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Abstract

Animal-vehicle collisions have become a serious traffic safety issue. Collisions have steadily
increased over the last few decades, as have their associated socio-economic costs. Here,
we explore the spatial and temporal patterns of animal-vehicle collisions reported to authori-
ties in the province of Seville, southern Spain. Most animal-vehicle collisions involved
domestic animals (>95%), particularly dogs (>80%), a pattern that sharply contrasts with
that found in other Spanish and European regions, where collisions are mostly caused by
game species. Dog-vehicle collisions were related to the traffic intensity of the roads and
they were more frequent around dawn and dusk, coinciding with the peaks of activity of
dogs. This pattern was consistent throughout the week, although on weekends there were
fewer collisions due to lower traffic density at those times. These findings suggest that the
aggregation of dog-vehicle collisions around twilight likely resulted from a combined effect
of the activity peaks of dogs and traffic density. Seasonally, collisions increased in autumn
and winter, coinciding with the period of intense hunting activity in the region. Further, during
autumn and winter, rush hour partly overlaps with twilight due to longer nights in comparison
with summer and spring, which may contribute to the increased rate of dog-vehicle collisions
in these seasons. Spatially, satellite images of nighttime lights showed that dog-vehicle colli-
sions were clustered near urban areas. Overall, the high incidence of stray dogs involved in
animal-vehicle collisions highlights a road safety issue with this type of animals in the region.

Introduction

The number of animal-vehicle collisions (AVCs) is steadily increasing worldwide as a result of
growing traffic intensities and road networks, which coincide with wildlife habitats [1-4].
Each year, AVCs cause the death of millions of animals from a wide range of taxa [5-7]. In
addition to being an important source of wildlife mortality, AVCs may cause death or serious
injuries to drivers, thus generating important socio-economic costs [7-9]. For example, in the
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United States, deer species cause 1 to 2 million collisions per year associated with 200 deaths
and $8.4 billion in direct damage [10]. In 1996, Bruinderink Groot and Hazebroek estimated
that more than 500,000 collisions with ungulates occurred annually in Europe, causing about
30,000 injuries and an economic cost of $1 billon [11]. However, recent studies in diverse
European countries suggest that these figures are substantially higher and affect a wide range
of taxa [5,6,12]. In Spain, the National Traffic Authority (DGT) reported that collisions dou-
bled between 2006 and 2012 (on average, 12,433 AVCs per year) in comparison to those
reported in 2003 (6,227 AVCs), which caused 2,911 injuries and an estimated annual cost of
105 million € [13].

A number of mitigation measures have been designed and implemented worldwide to
reduce AVCs, including, among others, warning signs, wildlife crossing structures and a vari-
ety of fences, but none of these has been totally effective (reviewed in [14]). This is because pat-
terns of AVCs may vary, for example, daily and seasonally according to the life history of the
species affected (e.g., due to feeding activity or breeding). In this regards, given that implement
mitigation measures along the whole road network is economically and logistically unfeasible,
efforts should be focused on particularly dangerous areas. Identifying and quantifying the spe-
cies affected in AVCs as well as the spatiotemporal hotspots of collisions is thus essential to
develop and maximize the effectiveness of mitigation measures [14-16].

Several studies in central and northern Spain (e.g. [17-19]) have shown that ungulates
cause >70% of the total collisions reported to the traffic authorities, resembling the patterns
found in other countries [10,12,20-22]. Further, a study conducted at the national level in
Spain yielded similar results [13], although this work was exclusively focused on collisions
with wild animals i.e., reports involving domestic animals were not analyzed. However, more
than 100,000 dogs and more than 30,000 cats are abandoned annually in Spain [23,24]. These
figures are particularly worrying in southern Spain since Andalusia, a region (87,000 Km?)
that completely crosses the southernmost part of Spain, is the region with the highest number
of abandoned dogs in the country (16-18,000 dogs per year; [24]). Further, southern Spain,
unlike other parts of the country, has been particularly impacted by loss of natural forests and
the expansion of farmland habitats [25]. Thus, one may expect that game species will cause a
minor fraction of AVC in the region. In contrast, given the high levels of anthropogenic modi-
fication in the landscape of southern Spain and the high estimated number of abandoned ani-
mals, it may be expected that a large proportion of AVCs is caused by domestic animals. Given
the differences in life history traits among species, identifying the sources of AVCs (e.g. wild or
domestic animals) and the patterns of collisions is needed to implement effective measures for
road accident prevention in the region.

Here, we used collisions reported to traffic authorities in the province of Seville (Andalusia,
South Spain) to characterize their spatial and temporal (daily, weekly and monthly) distribu-
tion and investigate a range of factors potentially underlying such patterns. Then, a range of
suggestions are outlined for accident mitigation.

Material and methods
Study area

Collision data were recorded in the province of Seville (14,036 km?) located in Andalusia,
southern Spain. According to the Nomenclature of Territorial Units for Statistics (NUTS) of
the European Union, a Spanish province is classified as a NUT 3 region (population size
between 150,000-800,000).

The climate in the region is Mediterranean and slightly continental, with dry and hot sum-
mers and rainy mild winters (Csa according to Képpen-Geiger climate classification; [26]).
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There are nearly 3,000 hours of sunlight annually with an average annual rainfall and tempera-
ture of 606 mm and 18°C, respectively (www.aemet.es/serviciosclimaticos). The province of
Seville is crossed by the Rio Guadalquivir from the northeast to the southwest, which estab-
lishes a fertile river valley. The valley is dominated by mountains in the North (Sierra Norte)
and South (Sierra Sur) and constituted by holm, cork and gall-oak groves alternated with
extensive farming constituting dehesa systems [27]. Aljarafe and Campifia areas (west and
east, respectively) of the province are reserved for fields of wheat and olives groves [28].
Donana Natural Park, a biodiversity hotspot, characterized by large areas of marshes, is situ-
ated in the south of the province. The province has a human population density around 138.3
inhabitants per square kilometer, concentrated in the extensive metropolitan area in the center
and large towns in S. Norte, S. Sur, Aljarafe and Campifa. Road density (kilometer per 1,000
residents) is lower in the province of Seville (1.97) than the road network in the country as a
whole (3.56).

Many of the wildlife species potentially affected by AVCs in Seville are game species.
Hunting is a popular practice in Andalusia and, particularly, Seville provides many hect-
ares of hunting land, both for small and big game hunting (see Decree 232/2007 in BOJA
158, 10 August 2007). Further, in Seville and other southern regions of the Iberian Penin-
sula, the use of hunting dogs is a common choice for hunters [29]. Large and small game
species (mainly wild boar, red deer, red partridge and Iberian hare) are frequently hunted
using several groups of hunting dogs, consisting of about 20 dogs each and different
breeds, in a hunting method called “Monteria” [29]. Given that dogs are spread along the
shooting area, a fraction of dogs may become lost while hunting and run over roads, thus
potentially causing AVCs. Further, it is also common, although illegal, for dogs to be
abandoned, e.g. if they are old or not good enough for hunting (DGT, personal communi-
cation; [23, 24]).

In Andalusia, the authorized period for hunting large and medium sized game species lasts
from October to February (i.e., fox, Vulpes vulpes, and most wild ungulates such as wild boar,
red deer, Cervus elaphus, and fallow deer, Dama dama), except for roe deer, Capreolus capreo-
lus, which can be hunted from March to August. The hunting season for popular small sized
species (red partridges, Alectoris rufa, and Iberian hares, Lepus granatensis) lasts from October
to January. Thus, October-February maybe considered the period with the highest hunting
activity in Seville by involving the authorized time for hunting most of the game species
(except for roe deer) in the region. Ungulates are present in Seville in forest and grassland
areas dotted with scattered trees, whereas hares and partridges are abundant in the study area
and/or restocked in hunting grounds [29].

Data base

Collision data were provided by the Provincial Directorate of Traffic of Seville (DGT). Data
included 496 collisions involving identified animals (wild and domestic species) in the prov-
ince of Seville in the years 2014 (n = 251) and 2015 (n = 245). The information was directly
obtained from accident reports, occurred throughout the road network in Seville (highways,
national and local roads), and were recorded at the location of the accident by traffic police. In
addition to administrative information, reports contained the date and time of the collision,
the geographical location (GPS-kilometer), the identity of the road, if there were fatalities and/
or material damage and the species involved in the accident. Reports did not contain informa-
tion on the road design (e.g. existence of fences, embankments). Traffic density of the surveyed
roads, defined as the average number of vehicles per day, was obtained from official data at
[30,31]
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We are aware that the data provided by authorities maybe an underrepresentation of the
number of accidents caused by animals. This is because collisions are often not reported to
authorities when there are no damage or injuries (e.g., if they occurred at low speed or with
small animals). Although it is not possible to determine the percentage of unreported collisions
(e.g., reports do not include the size of the animals or the breed in dogs; see below), this bias is
expected to be minimal in collisions caused by large vertebrates, which are the relevant species
in terms of managing and implementing measures for road accident prevention. Moreover,
given that reports are recorded following standardized protocols, the information provided by
traffic authorities is of great utility in unraveling the composition and spatiotemporal patterns
of road accidents caused by AVCs as it has been previously shown (e.g. [12,13].

Statistical analyses

Temporal analyses. We used Pearson chi-square goodness of fit to test whether the fre-
quency of AVCs was uniformly distributed across hours of the day and months (i.e., in both
cases, the null hypothesis was that these temporal categories have an equal frequency of colli-
sion). To illustrate the daily patterns of collisions in Figs 1 and 2, we obtained the times of sun-
rise and sunset in Seville from the Spanish Ministry of Development (http://www.fomento.
gob.es/salidapuestasol/2014/Sevilla-2014.txt). We worked with solar time to avoid problems
associated with changes in the official local time due to the daylight savings convention.

To test if the temporal distribution of AVCs differed between weekdays and weekends, we
used Separate Kolmogorov-Smirnov (KS) two-sample tests. The KS tests were performed
using the function ks.boot (10,000 simulations) in the R-package "Matching’ [32].

We used a linear model (LM) to test whether the number of AVCs, included as the depen-
dent variable, was i) related to the monthly average length of night and ii) differed between the
months with intense hunting activity (October to February) and low/no hunting activity.
However, the average length of the night was also longer during the months with intense hunt-
ing activity than in the rest of the year (t = 9.042, P < 0.001), which precluded the simulta-
neous inclusion of both variables in a model. Consequently, only hunting season was included
as a predictor in the model.

Spatial analyses. We fitted a generalized linear mixed (GLMM) model to test whether the
probability of collision (0/1, binomial distribution) was related to the proximity to urban areas
and traffic density. In this model, road identity was included as a random factor. Points with-
out reported collisions were randomly generated (same sample size as that of collision data)
across the whole road network in the region and without restrictions regarding their distance
from a collision point. When measuring the distance to the nearest urban area in GIS, we real-
ized that small urban areas, such as residential areas, were not identified in the available layers
of urban areas for the region, which might bias analyses on AVCs. Thus, we used night-light
levels from satellite images as a proxy of the presence of urban areas. Night-light levels were
taken from a cloud-free composite of VIIRS nighttime lights produced by the Earth Observa-
tion Group, National Oceanic and Atmospheric Administration (NOAA) National Geophys-
ical Data Center. Due to the higher spatial resolution (742 x 742 m) and no saturation, VIIRS
imagery improves the DMSP satellite imagery [33]. Specifically, we used annual data for the
years 2104-2015 (available at: https://ngdc.noaa.gov/eog/viirs/download_dnb_composites.
html).

To further explore the relationship between traffic density and AVCs, we fitted a general-
ized linear model (GLM) entering the accumulated number of reported collisions in each road
as the dependent variable and traffic density as predictor. We used a negative binomial rather
than Poisson distribution as variance and mean of the accumulated AVCs were not equivalent
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Fig 1. Daily and annual distribution of the dog-vehicle collisions. a) Daily and annual distribution of the dog-vehicle
collisions according to solar time of the day. Black curved lines indicate time of sunrise and sunset throughout the year,
whereas blue areas show the periods around twilight with the highest collision risk as shown in the bottom graph (black bars
in b). b) Distribution of dog-vehicle collisions in relation to the existence of natural light. Negative values on the x-axis of the
graph indicate minutes in the absence of natural light (minutes until sunrise or after sunset). Black bars show the periods
during and around twilight with high concentration of dog-vehicle collisions.

https://doi.org/10.1371/journal.pone.0203693.9001

[34]. To account for the influence of the road length in the number of accumulated AVCs, the
length of the roads was calculated in GIS and included as an offset in the model.

Before interpreting the output of the models above, we routinely performed model diagnos-
tics statistics to avoid misleading conclusions based on statistical artifacts. Thus, we
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Fig 2. Distribution of dog-vehicle collisions during weekdays (left side) and weekends (right side). Upper graphs (a, b) indicate daily and annual distribution
of dog-vehicle collisions according to solar time of day. Black curved lines indicate time of sunrise and sunset throughout the year, whereas blue areas show the
periods around twilight with the highest collision risk as shown in the bottom graph (black bars in c and d). Bottom graphs (c and d) show the distribution of
dog-vehicle collisions in relation to the existence of natural light. Negative values on the x-axis indicate minutes in the absence of natural light (minutes until
sunrise or after sunset), whereas black bars show periods during and around twilight with high concentration of dog-vehicle collisions.

https://doi.org/10.1371/journal.pone.0203693.g002
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investigated the distribution of residuals, issues about multicollinearity and the effect of influ-
ential data points. To meet statistical assumptions, traffic density and night-light levels were
log;o-transformed. After these transformations, the analyses did not show obvious deviations
from the assumptions of linear models. Statistical analyses were conducted in the R 3.4.2 [35]
with the packages Ime4 [36], MASS [37] car [38] and DHARMa [39].

The nearest neighborhood distance (NND) method [40] was used to evaluate whether the
AVCs were independently and identically distributed according to the uniform distribution
over the road network, or if they followed the homogeneous binomial point process on the
bounded road network. For this purpose, we tested in GIS the complete spatial randomness
(CSR) hypothesis in terms of the number of roadkills in a given point set satisfying that the
shortest-path distance from every roadkill to another roadkill was less than a parametric short-
est-path distance [41]. For testing CSR we applied K function method in SANET 4.1[42].

We identified hotspots of collisions along the road network by means of a kernel density
analysis using SANET V4.1 [41]. Kernel estimation is a density technique that identifies clus-
ters by searching for dense concentrations of fatalities ([43]. Estimated densities were then
classified using the Jenks method [44], based on minimization and maximization of variance
respectively, within and between density classes [12].

Preliminary analyses showed that there were no interannual differences in the temporal
(daily and seasonally) or spatial patterns of collisions. Thus, we show here the analyses pooling
the data from the two study years.

Results

Most of the reported traffic accidents caused by animals involved dogs (80% and 81.2% in
2014 and 2015, respectively), followed by other domestic species including horses (8% and
5.7%), sheep (3% and 1%) and cats (2% and 1.6%). Remarkably, wild boars (3% and 4.1% of
total collision in 2014 and 2015, respectively) and cervids (red deer: 1% and 1.6%; no accidents
involved roe deer), the species causing most of the reported accidents in other regions, had a
marginal incidence in the reported collisions (S1 Table).

The high percentage of dog-vehicle collisions (DVCs, hereafter) in Seville hampered the
analysis of the spatiotemporal distribution of collisions for other species or groups (i.e. domes-
tic vs wild species). When dogs were included in the analyses, the strong influence of the spe-
cies biased the results and, when excluded, the remaining sample sizes were too low to obtain
reliable patterns of collisions for other species. As a consequence, further analyses were
restricted to traffic accidents caused by dogs.

Temporal analyses

Temporally, DVCs were not randomly distributed during the day (x°,3 = 128.65, P < 0.001;
Fig 1). A further exploration of the data showed that DVCs were concentrated in a short period
(about 75 min) before sunrise and after sunset (41% of total accidents; Fig 1B). This pattern
was similar on weekends, (Kolmogorov-Smirnov test for differences in the distribution of col-
lisions between weekdays and weekends: D = 0.10, P = 0. 34; Fig 2) although the number of
collisions was lower relative to weekdays (paired t-test comparing frequency of collisions
between bars from Fig 2C and 2D: t = 4.57, df = 11, P < 0.001). Across months, the frequency
of DVCs was not uniformly distributed, but showed a U-shape pattern over the course of the
year. DVCs increased from January to April and from October to December (%, = 88.3,

P < 0.001; Fig 3). The number of collisions was higher during the months with intense hunting
activity (October-February; on average, 25.2 + 0.94 collisions per month) than in the rest of
the year (on average, 10.5 £ 1.59 collisions per month; LM: estimate + 1 SE: 14.7 + 1.74,

PLOS ONE | https://doi.org/10.1371/journal.pone.0203693 September 14,2018 7/14


https://doi.org/10.1371/journal.pone.0203693

o @
@ : PLOS | ONE Dogs-vehicle collisions in southern Spain

60 +

45

30 4

Number of collisions

15 4

1 2 3 4 5 6 7 8 9 10 11 12
Months

Fig 3. Monthly distribution of dog-vehicle collisions. The horizontal bar above the graph indicates the months with
intense (green) and low/no hunting activity (grey).

https://doi.org/10.1371/journal.pone.0203693.g003

t=38.42, P < 0.001), although note that nights were also longer during that period of the year
(see methods).

Spatial analyses

Spatially, DVCs were clustered: there were areas with a high frequency of collision as shown by
kernel analyses (Fig 4). Moreover, the absence of spatial randomness (CRS) was confirmed
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Fig 4. Kernel density estimation of the collision hotpots found in the road network of Seville. The land uses of the
area are also shown. We used a bandwidth of 500m as the search radius for calculating the number of accidents, to
estimate a density value (Natural Breaks Classification). Estimated densities classified using the Jenks method [44]. The
inset map indicates the location of Seville (dark grey area) and Andalusia (light gray area) is Spain.

https://doi.org/10.1371/journal.pone.0203693.g004
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Fig 5. Distribution of dog-vehicle collisions in relation to night-light levels. Night-light levels were used as a proxy
of the distance to urban areas (see main text for further details) in Seville. Black color indicates points without night-
light, whereas white color shows points with the highest night-light levels. The inset map indicates the location of
Seville (dark grey area) and Andalusia (light gray area) is Spain.

https://doi.org/10.1371/journal.pone.0203693.g005

with a 0.95 confidence level. Collision sites showed higher levels of night lights (indicating
proximity to urban areas; GLMM, estimate + 1 SE: 0.16 + 0.05, p = 0.005) and traffic volume
(estimate + 1 SE: 0.5 + 0.1, p< 0.001) than random points (Fig 5). In this vein, the accumulated
number of collisions in a given road was also related to its traffic volume (GLM: estimate + 1
SE: 0.33 £ 0.07, p < 0.001).

Temporal (monthly and daily) distributions of DVCs occurring inside and outside of towns
and cities were similar (daily: D = 0.09, P = 0. 34; monthly: D = 0.10, P = 0. 23)

Discussion

We found that dogs are by far the most common species reported in AVCs in the province of
Seville. This finding contrasts with previous works conducted in other regions of Spain and
other countries, in which ungulates are the primary group involved in reported accidents (e.g.
[12,18-20]). These results are possibly a combined consequence of habitat loss and transfor-
mation occurred in South Spain during centuries [25] and the large number dogs that are
abandoned annually in the region [23,24,45]. DVCs increased with traffic density and were
spatially concentrated on a few roads, typically inside/near towns and cities. Temporally,
DVCs were related to the activity peaks of animals (higher likelihood of collision during and
around sunrise and sunset) and hunting periods.

There is substantial evidence indicating that game species, in general, and ungulates, in par-
ticular, are among the most frequent species causing mammal-vehicle collisions worldwide
[7,12,20,22,46], including in Spain [13,18,19,47,48]. However, in the context of vehicle acci-
dents caused by free-ranging animals, the incidence of domestic species as well as the factors
influencing their likelihood of collision has been scarcely explored. In Spain, to our knowledge,
this phenomenon has not been specifically evaluated, although the information on the total
number of AVCs from previous works suggests that the rate of accidents caused by domestic
animals was lower than 20-30% [18,19]. Our findings are contrary to this general trend, indi-
cating a high incidence of dogs in AVCs reported to traffic authorities in Seville. Possibly,
major transformations of the Mediterranean landscapes (including Seville), where natural
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woodlands have been cleared for agricultural and urban land uses [25], have led to low densi-
ties of large wild mammals (which inhabited the original natural forests) in these human-
altered habitats. In fact, Seville is among the provinces of Spain with the lowest density of wild
boar and roe deer and, although red deer are relatively abundant, they are mostly enclosed in
fenced game estates, reducing their probability to be on roads [49,50]. Importantly, a road sur-
vey of vertebrate roadkills conducted at a larger spatiotemporal scale (10-km sections of 45
roads, regularly monitored for two years; [51]; see also Supporting Information) across Anda-
lusia, also indicated a high incidence of DVCs. In that study, a high number of dogs (n = 93)
were found killed by vehicles, constituting the most common mammal affected by roadkills
after rabbits and rats, two locally common species (large mammals such as wild boars and deer
were not surveyed in that study; [51]). Thus, rather than being a local phenomenon in Seville,
dogs seem to be a main source of AVCs throughout southern Spain.

Numerous works have reported that the activity patterns of the species are a main factor
driving the incidence of AVCs [12,19-21,52]. Accordingly, daily accidents involving dogs
accumulated during and around twilight. Although the activity patterns of pets are influenced
by those of human, free ranging dogs typically show crepuscular activity peaks, particularly,
during summers to avoid heat [53,54]. Further, during early morning and late afternoon peo-
ple may release their pets and allow them to move freely, which may increase the flush of dogs
on the streets [53]. In addition to the activity pattern of animals, poor visibility conditions
such as fog banks at dawn or glare from sunrise and sunset could also have contributed to
shape the daily distribution of DVCs [55,56]. Further, we found strong evidence supporting a
relationship between the risk of DVCs and traffic density, a factor traditionally associated with
traffic accidents involving animals (birds: [57]; small mammals: [16,58]; large mammals:
[22,59]). First, the probability of DVC as well as the accumulated number of DVCs per road
increased with traffic density. Second, the rate of DVCs at sunrise and sunset during week
days (at rush hours; [60,61]), was higher relative to that found on weekends, which are charac-
terized by a reduced traffic density at twilight [60,61].

The high occurrence of DVCs during autumn and winter (similar results were found using
the data from the study at the Andalusia level; see S1 Fig) coincides with the hunting season
for most of the game species in the region, suggesting that hunting dogs (abandoned or lost
while hunting) were a source of road killed animals. However, the increase in DVCs during
autumn and winter could also be attributed to longer nights (poor visibility conditions) in the
region during those seasons. Unfortunately, as the months with intense hunting activity and
those with the longest nights overlap, it is rather difficult to disentangle the individual effect of
each factor in DVCs. Further, weather conditions, with frequent rainfall and fog in autumn
and winter, could also contribute to increase the rate of DVCs in these seasons by both reduc-
ing visibility and increasing the braking distance needed to avoid collisions [55].

The spatial analysis of collisions showed that DVCs predominantly occurred at sites with
high levels of night-light (used as a proxy for the proximity to human settlements), suggesting
that DVCs are strongly associated with towns and cities (similar results were found using the
data from the study at the Andalusia level; see S1 Fig). Possibly, those accidents were caused by
a combination of pets (temporally lost or permitted to move freely on the streets), true aban-
doned animals as well as hunting dogs that go to lighted areas searching for refuge or food
once disoriented or lost. Unfortunately, there is no available information about the breed and
origin of dogs involved in the reported accidents and thus these possibilities are speculative.

Overall, we have shown that DVCs were markedly clustered in time and space. The knowl-
edge of the patterns of DVCs reported here is essential to implementing adequate mitigation
measures. One possibility is the implementation of warning signals and/or informative panels,
which has been proved to increase the awareness of drivers, thus reducing the probability of
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collision [62]. The signals should be temporary implemented during the periods (e.g. around
and during twilight) and locations with the highest probability of DVCs to prevent drivers
become accustomed to them [62]. However, the high incidence of dogs causing AVCs in
Andalusia highlights a serious problem with the number of uncontrolled, domestic animals in
the region. Although the estimates of abandoned dogs vary between studies, Seville is the prov-
ince with the highest number of abandoned dogs in Andalusia (between ~16,000 [24] and
~70,000 [63] abandoned dogs per year) and Andalusia the leading region in Spain in number
of abandoned dogs [24]. Thus, efforts should place priority on reducing the number of stray
dogs. Campaigns should be implemented to 1) educate and raise public awareness about the
social and economic consequences of accidents caused by abandoned animals e.g. multiple
human trauma and costs associated with the damage to people (e.g. medical costs) and prop-
erty (e.g. vehicle reparation), which are estimated in 1.4 million euros in the case of accident
death; [64]. 2) Sterilize and identify dogs with chips (the latter is mandatory by the Spanish
law) at a reduced cost or free of charge, especially, in rural areas. In this regard, previous stud-
ies show that only ~24% of animals entering shelters in Spain are microchipped and that
microchipped pets have a lower probability of being abandoned [23,45]. 3) Capture stray ani-
mals. Additionally, our results suggest that a fraction of animals involved in DVC were used in
hunting activities. Although further data is needed to quantify this phenomenon, we highlight
the needed of implementing mechanisms (at the level of hunters, hunting grounds managers
and rural areas) to enforce the identification of dogs, which is a current concern (DGT per-
sonal communication), as this will allow requests for possible legal liabilities in the case of
DVCs. For example, in the case of hunting dogs, beside promoting programs to implant
microchips, higher control efforts—scan dogs for the presence of chips and record the number
of animals used per hunter—should be made by authorities before and after Monterias or dur-
ing periods and days with intense hunting activity. Punitive measures maybe also applied,
such as greater legal penalties for owners who abandon their dogs. Only the combined partici-
pation of all the involved parties will lead to a successful mitigation of this traffic issue.

Supporting information

S1 Table. Species involved in animal-vehicle collisions reported to authorities in the prov-
ince of Seville (Spain) in the years 2014 and 2015. Collision data were provided by the Pro-
vincial Directorate of Traffic of Seville (DGT).

(PDF)

S1 Fig. Distribution of dog-vehicle collisions in Andalusia. Collisions are shown in relation
to (a) the month and (b) night-light levels used as a proxy of the distance to urban areas (see
main text for further details). Black color indicates points without night-light whereas white
color shows points with the highest night-light levels. The inset map indicates the location of
Andalusia (dark gray area) is Spain. Data come from road surveys performed in 2010-2011 as
a part of another study (Canal et al. 2018) on wildlife road mortality conducted at a larger spa-
tiotemporal scale (10-km sections of 45 roads, regularly monitored during two years) in Anda-
lusia.

(PDF)

Acknowledgments

We are very grateful to A. Granado, ].M. Alcedo and A.L. Jiménez from the Provincial Direc-
torate of Traffic of Seville, who kindly provided the collision data to carry out the present
study. We thank Kevin Bakker and two anonymous reviewers for their constructive comments

PLOS ONE | https://doi.org/10.1371/journal.pone.0203693 September 14,2018 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0203693.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0203693.s002
https://doi.org/10.1371/journal.pone.0203693

@° PLOS | ONE

Dogs-vehicle collisions in southern Spain

on the manuscript. We also thank the traffic police (Guardia Civil) involved in the collection
of the data and Sarah Young for English language editing services.

Author Contributions

Conceptualization: David Canal.

Data curation: David Canal, Beatriz Martin.

Formal analysis: David Canal, Beatriz Martin.

Investigation: David Canal.

Methodology: David Canal, Beatriz Martin, Manuela de Lucas.
Project administration: Miguel Ferrer.

Software: David Canal.

Writing - original draft: David Canal.

Writing - review & editing: David Canal, Beatriz Martin, Manuela de Lucas.

References

1. Coffin AW. From roadkill to road ecology: A review of the ecological effects of roads. J Transp Geogr.
2007; 15: 396-406.

2. Forman RTT, Alexander LE. Roads and their major ecological effects. Annu Rev Ecol Syst. 1998; 29:
207-231.

3. FormanRTT, Sperling D, Bissonette JA, Clevenger AP, Cutshall C, Dale V, et al. Road ecology. Island
Press, Washington DC; 2003.

4. Jackson ND, Fahrig L. Relative effects of road mortality and decreased connectivity on population
genetic diversity. Biol Conserv. 2011; 144: 3143-3148.

5. Erritzee J, Mazgajski TD, Rejtt. Bird Casualties on European Roads—A Review. Acta Ornithol. 2003;
38: 77-93.

6. Glista DJ, DeVault TL, DeWoody JA. Vertebrate road mortality predominantly impacts Amphibians.
Herpetol Conserv Biol. 2007; 3: 77-87.

7. Langbein J, Putman R. National Deer-Vehicle Collisions Project Final Report; Scotland, 2003—-2005.
Rep to Scottish Nat Herit. 2006.

8. Bissonette JA, Kassar CA, Cook LJ. Assessment of costs associated with deer-vehicle collisions:
human death and injury, vehicle damage, and deer loss. Human-Wildlife Interact. 2008; 2: 17-27.

9. Huijser MP, Duffield JW, Clevenger AP, Ament RJ, McGowen PT. Cost-benefit analyses of mitigation
measures aimed at reducing collisions with large ungulates in the united states and canada: A decision
support tool. Ecol Soc. 2009; 14: 15.

10. Huijser M, McGowen P, Fuller J, Hardy A, Kociolek A, Clevenger A, et al. Wildlife—vehicle collision
reduction study. Report to Congress. U.S. Department of Transportation, Federal Highway Administra-
tion, Washington D.C; 2007.

11.  Bruinderink Groot G, Hazebroek E. Traffic in Europe Collisions Ungulate. Conserv Biol. 1996; 10:
1059-1067.

12. Morelle, Lehaire F, Lejeune P. Spatio-temporal patterns of wildlife-vehicle collisions in a region with a
high-density road network. Nat Conserv. 2013; 5: 53-73. https://doi.org/10.3897/natureconservation.5.
4634

13. Saenz-de-Santa-Maria A, Telleria JL. Wildlife-vehicle collisions in Spain. Eur J Wildl Res. 2015; 61:
339-406.

14. vander Grift EA, van der Ree R, Fahrig L, Findlay S, Houlahan J, Jaeger JAG, et al. Evaluating the
effectiveness of road mitigation measures. Biodivers Conserv. 2013; 22: 425-448.

15. Glista DJ, DeVault TL, DeWoody JA. A review of mitigation measures for reducing wildlife mortality on
roadways. Landsc Urban Plan. 2009; 91: 1-7.

16. Clevenger AP, Chruszcz B, Gunson KE. Spatial patterns and factors influencing small vertebrate fauna
road-kill aggregations. Biol Conserv. 2003; 109: 15-26.

PLOS ONE | https://doi.org/10.1371/journal.pone.0203693 September 14,2018 12/14


https://doi.org/10.3897/natureconservation.5.4634
https://doi.org/10.3897/natureconservation.5.4634
https://doi.org/10.1371/journal.pone.0203693

@° PLOS | ONE

Dogs-vehicle collisions in southern Spain

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.
38.

39.

40.

41.

42,

Diaz-Varela ER, Vazquez-Gonzalez |, Marey-Pérez MF, Alvarez-Lépez CJ. Assessing methods of miti-
gating wildlife—vehicle collisions by accident characterization and spatial analysis. Transp Res Part D
Transp Environ. 2011; 16: 281-287.

Lagos L, Picos J, Valero E. Temporal pattern of wild ungulate-related traffic accidents in northwest
Spain. Eur J Wildl Res. 2012; 58: 661-668.

Rodriguez-Morales B, Diaz-Varela ER, Marey-Pérez MF. Spatiotemporal analysis of vehicle collisions
involving wild boar and roe deer in NW Spain. Accid Anal Prev. 2013; 60: 121-133. https://doi.org/10.
1016/j.aap.2013.07.032 PMID: 24056283

Steiner W, Leisch F, Hacklander K. A review on the temporal pattern of deer—vehicle accidents: Impact
of seasonal, diurnal and lunar effects in cervids. Accid Anal Prev. 2014; 66: 168—181. https://doi.org/10.
1016/j.aap.2014.01.020 PMID: 24549035

Langbein J. Deer Vehicle Collisions in Scotland Monitoring (Project 2008—2011). Rep to Scottish Nat
Herit. 2011

Seiler A. Predicting locations of moose-vehicle collisions in Sweden. J Appl Ecol. 2005; 42: 371-382.

Fatj6 J, Bowen J, Garcia E, Calvo P, Rueda S, Amblas S, et al. Epidemiology of dog and cat abandon-
ment in Spain (2008—2013). Animals. 2015; 5: 426—441. https://doi.org/10.3390/ani5020364 PMID:
26479243

Affinity Foundation study on abandoned and adoption of animals in Spain. 2010; Available online: http://
www.fundacion-affinity.org/sites/default/files/estudioabandono2010.pdf. (Accessed on 20 July 2018)

Valbuena-Carabaria M, de Heredia UL, Fuentes-Utrilla P, Gonzalez-Doncel |, Gil L. Historical and
recent changes in the Spanish forests: A socio-economic process. Rev Palaeobot Palynol. 2010; 162:
492-506.

Rivas-Martinez. Memoria y mapas de series de vegetacion de Espana. ICONA. Ministerio de Agricul-
tura, Pesca y Alimentacion, Madrid.; 1987.

Joffrey R, Rambal S, Ratte J. The dehesa system of southern Spain and Portugal as a natural ecosys-
tem mimic. Agrofor Syst. 1999; 45: 57—79.

Fernandez AR. Effect of economic development on landscape structure and function in the Province of
Seville (SW Spain) and its consequences on conservation. In: Baudry J, Bunce RGH, editors. Land
abandonment ans its role in conservation. Zaragoza: CIHEAM; 1991. pp. 61-69.

Fernandez-Llario P, Mateos-Quesada P, Silvério A, Santos P. Habitat effects and shooting techniques
on two wild boar (Sus scrofa) populations in Spain and Portugal. Z Jagdwiss. 2003; 49: 120-129.
https://doi.org/10.1007/BF02190452

Traffic and Road Conditions Map. Spanish Ministry of Public Works and Transport. Available online:
http://www.fomento.es/MFOM/LANG_CASTELLANO/DIRECCIONES_GENERALES/CARRETERAS/
TRAFICO_VELOCIDADES/MAPAS/ (Accessed on 20 July 2018)

Map of road traffic intensity in Andalusia. Regional Government of Andalusia. Available online: http:/
www.juntadeandalucia.es/fomentoyvivienda/portal-web/web/areas/carreteras/aforos (Accessed on 20
July 2018)

Sekhon J. Package ‘ Matching ‘ [Internet]. 2015. Available: http://sekhon.berkeley.edu/matching

Elvidge CD, Baugh KE, Zhizhin M, Hsu F-C. Why VIIRS data are superior to DMSP for mapping night-
time lights. Proc Asia-Pacific Adv Netw. 2013; 35: 62.

Agresti A. Categorical Data Analysis. Wiley; 2002.

R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. 2016.

Bates D, Méachler M, Bolker B, Walker S. Fitting Linear Mixed-Effects Models using Ime4. J Stat Softw.
2014; 67.

Venables W, Ripley B. Modern Applied Statistics with S. Fourth. New York: Springer; 2002.

Fox J, Weisberg Sanford. An R companion to applied regression. Thousand Oaks, CA: Sage Publica-
tions; 2011.

Hartig F. DHARMa: Residual Diagnostics for Hierarchical (Multi-Level/Mixed) Regression Models. In: R
package. 2016.

Gonser RA, Jensen RR, Wolf SE. The spatial ecology of deer—vehicle collisions. Appl Geogr. 2009; 29:
527-532.

Okabe A, Sugihara K. Spatial Analysis Along Networks: Statistical and Computational Methods. Chich-
ester: JonWiley, a volume in the Wiley series of Statistics in Practice; 2012.

Okabe A, Okunuki Kl, Shiode S. SANET: A toolbox for spatial analysis on a network. The manual for
SANET V4.1. http://sanet.csis.utokyo.ac.jp/download/manual_ver4.pdf. 2013.

PLOS ONE | https://doi.org/10.1371/journal.pone.0203693 September 14,2018 13/14


https://doi.org/10.1016/j.aap.2013.07.032
https://doi.org/10.1016/j.aap.2013.07.032
http://www.ncbi.nlm.nih.gov/pubmed/24056283
https://doi.org/10.1016/j.aap.2014.01.020
https://doi.org/10.1016/j.aap.2014.01.020
http://www.ncbi.nlm.nih.gov/pubmed/24549035
https://doi.org/10.3390/ani5020364
http://www.ncbi.nlm.nih.gov/pubmed/26479243
http://www.fundacion-affinity.org/sites/default/files/estudioabandono2010.pdf
http://www.fundacion-affinity.org/sites/default/files/estudioabandono2010.pdf
https://doi.org/10.1007/BF02190452
http://www.fomento.es/MFOM/LANG_CASTELLANO/DIRECCIONES_GENERALES/CARRETERAS/TRAFICO_VELOCIDADES/MAPAS/
http://www.fomento.es/MFOM/LANG_CASTELLANO/DIRECCIONES_GENERALES/CARRETERAS/TRAFICO_VELOCIDADES/MAPAS/
http://www.juntadeandalucia.es/fomentoyvivienda/portal-web/web/areas/carreteras/aforos
http://www.juntadeandalucia.es/fomentoyvivienda/portal-web/web/areas/carreteras/aforos
http://sekhon.berkeley.edu/matching
http://sanet.csis.utokyo.ac.jp/download/manual_ver4.pdf
https://doi.org/10.1371/journal.pone.0203693

@° PLOS | ONE

Dogs-vehicle collisions in southern Spain

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Conruyt-Rogeon G, Girardet X. Identification des points de conflits entre la faune et les routes. Méthode
d’observation des collisions par les agents des routes. Retour d’expérience sur le réseau de la DIR Est
en Franche-Comté, 75pp. 2012.

Jenks GF, Caspall FC. Error on Choropleth Maps: Definition, Measurement, Reduction. Ann Assoc Am
Geogr. 1971; 61: 217-244.

Affinity Foundation study on abandoned and adoption of animals in Spain. 2015. Available: https://www.
fundacion-affinity.org/sites/default/files/white-paper-estudio-fundacion-affinity-abandono-adopcion-
2016-es.pdf?_ga=2.48208359.175230000.1531133600-266721550.1531133600 (Accessed on 20
July 2018)

Gunson KE, Mountrakis G, Quackenbush LJ. Spatial wildlife-vehicle collision models: A review of cur-
rent work and its application to transportation mitigation projects. J Environ Manage. 2011; 92: 1074—
1082. https://doi.org/10.1016/j.jenvman.2010.11.027 PMID: 21190788

Malo JE, Suarez F, Diez A. Can we mitigate animal—vehicle accidents using predictive models? J Appl
Ecol. 2004; 41: 701-710.

Colino-Rabanal V, Bosch J, Munoz MJ, Peris S. Influence of new irrigated croplands on wild boar (Sus
scrofa) road kills in NW Spain. Anim Biodivers Conserv. 2012; 35: 247-252. A

Delibes-Mateos M, Farfan MA, Olivero J, Marquez AL, Vargas JM. Long-term changes in game species
over a long period of transformation in the iberian mediterranean landscape. Environ Manage. 2009;
43: 1256-1268. https://doi.org/10.1007/s00267-009-9297-5 PMID: 19430827

Palomo L, Gisbert J, Blanco J. Atlas y Libro Rojo de los Mamiferos Terrestres de Esparia. Direccién
General para la Biodiversidad-SECEM-SECEMU, Madrid.; 2007.

Canal D, Camacho C, Martin B, de Lucas M, Ferrer M. Magnitude, composition and spatiotemporal pat-
terns of vertebrate roadkill at regional scales: a study in southern Spain. Anim Biodivers Conserv. 2018;
41:281-300.

D’Amico M, Roman J, de los Reyes L, Revilla E. Vertebrate road-kill patterns in Mediterranean habitats:
Who, when and where. Biol Conserv. 2015; 191: 234-242.

Beck A. The ecology of a stray dogs: a study of a free-ranging urban animals. Baltimore, MD: York
Press.; 1973.

Boitani L, Ciucci P. Comparative social ecology of feral dogs and wolves. Ethology, Ecol Evol. 1995; 7:
49-72.

EL Faouzi N, Billot R, Nurmi P, Nowotny B. Effects of adverse weather on traffic and safety: state-of-
the-art and a European initiative. Proceedings of the 15th International Road Weather Conference, SIR-
WEC 2010, 5-7 February 2010, Quebec City, Canada; 7 pp. 2010.

Mitra S. Sun glare and road safety: An empirical investigation of intersection crashes. Saf Sci. 2014; 70:
246-254.

Gagné SA, Bates JL, Bierregaard RO. The effects of road and landscape characteristics on the likeli-
hood of a Barred Owl (Strix varia)-vehicle collision. Urban Ecosyst. 2015; 18: 1007—1020.

Barrientos R, Bolonio L. The presence of rabbits adjacent to roads increases polecat road mortality. Bio-
divers Conserv. 2009; 18: 405-418.

Zuberogoitia |, del Real J, Torres JJ, Rodriguez L, Alonso M, Zabala J. Ungulate Vehicle Collisions in a
Peri-Urban Environment: Consequences of Transportation Infrastructures Planned Assuming the
Absence of Ungulates. PLoS One. 2014; 9: e107713. https://doi.org/10.1371/journal.pone.0107713
PMID: 25251376

Parra R, Baldasano JM. Modelling the on-road traffic emissions from Catalonia (Spain) for photochemi-
cal air pollution research. Weekday—weekend differences. Air Pollut 2004; 74.

Adame JA, Hernandez-Ceballos MA, Sorribas M, Lozano A, De la Morena BA. Weekend-weekday
effect assessment for O3, NOx, CO and PM10 in Andalusia, Spain (2003—-2008). Aerosol Air Qual Res.
2014; 14: 1862-1874.

Sullivan TL, Williams AF, Messmer TA, Hellinga LA, Kyrychenko SY. Effectiveness of temporary warn-
ing signs in reducing deer-vehicle collisions during mule deer migrations. Wildl Soc Bull. 2004; 32: 907—
915.

Statistics of abandoned dogs in Andalusia. Andalusian Association for the defense of animals
(ASANDA). Available online: https://asanda.org/documentos/animales-domesticos/estadisticas-de-
perros-abandonados-en-andalucia (Accessed on 20 July 2018)

Abellan Perpifian JM, Martinez Pérez JE, Méndez Martinez |, Pinto Prades JL, Sanchez Martinez Fl. El
valor monetario de una vida estadistica en Espafia; Estimacion en el contexto de los accidentes de tra-
fico. Univ Murcia y Univ Pablo Olavide, funded by Dir Gen Trafico. 2011; 1-118.

PLOS ONE | https://doi.org/10.1371/journal.pone.0203693 September 14,2018 14/14


https://www.fundacion-affinity.org/sites/default/files/white-paper-estudio-fundacion-affinity-abandono-adopcion-2016-es.pdf?_ga=2.48208359.175230000.1531133600-266721550.1531133600
https://www.fundacion-affinity.org/sites/default/files/white-paper-estudio-fundacion-affinity-abandono-adopcion-2016-es.pdf?_ga=2.48208359.175230000.1531133600-266721550.1531133600
https://www.fundacion-affinity.org/sites/default/files/white-paper-estudio-fundacion-affinity-abandono-adopcion-2016-es.pdf?_ga=2.48208359.175230000.1531133600-266721550.1531133600
https://doi.org/10.1016/j.jenvman.2010.11.027
http://www.ncbi.nlm.nih.gov/pubmed/21190788
https://doi.org/10.1007/s00267-009-9297-5
http://www.ncbi.nlm.nih.gov/pubmed/19430827
https://doi.org/10.1371/journal.pone.0107713
http://www.ncbi.nlm.nih.gov/pubmed/25251376
https://asanda.org/documentos/animales-domesticos/estadisticas-de-perros-abandonados-en-andalucia
https://asanda.org/documentos/animales-domesticos/estadisticas-de-perros-abandonados-en-andalucia
https://doi.org/10.1371/journal.pone.0203693

