Herb and meadow areas 983.2 0.024 0.209 0.113 +

Shrub layers 259.2 0.006 0.056 0.112 +

Unsealed areas 407 0.01 0.097 0.102 +

Treetop areas 612.4 0.015 0.244 0.06 –
Arable land 192.1 0.005 0.101 0.046 –

Badgers

Green on built-up areas 120.5 0.003 0.011 0.267 +

Built-up areas 1155.8 0.028 0.13 0.214 +

Shrub layers 476.8 0.011 0.056 0.206 +

Sealed areas 1189.7 0.029 0.152 0.189 +

Herb and meadow areas 1601.7 0.039 0.209 0.185 +

Treetop areas 1635.6 0.039 0.244 0.161 –
Unsealed areas 539.8 0.013 0.097 0.135 –
Arable land 61 0.001 0.101 0.015 –

In 2016, hedgehogs were reported in 84 grids and bad-
gers in 161 grids. The same number of randomly distributed
pseudo points generated 107 grids for pseudo hedgehogs and
216 grids for pseudo badgers. With this information given,
the Jaccard coefficient for hedgehog and badger grids in 2016
is 2

243 = 0.008. In contrast, the Jaccard coefficient for the
pseudo grids is 13

310 = 0.042, which is 5.25 times higher than
the Jaccard coefficient of the non-random grids. Therefore,
the observed spatial distributions of hedgehog and badger re-
ports are less overlapping than expected under random dis-
tribution.

3.2 Effect between land use and reports of hedgehogs
and badgers

Effects of land use were analysed by calculating conditional
probabilities for all eight land-use classes. The per cent distri-
bution of the land-use classes (P (Dj )) over the city of Vienna
was 24.4 % for treetop areas, 20.9 % for herb and meadow ar-
eas, 15.2 % for sealed areas, 13 % for built-up areas, 10.1 %
for arable land, 9.7 % for unsealed areas, 5.6 % for shrub lay-
ers and 1 % for green on built-up areas.

The overall probability of grid cells with a hedgehog report
P (E) was 10 %. The following land-use classes had a higher
conditional probability P (E|Dj ) than P (E) and therefore
were positively associated with a hedgehog report: sealed ar-
eas, built-up areas, green on built-up areas, herb and meadow
areas, shrub layers and unsealed areas. On the other hand,

treetop areas and arable land were negatively associated with
hedgehog reports. P (E) for badgers was 16.3 %. Green on
built-up areas, built-up areas, shrub layers, sealed areas and
herb and meadow areas were positively associated with bad-
ger reports. Treetop areas, unsealed areas and arable land
hampered a badger report (Table 1).

3.3 Model analysis of land-use class and slope

Non-interaction models had AIC values of 1980.3 in a model
with all variables and 1976.8 after variable selection. These
values were higher compared to the variable selected in-
teraction model with an AIC of 1967.4. Therefore, the fi-
nal hedgehog model included the variables meadow areas,
shrub layers, built-up areas, sealed areas and slope and the
interaction term of slope and sealed areas. Sealed areas was
the only non-significant variable. While all other variables
showed positive effects on reports of hedgehogs, slope had
a negative effect (Table 2). The detailed analysis of the in-
teraction plot in Fig. 2b showed a slight negative effect of
slope and sealed fractions of 0 %–30 % and a small posi-
tive effect for fractions > 30 %. The range between different
fraction categories are overall low with predicted hedgehog
reports of less than one. All VIF values are < 10 (shrub lay-
ers: 1.451, meadow areas: 1.737, built-up areas: 2.11, sealed
areas: 5.051, slope: 2.47, slope-sealed: 4.679), and the Cox–
Snell pseudo R2 is 0.269.
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Table 2. Results of the final negative binomial model for hedgehog and badger reports as dependent and land-use classes and slope as
independent variables. The incidence rate ratio (IRR) shows the ecological effect sizes for land-use classes.

Coefficients Estimate IRR (10 % increase) Std. error p value

Hedgehog

Intercept −3.46 0.321 < 0.001
Meadow areas 4.73 1.606 0.646 < 0.001
Shrub layers 4.974 1.645 1.789 0.005
Built-up areas 2.243 1.252 0.729 0.002
Sealed areas 1.004 1.106 1.149 0.382
Slope −0.318 0.055 < 0.001
Slope× sealed areas 1.062 0.284 < 0.001

Badger

Intercept −2.792 0.371 < 0.001
Meadow areas 2.134 1.238 0.643 < 0.001
Shrub layers 3.5 1.419 1.422 0.014
Treetop areas 1.989 1.22 0.438 < 0.001
Arable land −4.45 0.641 1.071 < 0.001
Built-up areas −3.733 0.688 0.996 < 0.001
Slope −0.135 0.023 < 0.001
Slope× built-up 3.013 0.199 < 0.001

The best-fitting non-interaction model had a higher AIC
(3403.9) compared to the best-fitting interaction model with
an AIC of 3208.5. Therefore, the final model for badgers
contained the land-use classes of meadow areas, shrub lay-
ers, treetop areas, arable land, built-up areas and slope and
the interaction term of slope and built-up areas. Variables of
meadow areas, shrub layers and treetop areas and the interac-
tion term showed positive effects on badger reports. Arable
land, built-up areas and slope had negative effects. Figure 2a
shows a high positive interaction between slope and frac-
tions of built-up areas > 15 %, while fractions < 15 % had
nearly no interaction effect on predicted badger reports. All
VIF values are < 10 (meadow areas: 2.084, shrub layers:
1.393, treetop areas: 3.105, arable land: 1.142, built-up areas:
5.977, slope: 2.483, slope built-up: 3.605), and the Cox–Snell
pseudo R2 is 0.348.

For a better ecological understanding, we included IRRs
which show the change in report numbers on a 10 % increase
of a land-use class (e.g. meadow areas= 1.238= 23.81 %
more reports; arable land= 0.641= 35.9 % less reports).

4 Discussion

The results of this investigation show that hedgehogs and
badgers were reported from different parts of Vienna with
different dominant land-use categories and slopes of habi-
tats. The absence of mutual reports of hedgehogs and bad-
gers could be one indicator of the predator avoidance theory.
Previous studies found similar results, identifying badgers as
the main predator of hedgehogs and showing that hedgehogs
avoid areas with high badger densities (Hof, 2009; Hof et al.,

2019; Pettett et al., 2018; van de Poel et al., 2015; Williams
et al., 2018a; Young et al., 2006). However, we cannot con-
clude from the data that hedgehogs avoid badgers and were
therefore reported in other areas. There could be other rea-
sons for this, such as habitat suitability or the reporting be-
haviour of participants. Further investigations with additional
parameters would be necessary to draw these conclusions.

Slope has a slight negative impact on hedgehog reports
when sealed areas are absent or sparsely present. However,
our data do not allow us to determine whether hedgehogs
were reported in areas with low slopes because of the slope
itself (Wright et al., 2020) or for other reasons. The positive
interaction term between slope and sealed areas suggests that
in steeper regions, the presence of sealed areas increases the
likelihood of hedgehog reports, potentially due to higher hu-
man activity. Moreover, hedgehogs could prefer sealed areas
in hilly regions to overcome steep slopes, as sealed areas are
flattened. Nevertheless, as shown in Fig. 2b, the interaction
term has overall low effects on reports, as the extreme sce-
narios (0 %–10 % sealed areas and > 25 % slope vs. > 30 %
sealed areas and 1 % slope) have a difference of less than one
report. Small effects of slope on badger reports contradict ex-
isting literature as slope is an important factor in badger sett
location (Fischer and Weber 2003; Huck et al., 2008; Mac-
donald et al., 2004; Reid et al., 2012). However, this is only
the case for areas with no or low fractions of built-up ar-
eas (0 %–15 %). We hypothesize that the low effect may be
a reporting bias rather than ecological. Many participants are
either not frequently present in steep areas or, if they are, it
is primarily for activities like hiking, as the most hilly re-
gions are located in the Vienna Woods. Since badgers are
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nocturnal, the likelihood of encountering them during day-
time hiking is low, which could further amplify the reporting
bias. Additionally, when hiking, badger encounters might be
more expected compared to, for example, sightings in pri-
vate gardens, potentially reducing the motivation to submit
a report (Walter et al., 2018). This hypothesis is further sup-
ported by the positive interaction of areas with built-up frac-
tions > 15 % that have high predicted counts (> 10) even
on low slope values (< 10 %) (Fig. 2). Therefore, the inter-
action of increased human presence in hilly areas (through
buildings), also during the night, combined with an ecologi-
cal preference of badgers towards slopes, could make reports
more likely.

In previous studies, both species showed a preference for
private gardens (App et al., 2022; Davison et al., 2009;
Dowding et al., 2010; Gazzard et al., 2022; Harris, 1984;
Williams et al., 2018a). Hedgehogs often inhabit urban (pri-
vate) gardens because of house owners providing pet food
(Gazzard and Baker 2020; Gazzard et al., 2022; Hof and
Bright, 2009; Hubert et al., 2011) and compost heaps (Gaz-
zard et al., 2022; Taucher et al., 2020). Green space monitor-
ing showed that two land-use classes dominated private gar-
dens: meadow areas with herbaceous vegetation and shrub
layers. Both land-use classes favoured a hedgehog report in
the conditional probabilities and the GLM. Badgers showed
similar results with positive effects on the likelihood of a re-
port when herbaceous and meadow areas and shrub layers
were dominant. This could be explained as badgers forage
in private gardens, increasing their likelihood of being re-
ported by participants (Davison et al., 2009; Harris, 1984),
while also requiring structure-rich habitats (such as shrubs)
for cover and structural support for their setts (Gomes et al.,
2019; Huck et al., 2008; Van Den Berge et al., 2022). How-
ever, it remains unknown whether these two land-use classes
have a positive effect on reports from private gardens, as
herbaceous and meadow areas and shrub layers can also be
found in other green spaces, e.g. parks.

Treetop areas (respectively the areas beneath) were neg-
atively associated with hedgehog reports in the conditional
probabilities and were excluded by the variable selection in
the final hedgehog model. However, this result could be mis-
interpreted due to the underlying data structure, which did
not distinguish between treetop areas in forests and treetop
areas in other environments such as private gardens. There
were no reports of hedgehogs in tree-rich areas of the Vienna
Woods, the Lobau National Park or the Prater park area. Eco-
logical reasons for this could be predator avoidance or lower
habitat preference (App et al., 2022; Gazzard et al., 2022;
Hof, 2009; Williams et al., 2018a; Young et al., 2006). Wal-
ter et al. (2018) had a similar trend for red foxes in Vienna
and argued that the citizen science method could discriminate
such areas, with animals present but not being reported be-
cause they are harder to detect, and participants would rather
report wildlife in unexpected situations, such as in their pri-
vate garden or in areas near their home, than in the forest or

park, where they expect such animals. Therefore, large forest
areas could lead to the misinterpretation of individual trees
in gardens or smaller forest patches in urban environments
(because they are in the same land-use class) which other-
wise could favour a report, e.g. by providing an additional
food source (Rautio et al., 2015). For badgers, (the edges
of) woodland serves as a key urban habitat (Balestrieri et al.,
2009; Balestrieri et al., 2016; Lovell et al., 2022), which may
explain the positive effect on reports observed in the model.
However, the underlying cause of the opposite negative effect
in the conditional probabilities remains unclear. Additional
research with a different, more precise selection of tree cover
classes could be helpful in analysing the importance of urban
trees for both species.

Arable land was negatively associated with a report for
both species and was excluded by the AIC in the hedgehog
model, which may have ecological and methodological rea-
sons. It is known from previous studies that hedgehogs pre-
fer lawns to arable land (Hubert et al., 2011) and, in urban
habitats, private gardens (App et al., 2022; Williams et al.,
2018a). Additionally, hedgehogs may avoid arable land due
to high levels of agricultural intensification and low food
availability caused by pesticides (Williams et al., 2018a).
Badgers generally avoid open habitats such as arable land
(Feore and Montgomery, 1999). Furthermore, reports from
arable land appear to be methodologically improbable, given
that participants are rarely present on such land, particularly
in the evening and during the night, when in general most
reports occurred.

Green on built-up areas had the lowest percentage of land
cover of all land-use classes in Vienna (1 %). Moreover, the
analysis of the data revealed that most of this land-use class
consisted of trees overhanging neighbouring roofs and were
therefore misclassified, probably due to an incorrectly pro-
grammed algorithm. Additionally, most areas of this specific
land-use class are inaccessible for small- to medium-sized
mammals due to their height. Therefore, the results of this
land-use class have a low (ecological) explanatory value.

Sealed areas had positive effects on reports for both
species in the conditional probabilities, but again, both
GLMs showed no or only low effects. On the one hand, the
presence of humans, who mainly use roads and paths in ur-
ban areas, parks or forests, can increase encounters and re-
ports from these areas (Walter et al., 2018; Wine et al., 2015).
Moreover, both species are known to be cultural successors
that benefit from anthropogenic food sources (Gazzard and
Baker, 2020; Gomes et al., 2019; Rautio et al., 2015), such
as garbage cans, and may therefore prefer sealed areas up
to a certain extent. On the other hand, traffic, especially in
urban areas with high vehicle numbers, may reduce reports
on sealed areas due to avoidance by hedgehogs and badgers
(Dowding et al., 2010; Obidziński et al., 2013). Moreover,
badger occurrence negatively correlates with human density
(Schley et al., 2004), and badger activity decreases in the
presence of humans (Lovell et al., 2022). These contrast-
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ing interpretations could account for the differing and non-
significant analysis results. We balanced a possible bias to-
wards sealed areas, also from the Roadkill dataset, by using
the 16 ha grids.

Built-up areas were positively associated with reports of
both species in the conditional probabilities and for hedge-
hogs in the GLM. This could once again be attributed to
hedgehogs’ preference for private human spaces, such as
houses and gardens, where they benefit from resources like
pet food provided by humans (Gazzard and Baker 2020;
Gazzard et al., 2022; Hof and Bright, 2009; Hubert et al.,
2011) and simply the higher presence of participants. Bad-
gers showed, contrary to the conditional probabilities, a neg-
ative effect in the GLM for built-up areas, with no or low
slope values (Fig. 2). Especially in the inner circle of Vi-
enna, such landscape values are given, with nearly no bad-
ger reports (Fig. 1). These results are in contrast to a study
from the city of Zurich that showed an increase of badgers
in the whole city, including core areas (Geiger et al., 2018).
Possible reasons for that may be again the avoidance of and
reduced activity around humans (Lovell et al., 2022; Schley
et al., 2004). Nevertheless, we have not used human popu-
lation density as a variable because this information is only
given on a district level, which is too imprecise for this anal-
ysis. Walter et al., (2018) used this factor for red fox reports
in Vienna but found no significant effect. However, we ex-
pect a correlation between human density and the fraction of
built-up areas.

Both methods of analysing land-use classes (conditional
probabilities and GLMs) yielded similar outcomes regard-
ing garden land classes, an important urban habitat for both
species. In contrast, the contradictory results of treetop-,
sealed- and built-up areas highlight the limitations of con-
ditional probabilities in providing comprehensive insights.
While conditional probabilities are particularly useful for a
straightforward analysis of isolated associations like land-use
data, they are less suited for study designs like ours that (have
the data to) involve multiple variables. In such cases, GLMs
are effective as they account for combined effects and pro-
vide uncertainty estimates, offering a more detailed under-
standing of the relationships between variables and species
presence.

In conclusion, this study indicates that a mix of built-up
and green space land-use classes favour citizen science re-
ports of hedgehogs and badgers. This is most likely due to a
mix of the ecological needs of the species and the employed
citizen science method, which relies on data collectors who
tend to be in urban areas close to built-up areas. Moreover,
the results of this study revealed low effects of slope on re-
ports of hedgehogs but positive effects on badger reports –
if built-up areas are frequently present. Lastly, both species
were mostly reported in different parts of Vienna, but it re-
mains unclear whether this is due to predator avoidance or
other factors. These results are predominantly in line with the
current state of urban hedgehog and badger research, prov-

ing that citizen science can be an alternative to traditional
research methods. However, this study also highlighted the
shortcomings of citizen science, such as the reporting bias of
humans, who are more likely to detect and report wildlife
in unexpected but easily accessible habitats, such as their
private garden, compared to forests or parks (Walter et al.,
2018). Therefore, areas with a high report frequency do not
necessarily correspond to high species densities, nor do areas
without reports mean that the species is absent. Further in-
vestigation of such correlations between report numbers and
densities is essential to improve the interpretative depth of
research with an analogue design to the current study. With
this in mind, well-established citizen science monitoring can
serve as an important tool for better understanding the dy-
namics of human–wildlife encounters.
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