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ABSTRACT

Roads and railways are causing habitat fragmentation, disturbance and direct mortality to all three species of large carnivores in Croatia.  As traffic is becoming faster, quieter and denser, and the number of traffic routes is increasing, so traffic kills are on the increase.  Traffic related mortality in Croatia involved Brown Bear Ursus arctos, Eurasian Lynx Lynx lynx, and Grey Wolf Canis lupus.  During the period 1986-94, 19% (42 of 217) of the total Brown Bear mortality was caused by traffic (as compared with 11% until 1985); 6.6% (10 of 151) of total Eurasian Lynx mortality during the period 1978-95 was due to traffic, and 3.6% (20 of 560) of total Grey Wolf mortality since 1945 resulted from traffic accidents.  Large carnivores in the first year of their life were found to be significantly more vulnerable to such accidents than older individuals, relative to their share in the population (wolves P<0.05 (χ2 = 9.64); bears P<0.05 (χ2 = 5.52); and lynxes P<0.1 (χ2 = 2.91)).  
The main habitat corridor for all three large carnivore species in Croatia was found to be in the central part of Gorski kotar, which is bisected by major road and rail traffic routes.  On the new highway, which is under construction through the area, there will be numerous under- and overpasses, and several green bridges were proposed in order to reduce the impact of traffic on wild animal populations.
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INTRODUCTION

Three species of large carnivores still occur in Croatia.  These are the Brown Bear Ursus arctos, with a population of about 400 individuals, the Eurasian Lynx Lynx lynx with 120 individuals, and the Grey Wolf Canis lupus with 50 individuals.  Brown Bears may still be hunted legally as game in Croatia, but wolves and lynxes are protected by law.  Only the Grey Wolf population had declined in the decade up to 1995 (Frković and Huber 1995).

As road and rail traffic is becoming faster, quieter and denser, and as the number of traffic routes is increasing, so roads and railways are causing habitat fragmentation, disturbance and mortality to all three species of large carnivores in Croatia.  Direct mortality results from collisions with motorized vehicles and indirect mortality is as a result of human factors such as shooting and den disturbance made easier by vehicular access.

Eleven species of mammals were found to be vulnerable to traffic accidents in Germany (Ueckermann 1964), although large carnivores were not involved.  Subsequently, traffic-induced Brown Bear mortality has been documented in Europe (Frkovic et al. 1987 in Croatia, Kaczensky et al. 1996, in Slovenia), and traffic-induced mortality of American Black Bears U. americanus has been reported from Florida, USA (Wooding and Brady 1987) and North Carolina, USA (Warburton et al. 1993).  Huber et al. (1998) have studied the mortality of Brown Bears in Croatia, and this paper describes a larger survey which included all three large carnivores living in Croatia, the Brown Bear, the Grey Wolf, and the Eurasian Lynx. 
During the 40 year period from 1946 to 1985, 281 Brown Bears were killed in Croatia, of which 31 (11%) were killed in traffic accidents, representing 0.78 bears per year (Frkovic et al. 1987).  More recently, (1986 to 1995) traffic-related mortality rose to 19% (42 of 217) of total mortality or 4.2 bears per year (Huber et al., 1988).  This dramatic increase prompted us to study traffic accidents involving all three large carnivores in Croatia in order to determine which main habitat corridors have been interrupted and to propose appropriate mitigation measures.

STUDY AREA

One or more of three species of large predators range across approximately 12,000 km2 (21%) of Croatia (Fig. 1).  Throughout most of that area, all three species occur together.  The region consists of part of the Dinara Mountains, with elevations ranging 0 to 1,700 m.  Forest covers about 60% of the area, and two main roads and railways run through the area from the Croatian capitol Zagreb to the Adriatic Sea.  The main roads in the area carry 15,000 to 33,000 vehicles/day (Fig. 2).

The construction of a new highway, connecting Zagreb and Rijeka, is currently in progress.

METHODS

Records of traffic-related mortality have been collected by Alojzije Frković, for Grey Wolf since 1945, for Brown Bear since 1963 and for Eurasian Lynx since 1978.  These records include the exact site and date of collision, the sex and age of the bear, and the type of vehicle involved in each collision.  Animals were classified as young or adult based on size and appearance, and in addition, since 1981, bears have also been aged by counting the cementum layers on the first premolar tooth root (Stonenberg and Jonkel 1966).  Each known collision site has been inspected and details recorded as described in Huber et al. (1988).

RESULTS AND DISCUSSION

Between 1945 and 1996, at least 20 wolves were killed by traffic in Croatia (Fig. 3).  Most of them died on roads and were less than one year old (Table 1).  From 1978 to 1995, at least 10 Eurasian Lynxes were killed by traffic (Fig. 4), most of which died on roads, were females, and less than one year old (Table 1). Traffic kills comprised 6.6% (10 of 151) of total lynx, and 3.6% (20 of 560) of total recorded wolf mortality. For bears it was 19% (42 of 217) in the period 1986 through 1994.
The main factor influencing the frequency of carnivore – motorized vehicle accidents in Croatia, was found to be the remoteness of the area.  Where traffic routes bisect their ranges, large carnivores usually choose locations as far away as possible from human settlement, preferably where there is forest along both sides of the route, in order to cross.  The broad area in the middle of Gorski kotar, in the western portion of the large carnivore range in Croatia, was found to be the main corridor connecting the eastern Dinarids in Croatia and Bosnia and Herzegovina with the Risnjak National Park and the western end of Dinarids in Slovenia (Fig. 4).  

As a mitigation measure to reduce habitat fragmentation and conflicts with traffic along a highway currently under construction through the main carnivore corridor, we proposed at least six tunnels and/or viaducts in addition to those planned due to topographic reasons.  One artificial tunnel or "green bridge" (100.5 m long) was incorporated into the highway project.  A number of railroad tunnels should also be constructed at critical points.  As Brown Bears feed on a wide range of food items (Cicnjak et al. 1987), we have also recommend removing potential bear food sources from along traffic routes.


Carnivores in their first year of life were found to be significantly more vulnerable to traffic accidents than older individuals, relative to their proportion in the population (wolves P<0.05 (χ2  = 9.64), bears P<0.05 (χ2 = 5.52), and lynxes P<0.1(χ2 = 2.91).  See Frkovic et al. (1992) and Huber and Roth (1993) for population age structure data.

More frequent traffic accidents among younger animals are related to their generally higher mortality and are easier to compensate for at the population level then mortality among sexually mature animals.  At the same time, such accidents act as a selective force favouring the more human-shy individuals, however only among wolves was there evidence of a decreasing trend in fatal traffic accidents (Fig. 3).  The peak of mortality in the 1960s reflected the combination of a high Grey Wolf population at the time with rapid traffic growth on the main roads, whereas the recent low number of wolf traffic accidents merely reflects the low wolf population.

In contrast to the situation among Brown Bears, relatively large numbers of Grey Wolf and Eurasian Lynx also died on local, minor, roads.  This problem is less easily solved by means of artificial tunnels and similar mitigation measures, instead, the closure of certain forest roads and restriction of speed and public acces on certain minor roads seem to be the only feasible solutions.
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FIGURE CAPTIONS

Fig. 1.  Location of Croatia in Europe and the range of large carnivores (shaded) in Croatia.

Fig. 2.  Average daily vehicle traffic during summer on main roads within carnivore range in Croatia.

Fig. 3.  Five-year averages of traffic-caused Grey Wolf mortality in Croatia.

Fig. 4.  The main large carnivore habitat corridor in the western portion of their range in Croatia. 
All lethal accident sites are marked.




Table 1.

Details of traffic accidents involving wolves and lynxes in Croatia



Wolf (n = 20)
Lynx (n = 10)

Places
railway tracks
1

3



road
19

7









Sex
male
11

2



female
8

6



unknown
1

2









Age
subadults
12

7



adults
1

3


