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Abstract

:

Here, we address the question of if/to what extent human–wildlife conflict (HWC) can be reduced or mitigated by supra-regional or even global approaches, or whether case- and region-specific strategies are necessary. First, we try to shift the perspective from humans towards wildlife and regard modern era (near) extinctions of selected wildlife species as an ultimate expression of HWC. We then reflect on the legitimacy of ecosystem comparisons beyond the borders of biogeographical regions—an important prerequisite for global approaches. In the following, we present two case scenarios that exemplarily illustrate the topic from different perspectives: carnivore–livestock conflicts (classical view, human perspective) and wind turbine-induced mortality of bats (wildlife perspective, rarely regarded as a form of HWC). On this basis, we try to develop a framework that enables a global approach, while adequately considering case- and region-specificity. We think that a globally valid and generally approachable dimension can be defined, as long as there is a natural link: in the present case the established monophyly of the orders Carnivora and Chiroptera, i.e., representatives descending from common ancestors, thus sharing common ecological features. This natural relationship among all representatives of a systematic group (specification of the “wildlife” concept) is key for the development of an overarching strategy that can be adjusted to a specific case.
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1. Introduction


The relationships between humans and wildlife are varied, complex, and dynamic, and an urgent issue of our time. On the one hand the growing human population and the associated increasing demand for a limited and unevenly distributed pool of natural resources [1] is the main driver of biodiversity loss and environmental degradation (Figure 1) [2,3,4]. On the other hand, societies progressively reflect about the fragility of ecosystems (e.g., biodiversity crisis) and—as a result of these considerations—we are experiencing an increasing environmental awareness and appreciation [5], which is linked with efforts to better protect biodiversity and a more sustainable use of natural resources (e.g., transboundary protected area networks) [6,7]. However, crucial to this dilemma is that both developments have the potential to create new or intensify existing conflicts between humans and wildlife [6,8].



Consequently, the topic calls for multi-perspective and transdisciplinary approaches, including ecological, socio-ecological, socio-economic, and socio-cultural research concepts. Viewing existing conflicts through a local lens and in a case-specific context is important, but it does not always comply with the complexity of the underlying phenomenon. This is especially true when it comes to transregionally or globally occurring forms of conflict. Against this background, it seems advisable and necessary to exemplify the various types of existing conflicts in different contexts, provide inspiration for cross-regional and cross-landscape approaches, as well as encouraging the discovery and better understanding of fundamentally valid mechanisms and generally applicable strategies.



In a widely cited review article, Francine Madden clearly outlined the underlying dilemma: “Two interesting contradictory misconceptions seem to exist simultaneously. On one hand, many conservationists believe that “their” species or protected area is unique such that “lessons learned” from elsewhere or widely held principles of how to assess, address, process, and evaluate conflict do not apply.” “On the other hand, it is a mistake to think that a one-size-fits-all, standardized prescription for mitigation can be applied successfully across the wide spectrum of specific conflict situations.” [9] (p. 251).



The value of generally applicable mechanisms arises from the need to develop clear recommendations for action. However, this should not lead to oversimplification of complex issues through generalization. At the same time, and in view of the urgency of the issue, overestimation of case specificity at the local scale should be cautioned.



Here, we try to approach the broad topic of cross-landscape considerations of human–wildlife conflict (HWC) and outline that a cross-landscape view is possible, if the level of abstraction is adjusted accordingly and a balanced weighing of similarities and differences is conducted. In a first step, we try to clarify the terminology and in particular the necessity to address the concept of “conflict” from the perspective of selected wildlife species. In a second step, we encourage longitudinal investigations that may even cross the borders of zoogeographical regions and thus enable HWC to be compared on a supra-regional scale. We then present two case scenarios that exemplarily illustrate the topic from different perspectives (classical view, human perspective vs. wildlife perspective, rarely regarded as a form of HWC). In view of the challenges of our time, it seems necessary to work out and uncover these globally effective mechanisms as far as possible.
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Figure 1. A constantly growing global human population (red line) goes along with a declining Red List Index (RLI) of species survival (blue line). RLI is an overall value combining the taxa: mammals, birds, amphibians, reef-forming corals and cycads. Sources: RLI: [10], human population: [11]. 
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2. Trying to Adopt a Wildlife Species’ Perspective


Human–wildlife conflict (HWC) can be regarded as a phenomenon that involves and impacts on both, humans and wildlife. While many definitions explicitly address the interdependence of the two entities (humans vs. wildlife) [9,12,13,14], others stress negative impacts on humans caused by wildlife [15,16]. There are also those for whom any instances in which human and nonhuman interests overlap and clash can be seen as HWC, although this view completely disregards the concept of wildlife [17]. However, interestingly, much of the work published on the subject rather disproportionately sees wildlife causing a negative impact on the goals of humans, sometimes complemented by the statement that conflicts can be regarded as human–human conflicts or conflict between conservation and other human interests [18,19]. Social sciences undoubtedly contributed to a better understanding of the so-called “human dimension of wildlife” that can be approached from various directions, including a temporal, cultural and political dimension [17,18]. Characteristic of the anthropocentric nature of such considerations is the debate as to whether the term “coexistence” is more appropriate than the term “conflict”, because “coexistence” has a more positive connotation [20,21]. In their review paper “Rearticulating the myth of human wildlife conflict”, Peterson and others argue that the concept of HWC was used to frame high-profile conservation cases and that the concept initially was rooted in the science of wildlife damage management [16].



However, we think that we should use a more symmetrical view on HWC by also looking at cases where human activities impact non-human species. Thus, let us approach the issue from the perspective of selected wildlife species. A result of a particularly obvious form of conflict is the extinction of wildlife species following human activity, e.g., blue antelope (Hippotragus leucophaeus) [22], Tasmanian tiger (Thylacinus cynocephalus) [23], passenger pigeon (Ectopistes migratorius) [24], dodo (Raphus cucullatus) [25], moas (Dinornithiformes) [26] or giant tortoises (Cylindraspis spp.) [25]. However, these human-caused extinctions of wildlife species are termed “modern era extinctions” or “extinctions in the Anthropocene” [25] but are rarely subsumed under the umbrella of HWC.



A successful strategy of preventing these extinction events can be the re-introduction of remaining individuals into the natural habitat, if this still exists. Reintroduction is “the intentional movement and release of an organism inside its indigenous range from which it has disappeared” in order to re-establish “a viable population of the focal species within its indigenous range” [27] (p. 3). Table 1 lists examples of selected avian and mammalian species that have been pushed to the brink of extinction as a result of human activity—often overexploitation of natural resources. The remaining “populations” of some of these animal species were little more than a handful of individuals. Reintroduction is a globally applicable tool/procedure to counteract one of the most extreme forms of HWC. Reintroduction can be seen as a key-measure in preventing the extinction of these species at the last moment. The example of this reintroduction of endangered species is a lesson in the value of taking action when a conflict has progressed to the point of having an almost irretrievable impact: in this case, the disappearance of a charismatic wildlife species from the surface of the earth. At the same time, the example also shows that extremely time-consuming and labor-intensive tasks are required, and that success is by no means guaranteed. While this strategy is globally applicable, of course, there are region-specific, but especially species-specific differences that need to be considered.



Our examples from Table 1 are particularly suitable for showing case specificity and global relevance. Many of the animal species that are listed there and that came to the brink of extinction due to human intervention showed a spatially limited natural distribution range. It seems obvious and understandable that such species are particularly endangered by extinction events. The strategies and measures differ greatly among the species and according to their ecological conditions and biological requirements. In the case of the kakapo (Strigops habroptila), the animal species was completely removed from the original natural distribution area (New Zealand), the remaining animals were kept in captivity and then the offspring were released into offshore islands after alien predators (representatives of the order Carnivora) had been completely eradicated there—a very specific procedure that can hardly be transferred to other cases. In the case of the Przewalski’s horse (Equus ferus przewalskii), the remaining population existed exclusively ex situ for decades before wildlife conservationists could start to slowly reintroduce horses in their original habitat. For example, captive-born golden lion tamarins (Leontopithecus rosalia) or black-footed ferrets (Mustela nigripes) cannot simply be released into the wild but need to be trained pre-release in order to learn to find food (catch prey) and avoid dangers [28]. A zoo-born white rhino (Ceratotherium simum), on the other hand, was successfully reintroduced into a national park in Namibia without any behavioral training pre-release [29]. All of this shows the highly species-specific and case-specific dimension behind reintroduction. Yet, there is also a global dimension behind it. On one hand, the case studies show that the phenomenon exists all over the world. The procedure is similar: populations that have shrunk to little more than a handful of individuals are saved from certain extinction by protecting them with great effort and mostly reintroducing them into parts of the natural distribution range. An interesting and transregional peculiarity is the willingness of humans to undertake sometimes considerable efforts when the state of near extinction is reached. Sometimes, extreme effort is made to avert the extinction event. It could probably have been saved earlier in the process with much less effort.
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Table 1. Overview of selected bird and mammal species that were at the brink of extinction owing to human exploitation, populations were reduced to very few individuals that formed the basis for (more or less successful) reintroduction or translocation programs. These examples can be useful to adopt a more symmetrical view on HWC, while also illustrating global relevancy of the underlying phenomenon (resource-overexploitation by humans) and global applicability of mitigation strategies (reintroduction and translocation). Superscript digits refer to references.
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Scientific Name

	
Extinct in

the Wild

	
Population

Bottleneck

	
Nucleus of Initial Reintroduction

Program (Founders)

	
Initial

Release into

Wild

	
Area of Initial Release

	
Current In Situ

Population [30]






	
Strigops habroptila

	
1997 [31]

	
62 animals, 1999 [31]

	
61 animals, 1980–1991 [31]

	
-

	
Offshore islands of New Zealand [31]

	
116 mature individuals




	
Leucopsar rothschildi

	
-

	
6 animals in the wild in 2001 + unknown number in captivity [32]

	
426 animals, 1998–2019 [32]

	
around 1983 [32]

	
Bali Barat National Park [32]

	
1–49 mature individuals




	
Gymnogyps californianus

	
1987 [33]

	
22 animals, 1981 [33]

	
85 animals, 1982–2003 [33]

	
1992 [34]

	
Sespe Condor Sanctuary, Los Padres [34]

	
93 mature individuals




	
Canis rufus

	
1980 [35]

	
14 animals, 1976 [35]

	
102 animals, 1987–2002 [35]

	
1987 [35]

	
Alligator River National Wildlife Refuge, Carolina [35]

	
20–30 mature individuals




	
Mustela nigripes

	
1980s [36]

	
18 animals, 1985–87 [36]

	
37 animals, 1991 [37]

	
From 1991 [36]

	
Shirley Basin, Wyoming [36]

	
206 mature individuals




	
Dama mesopotamica

	
-

	
25 animals, 1956 [38]

	
Iran: 6 animals, 1964–1965 [39]

Israel: 7 animals, 1976 [38]

	
From 1977 [39] 1996 [38]

	
Different sites in Iran [39]

Nahal Kziv Nature Reserve [38,40]

	
>250 adults




	
Elaphurus davidianus

	
>1500

years ago [41]

	
11 animals, 1900–1910 [41]

	
77 animals, 1985–1987 [41]

	
1987 [41]

	
Dafeng Milu Nature Reserve [41]

	
~600 individuals




	
Oryx leucoryx

	
1972 [42]

	
14 animals, 1962–67

(“World Herd”) [43]

+few animals from private

collections [44]

	
Oman: 40 animals, 1980–1995 [45]

	
1982 [45]

	
Arabian Oryx Sanctuary [45]

	
850 mature individuals




	
Jordan: 14 animals, 1978–84 [46]

	
1983 [46]

	
Shaumari Nature Reserve [46]




	
Israel: 7 animals, 1978 [44]

	
1997–1998 [44]

	
Shahak Spring [44]




	
Saudi Arabia: 35 animals, 1989 [47]

	
1990–1993 [48]

1995–2003 [48]

	
Mahazat as-Sayd [48] Uruq Bani Ma’arid [48]




	
UAE: 90 animals [49]

	
2007 [49]

	
Um El Zumool [49]




	
Bison bonasus

	
1927 [50]

	
54 animals, 1920s [51]

	
18 animals [50]

	
1952–1966 [50]

	
Puszcza Bialowieska [50]

	
2518 mature individuals




	
Equus ferus przewalskii

	
1960s [52]

	
53 animals, 1920s [53]

	
16 animals, 1900–1947 [53,54]

	
1992–2004 [53]

1992–2000 [53]

	
Great Gobi B via Takhin Tal [54] Hustai National Park [53]

	
178 mature individuals




	
Ceratotherium s. simum

	
-

	
20–50 animals [55]

~200 animals [56],

1900

	
South Africa: 330 animals [57]

	
1961–67 [57]

	
Different reserves in South Africa [57]

	
10,080 mature individuals










3. Comparing Ecosystems via Longitudinal Studies—Even beyond the Borders of Biogeographical Regions


Since Alfred Russel Wallace (1823–1913) divided the world into six zoogeographical regions in his work “The Geographical Distribution of Animals” [58], cross-landscape considerations of ecological relationships appear permitted and meaningful if they relate to habitats located within one zoogeographical region. For example, it seems legitimate and obvious to consider faunal elements and the conflicts they may be associated with throughout their distribution range, e.g., in terms of longitudinal studies [59]. However, when such a comparison relates to areas within different zoogeographical regions, things get much more complicated. A basic assumption behind biogeographical thinking is that a different evolutionary history of ecosystems within different biogeographic regions and the associated distinct evolutionary scenarios imply a separate consideration. Strictly speaking, this approach would lead to the realization that cross-landscape considerations of HWC are only possible if conflicts are addressed within one-and-the-same zoogeographical region. However, would this approach do justice to the complexity of the topic?



There are, on the other hand, generally applicable and globally valid ecological rules, and concepts, as becomes clear from the example of ecological equivalence in the sense of similar ecological interrelationships involving convergent species in different regions. Moreover, it can also happen that certain geographical regions show parallels and similarities that only become apparent at second glance, e.g., when the time scale is extended. Central Eurasia and southern Africa provide a good example in this regard. Although these regions appear to have little in common at first glance, there are several striking natural similarities [60,61,62]. Natural links and parallels between these regions include: (i) Tertiary tectonic events and shifting in the African–Eurasian plate boundary zone [63], (ii) Tertiary similarities in vegetation—a Mediterranean-type woodland thorn scrub [64], (iii) Quaternary Western European complex of Mediterranean/African affinities with North–South and South–North fluctuations of faunistic elements [65], and (iv) the Palearctic–African bird migration system, the largest bird migration system in the world [66].



During the last interglacial (Eemian interglacial, 126–115 ky BP), western Eurasia (today central Europe) was home to large mammal communities very similar to those of modern-day Africa. There were species that we can still find in Africa today (e.g., Crocuta crocuta, Panthera leo, Hippopotamus amphibius) or those that were relatively closely related to recent African species and may have fulfilled a similar ecological function in the Eurasian context (e.g., Palaeoloxodon antiquus) [62]. Having in mind that the large mammal communities of central Europe were significantly reduced by human activity, we come to the realization that sub-Saharan Africa represents an important model region for understanding the interactions between ecosystems and the associated large mammal communities. This example of comparing the situation in central Europe and southern Africa illustrates the legitimacy of comparing ecological contexts (such as HWC) beyond the borders of zoogeographical regions. Rather, the decisive factor here is the shift in the time scale and the awareness of a suitable reference point in time.



Such comparative considerations of the interrelations between human activity and biodiversity, including HWC, lead to an awareness of the transregional or even globally valid dimension of this phenomenon. From our point of view, two aspects are particularly important: Firstly, knowing about the natural connections between different and distinct appearing regions leads to an appreciation of the legitimacy of applying similar strategies in different contexts. The inclusion of time as an important dimension shows that relations within ecosystems can be more similar than it might first appear and reveals parallels and natural connections that justify transregional approaches.



Secondly, raising awareness of the similarities among ecosystems in different geographical regions can show the extent of the degree of ecosystem-transformation resulting from human activities. Reflecting about the existence of megafauna communities in central Europe during the Eemian interglacial gives us an idea of how highly transformed the current situation actually is. This in turn can lead to a reassessment of the concept of conflict. Observations that we initially evaluate as a conflict may be an expression of a high-level disruption of a formerly near-natural system. The reference value is decisive for the assessment of a supposed conflict situation. Considering a cleared agricultural landscape as a reference, into which large predatory mammals suddenly migrate, harbors an enormous potential for conflict per se. If, on the other hand, one realizes that this very landscape was characterized by the existence of megafauna communities including various very large representatives of carnivores, the recolonization of individual carnivore species appears in a completely different light. It is important to recognize that the development of strategies to avoid conflict depends heavily on what is perceived as conflict and what is defined as a desirable state. Such considerations can help us to shift from an anthropocentric perspective towards a more ecocentric view. This sovereignty of interpretation of this near-natural state is a very crucial point when considering HWC. In view of the fact that there are numerous initiatives that are active in nature conservation and that aim to mitigate or minimize existing conflicts, it is important that these initiatives have a valid and realistic idea of near-natural conditions. Here, is a very important lever to improve measures to avoid HWC by defining the states worth protecting as scientifically as possible. We think that cross-regional comparisons of ecological interrelations, including comparisons of HWC in different regional contexts and even on different continents can play an important role in this regard.




4. Carnivore–Livestock Conflicts—A Classic Example for Transregional Considerations


Carnivores (Carnivora) are monophyletic, globally distributed, highly diverse in form and function, and share similar ecological adaptations associated with their ecological function as predators [67]. Large carnivores require vast areas to establish home ranges and territories and are typical top predators of ungulates [67,68,69]. In the course of an anthropogenically controlled process (domestication), humans have transformed little more than a handful of ungulate species into domesticated forms (livestock) [70]. Some of these domesticated forms, whose natural “stem species” are either extinct (Bos primigenius) or occur in spatially clearly defined areas (Ovis orientalis, Capra aegagrus), are now spread globally as a result of this cultural achievement of humans and the number of individuals exceeds that of their stem species many times over [71]. However, despite their phenotypic diversity and adaptation to diverse regions, these domesticated livestock forms represent very few biological species. Domesticated ungulates often displace naturally occurring ungulate species and become prey for large carnivores. Owing to the cultural component of the domestication process, carnivore–livestock conflict undoubtedly represents a special form of HWC. Owing to human population growth, increasing livestock numbers, and intensifying agricultural practices on the one hand and ecotourism and an increasing awareness of the importance of nature conservation on the other hand, carnivore–livestock conflict is a global phenomenon. Comparative approaches seem effective to better understand and mitigate such conflicts on a transnational or even global scale. Thus, a comparative framework is needed that allows us to differentiate between case specificity and common applicability of the underlying ecological processes and the resulting management strategies in different regions.



The global phenomenon of carnivore–cattle conflicts (Figure 2) is a good illustration of the principle according to which general aspects and case-specific characteristics can be weighed up if different levels are considered. An obvious global similarity is that large representatives of a systematic group (carnivores), as well as domesticated forms of a today-extinct wild species (cattle), exist all over the world. As a result of a growing human population and an increase in livestock-related biomass [60], humans are simulating an increasing abundance of a large ungulate species, which has also been modified by humans and is often more readily available as prey for large carnivores than naturally occurring ungulate species.



From a biological point of view, we have a globally comparable phenomenon on an abstract level, which, to some extent, enables the derivation of globally transferrable management strategies and conservation measures. However, a closer look reveals pronounced differences in the life history strategies of the carnivore species, as it makes a difference whether this species is a representative of the families Ursidae, Canidae, Felidae, or Hyaenidae to stick with our selected examples from Figure 2. Ursus arctos, for example, can induce conflicts resulting from depredation of cattle, but owing to its omnivorous feeding habits, the species can also be seen as a potential crop raider [72,73]. It also makes a difference for the development of management strategies whether the conflict is induced by canids that hunt in packs, such as wild dogs or wolves, or by felids that mostly live and hunt solitary and hidden, such as puma, jaguar, or leopard. The habitat also plays an important role. This becomes clear with the example of the leopard, which occurs in very different habitats. Additionally, it seems obvious that management strategies need to be adjusted depending on whether the animal is hunting in open areas or dense rainforest. This shows that besides considering phylogeny and habitat, it can be advisable to address a certain degree of case specificity even in view of one and the same species. This can also be observed by looking at the wolf (Canis lupus). The wolf is a particularly interesting case study because the species has a vast range that includes much of the entire Holarctic. Additionally, the domesticated and then feralized form of the wolf, the dingo, is the apex predator on the Australian continent. In central Europe, wolves are recolonizing areas, where the species was formerly extinct [74]. The emergence of this top predator in parts of Europe forces wildlife managers to develop appropriate strategies. To better understand the recovery of the wolf in Europe, it is important to investigate regions, where the same species causes comparable conflicts. Given the large distribution range of Canis lupus, comparable investigations on similar longitudinal levels, including the entire Holarctic region, seem feasible. However, it should also be taken into account that such a wide distribution area is also a consequence of the extreme ecological plasticity of this species, i.e., its ability to cope with different environmental conditions (euryoecious). This ecological plasticity also implies a high level of responsiveness to management strategies designed to avoid wolf–cattle conflicts. In other words, even though a conflict is of the same nature in different areas, it may be necessary to develop case-specific management strategies. Alternatively, to put it another way, there is no species-specific avoidance tactic to prevent a certain type of conflict in different regions or even under different circumstances (individual variability).
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Figure 2. Selected examples of carnivore–cattle conflicts on a global scale—if not further specified, ungulate silhouettes refer to different forms of cattle derived from the aurox Bos primigenius. All animal silhouettes derived from photos: T. Göttert. References: Canis lupus, North America: [75,76]; Ursus arctos: [77]; Puma concolor, western North America: [78]; Puma concolor, central America: [78,79]; circle, northern South America: [80]; Puma concolor, western South America: [78,81,82]; circle, southern South America: [81,82]; circle, eastern Africa: [83,84]; circle, southern Africa: [85]; Canis lupus, southern Europe: [86]; Canis lupus, eastern Europe: [87,88]; Canis lupus, central Asia: [89,90]; Panthera pardus, Near East: [91]; Panthera pardus, South Asia: [92]; box: Panthera uncia and Canis lupus: [93,94]; Panthera tigris, South Asia: [95,96]; Panthera tigris, East Asia: [97,98]; Canis lupus f. familiaris: [99]. 
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The experience from regions, where other carnivore species cause conflicts with livestock, is also part of the comparative framework. In Africa, for example, pastoralists coexist with large predators for millennia [60]. This knowledge might contribute to a common understanding of carnivore–livestock conflicts and mitigation strategies (Figure 3). Besides distinguishing between case-specific and species-specific patterns, the detection of generally applicable practices is needed to achieve the coexistence of ecologically highly relevant faunal elements, as well as human well-being. In other words, appropriately dealing with the topic requires a differentiation between similarities and case specificity. Similar aspects are: global drivers of conflicts, global distribution of carnivores (and livestock), similar ecological functions of large carnivores, similar spatial and dietary requirements of large carnivores. Case-specific aspects can be related to different social, cultural and economic conditions applying to the countries/regions, where the conflict emerges (e.g., developed countries vs. developing countries). However, they can also be the result of different behavioral patterns of representatives of different members of the systematic group Carnivora (e.g., a hunting pack of wolves vs. a solitary hunting large felid). Additionally, these aspects can be linked with different historic or political backgrounds of countries or regions that may exclude certain strategies to avoid or mitigate carnivore–livestock conflicts (e.g., re-settlement of people from national parks to adjacent areas seems problematic in former Apartheid countries). Once this appreciation of similarities and differences has been conducted, there is a globally effective “toolbox” [9] available for wildlife managers and livestock keepers including: using/optimizing artificial and natural barriers, guarding/optimizing livestock husbandry practices, effective waste management systems, compensation or insurance schemes and lethal control of carnivores in the last instance.




5. A Novel and Rapidly Emerging, Global Human–Wildlife Conflict Resulting from Wind Energy Development


The above-described example (carnivore livestock conflicts) is classic because it is a millennia-old phenomenon, and it causes direct harm to humans (direct threat to livelihoods and survival). It exemplifies all the forms of conflict that are evident when viewed from the human perspective. Numerous other examples of conflicts could be added here, e.g., damage to crops caused by wildlife or impairment (up to and including devastation) of infrastructure by wildlife. These are generally examples that are often cited when reflecting on the HWC theme. The starting point for the following topic (bats vs. wind energy) is different. Firstly, because a relatively new form of land use is involved. In addition, the conflict is clearly directed towards wildlife, which is probably one reason why the topic has so far hardly been subsumed under the umbrella of HWC. Since the conflict is originated by a human-induced threat (wind energy), the phenomenon can be viewed as one form of threat–target relationship belonging to the disciplinary arena of threat analysis [100]. In the following, we will look at it as an example for various forms of conflicts that come to light when viewed from the perspective of wildlife. Due to the complexity of the interrelationships between human action and ecosystem stability and integrity, one-sided considerations (human vs. wildlife perspective) do not do justice to the topic.



The worldwide expansion of the wind energy sector makes an important contribution to environmental protection with regard to avoiding CO2 emissions when compared to the use of fossil fuels. On the other hand, the construction and operation of wind turbines interferes with nature and the landscape and can threaten wildlife directly (e.g., collision mortality) and indirectly (e.g., displacement) [101,102,103,104]. Bat fatalities at wind energy facilities were first reported from Australia >40 years ago [105]. In Europe and the United States, observations of bat carcasses beneath wind turbines were reported in the late 1990s [106]. However, while impacts of wind energy on the avifauna have been intensively discussed for many years, public awareness on the impacts on bats was raised only at the end of the twentieth century, with increasing observations of dead bats at wind farms [107,108,109,110]. It has since been noted that the number of bat fatalities often exceed those of birds, e.g., in [101,103,111]. Bats are killed at wind turbines worldwide across different landscapes, and in fact, with regard to mortality, wind turbines have been identified as one of the greatest anthropogenic threats for bats worldwide [109,112,113]. Thus, hardly any other form of renewable energy is subject to as much global controversy as wind energy, resulting in a complicated trade-off-situation between environmental and nature conservation concerns [114,115]. Today, most post-construction fatality monitoring studies and related findings stem from North America and Europe. However, energy demand will rise dramatically in South America, Asia and Africa over the next 20 years, which, in the face of climate change mitigation, will certainly lead to the construction of thousands of wind turbines across these continents with definite implications for local bat faunas. For example, first studies of the few turbines installed in Africa to date have already documented bat fatalities [116].



For bats, similarly to birds, a distinction can be made between lethal and nonlethal effects. Bats can die or be injured by collisions with wind turbines [117,118,119,120], either when colliding with the rotors of wind turbines or when being exposed to air turbulences at the rotor blades [121]. Due to large pressure differences, the latter seems to cause a fatal barotrauma [109,122]. As the wind industry continues to expand, cumulative impacts of bat collisions on some species and/or local populations can be expected, causing population declines, particularly in species with a high collision risk [123,124,125]. Brinkmann et al. have shown that even a 0.5% increase in mortality rates can have negative effects on local populations of individual species [126]. Non-lethal impacts include (i) habitat loss due to structural alterations [127], e.g., when forests are cut down to establish roads and platforms for the erection and operation of wind turbines [112,128], (ii) barrier effects of the facility(ies) within important flight routes, (iii) deterrence effects due to construction work, noise during operation [129], or the constant movement of the rotors, or (iiii) disturbance of ultrasonic orientation due to facility-related emissions in the frequency range of bat vocalizations. The sum of these disturbances could severely affect species by decreasing their habitats’ availability which can cause behavioral changes (e.g., roost abandoning), significantly weaken local populations in the long term [130,131].



Several non-mutually exclusive hypotheses exist to explain the high collision risk of bats across continents [132,133,134]. The feeding-attraction hypothesis states that bats are attracted to the turbine nacelle because of relatively high insect abundances [135] and fatal collisions may occur while bats are foraging at high altitudes in the rotor area or inspecting the turbines for roosting possibilities. Furthermore, opening up forests as sites for wind turbines seems to considerably increase the potential for collisions as significantly more bat carcasses were found under wind turbines in forests than in the open country [126]. Worldwide, forests function as habitats for wildlife with a high ecological value, and several studies have shown that even monotonous coniferous forests can host rich and abundant bat communities [136,137,138,139]. For Northern Europe and North America there seem to exist similar patterns: clear correlations have been observed between weather variables and turbine-related bat activity: bats are particularly active during warm nights with low wind speed. Additionally, temporal patterns of bat fatalities seem to be consistent in the northern hemisphere. Most fatalities occur in late summer and autumn during autumn migration, and (in some parts of Europe) during spring migration. It is assumed that while migrating, bats use other mechanisms for orientation than echolocation, e.g., landscape structures, geomagnetism. There is a comparatively high number of affected individuals of migratory species, leading to potential impacts on supra-regional populations and thus, on bat populations over large geographical areas, many times over-exceeding the used for wind energy production itself [140]. This fact makes the conflict a cross-boundary/cross-landscape human–wildlife conflict. However, while in North America and Northern Europe tree-roosting migratory species seem mostly affected, Arnett et al. suggest that wind turbines are equally dangerous to resident cave bats in South or Central America (assumed to be non-migratory) as to migratory tree-roosting species [112]. Thus, the unifying finding across continents is that the species most vulnerable to collisions are adapted to flight at high altitudes and echolocation in the open air (aerial-hawking and relatively fast flying open air species), irrespective of continent, habitat, migratory pattern or roosting preferences.



Given current knowledge, the impacts of wind energy development seem predictable. This must be an incentive to plan wind turbines particularly carefully. The most important prerequisite for avoiding conflicts seems careful site selection [141]. Relating fatalities to features within the immediate area of a turbine (e.g., proximity to water or forest edge) will help with designing future facilities and locating turbines to avoid higher risk areas within a site (112,135). Proximity to bat-relevant areas such as roosting, hunting, and foraging habitats must also be considered in the selection process. Moreover, within nature conservation research avoidance measures are to be developed and tested that reduce conflicts between wind energy and the conservation of bats and possible impacts on the bat fauna may be addressed in conditions attached to construction permits. In this context, operational adjustments, i.e., technical systems on wind turbines that should prevent collisions with bats as far as possible, in combination with multi-year follow-up monitoring are a proven tool [142]. Proposed mitigation methods include shutdown algorithms, i.e., programming the wind turbine to intervene in operations by shutting it down during high-risk periods, and increasing cut-in speed (wind speed at which wind turbines begin to produce electrical power) have been established to reduce the probability of bat fatalities [143,144]. Additionally, increasing the start-up speed (wind speed at which the rotors begin to spin) as a relevant parameter has been discussed. Such adaptations during turbine operation are referred to as “adaptive management” and are seen as a possibility to accelerate wind energy development while at the same time taking nature conservation concerns into account [145]. These technical innovations could be further pursued, e.g., in combination with intelligent detectors (cameras, radar systems) that observe and measure bat species and activity around the airspace around a turbine and automatically shut down the wind turbine temporarily [146]. Yet, the detection of species and the reaction of the turbine to it must be reliable, and until now, current technical measures do not yet achieve the desired effects [147]. Another approach, the acoustic bat deterrent system, uses ultrasound to deter bats from entering the zone swept by the rotor of a wind turbine [148,149].



However, until now there is no international, legally binding standard in the licensing of wind turbines or the implementation of mitigation measures. Even on a national level, there is a lack of guidelines, standardized approval procedures and the legal framework to ensure effective implementation of bat protection measures across the countries [150]. Finally, it needs to be considered, that, irrespective of legislations, climate protection, or biodiversity conservation goals, competing interests, values and views of people will likely continue to influence the future development of this HWC [115,151].




6. Conclusions


Our paper aims at stimulating reflection on the extent to which human–wildlife conflicts (HWC) can be addressed by global strategies, or to what extent the conflicts are region- or case-specific and therefore require an independent and special approach. In order to deal with this topic, we have selected two examples that are exemplary for different perspectives. On one hand, there is the classic perspective from a human’s point of view, whose livelihood is under threat because expressions of artificial biodiversity (domesticated animals) are threatened by natural faunal elements (carnivores). Another perspective is described by wind turbine-induced mortality of bats, an example that is rarely regarded as a form of HWC. We selected these two examples (carnivores vs. domesticated ungulate species and bats vs. wind farms) not only because they represent different viewpoints from which HWC can be looked at. Moreover, each example involves a clearly definably wildlife entity (monophyla Carnivora as well as Chiroptera), which, to our opinion, helps to develop an approach on different spatial scales (see below). It turns out that despite very different perspectives and types of conflict, a comparable development plan of strategies can very well be developed that focuses on different spatial (global, regional, local) and systematic scales (order, family, population, species, individuals) (Figure 4).



In the first step (recording and depicting the global dimension of the conflict) it is important to work out a phylogenetic entity that is represented globally (here: orders Carnivora and Chiroptera). Both groups represent monophyla, communities of individuals descending from a common ancestor, thus sharing a set of common ecological characteristics. This entitles us to look at the conflict from a supra-regional perspective. If we can define a phylogenetically related (and ecologically similar) community with global distribution, it legitimizes the approach at the global level. Of course, the ecological plasticity of the taxa representing a monophylum needs to be adequately considered, as phylogenetically closely-related species can differ in important ways. At the same time, functionally similar but phylogenetically dissimilar taxa (e.g., a mesocarnivore and a carnivorous marsupial, or a bat species and a bird species) may offer useful and comparable insights. Then, in the following steps (regional and local level), the principle is applied that we refine and adjust the approach according to site-, species- and sometimes even population-specific conditions. In the case of carnivore–livestock conflicts, the solution is the global toolbox of conflict mitigation measures, and in the case of bats, the solution is the adequate and meaningful construction of wind turbines with the aim of minimizing conflicts. These two basic approaches can be stepwise refined from the global level to the regional level to the local level and adapted to the specifics of the case. So, when considering generality or case specificity, our approach is characterized by the fact that a biological commonality of a wildlife category exists. This natural relationship among all representatives of a systematic group subsumed under the term “wildlife” is key for the development of an overarching strategy.
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Figure 3. Herding small livestock (sheep and goats) is labor and time intensive but also a very effective method of minimizing carnivore–livestock conflicts. Bottom picture: cattle herdsmen in East Africa, top picture: shepherd in Germany. While this type of livestock husbandry practice was widespread in Central Europe in the past, it has increasingly fallen into oblivion in the course of intensified agriculture and is practiced almost exclusively in the context of nature conservation activities (musealization). It is still applied on the African continent, although it is also subject to change there [61]. Supra-regional considerations can help to transfer the experiences and knowledge of the nomads of East Africa to the situation in Central Europe, recolonized by various large carnivore species. Photo top: Christel Simantke, photo bottom: T. Göttert. 
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Figure 4. Conceptual framework: stepwise adjustment of measures to mitigate HWC from the global to the local scale, including a gradual adjustment from a broad systematic category towards a certain species, sometimes a population, or group of individuals. Requirement: global distribution and a certain degree of ecological similarities among the representatives of a monophylum involved in HWC (specification of the wildlife concept); see text for further explanation. 
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