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Simple Summary: Hedgehogs have been found in higher densities in urban compared to rural areas.
Recent dramatic declines in rural hedgehog numbers lead us to pose the question: how are hedgehogs
faring in urban areas? In this study, we examined how hedgehog numbers have changed in the city
of Zurich, Switzerland, in the last 25 years. We compared data collected through citizen science
projects conducted in 1992 and 2016–2018, including: observations of hedgehogs, data from footprint
tunnels, and capture-mark recapture studies. We found that hedgehog numbers have declined by
41%, from the former average of more than 30 individuals per km2 , in the last 25 years. In the same
time span, hedgehogs have lost 18% of their former urban distribution. The reasons for this decline are
still unknown. Intensification of urban buildup, reduction of green space quality, the use of pesticides,
parasites, or diseases, as well as increasing numbers of badgers, which are hedgehog predators,
in urban areas are discussed as potential causes. Worryingly, these results suggest that hedgehogs are
now under increasing pressure not only in rural but also in urban areas, their former refuges.
Abstract: Increasing urbanization and densification are two of the largest global threats to biodiversity.
However, certain species thrive in urban spaces. Hedgehogs Erinaceus europaeus have been found
in higher densities in green areas of settlements as compared to rural spaces. With recent studies
pointing to dramatically declining hedgehog numbers in rural areas, we pose the question: how do
hedgehogs fare in urban spaces, and do these spaces act as refuges? In this study, recent (2016–2018)
and past (1992) hedgehog abundance and distribution were compared across the city of Zurich,
Switzerland using citizen science methods, including: footprint tunnels, capture-mark recapture,
and incidental sightings. Our analyses revealed consistent negative trends: Overall hedgehog
distribution decreased by 17.6% ± 4.7%, whereas abundance declined by 40.6% (mean abundance
32 vs. 19 hedgehogs/km2 , in past and recent time, respectively), with one study plot even showing
a 91% decline in this period (78 vs. 7 hedgehogs/km2 , respectively). We discuss possible causes of
this rapid decline: increased urban densification, reduction of insect biomass, and pesticide use, as
well as the role of increasing populations of badgers (a hedgehog predator) and parasites or diseases.
Our results suggest that hedgehogs are now under increasing pressure not only in rural but also in
urban areas, their former refuges.
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1. Introduction
Currently, over half of the world’s human population lives in cities and, by 2050, it is estimated
that over 66% of people will do so [1]. With this current rise in population, the area covered by
urban settlements is expected to triple by 2030 [2]. This massive increase in urbanized land cover has
inevitably become one of the greatest concerns of modern conservation [3,4]. In addition, expanding
urban spaces are also densifying, with the net result of smaller and more intensively used green
spaces [5,6]. Understanding urban ecology is key to conservation efforts in these human-built and
dominated landscapes.
Rather than being simply degraded landscapes, urban areas provide habitat for a wide array
of wildlife. The urban environment’s particular habitat characteristics render it a unique ecosystem.
Although cities tend to be characterized by fewer natural resources, greater anthropogenic disturbance
and higher levels of fragmentation than pristine systems, urban areas feature a greater diversity of
habitats, more (often anthropogenic) resources, and fewer natural predators [7–10]. Anthropogenic
disturbance creates an urban landscape that is highly variable in temperature, pollution level,
habitat availability, and species composition across small spatial scales compared to the non-urban
surroundings. These extreme pressures may result in profound behavioral adaptations in the animals
inhabiting urban areas [11,12] and, in some cases, may promote rapid evolution [13–16]. Certain
species benefit from the habitat mosaics that are urban spaces [17].
One such species is the European hedgehog Erinaceus europaeus, which is commonly associated
with the agricultural landscape. This species, however, is also known to inhabit green areas of
settlements. It can even reach higher densities in urban spaces than in rural ones [18–23]. Factors that
provide more favorable conditions for hedgehogs in urban areas include: better habitat quality [19,24],
higher anthropogenic food availability [25,26], higher availability of vegetation structures to build
day nests [27], and more beneficial climatic conditions [28], coupled with lower risk of predation by
badgers [20,29,30]. In multiple European countries, the distribution of hedgehogs has been declining
over the past few decades [31–37]. While hedgehog populations seem to decline over a large range
and in several countries, rural hedgehogs are affected particularly strongly by the decline [38]. In the
UK, the hedgehog was recently classified as Vulnerable on the Red List [39]. Therefore, the question
arises whether urban settlements act as shelters for hedgehog populations.
Although hedgehogs are regularly observed, systematic studies are not easy due to their nocturnal
and secretive lifestyles. In addition, access to privately and semi-privately owned land is often limited
for researchers. Citizen science is a particularly suitable approach to study urban wildlife because it
enables access to privately and semi-privately owned lands, and it allows data collection in a scope
otherwise not possible. In addition, the involvement of citizen scientists brings conservation aspects
and local wildlife concerns closer to the people who live in cities and offers researchers access to local
knowledge. Our recent survey was performed as part of the citizen science project StadtWildTiere
(“urban wildlife”) in Zurich, Switzerland, which was established in 2013. This project collects incidental
observations of wild animals in various urban areas on an online platform with the aim to increase
knowledge on occurrence and distribution, to raise awareness of wild animals in cities, and to promote
conservation and mutually beneficial co-existence. Further, the project includes a well-established
network of 60 volunteers, who have been trained in various wildlife research methods.
The aim of this study was to test how hedgehogs are doing in urban environments by evaluating
the temporal changes in hedgehog distribution and abundance in the city of Zurich in the last 25 years
in a case study. We were able to build upon a city-wide call for hedgehog sightings in 1992, combined
with a capture-mark-recapture study, which resulted in the creation of a distribution map, as well as an
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The data for the abundance estimations were collected in the study area plots, which are sections of
the study area (one in 1992 (size 0.23 km2 ) and four in 2016–2018 (size 0.5 km2 )) and then extrapolated
in accordance to the relative return rates of observations or footprint tunnel data to the study area
(Figure 1). For the distribution maps, the entire urban space of the city of Zurich was considered (grid
of 58 km2 representing the urbanized area). To control for observation effort, the observation points
from 1992 and 2016–2018 were classed as presence and absence points at a level of 14 km2 . This level
was chosen to allow for more in-depth comparisons than 1 km2 would have done.
2.2. Past Study (1992)
In spring 1992, survey cards were sent by mail to approximately 18,000 households (mostly
members of conservation and animal protection associations) all over the city of Zurich to ask for
observations of hedgehogs. The obtained records of observations were then used to create a distribution
map by classing them as presence and absence data. A 14 km2 grid size was chosen. As the cards were
not evenly distributed over the city, the proportion of sent out and returned cards per 14 km2 grid cell
was used to obtain a relative return rate. Cards were only returned when a hedgehog was seen. It was
assumed that all people had the same intention in returning observations after seeing a hedgehog,
as they all were members of nature conservation associations.
Intensive hedgehog searches were conducted in one specific plot within the above described
study area (hereafter referred to as a study area plot, Wipkingen, 0.23 km2 ) for abundance estimation
(Figure 1). The whole area was scanned for hedgehogs once in the course of the night (n = 23),
mainly by a single person walking in the dark but occasionally by searching larger areas with a
torch. All hedgehogs encountered in this area during a radio telemetry study from beginning of
June through end of July 1992 were uniquely marked by attaching six heat-shrink plastic tubes over
individual spines with instant glue [19]. This marking lasted at least three months and made possible
the unambiguous identification and count of all encountered hedgehog individuals. For estimating
abundance, all encountered hedgehogs were summed up. The study area plot was searched intensely,
so that it was assumed that the majority of hedgehogs had been encountered. The study area plot
was surrounded by either train tracks or heavily trafficked on three sides, and only one hedgehog
was observed crossing one of these streets. However, as the study area plot was not truly isolated,
it was assumed that some hedgehogs were counted that did not really inhabit that area, while some
living in the plot must have been missed. For example, some of the hedgehogs may not have regularly
inhabited the study area but only appeared on an occasional exploratory trip or were young, dispersing
individuals. To account for this uncertainty, a third of the total amount was used as error range
of abundance.
2.3. Recent Study (2016–2018)
2.3.1. Surveys of Hedgehog Distribution and Abundance Today
To assess the distribution of hedgehogs, we divided the urbanized area of the city of Zurich
into km-squares, 46 of which were surveyed with footprint tunnels made from corrugated plastic
(1200 mm × 210 mm × 180 mm) between May and October 2016 [31,40,41]. These 46 km-squares were
chosen as they contained the most suitable hedgehog habitat (e.g., no lake and forest) and only areas
with the chance of regular sightings by citizens (no peripheral agricultural areas). The estimation of the
abundance in both time periods was limited to the study area of the 46 km-squares (Figure 1). Thus,
the study area of the early study period (1992) was pruned accordingly.
Within each study area square (1 km2 ), we defined a 500 m × 500 m square (in cases where no
settlement area was included in the square, we chose a 400 m × 600 m rectangle) near the center of that
square. We placed ten tunnels within this square (>100 m apart from each other), and checked daily
for five consecutive days for footprints and to top up bait and ink. A spoonful of bait (commercially
available hedgehog food, Claus—Spezial-Igelfutter, Limburgerhof, Germany), two ink-pads (non-toxic
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ink: mix of carbon powder and vegetable oil), and two sheets of A4 paper were placed inside the
tunnel, on a removable plate (Figure A1, Appendix A). It was expected that, if hedgehogs inhabit the
study area, they would encounter these footprint tunnels during their nocturnal forays and enter them
to reach the bait [40]. In doing so, their feet would touch the ink and leave species specific footprints
on the paper. We placed the footprint tunnels along linear features (e.g., wall, hedgerow, fence, etc.)
as these are structures that hedgehogs like to follow when foraging [43]. The proportion of these ten
tunnels per km-square containing hedgehog footprints were used for further analyses of hedgehog
abundance, 0 (no tunnel with hedgehog footprints) to 10 (all tunnel contain hedgehog footprints),
hereafter referred to as hedgehog level; see below. The survey was conducted primarily by volunteers
from the StadtWildTiere (“urban wildlife”) project in Zurich, as well as interns, and the authors.
In addition to the footprint tunnels, we collected observations of hedgehogs by the general
public on an observation platform, which is part of the citizen science project StadtWildTiere. Further,
the project includes a well-established network of volunteers, who have been trained in various wildlife
research methods. We asked people to send in observations of hedgehogs through the distribution
of leaflets, hangouts, and articles in newspapers. From 2016 through 2018, 4125 observations from
mammals, reptiles, and amphibians were collected by 449 users. For the recent study, we analyzed
hedgehog observation data from 2016–2018 (n = 1096) to match the total number of observations in
1992 (n = 1011). Due to the differences in data collection between the first and the second study periods,
we wanted to account for the possibility that there might be an underlying spatial clustering in the
more recent data set resulting from a less systematic distribution of flyers, which may have caused us to
underestimate the actual recent distribution. To account for such a bias, we examined the distribution
of all observations other than hedgehogs (n = 3029). The mean of non-hedgehog observations per
cell was 8.8 (= 3029/343 grid cells, median = 6). We removed all cells from both study periods with
fewer than 4 observations of non-hedgehog species (in the recent time period) to ensure a minimum
level of observation effort. We then examined distribution differences between the past and the recent
study periods using these estimates and found that this method actually resulted in an even larger
decline compared to the one described above, with all grid cells included. Therefore, we concluded
that potential spatial clustering did not lead to an underestimation of the distribution in the recent
study. Consequently, we chose to use our more conservative estimate with all grid cells included for
the comparison of time periods.
2.3.2. Capture Mark Recapture Study
In 2017, we carried out a capture-mark-recapture (hereafter CMR) study to obtain estimates of
abundance. We selected four study area plots, each 0.5 km2 in size (districts Altstetten, Wipkingen,
Enge, Schwamendingen, Figure 1). The one area where CMR was conducted in 1992 was 0.23 km2 in
size and delimited by large roads. In the recent study, the size of the study area plots were 0.5 km2
to render them more representable for the area, while still being small enough to be searched within
4 h. These areas were chosen in 2017 for comparisons between study years because they all contained
higher than average hedgehog density in 1992 but were found to show exceptionally low (Altstetten
and Wipkingen) or high (Enge and Schwamendingen) relative density of hedgehogs, respectively,
in the footprint tunnel study of 2016 (see Results). Therefore, we considered these areas appropriate
for a comparison between years.
We surveyed each of the four study area plots eight times during 4 weeks in June 2017. Surveys
were only conducted in good weather conditions, i.e., if there was no heavy rain, in order to not
influence capture rates. While sometimes two areas were surveyed in the same night by different
teams, the areas were generally surveyed in subsequent nights. For every survey, a researcher and a
volunteer searched for hedgehogs with flashlights between 10 pm and 2 am, scanning the entire study
area plot via public paths and green spaces. We captured all encountered hedgehogs and examined
them to determine weight, sex, and health status (e.g., presence of injuries or an unusual amount of
ectoparasites). We marked hedgehogs uniquely with shrink tubes (see methods from study in 1992).
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Only adult hedgehogs were marked with shrink tubes, as juveniles could still be easily distinguished
by their smaller size at this time of the year. The handling of each hedgehog lasted about 10 min,
and the animals were subsequently released on site. The capturing protocols were in accordance with
the regulations (1992) or approved by the Veterinary Office of the Canton Zurich through the animal
experimentation authorization (ZH079/17).
2.4. Analyses
We analyzed the data from the CMR study from 2017 in the program MARK [44] to obtain
estimates of hedgehog abundance. As all data was collected within four weeks, we assumed a closed
population and used the closed capture model (Huggins’ p and c). All four study area plots (Altstetten,
Wipkingen, Enge, Schwamendingen) were analyzed together, nested according to study area plot.
To test for overdispersion and the fit of the model to the data, we calculated median c-hat (c-hat; 0.987,
sampling standard error = 0.046). Values over 1 indicate overdispersion or a bad fit of the model to the
data. Models were ranked by Akaike information criterion (AIC). We averaged the three best models
(AIC not more than 3 points apart) to get accurate abundance estimates for the high-density study area
plots. The abundance in the two low-density areas was calculated assuming constant survival and
recapture probability over time and among study sites. These two different approaches were necessary
because the low recapture rates did not allow averaging the models.
To obtain population size estimates for the study areas where no CMR surveys were conducted
(n = 42 km-squares) for the recent study period, we computed a linear regression between the
abundance measures from the CMR study as the independent variable and the hedgehog levels from
the footprint tunnel study in the respective areas as the dependent variable (Figure A2, Appendix A).
Interpolating from the resulting regression equation, we subsequently assigned each hedgehog level
across the study area to a corresponding estimate of the abundance. We then summed up all the
estimates of the 46 km-squares in the study area, to get an estimate of the population size of hedgehogs
in the city of Zurich for the recent study period. The confidence and prediction intervals were estimated
using Monte-Carlo simulation in the software Stan [45].
Similarly, we calculated the hedgehog population size for the same study area (46 km-squares) in
1992 using the relative return rate (i.e., the proportion of survey cards returned per 14 km2 ). For this,
we ran a linear regression using the relative return rate as the independent variable and the abundance
estimate of the study area Wipkingen (where hedgehog abundance was estimated in 1992 by marking
and summing up the encountered hedgehogs) as the dependent variable. Since abundance was only
measured in one area, we improved the model by using the y-intercept from the 2016/2017 data (which
is 3.4 hedgehogs/km2 ; see results). We considered this a better fit for the model’s intercept than setting it
at zero, as even in areas where no hedgehog were detected by the footprint tunnels, there likely is a very
low hedgehog density present. This was shown in the two study area plots, Altstetten and Wipkingen,
where 1 and 0 out of 10 tunnels contained hedgehog tracks, respectively, yet some hedgehogs were
found during the CMR study (4 and 3 individuals, respectively). The hedgehog abundance for each
km-square (n = 46) was compared between time periods to get a relative percent change showing
areas with relative declines or increases in hedgehog abundance compared to 1992. These estimates
were obtained by using the relative return rate of the survey cards (for 1992), and the hedgehog level
from the footprint tunnels (for 2016–2018) in combination with the CMR numbers from the respective
year. In addition, the km-squares were divided in three abundance categories of low (0–19 hedgehogs
per km2 ), medium (20–39), and high (>40) and their frequency in each survey was plotted.
We then used the point observation data from 1992 (from survey cards) and 2016—2018 (from the
StadtWildTiere platform) to construct hedgehog distribution maps for the two study periods based
only on occurrence data (presence/absence of observations) on a 14 km2 level across the entire study
area. We chose the level at 14 km2 in order to have enough resolution to compare the data and to have
the same sized areas in both time periods. The presence data from the footprint tunnels are included in
the data from 2016–2018. We modeled the distribution in both time periods with a subsampling of the
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the 460 footprint tunnels (26.3%) contained hedgehog tracks. Taken together, these surveys indicate
hedgehogs currently occupy 74.6% of the 232 grid cells (points in Figure 2).
A comparison of the hedgehog distributions between study periods showed that hedgehogs
were found in 30 grid cells (12.9%) in the recent study, which were unoccupied in the past. However,
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the 460 footprint tunnels (26.3%) contained hedgehog tracks. Taken together, these surveys indicate
hedgehogs currently occupy 74.6% of the 232 grid cells (points in Figure 2).
A comparison of the hedgehog distributions between study periods showed that hedgehogs were
found in 30 grid cells (12.9%) in the recent study, which were unoccupied in the past. However, in
25.4% of the 232 grid cells, hedgehogs were missing, despite having occurred there in 1992 (Figure 2).
In summary, the presence of hedgehogs reduced by 12.5% of the 232 grid cells in the 25 years between
the studies. A subsampling method revealed a reduction in median distribution estimates between the
study periods of 17.6% ± 4.7% (mean ± confidence interval, Figure A3, Appendix A).
3.2. Change of Hedgehog Abundance and Density in 25 Years
In the past study, 18 individual hedgehogs were marked (June to August 1992) in the Wipkingen
study area plot and the density was calculated to be 78.0 ± 26.0 hedgehogs/km2 (mean ± confidence
interval CI). To calculate population size across the total study area, the relative return rate of the
survey cards, the estimate from Wipkingen, and the intercept estimate from the recent study period
were used. This allowed us to estimate their abundance as 1477 ± 492 (total ± CI) hedgehogs for the
study area in the city of Zurich in 1992.
In the recent study, we caught and marked a total of 57 hedgehogs in four study area plots (30 in
Schwamendingen, 19 in Enge, 4 in Altstetten, and 3 in Wipkingen; S, E, A, and W, respectively, in Figure 1;
Table A1, Appendix A). All hedgehogs were in relatively good condition. We recaptured individual
hedgehogs on average 2.13 times (range: 1 to 6 times, Table A1, Appendix A). Using the estimates from
the CMR models, we assigned each hedgehog level across the study area to a corresponding estimate
of the abundance and added them to get an estimate for the entire study area. The hedgehog densities
in the study area plots were 70.4 (62.6–78.1) hedgehogs/km2 in Schwamendingen, 45.4 (38.1–52.7)
hedgehogs/km2 in Enge, 9.3 (7.5–11.2) hedgehogs/km2 in Altstetten, and 7.0 (5.4–8.6) hedgehogs/km2
in Wipkingen (estimate (confidence interval), Table A2, Appendix A). Both methods used in the recent
study—footprint tunnel and mark-recapture—produced similar results for the different areas of Zurich.
Areas with low hedgehog numbers in the footprint tunnels had also low numbers in the CMR study,
and vice versa (Figure A2, Appendix A). The population size across the study area in 2017 was 878
(844–910) (total and prediction interval) hedgehogs. A comparison of the total estimated hedgehog
abundance for the 46 km-squares studied in both study periods revealed a decline of 40.6% in the
25-year period.
The change in hedgehog abundance per km2 varied between study plots and study periods. At the
same time, some areas seem to have experienced a more pronounced decline in relative hedgehog
abundance than other areas. When plotting the change in abundance for each km2 grid, the changes
between the recent and past become apparent (Figure 3). Very few areas have seen a relative increase
in hedgehog abundance, while most study areas have fewer hedgehogs now than they used to. For the
study area plot in Wipkingen, the hedgehog density in 1992 was calculated to be 78.0 ± 26.0 hedgehogs
per km2 , while, in 2017, it was only 7.0 ± 1.6 hedgehogs, which corresponds to a ten-fold decline.
In 1992, 76% of squares contained medium to high hedgehog abundances, while, in the recent period,
63% of squares contained low abundances, with only 10% containing high abundances (Figure 4).
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to the expectation that green urban areas provide an ideal habitat refuge for hedgehogs. In 1992,
hedgehogs thrived in Swiss cities and occurred in all green areas of the city of Zurich [19,24,42].
The population size in the urban study area of Zurich (46 km2 ) was estimated to be 1477 ± 492
hedgehogs in 1992 or on average 32.1 ± 4.8 hedgehogs per km2 , with varying hedgehog densities
between areas across the city. In the study area plot for Wipkingen, where a CMR study was conducted,
the hedgehog density was very high with 78 ± 26 hedgehogs per km2 .
Today, the situation in Zurich has dramatically changed. Hedgehog abundance has declined to
an estimated 878 (844–910) hedgehogs for the same study area in Zurich, or 19.1 ± 5.0 hedgehogs
per km2 . Hedgehogs can still be encountered in many parts of the city, and some areas harbor still
high densities of hedgehogs (e.g., the highest density estimate was Schwamendingen: 70.4 hedgehogs
per km2 ). This density estimate is still high compared to the recent estimate from the urban areas of
Sedan in France (36.5 ± 15.2 hedgehogs per km2 [18]) or compared to amenity grassland in England
(47.0 ± 9.0 [49]). However, overall abundance, densities and distribution in the city of Zurich are
much lower now than they were 25 years ago (Figure 4). In certain study area plots with formerly
high hedgehog densities, only very few hedgehogs were found today (e.g., Altstetten and Wipkingen).
These data indicate that hedgehog densities have not declined equally across the city in this period.
This spatially uneven decline suggests that factors which negatively affect hedgehog populations
are not evenly distributed across the city (see below). Alternatively, the temporal onset of factors
negatively affecting hedgehogs may be shifted between study area plots. However, this city-wide loss
in hedgehog distribution does not seem to follow a pattern easily explainable by the data we currently
have at hand.
Hedgehog populations have been declining across different habitats and geographical areas in the
last few decades, and different rates of decline in distribution and abundance have been found. Hof
and Bright (2016) calculated a hedgehog decline rate of 5.0 to 7.4% in occupied grid cells over a 40-year
period in England (1960–1975 and 2000–2015 [32]). Davey and Aebischer (2006) report decline rates of
9.1% (in Scotland) to 37.3% (in Wales) and 30.0% (in England) in abundance over a period of nine years
(1995–2004 [50]). Analyzing data sets from multiple studies in the UK, Roos et al. (2012) estimate the
average decline in occupancy to be around 40% over ten years [37]. All these estimates come from
studies in rural or larger geographical areas. The rate of decline in distribution found in the recent
study (which corresponds to a decline of 7.0% over 10 years assuming a linear decline) is higher than
the rates described by Hof and Bright (2016) in England, while certainly lower than Roos et al. 2012
rates for the UK. The rate of decline in abundance (which corresponds to a decline of 15% over 10 years
assuming a linear decline) is slightly higher than the rates proposed by Davey and Aebischer (2006) for
Scotland but lower than the rates of decline for Wales and England. Thus, these numbers from rural
areas, when combined with the numbers of decline from our urban study, suggest that hedgehogs
are declining in general. On the other hand, a recent study found high juvenile survival rates in a
suburban area, pointing towards healthy populations in this habitat [23]. Therefore, our observed
population decline might be caused by factors that are patchily distributed and which are not acting on
all populations. Nevertheless, our study indicates that even cities, which are suggested to be refuges
for hedgehogs, might be in danger of losing that status to some degree.
4.1. Potential Factors Negatively Affecting Hedgehog Populations
The reasons for the observed hedgehog decline are currently unknown and could even be
multifactorial. Here, we will provide an overview of potential factors negatively affecting hedgehog
populations dividing them into six topics: habitat, food, poison, predation, disease, and parasites.
This list is not exhaustive; however, we discuss their relative importance, a possible contribution of an
extinction debt, and suggest the major avenues of future research.
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4.1.1. Habitat
Hedgehog habitat can become uninhabitable through either the loss of the habitat or its
deterioration. Habitat may be lost by being rendered inaccessible via fragmentation or by the
complete removal of the habitat itself, e.g., by sealing green spaces. Fragmentation can be
caused by barriers [51,52], such as roads, train tracks, fences, or walls that cannot be overcome
by hedgehogs [31,53–55]. The loss of dispersal structures (e.g., removal of hedges [56]) can contribute
to the isolating effect of fragmentation on the populations. The major force bringing about such changes
in urban areas is densification [50,57]. Densification of urban spaces is a process occurring around the
globe to deal with growing urban populations while reducing urban sprawl. During the study period,
the city of Zurich’s population grew by 17.1% from 361,000 to 423,000 people, which is accompanied
by an intensive densification process resulting in a loss of urban green space in Switzerland [58,59].
This might be one factor that contributed to the decrease of hedgehog populations in Zurich.
Besides the loss of habitat itself, the loss of habitat quality might be threatening hedgehog
populations. The intense maintenance of “tidy” gardens and public green (e.g., dense hedges and
lack of dead plant material, such as heaps of branches and leaves) leads to the loss of nesting
opportunities [38], hiding spots, and shelter for hedgehogs in urban spaces. Additional habitat
threats include garden hazards (e.g., pools without exit possibility, uncovered light shafts, electrical
fencing, and automatic mowers), where hedgehogs can fall, get stuck, be hurt, or even be killed.
Automobile traffic is also a known mortality factor for hedgehog populations, which might be of
particular importance to urban and suburban hedgehog populations [54,60]. However, the moderate
increase in vehicle numbers and the widespread introduction of zones with reduced driving speed in
Zurich do not point towards a recently growing problem [61], but rather a constant risk and a source of
background mortality for hedgehogs. Last but not least, changing summer and winter temperatures
due to global climate change might limit the hedgehog’s food and water availability in summer and
disrupt its hibernating behavior in winter [23,38]. A detailed analysis of habitat characteristics and
changes thereof through time are beyond the scope of this paper. However, analyses on temporal
changes of the habitat quality in the study area are under way and will help to shed further light on
the reasons behind the observed population decline of hedgehogs in the city of Zurich.
4.1.2. Food
The quality of the food and its availability are linked to the quality of the available habitat.
Hedgehogs prey on a wide variety of arthropods and mollusks [62]. Therefore, the currently described
global decline in insect biomass is likely to have an impact on insectivorous animals, such as the
hedgehog [43,63,64].
In the urban habitat mosaic, we expect hedgehog food sources to be patchily distributed. Gardens
and parks with local plant species provide valuable habitat elements for hedgehogs. Compost heaps,
being humid and warm, contain a variety of insects and were often visited by hedgehogs in 1992.
Although no systematic assessment has been conducted, the numbers of compost heaps in Zurich seem
to have declined since the study in 1992 (pers. obs.). Since 2013, organic waste has been collected by
the city government to produce biogas, and, since then, many people seem to have given up personal
compost heaps in their gardens. This depletion of potential food sources might have contributed to the
observed decline of hedgehog populations in Zurich and could also explain a spatially patchy pattern.
Furthermore, some garden owners might provide artificial food sources for hedgehogs, which has
been shown to increase activity levels during the winter when hedgehogs should be hibernating [65].
The importance of supplementary feeding, however, has not been investigated in detail.
4.1.3. Poison
As an insectivorous animal, the hedgehog undoubtedly suffers from the use of pesticides
by a reduction in food availability. Further, as opportunistic feeders [62,66], hedgehogs might
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be exposed to pesticides either directly by ingesting poisoned bait or indirectly by ingesting
poisoned prey. Even though the route is largely unknown, studies found residues of anticoagulant
rodenticides (warfarin, coumetetralyl, difenacoum, bromadiolone, brodifacoum, flocoumafen) [67] and
organochlorine compounds [68] in hedgehogs, even up to 9 months after the use of such in the study
area [69]. Hedgehogs are believed to suffer the same exposure and potential effects of anticoagulant
rodenticides as other non-target mammals and predatory birds [67]. A study looking at the casualties
of the use of banned pesticides in the Canary Islands (Spain) found hedgehogs among the fatalities [70].
However, the illegal use of banned pesticides might just be a fraction of the problem regarding the
potential effects of the use of legal pesticides. Previous studies on the effect of pesticides on hedgehogs
were inconclusive [71]. Further research is needed to assess the effects of the ingestion (direct or
indirect) of pesticides and environmental toxins by hedgehogs. Indirect effects of poisoning or heavy
metal accumulation, such as reduced fecundity, reduced lifespan, impaired disease resistance, or poor
growth, are likely hard to measure [72,73]. In Switzerland, the amount of herbicides sold decreased
over the last ten years, while the amount of fungicide, bactericide, insecticide, akaricide, molluscicide,
and growth regulators remained unchanged, even though many pesticides’ effectiveness has increased
in the same time period [74]. In Swiss urban areas, we would expect a generally smaller amount of
pesticide used compared to rural areas, particularly less use of insecticide and fungicides. On the other
hand, a higher rate of rodenticide use, probably the poison most likely to affect hedgehogs, is expected
in more densely populated areas due to a higher abundance of rodents, such as rats (but this might not
be a global pattern; also see Reference [75]).
4.1.4. Predation
With their spiny defenses, healthy adult hedgehogs are largely safe from most predators, although
a few species can occasionally attack hedgehogs. Domestic dogs and cats, both of which might be
encountered in higher densities in urban areas compared to rural ones, are known to be able to predate
on young or injured hedgehogs [76]. The effect of such potential predation on hedgehog populations
needs to be further explored. Predation of hedgehogs by badgers Meles meles, however, is often argued
as being an important factor controlling hedgehog populations [21,43,77]. Indeed, badgers are not
just predators but also food competitors of hedgehogs, and increasing badger numbers, as has been
reported in the UK [78] and in Switzerland [61], could potentially cause hedgehog numbers to decline.
These issues become even more relevant as badgers in Switzerland were found to increasingly venture
into the urban landscape, areas that have so far been considered safe refuge for hedgehogs [20,61,79].
Hedgehogs were found to behave as in a landscape of fear [80]: they avoid areas with high badger
densities [22,41,77,79,81,82], keep closer to hiding structures in areas with badgers [20,43], and increase
in density after the removal of badgers [83]. On the other hand, there are areas where hedgehogs
and badgers are sympatric and are both thriving, whereas there are suitable habitats with neither
hedgehogs nor badgers recorded [22]. Therefore, increasing badger numbers and intraguild predation
and competition by badgers is unlikely to be the sole explanation for the observed decline of hedgehog
populations. However, increasing competition through increasing badger density in combination with
a reduction in prey biomass might lead to an intensification of competition between hedgehogs and
badgers [43]. In Zurich, badgers have been sighted across almost the entire city, although observations
are less common in the city center for both badgers and hedgehogs (data from the StadtWildTiere
platform). There are areas with both badger and hedgehog observations, but there are also areas where
hedgehog numbers declined in this study without any badger sightings. We therefore conclude that,
if badgers are contributing to hedgehog decline, it is not the single factor driving this pattern.
4.1.5. Diseases and Parasites
If diseases are on the rise or a new parasite is spreading this may negatively impact hedgehog
populations, especially if animals are already weakened by high stress levels imposed by other
factors [84]. With higher population densities in urban areas compared to rural areas [18–21], diseases
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and parasites are likely to spread more quickly within urban populations, especially at crowded feeding
stations. Furthermore, high levels of parasitism in hedgehogs (e.g., Ixodes hexagonus, Ixodes ricinus,
Crenosoma striatum, Capillaria spp.) in general [85], as well as documented increases in the abundance
of some wildlife parasites relevant to hedgehogs, such as ticks [86,87] and gastropod-transmitted
lungworms [88,89], support the idea of parasitism as contributing factor to population declines in this
species. A recent study revealed high and fluctuating prevalence rates of Capillaria aerophila in the
course of the last three decades ranging between 42.8% and 75% in foxes [88]. In the same period, foxes
established in high densities in the middle of urban areas [90,91]. Therefore, an increased infection
pressure with the infective stage of this parasite, which frequently also infests hedgehogs and can cause
weight loss, bronchitis, and pulmonary damage, is likely [92]. At this point, however, no research has
yet uncovered such a factor in the hedgehogs’ distribution range, and the regional rescue center for
hedgehogs has not recorded any apparent increase in the number or proportion of ill or heavily parasite
affected individuals (Annekäthi Frei, pers. comm.). Furthermore, zoonoses originating from hedgehogs
merit further research and monitoring, for example, surveying the prevalence of methicillin-resistent
Staphylococcus aureus, due to its potential to cause severe infections in humans [93–95].
4.1.6. Extinction Debt
In addition to all the factors mentioned above, a potential extinction debt might further complicate
the topic. An extinction debt describes emerging ecological cost from former habitat destruction [96].
Habitat fragmentation and isolation do not cause the extinction of species immediately, but produce
smaller and potentially inbred subpopulations in smaller habitat islands, which may no longer be well
adapted to the current conditions and suffer from inbreeding depression [97]. A study examining
the spatial genetic structure of hedgehogs found three relative distinct sub-populations in the city
of Zurich [52]. If these populations become increasingly isolated due to fragmentation and were to
become inbred, they would be less able to adapt to (even small) environmental changes. A study on
the extinction rate of urban plants showed that legacies of landscape transformations by agrarian and
urban development can last for hundreds of years, and cities might carry a large extinction debt [98].
Therefore, the patterns of decline seen in current hedgehog populations might have been caused
decades ago by habitat fragmentation. This could also explain why we see such patchy distribution and
density patterns in cities. On the other hand, the relative high reproduction rate of hedgehogs coupled
with a high potential in spatial exploration, might help hedgehogs to adjust their distribution to
harmful factors more quickly compared to more stationary and slowly reproducing species. In general,
it could prove valuable to take evolutionary principles into account when evaluating the causes of
extinction [99].
Further research is necessary in order to study which habitat structures in urban areas support
healthy hedgehog populations and enable co-occurrence of badgers and hedgehogs. It is crucial to
know how hedgehogs navigate the patchy urban food mosaic and what influence individual gardens
and supplemental food sources have. Monitoring efforts will have to be implemented to keep track of
current and future levels of disease and parasites in urban hedgehog populations.
4.2. Comparability of the Studies
There are relatively few systematic studies of wild hedgehogs due to their nocturnal and secretive
lifestyle. This is even more the case for systematic surveys on the distribution and density of hedgehogs.
Therefore, there is very little data to investigate hedgehog population changes over time, and any such
data is extremely valuable, especially regarding the current biodiversity crisis and already reported
alarming hedgehog population declines in other parts of Europe. In Zurich, we were lucky to have
such a longitudinal dataset. The data in both time periods were not collected with the exact same
methodology. In 1992, observations of hedgehogs were elicited through systematic mailings and
abundance was estimated through a CMR study in a small study area, delimited by large roads
and measuring 0.24 km2 . In 2016–2018, when a postal questionnaire would no longer have worked,
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the people of Zurich were asked to send in observations in various ways (through flyers, media releases,
and handouts). Additionally, we conducted a systematic study with footprint tunnels in an urban area
of 46 km2 . Furthermore, CMR studies were conducted in four study plots (each 0.5 km2 ). These study
plots were purposefully chosen, as they were all areas that had high hedgehog abundances in 1992
(two with still high relative densities and two with low relative densities in the footprint tunnels in
2016). In both time periods, a high but similar motivation of people to report hedgehog sightings
was assumed (similar target groups of nature lovers) and, to minimize the potential effect of differing
observation effort, observations were analyzed as presence and absence data only. Therefore, we think
that potential caveats by slightly different study designs are addressed sufficiently in order to render
the different datasets comparable.
The abundance estimates for both years were extrapolated using relative return rates (in 1992)
and footprint tunnel levels (in 2016–2018). This allowed us to get more accurate estimates rather than
simply extrapolating the estimates from the CMR studies to all study areas. We used three years of
data to construct the distribution map in the recent period, so that we could match the amount of
observations in 1992 and make sure that with increasing numbers of observations the distribution
was not increasing. In fact, the use of multiple years of observations should, if anything, lead to
an overestimation of current hedgehog distribution. Even by using these conservative estimates,
the pattern of decline in abundance and distribution was clearly confirmed.
5. Conclusions
This study is the first to quantify the decline rate of urban hedgehogs in a European city over time.
In the light of continental-wide reports of declining hedgehog numbers in rural areas, urban areas
have been seen to be the hedgehogs’ refuge from habitat destruction, intensification of agriculture, and,
in some places, the recent increase of badger populations. Our results, however, extend the alarming
pattern of hedgehogs under pressure to urban areas.
After an evaluation of possible causes of the decline in urban habitat, the major reasons remain
unclear. Further research is necessary to investigate the role of habitat deterioration, connectivity,
and food supply, as well as the negative effects of predation, diseases and parasites, and pesticide use
as potential causes. The patchy pattern of the decline suggests the influence of a single or combination
of spatially unequally distributed factors. This evaluation of the causes of the decline is critical, given
the alarming decline of this species in the urban area. Based on such further evaluations, conservation
measures can be planned and implemented.
Citizen science proved to be a suitable method to investigate urban wildlife and is a promising
tool to further investigate the causes of the decline, as well as an aid to implement measures to remedy
this loss of urban wildlife. Particularly charismatic animals, such as hedgehogs, are well suited to such
work, as they provide the perfect focus to engage a wide public and to raise awareness for conservation.
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Figure A1. Footprint tunnel with removable plate in front, showing hedgehog footprints on them.
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Figure A3. Estimation of the decrease in median distribution area (in percent (± 95% confidence
Figure A3. Estimation of the decrease in median distribution area (in percent (± 95% confidence
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subsample sizes 500 through 900.
all all
hedgehog
captured
during
the 2017
(CMR)(CMR)
study.
Table A1.
A1. Data
Datasheet
sheetofof
hedgehog
captured
during
the capture-mark-recapture
2017 capture-mark-recapture
study.

Study Area Plot

Altstetten
Study Area Plot
Altstetten
Altstetten
Altstetten
Altstetten
Altstetten
Altstetten
Altstetten
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen
Schwamendingen

Individual

Sex

Weight (Range in g)

A_AIndividual female Sex
A_B
unknown
A_A
female
A_C A_B unknown
unknown
A_D A_C
femaleunknown
S_A A_D
female female
S_A
female
S_B
female
S_B
female
S_C
unknown
S_C
unknown
S_D S_D unknown
unknown
S_E S_E
female female
S_F
S_F
female female
S_G
female
S_G
female
S_H
female
S_H
female female
S_I
S_I
female male
S_J
S_K
S_J
male male
S_L
female
S_K
male
S_M
female
S_L S_N
femaleunknown
S_M S_O
female male
S_P
S_N
unknownfemale
S_Q
female
S_O
male
S_R
unknown
S_P
female
S_S
female
S_Q S_T
female male
S_R S_U unknown male
S_S S_V
female male
S_W
female
S_X
female
S_Y
male
S_Z
female

1430Weight
(Range in g)
1460
1430
1230 1460
1000 1230
580–11501000
580–1150
1030–1220
1030–1220
860–1010
860–1010
1020 1020
640 640
710–1120
710–1120
820–1040
820–1040
870–950
870–950
890–1050
890–1050840
840790–820
1010–1040
790–820
910–980
1010–1040
1060
910–980
400–830
1130–1260
1060
1240–1340
400–830
700–900
1130–1260
1000
1240–1340
1050
920–1080
700–900
1000880–980
1040
470–500
920
840

Health Status

good Status
Health
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good
good

Number of Captures

Number
of
1
Captures
1
1
11
11
31
3
4
4
2
2
11
11
44
5
5
2
23
31
12
2
2
4
21
43
12
4
3
4
2
1
42
43
12
1
2
1
1
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Table A1. Cont.
Study Area Plot

Individual

Sex

Weight (Range in g)

Health Status

Number of Captures

Schwamendingen

S_T

male

1050

good

2

Schwamendingen

S_U

male

920–1080

good

3

Schwamendingen

S_V

male

880–980

good

2

Schwamendingen

S_W

female

1040

good

1

Schwamendingen

S_X

female

470–500

good

2

Schwamendingen

S_Y

male

920

good

1

Schwamendingen

S_Z

female

840

good

1

Schwamendingen

S_AA

female

930

good

1

Schwamendingen

S_AB

female

1210

good

2

Schwamendingen

S_AC

male

1000–1120

good

2

Schwamendingen

S_AD

male

1070

good

1

Enge

E_1

female

1225–1125

good

5

Enge

E_2

male

1275–1375

good

6

Enge

E_3

female

825–875

good

4

Enge

E_4

male

875–1025

good

3

Enge

E_5

female

1225

good

1

Enge

E_6

female

875–925

good

3

Enge

E_7

female

1125

good

1

Enge

E_8

female

1275–1325

good

3

Enge

E_9

female

1275–1325

good

2

Enge

E_10

male

925–1025

good

3

Enge

E_11

unknown

825–875

good

2

Enge

E_12

unknown

975–1075

good

2

Enge

E_13

unknown

675

good

2

Enge

E_14

unknown

1025

good

1

Enge

E_15

female

925–1075

good, medium

2

Enge

E_16

unknown

1125

good

1

Enge

E_17

female

1175

good

1

Enge

E_18

male

1350

many flees

1

Enge

E_19

female

1125

good

1

Wipkingen

W_A

male

1275

good

1

Wipkingen

W_B

female

750

good

2

Wipkingen

W_C

male

1100

good

1

Table A2. Population size estimates for the study area plots resulting from the capture-mark-recapture
(CMR) data (hedgehogs/ 21 km2 ).
Study Area

Estimate

Standard Error

Unconditional Standard Error

Enge

22.72

3.28

3.63

Schwamendingen

35.19

3.78

3.87

Wipkingen

3.52

0.79

NA

Altstetten

4.69

0.92

NA

Animals 2020, 10, 1606

18 of 22

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

16.
17.
18.

19.
20.
21.

22.

23.
24.

World Urbanization Prospects—The 2018 Revision; United Nations: New York, NY, USA, 2018; Volume 12.
Seto, K.C.; Güneralp, B.; Hutyra, L.R. Global forecasts of urban expansion to 2030 and direct impacts on
biodiversity and carbon pools. Proc. Natl. Acad. Sci. USA 2012, 109, 16083–16088. [CrossRef]
Shochat, E.; Warren, P.S.; Faeth, S.H.; McIntyre, N.E.; Hope, D. From patterns to emerging processes in
mechanistic urban ecology. Trends Ecol. Evol. 2006, 21, 186–191. [CrossRef]
McKinney, M.L. Urbanization as a major cause of biotic homogenization. Biol. Conserv. 2006, 127, 247–260.
[CrossRef]
Lin, B.; Meyers, J.; Barnett, G. Understanding the potential loss and inequities of green space distribution
with urban densification. Urban For. Urban Green. 2015, 14, 952–958. [CrossRef]
Haaland, C.; van den Bosch, C.K. Challenges and strategies for urban green-space planning in cities
undergoing densification: A review. Urban For. Urban Green. 2015, 14, 760–771. [CrossRef]
Fernandez-Juricic, E.; Telleria, J.L. Effects of human disturbance on spatial and temporal feeding patterns of
Blackbird Turdus merula in urban parks in Madrid, Spain. Bird Study 2000, 47, 13–21. [CrossRef]
Reijnen, R.; Foppen, R.; Veenbaas, G. Disturbance by traffic of breeding birds: Evaluation of the effect and
considerations in planning and managing road corridors. Biodivers. Conserv. 1997, 581, 567–581. [CrossRef]
Dowding, C.V.; Harris, S.; Poulton, S.; Baker, P.J. Nocturnal ranging behaviour of urban hedgehogs,
Erinaceus europaeus, in relation to risk and reward. Anim. Behav. 2010, 80, 13–21. [CrossRef]
Werner, P. The ecology of urban areas and their functions for species diversity. Landsc. Ecol. Eng. 2011, 7,
231–240. [CrossRef]
Lowry, H.; Lill, A.; Wong, B.B.M. Behavioural responses of wildlife to urban environments. Biol. Rev. 2013,
88, 537–549. [CrossRef]
Evans, K.L.; Hatchwell, B.J.; Parnell, M.; Gaston, K.J. A conceptual framework for the colonisation of urban
areas: The blackbird Turdus merula as a case study. Biol. Rev. 2010, 85, 643–667. [CrossRef]
Diamond, S.E.; Chick, L.; Perez, A.B.E.; Strickler, S.A.; Martin, R.A. Rapid evolution of ant thermal tolerance
across an urban-rural temperature cline. Biol. J. Linn. Soc. 2017, 1–10. [CrossRef]
Cheptou, P.-O.; Carrue, O.; Rouifed, S.; Cantarel, A. Rapid evolution of seed dispersal in an urban environment
in the weed Crepis sancta. Proc. Natl. Acad. Sci. USA 2008, 105, 3796–3799. [CrossRef]
Reid, N.M.; Proestou, D.A.; Clark, B.W.; Warren, W.C.; Colbourne, J.K.; Shaw, J.R.; Karchner, S.I.; Hahn, M.E.;
Nacci, D.; Oleksiak, M.F.; et al. The genomic landscape of rapid repeated evolutionary adaptation to toxic
pollution in wild fish. Science 2016, 354, 1305–1308. [CrossRef] [PubMed]
Hendry, A.P.; Farrugia, T.J.; Kinnison, M.T. Human influences on rates of phenotypic change in wild animal
populations. Mol. Ecol. 2008, 17, 20–29. [CrossRef] [PubMed]
Ineichen, S.; Ruckstuhl, M. Stadtfauna—600 Tierarten der Stadt Zürich; Haupt Verlag: Bern, Switzerland, 2010.
Hubert, P.; Julliard, R.; Biagianti, S.; Poulle, M.L. Ecological factors driving the higher hedgehog
(Erinaceus europeaus) density in an urban area compared to the adjacent rural area. Landsc. Urban Plan. 2011,
103, 34–43. [CrossRef]
Zingg, R. Aktivität Sowie Habitat-und Raumnutzung von Igeln (Erinaceus europaeus) in Einem Ländlichen
Siedlungsgebiet; Zürich Zentralstelle der Studentenschaft: Zurich, Switzerland, 1994.
Pettett, C.E.; Moorhouse, T.P.; Johnson, P.J.; Macdonald, D.W. Factors affecting hedgehog (Erinaceus europaeus)
attraction to rural villages in arable landscapes. Eur. J. Wildl. Res. 2017, 63. [CrossRef]
Van de Poel, J.L.; Dekker, J.; van Langevelde, F. Dutch hedgehogs Erinaceus europaeus are nowadays mainly
found in urban areas, possibly due to the negative Effects of badgers Meles meles. Wildlife Biol. 2015, 21, 51–55.
[CrossRef]
Williams, B.M.; Baker, P.J.; Thomas, E.; Wilson, G.; Judge, J.; Yarnell, R.W. Reduced occupancy of hedgehogs
(Erinaceus europaeus) in rural England and Wales: The influence of habitat and an asymmetric intra-guild
predator. Sci. Rep. 2018, 8, 17–20. [CrossRef]
Rasmussen, S.L.; Berg, T.B.; Dabelsteen, T.; Jones, O.R. The ecology of suburban juvenile European hedgehogs
(Erinaceus europaeus) in Denmark. Ecol. Evol. 2019, 1–14. [CrossRef]
Egli, R.; Bontadina, F.; Deplazes, P.; Arlettaz, R. Comparison of Physical Condition and Parasite Burdens in
Rural, Suburban and Urban Hedgehogs Erinaceus europaeus: Implications for Conservation; Universität Bern: Bern,
Germany, 2004.

Animals 2020, 10, 1606

25.
26.
27.
28.

29.
30.
31.
32.
33.
34.

35.
36.
37.

38.
39.
40.

41.

42.
43.
44.
45.
46.
47.
48.
49.

19 of 22

Doncaster, C.P.; Dickman, C.R.; Macdonald, D.W. Feeding ecology of red foxes (Vulpes vulpes) in the city of
Oxford, England. J. Mammal. 1990, 71, 188–194. [CrossRef]
Contesse, P.; Hegglin, D.; Gloor, S.; Bontadina, F.; Deplazes, P. The diet of urban foxes (Vulpes vulpes) and the
availability of anthropogenic food in the city of Zurich, Switzerland. Mamm. Biol. 2004, 69, 81–95. [CrossRef]
Baker, P.J.; Harris, S. Urban mammals: What does the future hold? An analysis of the factors affecting
patterns of use of residential gardens in Great Britain. Mamm. Rev. 2007, 37, 297–315. [CrossRef]
Pickett, S.T.A.; Cadenasso, M.L.; Grove, J.M.; Nilon, C.H.; Pouyat, R.V.; Zipperer, W.C.; Costanza, R. Urban
ecological systems: Linking terrestrial ecological, physical, and socioeconomic components of metropolitan
areas. Annu. Rev. Ecol. Syst. 2001, 32, 127–157. [CrossRef]
Møller, A.P. Urban areas as refuges from predators and flight distance of prey. Behav. Ecol. 2012, 23, 1030–1035.
[CrossRef]
Gering, J.C.; Blair, R.B. Predation on artificial bird nests along an urban gradient: Predatory risk or relaxation
in urban environments? Ecography 1999, 22, 532–541. [CrossRef]
Huijser, M.P.; Bergers, P.J.M. The effect of roads and traffic on hedgehog (Erinaceus europaeus) populations.
Biol. Conserv. 2000, 95, 6–9. [CrossRef]
Hof, A.R.; Bright, P.W. Quantifying the long-term decline of the West European hedgehog in England by
subsampling citizen-science datasets. Eur. J. Wildl. Res. 2016, 62, 407–413. [CrossRef]
Krange, M. Change in the occurrence of the West European Hedgehog (Erinaceus europaeus) in Western Sweden
during 1950–2010; Karlstad University: Karlstad, Sweden, 2015.
Harris, S.; Morris, P.; Wray, S.; Yalden, D. A review of British mammals: Population estimates and conservation
status of British mammals other than cetaceans; Joint Nature Conservation Committee: Peterborough, UK,
1995; p. 216.
Battersby, J. UK Mammals: Species Status and Population Trends; JNCC: Peterborough, UK, 2005.
Wembridge, D. The State of Britain’s hedgehogs 2011. Available online: https://ptes.org/wp-content/uploads/
2015/11/SOBH2011.pdf (accessed on 23 March 2020).
Roos, S.; Johnston, A.; Noble, D. UK Hedgehog datasets and their potential for long-term monitoring. British
Trust for Ornithology Research Report 598. 2012. Available online: https://www.bto.org/our-science/projects/
gbw/publications/papers/monitoring/btorr598 (accessed on 15 May 2020).
Wilson, E. Conservation Strategy for West-European Hedgehog (Erinaceus europaeus) in the United Kingdom
(2015–2025); People’s Trust for Endangered Species: London, UK, 2018.
Mathews, F.; Harrower, C. Regional Red List of British Mammals; The Mammal Society: Dorset, UK, 2020.
Yarnell, R.W.; Pacheco, M.; Williams, B.; Neumann, J.L.; Rymer, D.J.; Baker, P.J. Using occupancy analysis to
validate the use of footprint tunnels as a method for monitoring the hedgehog Erinaceus europaeus. Mamm. Rev.
2014, 44, 234–238. [CrossRef]
Williams, B.; Mann, N.; Neumann, J.L.; Yarnell, R.W.; Baker, P.J. A prickly problem: Developing a
volunteer-friendly tool for monitoring populations of a terrestrial urban mammal, the Western European
hedgehog (Erinaceus europaeus). Urban Ecosyst. 2018. [CrossRef]
Bontadina, F.; Gloor, S.; Hotz, T. Igel—Wildtiere in der Stadt; Gartenbau- und Landwirtschaftsamt: Zurich,
Switzerland, 1993.
Hof, A.R.; Snellenberg, J.; Bright, P.W. Food or fear? Predation risk mediates edge refuging in an insectivorous
mammal. Anim. Behav. 2012, 83, 1099–1106. [CrossRef]
White, G.C.; Burnham, K.P. Program MARK: Survival estimation from populations of marked animals.
Bird Study 1999, 46, S120–S139. [CrossRef]
RStan: The R Interface to Stan, R package version 2.21.2; Stan Development Team, 2018. Available online:
https://mc-stan.org/ (accessed on 13 March 2020).
Becker, R.A.; Chambers, J.M.; Wilks, A.R. The New S Language: A Programming Environment for Data Analysis
and Graphics; Wadsworth & Brooks/Cole Computer Science Series; Chapman & Hall: London, UK, 1988.
QGIS Geographic Information System, Version 2.18, QGIS Development Team, Open Source Geospatial
Foundation Project; 2009. Available online: https://qgis.org/en/site/ (accessed on 28 March 2020).
R: A Language and Environment for Statistical Computing. Version 3.6.2, R Core Team; R Foundation for
Statistical Computing: Vienna, Austria, 2008.
Parrott, D.; Etherington, T.R.; Dendy, J. A geographically extensive survey of hedgehogs (Erinaceus europaeus)
in England. Eur. J. Wildl. Res. 2014, 60, 399–403. [CrossRef]

Animals 2020, 10, 1606

50.
51.
52.

53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.

64.
65.
66.
67.

68.

69.

70.

71.

72.

20 of 22

Davey, P.A.; Aebischer, N.J. Participation of the National Gamebag Census in the Mammal Surveillance Network;
JNCC: Peterborough, UK, 2006.
Hof, A.R.; Bright, P.W. The value of green-spaces in built-up areas for western hedgehogs. Lutra 2009, 52,
69–82.
Braaker, S.; Kormann, U.; Bontadina, F.; Obrist, M.K. Prediction of genetic connectivity in urban ecosystems
by combining detailed movement data, genetic data and multi-path modelling. Landsc. Urban Plan. 2017,
160, 107–114. [CrossRef]
Pettett, C.E.; Johnson, P.J.; Moorhouse, T.P.; Macdonald, D.W. National predictors of hedgehog
Erinaceus europaeus distribution and decline in Britain. Mamm. Rev. 2018, 48, 1–6. [CrossRef]
Rondinini, A.C.; Doncaster, C.P. Roads as barriers to movement for hedgehogs. Funct. Ecol. 2002, 16, 504–509.
[CrossRef]
Braaker, S.; Moretti, M.; Boesch, R.; Ghazoul, J.; Obrist, M.K.; Bontadina, F. Assessing habitat connectivity for
ground-dwelling animals in an urban environment. Ecol. Appl. 2014, 24, 1583–1595. [CrossRef]
Hof, A.R.; Bright, P.W. The value of agri-environment schemes for macro-invertebrate feeders: Hedgehogs
on arable farms in Britain. Anim. Conserv. 2010, 13, 467–473. [CrossRef]
Hof, A.R. A Study of the current status of the hedgehog (Erinaceus europaeus), and its decline in Great Britain
since 1960. Ph.D. Thesis, University of London, London, UK, 2009; pp. 15–50.
Zürich. Statistisches Jahrbuch der Stadt Zürich 2017; Stadt Zürich Präsidialdepartement: Zurich,
Switzerland, 2017.
Felber, S. Grünflächenveränderungen in Siedlungsgebieten der Schweiz: Mit Fernerkundungsdaten zum Vergleich der
Grünflächenveränderungen auf Gemeindeebene; Swiss Federal Institute of Technology: Zurich, Switzerland, 2020.
Wright, P.G.R.; Coomber, F.G.; Bellamy, C.C.; Perkins, S.E.; Mathews, F. Predicting hedgehog mortality risks
on British roads using habitat suitability modelling. Biodiver. Conserv. 2019, 2050, 1–22. [CrossRef]
Geiger, M.; Taucher, A.L.; Gloor, S.; Hegglin, D.; Bontadina, F. In the footsteps of city foxes: Evidence for a
rise of urban badger populations in Switzerland. Hystrix 2018. [CrossRef]
Wroot, A.J. Feeding Ecology of the European Hedgehog. Ph.D. Thesis, University of London, London,
UK, 1984.
Hallmann, C.A.; Sorg, M.; Jongejans, E.; Siepel, H.; Hofland, N.; Schwan, H.; Stenmans, W.; Müller, A.;
Sumser, H.; Hörren, T.; et al. More than 75 percent decline over 27 years in total flying insect biomass in
protected areas. PLoS ONE 2017, 12. [CrossRef] [PubMed]
Krebs, J.R.; Wilson, J.D.; Bradbury, R.B.; Gavin, M. The second silent spring? Nature 1999, 400. [CrossRef]
Gazzard, A.; Baker, P.J. Patterns of feeding by householders affect activity of hedgehogs (Erinaceus europaeus)
during the hibernation period. Animals 2020, 10, 1344. [CrossRef] [PubMed]
Yalden, D.W. The food of the hedgehog in England. Acta Theriol. 1976, 21, 401–424. [CrossRef]
Dowding, C.V.; Shore, R.F.; Worgan, A.; Baker, P.J.; Harris, S. Accumulation of anticoagulant rodenticides in
a non-target insectivore, the European hedgehog (Erinaceus europaeus). Environ. Pollut. 2010, 158, 161–166.
[CrossRef]
D’Havé, H.; Mubiana, V.K.; Blust, R.; De Coen, W.; Scheirs, J.; Verhagen, R. Non-destructive pollution
exposure assessment in the European hedgehog (Erinaceus europaeus): II. Hair and spines as indicators of
endogenous metal and as concentrations. Environ. Pollut. 2006, 142, 438–448. [CrossRef]
Spurr, E.B.; Wright, G.R.G.; Radford, C.D.; Brown, L.E.; Maitland, M.J.; Taylor, G.E. Residues of brodifacoum
and other anticoagulant pesticides in target and non-target species, Nelson Lakes National Park, New Zealand.
N. Z. J. Zool. 2005, 32, 237–249. [CrossRef]
Ruiz-Suárez, N.; Boada, L.D.; Henríquez-Hernández, L.A.; González-Moreo, F.; Suárez-Pérez, A.;
Camacho, M.; Zumbado, M.; Almeida-González, M.; del Mar Travieso-Aja, M.; Luzardo, O.P. Continued
implication of the banned pesticides carbofuran and aldicarb in the poisoning of domestic and wild animals
of the Canary Islands (Spain). Sci. Total Environ. 2015, 505, 1093–1099. [CrossRef]
Vermeulen, F.; Covaci, A.; D’Havé, H.; Van den Brink, N.W.; Blust, R.; De Coen, W.; Bervoets, L.
Accumulation of background levels of persistent organochlorine and organobromine pollutants through the
soil-earthworm-hedgehog food chain. Environ. Int. 2010, 36, 721–727. [CrossRef]
Reeve, N. Hedgehogs (Poyser Natural History); Poyser: London, UK, 1994; ISBN 0-05661-081-X.

Animals 2020, 10, 1606

73.

74.

75.
76.
77.
78.
79.

80.
81.
82.
83.

84.
85.

86.

87.
88.

89.

90.
91.
92.
93.

21 of 22

Rautio, A.; Kunnasranta, M.; Valtonen, A.; Ikonen, M.; Hyvärinen, H.; Holopainen, I.J.; Kukkonen, J.V.K.
Sex, age, and tissue specific accumulation of eight metals, arsenic, and selenium in the European Hedgehog
(Erinaceus europaeus). Arch. Environ. Contam. Toxicol. 2010, 59, 642–651. [CrossRef] [PubMed]
BLW (Bundesamt für Landwirtschaft). Verkaufsstatistik 2018 von Pflanzenschutzmitteln in der Schweiz.
2019. Available online: https://www.admin.ch/gov/de/start/dokumentation/medienmitteilungen.msg-id77550.html (accessed on 20 April 2020).
Meftaul, I.M.; Venkateswarlu, K.; Dharmarajan, R.; Annamalai, P.; Megharaj, M. Pesticides in the urban
environment: A potential threat that knocks at the door. Sci. Total Environ. 2020, 711. [CrossRef] [PubMed]
Reeve, N.J.; Huijser, M.P. Mortality factors affecting wild hedgehogs: A study of records from wildlife rescue
centres. Lutra 1999, 42, 7–24.
Doncaster, C.P. Testing the role of intraguild predation in regulating hedgehog populations. Proc. R. Soc. B
1992, 249, 113–117. [PubMed]
Judge, J.; Wilson, G.J.; Macarthur, R.; Delahay, R.J.; McDonald, R.A. Density and abundance of badger social
groups in England and Wales in 2011–2013. Sci. Rep. 2014, 4, 1–8. [CrossRef] [PubMed]
Young, R.P.; Davison, J.; Trewby, I.D.; Wilson, G.J.; Delahay, R.J.; Doncaster, C.P. Abundance of hedgehogs
(Erinaceus europaeus) in relation to the density and distribution of badgers (Meles meles). J. Zool. 2006, 269,
349–356. [CrossRef]
Laundré, J.W.; Hernández, L.; Ripple, W.J. The Landscape of Fear: Ecological Implications of Being Afraid.
Open Ecol. J. 2010, 3, 1–7. [CrossRef]
Micol, T.; Doncaster, C.; Mackinlay, L. Correlates of local variation in the abundance of hedgehogs
Erinaceus europaeus. J. Anim. Ecol. 1994, 63, 851–860. [CrossRef]
Doncaster, C.P. Factors regulating local variations in abundance: Field tests on hedgehogs, Erinaceus europaeus.
Oikos 1994, 69, 182–192. [CrossRef]
Trewby, I.D.; Young, R.; McDonald, R.A.; Wilson, G.J.; Davison, J.; Walker, N.; Robertson, A.; Patrick
Doncaster, C.; Delahay, R.J. Impacts of removing badgers on localised counts of hedgehogs. PLoS ONE 2014,
9, 2–5. [CrossRef]
Gulland, F.M.D. The role of nematode parasites in Soay sheep (Ovis aries L.) mortality during a population
crash. Parasitology 1992, 105, 493–503. [CrossRef] [PubMed]
Gaglio, G.; Allen, S.; Bowden, L.; Bryant, M.; Morgan, E.R. Parasites of European hedgehogs
(Erinaceus europaeus) in Britain: Epidemiological study and coprological test evaluation. Eur. J. Wildl. Res.
2010, 56, 839–844. [CrossRef]
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