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The IBA awarded our project with a grant of 4000 USD in 2012. We finished the fieldwork in 
2012 and used the entire grant to collect the data. We have app. 100 USD left from the grant and 
if it is okay we will use it for the follow-up grant provided by the IBA for the fieldwork in 2013. 
 
The project has been presented on the IBA conference in New Delhi on November 26 and a 
manuscript has been submitted to PNAS on 19 May 2013 
 
Breakdown of costs in USD 

 IBA Alexander Von Humboldt 
foundation (to Joern 

Fischer) 
Personal services and 
wages 

3400 1700 

Accommodation  1000 
Car rental  2000 
Fuel 500 1500 (approximately) 
4 x GPS  880 
Total 3900 7080 
 
The overall goal of our study was: 
To understand the effects of human activities on bear distribution, and how this may change in 
the future 
 
Our initial project objectives were: 

1. To quantify relationships between bear distribution and alternative land uses; 
2. To develop spatially explicit predictive models of bear habitat suitability, including an 

assessment of how habitat suitability might change in the future;  
3. To evaluate people’s attitudes and tolerance levels towards bears, understand human-bear 

conflicts and predict how such conflicts might change in the future; 
4. To feed the results into the management plan for the EU Natura 2000 site (currently in 

preparation by the project partners). 
 
Objectives 1 and 2 were achieved by modeling bear distribution patterns. Bear distribution was 
indicated by a bear activity index of destroyed vs. total number of anthills. Based on our results 
we were able to speculate how future changes could influence bear distribution. We are planning 
to make a more focused assessment on how future changes in the landscape (based on scenario 
workshops with local NGOs) can affect biodiversity. This assessment would include not only 
bears but also birds, butterflies and plants. Nevertheless, this analyses will not be performed until 
2014 and is therefore not in the scope of this paper.   
 
Objective 3 was achieved by interviews with shepherds, community representatives and local 
villagers in 30 villages. 
 
Objective 4 would be achieved by our close collaboration with the Milvus group Romania which 
is in charge of recommending WWF on the management plan for the Natura 2000 site (EU 
protected area network). The data has been used in reports and send to the WWF. 
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Abstract 22 

Facilitating peaceful human-carnivore coexistence is a major conservation concern in human-23 

dominated landscapes worldwide. Useful insights could be gained by studying and understanding the 24 

dynamics of human carnivore-coexistence in landscapes in which carnivores and humans have 25 

coexisted for a long time. We used a two-pronged approach combining ecological and social data to 26 

study coexistence of the brown bear (Ursus arctos) and humans in southern Transylvania, Romania – 27 

one of Europe’s least intensified farming regions. First, we surveyed 551 km of walking transects to 28 

estimate activity via a bear sign index, namely the proportion of anthills disturbed by bears, and used 29 

spatially explicit predictive models to test which environmental variables explained bear activity. 30 

Second, we interviewed 86 shepherds and 359 villagers and community representatives to assess 31 

conflicts with bears and attitudes of shepherds towards bears. Our interdisciplinary study showed that 32 

bears and humans coexist relatively peacefully despite occasional conflicts. Peaceful coexistence 33 

resulted from: (1) availability of large and well-connected forest patches; (2) traditional livestock 34 

management with shepherds and guarding dogs; and (3) high tolerance levels of shepherds to 35 

occasional conflict. In contrast, coexistence was not facilitated by avoidance of human settlements 36 

by bears, nor by payments or compensation to live with bears. Our study shows that coexistence 37 

between humans and carnivores is possible, even without direct economic incentives, when 38 

preventive measures effectively maintain livestock losses at a socially acceptable level. A key 39 

challenge for settings without an unbroken history of human-carnivore coexistence is to reinstate 40 

both practices and attitudes that facilitate peaceful coexistence. 41 

 42 

Keywords: carnivore conservation, human-carnivore coexistence, human-dominated landscapes, 43 

Eastern Europe, Ursus arctos   44 
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\body 45 

Introduction  46 

Peaceful coexistence between humans and carnivores is a focal issue in wildlife conservation 47 

worldwide (1-3). Many large carnivores have been extirpated from their natural environment due to 48 

conflicts with humans, including attacks on livestock, humans and game species (4, 5). The local 49 

disappearance of predators is ecologically concerning because they exert top-down control on a wide 50 

range of ecosystem processes (6-9). In recognition of their importance, carnivore conservation efforts 51 

have increased over the last decades (10). Several carnivore populations are now increasing or 52 

recolonizing their former ranges (11, 12), but many others are still rapidly declining (13). The two 53 

most frequently advocated strategies to counteract carnivore declines are: (i) to separate carnivores 54 

from human settlements by establishing refuge areas such as national parks (14, 15); and (ii) to 55 

promote human-carnivore coexistence in multiple-use landscapes through conflict mitigation 56 

programs (1, 2). Several studies show that coexistence between humans and carnivores is possible 57 

(16, 17). In many places, however, peaceful coexistence is hampered by frequent human-carnivore 58 

conflicts that can have devastating effects on rural households (e.g. 18). Because many carnivore 59 

populations live in human-dominated landscapes with an anticipated growing human population, a 60 

key to successful carnivore conservation is to better understand the dynamics of human-carnivore 61 

coexistence. To this end, one useful approach could be to learn from human-carnivore dynamics in 62 

landscapes in which carnivores and humans have coexisted relatively peacefully for a long time. 63 

 In Eastern Europe, large carnivores and humans have lived alongside each other in multiple-64 

use landscapes for centuries. Romania sustains large and stable populations of the brown bear (Ursus 65 

arctos), wolf (Canis lupus) and lynx (Lynx lynx) (19). The brown bear population is particularly 66 

large (estimated at 6000 individuals by the IUCN) partly due to historical hunting restrictions 67 

imposed by the communist regime that ruled Romania until 1990 (19). In the Romanian region of 68 

Transylvania, a large population of bears persists in the Carpathian Mountains, but bears are also 69 
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present in the Carpathian foothills, which include hundreds of villages characterized by semi-70 

subsistence agriculture. This is an exceptional situation because the majority of bear populations 71 

elsewhere in Europe are confined to mountainous areas with low human densities (20), and where 72 

bear populations do range into human-dominated landscapes, they can damage livestock, orchards 73 

and beehives (20). The overall character of Transylvanian villages and the surrounding land has 74 

changed relatively little for several centuries, despite several significant historical events including 75 

two world wars, the rise and fall of communism, and accession to the European Union (EU) in 2007 76 

(21, 22). The region has a long history of low-intensity semi-subsistence farming, and the 77 

continuation of traditional practices has maintained exceptional levels of biodiversity (21, 23). 78 

Interestingly, traditional practices also include activities such as sheep-herding and bee keeping, 79 

which are potential areas of conflict with large carnivores. Because Transylvania is one of Europe’s 80 

strongholds of bear populations in human-dominated landscapes, we argue it is a particularly 81 

interesting model system that may help to facilitate greater understanding of the dynamics 82 

underpinning successful coexistence of humans and carnivores. The findings obtained could provide 83 

valuable insights for improved carnivore management in other systems around the world.  84 

To understand how long-term coexistence in multiple-use landscapes can be achieved, both 85 

ecological and social variables need to be considered (3, 24). Although the need for interdisciplinary 86 

work on human-wildlife coexistence has repeatedly been acknowledged (25), few studies have 87 

combined ecological studies on habitat preferences of carnivores with social data on human-88 

carnivore conflicts and tolerance levels towards carnivores (26, but see e.g. 17). The overarching 89 

goal of our study was to assess how humans and bears coexist in Southern Transylvania, Romania. 90 

Locally, this issue has become increasingly important because large parts of the study area have been 91 

designated as Natura 2000 sites under the EU Habitats Directive and EU Birds Directive. The EU 92 

wide Natura 2000 network does not exclude human activities but aims to protect and assure the 93 

persistence of valued species and habitats within human-dominated landscapes. Because the brown 94 
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bear is protected under EU law, a management plan for this species now needs to be developed in 95 

Southern Transylvania. 96 

Our study had two specific objectives. First, we developed a spatially explicit predictive model of 97 

bear activity, based on anthropogenic variables, biophysical variables, as well as local connectivity 98 

between forest patches and regional connectivity to the Carpathian Mountains. We quantified bear 99 

activity through a new sign-based metric, namely the proportion of anthills destroyed by bears 100 

relative to the total number of anthills in a given pasture transect. Ants form an important food 101 

source of protein for the brown bear (27, 28). Ant larvae are particularly sought after by bears in 102 

spring during hypophagia, and the incidence of destroyed anthills has been used in previous sign 103 

surveys for bear presence (29, 30). Second, we sought to understand the nature of human-bear 104 

conflicts in the region. To this end, we quantified the attitudes and tolerance levels towards bears of 105 

local shepherds (n = 86), and assessed damages by bears inside villages as perceived by local people, 106 

mayors, councilors, and hunters (n = 359). We show that peaceful coexistence of humans and the 107 

brown bear in Southern Transylvania appears to hinge on the availability of well-connected bear 108 

habitat, the use of traditional shepherding methods that limit bear attacks, and on relatively high 109 

tolerance towards occasional conflicts. 110 

 111 

Results 112 

 113 

Predictive model of bear activity 114 

We found bear activity in 52% of the 630 transects used to model bear activity (total length of 115 

transects walked = 551 km). To account for possible effects of seasonal changes and the number of 116 

anthills available in a given transect, we included time and total anthill number in the models (Table 117 

1). Having accounted for the quadratic effect of these terms, cost-distance to the Carpathian 118 

Mountains had the largest effect on bear activity (Table 1). Bear activity decreased with increasing 119 
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cost-distance from the mountains. Biophysical variables also were strongly related to bear activity 120 

(Table 1). Bear activity was highest in rugged terrain, close to large forest patches with a low edge to 121 

interior ratio, and in areas with low pasture cover. The effects of distance to the village and local 122 

connectivity (measured as betweenness centrality) were negligible (Table 1). Bear activity was 123 

highly variable throughout the study area. The model explained on average 24% of the variation in 124 

bear activity. Full model outcomes and validation results are available in Table S1. 125 

  Predicted bear activity showed a gradient with proximity to the Carpathian Mountains but 126 

was otherwise relatively homogenous throughout the study area (Fig. 1c). We found no obvious 127 

hotspots for bear activity inside the Natura 2000 area, but noted that bear activity was predicted to be 128 

particularly high just north-east of (i.e. outside) the Natura 2000 area.  129 

 130 

Human-bear conflicts 131 

Predicted bear activity associated with the 30 focal villages did not correlate with bear sightings by 132 

shepherds (n = 85, Spearman’s rho = -0.18, p = 0.35), male locals (n = 186, rho = 0.31, p= 0.1), or 133 

female locals (n = 106, rho = 0.23, p = 0.24). Predicted bear activity also did not correlate with the 134 

average number of bear attacks on sheep within the focal villages reported by shepherds (n = 73, rho 135 

= -0.1, p = 0.61), and only one of 13 cow herders suffered attacks by bears. In contrast, predicted 136 

bear activity was strongly positively related to the damage perceived by local villagers to orchards (n 137 

= 302, rho = 0.61, p < 0.001) and fields (n = 302, rho = 0.5, p = 0.004), but not to beehives (n = 302, 138 

rho = 0.03, p = 0.86). All participants, except one, stated that bear attacks on humans happen rarely 139 

or never. 140 

The median herd size of sheep was 500, the median number of sheep per dog was 88, and the 141 

median number of sheep per shepherd was 400. Of 34 described attacks in 23 villages, 56% occurred 142 

at night, 79% occurred in pastures, and 61% occurred in shrubby places. In 69% of cases, less than 143 

three sheep were killed. Among the shepherds who had suffered bear attacks, there was no 144 
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correlation between the number of attacks and the number of sheep per shepherd (rho = 0.13, p = 145 

0.45), the number of sheep per dog (rho = 0.29, p = 0.11), or the total number of sheep (rho = 0.34, p 146 

= 0.052).  147 

The majority of shepherds perceived bear populations to be increasing over the past decade, 148 

regardless of how many attacks they had suffered (Fig. 2a). However, shepherds who had suffered 149 

more bear attacks perceived more strongly that bear attacks had increased over the past decade (Fig. 150 

2b). Despite these trends, just over 50% of the sheep shepherds had neutral or positive feelings 151 

towards bears (Fig. 2c).The percentage of shepherds who indicated to strongly dislike bears was 152 

higher for shepherds who had suffered more bear attacks (Fig. 2c). Only six of 86 shepherds 153 

indicated that their feelings towards bears had changed over the past decade. Additionally, over 50% 154 

of shepherds did not support immediate killing of bears after attacks on livestock, although support 155 

for immediate killing was slightly higher among shepherds who had suffered attacks than among 156 

those who had not (Fig. 2d).  157 

Ninety-three percent of shepherds found it important to receive compensation for damage to 158 

livestock by large carnivores. In addition, 92% of shepherds found it important that compensation 159 

should be received only if appropriate measures were taken by herders to protect livestock from 160 

carnivores. Interestingly, 90% of shepherds were unaware of the (officially) existing compensation 161 

schedule. This finding, however, should be interpreted cautiously because two shepherds indicated 162 

they had tried to receive compensation, but were of the impression that no current compensation 163 

scheme was active. In stark contrast, 85% of mayors, hunters and local councilors thought the 164 

compensation scheme was readily accessible; but only 43% of mayors, hunter and councilors 165 

believed that the majority of the community was aware of the scheme.    166 

 167 

Discussion 168 

We found that in Southern Transylvania, despite occasional conflicts, bears and humans live in close 169 
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proximity but coexist relatively peacefully. This study contributes to the growing recognition of large 170 

carnivore conservation outside protected areas (e.g. 17, 31).Our two-pronged approach drawing on 171 

both ecological and social data showed that bears appeared undisturbed by the presence of humans, 172 

but also that humans were not overly disturbed by the presence of bears. The main factors 173 

contributing to an apparent balance between humans and bears appear to be: (i) sufficient and well-174 

connected primary bear habitat consisting of large forest patches; (ii) traditional livestock husbandry 175 

techniques including the use of guarding dogs; and (iii) relatively high tolerance levels of shepherds 176 

to occasional conflict. Unlike in other studies, avoidance of human settlements by bears (32-34) and 177 

financial incentives (35, 36) appeared to play negligible roles in facilitating peaceful coexistence of 178 

humans and bears. 179 

 180 

Explaining co-existence 181 

 The Carpathian Mountains support the largest extant populations of the brown bear in Europe 182 

(excluding northeastern European population shared with Russia; 20). Consistent with this, the most 183 

important variable predicting observed bear activity was proximity to the Carpathians. Higher bear 184 

activity was also found in rugged areas and in the vicinity of large blocks of forest, which is most 185 

likely related to better shelter and den sites in rough terrain, and potentially a wider variety of food 186 

resources (32, 37, 38). Local connectivity between forest patches, however, was unrelated to 187 

observed bear activity, suggesting that forest patches are, by and large, well-connected throughout 188 

the study region. Forest cover in our study area was approximately 28%, which is close to the 189 

presumed 30% threshold below which the effects of habitat loss may be strongly exacerbated by 190 

isolation effects (39). In addition, pastures, arable fields, and the banks of watercourses often support 191 

woody vegetation and scattered trees, probably further improving connectivity between forest 192 

patches. The negative effect of pasture cover is more difficult to explain, but most likely results from 193 

landscape context effects. A landscape with large forest patches (i.e. primary habitat) may be 194 
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preferable to bears to one dominated by pasture (i.e. secondary habitat).  195 

Surprisingly and in contrast to other studies (32-34), bears were not affected by distance to 196 

human settlements. This may partly result from the low intensity of human land use (e.g. vehicles 197 

and agricultural machinery are rare) – a state that may well change in the future because local 198 

officials favor agricultural intensification and economic growth (40). In addition, local people are 199 

relatively poor and there is an absence of bear attractants such as garbage dumps including human 200 

food waste. Moreover, human presence per se may not deter bears because local people are not a 201 

major threat, given their relatively high tolerance levels towards bears.  202 

Observed bear activity was not correlated with the frequency of attacks on sheep, but it was 203 

negatively related to perceived damage to orchards and fields. Unlike sheep, fields and orchards are 204 

less often guarded and most lack (effective) fences, whereas sheep are actively guarded by shepherds 205 

and dogs. Our findings therefore suggest that the traditional husbandry techniques used by Romanian 206 

shepherds are effective in protecting sheep, even in areas where bear activity is high. The use of 207 

livestock guarding dogs appears to reduce livestock attacks worldwide (41, 42), and has been 208 

preserved in Romania due to an unbroken history of coexistence with large carnivores. The use of 209 

guarding dogs probably also contributes to the observed low rates of conflict compared to other parts 210 

of Europe (43), and may effectively prevent surplus killing (44): in the majority of cases, two or 211 

fewer sheep were killed during bear attacks. Similar to observations in the Romanian mountains (45),  212 

we did not find a relationship between the frequency of bear attacks and the number of sheep per 213 

shepherd or dog, which could indicate that the majority of shepherds use an appropriate number of 214 

dogs to prevent bear attacks. Moreover, the lack of a relationship between bear activity and 215 

frequency of bear attacks on sheep contributes to growing evidence that local conditions are key in 216 

actual rates of attacks, and are more important than actual carnivore densities (41, 43). This strongly 217 

supports the notion that coexistence between humans and carnivores is possible, but knowledge of 218 

local conditions is necessary for effective, proactive conflict management. In our case, relevant local 219 
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conditions may include, for example, the quality of guarding dogs and vigilance of the shepherds (ID 220 

pers. comm. shepherds), but also the prevalence of woody vegetation in pastures (because attacks 221 

commonly took place in shrubby areas). Because local conditions can, in principle, be managed, our 222 

findings indicate opportunities for proactive conflict mitigation.  223 

 Public attitudes towards carnivores are expected to be most positive in areas where carnivores 224 

are absent (46) or where people and carnivores have coexisted over long periods of time (47). The 225 

overall relatively positive attitude of shepherds towards bears in our study area suggests that long-226 

term coexistence has led to a balanced relationship in which occasional livestock losses are accepted. 227 

However, even in settings where people are generally positive towards carnivores, those directly 228 

affected by them may have negative attitudes. In Slovenia, for example, regional differences in 229 

damage levels did not affect positive public attitudes towards bears, but the people who actually 230 

experienced damage by bears had more negative attitudes (48). The key to coexistence in 231 

Transylvania appears to lie in limiting or mitigating livestock losses to socially acceptable levels – 232 

which in turn, are shaped by a widespread, implicit understanding that humans and bears can coexist. 233 

Interestingly, peaceful coexistence is not artificially upheld by economic incentives. Worldwide, 234 

coexistence of carnivores and humans is encouraged through different types of compensation 235 

measures, with both positive and negative results (2). Here, we showed that in the absence of 236 

effective payment schedules, relatively cheap traditional, non-lethal methods can facilitate 237 

coexistence. Notably, Southern Transylvania is a relatively traditional social-ecological system, in 238 

which links between people and nature still exist. People regularly use the environment for a range of 239 

activities, modify it, and depend on many ecosystem services (49) – but are also keenly aware of 240 

nature’s hazards (such as bear attacks). The genuine connection between local people and natural 241 

systems, including knowledge and acceptance of both benefits and disadvantages, very likely is a key 242 

factor facilitating peaceful co-existence. Nevertheless, about 50% of shepherds still indicated that 243 

bears should be eliminated immediately after attacking livestock. Therefore, coexistence might 244 
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depend on the availability of lethal measures to local authorities to take care of occasional ‘problem 245 

bears’ (50). Bear attacks on humans were rare, and achieving peaceful coexistence probably would 246 

be more difficult in settings where carnivores cause human fatalities or major economic losses.  247 

 248 

Local management priorities 249 

 To maintain peaceful coexistence of bears and humans in southern Transylvania, 250 

conservation measures should aim to: (i) secure the connections between the foothills and the 251 

Carpathian Mountains; (ii) secure well-connected large blocks of forest; and (iii) maintain high 252 

tolerance levels within the rural population. Securing both local and regional connectivity could be 253 

challenging because of planned future infrastructure development. Major highways are planned 254 

through the Natura 2000 site, as well as close to the Eastern Carpathians. Highways can negatively 255 

impact bear populations by habitat fragmentation and increased mortality caused by collisions with 256 

vehicles (51, 52). Highways thus could become a major obstacle for maintaining connectivity to the 257 

Carpathians. Wildlife crossing structures could counteract these possible threats to an extent. 258 

However, research is needed to identify suitable locations for such structures to be effective (53). 259 

 Compensation payments are often used to increase tolerance levels of people negatively 260 

affected by carnivores (2). In Romania, damage caused by protected species should be compensated 261 

through the central public authority for environmental protection (law 407/2006). Damage needs to 262 

be reported within 24 hours and the shepherd needs to demonstrate that he took the obligatory 263 

preventive measures. Most shepherds indicated they found compensation payments important but did 264 

not know about the existence of this scheme. Many officials dealing with compensation thought the 265 

scheme was still relatively unknown, but, despite a complicated application process (54), they 266 

believed that the scheme was readily accessible. Importantly, compensation payments after attacks 267 

are not the only plausible policy option. Proactive payments for preventive measures may in fact be 268 

more successful in improving conditions for peaceful coexistence (55). At present, Romanian 269 
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shepherds are obliged to not have more than two dogs per herd on the pasture in hilly areas (but are 270 

allowed to have more dogs at the shepherd camp). Nevertheless, shepherds in our study had more 271 

dogs on average – probably for good reasons because most attacks occurred on pastures. Changes to 272 

this rule therefore may be necessary. Furthermore, for compensation payments to work they need to 273 

be visible and accessible. Communication of the existing scheme needs to be improved, especially 274 

considering that distrust in local authorities is high (40). Options other than direct monetary 275 

compensation should be considered, such as subsidizing electric fences along forest edges and 276 

around sheepfolds where bears are abundant, or replacing a dead sheep with a live animal from a 277 

compensation herd. 278 

 279 

Future research and conclusion 280 

Although peaceful coexistence of humans and carnivores is a socially desired goal in many 281 

landscapes around the world, the functional mechanisms facilitating peaceful coexistence remain 282 

poorly understood. One recently discussed mechanism is that of behavioral adjustment (16). Even 283 

where carnivores persist close to human settlements, they may adjust their behaviors to avoid people, 284 

for example by adjusting their temporal activity patterns (16, 56). Our study suggests that social 285 

mechanisms facilitating peaceful human-carnivore coexistence also deserve more attention. Social 286 

mechanisms are acknowledged by several authors (e.g. 31), but still remain poorly accounted for in 287 

many studies on human-carnivore conflicts, as well as in many mitigation programs (26, 57). Future 288 

research should investigate the drivers of human attitudes towards carnivores, which may vary 289 

substantially in relation to the behavior and ecology of the species in question, the prevalence of 290 

traditional ecological knowledge, dominant cultural values and beliefs, differences in social equity 291 

and distribution of carnivore impacts, and the political context (50, 57). 292 

Thanks to major conservation efforts, a range of carnivore populations are recovering and 293 

recolonizing multiple-use landscapes (11). With this, however, the potential for conflicts is 294 
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increasing, especially in countries were traditional husbandry methods have been abandoned (24). 295 

Although public attitudes have become more favorable towards large carnivores in many locations, 296 

the incidence of vehement opposition against the recovery and range expansion of large carnivores 297 

by rural people has also increased, and social conflicts around this issue are escalating in some areas 298 

(12). Our study showed that coexistence between humans and carnivores is possible, even without 299 

direct economic incentives, when preventive measures can effectively maintain livestock losses at a 300 

socially acceptable level. Thus, it is the interplay of what is being lost, and how losses are perceived 301 

by local people that seems to be particularly important for peaceful coexistence. The continuous co-302 

existence with large carnivores – and the existence of genuine links between people and nature – 303 

very likely underpins peaceful coexistence in our study area. While a history of continuous 304 

coexistence cannot be re-created in places where carnivores were once extirpated, it is noteworthy 305 

that in areas were carnivores are slowly re-colonizing landscapes, initially negative attitudes can 306 

become more neutral as people once again become accustomed living with carnivores (58).  307 

 308 

Methods 309 

Study area and design 310 

The study was performed in the foothills of the Carpathian Mountains in Southern Transylvania, 311 

Romania (Fig. 1a). It comprised an area of 7441 km2 with 28% forest, 24% pasture and 37% arable 312 

land, at altitudes between 230 and 1100 m above sea level. Most forests are deciduous and 313 

dominated by hornbeam (Carpinus betulus), oak (Quercus sp.), and beech (Fagus sylvatica). 314 

Agriculture is typically low-intensity small scale farming (much of it on a semi-subsistence basis), 315 

and occupies the valleys. Pastures occur on the slopes and are grazed by sheep (dominant livestock), 316 

goats and cows. The vast majority of forest edges abut pastures rather than arable land. Recently, one 317 

of the largest sets of non-mountainous Natura 2000 sites in the EU has been established in the study 318 

area, including both Sites of Community Importance (SCI, Habitats Directive), and Special 319 
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Protection Areas (SPA, Birds Directive), together covering almost half of the study area (Fig. 1b). 320 

Our focal Natura 2000 sites were the Sighișoara – Târnava Mare (SCI), Pădurea de stejar și gorun de 321 

la Dosul Fânațului (SCI), Pădurea de stejar și gorun de pe Dealul Purcăretul (SCI), Oltul Mijlociu – 322 

Cibin – Hârtibaciu (SCI), Hârtibaciu Sud – Vest (SCI), Hârtibaciu Sud – Est (SCI), and Podișul 323 

Hârtibaciului (SPA) sites. 324 

Our choice of transects was guided by three design considerations: (i) we sought to obtain a 325 

broad overview over the entire study area; (ii) we sought to obtain detailed data for the focal 326 

conservation area (for which a management plan is being drafted); and (iii) we wanted to ensure that 327 

data could be used to compare alternative cost-distance models to the Carpathian Mountains. To 328 

obtain a broad overview (point i above), we surveyed bear activity in the surroundings of 30 selected 329 

villages that were randomly selected from approximately 450 villages in the study area, but stratified 330 

to cover the full gradient in terrain ruggedness and to include different types of Natura 2000 areas as 331 

well as unprotected areas (Fig. 1b). We surveyed four transects around each village (described in 332 

detail below). To specifically cover the central Natura 2000 area (point ii above), we divided it into 333 

grid cells of 2 km x 2 km. We surveyed one transect in each grid cell with more than 15% forest 334 

cover, and we surveyed one transect in 100 additional, randomly chosen grid cells with less than 335 

15% forest cover. For both points i and ii, all transects were chosen to cover the full gradient of 336 

distances to the nearest village and amount of surrounding forest cover within 3000 m. To ensure 337 

cost-distance metrics could be compared (point iii above), we specifically surveyed 59 transects 338 

within a 15-20 km distance from the Carpathian Mountains (Fig. 1b). These transects were chosen to 339 

cover a gradient from likely low cost to high cost by varying the sets of land cover types available 340 

between a given transect and the Carpathian Mountains. 341 

All transects were walked at the forest-pasture interface at approximately 10 m distance from the 342 

forest edge. Each transect was 800 m long and 6 m wide. All destroyed and undestroyed anthills 343 

within a transect were counted. We included both fresh (this year) and old (previous years but clearly 344 
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visible) destroyed anthills. In total, we walked 689 transects (551 km) between April 28 and August 345 

10, 2012. All transects for the cost-distance analysis were surveyed in May and June, 2012. 346 

 347 

Variables used to model bear activity 348 

We used four different sets of variables to explain patterns in bear activity: distance to settlements as 349 

an index of anthropogenic disturbance, three biophysical variables (ruggedness, shape and size of 350 

nearby forest patches, and pasture cover), local connectivity between forest patches (as indicated by 351 

betweenness centrality), and cost-distance to the Carpathian Mountains (based on calibrated 352 

assessments of expert opinion). We also included the total number of anthills per transect and survey 353 

date in all models to account for possible effects of these variables (bears might be more attracted to 354 

pastures with more anthills; and the number of destroyed anthills by definition accumulates with 355 

time). Detailed descriptions of these variables are provided in the SI additional text.  356 

 357 

Statistical modeling 358 

All analyses were performed with the proportion of destroyed vs. total number of anthills as the 359 

response variable within generalized linear models (GLM) with a quasi-binomial error structure to 360 

account for overdispersion. The final GLM was obtained by using model averaging with a 10-fold 361 

cross-validation (59). Validation was done by relating the predicted activity (obtained from a model 362 

using nine tenths of the data) with the activity observed in the remaining tenth via a binomial GLM. 363 

We calculated the amount of deviance explained as a measure of predictive performance of each of 364 

the ten models. We averaged the parameter estimates over the 10 models, weighting each model by 365 

its predictive performance, and these parameters were used to predict bear activity for the entire 366 

study area. All statistical analysis were implemented in the ‘R’ environment (60). A detailed 367 

description on the statistical modeling is provided in the SI additional text.  368 

 369 
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Human-bear conflicts 370 

Human-bear conflicts were assessed using questionnaires in the same 30 villages targeted for bear 371 

transects (Fig. 1a). We used a detailed questionnaire for shepherds that addressed attacks on 372 

livestock, attitudes towards bears, and the current compensation schedule. We used a short 373 

questionnaire for villagers that addressed all types of damage caused by bears. Additionally, we used 374 

the same short questionnaire for mayors, hunters and local councilors, but also included several 375 

questions regarding the compensation schedule (all questionnaires are available in the online 376 

Supplementary Information). We initially aimed to interview approximately three shepherds, ten 377 

locals, one mayor and one hunter/local councilor per village, but not everyone was available in all 378 

villages. Ultimately, we obtained questionnaires from 86 shepherds (73 sheep-herders, 13 cow-379 

herders), 302 local people, 22 mayors or vice-mayors, 20 local councilors and 15 hunters. 380 

 To test for a possible relationship between bear activity and conflicts we first averaged 381 

predicted bear activity within the land associated with each village. We then calculated Spearman 382 

rank correlations between average predicted bear activity and: (i) the mean number of bear sightings 383 

for shepherds, local men and local women; and (ii) the mean number of bear attacks on sheep in the 384 

last three years; and (iii) perceived damage to orchards, crops and beehives. For the latter we used 385 

the proportion of local people stating that bears caused damage to local orchards, crops or beehives. 386 

Finally, we used Spearman rank correlations between number of bear attacks on sheep and (i) the 387 

number of sheep in the herd; (ii) the number of sheep per guarding dog; and (iii) the number of sheep 388 

per shepherd, to assess whether certain herding techniques were more or less prone to attacks by 389 

bears. The latter analysis was only performed with data from shepherds who had suffered attacks by 390 

bears. 391 
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Figure Legends 536 

 537 

Figure 1. 538 

(A) Study area in southern Transylvania, Romania, and location of the Carpathian Mountains used 539 

for the cost-distance analysis. (B) Close-up of the study area and study design and location of the 540 

transects used for the bear activity model (n = 630) and cost-distance analysis to the Carpathian 541 

Mountains (n = 59). Interviews with shepherds were performed in the 30 focal villages. (C) Predicted 542 

bear activity in the study area, based on generalized linear modeling. Bear activity is indicated as the 543 

predicted proportion of destroyed relative to total number of anthills.  544 

 545 

Figure 2. 546 

Perceptions of shepherds regarding: (A) trend in bear populations over the last decade; (B) trend in 547 

attacks of bears on livestock over the last decade; (C) attitudes towards bears; and (D) immediate 548 

elimination of bears after attacks on livestock. Cow herd = cow herders; no loss = shepherd with no 549 

attacks by bears in the past three years; low loss = shepherd with fewer than ten attacks by bears in 550 

the past three years; high loss = shepherds with ten or more attacks by bears in the past three years. 551 

 552 

Table Legends 553 

 554 

Table 1.  555 

Model-averaged coefficient estimates (weighted mean ± weighted SEM) of the bear activity 556 

model. Ten separate models were initially calculated, and then a ten-fold cross-validation procedure 557 

was used. The ten models were largely consistent in terms of which variables were significantly 558 

related to the response. 559 
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Table 1. Model-averaged coefficient estimates (weighted mean ± weighted SEM) of the bear 

activity model. Ten separate models were initially calculated, and then a ten-fold cross-validation 

procedure was used. The ten models were largely consistent in terms of which variables were 

significantly related to the response. 

 

  Number of times significant in 
the ten separate models 

Variable Estimate ± SEM P < 0.05 P < 0.01 

(Intercept) -1.66 ± 0.099 10 10 
Number of anthills 0.04 ± 0.113 0 0 
Number of anthills2 -0.29 ± 0.072 10 10 
Time 0.58 ± 0.073 10 10 
Time2 -0.24 ± 0.069 10 9 
Distance to village 0.02 ± 0.069 0 0 
Ruggedness 0.17 ± 0.059 10 7 
Pasture cover -0.15 ± 0.069 8 3 
Forest edge : forest area -0.17 ± 0.065 10 5 
Betweenness centrality 0.04 ±0.076 0 0 
Cost-distance to Carpathian Mountains -0.34 ±0.069 10 10 
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 3 

Details on the variables used to model bear activity 4 

Distance to the nearest settlement was measured as the distance from the midpoint of a given 5 

transect to the edge of the nearest village and was included because human activities often 6 

negatively affect bear presence (1, 2). We did not include the distance to roads nor human 7 

population density, because there are few big roads, and population density is relatively uniform 8 

across the region.  9 

The biophysical variables included: (i) terrain ruggedness calculated as the standard 10 

deviation of the altitude (Advanced Spaceborne Thermal Emission and Reflection Radiometer 11 

(ASTER) Global Digital Elevation Model Version 2 (GDEM V2)), because more rugged areas 12 

may offer more and better resting and sheltering sites (3); (ii) percent pasture cover as a general 13 

indicator of the extent to which the landscape was used for livestock grazing; and (iii) forest edge 14 

to forest interior ratio as an indication of the shapes and sizes of forest patches (patches with 15 

lower edge to interior ratios were both rounder and larger). All biophysical variables were 16 

calculated within a radius of 1000 m from the midpoint of a given transect, which is slightly 17 

larger than the straight line daily distance travelled by brown bears in Croatia (4). Forest and 18 

pasture variables were derived from the Corine Land Cover digital map 2006 (CLC).  19 

Due to the large home range of the brown bear (58 km2 – 128 km2; 4), habitat 20 

characteristics probably influence bear activity beyond a 1000 m radius. Therefore, we included a 21 

measure of local connectivity between forest patches, indicated by the betweenness centrality of 22 

the forest patch k that was closest to a given transect. Betweenness centrality is the sum of all 23 

shortest pathways between all pairs of patches that go through patch k: it measures how much 24 



patch k is involved in potential movements between other pairs of patches by serving as an 25 

intermediate stepping stone patch (5). Betweenness centrality was calculated with Conefor 26 

Sensinode 2.2 (6), between the edges of individual forest patches using a dispersal distance of 27 

2000 m (4). 28 

The presumed source population of brown bears resides in the Carpathian Mountains and 29 

thus proximity to the mountains is likely to affect bear activity. We used the cost-distance from 30 

the midpoint of a given transect to the mountains in our models, which we calculated using the 31 

cost-distance analysis tool in ArcGIS 10.0. Expert opinions are widely used in animal habitat 32 

suitability models and corridor analyses (e.g. 7), and therefore we asked two local bear experts in 33 

Romania to weight the different main land use types of the Corine Land Cover Map 2006 on a 34 

scale from 1-10 with regard to their effects on bear movement (Table S2). Based on the weights 35 

provided by these experts, we developed two alternative cost surfaces for the cost-distance 36 

analysis in ArcGIS. To decide which cost-distance matrix performed best we compared three 37 

generalized linear models with a quasi-binomial error structure and the proportion of destroyed 38 

anthills as response variable. For this procedure, we used only those 59 transects at an 39 

approximately constant distance of 15-20 km from the Carpathians. The three different models 40 

included the same variables as the model used to predict bear activity; however, they differed in 41 

their cost-distance measures. Model 1 and 2 each reflected a cost-distance measure according to 42 

either of the experts, while model 3 did not include a cost-distance measure. In the latter case, we 43 

could have used “raw distance” as an alternative (with no weightings for land cover types), but 44 

we did not deem this meaningful because raw distance to the mountains was held approximately 45 

constant during this calibration. The cost-distance measure associated with the model that 46 

explained most deviance was used in further analyses (Table S3). 47 

 48 



Details on statistical modeling 49 

Prior to modeling we log-transformed the number of anthills, distance to village, and forest edge 50 

to interior ratio; we confirmed that variables were not correlated (allowing only Pearson's r < 51 

0.5); and we standardized all variables to zero mean and unit variance. We pooled transect data 52 

from the 30 villages with data from the Natura 2000 site. We used principal components analysis 53 

to confirm that the environmental variables spanned similar gradients in these two datasets to 54 

ensure they could be meaningfully combined.  55 

All analyses were performed with the proportion of destroyed vs. total number of anthills as 56 

the response variable within generalized linear models (GLM) with a quasi-binomial error 57 

structure to account for overdispersion. We first included all data into a global model to check 58 

model assumptions and test for spatial autocorrelation. We found spatial autocorrelation in the 59 

first five bins using an increment of 4000 m, however, the correlation was low (first bin 60 

correlation = 0.13, p < 0.001). To correct for this (relatively mild) autocorrelation, we ran a 61 

mixed effects model (glmmPQL) with an exponential spatial correlation structure, using the R 62 

packages ‘MASS’. Although the mixed model diminished spatial autocorrelation of the data, the 63 

model estimates were very similar to the estimates in the quasi-binomial GLM (Table S4). 64 

Therefore, we chose to present the modeling results from the simpler quasi-binomial generalized 65 

linear model, and also used it to predict bear activity for the whole study area.   66 

The final GLM was obtained by using model averaging with a 10-fold cross-validation (8). 67 

This means we randomly divided our data into ten equally-sized groups, successively left out one 68 

tenth of the data to calibrate the models, and predicted and tested bear activity for the omitted 69 

tenth. Validation was done by relating the predicted activity (obtained from a model using nine 70 

tenths of the data) with the activity observed in the remaining tenth via a binomial GLM. We 71 

calculated the amount of deviance explained as a measure of predictive performance of each of 72 



the ten models. Finally, we averaged the parameter estimates over the 10 models, weighting each 73 

model by its predictive performance. The averaged parameter estimates then were used to predict 74 

bear activity. We predicted bear activity for all 800 m segments (n = 7536) of forest-pasture 75 

interface in the entire study area. The forest-pasture interface was extracted from the Corine Land 76 

Cover Map 2006 using ArcGIS 10.0.  For predictive mapping across the study area, the total 77 

number of anthills presumed to exist at any given forest edge was set to the mean observed, and 78 

time was set to the time when observed bear activity peaked. All statistical analysis were 79 

implemented in the ‘R’ environment (9). 80 

 81 
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Table S1. Model coefficient estimates (± SEM) of the ten models used in the 10-fold cross-validation 

and their explained deviance. An asterisk (*) indicates significant variables (p < 0.05). Explained 
deviance was calculated as the amount of deviance explained from a binomial GLM relating the modeled 
and observed bear activity. 
 

Variable Model 1 Model 2 Model 3 Model 4 Model 5 

(Intercept) -1.74 ± 0.101* -1.68 ± 0.100* -1.63 ± 0.100* -1.72 ± 0.098* -1.63 ± 0.101* 
Number of anthills 0.04 ± 0.115 0.10 ± 0.118 0.01 ± 0.111 0.07 ± 0.113 0.02 ± 0.116 
Number of anthills2 -0.28 ±0.071* -0.35 ± 0.078* -0.25 ± 0.081* -0.28 ± 0.069* -0.29 ± 0.073* 
Time 0.55 ± 0.071* 0.56 ± 0.071* 0.56 ± 0.071* 0.58 ± 0.071* 0.61 ± 0.077* 
Time2 -0.17 ± 0.069* -0.23 ± 0.067* -0.27 ± 0.069* -0.23 ± 0.069* -0.28 ± 0.072* 
Distance to village -0.02 ± 0.068 0.03 ± 0.070 0.06 ± 0.069 0.03 ± 0.069 0.02 ± 0.072 
Ruggedness 0.15 ± 0.059* 0.21 ± 0.057* 0.18 ± 0.057* 0.16 ± 0.057* 0.19 ± 0.061* 
Pasture cover -0.14 ± 0.069* -0.17 ± 0.070* -0.20 ± 0.070* -0.15 ± 0.068* -0.15 ± 0.070* 
Forest edge : forest area -0.18 ± 0.065* -0.20 ± 0.064* -0.15 ± 0.064* -0.20 ± 0.066* -0.16 ± 0.066* 
Betweenness centrality 0.02 ± 0.076 0.08 ± 0.077 0.00 ± 0.078 0.03 ± 0.075 0.03 ± 0.077 
Cost-distance to 
Carpathian Mountains 

-0.29 ± 0.069* -0.39 ± 0.070* -0.38 ± 0.069* -0.32 ± 0.070* -0.34 ± 0.069* 

Explained deviance 0.35 0.12 0.19 0.24 0.27 
      
 Model 6 Model 7 Model 8 Model 9 Model 10 

(Intercept) -1.64 ± 0.100* -1.61 ±0.093*  -1.62 ± 0.097* -1.67 ± 0.100* -1.65 ± 0.100* 
Number of anthills 0.03 ± 0.112 0.03 ± 0.107 0.01 ± 0.110  0.09 ± 0.114 0.06 ± 0.115 
Number of anthills2 -0.30 ± 0.071* -0.30 ± 0.067* -0.28 ± 0.069* -0.30 ± 0.071* -0.29 ± 0.071* 
Time 0.56 ± 0.073* 0.67 ± 0.073* 0.57 ± 0.071* 0.57 ± 0.073* 0.60 ± 0.075*  
Time2 -0.23 ± 0.070* -0.32 ± 0.068* -0.26 ± 0.068* -0.24 ± 0.068* -0.25 ± 0.070* 
Distance to village 0.02 ± 0.070 -0.02 ± 0.068 0.07 ± 0.069 -0.01 ± 0.070 0.03 ± 0.070 
Ruggedness 0.17 ± 0.060* 0.14 ± 0.057* 0.14 ± 0.058* 0.17 ± 0.057* 0.19 ± 0.059* 
Pasture cover -0.15 ± 0.068* -0.18 ± 0.065* -0.19 ± 0.070* -0.13 ± 0.068 -0.12 ± 0.068 
Forest edge : forest area -0.16 ± 0.066* -0.16 ± 0.063* -0.13 ± 0.065* -0.20 ± 0.067* -0.18 ± 0.065* 
Betweenness centrality 0.06 ± 0.077 0.01 ± 0.074 0.06 ± 0.074 0.05 ± 0.074 0.05 ± 0.076 
Cost-distance to 
Carpathian Mountains 

-0.36 ± 0.069* -0.39 ± 0.065* -0.33 ± 0.068* -0.35 ± 0.068* -0.33 ± 0.071* 

Explained deviance 0.28 0.02 0.39 0.19 0.36 
 



Table S2. Weights assigned to different land-uses regarding bear movements by the two local bear 

experts. The weights spanned a gradient between 1 and 10, with 10 being difficult for bear movement and 
1 being easy. The weights by Expert 1 were ultimately used in the activity model because they provided a 
better fit to the data (see Table S3). 
 

Land cover type Expert 1 Expert 2 

Human settlement/industrial units 8 10 
Agricultural land 3 8 
Pasture 4 7 
Forest 1 1 
Woodland/scrubland 1 2 
Major rivers  3 5 
Orchards 2 4 
Major roads 6 5 
 



Table S3. Model coefficient estimates (± SEM) of the three models used to choose the most 

appropriate cost-distance measure to be used in the main bear activity model. These models were 
constructed on the basis of the 59 transects located at 15-20 km from the Carpathians (see Fig. 1a). 
 

 Expert 1 Expert 2 No cost-distance 
Variable Estimate ± SEM P Estimate ± SEM P Estimate ± SEM P 

(Intercept) -3.83 ± 0.846 <0.001 -2.88 ± 0.706 <0.001 -2.20 ± 0.491 <0.001 
Number of anthills -0.37 ± 0.274 0.184 -0.32 ± 0.282 0.267 -0.29 ± 0.283 0.317 

Number of anthills2 -0.13 ± 0.139 0.370 -0.08 ± 0.144 0.572 -0.09 ± 0.146 0.561 

Time 0.89 ± 1.950 0.651 0.69 ± 1.989 0.729 0.30 ± 1.910 0.877 

Time2 1.30 ± 1.693 0.445 0.97 ± 1.704 0.571 0.41 ± 1.596 0.780 

Distance to village -0.33 ± 0.158 0.044 -0.28 ± 0.168 0.102 -0.22 ± 0.161 0.171 

Ruggedness -0.15 ± 0.227 0.502 -0.02 ± 0.243 0.918 0.21 ± 0.166 0.205 

Pasture cover 0.16 ± 0.24 0.516 0.14 ± 0.253 0.582 0.09 ± 0.245 0.729 

Forest edge : forest area -0.31 ± 0.174 0.085 -0.36 ± 0.192 0.064 -0.29 ± 0.177 0.103 

Betweenness 

cCentrality 

0.15 ± 0.101 0.145 0.07 ± 0.124 0.581 0.17 ± 0.101 0.094 

Cost-distance to 
Carpathian Mountains 

-1.81 ± 0.764 0.022 -0.70 ± 0.512 0.175 - / - - / - 

Proportion of deviance 
explained by the model 

0.33  0.28  0.25  

 



Table S4. Model coefficient estimates (± SEM) of the global Generalized Linear Model (GLM) and 

the alternative Generalized Linear Mixed Model (GLMM) that included a correlation function to 

correct for spatial autocorrelation. Because parameter estimates were very similar, the simpler GLM 
was used as the final bear activity model. 
 
 GLM GLMM 
Variable Estimate ± SEM P Estimate ± SEM P 

(Intercept) -1.66 ± 0.09 <0.001 -1.71 ± 0.106 <0.001 
Number of anthills 0.04 ± 0.11 0.675 0.02 ± 0.11 0.861 

Number of anthills2 -0.29 ± 0.068 <0.001 -0.26 ± 0.068 <0.001 

Time 0.58 ± 0.069 <0.001 0.58 ± 0.074 <0.001 

Time2 -0.25 ± 0.065 <0.001 -0.26 ± 0.069 <0.001 

Distance to village 0.02 ± 0.066 0.765 0.04 ± 0.072 0.536 

Ruggedness 0.17 ± 0.055 0.002 0.15 ± 0.059 0.010 

Pasture cover -0.16 ± 0.065 0.016 -0.18 ± 0.069 0.010 

Forest edge : forest area -0.17 ± 0.062 0.006 -0.16 ± 0.066 0.017 

Betweenness centrality 0.04 ± 0.072 0.580 0.07 ± 0.078 0.403 

Cost-distance to Carpathian Mountains -0.35 ± 0.065 <0.001 -0.38 ± 0.073 <0.001 
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Questionnaire 1. This questionnaire was used in personal interviews with 86 shepherds (original in 
Romanian). 

 
With this questionnaire we would like to learn more about the problems between people and bears 
and wolves. 

 
Date:      Village: 
GPS point: 
 
Please indicate how often you encounter: 

 Never or very 
rarely 

About once a 
year 

Several times 
a year 

About once a 
month 

About once a 
week 

Bears      

Wolves      

 
The following questions will ask about your experience with damage by bears and wolves 
 

1. Have you ever lost livestock due to bears?  
a) yes     b) no 

 
2. How many times did bears attack your livestock in the last 3 years: 

 
3. Have you ever lost livestock due to wolves?  

a) yes     b) no 
 

4. How many times did wolves attack your livestock in the last 3 years: 
 
If you have ever suffered an attack by bears and/or wolves answer the following questions regarding 
the last attack for each species. 
 
Bears  

5. Date of the attack 
o Year: 
o Month: 

 
6. Which livestock was present and approximately how many of each? 

o Sheep:   present:  a) yes  b) no  c) number: 
o Cows:   present:  a) yes  b) no  c) number: 
o Goat:   present: a) yes  b) no  c) number: 
o Horse:   present: a) yes  b) no  c) number: 
o Donkey:  present: a) yes  b) no  c) number: 

 
7. What were the losses? 

o Animal species 1: 
o Loss in numbers: 

 
o Animal species 2: 
o Loss in numbers: 

 
o Animal species 3: 
o Loss in numbers: 
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8. When did the attack happen? a) day   b) night  

 
9. Where did the attack happen?  

a) in the sheepfold   c)  in the  forest 
b) on the pasture   d) other, namely: 

 
10. Did the attack happen in the location of this sheepfold? 

a) yes   b) no, in another location, namely: 
 

11. What did the surroundings look like? 
a) open landscape   c) other, namely: 
b) shrubby landscape  
 

12. How many shepherds were present? 
 

13. What was the behavior of the shepherds present?  
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 

 
14. How many dogs were present? 

 
15. What was the behavior of the dogs present? 

__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 

 
16. Would you like to add anything else that could explain why the attack was successful or 

unsuccessful? 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 

 
Wolves 

17. Date of the attack 
o Year: 
o Month: 

 
18. Which livestock was present and approximately how many of each? 

o Sheep:   present:  a) yes  b) no  c) number: 
o Cows:   present:  a) yes  b) no  c) number: 
o Goat:   present: a) yes  b) no  c) number: 
o Horse:   present: a) yes  b) no  c) number: 
o Donkey:  present: a) yes  b) no  c) number: 
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19. What were the losses? 
o Animal species 1: 
o Loss in numbers: 

 
o Animal species 2: 
o Loss in numbers: 

 
o Animal species 3: 
o Loss in numbers: 

 
20. When did the attack happen? a) day   b) night  

 
21. Where did the attack happen?  

c) in the sheepfold   c)  in the  forest 
d) on the pasture   d) other, namely: 
 

22. Did the attack happen in the location of this sheepfold? 
b) yes   b) no, in another location, namely: 
 

23. What did the surrounding look like? 
a) open landscape   c) other, namely: 
b) shrubby landscape  
 

24. How many shepherds were present? 
 

25. What was the behavior of the shepherds present?  
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 

 
26. How many dogs were present? 

 
27. What was the behavior of the dogs present? 

__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 

 
28. Would you like to add anything else that could explain why the attack was successful or 

unsuccessful? 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
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This section will ask for your opinion about a list of statements on bears and wolves. 
 
In your opinion: 
 

29. Bear populations over the last 10 years have:  
a) increased    b) remained stable  
c) decreased    d) don’t know 
 

30. Wolf populations over the last 10 years have:  
a) increased    b) remained stable  
c) decreased    d) don’t know 
 

31. Sheep populations in my region over the last 10 years have:  
a) increased    b) remained stable  
c) decreased    d) don’t know 
 

32. Cow populations in my region over the last 10 years have:  
a) increased    b) remained stable  
c) decreased    d) don’t know 
 

33. Bear attacks on livestock over the last 10 years have:  
a) increased    b) remained stable  
c) decreased    d) don’t know 
 

34. Wolf attacks on livestock over the last 10 years have:  
a) increased    b) remained stable  
c) decreased    d) don’t know 

 
35. Which of the following describes your feeling towards bears? 

a) do not like at all  b) do not like  c) neutral  
d) I rather like   e) I like very much 

 
36. Has your attitude towards bears changed over the last 10 years?  a) yes   b) no 

 

37. If yes, have you become  a) more negative  b) more positive 

 

38. Why has your attitude changed?  

__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 

 
39. Which of the following describes your feeling towards wolves? 

a) do not like at all  b) do not like  c) neutral  
d) I rather like   e) I like very much 

 
40. Has your attitude towards wolves changed over the last 10 years?  a) yes   b) no 
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41. If yes, have you become  a) more negative  b) more positive 

42. Why has your attitude changed?  

__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
 

The following questions are about bear attacks on humans. 
 

43. Bear attacks on humans happen:  
a) never   b) rarely   c) regularly   d) very often    

 
44. Bears only attack humans when they feel threatened by humans:  a) yes b) no 

 
45. I am afraid to be attacked by a bear:  a) yes  b) no 
 

 
The following questions are about compensation schemes. 
 

46. It is important to receive compensation for livestock losses:    

a) yes b) no 

 

47. Compensation should only be paid when livestock is properly guarded, e.g. by dogs or fences  

a) yes  b) no 

 

48. Bears and wolves should be eliminated after damaging livestock:  

a) yes     b) no 

 

49. Compensation is currently being paid for livestock losses:    

a) yes b) no   c) don’t know 

 

48. Have you ever asked for compensation for livestock losses: a) yes; b) no 

If yes: 

a. Was it easy to receive the compensation:    a) yes  b) no 

b. What did you need to do to receive compensation: 

__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
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The following questions are about you. 
 

48. Gender: a) M  b) F 
 

49. Age:______years    
 

50. Ethnicity: a) Romanian  b) Hungarian  c) Roma    d) Saxon  e) Other, namely: 
 

51. Which animals do you have in your camp and how many of each?  
o Sheep  number: 
o Cows   number: 
o Goat   number: 
o Horse    number: 
o Donkey  number: 
o Dogs  number: 

 
 

Thank you very much for your participation! 
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Questionnaire 2. This questionnaire was used in interviews with 302 local people, 15 hunters and 
20 local councilors (original in Romanian). 

 
With this questionnaire we would like to learn more about the problems between people and bears 
and wolves. 

 
Date:      Village: 
 
The following questions will ask about your experience with damage by bears and wolves. 
 
Please indicate how often you encounter: 

 Never or very 
rarely 

About once a 
year 

Several times 
a year 

About once a 
month 

About once a 
week 

Bears      

Wolves      

 
Please indicate if you agree or disagree. 
 

1. My village suffers great damage to fields by bears?   a) yes   b) no 
 

2. My village suffers great damage to orchards by bears?   a) yes   b) no 
 

3. My village suffers great damage to beehives by bears?   a) yes   b) no 
 

4. My village suffers great damage to livestock by bears?   a) yes   b) no 
 

5. My village suffers great damage to livestock by wolves?  a) yes   b) no 
 

 
The following questions are about bear attacks on humans. 
 

6. Bear attacks on humans happen:  
a) never b) rarely   c) regularly   d) very often     

 
7. Bears only attack humans when they feel threatened by humans:  a) yes  b) no 

 
8. I am afraid to be attacked by a bear:  a) yes  b) no 

 
9. Do you have anything you would like to add regarding your opinion about bears or wolves? 

__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 

 
 

The following questions are about compensation schemes and should only be filled in for members 
of the local council and hunters. 
 

10. It is important that compensation is paid for livestock losses and/or damage to crops by 
wolves and bears     
a) yes   b) no   c) don’t know 
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11. In my village compensation for damage to livestock by bears and/or wolves  is frequently 

requested 
a) yes   b) no   c) don’t know 
 

12. In my village compensation for damage to crops by bears is often requested  
a) yes    b)no   c) don’t know 
 

13. Most people in my village are aware of the existing compensation scheme for damage 
caused by bears and wolves     
a) yes      b)no   c) don’t know 

 
14. Most applications for compensations are successful     

 a) yes      b)no  c) don’t know 
 

15. Could you briefly describe the steps that need to be taken to receive compensation for 
damage inflicted by bears and wolves? 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
 

16. Do you think the procedure you described is accessible to everybody?  
a) yes     b) no   c) don’t know 

 
 
The following questions are about you. 

17. Gender: a) M  b) F 
 

18. Age:______years   
 

19. Profession  
 

20. Ethnicity: a) Romanian  b) Hungarian  c) Roma    d)Saxon  e) Other, namely: 
 

21. Do you have: 
i) Land with crops   a) yes   b) no 
ii) Orchards   a) yes   b) no 
iii) Beehives   a) yes   b) no 
iv) Livestock   a) yes   b) no 
 

 
 

Thank you very much for your participation! 
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Questionnaire 1. This questionnaire was used in interviews with 22 mayors or vice-mayors (original 
in Romanian). 
 
Date:      Commune: 
 
In this questionnaire we would like to know about the problems between humans and bears/wolves 
in your commune. 

 
The following questions are about damage caused by bears and wolves. Please indicate if you 
agree or disagree. 
 

1. My commune suffers great damage to fields by bears?   a) yes   b) no 
 

2. My commune suffers great damage to orchards by bears?  a) yes  b) no 
 

3. My commune suffers great damage to beehives by bears?  a) yes   b) no 
 

4. My commune suffers great damage to livestock by bears?  a) yes   b) no 
 

5. My commune suffers great damage to livestock by wolves?  a) yes   b) no 
 
6. Bear attacks on humans in my commune happen:  

a) rarely   b) regularly   c) very often     d) never 
 

 
The following questions are about compensation schemes. 
 

7. It is important that compensation is paid for livestock losses and/or damage to crops by 
wolves and bears     
a) yes  b) no   c) don’t know 

 
8. In my village compensation for damage to livestock by bears and/or wolves  is frequently 

requested 
a) yes  b) no   c) don’t know 
 

9. In my village compensation for damage to crops by bears is often requested  
a) yes   b)no   c) don’t know 
 

10. Most people in my village are aware of the existing compensation scheme for damage 
caused by bears and wolves     
 a) yes    b)no   c) don’t know 

 
11. Most applications for compensations are successful 

a) yes     b)no   c) don’t know 
 

12. Could you briefly describe the steps that need to be taken to receive compensation for 
damage inflicted by bears and wolves : 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
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__________________________________________________________________________ 
 

 

13. Do you think the procedure you described is accessible to everybody?  
a) yes     b) no   c) don’t know 
 

14. Do you have anything you would like to add regerading your opinion about bears or wolves? 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 

 
The following questions are about you. 
 

8. Gender: a) M  b) F 
 

9. Age:______years    
 

10. Ethnicity: a) Romanian  b) Hungarian  c) Roma    d)Saxon  e) Other, namely: 
 
 

Thank you very much for your participation! 
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