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Abstract
Roads threaten the conservation of many wildlife species. Carnivores are one of the most susceptible groups due to their 
habitat requirements. We explored the roadkill patterns of European polecats (Mustela putorious) on motorways and roads 
to investigate if these patterns depend on road type, a research topic frequently neglected in the literature. We studied 85 
roadkills on motorways and 73 on roads, and the corresponding number of random points with no roadkills in every road 
type. We characterized them with 7 habitat and 7 road-related variables. Roadkill sites were significantly associated with the 
abundance of rabbit burrows. However, this effect was stronger on motorways, as they provide more suitable habitat for the 
establishment of prey species on their wider rights-of-way, or on the road interchange islands, which provide wide unused 
spaces. In contrast, road interchange islands on conventional roads that are simple intersections and have narrower rights-
of-way. Furthermore, roadkills occurred in areas with lower agricultural cover. Thus, natural habitats on roadsides could 
act as alternative foraging areas for this carnivore increasing their roadkill risk. Our results showed the need to consider the 
characteristics such as the availability of prey or the surrounding habitat, as well as intrinsic characteristics of the road type 
when studying wildlife roadkills as the road-type-mediated patterns demand-specific mitigation measures.

Keywords  Linear infrastructure · Mustela putorius · Oryctolagus cuniculus · Road ecology · Roadsides

Introduction

Transportation infrastructure is one of the main threats to the 
conservation of many vertebrates (van der Ree et al. 2015a; 
Beben 2016). Although many animals die daily on roads, 
mammal carnivores are one of the most susceptible groups 
due to their low reproductive rates, large home ranges, and 
high mobilities (Fahrig and Rytwinski 2009; Benítez-López 
et al. 2010; Grilo et al. 2015a), whereas many of them are 
threatened (Karanth and Chellam 2009). Therefore, a better 
understanding of how road traits influence carnivore road-
kills will help scientists and stakeholders to implement more 

effective mitigation actions, and to build safer infrastructure 
both for drivers and wildlife.

The total length of the earth's roads currently exceeds 21 
million km (Meijer et al. 2018). Moreover, it is estimated 
that an additional 3–4.7 million km of roads will be built 
by 2050 globally (Meijer et al. 2018), increasing the prob-
ability of wildlife-vehicle collisions, among other ecological 
disturbances. However, these impacts on wildlife can vary 
with road attributes (Borkovcová et al. 2012; Nowakowski 
et al. 2022). Interurban roads are classified into two types 
based on their characteristics: high-capacity roads (herein-
after "highways"), which contain two or more lanes in each 
direction separated by a median strip and feature high speed 
limits, up to 120 km/h, along with wide shoulders. And con-
ventional roads (hereinafter, simply "roads"), with only one 
lane in each direction and without a median or with a single 
lane for both directions, typically have speed limits ranging 
from 50 to 90 km/h and feature narrow shoulders. In addi-
tion, motorways have fewer curves than roads and are fre-
quently fenced or have side panels and usually fewer curves 
than roads (Ascensão et al. 2012). Also, motorways tend to 
be very busy roads and are, therefore, a greater barrier to 
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wildlife movement than roads (Grilo et al. 2015b; Van der 
Ree et al. 2015b; Beben 2016). On the contrary, the lack of 
mitigation measures in conventional roads can increase road-
kill risk for wildlife when they have freedom of movement, 
being especially risky for those species that do not identify 
vehicles as a risk, have slower reaction times, or move at 
slower speeds (Fahrig and Rytwinski 2009; Jacobson et al. 
2016).

Although many carnivores are reluctant to cross roads 
(Clarke et al. 1998; Philcox et al. 1999; Fahrig and Rytwin-
ski 2009; Benítez-López et al. 2010), some species are 
attracted to them when searching for food resources easy 
to obtain such as carcasses, rubbish or abundant small prey 
living in roadsides (Grilo et al. 2009; Barrientos and Bolonio 
2009; Mata et al. 2017). Since transport corridors can pro-
vide new suitable habitats (i.e., predator-free with abundant 
food) for small prey species such as rodents and lagomorphs, 
these can reach high densities along roadsides and provide a 
predictable source of food for opportunistic predators (Bel-
lamy et al. 2000; Barrientos and Bolonio 2009; Ascensão 
et al. 2012; de Redon et al. 2015).

This work aims to study the influence of road type charac-
teristics on carnivore roadkill, a comparison—to the best of 
our knowledge—never approached before. Our model spe-
cies was the European polecat (Mustela putorius), a habi-
tat generalist (Cabral et al. 2005; Virgós et al. 2007) that 
die on roads above average compared to other sympatric 
carnivores (Quiles et al. 2021), accounting in some areas 
for more than 50% of total carnivore roadkills (Barrientos 
2016). This non-natural mortality seems to be contribut-
ing to population declines in several European countries 
(Skumatov et al. 2016; Croose et al. 2018), including Spain 
(Virgós et al. 2007). Previous studies on mustelid roadkill 
patterns, including those on polecats, did not study roadkills 
on motorways (Clarke et al. 1998; Philcox et al. 1999; Russo 
et al. 2020), however, for this work we have enough roadkill 
data to compare between the two types of roads.

In Mediterranean ecosystems, European rabbits (Oryc-
tolagus cuniculus) are the polecat’s main prey (Virgós et al. 
2007; Santos et al. 2009). Thus, we assessed the potential 
effects of food availability, as well as habitat and road type-
related factors separating polecat roadkill location from 
random ones in an area of central Spain where the species 
is well distributed. We expect (i) rabbit abundance to be 
higher in polecat roadkill sites (Barrientos and Bolonio 
2009; Barrientos and Miranda 2012); (ii) coverage of natural 
vegetation remnants to be higher around roadkill points as 
they provide better habitat both for this species and its prey 
(Lodé 1993; Calvete et al. 2004; Gea-Izquierdo et al. 2005; 
Zabala et al. 2005); and, finally, (iii) road type influences 
roadkills as different road categories have different traits. 
Namely, rights-of-way (the space between the road shoulder 
and the fence) in motorways are wider, have homogeneous 

management along dozens of kilometres, and are usually 
fenced (Ascensão et al. 2012), which would favour their use 
as surrogate habitats both for polecats and their prey in agri-
cultural-dominated landscapes, as they both easily trespass 
large mammals-oriented road fences (Plante et al. 2019).

Materials and methods

Study area

The study was carried out in Valladolid province (≈ 8.000 
km2, Spain), in the centre of the northern sub-plateau of 
the Iberian Peninsula (Fig. 1). Valladolid has an average 
altitude of 700 m.a.s.l. and is the only Spanish province 
without mountain ranges. It has a landscape dominated by 
steppe-lands that have been largely replaced by intensive 
agricultural fields, which currently cover 75% of its surface 
(MITECO 2021). Natural or semi-natural lands are mainly 
dominated by pinewoods (Pine spp) or holm oak forests 
(Quercus ilex) (MITECO 2021). Climate is continental 
Mediterranean with an annual average temperature of 17 
ºC. Temperatures are highest in July (average of 22 ºC), and 
lowest in January (average of 4º C). Precipitation ranges 
between 400 and 600 mm year-round, and it is more abun-
dant during spring and autumn (Climate Data Org 2021). 
The study species is well distributed in the province, being 
a representative region to study the conservation problems 
of Mediterranean polecats, such as roadkills.

Study species

The European polecat is a small (800–1300 g) mustelid (Vir-
gós et al. 2007) widely distributed throughout Europe except 
for Ireland, northern Scandinavia, and southern Greece or 
the Mediterranean islands (Skumatov et al. 2016). It is 
considered a habitat generalist (Cabral et al. 2005; Virgós 
et al. 2007), although in some studies seems to prefer cer-
tain environments such as wetlands or riparian forests (Lodé 
1993; Zabala et al. 2005; Mestre et al. 2007). Polecats are 
opportunistic predators (Lodé 1997), and they can special-
ize in one prey when this is superabundant, as happens with 
amphibians in central and northern Europe (Jedrzejewski 
et al. 1993) or rabbits in Mediterranean environments (Lodé 
1997; Virgós et al. 2007; Santos et al. 2009). In Spain, it is 
listed as "Near Threatened" (Virgós et al. 2007). According 
to the IUCN, polecat populations are declining, although 
scientific knowledge on this species is still minimal (Sku-
matov et al. 2016; Croose et al. 2018). Among its threats are 
habitat loss, competition with invasive exotic species, the 
decline of prey populations, hybridization with ferrets and 
roadkills (Birks 2000; Virgós et al. 2007; Grilo et al. 2009; 
Palazón et al. 2010; Costa et al. 2013; Barrientos 2015). We 
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selected it as target species because it is very susceptible 
to roadkill, this mortality source representing up to 50% of 
juvenile mortality (Mañas et al. 2016). Eighty-eight percent 
(n = 918) of the records from a Spanish citizen science pro-
ject corresponded to roadkills (Carmona, unpublished data).

Sampling design

The roadkill data were collected by G.C. as part of the 
project (Distribución, Ecología y Conservación del turón 
en la Península Ibérica). This project aims to expand the 
knowledge on the European polecat’s ecology and conserva-
tion status on the Iberian Peninsula. The data used for this 
work were obtained from roadkills found opportunistically 
by experienced volunteers. Roadkills were GPS referenced 
and verified by experts (certified by photo or in-situ). With 
this procedure we avoid the main limitation of citizen sci-
ence, the data reliability. Ultimately, roadkill data for 85 
polecats on motorways and 73 on roads across the province 
of Valladolid were selected from February 2019 to Janu-
ary 2021. We included one random point (i.e., control point 
with no roadkills) for each roadkill (see Russo et al. 2020). 
Random points were generated inside an area of a 1.5 km 
radius centred on each roadkill point, equivalent to the aver-
age home range described for the polecat (Baghli et al. 2005; 
Rondinini et al. 2006). To avoid redundancies, we estab-
lished an exclusion area of 200 m between control points 
and roadkills.

Our response variable was ROADKILL (i.e., roadkill 
versus control point). We used 15 explanatory variables 
(Table 1) to explain their differences in average values 

between roadkill and control points (Barrientos and Bolonio 
2009). Data for these variables were collected between Janu-
ary and May 2021. The study variables contained three cat-
egories, namely road-type, habitat-related, and road-related: 
(i) ROAD classified the two road categories (motorways vs. 
roads). This is the main novelty of our study since previous 
works with carnivores either did not consider roadkills on 
motorways or indicated that those were very rare events, 
likely because the high traffic flow discourages animals from 
attempting to cross these large infrastructure (Clarke et al. 
1998; Philcox et al. 1999; Barrientos and Bolonio 2009; 
Russo et al. 2020); (ii), habitat-related variables. We esti-
mated the coverage of CROP COVER, FOREST COVER, 
and NON-USE COVER using the SigPac V 4.5 Viewer (Sig-
Pac 2022), with the "measure/circle" tool. We selected a 
sampling area with a radius of 50 m from the centre of each 
point (either roadkill or control point), following Barrien-
tos and Bolonio, (2009). To make comparable measures in 
motorways and roads, the area corresponding to each habitat 
category was averaged for the two sides of the road, ignor-
ing the area occupied by the pavement and the median strip 
(in the case of motorways), as well as those corresponding 
to buildings. The distance to the nearest URBAN, BUILD-
ING, and WATER was measured with SigPac (SigPac 2022) 
using the length measuring tool. The variable NUMBER OF 
BURROWS was used as a surrogate of rabbit abundance 
(Palomares 2001), and this variable was measured in the 
field. We counted the number of rabbit burrows inside of a 
semicircle of 50 m diameter around each roadkill and con-
trol point (Barrientos and Bolonio 2009), on a randomly 
selected side of the infrastructure. The reason for using a 

Fig. 1   Province of Valladolid 
and sampled points. Blue points 
are motorway points and green 
are road points. The dark ones 
are roadkills and the light are 
control points
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semicircle was that crossing the motorways was impossi-
ble, which would have increased the workload. Addition-
ally, both sides are not always accessible. Consequently, 
we opted to randomly sample only a semicircle and applied 
this methodology to roads as well. We used a GPS device 
(Garmin eTrex 30x) to define the 50 m diameter area dur-
ing fieldwork; and (iii) road-related variables. The variables 
nearest PASS, road WIDTH, SHOULDER width, nearest 
ROAD INTERCHANGE ISLANDSPEED and percentage 
of UNBROK LINE were measured with SigPac (2022) with 
the length measuring tool. The variable EMBANKMENT 
surface was measured in the field. The variable distance to 
FENCE, when possible, was measured using the Google 
Earth Pro program or the SigPac V 4.5 Viewer. If this was 
not possible, we measured it on the field. We did not include 
traffic intensity as an explanatory variable because it highly 
correlates with others we included, like road with (see also 
Barrientos and Bolonio 2009). Furthermore, due to the prox-
imity of paired control points (in a radius of 1,500 m), con-
trol and roadkill points had the same values.

Statistical analysis

Before model fitting, we performed a correlation matrix to 
identify highly correlated explanatory variables to avoid 
overfitting. We excluded those highly correlated with each 
of the PC factors, discarding the remaining variables with 
correlations > 0.6 (i.e., NON-USE COVER, WIDTH, 
FENCE and EMBANKMENT) (Table S1). In this way, it 

was possible to use the original variables, which facilitated 
interpreting the results from an ecological point of view. 
We adjusted generalized estimating equations models (GEE) 
where our response variable was ROADKILL. We used a 
Bernoulli-distributed response variable to classify roadkill 
(1) and control (0) observations. GEE models improve the 
standard errors estimates for linear models and fit better 
with clustered data such as repeated measurements studies 
and other correlated observations (Overall and Tonidan-
del 2004; Fieberg et al. 2009). GEE is a semiparametric 
method because while we impose linearity, we do not fully 
specify its distribution. This approach is the most suitable 
in our case because we analysed paired observations where 
every roadkill has one associated control point. The assump-
tions for GEE are similar to the assumptions for GLMs: 1) 
the response is correlated or clustered, 2) there is a linear 
relationship between predictors and a transformation of the 
response, described by the link function and 3) the work-
ing covariance has some structure (see Koper and Man-
seau 2009). We included the habitat-related variables and 
road characteristics as explanatory variables in the models, 
as well as two interactions (NUMBER OF BURROWS x 
ROAD and ROAD INTERCHANGE ISLAND x ROAD) to 
explore the differences between road types. We considered 
that our sample size (n = 158) was enough to include up to 
15 predictors in our saturated model, following the recom-
mendations of Collart and Guisan 2023. We conducted a 
model selection procedure which generated models with 
all the possible combinations of the independent variables 

Table 1   Explanatory variables to characterise the roadkill points versus control points, their units, and their intervals between the minimum, 
average and maximum values

Variable Description (unit of measurement) Range (min–average–max)

Category

ROAD Type of road Motorway Road

Habitat variables
 CROP COVER Cultivated cover in an area of a radius of 50 m (%) 0-27-80 0-50-95
 FOREST COVER Forest cover in a 50 m radius area (%) 0-9-75 0-4-70
 NON-USE COVER Non-used cover in a 50 m radius area (%) 15-65-100 5-45-100
 URBAN Distance to the nearest town (m) 1-1423-5890 1-1287-5870
 BUILDING Distance to the nearest building (m) 5-336-1800 1-340-1780
 WATER Distance to the nearest river or body of water (m) 1-1563-9000 12-921-7500
 NUMBER OF BURROWS No. of rabbit burrows in a radius of 50 m 0-6-30 0-3-30

Road variables
 PASS Distance to nearest culvert or underground pass (m) 1-557-3000 5-1172-3000
 WIDTH Pavement width (m) 19.58-23.3-42.11 4.6-9.2-24.79
 SHOULDER Width of the right-hand verge (m) 1.58-2.2-3.2 0.1-1.0-3.12
 UNBROK LINE Continuous line in 100 m section of point (%) 0-1.2-100 0-54-100
 EMBANKMENT Product of the height of the roadside with its width (m2) 0-39-400 0-3-56
 FENCE Distance from the end of the shoulder to the fence (m) 0-8-50 0-0.2-8
 ROAD INTERCHANGE ISLAND Distance to the nearest road interchange island (m) 1-531-1500 1-1114-1500
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and the interactions mentioned above as well as includ-
ing a null model. A comparison of the model set's quality 
was conducted using Quasi Information Criterion (QIC). 
This method assesses each model and ranks them accord-
ing to QIC. Delta QIC is measuring the difference in QIC 
between different models. When differences (Δ) between 
several models had a QIC < 2.0, we considered these models 
as a set of confidence models with similar statistical sup-
port and we calculated the weights (Burnham and Anderson 
2002). Then, we conducted a model averaging only with 
the resulting models of ΔQIC ≤ 2 (Burnham and Anderson 
2002). We obtained the averaged coefficients and the rela-
tive importance for each predictor. Finally, we calculated the 
coefficient of determination (pseudo-R2) (Zheng 2000) for 
the selected models and estimated the model coefficients of 
the interaction terms using post-hoc simple-slope pairwise 
comparisons (Russell et al. 2021).

We used the statistical software R v.4.1. (R Development 
Core Team 2021) and the packages Hmisc v.4.7–2 to study 
the correlations between variables (Harrell 2021), geepack 
v.1.3.9 to analyze the data using the GEE method (Højs-
gaard et al. 2006), MuMIn v.1.43.17 to generate the model 
selection (Barton 2020) and emmeans v.1.6.3 (Russell et al. 
2021).

Results

After running the correlation matrix (Table S1), we decided 
not to include 4 variables in the model building. The vari-
ables NON-USE COVER and CROP COVER were nega-
tively correlated (Table S1), and we included CROP COVER 
in the subsequent model building. The variables, WIDTH 
and FENCE were removed because they were positively cor-
related with ROAD INTERCHANGE ISLAND (Table S1). 
Finally, the variables EMBANKMENT and NUMBER OF 
BURROWS were positively correlated (Table S1), and we 
maintained NUMBER OF BURROWS because it is directly 
related to one of our hypotheses.

Model selection provided a set of 29 models with ΔQIC ≤ 2 
(Table S2). CROP COVER, FOREST COVER, NUMBER 
OF BURROWS and ROAD INTERCHANGE ISLAND were 
included in all the best models and had the highest relative 
importance (100%). Least important were URBAN (included 
in 62% of the models), SHOULDER (51%), WATER (34%), 
PASS (31%), BUILDING (27%) and UNBROK LINE (24%) 
(Table 2). CROP COVER, BUILDING, WATER, SHOUL-
DER and ROAD INTERCHANGE ISLAND had a nega-
tive effect on roadkills, and FOREST COVER, URBAN, 
NUMBER OF BURROWS, PASS and UNBROK LINE 
were positively related to roadkill points (Table 2). Interac-
tions were selected in all the best models. Roadkill probabil-
ity increased with the distance to ROAD INTERCHANGE 

ISLAND in conventional roads but decreased in motorways 
[coeff. ± SD = 0.09 ± 0.12 vs. – 0.47 ± 0.18] (Fig. 2). NUM-
BER OF BURROWS affected positively to roadkill probability 
on both types of ROAD [0.31 ± 0.12 vs. 1.45 ± 0.58], but this 
effect was higher in conventional roads (Fig. 3).

Table 2   Beta standardized coefficients (BSC), standard errors (SE) 
and relative importance (RI) of habitat and road-type variables 
selected after weighted model averaging

Variable BSC SE RI

CROP COVER – 1.09 0.25 1.00
FOREST COVER 0.69 0.30 1.00
URBAN 0.32 0.16 0.62
BUILDING – 0.03 0.22 0.27
WATER – 0.01 0.17 0.34
NUMBER OF BURROWS 0.66 0.23 1.00
PASS 0.06 0.18 0.31
SHOULDER – 0.37 0.31 0.51
UNBROK LINE 0.35 0.32 0.24
ROAD INTERCHANGE ISLAND – 1.04 0.35 1.00
NUMBER OF BURROWS X ROAD TYPE 1.08 0.58 1.00
ROAD INTERCHANGE ISLAND X ROAD 

TYPE
0.97 0.31 1.00

Fig. 2   Effects of the distance of road interchange island in interaction 
with road type on roadkill probability see the importance of this inter-
action in Table 2. Bands represent 95% confidence intervals. See how 
the probability of roadkill is higher near the road island on motor-
ways, but on roads it remains constant
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Discussion

Our study shows that some ecological and road-intrinsic fac-
tors influenced roadkills of a mammal carnivore. Our target 
species, the European polecat, was frequently recorded as 
roadkill both on roads and motorways contrary to previous 
works on carnivore roadkills, that concentrated roadkills on 
roads (Clarke et al. 1998; Philcox et al. 1999; Barrientos and 
Bolonio 2009; Russo et al. 2020). Roadkills on motorways 
were closer to road interchange islands but, in conventional 
roads, the distance of roadkills and control points to cross-
roads were similar. Rabbit abundances were consistently 
higher and crop cover consistently lower around roadkills 
regardless of the road type.

The reason behind the contrasting roadkill patterns 
between road types could be the availability of food in sur-
rounding areas related to the physical features of road types. 
Rabbits avoid cultivated areas to establish their burrows to 
prevent them from being destroyed during tillage (Calvete 
et al. 2004; Gea-Izquierdo et al. 2005), and they find in the 
rights-of-way an optimal area to breed (Barrientos and Bolo-
nio 2009). Whereas roadkills were associated with a higher 
number of rabbit burrows both in motorways and roads, this 
pattern was stronger for motorways. Motorway roadsides are 
wider, homogeneous along hundreds of kilometres, are usu-
ally fenced, and commonly include large embankments that 
provide a suitable breeding substrate for several prey species 
(Ascensão et al. 2012, 2015; Villemey et al. 2018). We found 
that the distance to road interchange islands was one of the 
most influential variables on motorways. These intersections 

often create islands of available habitat between the main 
motorway and the entrance and exit lanes that can be colo-
nised by prey, which could lead to predator roadkill hotspots, 
at least for those species that do not avoid roads as they do 
not recognize vehicles as potential threats (Jacobson et al. 
2016). In contrast, inlets and outlets in conventional roads 
are often very simple structure, most of them consist of road 
crossings that rarely create potential habitats for prey.

Other influential variables were those related to land 
cover. The study area is mainly composed of a highly dis-
turbed environments dominated by intensive agriculture. 
Carnivores generally avoid areas of intensive human use 
and prefer mosaics of semi-natural habitats (Pita et al. 2009; 
Pereira and Rodriguez 2010). Thus, any patch with remain-
ing natural vegetation becomes essential for most of them, 
even if it is located on roadsides (Barrientos and Bolonio 
2009; Ascensão et al. 2012). Roadkills were associated with 
lower agriculture cover in the vicinity of the road and, there-
fore, with larger percentage of natural habitat characterized 
by grasslands or areas with moderate shrub cover, which 
are also more favourable for prey (Calvete et al. 2004; Gea-
Izquierdo et al. 2005; Serrano et al. 2009; see also the nega-
tive correlation between these variables in Appendix S1).

Roadsides, especially those of motorways, act as corri-
dors connecting habitat patches for many wildlife species 
(Huijser and Clevenger 2006; Ascensão et al. 2015). This 
may be of great importance in landscapes dominated by 
intensive agriculture like our study area (Sabino-Marques 
and Mira 2011; Ascensão et al. 2012; Kautz et al. 2021). 
Roads do not offer such an optimal environment as their 
margins are narrower, being, therefore, less suitable cor-
ridors. Thus, it is necessary to deepen our knowledge of 
the ecology of carnivores habiting in right of way. Previ-
ous studies suggest that large differences in the use of road 
vicinity arise within species belonging to this guild. As a 
general pattern, human-habituated species like foxes or stone 
martens made more intensive use of the motorway vicinity, 
whereas badgers and cats were indifferent or slightly reluc-
tant to these potential habitat corridors (Mata et al. 2017).

Our study can help to understand the ecological processes 
behind roadkills and to identify the most dangerous sec-
tions for carnivores in each road type. This step is essen-
tial to implement mitigation measures to reduce roadkills 
in these sections (Russo et al. 2020). The installation of 
underpasses, especially where prey is abundant, such as at 
road entrances and exits on motorways, could be a useful 
measure to mitigate roadkill. Additionally, these should be 
complemented by more efficient fencing to help reduce the 
crossing of medium-sized mammals. Also, proper mainte-
nance of these areas to ensure visibility of the margins of 
roads could improve drivers' reaction times when crossing an 
animal. Another potential mitigation measure could involve 
covering soil on embankments with concrete to prevent the 

Fig. 3   Effects of the number of rabbit burrows in interaction with 
road type on roadkill probability, see the importance of this interac-
tion in Table 2. Bands represent 95% confidence intervals. See how 
the probability of roadkill increases where the number of burrows is 
higher on both types of roads    
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proliferation of dens in the most problematic areas. Further-
more, exploring the effectiveness of these mitigation actions 
requires an understanding of their benefits in improving pop-
ulation persistence rates (Barrientos et al. 2021).

Finally, we acknowledge several caveats associated with 
our study that are important to consider. First, the use of 
volunteer-based data has been criticized for potential issues 
such as errors in the identification of species or inaccura-
cies in observations. However, as commented above, we 
controlled them by checking records on the road when they 
were doubtful (see Results section). Second, our sample 
sizes were relatively small, but comparable to similar stud-
ies (e.g., Barrientos and Bolonio 2009). In this sense, it is 
important to note that population densities of carnivores 
are generally low, and waiting for more data could delay 
conservation decision-making. Additionally, we recognize 
that our sampling procedure based on opportunistic roadkill 
encounters may be limiting our ability to predict the effect of 
road type in some ways. However, studies based on citizen 
science are difficult to program over time and thus achieve 
systematic sampling. Our data collection was concentrated 
in a short time frame, what reduces their heterogeneity (e.g., 
related to potential road upgrades or temporal changes in 
traffic flow) compared to other studies with more records 
but much longer periods of data collection (see, for instance, 
Russo et al. 2020).

Conclusions

The different structure of motorways and roads is important 
in explaining carnivore roadkill patterns. Roadsides offer 
optimal environments for the establishment of prey species, 
such as rabbits, by providing spaces unused by humans, 
along with cover for shelter and food. This phenomenon con-
tributes to an increase in carnivore roadkill rates in sections 
where prey populations become abundant. Predators like 
polecats, which locally specialize on capturing prey thriving 
in these rights-of-way, are highly susceptible to roadkills in 
places like motorway road interchange islands. Those road 
sections surrounded by natural habitats represent potential 
roadkill hotspots. Our findings highlight the need to take 
into account the intrinsic characteristics of each road type 
when deciding to undertake measures to mitigate roadkills.
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