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Abstract

:

Human–wildlife conflict is a challenging issue that requires the attention of conservationists worldwide. Habitat fragmentation and encroachment reduce the abundance of prey species, and an increase in the number of predators leads to a higher risk of conflict with large cats such as leopards, jeopardizing conservation efforts. This study explored the spatio-temporal pattern of the human–leopard conflict in Bardia National Park, Nepal, from 2000 to 2020. To analyze the conflict with leopards, we used data (compensation cases filed in the park) from the buffer zone management office, the National Trust for Nature Conservation (NTNC), and the Department of National Park and Wildlife Conservation (DNPWC). Leopard attacks on livestock are increasing exponentially, with 3335 livestock killed in 2652 attacks occurring during the study period. Although livestock depredation by leopards occurred all over the park, the southern cluster has most documented livestock damage (64.01%). The eastern and northern clusters reported fluctuating and dispersed predation events, respectively. Our spatial analysis indicated no effect of topography (slope) on livestock depredation by leopards. We recorded the highest number of leopard attacks and predation during the dry winter season when the nights are longer and livestock remain in their sheds. This carnivore mostly limited its prey to small-sized livestock (95.77%) such as goats, sheep, and pigs, whereas attacks on large-sized (cow and buffalo) livestock were least frequent. Among small-sized livestock, goats are the most predated (66.92%), followed by pigs (20.30%), in all seasons. The escalating human–leopard conflict in BNP is thus a severe threat to conservation efforts as the park has already invested a substantial amount of money (approx. USD 80,000) compensating for livestock lost in leopard attacks over the last two decades. Improving habitat conditions to reduce competition inside the park, developing an insurance scheme for livestock and humans, providing support for upgraded sheds, and the development of practical and feasible strategies that focus on specific animals and clusters of the national park are needed to reduce conflicts to maintain the co-existence between wildlife and human beings.
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1. Introduction


Large carnivores, humans, and their livestock have co-existed for thousands of years. However, recent decades have shown a dramatic increase in human–wildlife conflict (HWC) globally. The rapid increase of the human population [1] and the number of residences in proximity to the protected area exacerbate conflict with wildlife [2]. With increase in the human population, the rapid expansion of infrastructure development and the shrinkage of habitat, most of the wildlife of higher significance are restricted to protected areas. Such animals often visit the surrounding area of the park for food, cover, and shelter, resulting in frequent interactions with human beings and livestock. Increasing cases of human–wildlife interactions can lead to severe conflicts, particularly when human casualties occur [3], especially caused by large wildlife. Therefore, prevention and mitigation become more challenging when keystone wildlife is involved [4,5].



HWC no longer remains a simple competition over shared resources among co-existing individuals. Instead, it has become an important political issue [6] as people’s livelihoods are directly affected, and large amounts of financial resources are required to resolve the related issues. Raids on crops, property damage, livestock predation, and human casualties are the most common forms of loss and damage from wildlife [4]. An increase in park–people conflict in protected areas is creating serious challenges to the motivation for wildlife conservation [4] and maintaining a healthy ecosystem. Wildlife attacks on livelihood assets and the consequent economic losses often result in the reduced support of local communities for wildlife conservation [7]. The retaliatory killing of wildlife to prevent livestock depredation and economic loss is a major problem for wildlife. However, these retaliatory killings have often led to worse consequences including vanishing predators, such as tigers in Northeast China [8]; lions in Africa [9,10,11]; mountain lions (Puma concolor) in Argentine Dry Chaco [12]; and leopards in South Africa [13] and Southwest Asia [14]. Human–wildlife conflict has not only created a threat to the long-term survival of the wildlife but has also impacted well-being of the local people residing around the park [15]. The financial losses resulting from livestock depletion are equivalent to USD 142.61 per household [16], which is a significant amount for households whose average monthly income from livestock husbandry contributes nearly 100% to the total income of rural communities [17]. Developing harmony among co-existing communities and large cats such as leopards will maintain a healthy ecosystem and open various avenues of economic development.



The common leopard (Panthera pardus) mostly exists as a competitive predator along with other carnivores in the Hindu-Kush Himalayan mountain range [18]. Bardia National Park (BNP) remains no exception to this, with leopards sharing habitat with Royal Bengal tigers (Panthera tigris) and competing for prey [19,20]. Improvement in habitat conditions, establishment and development of corridors and connectivity, ban on hunting and public awareness programs have increased the leopard population in Bardia National Park [19]. Although it is hard to generalize what factors lead to livestock depredation by big cats (with a narrow dietary niche), previous evidences have shown that depredation rates are associated with several factors such as: (a) climatic conditions such as rainfall and temperature [21,22,23], (b) natural factors such as the abundance of prey [14,24,25], condition of ambush and hiding cover, and competition among predators [20] and (c) socio-economic settings, such as livestock husbandry practices [19,26,27], characteristics of villages [28,29], the condition of livestock enclosures [30,31], and free ranging stock animals as easy prey and their herd size [32,33,34]. People living in the periphery of BNP predominantly practice livestock husbandry for their livelihood, and the number of people living near the park is increasing rapidly [35], resulting in frequent interactions with leopards. In addition to environmental conditions, individual health and age, the socio-economic status of the community, and landscape factors such as habitat shrinkages and fragmentations [36] also affect the form, frequency and intensity of the conflict [37]. Moreover, conflict with leopards, having more adaptive capacity to wider habitat conditions, is often higher than tigers, which appear to have smaller niches [19]. The restoration and conservation of high-value species, such as the leopard, highly depend on minimizing and controlling the conflict and interaction in coexisting communities. The conflict with leopards has created other social, economic and political debates and has also caused friction between conservation partners [1,38] requiring different conflict resolution schemes. These conflicts can be co-managed via compensation schemes, insurance mechanisms, participatory planning, and equitable benefit sharing [39] among the conservation actors. Among different conflict resolution mechanisms, the government of Nepal has designed and is implementing the Relief Distribution guidelines (2009) to compensate/relieve the economic losses from wildlife. Compensation schemes are designed to increase the resilience of communities living near to the conflicting wildlife and help reduce the financial impacts on communities living around the park. The park authorities provide financial support to households suffering from conflict based on the Nepal government’s relief distribution guideline.



Livestock loss due to leopard attacks is one of the major challenges for the park authorities of BNP, and it certainly requires a thorough study on the trends surrounding human–leopard conflicts. This could include examining the patterns of previous attacks and developing realistic mitigation strategies that will be beneficial to both the park authorities and surrounding communities. Existing provision can compensate livestock depredation by leopards through financial support after an investigation by government authorities. Few studies have analyzed the HWC in BNP (e.g., [19,20,40,41] among others). Few analyses of trends and patterns of livestock killed by leopards and payments made as compensation by the government exist, and the ones that do are mostly scattered and site-specific. Detailed analysis of the trends and spatio-temporal patterns of HWC in BNP can be more valuable to the management authorities to formulate realistic strategies to mitigate the prevailing rate of livestock damages, identify sustainable compensation schemes to enhance conservation efforts, and develop cluster-specific conservation plans in relation to the types of prey killed in different locations. In this context, this study aims to:a) describe spatio-temporal variables correlated with livestock predation events; b) Identify hierarchical regions of high risk of human-leopard conflict; c) Summarize economic losses and investment to mitigate human- leopard conflict. The seasonal and monthly patterns of depredation are also useful in the analysis of the prey species density inside the park and in developing season-specific plans to reduce competition among co-existing predators, which can be a major milestone for developing strategies to tackle the human–leopard conflict.




2. Materials and Methods


2.1. Study Area


Bardia National Park (Figure 1) is located in Bardiya District of Lumbini Province in Nepal, also spreading through Surkhet and Banke Districts with a core area of 938 km2. Geographically, the park is located at 28°15′ to 28°35.5′ North and 80°10′ to 81°45′ East. It connects Banke National Park in the east and Katarniyaghat Wildlife Sanctuary of India in the south through the Khata corridor. This park was established in 1988 to protect the representative ecosystems and conserve wildlife habitats and the prey species of carnivores. It is one of the biggest and undisturbed national parks in Nepal. The park lies in the tropical to sub-tropical zone, where alluvial grassland and sub-tropical deciduous and riverine forest provides a suitable habitat for large wildlives. The park has three distinct seasons: hot and dry (mid-February to mid-June), hot and wet (mid-June to late September) and cool and dry (late September–mid-February), where rainfall is mostly clustered in monsoon. This national park is one of the major habitats for wildlife of high conservation significance, including tigers and leopards, and is an alternative habitat for the one-horned rhinoceros. The tiger population is increasing in the park [42], leading to high competition for prey among the carnivores, including leopards [43]. The record from the park shows that at least 62 species of mammals, 52 species of reptiles and amphibians and 121 species of fish inhabit this park.



The Buffer Zone (BZ) of Bardia national park spreads over an area of 507 km2 with established and institutionalized user groups (262) and user committees (19). The institutional set-up serves the purpose of sharing park revenue for community development, conservation activities, facilitating compensation filing and claims, and income generation and awareness activities as an extension of park authorities. Most communities living around Bardia National Park (BNP) and its buffer zone depend on forest resources for forage, animal bedding and fodder to meet daily livestock needs [44] and practice livestock rearing as a source of income. Local communities claim usage rights for customary forest products, as well as the rights of passage, fishing, and other Park resources, which often expose humans and their assets to the wildlife. The Management Plan of Bardia National Park, 2022, estimates the total livestock population in the BZ to be around 75,000, where livestock such as goats, cows, buffaloes, and pigs are common. The population density is increasing around the national park, and the human–leopard conflict is mounting in BNP and its buffer zones [43].




2.2. Data Collection and Analysis


We obtained data on livestock depredation incidents during 2000–2020 from the office of the National Park and the buffer zone management committee. The data for this study were collected from May to July, 2021. The primary source of information was the applications for compensation claims submitted by local communities as a part of the process for compensation. Park authorities, upon receiving the claim, visited the incidence site, took photos and recorded the GPS coordinates of each site, and studied paw marks, the nature of wounds on prey, nature of attack, etc., to verify the leopard attack and to avoid any confusion on whether the attack was by other felids. We also triangulated the information with anecdotal records and discussed it with park authorities before analyzing it. During discussion, we focused on any chance of recording a false compensation claim. The park authorities believed the chance of a false claim was minimal, as the process requires approval from park authorities, photo evidence is necessary and local communities need to act as eyewitnesses during the whole process.



We thoroughly reviewed every compensation claim form to analyze the extent and temporal, seasonal and geographic trends of human–leopard conflicts. We collected the livestock depredation data, including livestock type (cattle, buffalo, goats, sheep or pigs), date and location (Village Development Committee/municipality), buffer zone user committee, owner and amount of compensation received over the last 20 years. We classified months into hot and dry summer (March to May), monsoon (June to September) and dry winter (October–February) seasons [45] for temporal analysis. Similarly, we categorized cattle and buffalo as ‘large livestock’ and goats, sheep, and pigs as ‘small livestock’ to test the associations between leopard and livestock size. We used R software (R Core Team, 2021) for the Chi-square test of independence to test the relationship between predators and seasons. Furthermore, we fitted an exponential regression to evaluate the relationship between livestock attacks and financial compensation provided from 2000 to 2020.



For spatial analysis, we categorized and mapped all BZUCs (19) into four clusters namely western (Patabhar, Bindra, Asharegaudi and Geruwa), southern (Surayptuwa, Thakurbaba, Shivapur, Shreeramnagar, Babai), eastern (Kareliya, Bhada, Bagkhor, Siddapuri, Koldada Milijuli), and northern (Chepang, Chhinchu, Lekhparajul, Hariharpur and Taranga) based on direction and access to the park’s headquarters. The spatial analysis was conducted using ArcGis 10.4, and the number of incidents and kills was analyzed with cluster and slope. We used the slope map of Bardia National Park to establish if any relation between livestock attacks by leopards and the slope of the area exists. Similarly, we classified total predated livestock numbers (in BZUC level) in the last two decades into four categories, very low (0–200), low (200–400), medium (400–600), and high (600–800), for simplicity to present in the map.





3. Results


3.1. Spatial Analysis


BNP reported 2652 livestock attacks by leopards in the last two decades, which involved the predation of 3335 animals. Although leopards attacked in all clusters, the southern cluster experienced the most attacks (65.05%) and predation by leopard (64.02%) in the study period. On the contrary, the western part showed the lowest attack (3.96%) and predation (4.1%) rates. It was also found that more than one animal was killed by a leopard per attack. Table 1 and Figure 2 show the detailed spatial distribution of attacks and predation.




3.2. Temporal Analysis


Leopards preferred the dry winter season, accounting for 43% of total predation in the last two decades. The lowest attack rate on livestock (25%) was documented in hot and dry summer season. Figure 3 shows the season-specific attacks on livestock by leopards. However, livestock predation by leopards did not vary significantly with the season of attack (χ2 = 24.961, df = 26, p-value = 0.5212).




3.3. Prey Predated


Leopards limited their prey to small-sized livestock (goat, sheep, pig, rabbit, and chicken), accounting for 95.77% of total predation. Goats were the most predated (66.92%), followed by pigs (20.3%). Figure 4 shows a detailed breakdown of the types of prey predated.



We also analyzed the prey preference of leopards by season. The analysis showed that goats were the most preferred choice of prey in each season, followed by pigs. Meanwhile, buffalos were the least predated animal in all seasons and the killing of rabbits and chickens was more accidental (Figure 5).




3.4. Livestock Depredation Trend


The park recorded 2652 attacks on livestock by leopards during 2000–2020 that involved the loss of 3335 livestock with an average of around 160 killings per year (with the highest (500) in 2020 and lowest (8) in 2006). Attack and predation align with each other, following similar trends; however, there was slight decrease in the number of kills from 2013 to 2018 (Figure 6). Over the last decade, attack and predation have been increasing at a higher rate than in previous years.



We also analyzed the number of incidents and kills by cluster (Figure 7), which showed that the attacks and predation in the northern cluster are scattered. The western cluster had the highest number of livestock depredation cases, recorded in 2017, whereas the eastern cluster had the highest rate of livestock depredation recorded in between 2000 and 2005. The southern cluster faced highest number of depredation cases over the last two decades. Moreover, in the eastern cluster, the trend of livestock depredation has been fluctuating, with a slight increase in the last five years.



Furthermore, we could not establish any relation of livestock attack by leopards with respect to slope of the park areas (Figure 8). Even for the similar slopes in the southern, eastern and western clusters, there are different patterns of attack by leopards on livestock. However, the northern cluster with higher slopes experienced relatively few attacks compared to the other clusters.




3.5. Compensation Trend


The park authorities have invested more than 7.8 million NRs (approx. USD 80,000, 100 NRS = USD 1.0) for livestock depredation compensation due to leopards in last 20 years. The annual compensation amount has been increasing rapidly, particularly in recent years (Figure 9), and it might increase further in the years to come.



The correlation between the number of killings and total amount of compensation per year was tested using Pearson test. The results show that the compensation amount and number of killings are significantly correlated, with a correlation coefficient of 0.85 and p-value of 1 × 10−5 (Figure 10).





4. Discussion


Human–leopard conflict has increased rapidly in Bardia National Park in the last two decades, which is a similar finding to that of [19], who also recorded increasing cases of conflict with large carnivores in BNP between 2015 and 2019. This number (160 per year) is higher than that of a similar study in Chitwan National Park, Nepal (123 per year) [46] and in the Akole taluka landscape of Maharashtra, in India (81 per year) [47], while lower (263.2 ± 9.9 per year) than that of a study in Corbett Tiger Reserve, Uttarakhand, India [48]. The reason for the low predation rate in Nepali protected areas can be attributed to the prevalent system of restricted grazing inside the core area, different from the free grazing system in India [46,49,50]. In addition, livestock rearing in communities near the park boundary is related to subsistence livelihood, restricting the number of livestock per household.



Similarly, the higher number of livestock depredation by leopards in BNP could be associated with competition for prey between leopards and tigers due to the increased tiger population in BNP [43]. The population density of tigers has doubled in BNP from ~3 adult individuals/100 km2 in 2013 (95% CI, 3.02–3.7) [51] to ~7 adult individuals/100 km2 in 2022 (95% CI, 6.47–7.94) [52], perhaps displacing leopards towards the periphery of the park [53], where prey are limited in number and livestock often graze, creating opportunity for livestock depredation [54]. Leopards tend to avoid bigger carnivores such as tigers [55] and are often displaced towards the edges of forests [56] to avoid social interference [54], as also reported in Chitwan National Park [46] and Macharia National Park, Pakistan [57].



Similar instances of higher livestock depredation in the winter season were recorded in Gir National Park and Sanctuary, Gujarat, India [58], in North Bengal [59] and Chitwan National Park, Nepal [46]. Unlike our finding, [20] reported that in the eastern and western areas of Bardia National Park, overall higher livestock depredations from tigers and leopards were reported during the summer and spring. In winter, livestock are kept together with restricted movement in the corrals with low walls to prevent cold weather, increasing vulnerability and thus increasing predation chances [19,60]. In addition, leopards, as a nocturnal predator, get plenty of time for attack during winter, when nights are longer and livestock are unattended [57], resting or less vigilant [61]. Thus, we can observe higher kills per incident. We also observed no prominent difference among the seasons of predation by leopards. This might be because of the increased population of the main competing predator (tigers) [42] and competition between tigers and leopards creating high predation pressure for prey inside the core area of the park [43], where leopards are displaced to the park’s periphery. In addition, livestock are easily available food for leopards displaced to buffer zones, which often act as extended habitat providing secondary cover for free ranging carnivores such as leopards.



Leopards highly predated small-sized livestock (95.77%, n = 3194). Among the small-sized livestock, goats experienced the largest amount of predation (66.93%, n = 2232). Studies [21,33,34,46,48,56,57], have reported similar results, showing leopards prefer small-sized livestock, with goats being the most predated one. Leopards tend to attack smaller-sized livestock as they are easy to attack and wound with less energy [62]. In addition, livestock with a small body size are easy to drag quickly to safer zones after the attack has taken place [15,57]. High predation on goats can also be attributed to their high abundance, relatively, around the buffer zone communities [56].



We could not establish any existing relationship of leopard attack with the slope. This aligns with a previous study [63], which depicted the slope as the least important predictor among the most driving variables for leopard movement and livestock conflict by leopards [63]. The presence of other physical barriers such as rivers (Karnali and Babai), roads, and settlements might have played an important role as well. The southern part of BNP was the most vulnerable, accounting for 64% of the total predation, which is consistent with a similar study conducted in Bardia National Park [51]. As the southern part is connected to the Katarniyaghat Wildlife Sanctuary of India in the south through the Khata corridor, there has been an increase in wildlife movement in recent years, with frequent encounters occurring with livestock and human beings [64]. The number of incidents and kills in the northern part of the BNP is relatively low as we based our study only on compensation claim files. The authors of [19] reported more than 1476 livestock depredation cases by leopards from 2015 to 2019, which is higher than our result. As the northern part of the buffer zone is quite far from park headquarters, the complex and convoluted compensation process can be another reason for opting not to file compensation process [65], consequently resulting in fewer reports of livestock depredation by leopards.



The compensation strategy was designed to minimize HWC through increase in the tolerance level of the community [66]. BNP distributes compensation based on the government of Nepal’s relief distribution promulgated in 2009. In the last two decades, BNP has already spent approximately USD 80,000 for livestock depredation by leopards. Other predators such as tigers also inhabit this park and crop raiding by herbivores is common, ballooning the compensation amount. If the depredation rate follows a similar trend, it is safe to assume the need of much larger compensation amounts in the coming years to sustain the leopard population in BNP. However, an increase in the number of attacks reported to park authorities for compensation can be related to the compensation scheme. There is a strong correlation between the number of attacks reported to park authorities for compensation and the actual number of incidents. The compensation amount is calculated by summing the amounts distributed for each incident, with different rates of compensation depending on the type of livestock killed. As the number of incidents and total compensation amount are interdependent, establishment and implementation of a compensation scheme has led to an increase in the number of incidents reported for compensation. Therefore, it is essential to have a robust and efficient monitoring mechanism to prevent false claims.



Human–wildlife conflicts are unavoidable. Thus, a win–win situation with a favorable environment and facilitative interaction is required for coexistence [39,67]. Park has been working to minimize the conflict through support for the construction of concrete wall, mesh wire fencing and electric fencing around the settlement, and changing cropping patterns. However, long-term solutions are needed to address the conflict. For a better scenario, we recommend strategies to improve the wild prey density inside the park by improving the prey’s habitat. If the prey is easily available inside the park, the predation outside can be reduced. In combination with these strategies, livestock in the nearby communities needs security and guards with properly lighted and improved corrals. The national park can provide local communities with a livestock insurance scheme, which can offset the economic losses caused by leopard predation, resulting in a reduction in compensation claims. Moreover, the park shall look beyond the national strategies and develop its cluster-specific management plans, incorporating the ideas to address ongoing scenario of livestock loss. These plans must balance economic, political and participatory approaches to avoid exacerbating livestock depredation and other conflicts [68].



In addition, compensation payment creates a substantial economic burden on the park and the nation. In contrast, it is not able to ensure the desired tolerance towards wildlife damage as the amount is not enough and entails a long, tedious process [39,66,67]. A study showed that, on average, the payments are received after more than half a year of the incident in Chitwan National Park [39], and all the processes for compensation application are also same in the Bardia National Park. Thus, financial compensation is only a temporary solution [11] and there is an utmost need to find locally efficient strategies beyond compensation.



We obtained the aforementioned results based only on the compensation request filed. This may not exactly reflect the actual scenario, as few cases might not have been recorded due to various reasons such as difficulty in locating and verifying carcasses [21], the tedious process of filing for compensation [66] and distance to the park headquarters. In addition, we did not record incidents outside the national park, as Division Forest Office is responsible for handling such compensation requests. Furthermore, the practice of recording GPS points of leopard attacks has recently been initiated. However, the unavailability of coordinates of leopard attacks during most of the study period can also be a limiting factor with regard to establishing the relation of attack with the slope. There is a need for more robust techniques to record the conflict from all locations that will allow the park authorities to locate the movement of the wildlife of high significance, which frequently encounters the communities living around the park.




5. Conclusions


Leopards predated mostly on small-sized livestock, with an increasing exponential trend where most predation was in the winter season. This study recorded most attacks in the southern cluster of the park, with no relation of attack to the slope. The compensation amount is mounting, and it is not a long-term solution to mitigate the conflict. Wildlife and cluster-specific conflict management plans are required to cover insurance schemes, changes in feeding patterns, and strengthening corral systems. Moreover, the escalating trend of conflict can be minimized by efficient prey availability inside the core area via reduced competition with other predators in the park.







Author Contributions


Conceptualization, S.D., S.R., P.P. and A.S.; methodology, S.D., S.R. and P.P.; software, S.D., S.R. and P.P.; validation, S.D., S.R., P.P. and A.S.; formal analysis, S.D., S.R. and P.P.; investigation, S.D.; resources, S.D.; data curation, S.D., S.R. and P.P.; writing—original draft preparation, S.D. and S.R.; writing—review and editing, P.P. and A.S.; visualization, S.R. and P.P.; supervision, P.P. and A.S.; project administration, S.D. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The datasets generated and/or analyzed during the current study are available upon request made to Bardia National Park/Department of National Park and Wildlife Conservation.




Acknowledgments


We thank Department of National Parks and Wildlife Conservation (DNPWC) and Bardia National Park for providing the compensation data and Sujan Khatri, Dhirendra Chaudhary and Kushraj Gole for their valuable suggestions and support during the investigation process. We are also thankful to Thomas Henson for his contribution. The study is supported by Faculty of Forestry, Agriculture and Forestry University, Hetauda, Nepal.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Nyhus, P.J. Human-Wildlife Conflict and Coexistence. Ann. Rev. Env Res. 2016, 41, 141–173. [Google Scholar] [CrossRef]

	



Mekonen, S. Coexistence between human and wildlife: The nature, causes and mitigations of human wildlife conflict around Bale Mountains National Park, Southeast Ethiopia. BMC Ecol. 2020, 20, 51. [Google Scholar] [CrossRef]

	



Seoraj-Pillai, N.; Pillay, N. A meta-analysis of human-wildlife conflict: South African and global perspectives. Sustainability 2017, 9, 34. [Google Scholar] [CrossRef]

	



Acharya, K.P.; Paudel, P.K.; Neupane, P.R.; Köhl, M. Human-wildlife conflicts in Nepal: Patterns of human fatalities and injuries caused by large mammals. PLoS ONE 2016, 11, 9. [Google Scholar] [CrossRef]

	



Torres, D.F.; Oliveira, E.S.; Alves, R.R.N. Understanding Human-Wildlife Conflicts and Their Implications. Ethnozoology 2018, 421–445. [Google Scholar] [CrossRef]

	



Wegge, P.; Yadav, S.K.; Lamichhane, B.R. Are corridors good for tigers Panthera tigris but bad for people? An assessment of the Khata corridor in lowland Nepal. Oryx 2018, 52, 35–45. [Google Scholar] [CrossRef]

	



Silwal, T.; Kolejka, J.; Bhatta, B.P.; Rayamajhi, S.; Sharma, R.P.; Poudel, B.S. When, where and whom: Assessing wildlife attacks on people in Chitwan National Park, Nepal. Oryx 2017, 51, 370–377. [Google Scholar] [CrossRef]

	



Long, Z.; Gu, J.; Jiang, G.; Holyoak, M.; Wang, G.; Bao, H.; Liu, P.; Zhang, M.; Ma, J. Spatial conservation prioritization for the Amur tiger in Northeast China. Ecosphere 2021, 12, 9. [Google Scholar] [CrossRef]

	



Bauer, H.; Dickman, A.; Chapron, G.; Oriol-Cotterill, A.; Nicholson, S.K.; Sillero-Zubiri, C.; Hunter, L.; Lindsey, P.; Macdonald, D.W. Threat analysis for more effective lion conservation. Oryx 2022, 56, 108–115. [Google Scholar] [CrossRef]

	



Everatt, K.T.; Moore, J.F.; Kerley, G.I.H. Africa’s apex predator, the lion, is limited by interference and exploitative competition with humans. Glob. Ecol. Conserv. 2019, 20, e00758. [Google Scholar] [CrossRef]

	



Donnelly, A. A Comparative Analysis of Felid Conservation Strategies on four Continents: Can one Size Fit All. BSc Thesis, Roanoke College, Salem, VA, USA, 2020. [Google Scholar]

	



Nanni, A.S.; Teel, T.; Lucherini, M. Predation on livestock and its influence on tolerance toward pumas in agroecosystems of the Argentine Dry Chaco. Hum. Dimens. Wildl. 2020, 26, 429–444. [Google Scholar] [CrossRef]

	



Viollaz, J.S.; Thompson, S.T.; Petrossian, G.A. When human–wildlife conflict turns deadly: Comparing the situational factors that drive retaliatory leopard killings in South Africa. Animals 2021, 11, 3281. [Google Scholar] [CrossRef]

	



Soofi, M.; Qashqaei, A.T.; Mousavi, M.; Hadipour, E.; Filla, M.; Kiabi, B.H.; Bleyhl, B.; Ghoddousi, A.; Balkenhol, N.; Royle, A.; et al. Quantifying the relationship between prey density, livestock and illegal killing of leopards. J. Appl. Ecol. 2022, 59, 1536–1547. [Google Scholar] [CrossRef]

	



Aryal, C.; Pokharel, M. Assessment of Human-Wildlife Conflict and Its Implication for Conservation at Sundarpur, Udayapur, Eastern Nepal. Tribhuvan Univ. J. 2019, 33, 15–30. [Google Scholar] [CrossRef]

	



Baral, K.; Sharma, H.P.; Kunwar, R.; Morley, C.; Aryal, A.; Rimal, B.; Ji, W. Human wildlife conflict and impacts on livelihood: A study in community forestry system in mid-hills of Nepal. Sustainability 2021, 13, 13170. [Google Scholar] [CrossRef]

	



Jha, D.K. The Role of Livestock in Rural Households in Nepal. Int. J. Publ. Soc. Stud. 2019, 4, 67–91. [Google Scholar] [CrossRef]

	



Sharma, P.; Chettri, N.; Wangchuk, K. Human–wildlife conflict in the roof of the world: Understanding multidimensional perspectives through a systematic review. Ecol. Evol. 2021, 11, 11569–11586. [Google Scholar] [CrossRef]

	



Sijapati, R.; Sharma, H.; Sharma, S.; Subedi, J.; Belant, J. Livestock depredation by leopards and tigers near Bardia national park, nepal. Animals 2021, 11, 1896. [Google Scholar] [CrossRef]

	



Tamang, B.; Baral, N. Livestock depredation by large cats in Bardia National Park, Nepal: Implications for improving park-people relations. Int. J. Biodivers. Sci. Manag. 2008, 4, 44–53. [Google Scholar] [CrossRef]

	



Dhungana, R.; Lamichhane, B.R.; Savini, T.; Dhakal, M.; Poudel, B.S.; Karki, J.B. Livestock depredation by leopards around Chitwan National Park, Nepal. Mamm. Biol. 2019, 96, 7–13. [Google Scholar] [CrossRef]

	



Dhungana, R.; Savini, T.; Karki, J.B.; Dhakal, M.; Lamichhane, B.R.; Bumrungsri, S. Living with tigers Panthera tigris: Patterns, correlates, and contexts of human-tiger conflict in Chitwan National Park, Nepal. Oryx 2018, 52, 55–65. [Google Scholar] [CrossRef]

	



Lesilau, F.; Fonck, M.; Gatta, M.; Musyoki, C.; Zelfde, M.V.; Persoon, G.A.; Musters, K.C.J.M.; De Snoo, G.R.; De Iongh, H.H. Effectiveness of a LED flashlight technique in reducing livestock depredation by lions (Panthera leo) around Nairobi National Park, Kenya. PLoS ONE 2018, 13, e0190898. [Google Scholar] [CrossRef] [PubMed]

	



Soofi, M.; Ghoddousi, A.; Zeppenfeld, T.; Shokri, S.; Soufi, M.; Egli, L.; Jafari, A.; Ahmadpour, M.; Qashqaei, A.; Ghadirian, T.; et al. Assessing the relationship between illegal hunting of ungulates, wild prey occurrence and livestock depredation rate by large carnivores. J. Appl. Ecol. 2019, 56, 365–374. [Google Scholar] [CrossRef]

	



Ramesh, T.; Kalle, R.; Milda, D.; Gayathri, V.; Thanikodi, M.; Ashish, K.; Giordano, A.J. Patterns of livestock predation risk by large carnivores in India’s Eastern and Western Ghats. Glob. Ecol. Conserv. 2020, 24, e01366. [Google Scholar] [CrossRef]

	



Mijiddorj, T.N.; Alexander, J.S.; Samelius, G.; Badola, R.; Rawat, G.S.; Dutta, S. Livestock depredation by large carnivores in the South Gobi, Mongolia. Wildl. Res. 2018, 45, 237–246. [Google Scholar] [CrossRef]

	



LeFlore, E.G.; Fuller, T.K.; Tomeletso, M.; Stein, A.B. Livestock depredation by large carnivores in northern Botswana. Glob. Ecol. Conserv. 2019, 18, e00592. [Google Scholar] [CrossRef]

	



Chaka, S.N.M.; Kissui, B.M.; Gray, S.; Montgomery, R.A. Predicting the fine-scale factors that correlate with multiple carnivore depredation of livestock in their enclosures. Afr. J. Ecol. 2020, 59, 74–87. [Google Scholar] [CrossRef]

	



Kuiper, T.; Loveridge, A.J.; Macdonald, D.W. Robust mapping of human–wildlife conflict: Controlling for livestock distribution in carnivore depredation models. Anim. Conserv. 2021, 25, 195–207. [Google Scholar] [CrossRef]

	



Kissui, B.M.; Kiffner, C.; Köni, H.J.; Montgomery, R.A. Patterns of livestock depredation and cost-effectiveness of fortified livestock enclosures in northern Tanzania. Ecol. E 2019, 9, 11420–11433. [Google Scholar] [CrossRef]

	



Khorozyan, I.; Waltert, M. A global view on evidence-based effectiveness of interventions used to protect livestock from wild cats. Conserv. Sci. Pract. 2021, 3, e317. [Google Scholar] [CrossRef]

	



Bista, A.; Chanchani, P.; Subedi, N.; Bajracharya, S.B. The peri-urban leopards of Kathmandu: Assessing determinants of presence and predation on domestic animals. Oryx 2022, 56, 91–100. [Google Scholar] [CrossRef]

	



Adhikari, B.; Odden, M.; Adhikari, B.; Panthi, S.; López-Bao, J.V.; Low, M. Livestock husbandry practices and herd composition influence leopard-human conflict in Pokhara Valley, Nepal. Hum. Dimens. Wildl. 2019, 25, 62–69. [Google Scholar] [CrossRef]

	



Consolee, K.T.; Gao, C.; Vitekere, K.; Li, C.; Yan, H.; Jiang, G. Human-leopard conflict: An emerging issue of North China leopard conservation in Tieqiaoshan provincial nature reserve in Shanxi Province, China. Animals 2020, 10, 996. [Google Scholar] [CrossRef] [PubMed]

	



BNP. Management Plan of Bardia National Park and its Buffer Zone (2079/80-2083/84); Bardia National Park: Bardiya, Nepal, 2022. [Google Scholar]

	



Kunwar, A.; Koju, N.P. Prey Diversity of Common Leopard and Factors Affecting Human-Common Leopard Conflict in Community Forests of Arghakhanchi District Nepal. J. Adv. Acad. Res. 2019, 6, 84–100. [Google Scholar] [CrossRef]

	



Inskip, C.; Zimmermann, A. Human-felid conflict: A review of patterns and priorities worldwide. Oryx 2009, 43, 18–34. [Google Scholar] [CrossRef]

	



Redpath, S.M.; Young, J.; Evely, A.; Adams, W.M.; Sutherland, W.J.; Whitehouse, A.; Amar, A.; Lambert, R.A.; Linnell, J.D.; Watt, A.; et al. Understanding and managing conservation conflicts. Trends Ecol. Evol. 2013, 28, 100–109. [Google Scholar] [CrossRef]

	



Lamichhane, B.R.; Persoon, G.A.; Leirs, H.; Poudel, S.; Subedi, N.; Pokheral, C.P.; Bhattarai, S.; Gotame, P.; Mishra, R.; de Iongh, H.H. Contribution of Buffer Zone Programs to Reduce Human-Wildlife Impacts: The Case of the Chitwan National Park, Nepal. Hum. Ecol. 2019, 47, 95–110. [Google Scholar] [CrossRef]

	



Shahi, K.; Khanal, G.; Jha, R.R.; Joshi, A.K.; Bhusal, P.; Silwal, T. Characterizing damages caused by wildlife: Learning from Bardia National Park, Nepal. Hum. Dimens. Wildl. 2021, 27, 173–182. [Google Scholar] [CrossRef]

	



Upadhyay, S.K. Human-wildlife Interactions in the Western Terai of Nepal. Doctoral Dissertation, Leiden University, Leiden, The Netherlands, 2019. [Google Scholar]

	



Thapa, S.K.; De Jong, J.F.; Hof, A.R.; Subedi, N.; Liefting, Y.; Prins, H.H.T. Integration of the landscape of fear concept in terrain management—An experimental study on deer in Bardia National Park, Nepal. Res. Sq. 2022, 1–16. [Google Scholar] [CrossRef]

	



Upadhyaya, S.K. Activity patterns of co-existing tigers and leopards. Doctoral Dissertation, leiden university, Leiden, The Netherlands, 2019. [Google Scholar]

	



LeClerq, A.T.; Gore, M.L.; Lopez, M.C.; Kerr, J.M. Local perceptions of conservation objectives in an alternative livelihoods program outside Bardia National Park, Nepal. Conserv. Sci. Pract. 2019, 1, e131. [Google Scholar] [CrossRef]

	



Thapa, S.K.; de Jong, J.F.; Subedi, N.; Hof, A.R.; Corradini, G.; Basnet, S.; Prins, H.H. Forage quality in grazing lawns and tall grasslands in the subtropical region of Nepal and implications for wild herbivores. Glob. Ecol. Conserv. 2021, 30, e01747. [Google Scholar] [CrossRef]

	



Lamichhane, B.R.; Persoon, G.A.; Leirs, H.; Poudel, S.; Subedi, N.; Pokheral, C.P.; Bhattarai, S.; Thapaliya, B.P.; De Iongh, H.H. Spatio-temporal patterns of attacks on human and economic losses from wildlife in Chitwan National Park, Nepal. PLoS ONE 2018, 13, e0195373. [Google Scholar] [CrossRef] [PubMed]

	



Athreya, V.; Isvaran, K.; Odden, M.; Linnell, J.D.C.; Kshettry, A.; Krishnaswamy, J.; Karanth, U.K. The impact of leopards (Panthera pardus ) on livestock losses and human injuries in a human-use landscape in Maharashtra, India. PeerJ 2020, 8, e8405. [Google Scholar] [CrossRef] [PubMed]

	



Bargali, H.S.; Ahmed, T. Patterns of livestock depredation by tiger (Panthera tigris) and leopard ( Panthera pardus ) in and around Corbett Tiger Reserve. PLoS ONE 2018, 13, e0195612. [Google Scholar] [CrossRef] [PubMed]

	



Gurung, B.; Nelson, K.C.; Smith, J.L. Impact of grazing restrictions on livestock composition and husbandry practices in Madi Valley, Chitwan National Park, Nepal. Environ. Conserv. 2010, 36, 338–347. [Google Scholar] [CrossRef]

	



Miller, J.R.B.; Jhala, Y.V.; Jena, J. Spatial and temporal patterns of livestock losses and hotspots of attack from tigers and leopards in Kanha Tiger Reserve, central India. Reg. Environ. Chang. 2016, 16 (Suppl. S1), 17–29. [Google Scholar] [CrossRef]

	



Dhakal, M.; Karki (Thapa), M.; Jnawali, S.R.; Subedi, N.; Pradhan, N.M.B.; Malla, S.; Lamichhane, B.R.; Pokheral, C.P.; Thapa, G.J.; Oglethorpe, J.; et al. Status of Tigers and Prey in Nepal; Department of National Parks and Wildlife Conservation: Kathmandu, Nepal, 2014. [CrossRef]

	



DNPWC and DFSC. Status of Tigers and Prey in Nepal 2022; Department of National Parks and Wildlife Conservation and Department of Forests and Soil Conservation; Ministry of Forests and Environment: Kathmandu, Nepal, 2022.

	



Simcharoen, A.; Simcharoen, S.; Duangchantrasiri, S.; Bump, J.; Smith, J.L. Tiger and leopard diets in western Thailand: Evidence for overlap and potential consequences. Food Webs 2018, 15, e00085. [Google Scholar] [CrossRef]

	



Odden, M.; Wegge, P.; Fredriksen, T. Do tigers displace leopards? If so, why? Ecol. Res. 2010, 25, 875–881. [Google Scholar] [CrossRef]

	



Pokheral, C.P.; Wegge, P. Coexisting large carnivores: Spatial relationships of tigers and leopards and their prey in a prey-rich area in lowland Nepal. Écoscience 2018, 26, 1–9. [Google Scholar] [CrossRef]

	



Upadhyaya, S.K.; Musters, C.; Bhandari, A.; Lamichhane, B.; de Snoo, G.; Thapa, P.; Dhakal, M.; de Iongh, H.H. Spatiotemporal Patterns of Human-Wildlife Interactions; Research Article under Doctoral Dissertation at Univ: Leiden, The Netherlands, 2019. [Google Scholar]

	



Dar, N.I.; Minhas, R.A.; Zaman, Q.; Linkie, M. Predicting the patterns, perceptions and causes of human—Carnivore conflict in and around Machiara National Park, Pakistan. Biol. Conserv. 2009, 142, 2076–2082. [Google Scholar] [CrossRef]

	



Zehra, N.; Chaudhary, R.; Kumar, S.; Khan, J.A. Human-Leopard Interactions Around Gir National Park and Sanctuary, Gujarat, India. Int. J. Ecol. Environ. Sci. 2022, 48, 755–765. [Google Scholar] [CrossRef]

	



Naha, D.; Dash, S.K.; Chettri, A.; Chaudhary, P.; Sonker, G.; Heurich, M.; Rawat, G.S.; Sathyakumar, S. Landscape predictors of human–leopard conflicts within multi-use areas of the Himalayan region. Sci. Rep. 2020, 10, 11129. [Google Scholar] [CrossRef] [PubMed]

	



Kissui, B.M. Livestock predation by lions, leopards, spotted hyenas, and their vulnerability to retaliatory killing in the Maasai steppe, Tanzania. Anim. Conserv. 2008, 11, 422–432. [Google Scholar] [CrossRef]

	



Puls, S.; Teichman, K.J.; Jansen, C.; O’Riain, M.J.; Cristescu, B. Activity patterns of leopards (Panthera pardus) and temporal overlap with their prey in an arid depredation hotspot of southern Africa. J. Arid Environ. 2021, 187, 104430. [Google Scholar] [CrossRef]

	



Manoa, D.O.; Mwaura, F. Predator-Proof Bomas as a Tool in Mitigating Human-Predator Conflict in Loitokitok Sub-County Amboseli Region of Kenya. Nat. Resour. 2016, 7, 28–39. [Google Scholar] [CrossRef]

	



Jafari, A.; Zamani-Ahmadmahmoodi, R.; Mirzaei, R. Persian leopard and wild sheep distribution modeling using the Maxent model in the Tang-e-Sayad protected area, Iran. Mammalia 2018, 83, 84–96. [Google Scholar] [CrossRef]

	



WWF Nepal. Annual Report 2007–2008; WWF Nepal: Kathmandu, Nepal, 2008; Available online: https://wwfasia.awsassets.panda.org/downloads/wwf_annual_report_2007_08_2.pdf (accessed on 15 October 2022).

	



Nakarmi, G. Evaluation of Protected Areas—A Case Study of Chitwan National Park of Nepal; University of Klagenfut: Klagenfu, Austria, 2007. [Google Scholar]

	



Karki, D.; Poudel, N.; Dixit, S.; Bhatta, S.; Gotame, B.; Dhamala, M.K.; Khadka, D. Human-Wildlife Conflicts in Paschim Kusaha Village of Koshi Tappu Wildlife Reserve, Sunsari District, Nepal. J. Resour. Ecol. 2022, 13, 1022–1029. [Google Scholar] [CrossRef]

	



Sherchan, R.; Kumar, R.; Roshani, R.; Arun, R. Designing a community—based insurance scheme to reduce human–wildlife conflict. Environ. Dev. Sustain. 2021, 24, 5112–5130. [Google Scholar] [CrossRef]

	



Treves, A.; Wallace, R.B.; Naughton-treves, L.; Morales, A. Co-Managing Human–Wildlife Conflicts: A Review. Hum. Dimens. Wildl. 2006, 11, 383–396. [Google Scholar] [CrossRef]








[image: Land 12 01156 g001 550] 





Figure 1. Map of Bardia National Park showing both core area and buffer zone. 
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Figure 2. Map showing density of predation in each cluster (density of predation in BZUCs of each cluster is categorized as very low (0–200), low (200–400), medium (400–600), and high (600–800)). 
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Figure 3. Incident of livestock predation by leopards per season. 
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Figure 4. Livestock killed by leopards. 
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Figure 5. Prey preference of leopards by season. 
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Figure 6. Trend of (A) number of livestock depredation cases and (B) number of incidents in the study period. 
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Figure 7. Trend of livestock depredation incidents and number of incidents by cluster. (A) Northern; (B) southern; (C) eastern; (D) western. 
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Figure 8. Livestock attacks by leopards as per the slope in BNP. 
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Figure 9. Trend of compensation provided per year in the study period. 
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Figure 10. Correlation between compensation amount and number of incidents per year. 






Figure 10. Correlation between compensation amount and number of incidents per year.



[image: Land 12 01156 g010]







[image: Table] 





Table 1. Summary of spatial analysis of leopard attacks on livestock.
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	Cluster
	Attack Number (%)
	Predation Number (%)
	Average Predation Per Year





	Eastern
	526 (19.83)
	652 (19.55)
	31.05



	Northern
	296 (11.16)
	411 (12.32)
	19.57



	Southern
	1725 (65.05)
	2135 (64.02)
	101.67



	Western
	105 (3.96)
	137 (4.11)
	6.52



	Total
	2652 (100)
	3335 (100)
	158.81
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