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ABSTRACT
Human-wildlife conflict (HWC) remains one of the most pressing conservation and socio-economic challenges across biodiversity hotspots, especially in South Asia. While most studies attribute HWC to ecological and anthropogenic factors. But the potential influence of lunar cycles on wildlife activity and conflict patterns remains underexplored in the Indian context. This study investigates whether lunar illumination correlates with patterns of human-wildlife conflict in VTR. Records of 312 conflict incidents and moon phase data from astronomical databases were analyzed to assess correlations between conflict types and lunar cycles. Results revealed strong positive associations between full moon phases and crop raiding. New moon periods exhibited strong correlations with livestock depredation and moderate associations with human encounters. The findings suggest that moonlight significantly shapes wildlife activity, predator-prey dynamics, and subsequent conflict risks. The study highlights the importance of integrating lunar cycle data into conflict mitigation strategies like community awareness programs. Future research is recommended to conduct species-specific behavioral assessments using camera traps and telemetry. 
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INTRODUCTION
Human-wildlife conflict (HWC) is increasingly recognized as a critical challenge for biodiversity conservation and rural livelihoods worldwide (Dickman, 2010; Redpath et al., 2013). Defined as negative interactions between humans and wildlife that result in damage to property, livestock, crops, or human injury and fatalities. HWC undermines conservation objectives while exacerbating socio-economic vulnerability in rural communities (Nyhus, 2016). In India and Nepal, landscapes adjacent to protected areas are characterized by high population density and heavy dependence on agriculture intensify the frequency and severity of conflicts (Barua et al., 2013; Acharya et al., 2017).
The Valmikinagar Tiger Reserve (VTR) and part of the Terai Arc Landscape, exemplifies these challenges. It is home to tigers (Panthera tigris), leopards (Panthera pardus), elephants (Elephas maximus), and several herbivore species. Local communities living around VTR rely primarily on subsistence agriculture and livestock rearing, making them particularly vulnerable to wildlife incursions. Crop raiding by elephants, livestock depredation by carnivores and direct encounters with tigers and leopards are recurrent issues in the region (Madhusudan, 2003; Karanth & Madhusudan, 2002). 
The drivers of HWC have been extensively studied, ranging from habitat encroachment to seasonal variation in prey and water resources (Treves & Karanth, 2003; Kansky & Knight, 2014). Fewer studies have examined natural environmental factors such as lunar cycles. Lunar illumination is known to affect wildlife activity by altering nocturnal visibility, perceived predation risk, and predator hunting success (Prugh & Golden, 2014; Bennie et al., 2014). Herbivores often modify foraging activity to minimize predation under bright moonlight, while carnivores adapt their hunting strategies in response to prey visibility and stealth opportunities (Cozzi et al., 2012; Penteriani et al., 2011). Such behavioral adjustments may influence the spatial and temporal occurrence of HWC, yet empirical evidence from Indian tiger reserves remains scarce.
This study addresses this gap by examining the relationship between moon phases and HWC incidents in VTR. By analyzing conflict data across different lunar phases, study test the hypothesis that wildlife behavior is influenced by moonlight. Specifically, it is expected that full moon phases increase crop raiding due to higher herbivore visibility in farmlands. On the other hand, new moon phases facilitate predator stealth, leading to higher livestock depredation.

METHODOLOGY

Study Area
The Valmikinagar Tiger Reserve (VTR), located in West Champaran district, Bihar, covers an area of 899 km², forming the easternmost limit of the Himalayan Terai forests. The reserve comprises moist deciduous forests, grasslands, and riverine habitats. It supports a rich assemblage of fauna including tigers, leopards, elephants, sloth bears (Melursus ursinus), and several species of deer such as chital (Axis axis) and sambar (Rusa unicolor). Surrounding villages depend heavily on rain-fed agriculture, primarily cultivating paddy, maize, and wheat, alongside rearing livestock such as cattle and goats. This proximity creates a high-conflict landscape (Johnsingh et al., 2004).

Data Collection
Data on human-wildlife conflict were obtained from two primary sources:
1. Forest Department Records: Incident reports of crop raiding, livestock depredation, and human encounters recorded between January 2020 and December 2021.
2. Community Surveys: Structured interviews with 312 households across villages adjacent to VTR were conducted to validate official records and capture unreported incidents.
Each incident was categorized as (i) crop raiding (ii) livestock depredation (iii) human encounter. GPS coordinates and incident dates were recorded to facilitate spatio-temporal mapping.
Moon Phase Data
Lunar data, including phases and percentage illumination, were obtained from the U.S. Naval Observatory Astronomical Applications Department. Each HWC incident was matched with the corresponding lunar phase on the date of occurrence: full moon, new moon, waxing, or waning.
Statistical Analysis
Data analysis was conducted in R. Pearson’s correlation was used to test associations between moon phases and HWC types. Regression modeling assessed the predictive power of lunar illumination on conflict frequency. A significance threshold of p < 0.05 was applied.

RESULTS

Correlation between Moon Phases and HWC
Table 1 : The analysis revealed significant correlations between moon phases and the frequency of HWC incidents.

	Moon Phase
	Crop Raiding (r)
	Livestock Depredation (r)
	Human Encounters (r)

	Full Moon
	0.68 (Strong +)
	0.45 (Moderate +)
	0.52 (Moderate +)

	New Moon
	0.32 (Weak +)
	0.72 (Strong +)
	0.60 (Moderate +)

	Waxing Moon
	0.51 (Moderate +)
	0.39 (Weak +)
	0.43 (Moderate +)

	Waning Moon
	0.47 (Moderate +)
	0.36 (Weak +)
	0.40 (Weak +)



Patterns of Conflict
The correlation analysis between lunar phases and HWC incidents revealed distinct patterns that highlight the role of moonlight in shaping wildlife behavior around VTR. The strongest positive correlation was observed between full moon nights and crop raiding events (r = 0.68). Farmers consistently reported greater herbivore activity, particularly chital (Axis axis), sambar (Rusa unicolor), and wild boar (Sus scrofa), in their agricultural fields on nights with higher illumination. This observation is consistent with studies from other tropical and subtropical regions where herbivores adjust their activity during bright nights (Bennie et al., 2014; Lima & Bednekoff, 1999). Interestingly, full moon phases also showed moderate associations with livestock depredation (r = 0.45) and human encounters (r = 0.52). This suggests that predators such as leopards and tigers may increase activity in response to elevated prey availability near settlements.
In contrast, new moon nights exhibited weaker correlations with crop raiding (r = 0.32) but strong positive associations with livestock depredation (r = 0.72) and moderate associations with human encounters (r = 0.60). This supports the hypothesis that carnivores exploit darkness to enhance hunting efficiency and stealth. This allows them to approach livestock enclosures or even human settlements with reduced risk of detection. These findings are supported by similar observations in African ecosystems, where lions (Panthera leo) and leopards show higher hunting success during darker nights (Cozzi et al., 2012; Packer et al., 2011).
Transitional moon phases (waxing and waning) showed moderate correlations across all conflict types, with waxing phases showing slightly higher associations with crop raiding (r = 0.51). The waning phases exhibiting weaker but still significant associations across conflict types (r values between 0.36 and 0.47). This suggests that wildlife may gradually adjust activity during these phases, but the effects are less pronounced than during the extremes of full and new moons. Collectively, these results highlight that moonlight acts as a temporal reason in influencing both herbivore and carnivore activity, with direct consequences for human livelihoods in landscapes like VTR.

DISCUSSION
The findings underscore the importance of lunar illumination as a driver of human-wildlife conflict in VTR. Full moon phases increased herbivore foraging visibility, encouraging crop incursions, while new moon phases facilitated predator stealth, raising livestock losses. These patterns mirror global observations where nocturnal wildlife adjust activity in response to lunar cycles (Prugh & Golden, 2014; Cozzi et al., 2012).
In Africa, lions and leopards alter hunting behavior depending on moonlight, with reduced success during full moons but increased predation during darker nights (Cozzi et al., 2012; Packer et al., 2011). Similarly, herbivores such as deer and antelope reduce foraging under bright conditions to minimize predation risk (Bennie et al., 2014). Our results from VTR provide comparable evidence, suggesting that lunar cycles are an overlooked factor in HWC dynamics in South Asia.
The findings of this study underscore the significance of lunar cycles as an ecological driver of human-wildlife conflict in VTR. The observed spike in crop raiding during full moon phases suggests that herbivores are more likely to venture into agricultural fields when visibility is high. This may be due to reduced predation risk in human-dominated landscapes where natural predators are less abundant, a phenomenon known as the “predator shield effect” (Berger, 2007; Schuette et al., 2013). Herbivores may therefore perceive agricultural fields as relatively safe for foraging during bright nights, despite the risk of human retaliation. Such patterns have also been documented in African savannas where ungulates adjust foraging schedules based on both predator activity and lunar illumination (Prugh & Golden, 2014).
The strong association between new moon phases and livestock depredation highlights the behavioral plasticity of carnivores such as leopards and tigers. Darkness provides an advantage in stealth, enabling predators to breach livestock enclosures with reduced detection. Studies from Nepal and central India have similarly reported that livestock depredation peaks during darker nights. This reinforces the notion that moonlight shapes predator-prey dynamics across landscapes (Aryal et al., 2020; Odden et al., 2014). Additionally, the moderate correlation between new moon nights and human encounters may reflect increased predator boldness under cover of darkness.
From a socio-ecological perspective, these results have important implications for conflict mitigation. Traditional HWC management strategies often focus on static interventions such as physical barriers, compensation schemes, or prey base management (Madhusudan, 2003; Treves & Karanth, 2003). However, the influence of lunar cycles suggests that conflict risk is not evenly distributed temporally, but varies predictably across the lunar calendar. Integrating lunar phase awareness into mitigation planning could enhance efficiency and reduce costs. For example, deploying additional crop guards during full moons could be more effective than uniform efforts throughout the month.
Ecologically, these findings also contribute to a growing body of literature on “lunar ecology,” which examines how moonlight influences species interactions and ecosystem dynamics (Penteriani et al., 2011; Prugh & Golden, 2014). The results suggest that lunar cycles may act as an overlooked but significant factor in shaping HWC. Future studies should employ camera traps and GPS telemetry to assess species-specific movement patterns during different moon phases.

CONCLUSION
This study provides the empirical evidence linking lunar phases with patterns of human-wildlife conflict in Valmikinagar Tiger Reserve. By analyzing 312 conflict incidents across two years, it was demonstrated that full moon phases are strongly associated with increased crop raiding by herbivores. In contrast, new moon phases correspond with elevated livestock depredation and human-wildlife encounters. Transitional phases exhibited moderate correlations, suggesting gradual adjustments in wildlife behavior. These findings not only enrich our understanding of the ecological dimensions of HWC but also provide practical insights for conflict management. For conservation practitioners, integrating lunar cycle data into conflict mitigation strategies can enhance preparedness and reduce losses. Community-based awareness programs that emphasize the risks of full and new moon nights. Targeted interventions, such as crop guarding and livestock protection, can enhance coexistence between humans and wildlife. Importantly, these strategies should be adaptive and culturally sensitive, aligning with local knowledge systems and livelihood practices.
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