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Abstract

:

Road development, traffic intensification, and collisions with wildlife represent a danger both for road safety and species conservation. For planners, deciding which mitigation methods to apply is often problematic. Through a kernel density estimate, we analyzed 715 crossing locations and wildlife–vehicle collisions (WVCs) involving brown bears, lynx, wolf, red deer, roe deer, and wild boar in the Southeastern Carpathian Mountains. We identified 25 WVC hotspots, of which eight require urgent mitigation of existing infrastructure. Moreover, many of these hotspots are in Natura 2000 sites, along road sections where vegetation is in close proximity, animal movement is the highest, and driver visibility is low. Our study is the first in Romania to recommend practical solutions to remediate WVC hotspots and benefit sustainable landscape management.
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1. Introduction


Natural populations and habitats are affected by roads in numerous ways, such as wildlife–vehicle collisions (WVCs), gene flow restrictions, and decreased landscape connectivity [1,2], especially in combination with habitat loss and land-use changes [3]. The frequency of wildlife–vehicle collisions is likely to increase as road networks and traffic volume continue to expand [4,5]. Moreover, species diversity and abundance near roads decrease with increasing traffic volume [6,7].



Many studies over time found that WVCs were not random but spatially clustered [8,9], and their probability was mainly predicated on accident datasets [10,11], wildlife movement data [12], expert opinion, literature-based model [13], or landscape-based approaches for delineating hotspots [14]. Other methods have applied clustering approaches [15,16] or assessed roads based on segments of equal length, with WVC data aggregated later [17,18].



Recent techniques have used fatality-based habitat identification and characterization [19], whereas kernel density estimation (KDE) remains the conventional spatial element for hotspot clustering [16,20,21]. Important causes of WVCs were identified in previous studies, such as road characteristics, traffic volume, visibility, and intersections [11,22,23]. Nevertheless, the driving forces behind mitigation efforts were human safety and economics [20,21].



Given the existing tools and methods, new infrastructure could benefit from spatial mapping, connectivity models, and explicit guidelines [22], so that road administrators can implement long-term cost-effective mitigation measures with multiple benefits [23]. Identifying wildlife road-crossings and wildlife–vehicle collisions hotspots should become priority preventive measures [4,24]. If an area is of high importance for wildlife crossing and a collision hotspot, that is where mitigation efforts should begin [25,26].



Some of Europe’s highest populations of large carnivores, namely brown bear (Ursus arctos), lynx (Lynx lynx) and wolf (Canis lupus), are found in the Romanian Carpathians [27], and they share space with their prey, such as red deer (Cervus elaphus), wild boar (Sus scrofa), chamois (Rupicapra rupicapra), and roe deer (Capreolus capreolus) [28]. These large carnivores do not have any natural predators, so road and train accidents are the leading causes of mortality [29]. Bears and wolves are known to avoid paved roads and are restricted by high-volume roads: more than 10,000 vehicles in a month for wolves [30] and approximately 100 cars in an hour for grizzly bears [31]; lynx avoid high-volume roads as well [32]. Regarding ungulates, increases in movement often lead to more WVCs during early summer and fall during mating, dispersal, or daily foraging and resting [33].



By using a KDE, a study in Italy focusing on red and roe deer identified WVC hotspots and road sections with the highest risk for drivers [34]. A similar approach in Iran proposed mitigation strategies based on KDE results and adjusting locations of wildlife warning signs [35].



Along with intensified traffic, vehicle ownership is growing, and in certain areas, the number of cars registered in 24 h is double what it was a decade ago [17,23,36]. The road infrastructure was not designed to carry such traffic; consequently, crossing locations and collision hotspots for species with protected status and species of general conservation concern need to be prioritized in mitigation efforts [25,37], so the nature of WVCs is likely to change [38].



This study is the first model-based estimation of WVC hotspots in Southeastern Romanian Carpathians designed to inform the development of effective road mitigation strategies for landscape planning and traffic safety.




2. Materials and Methods


2.1. Study Area


The study area (45.6427° N, 25.5887° E) overlaps Brasov and Prahova counties and includes Romania’s most popular tourist regions (Busteni, Sinaia, Predeal, Azuga, and Brasov), which have the most crowded roads: DN1, DN1A, DN73, and DN13 [36] (Table 1). According to CORINE Land Cover 2018 v.2020_20u1 (https://land.copernicus.eu/pan-european/corine-land-cover/clc2018?tab=download (accessed on 20 December 2020)), the forests in the area are all mesophyllous with local variation: the vicinity of DN1 is mostly mixed deciduous/broad-leaved coniferous followed by mountain beech; near DN13, mountain beech predominates, followed by hill beech; around DN73A, the forest is mostly mixed deciduous/broad-leaved-coniferous; and around DN1A, there is mostly mountain beech followed by mixed deciduous/broad-leaved coniferous. In 2019, official traffic police reports on these roads showed WVCs involving 30 roe deer, 9 wild boars, 19 brown bears, and 3 wolves. Landscape elements may be a critical cause [38]. Our research focuses on four case studies represented in Figure 1, with the following location of each road:




2.2. Sampling and Field Survey


From 2018 to 2019, we conducted a field survey of 715 GPS locations with experts from National Research Institute for Research and Development in Forestry Marin Dracea (INCDS Marin Dracea) to evaluate the effects of roads and railways on wildlife. The varied dataset included data on animal WVCs and crossing locations. Species included brown bear (Ursus arctos), wolf (Canis lupus), lynx (Lynx lynx), red deer (Cervus elaphus), wild boar (Sus scrofa), and roe deer (Capreolus capreolus). The case studies on the four roads (DN1, DN1A, DN73, and DN13) are represented in Figure 1, along with the section of each road that had the greatest traffic throughout the year [36].



Experts conducted inventories on both lanes of the roads, and observations were classified as road/train mortality (M), road crossing (T), road crossing using underpasses (P), wildlife direct observation next to the road (V), or tracks next to the road (without confirmation for road crossing) (I). Ten experts performed 200 surveys over 138.34 km. Railway fatalities (19 brown bears) were also considered. However, we suspect that the total number of animals killed by train collisions was underestimated because engineers do not report fatalities involving smaller species.




2.3. Data Analysis


To analyze the risk of a WVC, we had to apply weighted factors to each collision hotspot. For species (S), we used a three-point scale, attributing the highest score (3) to large carnivores (brown bears, lynx, and wolf); 2 for red deer, roe deer, and wild boar; and 1 for smaller animals (badger, European pine marten, red fox, hare, and squirrel).



For the number of animals at a specific location (N), we assigned 1 point if one was seen, and 2 if there was more than one. Data were ranked on a scale of importance (T), from the lowest to highest risk of collision: mortality (M), highest score; road crossing (RC), average score; road crossing using an existing underpass (P) or wildlife presence next to the road (V), medium to low score; and a track next to the road (without crossing the road) (I), the lowest score. We estimated the risk of wildlife collision by using the following formula:




	
Wildlife collision hotspot = S × N × T



	
S—species



	
large carnivores = 1 point,



	
red deer, roe deer and wild boar = 2 points



	
badger, European pine marten, red fox, hare, squirrel and other species = 3 points.



	
N—number of individuals at a certain location:



	
1 individual = 1 point,



	
more individuals = 2 points.



	
T—types of data:



	
M = 5 points, P = 4 points, RC = 3 points, V = 2 points, I = 1 point.








Furthermore, to estimate high-density accident zones, we used a kernel density estimate (KDE) analysis of the hotspots [35,39]. The study was conducted by using ESRI ArcGIS version 10.3.1 with Spatial Analyst extension and the free “Custom Home Range Tools Toolbox for ArcGIS” [40], available from GISInEcology.com/Home_Range_Tools.zip. This tool created a KDE and 95 and 50% volume contours from a point data layer of locations where an accident or animal presence was recorded near the road. KDE calculated the density of the point features around each output raster cell. Conceptually, a smoothly curved surface was fitted through each point [41]. The surface value was the highest at the location of the point, lower with increasing distance, and zero at the search radius distance from the point since only a circular neighborhood is valid. The density at each output raster cell was calculated by adding the kernel surface values where they overlay the raster cell center; the kernel function was based on the quartic kernel function [40].




2.4. Speed Limits and Existing Local Mitigation Measures


To analyze the effects of roads on wildlife movements, we also collected information regarding speed limits, sector lengths, and warning signs for wildlife (WSW) (Table 2).



Furthermore, we analyzed local options for mitigating collisions and providing safe wildlife crossings [3,42], together with modern systems such as Animal Vehicle Collision Prevention Systems (AVC PS) and Virtual Fence (https://life.safe-crossing.eu/techniques (accessed on 20 November 2020). Moreover, we tested their surface clusters with the WVC hotspots to determine the optimal local mitigation measures.





3. Results


3.1. Kernel Densities Estimate Analysis for WVC Hotspots


We located 25 WVC hotspots that involved multiple species, including large mammals, out of which seven registered as high risk (see WVC 1, 2, 3, 4, 15, 18, and 19 in Figure 2). In addition, the cumulative effect of roads, railways, and, in some areas, rivers, were registered. The distances between a railway and a road were minimal (0–50 m) in hotspots such as Timisul de Jos (WVC 15), Timisul de Sus (WVC 18, 19), Sinaia (WVC 1), and Azuga (WVC 2). WVC 3 and WVC 4 from Azuga registered greater distances between a road and railway but were still in proximity (40–140 m). At the landscape scale, Prahova Valley comprises few areas that are crucial for brown bear gene flow, as previously noted in landscape genetic analyses [23]. The WVC surface varies from 2.38 ha in WVC 1 to 12.03 ha in WVC 18 (Table 3), while, for the entire study area, the mean was approximately 6 ha. Along the DN1 road sector, the forest facilitates species movement and creates low visibility and poor conditions for fast driver reaction.



Fewer high-risk hotspots were identified in the study of the Sacele–Maneciu road (DN1A) (Figure 3), which is often used as an alternate route for the crowded Prahova Valley, where four high-risk hotspots (WVC 5, 10, 13, and 16) were identified. Their area varied from 0.2 ha (WVC 13) to 23.82 ha (WVC16).



The KDE analysis of the Predeal–Rasnov road (DN73A) (Figure 4) identified seven high-risk hotspots (WVC 6–9, 11, 12, and 14), yet a highway is planned because of high vehicle traffic. Surfaces vary from 0.7 ha (WVC 17) to 74.28 ha (WVC 9). It is the most extensive surface of the entire study area (Table 3) and requires multiple mitigation solutions and a special regime put in place for future infrastructure development.



While the first three case studies were complex, mainly due to anthropogenic pressure, the Bogatii Valley is less fragmented and less affected. However, 10 hotspots for collision risks were identified: WVC 25–34 (Figure 5). Most are in broadleaf forests close to the road, while a few are on transitional woodland–shrub and pasture. However, a peculiarity is the presence of concrete embankments, which affect permeability and could create traps and bottlenecks, forcing species to cross the road under unsuitable conditions.




3.2. Road-Kills and Speed Limits


The amount of roadkill seems to be growing as the speed limit increases. The highest number was registered in sectors with a 90 km/h limit, while the lowest were in the 50 km/h limit category (DN1A). However, the large mammals’ numbers were higher on sectors with high speed limits on DN1A (results not shown).




3.3. Mitigation Measures and Digitalization of WVC


To prioritize corridors to mitigate WVCs, we overlaid the existing road infrastructure, the current linear infrastructure development plan, and the protected areas, and, based on expert opinion, we determined the local mitigation solution to be applied.



Our results indicated that local conditions influenced the type of mitigation measure, while the WVC surface determined their number and management practices. Moreover, existing WSWs were found to be insufficient over the entire study area. In Figure 6, we overlaid the current road infrastructure layer, WVC hotspots, and protected areas to provide a digital tool for ensuring traffic safety and reducing wildlife species losses. Moreover, many of the WVC hotspots are located in Natura 2000 sites, such as Piatra Mare ROSCI0195, Bucegi Mountains ROSCI0013, Ciucas ROSCI0038, Aninisurile de pe Tarlung ROSCI0001, and Padurea Bogatii ROSCI0137, while others (DN73A) bisect a crucial conservation area [28]. A combination of mitigation methods is required to address roadkill [43], especially in large surfaces such as WVC 9 on DN73A, WVC 18 on DN1, and WVC 27 on DN13 (Table 3). In all, eight hotspots along the Prahova Valley (DN1) and Rasnov–Predeal (DN73) roads require urgent infrastructure mitigation measures: WVC 1, WVC 2, WVC 3, WVC 4, WVC 9, WVC 15, WVC 18, and WVC 19.



Regarding proposed solutions to mitigate the impact of linear infrastructure, viaducts were suitable for eight WVC hotspots and a green bridge for one, while, for others, an AVC PS, WSW, or virtual fence (VF) was the best solution (Figure 7). For example, in Timisul de Jos (https://life.safe-crossing.eu (accessed on 10 March 2021), the first (VF) was recently installed spanning WVC 18 and 19. It comprises a series of small sensors that detects the light from oncoming cars and sounds an alert to deter an animal from crossing the road [44]. While wildlife fencing could be one of the most effective ways to keep large animals off the road [45], it may create barriers [25]; therefore, we decided not to consider fencing.



However, landscape configuration, WVC surface, vegetation coverage, and species requirements influence the mitigation type, and because many hotspots are in Natura 2000 sites, mitigation measures must have multiple long-term benefits for species conservation. Overall, based on the existing infrastructure, a VF could be the best mitigation measure, and this is supported by previous studies that showed its great potential for reducing roadkill [46].





4. Discussion


The characteristics of WVC locations vary significantly [47], and since they only cover a tiny part of the road infrastructure, they are ideal for targeted mitigation measures [17]. For instance, in our study of the seven hotspots in the Prahova Valley, the road, railway, and river all exert local barrier effects [48], and just installing a simple VF could reduce WVCs to zero [44]. A monitoring system to evaluate the effectiveness of road mitigation measures should be included in road planning practices [37], along with specific criteria included in the Natura 2000 sites management plans for Piatra Mare ROSCI0195 and the Bucegi Mountains ROSCI0013. Integrating mitigation measures at the design phase is far cheaper and more efficient than restoring connectivity and gene flow on existing linear infrastructure [23]. However, well-performed evaluations of the effectiveness of road mitigation measures are needed [37].



Regarding the Sacele-Maneciu study, fewer hotspots were identified, but they bisect two Natura 2000 sites: Ciucas ROSCI0038 and Aninisurile de pe Tarlung ROSCI0001, so they require extra effort to minimize their impact. However, nighttime, the time when the traffic volume is low, corresponds to the main activity period of most animals [43,49].



The Predeal–Rasnov study registered the highest traffic volume during weekends when most tourists travel to and from Bucharest and the Bran region. Moreover, extensive hotspots along the road suggest the need for a complex system of mitigation measures to preserve this area’s ecology [22,28].



The last case study, Valea Bogatii, is very complex, because most of the sector has forests on both sides and close to the road, reducing driver response time and creating low-light conditions. WVCs were more likely to occur where roads crossed valley bottoms near patches of suitable habitat and where vegetation was close to the road [47]. Our results were similar to those obtained in Italy on red deer and roe deer, and in Iran for multispecies, using similar approaches [21,38].



We suspect that the number of large mammals killed on the road is higher than officially reported, considering the traffic volume and that scavengers may have moved carcasses before the research was conducted, or that the carcasses were located far from the area searched, as shown by [50]. The number reported and the datasets collected from the field could also suffer from underestimation due to the lack of wildlife road or train accidents in the reporting system.



Traffic volume and predictable wildlife behavior to perceived risk could help efforts to reduce animal–vehicle collisions and the barrier effect of roads [51]. On the other hand, road mitigation measures can pay off in 2 years, 9–25 years if the WVC hotspot is mitigated, and 16–40 years for the entire road [52]. Even if there is a lack of accurate data regarding the number of incidents, the expense to prevent economic loss is justified: USD 8 billion in the US in 2008 [3]; and in Sweden (in 2015 prices), USD 1.2 million for wild boar and USD 119 million for roe deer accidents [53,54].



For many years, the system for reporting collisions and mortalities lacked a straightforward intervention procedure and institutional responsibility. However, in early 2020, the updated law 407/2006 (Art. 13 (7)) provided a framework to manage WVCs (species from Annex 1 and 2): if warning signs for wildlife crossing (WSWs) are in place, the driver is responsible for damages; if there is no WSW, the road administrator is responsible.



However, road agencies should consider installing mitigation measures on a trial basis to maximize insights gained about their influence on population dynamics [37], and in the near future, police, road administrators, local authorities, insurance companies, forest administrators, scientists, and drivers could collect additional data [55]. Digitization of WVC locations on a landscape scale encourages mitigation investment to focus on areas where it could be most effective [56] and should be considered in an Environmental Impact Assessment and included in any ecological corridor designation.



WVCs should be analyzed in a complex socioeconomic framework: in and around main cities [57], in areas where fragmentation caused by roads is high [58], and along roads where fatalities were the highest in the European Union in 2019 (https://ec.europa.eu/commission/presscorner/detail/en/ip_20_1003 (accessed on 11 January 2021). Moreover, through time, new high-speed infrastructure could decrease animal gene flow in some threatened areas if no proper mitigation measures are taken.




5. Conclusions


Our study is the first in Romania to report on wildlife collision hotspots involving multiple species and suggests practical local solutions for ensuring the safety of both drivers and animals, and directly benefitting landscape planning and sustainable landscape management.



The WVC hotspots identified in the four case studies require immediate action to stop animal fatalities. An emergent issue concerns the Prahova Valley, where the cumulative effect of traffic and existing infrastructure proximity to the railway pose a high threat to animal and human safety. Likewise, the planned linear infrastructure to cross the Prahova Valley and Rasnov–Predeal demands mitigation, as does DN1 around Azuga in the Bucegi Mountains ROSCI0013 and DN73A on Cold River. Knowing the WVC locations will enable road administrators to better cope with stringent time limits when developing road infrastructure. Because many WVC hotspots are in Natura 2000 sites and bisect crucial conservation areas, the designation of ecological corridors to facilitate species movement is urgently needed, according to the newly published IUCN Guidelines.
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Figure 1. Study area in the Southern Eastern Romanian Carpathians and the roads’ location (DN1—red; DN73A—green; DN1A—blue; DN13—yellow). 
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Figure 2. Model-based estimation of collision risk for Prahova Valley (DN1). High probability is represented in purple, and the WVC hotspot is dark circled. 
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Figure 3. Model-based estimation of collision risk for Sacele–Maneciu (DN1A). High probability is represented in purple, and the WVC hotspot is dark circled. 
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Figure 4. Model-based estimation of collision risk for Predeal–Rasnov (DN73A). High probability is represented in purple, and the WVC hotspot is dark circled. 
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Figure 5. Model-based estimation of collision risk for Bogatii Valley (DN13). High probability is represented in purple, and the WVC hotspot is dark circled. 
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Figure 6. WVC hotspot and the mitigation measures proposed on the existing infrastructure. 
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Figure 7. WVC hotspot and the mitigation measures proposed to be included on the planned linear infrastructure. 
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Table 1. Geographic coordinates for the analyzed roads.






Table 1. Geographic coordinates for the analyzed roads.





	Road ID
	Road Name
	L_km
	Longitude_

Start
	Latitude_

Start
	Longitude_

Middle
	Latitude_

Middle
	Longitude_

End
	Latitude_

End





	DN73A
	Predeal—Rasnov
	17.38
	25.458306
	45.566100
	25.503381
	45.520229
	25.565210
	45.486959



	DN1A
	Sacele—Maneciu
	51.47
	25.708819
	45.622253
	25.885344
	45.485949
	25.979315
	45.326025



	DN1
	Prahova Valley
	50.99
	25.708819
	45.622253
	25.561324
	45.470219
	25.619251
	45.284737



	DN13
	Bogatii Valley
	18.50
	25.332324
	45.975736
	25.404895
	45.914955
	25.495926
	45.907309







Road ID = road name in the national classification system; L_km = length of the road in kilometers; Longitude_Start, Middle, End = longitude along the road length in WGS84; Latitude_Start, Middle, End = latitude along the road length in WGS84.
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Table 2. Speed limits and wildlife warning signs in the four case studies.
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Prahova Valley (DN1)

	
Predeal–Rasnov (DN73A)

	
Sacele–Maneciu (DN1A)

	
Bogatii Valley (DN13)






	
SL

	
L

	
WSW

	
SL

	
L

	
WSW

	
SL

	
L

	
WSW

	
SL

	
L

	
WSW




	
50

	
4.9

	
4

	
30

	
0.5

	
0

	
20

	
2.4

	
4

	
40

	
0.6

	
2




	
70

	
20.2

	
50

	
4.1

	
30

	
3.4

	
60

	
12.3




	
80

	
9.9

	
70

	
0.9

	
40

	
15.6

	
-

	
-




	
90

	
15.2

	
90

	
11.1

	
50

	
5.1

	
-

	
-




	
-

	
-

	
-

	
-

	
90

	
24.4

	
-

	
-








L—sector length (km), SL—speed limit (km/h), WWS—a wildlife warning sign.
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Table 3. Proposed mitigation measures for the existing and future infrastructure for each WVC hotspot.
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	WVC
	Road/Location Name
	Mitigation Measures on Existing

Infrastructure
	Mitigation Measures on

Linear

Infrastructure
	WVC Hotspot Surface (ha)
	Medium Distance from WVC Center to Vegetation (m)
	Average Slope in the WVC





	1
	DN1/Sinaia
	WSW
	WSW
	2.3803
	744.8
	17.8



	2
	DN1/Azuga 1
	VF
	Viaduct
	6.8984
	932.1
	27.2



	3
	DN1/Azuga 2
	WSW
	Viaduct
	8.7819
	966.3
	29.6



	4
	DN1/Azuga 3
	VF
	Green bridge
	6.2131
	979
	24.4



	5
	DN1A/Cheia
	WSW
	WSW
	4.5036
	966.5
	16.1



	6
	DN73A/Paraul Rece 1
	VF
	Viaduct
	8.4956
	1092.60
	20.9



	7
	DN73A/Paraul Rece 2
	VF
	WSW
	4.8785
	1108.30
	31.9



	8
	DN73A/Paraul Rece 3
	VF
	WSW
	1.8759
	1073.40
	32.3



	9
	DN73A/Paraul Rece 4
	VF, WSW, AVC
	Viaduct
	74.2823
	877
	27.4



	10
	DN1A/Babarunca
	VF
	AVC
	0.547
	873.8
	12.9



	11
	DN73A/Paraul Rece 5
	AVC
	Viaduct
	12.2627
	742.8
	11.2



	12
	DN73A/Cheile Rasnoavei 1
	VF
	Viaduct
	11.632
	714.7
	12.2



	13
	DN1A/Sacele 1
	VF
	WSW
	0.2871
	817.7
	6.8



	14
	DN73A/Cheile Rasnoavei 2
	WSW
	VF
	4.9574
	695
	5.2



	15
	DN1/Timisul de Sus
	VF
	Green bridge
	4.5344
	798.4
	46.9



	16
	DN1A/Sacele 2
	AVC
	AVC
	23.8224
	790.6
	35.7



	18
	DN1/Timisul de Jos 1
	VF, WSW
	WSW
	0.7832
	890.2
	65



	19
	DN1/Timisul de Jos 2
	VF
	AVC
	12.036
	721.9
	29.5



	25
	DN13/Valea Bogatii 1
	WSW
	WSW
	5.6678
	719.6
	45.1



	26
	DN13/Valea Bogatii 2
	WSW
	WSW
	4.0412
	532.7
	35.2



	27
	DN13/Valea Bogatii 3
	VF, WSW
	Viaduct
	22.4453
	499.1
	13.1



	28
	DN13/Valea Bogatii 4
	WSW
	WSW
	1.8891
	541.1
	6.5



	29
	DN13/Valea Bogatii 5
	WSW
	WSW
	0.058
	409
	0.9



	30
	DN13/Valea Bogatii 6
	WSW
	WSW
	5.2627
	411.1
	3.8



	31
	DN13/Valea Bogatii 7
	AVC
	WSW
	3.5389
	642.9
	37.5



	32
	DN13/Valea Bogatii 8
	VF
	VF
	8.3874
	677.4
	25.1



	33
	DN13/Valea Bogatii 9
	VF
	Viaduct
	12.4276
	639
	43



	34
	DN13/Valea Bogatii 10
	VF
	VF
	9.223
	622.2
	51.7







Warning sign for wildlife crossing (WSW), virtual fence (VF), AVC Prevention System.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png
25‘40E

25°50'E
1

o W
yk()s clo1 20 zwrele Aampa \‘

~ROSCI0207 30

- e

med\ arul

#
Plarra Mare"
/ piatrs Mare)‘l

_ ROSCI0001 Aninisurile
'de pe Tarlunfg/ <

/ Pﬁdurea Glodeasa

Bmul Male‘

'/
‘ o-,

=45°30'N

Kernel density estimate analysis
of wildlife=vehicle collision
(WVC) hotspots

. high probability
low probability
[ JwWVC hotspots

=== Rail road

[ ] Natura 2000 RosCI

=45°20'N






nav.xhtml


  land-10-00737


  
    		
      land-10-00737
    


  




  





media/file2.png
22°E

24°E 25°E 26°E 27°E 28°E 29°E 30°E
L 1 1 1 1 1 L
™
mKau'nueub-nonlnbcuuw
Study area -
\' v Yepuisul The SOUth - Eastern
e . .
7 Romanian Carpathians
‘g Nyiregyhaza A 3
el S re .
Sty Ma%,} o, 77 \ Road sections
RN ) B M ‘ d L 2 Suceava
Y 3ia Mare I ' ¢ 3 - : w— DN 1
MmDebve L " 54 Nogr s Sl |
. ! f » }'em—sud lodnev ;" 5407, P > P (‘ Orhel N
Y -~ 4 . ma i ¢ . ~..‘ -
2 N A < - ' ‘ ae ’) — DN1 3
oinok : I\\ 4 ’ B t?*» : Unght"\ 3 23
®, = . Zaldy 21 | ‘_,_" seni )
47°N- Oradea: p T . £oL 2 oS oy gcms"‘“’t e DN 1 A
mét 2, ) ! \
™ ?‘l 1 ‘ NG b H n\esl\) "‘*' Tupa —n DN73A
Békeéscsaba : Cluj Napoca . Beknf‘b‘* ' ) \\‘ ;
LAs Vashul ~ =
2 . e
Bromy Cocoroatama - IJMncr(urea Cuc,
L 'm«g b W L b MLk |
Medias XS e 0 5010 15 [46°N
46°N= : ‘} Alba lu ia - B% ."’J“.{) ' z&, DN1 /
Kincsbaga ~ \ O {‘1G3heo"gw ,
. 45 '~( - u ¢ -
o - < V"\ 2 Sibiu 23 y"" . f <4
e ) 0 ) \é. o Sfantu Gheorghe
. & 4 rasov % =45°50'N
Fred ik C z::gdov!a LA .
Can \ - '//‘\. w/
Bp Qv_‘ ~
'\ ® Ramnicu Vaicea “Intod
45N o Jikasraon
3 y
"13 EOrPAn [
[} Cuenepouo SR AN __Rasnov
0" ‘@ \ N ] N rmest
omapesay X i N
; AR ) e » DN73A DNIAL ..
-:1 y' : ; % Craiova o { S "-,Meggldxa
{ |y e { e (I 3 J Ca;irgs‘_'f ) Constanta
£ ) ) { T =
gk k N -
44°N= L- Dar{{e“u L ~ vmexancna’ a & WANCTPa
S 2 3 r
Kpontsos | I : b B 5 R gm e MIRgRS fresron
o W= ) AR N ¢ .
Koymenm = = da ) .’ fiverion ‘ © OpenStre p (and) X
N ! fa3pan ® conlnbutorsacGC-BY-SA Sianic
Bt i p et A d® S —
A - .’B, ,,m:é#n;u-m - :‘. ; : UJV;_M el . Bapa _1; . 25'DE 25°30E 25°40E 25°50E 26°E
nponynme):’ by o TMDO * Nosey B p EEI
¥ a4 ﬂe(xoua&i Lo . ® eenugo:\.onoao o e K.Io %
R\ N 4 o = el - = melers
@ - v B & - i abposo o don 4 0 25 75 1&0






media/file5.jpg





media/file3.jpg
Kamnoldensiy etimate analysis
of widife-vahice collsion
W) hotspos

e
o prbatity
[Sh—
——

[ vonen s






media/file1.jpg
Study area -
The South - Easterm
Romanian Carpathians.
Rosd soctions
—owr






media/file7.jpg
Kernl donsity estmte anaiysis
of widifo_venice collsion
W) hotepots
[~ adeend

ow probanity
ST,

o | [ nwzmorsct






media/file10.png
25°20'E 25’%5'E 25"1;0'E

“\ROSCI0303 Hartibaciu
Sud - Est

-
Muntele Negru
967

Kernel density estimate analysis
of wildlife=vehicle collision
(WVC) hotspots

. high probability

low probability
I wVC hotspots

==== Rail road

[ ] Natura 2000 RosCI

ROSCI0I137.
Padurea Bogatii

,,,,,,,,

ML LT Ikiometers s
0 1 2 3 4






media/file12.png
<&
s L]
e
?
82 ¢ 2 §
EE 8 3 . :
8 5 ~ = O % mm
08 ¢ &k 59 Z ©
5% 6 = €3 <
© @© = o £9® +
.m-" o Q @M W W W w
EE 3 & oo & i
m.mp = £ c m m ©
oE O 2 EQ + + 3 °
s > = Mm L L i
nn < > O o > &
O ‘% N
Qo w
Sc 4~ H **m 2
o o A

o

4

8
N

~;

©

odle

o
I7Codjet

sy A
s
1)) Magu

P . l.:\r,».o. N

R D RSN Y
S ~ l\.:vv,.. .
, //" <
N S o

AN
L A " \
N\ S R KN






media/file9.jpg
Yot donsy ot ey |
e veic caon
WG horspots
e
loweasatity
ST "

[wowen 00rescr





media/file0.png





media/file14.png
»

4

=3

a @
o E 2

EE & 3 5 :
e8 & ~ 3 ? mm
00 o &L 5o 2

€E & S 23 -

S8 § 8 23 g 8 ®
.nm m L oo .m N

mn o ﬂ.m.m m = g

Sx Q £ S5 8 © i
a8 < >S =5 5 0 Z

O < N\

Q.= 5
mn‘l’ [ .*” z

ao - 3

=

SN A
/ w,)\/ >

4
o ; 4 \
¢ A .,4///,/5/.».
\

) RN
R
S

o
3 g "
. 5
S - Y
. 3 y
- " e ~
o > N
y 2 \ S D va
\ P ) - L re
\ \ v
ANY | / '
0 g \ ) A
ol )
'l O
»
:
~

odieifCodlea

#»

f’ 4
ol .,
Al J
."ﬁ
//

L)) Magur

v ',/’I’Z"'Ifii'/f )






media/file8.png
Pmtﬁvnrul

R()S( 101 95
Pmlra Ware

draul|Rece

e “’ 'ROSC mz“

of wildlife=vehicle collision
(WVC) hotspots

. high probability
low probability
[ JWVC hotspots

==== Rail road

D Natura 2000 RoSCl

Kernel density estimate analysis

ML LI Ikiometers
0 225 3

0.75 15





media/file11.jpg
PR






media/file6.png
25°40'E 25‘iO‘E 26°E
1

3
Y %}
19 . -
RS
’ e ) 6
ROSCI0195 1 22513
Piatra Mare 3
- ROSCI0001 AninisurileS O g AL
! 3 ¥ de pe Tarlung o (uua\ "/7
’?' r o "/ ’
| 4 , ‘. / .‘." # ¢
; N o = o2
Y & P —45°30'N
’///Wn o 5y s , 'M .
ROSCI0013 | {4 Kernel density estimate analysis
puces! P Ty of wildlife=vehicle collision
'ﬁ?f%ml L : f 4 (WVC) hotspots
N B A : s’ . oy
- . high probability
/ ROSCIos; P iy 5y o R | 4 low probability
‘Padurea (,Imleaw , ’;( } (4 ‘ ,‘, | 9 Jornd ’ 4',‘" CJwve hotspots
( p ., .‘, 4
# Vf. Grohotis f‘: ,//' /’ ' / ' === Rail d
1768 ’g, . N 5 / ail roa
:“ - - | : > ‘ : 5 ‘J ) ‘ 4 '
> P W o [ ] Natura 2000 RosCI
¥ -~ Yy u »e § !
r ’ /"~ 4 I ’ -~ 4
L s ’ f.— ' \ : . v
i F gl bR S 4
’ 'fv aﬁ,) f ¥ | oo ’Slon
[ N ot LS ’ : H
| & N 4 !
,,‘ Y R / ¥ 4 T, = | T IKilometers =~ =«
d " e i) 4. " " V. 0o 25 5 75 10 !
' i ¥ /’ ) vﬂl =45°20'N
/ a8 Y R
e, . | ! ‘ WL MAneciu- ’.’
) i y g3 \ Ngureni| * i






