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Abstract
Human-wildlife conflict (HWC) poses a major challenge for communities living around protected areas, particularly through crop raiding by wild animals. This study investigates the spatial and temporal dynamics of crop raiding in the eco-sensitive zone of Valmiki Tiger Reserve (VTR), India. A total of 428 households from 92 villages, stratified into three classes based on proximity to the reserve boundary, were surveyed using questionnaires, interviews, and field observations. Results show that crop depredation was most frequently caused by Nilgai (Boselaphus tragocamelus), Chital (Axis axis), and Gaur (Bos gaurus), accounting for over 50% of reported incidents. Seasonal analysis revealed that winter and monsoon were the most vulnerable periods for crop raiding, collectively contributing to more than 70% of cases. Local communities primarily relied on fencing (65.27%), thorny bushes (58.87%), and watch towers (49.51%) as mitigation measures, though these strategies were only partially effective. Statistical analysis using the Mann-Whitney U test confirmed significant variation in conflict intensity across village classes. The findings highlight the urgent need for sustainable, community-based conflict mitigation strategies and improved land-use planning to balance conservation objectives with the livelihood security of local communities.
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INTRODUCTION
Human–wildlife conflict (HWC) has emerged as a critical conservation and livelihood challenge across tropical and subtropical landscapes, particularly in regions where dense human populations coexist with rich biodiversity (Distefano, 2005; Treves & Karanth, 2003). One of the most pressing manifestations of HWC is crop raiding by wild animals, which results in considerable economic losses for farming communities residing adjacent to protected areas (Fungo, 2011). The destruction of crops and livestock not only reduces household income but also heightens food insecurity, thereby exerting direct pressure on rural livelihoods (Madhusudan, 2003). In many cases, these losses foster resentment among local people toward wildlife conservation, creating significant barriers for long-term biodiversity protection (Woodroffe et al., 2005).	Comment by Moumita Khan: farming
Protected areas, though essential for biodiversity conservation, often become hotspots of conflict as the ecological goals of wildlife protection clash with the livelihood needs of surrounding human populations (Gile, 1978; Karanth & Nepal, 2012). This tension is particularly acute in landscapes where communities are highly dependent on agriculture and livestock rearing as their primary sources of subsistence (Silwal et al., 2017). Studies have consistently demonstrated that the intensity of human–wildlife interactions is highest near protected area boundaries, with conflict frequency generally declining with distance from these zones (Kagoro-Rugunda, 2004; Graham et al., 2005).	Comment by Moumita Khan: Just you can type this situation is particularly intense.
In India, which harbors nearly 18% of the world’s human population alongside globally significant populations of large mammals such as tigers, elephants, and leopards, HWC has become a widespread socio-ecological dilemma (Sukumar, 2003; Karanth & Gopal, 2005). Crop raiding is particularly prevalent in the Terai Arc Landscape, where fertile agricultural lands directly adjoin protected forests, creating a mosaic of competition between human and wildlife needs (Chanchani et al., 2014; Lamichhane et al., 2018). The Valmiki Tiger Reserve (VTR) in Bihar, located at the Indo–Nepal border, represents a critical case where communities dependent on rice, wheat, maize, and sugarcane cultivation face recurrent depredation from ungulates and primates. Wildlife species such as Nilgai (Boselaphus tragocamelus), Chital (Axis axis), Langur (Semnopithecus entellus), and Gaur (Bos gaurus) are frequently implicated in crop losses, often leading to serious livelihood challenges.	Comment by Moumita Khan: Harbour 	Comment by Moumita Khan: et al., should be in italics 
Given the ecological significance of VTR and its role within the transboundary Terai Arc Landscape, it is crucial to understand the patterns, drivers, and seasonal dimensions of crop raiding in order to develop effective mitigation strategies. While local communities employ traditional measures such as fencing, watchtowers, and scare devices, their effectiveness remains limited, and conflicts persist (Malviya & Ramesh, 2015). Documenting the nature and extent of crop raiding in VTR is therefore essential for formulating sustainable land-use policies that balance conservation objectives with the livelihood security of surrounding populations.
This study investigates the scale and seasonal variation of wildlife-induced crop damage in villages around Valmiki Tiger Reserve, India. Specifically, it aims to identify the key wildlife species responsible for crop losses, assess the socio-economic impacts on rural households, and evaluate the efficacy of locally adopted mitigation measures. By doing so, the research contributes to the broader discourse on human–wildlife coexistence in biodiversity-rich but livelihood-fragile landscapes.
MATERIAL AND METHODS
Study area
The Valmiki Tiger Reserve (VTR) represents the sole tiger reserve of Bihar and forms a critical component of the Terai Arc Landscape at the Himalayan foothills. The reserve encompasses a mosaic of geomorphological units, most notably the bhabar zone, a porous belt of coarse alluvium where streams disappear underground, and the terai zone, characterized by fine alluvial soils that retain moisture and support highly fertile agricultural plains (Champion & Seth, 1968).
Located in the northwestern part of West Champaran district, VTR occupies a strategic position along the Indo–Nepal frontier, extending from 27°10′N to 27°30′N latitude and 83°50′E to 84°10′E longitude (Fig.1). Its geographical placement ensures ecological connectivity with Parsa Wildlife Reserve and Chitwan National Park in Nepal, thereby forming a transboundary conservation complex of more than 3,000 km² (Maurya & Borah, 2013). Covering an area of 901.70 km², the reserve is delimited by the India–Nepal border on the north and the Bihar–Uttar Pradesh boundary on the west. Because of its high conservation value and its role in maintaining viable tiger populations, VTR has been recognized by the World Wildlife Fund (WWF-US) as a Level I Tiger Conservation Unit, placing it among the most significant tiger-bearing habitats in South Asia (Pattekar et al., 2021).	Comment by Moumita Khan: et al. please notice it carefully while writing and in most you should write it in italics. 
Primary Data Collection
To understand the spatial and temporal dimensions of human–wildlife conflict (HWC) in the Valmiki Tiger Reserve (VTR) landscape, this study employed a mixed-method approach, integrating both primary and secondary data sources. Primary data were obtained through household questionnaire surveys, interviews, and direct field observations, while secondary data consisted of census records, demographic reports, and local media documentation. This triangulation ensured a holistic analysis of the frequency, intensity, and impacts of wildlife-induced challenges faced by rural communities.

The household questionnaire survey served as the core of primary data collection, designed to capture perceptions, experiences, and mitigation strategies of affected households (Goodale et al., 2015). Villages were stratified into three spatial classes based on proximity to the reserve: (i) Class 1 – villages situated inside or partially within the reserve boundary, (ii) Class 2 – villages sharing a boundary with the reserve, and (iii) Class 3 – villages located more than 5 km away but within the eco-sensitive zone. Using a simple random sampling method, 28 villages were selected from Class 1, 25 from Class 2, and 39 from Class 3, giving a total of 92 villages. Within these, 428 households were surveyed, ensuring adequate representation across the gradient of human–wildlife interactions.

The survey included a combination of open- and closed-ended questions, addressing the type and frequency of conflicts, affected crops and livestock, seasonal variations, and local adaptation strategies (White et al., 2005). A trained field assistant from the local community facilitated the process. Initial contact was made with village headmen to explain the study’s objectives, after which oral consent was obtained from participants prior to interviews (McGuinness & Taylor, 2014). Respondents ranged in age from 18 to 60 years, with 80.84% male (346 individuals) and 19.15% female (82 individuals). Interviews were conducted between December 2021 and February 2022, each lasting between 20 and 35 minutes, averaging 30 minutes. Alongside the surveys, direct field observations and photography were undertaken to record evidence of wildlife-induced damages, including crop raiding, livestock depredation, property destruction, and human injuries. These observations not only validated survey responses but also provided visual documentation of conflict intensity. For the analysis of long-term conflict patterns, secondary data were incorporated. Population growth, land-use changes, and forest cover alterations were examined using village-level demographic data from the Census of India (1991, 2001, 2011). These datasets offered insights into settlement expansion, increasing human density near the reserve, agricultural intensification, and forest cover changes—all factors contributing to heightened wildlife incursions into human-dominated areas. Local media reports and government records further supplemented the dataset by documenting conflict incidents and management responses.	Comment by Moumita Khan: Better to replace with pradhan 
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Fig 1. Survey villages situated in VTR boundary and Eco-sensitive zone.

To ensure validity and reliability, statistical tests were applied to compare human–wildlife conflict patterns across the three village classes. The Shapiro–Wilk test indicated that the dataset was not normally distributed, making parametric tests such as t-tests and ANOVA unsuitable. Consequently, non-parametric methods were adopted.

The Mann–Whitney U test, a non-parametric alternative to the t-test (Logan, 2010), was used to examine differences among village classes in terms of (i) wildlife species responsible for crop and livestock depredation and (ii) the frequency and intensity of wildlife attacks. All analyses were performed using SPSS (version 20, IBM SPSS Inc., Chicago, USA), which facilitated efficient comparison of responses, identification of significant variations, and assessment of community mitigation strategies across different spatial classes.

RESULTS 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 (Table 1). 
	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
	

	Crop Raiding
	117(91.41)
	101(93.52)
	148(87.06)
	366(90.15)



Table 1. Household and human-wildlife characteristics of 406 surveyed households in and around VTR. 	Comment by Moumita Khan: Can you add graphs or any chart?

Nilgai (Boselaphus tragocamelus) emerged as the most prominent crop-raiding species, accounting for 19.87% of total incidents, with the highest proportion reported in Class 1 (22.13%) and Class 3 villages (22.01%). Chital (Axis axis) was the second most frequent crop raider (16.42%), showing slightly higher incidences in Class 3 villages (17.65%). Similarly, Langurs (Semnopithecus spp.) contributed to 14.79% of reported cases, being more active in Class 3 villages (16.32%). 
	Common Name
	Scientific Name
	Village class 1 (%)
	Village class 2 (%)
	Village class 3 (%)
	Total (%)

	Wild Boar 	Comment by Moumita Khan: Scientific name will be always in italics 
	Sus scrofa
	12.81
	12.50
	11.20
	12.17

	Nilgai
	Boselephous Tragocamelus
	22.13
	15.46
	22.01
	19.87

	Gaur
	Bos gaurus
	13.59
	15.30
	13.66
	14.18

	Chital
	Axis axis
	14.84
	16.78
	17.65
	16.42

	Sambhar
	Rusa unicolor
	12.34
	14.47
	14.99
	13.94

	Sloth bear 
	Melursus ursinus
	9.22
	12.50
	4.17
	8.63

	Langur
	Semnopithecus spp.
	15.06
	12.99
	16.32
	14.79



Table 2. Percent of Crop raiding incidents by wildlife species that were recorded as being involved in HWC in various village classes

Large herbivores such as Gaur (Bos gaurus) and Sambar (Rusa unicolor) were responsible for 14.18% and 13.94% of incidents, respectively, with slightly higher incidences in Class 2 villages adjoining the reserve boundary. Wild Boar (Sus scrofa) accounted for 12.17%, relatively consistent across all classes. Although less frequent overall, Sloth Bear (Melursus ursinus) raids were notable in Class 2 villages (12.50%), reflecting their tendency to forage along the forest edge (Table 2). Overall, the distribution pattern indicates that ungulates (Nilgai, Chital, Gaur, and Sambar) collectively accounted for the majority of crop-raiding events, whereas primates (Langurs) and omnivores (Wild Boar and Sloth Bear) also posed significant but localized challenges. These findings underscore the multi-species nature of crop raiding in the Valmiki landscape and the spatial variation in conflict intensity across different village classes.

The highest proportion of raids occurred during winter (40.44%), followed by monsoon (33.88%). Spring and summer recorded comparatively fewer incidents, with 13.66% and 12.02%, respectively. Across all classes, winter and monsoon remained the peak seasons for crop damage, though Class 3 villages (located farther from the reserve) experienced relatively higher raids in summer (17.57%). This seasonal trend highlights that human-wildlife conflict is more intense during winter and monsoon, coinciding with peak agricultural activity and crop availability (Table 3).

	Season (Crop Raiding)
	Village class 1 n(%)
	Village class 2 n(%)
	Village class 3 n(%)
	Total n(%)

	Summer
	10(8.55)
	8(7.92)
	26(17.57)
	44(12.02)

	Monsoon
	37(31.62)
	34(33.66)
	53(35.81)
	124(33.88)

	Winter
	56(47.86)
	42(41.58)
	50(33.78)
	148(40.44)

	Spring
	14(11.97)
	17(16.83)
	19(12.84)
	50(13.66)

	Total
	117(100)
	101(100)
	148(100)
	366(100)


Table 3. Crop raiding and livestock depredation in different seasons.	Comment by Moumita Khan: Add a bar chart 

The most widely used strategy was fencing (65.27%), followed by setting thorny bushes on field outskirts (58.87%), both of which served as physical barriers to restrict animal entry. Watch towers (49.51%) were also commonly employed, particularly in Class 2 villages (57.41%), where proximity to the forest boundary increases the risk of wildlife incursions (Table 4). Night watch (33.74%) was another preventive measure, with higher reliance in Class 1 and Class 2 villages, whereas Class 3 villages reported comparatively lower use (22.94%), possibly due to reduced frequency of wildlife encounters. Scare devices (18.47%) such as noise and light deterrents were the least adopted method overall, reflecting either limited effectiveness or high labour requirements. Overall, the results suggest that villagers rely more on physical barriers (fencing, thorny bushes, watch towers) than on active measures (night watch, scare devices), with some variation across distance-based village classes.

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

	Watch Tower
	58(45.31)
	62(57.41)
	81(47.65)
	201(49.51)

	Fencing
	83(64.84)
	78(72.22)
	104(61.18)
	265(65.27)

	Night Watch
	52(40.63)
	46(42.59)
	39(22.94)
	137(33.74)

	Scare Devices
	21(16.41)
	20(18.52)
	34(20.00)
	75(18.47)

	Setting thorny bushes 

	84(65.63)
	74(68.52)
	81(47.65)
	239(58.87)



Table 4. Mitigation methods used by respondents to prevent crop raiding
Farmers employed various mitigation measures such as fencing, placing thorny bushes, watchtowers, night watch duties, and scare devices, but there was no significant difference in the mitigation strategies used across different village categories (Mann-Whitney U = 812.50, p = 0.54). 
Several studies have previously established a direct link between long cropping months and the frequency of crop raids. Sugarcane, rice, wheat, and maize, which have longer growing seasons, were more susceptible to wildlife damage (Karanth et al., 2012). Furthermore, proximity to protected areas played a significant role in determining crop loss, as villages situated closer to the reserve (village classes 1 and 2) reported higher instances of crop damage compared to villages farther away (village class 3). These findings are consistent with previous research in Royal Bardia National Park, Nepal, where Chital and Wild Boars were responsible for nearly 50% of total crop damage (Studsrød & Wegge, 1995). Wild Boars, in particular, are known for their destructive foraging habits, often uprooting crops, while Nilgai and Chital graze extensively on standing crops.	Comment by Moumita Khan: italics
CONCLUSION
This study highlights that crop raiding is one of the most significant forms of human–wildlife conflict in and around Valmiki Tiger Reserve, affecting local livelihoods and food security. The findings demonstrate that a wide range of species—including nilgai, chital, gaur, wild boar, sambhar, sloth bear, and langur—are responsible for crop depredation, with nilgai and chital being the most frequently reported. Seasonal patterns indicate that incidents are most common during the winter (40.44%) and monsoon (33.88%) seasons, coinciding with peak agricultural cycles. Mitigation strategies adopted by local communities primarily rely on physical barriers such as fencing (65.27%) and thorny bushes (58.87%), alongside watch towers (49.51%) and night guarding (33.74%). However, the continued prevalence of crop raiding despite these measures suggests limited effectiveness of traditional methods, especially in villages closer to the protected boundary. Overall, the study underscores the need for integrated conflict mitigation strategies that combine community-based approaches with technological interventions, such as solar fencing, bio-fencing, and compensation schemes, while also strengthening awareness and coordination between forest officials and villagers. Long-term solutions should focus on balancing conservation priorities with local livelihood security to ensure coexistence between wildlife and people in the eco-sensitive zone of VTR.
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