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AMPHIBIAN MITIGATION MEASURES IN CENTRAL-EUROPE 

Miklós Puky (tel/fax: 00-36-27-345023, Email: h7949puk@ella.hu), Hungarian Danube Research 
Station of the Institute of Ecology and Botany of the Hungarian Academy of Sciences, 

2131 Göd, Jávorka S. u. 14, Hungary

Abstract: Studies from different continents have proved amphibians to be the most frequently killed vertebrates on 
roads. In Central-Europe their ratio is between 70 and 88 percent. Local populations are known to become extinct or 
genetically isolated, and avoidance is also recognised, especially where the road network is dense and the traffi c is 
intensive. Besides ecological and conservation considerations, amphibian road kills also present a hazard for motorists 
when amphibians migrate in large numbers.

Mitigation measures for amphibians have been applied since the 1960s. In Central-Europe the fi rst amphibian-
related culvert modifi cation occurred at Parassapuszta, Hungary, in 1986. A number of amphibian-oriented 
mitigation measures have been made in the region under roads and motorways since then, especially after 1995. 
The aim of this paper is to describe the main features of these constructions, overview the different designs, and 
make suggestions for their improvement as well as for future amphibian-oriented mitigation measures in general. A 
total of 31 road sections was monitored. Besides amphibian tunnels, game passages and game bridges were also 
investigated. Both the detailed characterisation of the technical solutions and the survey of amphibian populations 
and habitats were included in the methodology.

The investigation of the tunnel systems showed a great diversity, e.g., in tunnel and fence material, their position 
in relation to the road, and connections between them. For economical reasons concrete tunnels were the most 
common. Both circular and square cross-section tunnels were in place. The accessibility of the entrance was a 
possible problem, especially in areas where erosion is considerable. Plastic mesh and concrete fences were both 
applied with a height fl uctuating between 45 and 70cm. Plastic fences are usually fi xed to wooden poles, which need 
to be checked before the migration period starts. However, the advantage of such fencing is fl exibility, which makes 
possible, e.g., the turning back of its ends to prevent amphibians from getting on the road.

Some systems did not work because certain elements (usually fences) were in bad condition. Elsewhere lack of 
maintenance reduced the effi ciency of mitigation measures. Missing elements should be replaced immediately, even 
if the amphibian migration period is over, because other animals, e.g., small mammals, also use these systems.  
The lowest distance between tunnels in amphibian mitigation systems is 40m in the region (Kudowa Zdrój, Poland). 
Usually, amphibian tunnels were placed 50-100m from each other, which is an acceptable distance. In case of 
adequate fencing, game passages and game bridges would also be appropriate for the crossing of amphibians as well 
as reptiles and small mammals, similar to slightly modifi ed existing culverts under high road mortality sections, and 
there would be a need for such conservation improvements at several sites.

As a result of this work, several recommendations on the maintenance of amphibian tunnels and fences were 
also developed. Further cooperation among different agencies and organisations was urged, nationally as well as 
internationally. The improvement of public relation activities on fauna passages also seems to be needed for the 
effective protection of wildlife on roads.

Introduction
Effect of Road Kills on Amphibians

Transportation infrastructure has a many-fold impact on the environment. Road kills are an obvious example 
recognised early on because they also threaten the safety of motorists. Amphibian road kill is a worldwide 
phenomenon due to the bi-phasic amphibian life cycle and the consequent migration among the different 
habitat types that amphibians use. Because of construction considerations, roads are often situated along the 
edge of geographical features that provide different habitats for amphibians, e.g., as winter hibernation sites, 
breeding sites, or summer habitats. As a consequence, a seasonal migration pattern is likely to occur in such 
road sections that run, e.g., between foothills of mountains and fl oodplains, along large lakes or reservoirs, 
etc. (Rybacki 1995). In other cases, roads cut the same habitat, e.g., wetlands, into smaller fragments causing 
road kill problems to be present as long as the animals are active. Though road traffi c can have a considerable 
effect on different animals (see Bambaradeniya et al. 2001, Becker and Canters 1997, Dodd et al. 1989), 
studies from different continents have proved amphibians to be the most frequently killed vertebrates on 
roads (see Ashley and Robinson 1996). Local populations are known to become extinct (Cooke 1995) or 
genetically isolated (Reh 1989, Vos et al. 2001), and avoidance is also recognised (Fahrig et al. 1995, Vos 
& Chardon 1998), especially where the road network is dense and the traffi c is intensive. Besides ecological 
and conservation considerations (general decline of amphibians, protection of International Red Data Book 
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amphibian species, etc.), it also means a hazard for motorists when amphibians migrate in large numbers. 
Mitigation measures for amphibians have been applied since the 1960s, fi rst in Western-Europe. However, 
individual countries can greatly differ as the fi rst amphibian tunnels were created in the 1960s in Switzerland 
and Germany, and in the mid-1980s in the U.K. In the United States the fi rst salamander tunnels were built in 
1987 (Jackson and Tyning 1989).

Geographical Extent of the Study
The present study deals with mitigation measures in Central-Europe, which is an ambiguously applied term 
in politics, economics, etc. Here it is used according to the geography of the continent. The geographical 
centre of Europe is in the Tisza valley in the present Ukraine or, according to another method, in Poland, near 
Bialystok. Investigations presented in this paper were mostly carried out in the western part of the region, also 
called Central-Eastern Europe, because in countries with a less developed economy, e.g., Ukraine, there are 
no amphibian mitigation measures on roads due to fi nancial reasons (Rheshetylo, pers. comm. 2003). Most 
examples in this article are taken from Hungary, Poland, and Slovenia. Mitigation measures in Austria are not 
discussed here.

Knowledge of the Herpetofauna of Central-Europe
Individual Central-European countries greatly differ with regard to what extent the distribution of local 
herpetofauna is known. The Czech Republic has the best-known herpetofauna in the region, having both its 
amphibian and reptile atlas published (Moravec 1994, Mikátová et al. 2001) with detailed descriptions on the 
conservation status and threats of the species, including road-related issues. In other countries, however, such 
information is less detailed, more scattered, but there are important new developments in several of them, 
e.g., the publication of a very detailed and well-illustrated determination key in Slovenia (Veenvliet and Kus 
Veenvliet 2003). 

Importance of Amphibians in Vertebrate Road Kills in Central-Europe
Unrelated to the actual status of herpetological research in the different countries, road kills have been studied 
by Bartoszewicz (1997) and Wolk (1978) in Poland, Denac (2003) in Slovenia, Fenyves (1989) in Hungary, 
and Holisová and Obrtel (1986) in the Czech Republic (Czechoslovakia at the time of publication), proving 
the importance of the topic. The main characteristics of the investigations are presented in table 1. There 
are considerable differences between the individual works. Duration, for example, varied between one day 
(Fenyves 1989) and 10 years (Holisová and Obrtel 1986). However, interestingly enough, more individuals were 
reported from the single day study than from the longest observation due to driving speed differences, part of 
the day studied, and most probably the characteristics of the area, and optimal weather in the single day study 
also expressed by far the highest number of average road-killed individual number per km per survey. The 
length of the monitored road stretch was between 11.3 and 110km (Bartoszewicz 1997 and Fenyves 1989, 
respectively), and the total number of road-killed animals was between 137 and 2,045 (Wolk 1978 and Denac 
2003, respectively), while the number of recorded species or groups was between 21 and 71 (Fenyves 1989 
and Denac 2003, respectively).

Table 1 
Main characteristics of Central-European road kill surveys

     

*In case determination to the species level was impossible higher taxonomical categories (usually genera) are given, which may overlap with listed species.

     

Bartoszewicz
1997

Denac
2003

Fenyves
1989 Holisová & Obrtel 1986 Wolk

1978

Region Western-Poland Central-Slovenia Western-Hungary Eastern-Czech Republic Northeastern-
Poland

Site Slonsk Nature Reserve Ljubljana moor Transdanubia Moravia Bialowieza 
Nature Reserve

Road type highway main road, lower road lower roads motorway, highway, lower roads lower road

Length of monitored road section (km) 11.3 26.1 110 96.5 17

Means of transport bycicle or car bycicle or car bycicle car motorcycle

Speed (km/hr) < 40 < 40 < 25 50-70 30

Study period 8. 1995. - 8. 1996 30. 8. 2000 - 29. 8. 2001 21. 8. 1987 6. 1976 - 6. 1978 
2. 1980 - 8. 1985

13. 5. 1975 
- 24. 9. 1975

Number of surveys 91 85 1 > 580 19
Total number of road-killed animals 
recorded 1,367 2,045 1,117 226 137

No. road-killed species or groups* 52 71 21 23 23

Avarage number of road killed animals 
(individual number/km/survey) 1.329 0.921 10.154 0.004 0.424
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Three investigations extended for at least one complete year (Bartoszewicz 1997, Denac 2003, Holisová and 
Obrtel 1986), providing opportunities to analyse seasonal changes and make more general estimates. Most 
probably due to different sampling strategies biased towards larger animals in the Czech survey due to faster 
driving speeds, that work reported mammals to be the most frequently killed animals on roads. All other 
investigations found amphibians to die in the largest number on roads with a relative frequency between 70.4 
and 88.1 percent in comparison with other vertebrates, as demonstrated in detail in fi gure 1. Because dead 
amphibians have the greatest chance to be missed during vertebrate road-kill surveys (Kline and Swan 1998) 
and they presumably also have a shorter duration on roads than mammals, for example, whose furry skin and 
usually larger size make them visible longer, the actual ratio is probably more shifted towards amphibians (Hels 
and Buchwald 2001). Newts and salamanders especially can be overlooked easily  due to their size and shape 
in spite of their frequent mass migration and road kill (Denac 2003, Evans 1989, pers. obs.).

Fig. 1. Ratio of vertebrate groups in road kills in different Central-European countries.

Approaches to Lessen Amphibian Road Kill in Central-Europe
Amphibian mortality due to traffi c widely occurs in Central- and Eastern-Europe, not only on public roads but 
also on low traffi c routes. At the Gemenc section of the Danube near Szekszárd an estimated 100,000 juvenile 
Bufo viridis were killed in summer 1998 while migrating out from the fl oodplain through a 10-km dike section 
with a traffi c density of less than fi ve cars per hour (Puky 2000). Even in countries where the economical 
situation has made the building of amphibian tunnels impossible so far, several reports and articles deal with 
this issue. In Romania, for example, Török (1996, 1998) monitored several road sections in Dobrogea and 
worked out possible mitigation measures from the temporary closing of a road to a drift fence-tunnel system.

Besides the work of researchers, volunteers also make important contributions towards our knowledge in 
this fi eld. This activity is best utilised in Slovenia in the region where the Center for Mapping Fauna and Flora 
set up a database on amphibian road mortality. As of the year 2000, 988 sites have been listed, which can 
be reached through the Internet (www.ckff.si/DvoCeste/dvoceste.htmwww.ckff.si/DvoCeste/dvoceste.htm). Temporary protective measures 
are introduced by several Polish national parks, using strong plastic material and metal poles produced by 
“King Frog” to set up a fence system (Wisniewski 2001). Buckets are dug into the soil at the fences to trap 
amphibians, which are carried over the roads manually by volunteers in the morning and during the night. In 
Hungary and other countries in the region, the same type of activity is organised instead by NGOs, who have 
patrolled dangerous road sections with or without fencing since 1987 (Puky et al. 1990).

Road-related scientifi c research in the region also resulted in the building of permanent mitigation measures. 
In 1997 a new national programme was launched in Hungary to make a systematic survey of amphibian 
road mortality in the most important natural areas and lessen amphibian road-kill problems there (Simonyi 
et al. 1999). Five surveys have been fi nished in the Danube - Ipoly, Körös - Maros, Balaton Uplands and Bükk 
National Parks (the latter also included the Mátra and the Eastern-Cserhát Landscape Protection Areas) and 
in the Zemplén Landscape Protection Area. In total 1,410km (4.7 percent) of state-managed roads were 
investigated, each section for at least 1.5 years. Each amphibian crossing point was listed and categorised. The 
colour code developed to describe the intensity of the migration and traffi c is seen in table 2. 
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Table 2. 
Colour code developed to describe amphibian road kill characteristics

As a result of the surveys, new amphibian tunnels were built at a site near Ipolydamázsd where not only 
amphibians but also grass snake (Natrix natrix), aesculapian snake (Elaphe longissima), and smooth snake 
(Coronella austriaca) frequently cross the road (Puky and Vogel 2001), and a national database was developed 
for amphibian road kills. Professional expertise is also utilised in Poland, where detailed habitat surveys were 
carried out by international conservationists to determine the most important crossing sites for amphibians 
to provide fi rm scientifi c basis for building mitigation measures on Via Baltica, scheduled for autumn 2003 
(Adrados et al. 2002). 

Aims of Study
As amphibian road kill is exceptionally intensive along several road stretches in Central-Europe, such as the 
8518 road at the southern shore of Lake Fertõ/Neusiedlersee, where more than 100,000 amphibians cross 
roads every year (Kárpáti 1988, Frank et al. 1991), mitigation measures were also applied along several road 
sections in the region. The fi rst amphibian-related culvert modifi cation occurred at Parassapuszta, Hungary, 
in 1986 (Csincsa 1986). It was unsuccessful due to compromises made during the construction, e.g., the low 
(<65 degree) angle of the concrete fence elements directing amphibians towards the culvert; individuals of 
all amphibian species present in the area can climb over them (Puky 1997). As Langton (1989a) established 
at the end of the 1980s, this part of Europe was behind in the  number of amphibian-oriented mitigation 
measures. Since then, amphibian tunnel systems have been built in several Central-European countries 
especially after 1995, even if at present it is restricted to those countries that will join the European Union in 
2004. The aim of this paper is to describe the main features of these constructions in Hungary, Poland, and 
Slovenia; overview the different designs; and make suggestions for their improvement as well as for future 
amphibian-oriented mitigation measures in general.

Sites and Methods

Sampling Sites and Dates
Different mitigation measure types were surveyed. The distribution of the investigated permanent amphibian 
mitigation measures can be seen in fi gure 2. It includes all Hungarian amphibian tunnels built until 2000 both 
by road or conservation authorities, the fi rst Polish amphibian tunnel system opened in spring 2003 and two 
Slovenian sites. Amphibian-specifi c, but temporary amphibian mitigation measures, which are known both 
in Europe and North-America (see, e.g., Ballasina 1989, Linck 2000), together with game passages, game 
bridges, and a viaduct, were also studied. Hungarian mitigation measures were visited at least three times 
between March 26 and August 18, 2000. Several more fi eld trips have been carried out since then at some 
sites. Polish and Slovenian mitigation measures are described on the basis of site visits and expert interviews 
in 2002 and 2003, an article of Baldy (2002), a manuscript of Mleczko-Król (2003), and a report of Adrados et 
al. (2002).

Colour code
Number of migrating 
amphibians

Traffi c density Amphibian road kill Numeric code

red high high great 1.
yellow high medium great 2.
violet low small small 3.
grey low high small 4.
green high small very small 5.
blue medium medium medium 6.
















































































































