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Abstract
This study investigates the extent, patterns, and socio-economic impacts of human-wildlife conflict (HWC) in and around the Valmiki Tiger Reserve (VTR), India, through household surveys conducted across 92 villages (n = 428). Results reveal that 94.85% of respondents reported experiencing wildlife-induced challenges, with agriculture (95.32%) being the primary livelihood, often supplemented by livestock rearing. Livestock depredation was reported by 74.14% of households, with leopards (Panthera pardus) and tigers (Panthera tigris) responsible for most cattle and buffalo losses, while wolves (Canis lupus) and wild dogs (Cuon alpinus) primarily targeted goats and poultry. Depredation incidents peaked in winter, followed by the monsoon. Proximity to the reserve significantly influenced perceptions of conflict severity (Mann-Whitney U = 515.34, p = 0.016), with 69.46% viewing HWC as a severe threat. While mitigation strategies such as livestock enclosures, guard dogs, and active guarding are common, they remain insufficient to prevent losses. Incidents of direct human injury were rare (2.46%), indicating that HWC in VTR is predominantly economic in nature. The findings emphasize the urgent need for adaptive conflict mitigation strategies that address both predator conservation and community livelihoods.
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Introduction 
Human-wildlife conflict (HWC) has emerged as a significant threat to the survival of many large, endangered, and rare mammals worldwide (Distefano, 2005). The IUCN World Parks Congress (2005) defines HWC as a result of conflicting behaviors and needs between humans and wildlife, primarily driven by competition over space and natural resources. As human populations continue to expand, encroachment into wildlife habitats intensifies, leading to increased negative interactions between humans and wild animals (Watson, 2010).
The growing human population and expansion of settlements adjacent to protected areas exacerbate this conflict. Rising demand for space, agricultural land and resources forces wildlife into closer contact with humans (Goodale et al., 2015). Many species struggle to adapt to altered habitats, and those unable to cope face severe population declines or extinction.
It is imperative to develop effective policies and conservation strategies that promote peaceful coexistence to ensure the long-term survival of both humans and wildlife. This requires a multi-faceted approach, including habitat conservation, community engagement, sustainable land-use planning and conflict mitigation strategies. Raising awareness among local communities and implementing compensation schemes for wildlife-induced damages can significantly reduce HWC. Only through integrated conservation efforts and proactive management strategies can we strike a balance between human development needs and wildlife conservation for future generations.
MATERIAL AND METHODS
Study Area

The Valmiki Tiger Reserve (VTR) is the only tiger reserve in Bihar and a significant part of the Terai Arc Landscape (TAL), a crucial transboundary ecosystem supporting diverse flora and fauna. The TAL is recognized as one of the 200 globally important eco-regions for wildlife conservation and biodiversity preservation (Johnsingh et al., 2004).VTR extends between 27°16′ to 27°50′ North latitude and 83°50′ to 84°16′ East longitude, covering an area of 901 sq. km (Chanchani et al., 2014). It is situated in the northwestern part of the West Champaran district of Bihar, a region named after the abundant Champa trees found in the area (Chaudhury, 1960). The mighty Gandak River forms its western boundary, while the reserve shares its northern border with Chitwan National Park in Nepal and has a minor connectivity with Sohagibarwa Wildlife Sanctuary in Uttar Pradesh (Chanchani et al., 2021).
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Fig.1. Location map of Eco-sensitive zone and Valmiki Tiger Reserve

Primary Data Collection

The primary data collection process involved a household questionnaire survey, conducted to analyze the perceptions, experiences, and mitigation strategies of local communities affected by human-wildlife conflict (Goodale et al., 2015). The survey covered 92 villages categorized into three distinct spatial classes based on their proximity to the protected area:
· Village Class 1 – Villages located inside the protected boundary or partially falling within it.
· Village Class 2 – Villages sharing a boundary with the protected area.
· Village Class 3 – Villages more than 5 km away from the protected boundary but within the eco-sensitive zone.

A simple random sampling method was employed to select the survey villages, resulting in 28 villages from Class 1, 25 villages from Class 2, and 39 villages from Class 3. In total, 428 households were surveyed across 92 villages, ensuring adequate representation of local populations living at varying distances from VTR. The questionnaire survey included both open-ended and closed-format questions, allowing for a detailed understanding of the nature, frequency, and impact of human-wildlife conflicts, along with local mitigation efforts (White et al., 2005).To facilitate effective data collection, a trained field assistant from the local community was employed. The assistant first contacted village headmen, explained the purpose and nature of the survey, and obtained oral consent from all participants before conducting interviews (McGuinness & Taylor, 2014). The average age of respondents ranged from 18 to 60 years, with 80.84% of the participants being male (346 individuals) and 19.15% female (82 individuals). The questionnaire survey was conducted from December 2021 to February 2022, with each interview lasting 20 to 35 minutes (average 30 minutes).

Additionally, field observations were conducted to document visual evidence of wildlife damages, including crop destruction, livestock predation, property damage, and human injuries. These observations served as supplementary data to validate the information obtained through surveys. To analyze the long-term trends of human-wildlife conflict, secondary data sources were incorporated into the study. Newspaper reports were used to identify incidents of human-wildlife conflict over the past two years (2020–2021). Reports from Prabhat Khabar and Dainik Jagaran were examined to understand the spatial distribution, frequency and nature of wildlife-related incidents in VTR. This helped corroborate survey responses and assess seasonal variations in human-wildlife interactions.
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Fig.2. Survey villages situated in VTR boundary and Eco-sensitive zone.

Data Analysis
The present study was conducted during the period 2021–2022. Data collected during this period include field surveys, household interviews, official records from forest department offices and direct field observations. To ensure the validity and reliability of the collected survey data, statistical tests were conducted to analyze differences in human-wildlife conflict patterns across the three village classes (Class 1, Class 2, and Class 3).
a) Testing for Normality: Shapiro-Wilk Test
Before performing comparative statistical analysis, a Shapiro-Wilk test was applied to check whether the survey data followed a normal distribution. The results indicated that the data was not normally distributed, meaning that parametric statistical tests (such as t-tests or ANOVA) were not suitable for analysis. 
b) Mann-Whitney U Test for Comparing Village Classes
Since the data was non-normally distributed, the Mann-Whitney U test was employed to determine whether there were significant differences in responses across the three village classes. The Mann-Whitney U test is a non-parametric alternative to the t-test, commonly used to compare differences between two independent groups when the assumption of normality is violated (Logan, 2010).This test was applied to assess differences in: Wildlife species responsible for livestock depredation, Frequency and intensity of wildlife attacks on different villages. The Statistical Package for Social Sciences (SPSS) version 20 for Windows (IBM SPSS Inc., Chicago, USA) was used to process and analyze the collected data. 
Result and Discussion
The study highlights the widespread issue of human-wildlife conflict in the surveyed area, with 94.85% of respondents (n = 406) reporting encounters or observations of wildlife-induced challenges. While only 5.14% (n = 22) stated they had not experienced any conflicts. The majority of respondents (95.32%) relied on agriculture as their primary livelihood, supplementing their income with animal rearing.In terms of livestock rearing. About 88% of respondents owned an average of two livestock per household, with most practicing local grazing or stall-feeding. While 14% respondents grazed their livestock inside protected areas, potentially increasing exposure to predation. 
	Characteristics
	Village class 1 n(%)
	Village class 2 n(%)
	Village class 3 n(%)
	Total n(%)

	No. of Villages
	28
	26
	34
	88

	No. of Respondents
	128
	108
	170
	406

	Occupation(Agriculture)
	122(95.31)
	104(96.29)
	161(94.70)
	387(95.32)

	Average livestock/HH
	2
	2
	3
	

	Types of Conflict
	
	
	
	

	Livestock Depredation
	87(67.97)
	93(86.11)
	121(71.18)
	301(74.14)

	Human Injury
	3(2.34)
	2(1.85)
	5(2.94)
	10(2.46)



Table1. Household and human-wildlife characteristics of 406 surveyed households in and around VTR.

In addition to crop loss, livestock depredation by large carnivores was identified as another major source of economic loss for communities living near VTR. Tigers (Panthera tigris), leopards (Panthera pardus), wolves (Canis lupus), and wild dogs (Cuon alpinus) were the primary predators responsible for attacking livestock. The frequency of livestock attacks was highest in villages closest to VTR, highlighting the direct impact of predator presence on rural livelihoods.
	Common Name
	Scientific Name
	Village class 1 (%)
	Village class 2 (%)
	Village class 3 (%)
	Total (%)

	Tiger
	Panthera tigris
	24.64
	26.17
	24.22
	24.97

	Leopard
	Panthera pardus
	37.44
	34.77
	33.23
	34.85

	Wolf
	Canis lupus
	26.54
	28.13
	30.43
	28.64

	Wild dog 
	Cuon alpinus
	11.37
	10.94
	12.11
	11.53


Table.2. Percent of Livestock depredation events by predators that were recorded as being involved in HWC in various village classes.

Table 2 presents the percentage of livestock depredation events attributed to major predators across different village classes in the study area. Leopards (Panthera pardus) emerged as the predominant predator, accounting for the highest proportion of depredation events (34.85%), followed by wolves (Canis lupus, 28.64%) and tigers (Panthera tigris, 24.97%). Wild dogs (Cuon alpinus) contributed comparatively less (11.53%). The relative contribution of each predator showed minor variation across village classes. But the overall pattern highlights leopards as the most frequent livestock predator in the Valmiki Tiger Reserve landscape. Previous research in Chitwan National Park, Nepal, found that tigers and leopards were responsible for more than 90% of total livestock depredation (Lamichhane et al., 2018). In the current study, leopards were identified as the most frequent predator. In contrast, tigers caused greater economic losses due to their tendency to target larger livestock, such as cattle and buffalo (Malviya & Ramesh, 2015).
The majority of incidents occurred during winter (53.82%), with the highest number recorded in Village Class 3 (64 events, 52.89%). This was followed by the monsoon season (21.93%), particularly in Village Class 3 (28.93%). Summer and spring accounted for comparatively fewer depredation events, representing 13.95% and 10.30% of the total, respectively. The seasonal trend suggests that livestock depredation risk peaks in winter months, with monsoon also emerging as a critical period in certain villages (Table 3).
	Season
	Village class 1 n(%)
	Village class 2 n(%)
	Village class 3 n(%)
	Total n(%)

	Summer
	17(19.54)
	15(16.13)
	10(8.26)
	42(13.95)

	Monsoon
	20(22.99)
	11(11.83)
	35(28.93)
	66(21.93)

	Winter
	42(48.28)
	56(60.22)
	64(52.89)
	162(53.82)

	Spring
	8(9.20)
	11(11.83)
	12(9.92)
	31(10.30)

	Total
	87(100)
	93(100)
	121(100)
	301(100)



Table 3. Livestock depredation in different seasons.

Overall, the majority of households (69.46%) perceived HWC as a severe problem, with the highest proportion reported in Village Class 2 (89.81%), followed by Class 1 (85.16%). In contrast, Village Class 3 showed more variation, where less than half (44.71%) considered HWC a severe problem, while nearly half (48.82%) regarded it as a moderate problem. Only a small proportion of respondents across all classes (4.19%) reported no problem with HWC. These results suggest that perceptions of conflict severity are strongest in Classes 1 and 2 villages, while Class 3 communities exhibit a relatively balanced view between severe and moderate levels of conflict (Table 4).The findings reveal a statistically significant difference in attitudes towards HWC between village classes 1 and 3 (Mann-Whitney U = 515.34, p = 0.016), suggesting that the proximity of human settlements to VTR plays a crucial role in shaping local perceptions of wildlife conflict.

	Attitude towards HWC
	Village class 1 n(%)
	Village class 2 n(%)
	Village class 3 n(%)
	Total n(%)

	Severe Problem
	109(85.16)
	97(89.81)
	76(44.71)
	282(69.46)

	Moderate Problem
	16(12.50)
	8(7.41)
	83(48.82)
	107(26.35)

	No Problem
	3(2.34)
	3(2.78)
	11(6.47)
	17(4.19)



Table 4. Attitude towards human-wildlife conflict (HWC) in various village class	
The most widely reported strategy was the use of physical structures such as sheds, fences, or enclosures (75.86%), consistently practiced across all village classes, with the highest use in Class 2 (85.19%). Guarding of livestock was also common (63.05%), particularly in Class 2 villages (89.81%). The use of guard dogs was less prevalent overall (24.88%), though it was relatively more frequent in Class 2 (43.52%) compared to Classes 1 and 3 (Table 5). These findings suggest that while physical barriers are the primary preventive measure, guarding—either by humans or with dogs—remains an important supplementary strategy, especially in villages closer to high-conflict zones.To protect their livestock, respondents used strategies such as guarding animals during grazing and at night, constructing enclosures, and employing guard dogs. It has been found that there was no significant difference in depredation patterns between different village classes (Mann-Whitney U = 873.34, p = 0.49).

	Mitigation Method
	Village class 1 n(%)
	Village class 2 n(%)
	Village class 3 n(%)
	Total n(%)

	Guarding
	83(64.84)
	97(89.81)
	76(44.71)
	256(63.05)

	Guarding by dogs
	23(17.97)
	47(43.52)
	31(18.24)
	101(24.88)

	Physical structures
	95(74.22)
	92(85.19)
	121(71.18)
	308(75.86)



Table 5. Mitigation methods used by respondents to prevent livestock depredation

Among the species, wild dogs (Cuon alpinus) accounted for the highest number of human injury cases (52), while leopards (Panthera pardus) were most frequently associated with livestock depredation (26) and panic events (34). Tigers (Panthera tigris) were involved in 7 human injury cases, 16 depredation events, and 19 instances of panic. 
	Common Name
	Scientific Name
	Human Injury
	Livestock Depredation
	Panic due to presence

	Tiger
	Panthera tigris
	7
	16
	19

	Leopard
	Panthera pardus
	16
	26
	34

	Bear
	Melursus ursinus
	9
	              00
	18

	Wolf
	Canis lupus
	12
	              04
	18

	Wild Dog
	Cuon alpinus
	52
	              08
	   02

	Monkey
	Rhesus Macaque
	14
	              00
	12

	Crocodile
	Gangeticus
	2
	              06
	18

	Python
	Pythonidaespp
	4
	              00
	23



Table 6. Human injury, livestock depredation, and the panic situation were reported in the local newspaper from 2020 to 2021
Bears (Melursus ursinus), wolves (Canis lupus), and crocodiles (Gavialis gangeticus) also contributed notably to human injuries and panic situations, though livestock losses were relatively lower (Table 6). Interestingly, pythons (Pythonidae spp.) and monkeys (Macaca mulatta) were not associated with livestock depredation but were frequently reported for generating panic. Previous studies in Chitwan National Park, Nepal, documented that rhinoceroses, tigers, and sloth bears were responsible for the majority of human attacks (Silwal et al., 2017). However, in the present study, only 2.46% of respondents reported cases of human injuries. This suggests that VTR’s human-wildlife conflict is predominantly economic in nature, rather than a direct threat to human safety.
To reduce the loss due to wildlife attack the community awareness programs should be implemented strictly in affected villages (Maheshwari and Sathyakumar, 2020). Community awareness programs include educating local residents about wildlife behaviour, seasonal movement patterns of carnivores, and high-risk zones. Regular interaction between forest officials, village committees, and local NGOs can help disseminate information on safe grazing practices and early warning signals. Livestock owners should be encouraged to stay away from grazing in forest fringe areas during early morning, late evening, and night hours.
Several studies found that wild animals use the resources within their ecological ranges as part of their life history and survival strategies (Treves & Karanth, 2003; Inskip & Zimmermann, 2009). Many perceived “conflicts” arise primarily because anthropogenic activities extend into traditional wildlife habitats thereby increasing spatial overlap (Mekonen, 2020). Human population growth and associated land-use change fragment brings wildlife into closer proximity with human settlements and agricultural land (Karanth et al. 2012). This phenomenon has been widely documented as a key driver of human–wildlife interactions that includes livestock depredation and crop damage (Mekonen, 2020; Karanth et al. 2012). Research in pastoral landscapes such as Trans-Himalayan region, emphasizes that livestock depredation and human perceptions of conflict are closely linked to landscape degradation and altered land use rather than intentional wildlife aggression (Maheshwari & Sathyakumar, 2020; Woodroffe, 2005). 

Conclusion
Human-wildlife conflict in and around the Valmiki Tiger Reserve represents a persistent and economically significant challenge for local communities. The high dependence on agriculture and livestock rearing increases vulnerability to wildlife-induced losses. During winter season the livestock depredation raises high and requires the need for targeted preventive measures during high-risk periods. Improvement of livestock protection measures is another important strategy. The use of predator-proof night shelters with reinforced walls, proper roofing and secure doors can significantly reduce nocturnal attacks. Group herding practices, use of trained guard animals and supervision during grazing can further minimize vulnerability. Clearing dense vegetation around villages and livestock enclosures also helps reduce ambush opportunities for wild carnivores. Although traditional mitigation strategies such as enclosures, guard dogs and vigilant herding are employed but their limited effectiveness demand for improved approaches. Conservation planning must incorporate buffer-zone management due to statistically significant link between proximity to VTR and perceived conflict severity. Addressing these challenges is essential to balance predator conservation with the socio-economic well-being of human communities in the VTR landscape.
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