
 

 

 
 
 
 
 
 
 
 
 
 
 

 

MONITORING OF THE 

EFFECTIVENESS OF 

MITIGATION MEASURES 

IN SLOVENIA 

 
 

Action D.2: Evaluation (monitoring) of the 

effectiveness of mitigation measures 

implemented to prevent traffic related 

bear mortality 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
December, 2016 
 
 

 
 
 



 

                                                                                                                                                                            2  
 

 

 

Title of the report: MONITORING OF THE EFFECTIVENESS OF MITIGATION MEASURES IN 
SLOVENIA 

 

Title of the project: LIFE DINALP BEAR (LIFE13 NAT/SI/000550): Population level management 
and conservation of brown bears in northern Dinaric Mountains and the 
Alps 

 

Contract no.:                Slovenia Forest Service, 152/2014 

 ERICo Velenje, P 28-09-14 

 

Name of beneficiary: ERICo Velenje, Ecological Research & Industrial Cooperation Ltd.                                      
  

 

Responsible person:  Samar Al Sayegh PetkovǑŜƪΣ 9wL/ƻ [ǘŘΦ 

 

Authors:  {ŀƳŀǊ !ƭ {ŀȅŜƎƘ tŜǘƪƻǾǑŜƪΣ 9wL/ƻ [ǘŘΦ   

   ½ƻǊŀƴ tŀǾǑŜƪΣ 9wL/ƻ [ǘŘΦ 

                                            .ƻǑǘƧŀƴ tƻƪƻǊƴȅΣ 9wL/ƻ [ǘŘΦ 

                                            Ida Jelenko Turinek, ERICo Ltd. 

 

                            

Head of Department: Klemen Kotnik 

 

 

 

Velenje, 24 December 2016 

                                                                                                              

 

 

                                                                                                             ERICo d.o.o. 

                                                                                                                Director: 

  

                                                                                                        Marko MAVEC, M. Sc. 



 

                                                                                                                                                                            3  
 

 

TABLE OF CONTENTS 

 

1 INTRODUCTION ................................................................................................................... 6 

 

2 MITIGATION MEASURES IMPLEMENTED TO PREVENT TRAFFIC RELATED BEAR 
MORTALITY .................................................................................................................. 7 

2.1 DYNAMIC TRAFFIC SIGNS ALONG THE MAIN ROAD LJUBLJANA ς Yh29±W9 ...................................... 7 

2.2 INSTALATION OF ACUSTIC DETERRENTS ALONG SELECTED RAILWAY SECTIONS .............................. 9 

2.3 INSTALATION OF ACUSTIC DETERRENTS ALONG SELECTED MAIN ROAD SECTIONS ....................... 14 

 

3 MONITORING OF THE EFFECTIVENESS OF MITIGATION MEASURES .................................... 19 

3.1 MEASURING OF THE SPEED OF VEHICLES IN 2015 ........................................................................... 19 

3.2 MEASURING OF THE SPEED OF VEHICLES IN 2016 ........................................................................... 22 

3.3 MONITORING OF WILDLIFE USING CAMERA-TRAPS ........................................................................ 24 

3.3.1 VIDEO SURVEILLANCE IN YEAR 2015 ...................................................................................... 24 

3.3.2 VIDEO SURVEILLANCE IN YEAR 2016 ...................................................................................... 26 

3.4 TRAFFIC RELATED WILDLIFE MORTALITY AT SELECTED MAIN ROAD AND RAILWAY ....................... 38 

 

4 CONCLUSIONS ................................................................................................................... 39 

 

5 REFERENCES ...................................................................................................................... 39 

 
 
 

 

 

 

 

 

 

 

 

 

 



 

                                                                                                                                                                            4  
 

 
CONTENT OF FIGURES 
 
Figure 1: Map of locations of reported brown bear mortality on highways, roads and railways in 

Slovenia for the period 2004 ς нлмп ό!ƭ {ŀȅŜƎƘ tŜǘƪƻǾǑŜƪ Ŝǘ ŀƭΦΣ нлмрŀύΦ ..................................... 6 
Figure 2: Dynamic traffic signs are coupled to sensors (red line), power lines (green line), solar cells 

(yellow rectangle) and traffic signs (triangle). ................................................................................. 7 
Figure 3: Dynamic traffic signs were placed along two sections of the main road Ljubljana ς YƻőŜǾƧŜ 
όŀōƻǾŜΥ hǊǘƴŜƪΤ ōŜƭƻǿΥ WŀǎƴƛŎŀύ όǇƘƻǘƻΥ ½Φ tŀǾǑŜƪΣ 2016). ............................................................. 8 

CƛƎǳǊŜ пΥ ¢ǿƻ ǘȅǇŜǎ ƻŦ ŜƭŜŎǘǊƛŎ ǇƻƭŜǎ ǘƻ ǿƘƛŎƘ ǿŜ ƛƴǎǘŀƭƭŜŘ ŀŎƻǳǎǘƛŎ ŘŜǘŜǊǊŜƴǘǎ όǇƘƻǘƻΥ ½Φ tŀǾǑŜƪΣ 
2015). ............................................................................................................................................... 9 

Figure 5: Installation of acoustic deterrents on electric poles along railway sections (photo: M. 
½ŀƭǳōŜǊǑŜƪΣ нлмрύΦ ......................................................................................................................... 10 

Figure 6: Selected section of the railway Rakek - Postojna with locations of the traffic related bear 
mortality, dates of collisions and sections where acoustic deterrents were placed. ................... 11 

Figure 7: Selected section of the railway Postojna -  Prestranek with locations of the traffic related 
bear mortality, dates of collisions and sections where acoustic deterrents were placed. ........... 12 

Figure 8: Selected section of the railway Postojna ς Prestranek with locations of the traffic related 
bear mortality, dates of collisions and sections where acoustic deterrents were placed. ........... 13 

Figure 9: Acoustic deterrents were installed along the main road Ljubljana ς YƻőŜǾƧŜ (photo: M. 
½ŀƭǳōŜǊǑŜƪΣ нлмсύΦ ......................................................................................................................... 14 

Figure 10: Selected road section along main road Ljubljana ς YƻőŜǾƧŜ όōŜǘǿŜŜƴ hǊǘƴŜƪ ŀƴŘ ¿ƭŜōƛőύΣ 
where acoustic deterrents were installed. .................................................................................... 15 

Figure 11: Selected road section along main road Ljubljana ς YƻőŜǾƧŜ όƴŜŀǊ wŀǑƛŎŀ ŀƴŘ ¢ǳǊƧŀƪύΣ ǿƘŜǊŜ 
acoustic deterrents were installed. ............................................................................................... 16 

Figure 12: Selected road section along main road Ljubljana ς YƻőŜǾƧŜ όWŀǎƴƛŎŀύΣ ǿƘŜǊŜ ŀŎƻǳǎǘƛŎ 
deterrents were installed. ............................................................................................................. 17 

Figure 13: Selected road section along main road Ljubljana ς YƻőŜǾƧŜ όnear Nove Lozine), where 
acoustic deterrents were installed. ............................................................................................... 18 

Figure 14: Map of location of traffic counter and driving direction along the main road Ljubljana ς 
YƻőŜǾƧŜ όWŀǎƴƛŎŀύ ƴŜŀǊ 5ƻƭŜƴja vas. ............................................................................................... 19 

Figure 15:  Location of traffic counter and direction of incoming (to YƻőŜǾƧŜύ and outgoing traffic (to 
Ljubljana). ...................................................................................................................................... 19 

Figure 16: Traffic counter placed on the pole of traffic sign near Dolenja vas (Jasnica). ..................... 20 

Figure 17: Percentages of vehicles which were classified in different speed classes. .......................... 21 
Figure 18: Photos of red deer, brown bear and roe deer, approaching the road sections on which 

dynamic traffic signs were implemented. ..................................................................................... 25 
Figure 19: Meadow near main road at Jasnica, where camera was placed and frequently filmed 

wildlife (arrows indicate sensors in wooden stumps capable to detect large animals approaching 
ǘƘŜ ǊƻŀŘǿŀȅǎύ όŦƻǘƻΥ {Φ !ƭ {ŀȅŜƎƘ tŜǘƪƻǾǑŜƪΣ нлмсύΦ .................................................................... 26 

Figure 20: Images captured by the camera at Jasnica (left) and Ortnek (right) (arrows indicate 
sensors). ........................................................................................................................................ 26 

Figure 21: Data collection from caƳŜǊŀǎ ŀǘ hǊǘƴŜƪ όǇƘƻǘƻΥ {Φ !ƭ {ŀȅŜƎƘ tŜǘƪƻǾǑŜƪΣ нлмсύΦ ............... 29 
Figure 22:  Brown bear filmed at Jasnica on 15 August 2016 and on 4 September 2016. ................... 30 
Figure 23:  Wild boar filmed on 19 August 2016 (above) and European badger (below) filmed on 19 

March 2016 at Jasnica. .................................................................................................................. 31 
Figure 24: Red deer hinds filmed on 16 July 2016 and 20 August 2016 at Jasnica. .............................. 32 
Figure 25: Red deer hinds filmed on 3 August 2016 and 4 August 2016 at Jasnica. ............................. 33 
Figure 26: Red deer hinds with calves filmed on 4  August 2016 at Jasnica. ........................................ 34 
Figure 27: Roe deer filmed on 7 August 2016 and on 18 July 2016 at Jasnica. .................................... 35 
Figure 28: Red fox and marten filmed on 15 August 2018 and 8 April 2016 at Jasnica. ....................... 36 



 

                                                                                                                                                                            5  
 

Figure 29: Roe deer doe with fawn filmed at Ortnek (data on photo are not correct). ....................... 37 

 

 

CONTENT OF TABLES 

Table 1: Characteristics of traffic for both directions (incoming and outgoing). ............................... 20 

Table 2: Characteristics of incoming traffic. .......................................................................................... 21 
Table 3: Characteristics of outgoing traffic. .......................................................................................... 22 
Table 4: Average speed of traffic at Ortnek when dynamic signs were active vs. inactive. ................. 23 
Table 5: Average speed of traffic at Jasnica when dynamic signs were active vs. inactive. ................. 23 
Table 6:  Wildlife filmed during video surveillance at Jasnica between 2 November 2015 and 15 

December 2015. ............................................................................................................................ 24 
Table 7: Wildlife filmed during video surveillance at Ortnek between 2 November 2015 and 15 

December 2015. ............................................................................................................................ 24 
Table 8:  Wildlife filmed during video surveillance at Jasnica in 2016 (17 March 2016 to 16 June 2016; 

13 July 2016 to 12 September 2016). ............................................................................................ 27 
Table 9:  Wildlife filmed during video surveillance at Ortnek in 2016 (17.3. - 16.6.2016; 13.7. - 

12.9.2016)...................................................................................................................................... 29 
Table 10: Traffic related bear mortality at protected section of main road Ljubljana ς YƻőŜǾƧŜ ό!ƭ 
{ŀȅŜƎƘ tŜǘƪƻǾǑŜƪ Ŝǘ ŀƭΦ нлмрΤ h{[L{ύΦ ........................................................................................... 38 

Table 11: Traffic related bear mortality at selected section of railway Rakek - Postojna and Postojna -
tǊŜǎǘǊŀƴŜƪ ό!ƭ {ŀȅŜƎƘ tŜǘƪƻǾǑŜƪ Ŝǘ ŀƭΦΣ нлмрΤ h{[L{ύΦ .................................................................. 38 

 



 

                                                                                                                                                                            6  
 

1 INTRODUCTION 
 
Highways, roads and railways can have negative impacts on bears and many other species of wildlife.   

Bears killed by motor vehicles and trains are a significant part of the total documented bear mortality  

in Slovenia (!ƭ {ŀȅŜƎƘ tŜǘƪƻǾǑŜƪ et al., 2015a; Figure 1). Additionally, bear-vehicle collisions 

represent an important risk to drivers and passengers. Overall, vehicle-related mortality of bears 

represents a risk to long term viability of bear population in Slovenia; moreover; highways represents 

barriers to bear movement and can reduce connectivity of population(s). Therefore, mitigation 

measures were implemented along the main road Ljubljana ς YƻőŜǾƧŜ όƛƴǎǘŀƭƭŀǘƛƻƴ ƻŦ ŘȅƴŀƳƛŎ ǎƛƎƴǎ 

and acoustic deterrents) and along the railway Ljubljana ς Postojna (Rakek) and Postojna - Prestranek 

(installation of acoustic deterrents) to reduce traffic related bear mortality in Slovenia.  

 

With the aim to monitor the effectiveness of mitigation measures along the selected road sections of 

the main road Ljubljana ς YƻőŜǾƧŜ and the selected railway sections between Ljubljana ς Postojna 

(Rakek) and Postojna - Prestranek, the following activities were performed in years 2015 and 2016: (i) 

monitoring of wildlife (including brown bear) in the very close vicinity of dynamics signs with the use 

of camera traps; (ii) measuring the speed of vehicles along the road section between Dolenja vas and 

DƻǊƴƧŜ [ƻȌƛƴŜ όWŀǎƴƛŎŀύ ŀƴŘ ōŜǘǿŜŜƴ hǊǘƴŜƪ ŀƴŘ ¿ƭŜōƛő; and (iii) collecting data regarding traffic 

mortality of brown bear at selected road and railway sections, respectively.    

 

 
Figure 1: Map of locations of reported brown bear mortality on highways, roads and railways in 
Slovenia for the period 2004 ς 2014 (!ƭ {ŀȅŜƎƘ tŜǘƪƻǾǑŜƪ et al., 2015a).  
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2 MITIGATION MEASURES IMPLEMENTED TO PREVENT TRAFFIC RELATED BEAR 
MORTALITY 

 

2.1 DYNAMIC TRAFFIC SIGNS ALONG THE MAIN ROAD LJUBLJANA ς Yh29±W9  

 

Dynamic traffic signs were placed along two sections of the main road Ljubljana ς YƻőŜǾƧŜ (between 

Zgornje Lozine and Dolenja vas (Jasnica) and between Ortnek and ¿ƭŜōƛőύ to alert and slow down 

drivers in order to avoid potential collisions with wildlife, including bears. Dynamic signs are coupled 

to sensors capable to detect large animals approaching to the roadways (see Figure 2). In the case of 

approaching bear (or ungulates), the signs light on and send the message to the driver that an animal 

is approaching the road. Since the sensors are not bear-specific, they provide also higher road-safety 

considering collisions with other large mammals, particularly ungulates.  

 
 

 
 

 
 
Figure 2: Dynamic traffic signs are coupled to sensors (red line), power lines (green line), solar cells 
(yellow rectangle) and traffic signs (triangle).   

JASNICA 

ORTNEK-¿[9.L2 
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Figure 3: Dynamic traffic signs were placed along two sections of the main road Ljubljana ς YƻőŜǾƧŜ 
(above: Ortnek; below: Jasnica) όǇƘƻǘƻΥ ½Φ tŀǾǑŜƪΣ нлм6).   
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2.2 INSTALATION OF ACUSTIC DETERRENTS ALONG SELECTED RAILWAY SECTIONS 
 
Acoustic deterrents were installed on electric poles along the railway sections Rakek ς Postojna and 

Postojna ς Prestranek, where it was stated by field inspection that crossing of wildlife (especially 

brown bear) is possible (see Figures 5, 6, 7). 

 

 
 

 

Figure 4: Two types of electric poles to which we installed acoustic deterrents (photo: Z. 
PŀǾǑŜƪΣ нлмрύΦ   
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Figure 5: Installation of acoustic deterrents on electric poles along railway sections (photo: M. 
½ŀƭǳōŜǊǑŜƪΣ нлмрύΦ   
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Figure 6: Selected section of the railway Rakek - Postojna with locations of the traffic related bear mortality, dates of collisions and sections where acoustic 
deterrents were placed.
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Figure 7: Selected section of the railway Postojna -  Prestranek with locations of the traffic related bear mortality, dates of collisions and sections where 
acoustic deterrents were placed.  
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Figure 8: Selected section of the railway Postojna ς Prestranek with locations of the traffic related bear mortality, dates of collisions and sections where 
acoustic deterrents were placed.  
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2.3 INSTALATION OF ACUSTIC DETERRENTS ALONG SELECTED MAIN ROAD SECTIONS 
 
Acoustic deterrents (ultra- and infrasound emitting electronic devices coupled with sensors activating 

the sound by the approaching vehicle) were installed directly into the roadside trafficators/pillars 

ŀƭƻƴƎ ǘƘŜ ΨōƭŀŎƪ-ǎǇƻǘǎΩ considering bear-vehicle collisions along the main road Ljubljana ς YƻőŜǾƧŜ 

(Figures 10-13). In total, app. 6 km of roads are protected by 240 acoustic deterrents.  

 
 

  

  
 

Figure 9: Acoustic deterrents were installed along the main road Ljubljana ς YƻőŜǾƧŜ (photo: M. 
½ŀƭǳōŜǊǑŜƪΣ нлмсύΦ   

.  
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Figure 10: Selected road section along main road Ljubljana ς YƻőŜǾƧŜ όōŜǘǿŜŜƴ hǊǘƴŜƪ ŀƴŘ ¿ƭŜōƛőύΣ 
where acoustic deterrents were installed. 
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Figure 11: Selected road section along main road Ljubljana ς YƻőŜǾƧŜ όƴŜŀǊ wŀǑƛŎŀ ŀƴŘ ¢ǳǊƧŀƪύΣ ǿƘŜǊŜ ŀŎƻǳǎǘƛŎ ŘŜǘŜǊǊŜƴǘǎ ǿŜǊŜ ƛƴǎǘŀƭƭŜŘΦ 
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Figure 12: Selected road section along main road Ljubljana ς YƻőŜǾƧŜ όWŀǎƴƛŎŀύΣ ǿƘŜǊŜ ŀcoustic deterrents were installed. 
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Figure 13: Selected road section along main road Ljubljana ς YƻőŜǾƧŜ όƴŜŀǊ bƻǾŜ [ƻȊƛƴŜύΣ ǿƘŜǊŜ ŀŎƻǳǎǘƛŎ ŘŜǘŜǊǊŜƴǘǎ ǿŜǊŜ ƛƴǎǘŀƭƭŜŘ. 



 

                                                                                                                                                                            19  
 

3 MONITORING OF THE EFFECTIVENESS OF MITIGATION MEASURES  

3.1 MEASURING OF THE SPEED OF VEHICLES IN 2015  
 
We have measured the speed of vehicles to allow comparison of speed of different type of vehicles 

before installation of dynamic traffic signs and after installation. The measuring device Viacount II or 

traffic counter was placed on the main road Ljubljana - YƻőŜǾƧŜ between the villages Dolenja vas 

and DƻǊƴƧŜ [ƻȌƛƴŜ όWŀǎƴƛŎŀύ in the period between 9 November 2015 (12:00) and 23 November 2015 

(12:00) (before installation of dynamic traffic signs on this road section) (Grebenc, 2015). Driving 

direction and location of measuring device are shown on the map below (see Figures 14, 15).  

 

 
Figure 14: Map of location of traffic counter and driving direction along the main road Ljubljana ς 
YƻőŜǾƧŜ όWŀǎƴƛŎŀύ ƴŜŀǊ 5ƻƭŜƴƧŀ Ǿŀǎ.  

 

 

 

Figure 15:  Location of traffic counter and direction of incoming (to YƻőŜǾƧŜύ and outgoing traffic (to 
Ljubljana) and location of dynamic signs (triangle), which were installed afterwards  

 

Traffic counter 

Traffic counter 

Incoming traffic: 
ǘƻ YƻőŜǾƧŜ 

Outgoing traffic: 
to Ljubljana 










































