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Abstract. Among linear facilities of transportation networks, highways are special because large-scale traffic 
and wildlife-fencing represent nearly total barrier effect for wildlife. Analysis of roadkill data provides 
information that helps to choose proper mitigation measures, both for traffic-safety and ecological aspects. 
Based on the roadkill database of the State Motorway Management Company Ltd., we evaluated data of the 
period between 2002 and 2009 of the Hungarian M3 highway of four selected species that are large enough to 
cause a threat to traffic safety (roe deer (Capreolus capreolus), wild boar (Sus scrofa), Eurasian badger (Meles 
meles) and red fox (Vulpes vulpes)). Our aim was to describe spatial and temporal patterns of wildlife-vehicle 
collisions (WVC) and answer the following two questions: (1) does density influence road-related mortality 
and (2) does the presence of the underpasses influence WVC frequency of respective road sections. Roadkill 
data were summarized two ways: according to borderlines of the Game Management Units around the M3 
highway, and secondly in 500-m- long segments of the highway. We observed the relation and calculated 
correlation between the frequency of WVCs and local density of these species. To do so, we used the National 
Game Management Database as source of estimation data of game populations. We did not find any strong 
and significant correlation between roadkill frequencies and estimated population densities. As a temporal 
evaluation, we analyzed the frequency of WVCs of each month. In each case, apart from the Eurasian badger, 
we found at least one month that differed significantly (p<0.05) from others. Based on our results, we believe 
that frequencies of WVCs are not predominantly determined by local density of the population. The 
importance of underpasses could not be clarified due to their probable relation to different habitat types. 
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Introduction 
 
Although human activity first started to fragment 
nature many centuries ago, increase in density of 
transport infrastructure has been accelerating 
since the beginning of the 20th century. In preced-
ing decades, transportation infrastructure has 
been spreading considerably. This trend is recog-
nized as a trade-off of humans between ecological 
risks (long term) and socio-economical benefits 
(short term) (Findlay & Bourdages 2000), and 
nowadays bears serious conflicts between humans 
and wildlife. 

Ecological risks are realized through the vari-
ous ways of roads’ negative impacts on nature 
(Spellerberg 1998, Clevenger & Waltho 2000, 
Trombulak & Frissell 2000, Forman et al. 2003, 
Iuell 2007). Net habitat loss occurs in case of a road 
construction but – more or less (depending on 
properties of the road) – the following factors also 
occur: barrier- and corridor-effect at the same 
time, road-related mortality and losses, diverse 
disturbance effects and pollution. New roads often 

stimulate the economy of adjacent areas and pro-
vide accesses to areas that were hardly accessible 
before. These infrastructures increase the probabil-
ity of future human pressure on nature, and later 
on, human presence create the need for additional 
transportation infrastructure (Iuell et al. 2003). The 
magic circle closes here and the process starts 
again, causing larger and larger disturbance, pol-
lution, habitat and fauna losses, and fragmenta-
tion on most different ways (Negrea & Pricop 
2009, Rahman et al. 2010, Horváth et al. 2012). 

However, the international scientific use of the 
terms habitat fragmentation, habitat loss, isolation, 
connectivity, etc., are very diverse and confusing, 
and so to be clarified (Fahrig 2003), the worldwide 
expanding transportation network has recently 
been recognized as one of the most serious threats 
to biodiversity. 

Thanks to their sad spectacle the best known 
negative effects of transportation infrastructure on 
nature are probably the so-called wildlife-vehicle 
collisions (WVC), or roadkills. In numerous stud-
ies, road-related mortality was found as one of the 
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most important mortality sources (Clarke et al. 
1998, Ferreras et al. 1992, Huijser & Bergers 2000, 
Taylor et al. 2002), but its scale strongly depends 
on characteristics of respective roads and the spe-
cies involved (Bissonette & Adair 2008). 

Not only the wildlife but the traffic safety and 
the travellers are also threatened by WVCs. In 
these terms, reducing road-related mortality is not 
only a biological conservation aim, but also a basic 
interest of traffic safety. Several methods and tools 
– with different successes – have been established 
(for instance: active and passive warning signs 
and speed limits for the drivers (Pojar et al. 1975), 
protective fencing (McCollister & Van Manen 
2010), warning lights, sounds, and reflectors 
(D'Angelo et al 2006, VerCauteren et al. 2006, Ed-
gar et al. 2007, Ward et al. 2008), over- and under-
passes, road-level crossings (Clevenger & Waltho 
2000), reducing herd size (Sullivan & Messmer 
2003)) that are supposed to decrease the probabil-
ity of WVCs. However, no single method guaran-
tees total elimination of roadkills, but the most ef-
fective single method is protective fencing (For-
man et al. 2003, Hedlund et al. 2003, Magnus 2006, 
Pokorny 2006). Protective fencing serves only to 
exclude wildlife from the road surface. Thus, 
combining single tools are the way to not only 
reach higher traffic safety but decrease ecological 
consequences of roads (Groot-Bruinderink & 
Hazebroek 1996, Clevenger & Waltho 2000, 
Putman 1997, Hedlund et al. 2003, Dodd et al. 
2004, Mata et al. 2008, Woltz et al. 2008). 

Among linear facilities of the transportation 
networks, highways have special significance be-
cause large-scale traffic and continuous protective 
fencing represent nearly a total barrier to wildlife 
(European highways are commonly fenced). Ac-
cording to the rules of classical mechanics the high 
speed on highways makes roadkills dangerous. 
Three tasks fulfil traffic safety and mitigation on 
highways. Exclusion, getting through, and getting 
out must be secured at the same time (Groot-
Bruinderink & Hazebroek 1996, Iuell et al. 2003, 
Forman 2003, Trocmé et al. 2003, Iuell 2007, 
Clevenger & Lloyd 2008, Gunson et al. 2011). 

There is a huge and fast extending literature 
dealing with roadkill hotspot analysis, and with 
the influencing factors of roadkill occurrences pat-
terns, frequencies (Taylor et al. 2002, Clevenger et 
al. 2003, Jaarsma et al. 2006, Ford & Fahrig 2007, 
Coelho et al. 2008, Smith-Patten & Patten 2008, 
Grilo et al. 2009, Hurley et al. 2009, Barthelmess & 
Brooks 2010, Carvalho & Mira 2010, Gunson et al. 

2012). It is really important to know the influenc-
ing factors of WVCs much better, as choosing 
proper mitigation measures – both for traffic-
safety and ecological aspects – is only possible 
based on good-working predictive models (re-
viewed in Gunson et al. 2011). 

The basic analyses of WVC patterns of Hun-
garian highways are to date still lacking, but ex-
pansion of the motorway-net continues. Without 
these analysis-results, decision makers are not able 
to determine proper mitigation measures. As men-
tioned, our first aim was to explore the spatial and 
temporal WVC patterns of our study area. 

The idea to achieve lower roadkill level 
through reducing the size of the surrounding 
populations occurs time after time (Sullivan & 
Messmer 2003, Hedlund et al. 2003), and the in-
volved wildlife managers are often treated as 
causes of the WVCs (because they keep up „too 
large herd sizes”). This argument is more plausi-
ble in case of lower-rank roads, national and coun-
try roads. Numerous studies suggest that the most 
permanent and most reliable way to reduce traffic-
related mortality and WVCs is the combination of 
crossing structures and protective fencing (Groot-
Bruinderink & Hazebroek 1996, Putman 1997, 
Clevenger & Waltho 2000, Dodd et al. 2004, Mata 
et al. 2008, Woltz et al. 2008). It especially applies 
to high-speed roads. 

Consequently, we tested the impact of the sur-
rounding wildlife population density, and of the 
wildlife passage’s presence on WVC frequencies. 
We did not test the influence of the protective 
fencing, as the entire study site was fenced. Our 
hypotheses were: (1) WVC frequency does not 
correlate the population density; and (2) lower 
amount of WVCs occur on road sections where 
wildlife passages are established. Besides spatial 
surveying, we evaluated temporal patterns and 
pointed out our most important biological and 
methodological findings. 

 
 

Materials and methods 
 

Study area 
Our study was conducted on the Hungarian M3 highway. 
The first 70 km of the M3 was finished already in 1983. In 
1998, the M3 reached Füzesabony at the 114th km. In 2002, 
2004 and 2006, another three new-built sections were 
opened to the public. Since 2007 the M3 highway has 
joined Budapest and Nyíregyháza. Actually, the actual 
highway starts at the point of the 10+120th m (i.e., 120th m 
after the 10th km, counted from the zero in Budapest) and 
finishes at the 233+289th m. On these 223 km, the speed 



F. Markolt et al. 
 

416

limit is 130 km/hour. There are also two traffic lanes, aux-
iliary lanes and one hard shoulder (emergency lane). The 
M3 is one of the most important motorways of Hungary, 
a part of the so called “Vth,” or “Trieste-Venice-Ljubljana-
Maribor-Budapest-Uzhhorod-Lviv-Kiev” Pan European 
transition corridor, and so it has a remarkable role in the 
East-West transportation. Until Füzesabony (114th km), its 
traffic is over 20,000 vehicles per day; between Füze-
sabony and Polgár (114th-176th km) it is between 8,000 and 
20,000 vehicles per day; then until Görbeháza more than 
20,000 vehicles per day; and from Görbeháza till Nyíre-
gyháza again between 8,000 and 20,000 vehicles per day. 

The highway is located primarily along the frontier 
of the Great Hungarian Plain and the Northern Medium 
Mountains of Hungary. The first part of the M3 is hilly, 
whilst on the second part a plain landscape dominates. 
Besides two forested areas on the Eastern and the West-
ern sides of Gödöllő on the first 50-60 km, the M3 is 
densely surrounded by settlements. Further on, the road 
is bordered mainly by agricultural fields. The M3 inter-
sects a few forests and wetland areas, and also the Tisza 
River. 

On the section built before 1983, there are not any 
wildlife passages. Between the 80th and the 234th kilome-
tres, 10 different wildlife underpasses are located (on the 
82nd, 91st, 111th, 144th, 146th, 166th, 189th 191th, 197th, 212th, 
kilometres, respectively. Mean distance: 16.3 km, 1SD: 
10.33 km). All of these underpasses were designed to be 
suitable at least to roe deer’s needs, as none is lower than 
3 meters. Four of the passages are 10 metres wide, two be-
tween 14 and 18 metres, and width of the remaining four 
passes is more than 23 metres. Most of them are com-
bined with watercourse crossings. According tocurrent 
Hungarian standards, the whole M3 is surrounded by 
protective fencing. 
 

Methods 
For our study we used primarily the official roadkill da-
tabase of the Állami Autópálya Kezelő Zrt. (State Motor-
way Management Company Ltd.). We evaluated data of 
the period between 2002 and 2009. The database contains 
the following data about the respective roadkill: road 
number, exact place on the highway (in the form of kilo-
meters+mertes), side of the highway (from Budapest to 
Nyíregyháza: right side, from Nyíregyháza to Budapest: 
left side), lane where the carcass was found (traffic lane-1, 
traffic lane-2, traffic lane-3, traffic lane-4, acceleration 
lane, deceleration lane, hard shoulder, merge lane, etc.), 
species, amount, date (year-month-day, hour: minutes), 
name of the road, and responsible road management of-
fice. The database contains casualty data not only of the 
motorway itself but of the interchanging road sections, as 
well. Data of the interchanges were excluded. We did not 
evaluate all animal species of the database. We excluded 
birds and bats because of their flying ability (and so influ-
encing factors of their roadkill patterns might be entirely 
different), small mammals, domestic species and game 
species that are hardly recognizable (e.g. “wild cat”). 
There were no data on golden jackal (Canis aureus Lin-
naeus, 1758) WVCs, but literature suggests that golden 
jackal is already settled in Hungary. Furthermore, its 

spreading shows invasive characteristic (Szabó et al. 2009, 
Tóth et al. 2009, Arnold et al. 2012). We chose to analyze 
data of four selected game species large enough to cause 
serious threat to traffic safety. These were the following: 
roe deer (Capreolus capreolus Linnaeus, 1758), wild boar 
(Sus scrofa Linnaeus, 1758), Eurasian badger (Meles meles 
Linnaeus, 1758), and red fox (Vulpes vulpes Linnaeus, 
1758). The population density estimation data were de-
rived from the National Game Management Database. 

We had two main but different approaches for spa-
tial summary of the traffic losses relative to spatial 
benchmarks. In the first case, we looked on the Game 
Management Units that surround the observed 223 km 
long road. The highway from the 11th km (since the first 
GMU starts there) till its 234th km was considered in this 
approach. We split up the motorway according to border-
lines of the mentioned Management Units (both on left 
and right side of the highway). Then, the estimated popu-
lation density data of the GMU’s were applied to the ap-
propriate adjacent road sections. This way each assessed 
road section got exactly two population estimation data 
per year, one from the left and the other from the right 
side, which were aggregated into one representative 
(arithmetic mean). Data of wildlife casualties were sum-
marized within each segment, for each year. Due to un-
equal length of different road segments, a relative road-
kill number was also needed to count. With relative road-
kills, we were able to test correlation between those and 
the estimated population density with Spearman’s rank 
correlation. A factor called “underpass” was also imple-
mented. Parts of the M3 highway that were built before 
2002 do not include wildlife passes. Newer highway sec-
tions were constructed under the obligation of establish-
ing such mitigation measures. The factor “underpass” has 
a value of “yes” if the respective road section is on the 
newly created part of the M3 and “no” if it takes place 
within the stretch was built earlier – without any wildlife 
passage. We used Mann-Whitney U test to determine the 
influence of underpasses on relative roadkill. 

The second approach was based on the idea to keep 
WVC data in integer form and to deal with comparatively 
sized spatial benchmarks (lengths). Doing so the whole 
M3 highway was divided into 500 meters long segments 
respectively to the “milestones”. The segments are named 
by their middle point, e.g., the section between the 10+000 
and 10+500 is named by 10+250. Roadkill data were 
summarized within these segments for each year per spe-
cies. Only data of entire years were included. Conse-
quently, incomplete data (e.g., year 2002 for the section 
between 114th and 234th km) were excluded. 

We distinguished the number of the carcasses (num-
ber of roadkills) and the “getting in” –events (GIE). When 
more WVCs were found at exactly the same place, on the 
same day, at the same time, we defined them as the same 
(one) (GIE) (since those individuals probably got through 
the fencing together, at the same time). However, they 
represented more than one roadkill. 

The underpass-factor was implemented here, as well, 
the same way as before. Setting the population estimation 
data to 500 metres segments was more difficult than in 
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the first approach, as the estimation data are derived from 
the GMUs. If one or more GMU-borderlines cut through a 
500-meters segment, the typical value was computed by 
using arithmetic mean, weighted by length of the differ-
ent GMU-M3 intersections. 

For testing of the previously written variables, a 
Generalized Linear Mixed Model was built. Its response 
variable was the summarized roadkill numbers per 500-m 
long segment for each year (integer). “Underpass” and 
“species” were factors, with two and four levels, respec-
tively. The estimated game densities played a role of a 
covariate in the model. The effect of years was handled as 
random effect. Possible interactions between each vari-
able were included in the model. 

For temporal evaluation, we investigated trends 
caused by time (years, months) of the roadkill and GIE 
frequency. We analyzed frequency of roadkills of each 
month. To identify the difference of the monthly roadkill 
frequencies, a Kruskal-Wallis test with Dunn’s post-hoc 
test were run. 

For the evaluations, Microsoft Office Excel and Ac-
cess 2007©, SPSS Statistics 17.0©, GraphPad InStat 3.05© 
and R 2.12© were used. 

 
 

Results 
 
From 2002 until the end of 2009, 1554 roadkilled 
individuals of the investigated four species were 
found on the Hungarian M3 highway. This 
amount derives from 1522 GIEs, which means 
1.021 roadkill/GIE (see details in Table 1). The 
only species in which the roadkill/GIE rate re-
markably differs from other species is the wild 
boar (1.456 roadkill/GIE). 

 

Spatial patterns 
The correlation between estimated game density 
and relative roadkill was significant exclusively in 
the case of wild boar (rho = 0.24, S = 3288526, p << 
0.0001). Correlations were not significant for roe 
deer (rho = 0.04, S = 4062695, p = 0.4863), Euro-
pean badger (rho = -0.03, S = 2353978, p = 0.5947), 
and red fox (rho = 0.10, S = 2055462, p = 0.1364). 

There was no significant difference in WVC 
levels (summarized roadkill data) of highway sec-
tions with and without underpasses (Mann-
Whitney U test: W = 161372, p = 0.1972). Roe deer 
and wild boar roadkill levels are significantly 
lower with underpasses than without (Mann-
Whitney U test: roe deer: W = 11284, p = 0.0024; 
wild boar: W = 11629, p << 0.0001). The WVC pat-
terns of European badger did not seemed to be af-
fected by the presence or absence of underpasses 
(Mann-Whitney U- test: European badger: W = 
9479, p = 0.6897). In case of the red fox we found 
strongly significant difference between the sec-

tions with and without underpasses (Mann-
Whitney U test: red fox: W = 7000, p = 0.0001), but 
interestingly with underpasses higher roadkill 
numbers were characteristic (min: 0.0000, 1st Qu.: 
0.4762, median: 0.9108, mean: 1.0038, 3rd Qu.: 
1.4170, max: 3.6730), than without (min: 0.0000, 1st 
Qu.: 0.3172, median: 0.5406 mean: 0.6823, 3rd Qu.: 
0.9418, max: 3.4830). 

The output of the second approach's model 
can be seen in the Table 2. F(spec) means the spe-
cies-factor, f(upass) is the underpass-factor, den-
sity means the estimated population density of the 
respective species (covariate). Interactions are 
marked with “:”, on the two sides of this sign are 
the variables that are involved to the interaction. 

As a part of the model diagnostics, the 
Shapiro-Wilk normality test with a random sam-
ple of 5000 records of the model’s residuals were 
taken. Shapiro-Wilk normality test of the residu-
als: W = 0.3365, p << 0.0001, considered extremely 
significant, so the residuals are not normal-
distributed. The homogeneity of the variances is 
not certified. 

 

Temporal patterns 
First, we compared GIE patterns of the years. The 
trend of the summarized GIEs and roadkills of the 
four observed game species starts to rise since 
2002 (where the minimum lies with 109 GIEs) and 
after a steady growth it reaches its peak in 2007 
(309 GIEs). After the peak, the trend begins de-
creasing; in 2008 226 and in 2009 only 196 GIEs are 
noticed. The general view of annual frequency 
changes only slightly if we weight the GIEs by the 
respective highway expansion length: the GIEs’ 
minimum shifts to 2003 (minimum: 75.3, maxi-
mum: 176.6, mean: 106.5 (1SD: 32.93)) from 2002, 
but the general trend stays the same. However, 
this trend is strongly ruled by the yearly rela-
tively-overrepresented species. In our case, this 
overrepresented species is the red fox, since it 
gives in average the 82.8% of the summarized 
yearly GIEs (but minimum 77.7%). See Fig. 1. 

We could not determine any clear common 
trend, which equally would apply for all of the in-
vestigated species, although some similarities 
could be recognised. The highest number of GIEs 
is to be found between 2006 and 2008 at each four 
game species. Roe deer in 2008 (18; which repre-
sents 20% of all roe deer GIEs), wild boar in 2007 
(12; it represents the 21% of all wild boar GIEs), 
badger in 2006 (30 GIEs; 26%) and red fox in 2007 
(254 GIEs; 21%) reaches the highest GIE levels. 
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Table 1.  Roadkills (carcasses) and getting-in events with the average annually GIEs  
on the Hungarian M3 highway (net length: 223 km, 2002-2009). 

 

carcasses GIE carcasses GIE 
species 

[pcs.] [pcs./100km/year, 1SD] 
roe deer 91 91 5.1 (1SD: 2.69) 5.1 (1SD: 2.69) 

wild boar 83 57 4.7 (1SD: 2.42) 3.2 (1SD: 1.18) 
E. badger 117 117 6.6 (1SD: 5.18) 6.6 (1SD: 5.18) 

red fox 1263 1257 70.8 (1SD: 24.36) 70.5 (1SD: 24.30) 
sum 1554 1522 87.1 (1SD: 30.68) 85.3 (1SD: 30.85) 

 
 

Table 2.  Summary results of the GLMM. 
 

Generalized linear mixed model fit by the Laplace approximation 
AIC BIC logLik deviance  
4396 4519 -2181 4362  

Random effects:     
Groups Name Variance Std.Dev.  

Year (Intercept) 0.0801 0.28303  
Number of obs.: 10195, groups: year, 8 

     

Fixed effects: Estimate Std. Error z value Pr(>|z|) 
(Intercept) -3.24530 0.32946 -9.851 <<0.0001 *** 
f(spec)r deer -0.90524 0.59973 -1.509 0.13119 
f(spec)fox 1.93775 0.33237 5.830 <<0.0001 *** 
f(spec)w boar -0.24740 0.40382 -0.613 0.54010 
f(u pass)yes 0.65127 0.36743 1.772 0.07631 . 
density 0.31467 0.55437 0.568 0.57029 
f(spec)r deer:f(u pass)yes -0.77949 0.74994 -1.039 0.29862 
f(spec)fox:f(u pass)yes -0.31369 0.39546 -0.793 0.42765 
f(spec)w boar:f(u pass)yes -3.57180 0.76896 -4.645 <<0.0001 *** 
f(spec)r deer:density -0.04463 0.57585 -0.078 0.93822 
f(spec)fox:density -0.11626 0.56891 -0.204 0.83807 
f(spec)w boar:density 0.43345 0.57353 0.756 0.44979 
f(u pass)yes:density -3.64149 1.15201 -3.161 0.00157 ** 
f(spec)r deer:f(u pass)yes:density 3.48142 1.16773 2.981 0.00287 ** 
f(spec)fox:f(u pass)yes:density 3.52944 1.16609 3.027 0.00247 ** 
f(spec)w boar:f(u pass)yes:density 10.80316 2.08914 5.171 <<0.0001 *** 

 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
 
The monthly comparison gave many interest-

ing results. The summary of monthly GIE’s (Table 
3) shows two peaks of the yearly cycle of roadkills; 
the first is in spring (roe deer and partly badger), 
the second in autumn (wild boar and red fox). 

The statistical analysis of monthly GIEs sup-
ported this pattern in the case of the roe deer, 
(Kruskal-Wallis H test: 29.9853, df = 11, p = 
0.0016), the wild boar (Kruskal-Wallis H test: 
36.961, df = 11, p = 0.0001), and the red fox 
(Kruskal-Wallis H test: 50.5948, df = 11, p << 
0.0001), but in the case of the badger the difference 
between the monthly GIEs was not significant 
(Kruskal-Wallis H-Test: 18.3573, df = 11, p = 
0.0737). The monthly number of GIEs and road-
kills of wild boar are very different. Thus, we 
counted the monthly roadkill pattern of wild boar 
(Kruskal-Wallis H test: = 37.2423,  df = 11,  p =  

0.0001). Results are seen in Figs. 2-5. 
 
 

Discussion 
 
There are no data about the overall yearly WVC 
numbers of Hungarian roads. According to the da-
tabase of the State Motorway Management Com-
pany Ltd (which contains data of highways man-
aged by that company – most of the Hungarian 
highways), an average 276.1 (1SD: 66.35, mini-
mum: 198.3, maximum: 388.4 individu-
als/100km/year, based on data between 2000 and 
2009) roadkilled animal is registered each year. 
Approximately one third of these animals (95.4, 
1SD: 30.66, minimum: 42.3, maximum: 131.8 indi-
viduals/100km/year, based on data between 2000 
and 2009) are from the following  large  and mid- 
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Figure 1.  Absolute and relative number of GIEs per species per years and their proportion  
to each other (mean of "sum": 108.5 (1SD: 32.03). M3 highway, 2002-2009). 

 
 

Table 3.  Monthly distribution of WVCs between 2002 and 2009 on the M3 highway. 
 

roe deer wild boar Eurasian badger red fox month / 
species GIEs % GIEs % GIEs % GIEs % 
January 3 3.3% 0 0.0% 3 2.9% 84 6.7% 

February 2 2.2% 0 0.0% 9 8.8% 66 5.2% 
March 3 3.3% 0 0.0% 22 17.6% 54 4.3% 
April 17 18.7% 0 0.0% 15 9.8% 42 3.3% 
May 39 42.9% 7 12.3% 18 16.7% 45 3.6% 
June 9 9.9% 9 15.8% 12 10.8% 54 4.3% 
July 6 6.6% 6 10.5% 8 5.9% 80 6.3% 

August 2 2.2% 5 8.8% 13 10.8% 114 9.0% 
September 2 2.2% 12 21.1% 4 3.9% 219 17.3% 

October 2 2.2% 8 14.0% 7 6.9% 266 21.1% 
November 5 5.5% 8 14.0% 3 2.9% 151 12.0% 
December 1 1.1% 2 3.5% 3 2.9% 88 7.0% 

sum 91 100% 57 100% 117 100% 1263 100% 
 
 

 
 

Figure 2.  Monthly frequencies of roe deer GIEs  
on the M3 Highway, Hungary (2002-2009). 
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Figure 3.  Monthly frequencies of wild boar roadkills  
on the M3 Highway, Hungary (2002-2009). 

 
 

 
 

Figure 4.  Monthly frequencies of wild boar GIEs  
on the M3 Highway, Hungary (2002-2009). 

 
 

dle-sized mammal wildlife species: Eurasian 
badger, Eurasian otter (Lutra lutra Linnaeus, 1758), 
European hare (Lepus europaeus Pallas, 1778), mar-
ten species (Martes foina Erxleben, 1777, Martes 
martes Linnaeus, 1758), polecat species (Mustela 
eversmanii Lesson, 1827, Mustela putorius Linnaeus, 
1758), red deer (Cervus elaphus Linnaeus, 1758), red 
fox, roe deer, and wild boar. 

From 2002 until the end of 2009, 1554 road-
killed individuals of roe deer, wild boar, Eurasian 
badger, and red fox were found on the Hungarian 
M3 highway. This amount derives of 1522 GIEs, or 

1.021 roadkill/GIE. More than 80% of all roadkills 
involved the red fox, whilst badger, roe deer, and 
wild boar composed 7.5%, 5.9% and 5.3% of road-
kills, respectively. 

There were 13 times more red fox WVCs than 
roe deer, nearly 15 times more than wild boar, and 
over 10 times more than Eurasian badger. How-
ever, roe deer has the highest average density 
within our experimental area (3.09 individu-
als/km2), nearly five times higher than the red fox  
(0.65 individuals/km2), over 10 times denser than 
badger  (0.30 individuals/km2),  and more than 13 
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Figure 5.  Monthly frequencies of red fox GIEs  
on the M3 Highway, Hungary (2002-2009). 

 
 

times denser than the wild boar (0.23 individu-
als/km2). 

Barthelmess & Brooks (2010) found much 
lower level of red fox roadkill (mean = 0.05 
(1SD: 0.03) individuals/week: mean = 2.6 (1SD: 
1.56) individuals/year), but that study site is 
hardly comparable with ours, mainly because of 
differing road types and lack of protective fencing. 
At a more similar study site, Grilo et al. (2009) 
found 20 roadkilled red fox and 5 roadkilled 
badger individuals/100km/year on the investi-
gated highway and national road sections (al-
though national roads were only partly fenced). In 
our results, we find 7.1 roadkills/100km/year of 
European badger (which are resulted by mean = 6 
(1SD: 4.9) GIEs/100km/year), and 70.8 (1SD: 
24.36) roadkills/100km/year for red fox, which 
are derivied from a mean = 70.5 (1SD: 24.30) 
GIEs/100km/year. This is a remarkable difference 
between the study results. 

The high proportion of the red fox, the only 
predator of the four, might be very strange in light 
of the expert literature. More studies found the 
general trend that predators were victimized less 
than herbivores, omnivores, or than predicted by 
their presence (Ford & Fahrig 2007, Barthelmess & 
Brooks 2010), contrary to our findings. Ford & 
Fahrig (2007) explains the lower roadkill rate of 
carnivores with the relation and non-relation to 
vagility and density: cited expert literature shows 
that omnivores and herbivores (at a function of 
same body sizes) are less vagile than carnivores. 
Consequently, Ford & Fahrig (2007) conclude that 

population density affects roadkill much more 
than vagility. This statement does not apply to our 
data and results. We believe that roadkill frequen-
cies on highways are rather related to vagility and 
specific behavioral characteristics than to the den-
sity of the surrounding populations. 

 

Spatial patterns 
The estimated population density of the four cho-
sen mammal species did not show any strong and 
significant correlation with the relative roadkill 
number. Only the wild boar showed an extremely 
significant but weak correlation (rho = 0.24, S = 
3288526, p << 0.0001)) between the two variables. 
Our first hypothesis looks to be supported by 
these results, but still there might be factors that 
can change or interact with these results. We be-
lieve that without wildlife fencing and crossing 
structures the density might be an influencing 
variable of WVCs but with well-functioning wild-
life-fencing and crossing structures the influence 
must almost disappear. If a WVC frequency of a 
fenced highway shows strong correlation with the 
population density, it might refer to losses in fenc-
ing-functionality. 

Roe deer and wild boar had significantly 
lower roadkill rates on highway sections that con-
tained underpasses. Though we cannot fully sup-
port our second hypothesis in general, since red 
fox roadkill rates were significantly higher on 
highway sections with underpasses and WVC rate 
of the Eurasian badger do not seem to be affected 
by the fact whether or not the respective road sec-
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tion was planned and built with an underpass. We 
do not find these results surprising. Our field ex-
periences suggest that red fox and European 
badger can easily find a way through the fencing 
at small diggings (Fig. 6). This phenomenon is – of 
course – only possible in case of a badly designed 
and/or improperly managed fencing. On the other 
hand it explains why not we have found any de-
pendencies in their roadkill patterns to wildlife 
crossings (underpasses). 

The question is: if red fox and European 
badger are getting through the fencing so easily, 
how is it possible that we do not get any depend-
encies of their WVCs on estimated density? To 
properly answer these questions multivariate 
models may help. 

The results of our second-approach model did 
not show significant impact of density, and the 
underpass factor is also almost significant. There is 
an extreme significant difference in roadkill num-
bers of the species-factor in case of the European 
badger and the red fox. The next result is similar 
to that we got from the Mann-Whitney U Test: On 
the roads with underpasses in case of the wild 
boar, a lower WVC-level is predictable. It means 
for the wild boar that the underpass has an ex-
treme significant species-specific impact on road-
kill frequency, as discussed above. The interaction 
between the underpass-factor and density proved 
highly significant. The following two interactions 
were significant on p<0.01 level, the third interac-
tion on 0.001 level. These interactions are suggest-
ing quite surprising result for roe deer, red fox and 

European badger: species-factor, underpass-factor, 
and density together (their interaction) increases 
the number of roadkills. Grilo et al. (2009) had the 
same result and discussed this phenomenon. They 
suggested that their crossing structures were sig-
nificantly related to presence of favorable habitats. 
Thus, it was not the crossing structures themselves 
that were moderating the roadkill patterns, but 
rather the proximity of suitable habitats disposed 
animals to vehicle collisions. This reverse thinking 
might also apply to our results. This might explain 
the wild boar’s strong relation to underpasses. In 
this sense our results mean that the underpasses 
were rather built on such habitats, which are suit-
able for roe deer, red fox, and especially wild boar. 
This would be a validation of properly chosen un-
derpass site, or minimum properly chosen area. 

 

Temporal patterns 
Between 2002 and 2007, roadkills of the four inves-
tigated species rose almost 300% (109 GIEs in 2002, 
309 GIEs in 2007), but there was no clear overall 
trend for the whole time interval of the study. The 
yearly pattern is mainly formed by the red fox, as 
this species gives the majority, 81.3% of the road-
kill data, but other species also have their roadkill 
peak around 2007: the roe deer in 2008 (18; which 
represents 20% of all roe deer GIEs), wild boar in 
2007  (12; it represents the 21% of all wild boar 
GIEs), badger in 2006 (30 GIEs; 26%) and red fox 
in  2007  (254 GIEs; 21%). We do not  have any ex-
planatory variable that shows why 2007 was the 
most frequented year of roadkills,  but following a  

 

 
 

Figure 6.  Red fox (Vulpes vulpes) passes – not below – but through the fencing.  
13.9.2008. M3 Highway, 31st km, Gödöllő. 
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new study (Carvalho & Mira 2010), we can specu-
late that the lack of water increased movement in-
tensity and scale, inasmuch as 2007 was the hottest 
of the last 100 years in Hungary. 

Monthly patterns of WVCs show the well 
known two-peaked distribution-shape (Grilo et al. 
2009), and in the case of European badger is a 
three-peaked shape (Davies et al. 1987). In this 
study, there was no significant difference among 
monthly roadkills of European badger (Kruskal-
Wallis H test: 18.3573, df = 11, p = 0.07365), but in 
an earlier study that included all of the Hungarian 
highways, significantly higher roadkill frequencies 
occurred in March, April, and May than in De-
cember or January (Markolt et al. 2010). Besides 
Eurasian badger, all other species (roe deer, wild 
boar and red fox) show significant differences 
among their monthly roadkill frequencies. 

Roe deer GIEs (in case of the roe deer it is 
technically equal with roe deer WVCs) occur more 
in May than in February, August, September, Oc-
tober, or December. This coincides with behav-
ioural parameters in May, i.e. territory fights. It 
seems the attention of roe deer changes in May, 
not only in terms of traffic-related mortality in-
creases, but also other “attention-related” mortali-
ties. Peris & Morales (2004) report the highest 
amount of roe deer are drawn into a deep concrete 
canal in May, showing very similar monthly mor-
tality distribution that we found. It supports the 
opinion that roe deer is expressly vulnerable in the 
period of the territory fights. 

The WVC data of the wild boar showed ex-
tremely large standard errors that almost pre-
cluded comparisons. We find it very surprising, 
especially in the context of the large standard er-
rors in other months, that January, February, 
March, and April are entirely without any wild 
boar WVC (it applies to the whole M3, between 
2002 till 2009). Consequently these four months 
are the basis of the significance (p<0.05): January, 
February, March, and April are differing of Sep-
tember (which showed a small standard error). 
We expected smaller errors when comparing GIE 
frequencies in place of WVCs (Fig. 3 and Fig. 4, re-
spectively), as GIE frequencies and WVC frequen-
cies are remarkably different in case of the wild 
boar, but the trends were exactly the same. The 
highest traffic-related mortality in September can 
be caused by several factors. One may think an-
thropogenic changes in the landscapes (harvest-
ing) that induce higher activity in finding new 
feeding and sheltering sites. Others suggest it mat-

ing begins. The exact reasons demand further on-
site investigations. 

The monthly GIE distribution of red fox shows 
definite differences among several months. The 
peak is in September and October, which are sig-
nificantly (p<0.05) higher than March and June, 
and are highly significantly (p<0.01) more than in 
April and May. Grilo et al. (2009) found that 
young-feeding red fox parents were most vulner-
able to road-related mortality. According to our 
result, we cannot conclude this. Probably the late-
spring, early-summer WVCs predominantly con-
sist of young-feeding red fox parents, but our pat-
terns show much higher WVC frequency in Sep-
tember and October. High road-related mortality 
of this period can be explained by dispersal. Look-
ing for new sites increases risk, and new sites 
might include unknown dangers (e.g., highly traf-
ficked roads). We suggest that, based on the re-
sults more than 8 years’ data, September and Oc-
tober are the most vulnerable months for red foxes 
in Hungary in terms of traffic-related mortality. 

Basic knowledge is lacking about the influenc-
ing factors of WVC spatial patterns on Hungarian 
highways. Our field experiences suggest that ani-
mals are able to access the highways not only at 
interchanges (exit and entrance ramps), but 
through several possible types of fencing errors 
(improper installation, improper management, an-
thropogenic damages (cuts), digging under, water-
erosion, etc.), as underlined by Bond & Jones 
(2008). There is a need to clarify the role of the 
aforementioned factors in order to choose proper 
mitigation measures. 
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