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Abstract. The number of wildlife-vehicle collisions (WVCs) is growing in countries with dense road
networks. By temporal analysis of WVCs on Hungarian highways and railways, we aim to answer the
following questions: 1) how did the number of WVCs change over the last decade on highways and railways,
2) what combination of road, weather and population related temporal factors produced these trends, 3) was
there any relationship between the trends of WVCs occurring on the two transport corridors? Therefore, the
influence of road (traffic, speed), weather (snow-cover, temperature, precipitation) and population related
variables (harvest, estimated population size) on railway and highway WVCs was tested; in addition the
study examines the WVC-statistics of several game species (roe deer, red deer, wild boar, red fox)
simultaneously. The train collisions are given more emphasis than road collisions because this type of data
and their analyses are mostly absent in the literature. A strong relation was found between railway and
highway WVCs (R2=0.83; p=0.0001). Among weather factors only the mean annual temperature correlated
positively with the number of WVCs. According to our results the population related variables alone did not
explain the rising WVC-trends - apart from the wild boar-train collisions. A probable explanation for this is
that the population related variables do not characterize the real population sizes adequately, and other
factors such as the traffic and the speed of vehicles had a strong effect on WVCs, which obscure the exact role
of population sizes.
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Introduction

The number of wildlife-vehicle collisions (WVCs)
is constantly growing in countries with dense road
networks, causing serious traffic safety, social-
economic, conservation and wildlife management
problems (Bruinderink & Hazebroek 1996,
Putman 1997, Seiler & Helldin 2005, Huijser et al.
2008). In Europe, excluding Russia, even two dec-
ades ago an estimated 507,000 ungulate-vehicle
accidents (Bruinderink &
Hazebroek 1996), bringing road infrastructure as
the leading cause of vertebrate mortality (Forman
& Alexander 1998). The increase in WVCs is partly
due to the range expansion and to the increase of
the population size of big game species such as the
moose (Alces alces), red deer (Cervus elaphus), roe
deer (Capreolus capreolus) and wild boar (Sus scrofa)
in most parts of Europe because of habitat
changes, extermination of top predators, game
management (e.g. supplementary feeding), as well
as climate change (Saez-Royuela & Tellerila 1986,
Jedrzejewska et al. 1997, Coté et al. 2004, Milner et
al. 2006, Burbaite & Cséanyi 2009). For example, be-
tween 1984 and the early 2000s, the reported roe
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deer numbers increased from 6.2 to 9.5 million in
Europe (Burbaité & Csanyi 2009). In Hungary be-

tween 1960 and 2005 the reported red deer popu-
lation showed a 5-fold increase and the harvest in-
creased from 3800 to 43,000, while the reported roe
deer population increased also 5-fold. At the same
time the reported wild boar population increased
gradually from 8300 to >90,000, harvests were
steadily increasing from 3900 to >89,000 (Csanyi &
Lehoczki 2010). However, even in areas where
population of game species did not change to such
an extent, the number of WVCs has jumped an or-
der of magnitude (Oosenbrug et al. 1991, Bru-
inderink & Hazebroek 1996, Seiler 2004, Geisser &
Reyer 2005, Bal¢iauskas 2009, Langbein et al. 2011,
Sullivan 2011), letting us think that additional fac-
tors such as the large increase in volume of traffic
over recent decades and various climatic factors
might play a role.

Not only did the game population increase,
but the road and rail traffic also rose in recent
years. Between 1997 and 2006 the freight traffic on
railways increased by 66% worldwide and by 46%
in Europe (Fig. 1) whereas the increase in rail traf-
fic occurred mostly in the Eastern European coun-
tries. Passenger transport on railways stagnated or
declined in Western Europe, while in Eastern
Europe the railway not only kept its popularity
but the number of km increased. The highway
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traffic also increased steadily in recent decades, al-
though in Eastern Europe the significant increase
occurred typically only after regime change (1989
in Hungary). Over the decade 1999-2008 the vol-
ume of road transport increased in Europe: for
road freight transport by over 30% and for pas-
senger car transport by over 10%. In respect to the
EU-27 states, the index of inland freight transport
grew by 22%, but by 70% in Hungary (Eurostat
2011).

The adverse effects of linear transportation in-
frastructures on wildlife has long been known,
and were addressed as early as the 1920s and
1930s by Stoner (1925) and Dreyer (1935). The af-
fect of railways on wildlife, in contrast to the pub-
lic roads, were given less attention. The likely rea-
son for the lower number of studies on railways
effects on wildlife could be that these WVCs have
weaker consequences in term of human safety
than road accidents. In addition, WVCs do not
cause major damage to locomotives; WVCs mostly
cause only considerable delays in the schedule.
The impact of railways on wildlife has received lit-
tle study, and few data are available with regard
to small terrestrial animals (but see Hazelwood
1970, Trewhella & Harris 1990, Vos et al. 2001).
However, train traffic must be considered as an
important factor causing mortality and fragmenta-
tion similar to that of public roads (Havlin 1987,
Paquet & Callaghan 1996, Leiva & Palacios 1997,
Van der Grift & Kuijsters 1998, Wells et al. 1999).
Child et al. (1991) reported that in Canada moose-
train collisions could cause up to 35% mortality
among the local moose populations. In the Banff
National Park (Canada), between 1985 and 1995,
an average of 9-11% of the black bears were killed
by trains and cars each year (Gibeau & Heuer
1996). In a study by Gibeau & Herrero (1998) a ra-
dio-collared female grizzly was struck and killed
by a train.

By means of temporal analysis of WVCs on
Hungarian motor- and railways, we aim to answer
the following questions: 1) how did the number of
WVCs change in the last decade on highways and
railways, 2) what combination of road, weather
and population related temporal factors led to
these trends, 3) was there any relationship be-
tween the trends of WVCs occurring on the two
transport corridors? Parallel examination of trends
of accidents occurring on these two corridors is
unique to this study. Therefore, the influences of
road (traffic, speed), weather (snow-cover, tem-
perature, precipitation) and population related
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variables (harvest, estimated population size) on
railway and highway WVCs were tested; in addi-
tional the study examines the WVC-statistics of
several game species (roe deer, red deer, wild
boar, red fox Vulpes vulpes) simultaneously.

In our paper train collisions are given more
emphasis than road collisions because this type of
data and their analysis are mostly absent in the lit-
erature.

Material and methods

Road network

Since 2000, the highway network in Hungary was ex-
tended from 517 km to 1314 km long. At this time wildlife
casualty data were first collected, therefore datasets of 11
years were analyzed in our study. WVC data from these
roads were provided by the Hungarian State Motorway
Management Co. (SMMC). The average daily traffic is
high on this road network, 25,000-37,000 vehicles/day
(SMMC personal communication). In Hungary ‘high-
ways’ are major roads consisting of dual carriageway
with at least 2 lanes separated by a median plus an emer-
gency lane in each direction. Due to traffic safety consid-
erations, highways are only allowed to be built if they are
lined with fence. In 72% of the highways the fence is 2.5
m high; in 28% it is 1.6-1.8 m. The posted speed limit is
130 km/h and is restricted to 100 and 110 km/h in certain
areas.

Railway network
Over the past decade the railway network of Hungarian

Railways Co. (MAV) was reduced from 7530 km to 7424
km, but the traffic, particularly the freight transport (see
Fig. 1) and the speed of trains (see Fig. 3) increased sig-
nificantly.

Data

In this study the red fox WVCs on highways, red deer
WVCs on railways, roe deer and wild boar WVCs on both
networks were included. MAV only records the incidents
threatening transport safety, explaining why there so few
data on small animals killed on railways in contrast to
highways. Determination of species is exact because in all
cases the competent hunter society has to remove the car-
cass and write a report.

SMMC operates a high level service with local engi-
neering bureaus, continuous road inspection and video
surveillance systems. Twice a day at regular time inter-
vals the road inspectors check the roads and among other
things, record the location of WVC sites with an accuracy
of 1 m using road section identifier software running on
Pocket PC with GPS. They also go out to all reported ac-
cidents.

Long-term data from the Hungarian Game Manage-
ment Database, managed by the Department of Wildlife
Biology and Management of the Szent Istvan University
(Csanyi et al. 2011) were used. It contains population and
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bag size data on game species and their predators from
1961 onwards (Csanyi et al. 2010). The population size es-
timation is based on the bag size, the experience of the
previous years and on the game damage.

Climatic data comes from Hungarian Meteorological
Service, www.met.hu. Hungary is situated in transition of
3 climatic zones: the oceanic, the continental and the
Mediterranean. For a shorter or longer period of time any
of these types can become prevailing. The annual mean
temperature in most parts of the country is between 10
and 11°C. The annual precipitation amount is 500-750
mm, but there are remarkable differences between differ-
ent regions. The yearly average number of days with
snow is less than 40 in the low-land regions and up to 120
days in the mountainous regions of Hungary.

Statistical analysis
For each species, we built a model to evaluate reasons for

the total number of WVCs per year. The regression be-
tween the numbers of WVCs/year on the two transport
corridors was also examined. Dependent variables with
regard to the interval of 2000-2010, highway, railway,
population and weather related independent variables
are listed and defined in Table 1, where minimum, maxi-
mum and mean values are also given.

Statistical analysis was carried out by forward step-
wise linear regression. Standardized regression coeffi-
cients (Beta) and R2-change were calculated. The magni-
tude of Beta coefficients allowed us to compare the rela-
tive contribution of each independent variable (Table 1) in
the prediction of the dependent variable. The change in
the R2 statistic is produced by adding or deleting an inde-
pendent variable. If the R2-change associated with a vari-
able is large, that means that the variable is a good predic-
tor of the dependent variable. Level of significance was
0.05. All statistical analysis was performed with STATIS-
TICA 8.0 (StatSoft Inc. 2007).

Results

Totals of 537 and 101 specimens of the examined
species were killed annually on highways and on
railways respectively, with regard to the last dec-
ade. The relative proportion of species among the
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Figure 1. Rail freight transport in Europe
and Hungary between 1997-2010 (data
source: International Union of Railways,
www.uic.org; no European data avail-
able for 1999 and 2000).
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killed animals on highways and railways, and
their proportion in the population size estimation
are shown in Fig. 2. On highways the red fox
WVCs were the most frequent, while for railways
reports of collisions with red deer were most
common, bearing in mind that on railways inci-
dents with foxes were not recorded by MAV.
However, according to the population size estima-
tion the most frequent game species in Hungary
was the roe deer.

Global models using all variables but popula-
tion related ones were constructed to evaluate re-
lations to the annual number of all WVCs. In case
of railway WVCs, the mean speed of freight trains
and the annual mean temperature (MEAN_T_Y)
gave significant Betas (Table 2 and Fig. 3). In the
highway model, also the MEAN_T_Y and the
number of cars in operation changed proportion-
ally with the number of WVCs; a strong regression
was also found between railway and highway
WVCs (R2=0.83; p=0.0001).

Separate models were then constructed for
each species, where population variables were al-
ready included. Between 2000 and 2010 the num-
ber of wild boar WVCs increased nearly 11-fold on
railways, while the estimated population size in-
creased 1.4-fold (Fig. 4). On highways the 1.4-fold
traffic increase together with the 1.4-fold popula-
tion size increase generated a 3-fold rising in the
number of WVCs. There was a significant relation-
ship between the number of railway and highway
fatalities (R?>=0.74; p=0.01). Similar numbers of
wild boar WVCs happened on both networks
while the length of network varies considerably.
Highway WVCs positively correlated with car and
truck traffic and with the mean summer tempera-
ture but negatively correlated with annual rainfall;
railway WVCs appeared to be related to the speed
of passenger trains, to the tonne-km and to the es-
timated population size (Table 2).
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Table 1. Abbreviations, definition and description of the variables used in the modeling.

Dependent variables Definition

Min-Max (Mean)

SUM_WVC_HWAY
SUM_WVC_RWAY

Annual number of WVCs on highways!*
Annual no. of WVCs on railways#*

210-855 (537)
24-182 (101)

ROED_RWAY
ROED_HWAY
BOAR_RWAY
BOAR_HWAY
FOX_HWAY

REDD_RWAY

Annual no. of roe deer kills on railways 4
Annual no. of roe deer kills on highways!
Annual no. of wild boar kills on railways*
Annual no. of wild boar kills on highways!
Annual no. of red fox kills on highways!
Annual no. of red deer kills on railways*

235 (172)
33-77 (52.8)
3-45 (15.4)
2-43 (172)
178-753 (467)
4-116 (60)

Independent variables
Highway related variables

CAR_TRAFFIC
TRUCK_TRAFFIC
SUM_TRAFFIC
NU_CARS
HWAY_LENGHT

Annual mean daily (a.m.d.) traffic of cars (1,000)!
A.m.d. traffic of trucks (1,000)!

A.m.d. traffic of all vehicle categories (1,000)!
No. of cars in operation (millions)?

Length of highways managed by SMMC (km)!

14.4-17.2 (15.7)
2.7-48 (3.9)
18.8-24.8 (22.4)
2331 (28)
571-1314 (863)

Railway related variables

PASS_KM Passenger-kilometer (millions)a3 5.3-7.4 (6.5)
TONNE_KM Tonne-kilometre (1000 millions)b:3 6.6-8.5 (7.5)
NU_PASS Number of scheduled passenger trains (10,000)* 96.1-111.2 (104.6)
NU_ FREIGHT Number of scheduled freight trains (10,000)* 13.2-23.7 (20.5)
SPEED_FREIGHT Mean speed of freight trains (km/h)4 28.6-42.2
SPEED_PASS Mean speed of passenger trains (km/h) 4 45.8-52.9
Game populations

FOX_EST Red fox estimated population size (2004-2010) (1,000) 62.1-78.3 (69.7)
FOX_HARV Red fox harvest (1,000) 55-72 (61.7)
BOAR_EST Wild boar estimated pop. size (1,000) 76.1-106.7(86.3)
BOAR_ HARV Wild boar harvest (1,000) 64-112 (88.4)
REDD_EST Red deer estimated pop. size (1,000) 69.2-92.6 (81.1)
REDD_ HARV Red deer harvest (1,000) 28.9-43.2 (37.1)
ROED_EST Roe deer estimated pop. size (10,000) 29.4-36.6 (32.4)
ROED_HARV Roe deer harvest (1,000) 53-90 (78.8)
Weather®

SNOW Mean snow-cover (cm) 2.3-21.2 (10.7)
MEAN_T_Y Mean temperature of the year (°C) 9.9-12 (11)
MEAN_T_W Mean temperature of winter (°C) -1-4.1 (1.3)
MEAN_T_SP Mean temperature of spring (°C) 10.3-13.3 (11.6)
MEAN_T_SU Mean temperature of summer (°C) 20-22.6 (21.1)
MEAN_T_AU Mean temperature of autumn (°C) 9.6-12.3 (11)
PRECIP_Y Annual amount of precipitation (mm) 445-959 (632.7)

*: the examined species only; a: Unit of measure representing the transport of one rail passenger by rail over a distance
of one kilometer; b: The transport of one tonne of freight (1000 kg) across the distance of one kilometer. !: Data sup-
plied by SMMC; 2 Hungarian Central Statistical Office (www.ksh.hu); 3: International Union of Railways
(www.uic.org); 4 Data supplied by MAV; 5: Csanyi et al. (2011); ¢: Hungarian Meteorological Service (www.met.hu).

During the last decade the annual number of
roe deer WVCs increased nearly 9-fold on rail-
ways and 2.5-fold on highways, while the esti-
mated population size changed only 1.2-fold (Fig.
4). On both transport corridors the number of
cases continuously rose with a small decline in
2005 until the peak in 2007 and then stagnated.
There was a significant relationship between the
number of railway and highway fatalities
(R2=0.79; p=0.002), but they were not correlated
with population size. On highways the number of

cars in operation and the annual mean tempera-
ture, on railways the speed of freight trains and
the annual mean temperature showed positive
correlations (Table 2).

We had sufficient data in case of red deer only
for railways, on which the speed of freight trains
and the number of scheduled passenger trains
were the determinative parameters, but the con-
tribution of this latter to R2 is negligible (R2
change: 0.06) compared to the contribution of
speed (R? change: 0.88). There was no regression
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Figure 2. Relative estimated population
size (1) and percentage of sampled wild-
life species (2: railway WVCs, 3: high-
way WVCs).

Table 2. Result of regression analysis. See the abbreviations in Table 1.

Dependent variables Independent var. Beta SEofBeta p-level R2change p-level
WVCs on railways SPEED_FREIGHT 0.56 0.20 0.032 0.874 0.000
MEAN_T_Y 0.30 0.11 0.029 0.058 0.043
WVCs on highways NU_CARS 0.78 0.09 0.000 0.763 0.001
MEAN_T_Y 0.44 0.09 0.002 0.182 0.002
Wild boar kills on highways = TRUCK_TRAFFIC 0.64 0.10 0.003 0.465 0.030
PRECIP_Y -0.42 0.08 0.005 0.390 0.003
MEAN_T_SU 0.55 0.07 0.002 0.085 0.026
NU_CARS 0.36 0.08 0.011 0.047 0.008
Wild boar kills on railways ~ NU_FREIGHT 1.39 0.11 0.000 0.712 0.002
TONNE_KM 0.82 0.09 0.000 0.169 0.016
BOAR_EST 0.70 0.12 0.001 0.101 0.001
Roe deer kills on highways ~ NU_CARS 1.82 0.50 0.011 0.485 0.025
MEAN_T_Y 0.46 0.15 0.020 0.253 0.035
TRUCK_TRAFFIC -1.27 0.49 0.042 0.138 0.042
Roe deer kills on railways SPEED_FREIGHT 0.57 0.18 0.02 0.64 0.005
MEAN_T_Y 0.48 0.18 0.03 0.17 0.03
Red deer kills on railways SPEED_FREIGHT 1.58 0.24 0.001 0.892 0.000
NU_PASS 0.50 0.10 0.004 0.067 0.007
MEAN_T_SU 0.16 0.05 0.020 0.014 0.102
TONNE_KM -0.52 0.18 0.036 0.009 0.135
SPEED_PASS -0.34 0.16 0.089 0.009 0.089
Red fox kills on highways TRUCK_TRAFFIC 0.92 0.16 0.001 0.675 0.004
MEAN_T_Y 046 0.12 0.009 0.207 0.010

with estimated population size, but when these
indicated a decline in 2006, the number of WVCs
(Table 2). It peaked at 100-120
cases/year after an enormous, 7.3-fold growth
(Fig. 5).

Red fox WVC data were available only from
highways and their frequency was related with
truck traffic and with the annual mean tempera-
ture. Over the studied period the number of fox
VWCs increased 4.2-fold while the estimated
population size increased only by 1.3-fold. The
number of accidents peaked in 2007, and thereaf-

increased

ter decreased constantly (Fig. 5). The shooting cull
also dropped considerably in 2010 which may in-
dicate that the population size fell significantly as
a similar decline also showed in WVCs, in contrast
to the estimated population size.

Discussion
Observed trends

Over the studied period, most species suffered
from a dramatic increase of WVCs on the main
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transport corridors of Hungary. But this rapid
growth is not unprecedented: In South Belgium
(Wallonia) the WVCs increased by 50% for badger,
by 193% for red deer, 242% for roe deer, 194% for
wild boar and 52% for red fox between 2003-2010

REDD_KILL and FOX_KILL) (further abbreviations: E5= *105).

(Morelle et al. 2013). In Switzerland wild boar
WVCs produced a 9-fold increase over a period of
10 years (Geisser & Reyer 2005). Seiler (2004)
showed that during three decades roe deer kills
increased 30-fold in Sweden, and moose kills 6.6-
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fold. However, for such a level of increase in
WVCs often several decades are needed. In the
Netherlands, over the past 20 years, roe deer-
vehicle accidents rose 10-fold (Bruinderink &
Hazebroek 1996); in Norway the annual harvest of
red deer increased 8.8-fold in 30 years, while the
WVCs changed twice as much during the same
period (Mysterud 2004). On the Hungarian rail-
ways 10 years was enough to reach a similar vol-
ume. This enormous growth occurred while nei-
ther the length of railways nor the traffic increased
so dramatically. In the United States the number
of reported animal-vehicle collisions increased by
approximately 50 percent from less than 200,000
per year in 1990 to a height of approximately
300,000 per year in 2004 (Huijser et al. 2008).
Probably the number of cases leapt here earlier or
the rise was more gradual. However, their study
estimates that there can be between one and two
million collisions between vehicles and large ani-
mals in the US every year.

Abiotic factors affecting the trends

Our results imply that population size, traffic,
speed of vehicles and weather are factors standing
in the background of the observed trends but the
relevance of different factors differs between spe-

cies.

Speed and traffic
The speed of freight trains was selected by linear

regression analysis in all of the railway models,
suggesting this factor has a primary role in in-
crease of WVCs. During the studied last decade
the mean speed of these trains increased by 47%
(from 28 to 42 km/h), which had a multiple effect
on WVCs. Bertwistle (2001) reported that the
speed limit of trains moderated from 90 to 70
km/h reduced the WVCs in case of several spe-
cies. On the other hand, Becker & Grauvogel
(1991) did not find relevant change when the
speed of trains was reduced from 79 to 40 km/h
on moose kill hot spots. According to our results
the decreasing railway traffic had no detected ef-
fect on railway WVCs.

Similar relationship between the speed and
WVC could not be established in case of the high-
ways, because no available data could be reached
on the mean speed of vehicles driving on high-
ways. However, Holl6 (2003) demonstrated that
the indicator of road accidents outside built-up ar-
eas increased in 2001 when the speed limit was in-
creased overall in Hungary by 10 km/h. Highway
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traffic also increased in Hungary; including the
truck traffic which contributed most to WVCs be-
coming more frequent. According to Oosenbrug et
al. (1991) and Belant (1995) the traffic determines
the number of WVCs, but results from Gleason &
Jenks (1993), Madsen et al. (2002), Mysterud (2004)
and Sullivan (2011) suggested these factors have
no particular importance. Moreover, in Switzer-
land the number of wild boar WVCs decreased
from the 1970s to the mid-1980s, while the traffic
increased continuously from 1973 (Geisser &
Reyer 2005).

Climate

The mean annual temperature was positively cor-
related with the number of WVCs we recorded in
Hungary. Probably the population size was also
affected by temperature but it could also affect the
drivers’ attention and the animals’ behavior. Geis-
ser and Reyer (2005) demonstrated that wild boar
population increases correlated with higher than
average winter and spring temperatures. Accord-
ing to Dussault et al. (2006) high temperature and
air pressure heighten the risk of WVC. By contrast,
Andersen et al. (1991) and Gundersen et al. (1998)
revealed that lower winter temperature increased
the risk of WVC, and below 0°C daily temperature
the risk actually increased 5.5-fold. Mysterud
(2004) did not find any relationship between win-
ter climate and red deer WVCs; by his results the
rise in game population density was found to lead
to more accidents. The role of snow cover cannot
be detected in our datasets, probably because most
of the WVCs did not occur in winter and not in
SNOWY years.

The role of population density in WVC-trends
According to our results the population related
variables alone did not explain the rising WVC-
trends - except in the case of wild boar-train colli-
sions. A probable explanation for this is that the
population related variables used do not charac-
terize the real population sizes adequately, and
other factors such as the traffic and the speed of
vehicles had a strong effect on WVCs that obscure
the actual determinative role of population sizes.
Several papers have addressed the relationship be-
tween population size and WVCs. Oosenbrug et
al. (1991) and Gundersen et al. (1998) found a
weaker, while McCaffery (1973), Mysterud (2004)
and Seiler (2004) a stronger relationship between
them.

It could be observed from our datasets that the
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WVCs started to change earlier than the estimated
population sizes. Trends were usually similar
across species but no correlation was found, while
the annual number of railway and highways
WVCs correlated well. This indicates that the same
factors determined significantly the trend of these
two variables. We believe that the common factor
is the population density (and of course the
weather), but this conclusion also raises questions.
What can be the reason for the lack of regression
between WVCs and population sizes? 1) The
population estimations are based on the compul-
sory data supplied by hunters and their reports
are not accurate enough, and the bag size is also
determined by regulations; so due to these the es-
timators might not reflect the population density
well; 2) WVC-statistics can be more sensitive and
provide more details of population fluctuations
than the estimators based on hunting statistics.
However, the WVC-trends are also influenced by
abiotic factors - like traffic, weather and speed -,
which is why we found fast multiplications, so
they are not suitable per se for estimating the
population sizes of game species. However, after a
calibration, we obtained a considerably accurate
tool to indicate population fluctuations of game
species as was revealed by McCaffery (1973),
Baker et al. (2004), Saeki & Macdonald (2004).
WVC datasets combined with hunting statistics
provide facilities for more precise population size
estimation. According to George et al. (2011)
nearly 60% of the deviance in the live rabbit den-
sity index could be explained using only rabbit
road casualty, land class group and traffic flow
data. In Tasmania, eastern barred bandicoot
(Perameles gunnii) road casualty numbers have
been calibrated by using population data that was
obtained from live trapping grids in fields adja-
cent to the roads surveyed (Mallick et al. 1998).
WVCs may provide an index of trends over a lar-
ger (i.e. regional) scale. Incorporating the length of
each road category in each region in the spatial
model improved the variance explained to 81% in
the study of Baker et al. (2004).

Differences between highway and railway WVCs

The rate of traffic flow on high- and railways is of
a different nature. While on highways the traffic is
almost continuous, on railways there are longer
traffic-free periods when the passage is free and
safe for the animals. The most obvious difference

between WVCs on the two transport corridors ap-
peared in the proportion of animals killed there.

T. Cserkész & ]. Farkas

On railways the most frequent casualties involved
the red deer while on highway no red deer kills
were reported. A possible explanation could be
that in Hungary the highways are lined with
fences, which red deer usually cannot get through,
and the low number of cases indicates that the red
deer did not enter the highways at interchanges ei-
ther where most of the WVCs occur (Cserkész et
al. 2013). It is questionable why the red deer leads
railway WVC-statistics when the estimated num-
ber of roe deer is at least 3-times higher. This may
also have behavior reasons besides the lack of
fences. According to Bubenik (1998) the accidents
are inevitable because deer cannot conceptualize
moving objects; otherwise it could easily escape
from a load train because red deer can run up to
55 km/h (Whitaker, 1996). It is also typical that the
headlights of the train blind the deer and hypno-
tize it (Child 1983). Moose and bears use railway
tracks to migrate, especially in snowy winters, and
they often try to escape also on the railway and
sometimes they jump away from the train too late
(Kaczensky et al. 2003). The escape is particularly
difficult where the rail is bordered by dense forest
or it runs in a steep gorge (Child et al. 1991). Pre-
sumably, these are the behavior reasons why the
red deer leads railway WVCs statistics, but it is
also very likely, so it cannot be ignored that the
collisions with smaller wildlife, even the roe deer,
are relatively under-reported.

Several studies also confirm that seeds scat-
tered from wagons attract the animals - ungulates,
bears - to the railway tracks (Gibeau & Herrero
1998, Waller & Servheen 1999). The carcasses of
road killed animals are consumed by scavengers
who thereby are themselves also exposed to
higher risk. In Canada scavenging was considered
as a major cause of predator kill on railways
(Wells et al. 1999).

On highways the red fox WVCs are the most
common. The density of this species is probably
higher than is indicated by the population estima-
tors and foxes get through any fence gaps most
easily and most frequently. Another contributing
factor is that foxes, similarly to other scavengers
go onto the right-of-way to feed on smaller road-
kill. The complete lack of data on fox-train colli-
sions is due to the fact that these accidents do not
cause damage to trains. (On railways only the in-
cidents threatening transport safety are recorded
and those which cause the train to stop so the
schedule is concerned.) On the other hand, fox can
more efficiently escape from the approaching
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train. During the 10 years not a single fox kill was
recorded on railways but there are more data on
dogs (e.g. 8 in 2010) suggesting that if a large
number of fox kills occurred, it would have a trace
in the database. Of course a larger dog can cause
significant damage for the train or the casualties
with dogs occur mostly in settlements, so that they
are more likely to be reported than the casualties
with foxes.

Conclusions

Our study revealed new evidence for the growing
number of wildlife-vehicle collisions in a country
with dense road networks. A strong relationship
was found between railway and highway WVCs
and we also demonstrated that the mean annual
temperature correlated positively with the number
of WVCs. Nevertheless other factors such as the
traffic and the speed of vehicles had a strong effect
on them which obscured the real determinative
role of population sizes.

WVC is a serious and becoming more serious
problem in many parts of the world. Comprehen-
sive and complex mitigation measures are needed
and not “placebo solutions” such as placing deer
reflectors along the right-of-way or whistles on
vehicles, and definitely it is inevitable to reduce
the population sizes kept artificially high in case of
the game species.
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