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ABSTRACT

	[bookmark: _Hlk217490680]In this study we assessed diel and seasonal patterns of human-leopard (Panthera pardus fusca) conflicts in Gir Somnath district. Data for this study was collected over a decade (2014–2023) within the geographical limits of the Gir Somnath district, Gujarat This study utilized a combination approach to examine human-leopard conflict over a decade in Gir Somnath. Systematic collection of secondary data from Gujarat Forest Department records included information on when and where incidents happened, who the victims were, and how compensation worked. This was supported by primary field data, which included structured questionnaires and focus group discussions with forest staff and individuals who lived nearby. An examination of 243 Gir Somnath leopard attacks from 2014 to 2023 shows different geographical and chronobiological traits. Due to their closeness to forests, Gir Gadhada (29%) and Talala (18%) were the riskiest areas during the peak of conflict in 2017. Leopard attacks increased in the winter of 2023, suggesting that the monsoon is no longer the most hazardous season. According to Diel research, most events take place between 12:00 AM and 6:00 AM, when people are least able to see. This suggests a nocturnal bias. Children under 15 years of age and adults aged 25 to 64 are most vulnerable. In Talala, there are more male victims than female victims. 21% of encounters result in fatalities, whereas 64% cause minor injuries. In some talukas of Gir Somnath, leopards live continuously with humans, frequently hiding in sugarcane and mango orchards. Children are most at risk, and although the majority of encounters result in minor defensive injuries, 21% are fatal. During the monsoon, conflicts are most prevalent at night. In order to navigate these shared landscapes more safely, workers in the field need to be alert and use protective farming techniques.
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1. INTRODUCTION

Human-wildlife conflict refers to negative interactions between humans and wildlife that harm human livelihoods, the animals themselves, and their shared environment (Kandel, et al., 2023; Shivakumar, Gonzalez, Athreya, & Karanth, 2025; Crown & Doubleday, 2017). In India, these conflicts are escalating due to several key factors, including the increasing human population, loss of natural habitats, scarcity of prey animals, and local increases in certain wildlife populations (Agarwal, Chauhan, Goyal, & Qureshi, 2011). These dynamic forces big cats into human-dominated landscapes where competition for resources frequently results in negative human-carnivore interactions, significantly complicating conservation efforts (Kumar, et al., 2021; Manjunatha, Swamy, & Prabhavathi, 2023; Meena, Baluni, Bisht, Pundir, & Akash, 2021). This challenge is amplified when people suffer major income losses from predators, particularly if the species involved is endangered ( Sidhu, Raghunathan, Mudappa, & Shankar Raman, 2017). Among the world's large cats, the leopard (Panthera pardus) stands out as the most adaptable of India's four species (the fourth largest overall) (Hejna, 2010), possessing a very wide distribution across diverse habitats, ranging from pristine protected forests to the very edges of urban areas (Kshettry, Vaidyanathan, & Athreya, 2017; Kumbhojkar, Yosef, Benedetti, & Morelli, 2019). Due to this adaptability and behavioural plasticity, leopards successfully inhabit areas with high human densities across Africa and Asia (Shivakumar, et al., 2023). In India, this has led to a growing population of leopards that are breeding and thriving in human-dominated areas, and that are capable of attacking livestock and, occasionally, people (Athreya, et al., 2020). Due to resource scarcity, leopards often enter villages to find food, frequently preying on domestic livestock, which is a major source of conflict (Partasasmita, et al., 2016; Sharma & Chishty, 2018).
Big cats and people often share the same spaces, but lions, tigers, and leopards don't usually kill people. However, leopards are a special concern because they have a wide range and like to be around people, which makes encounters and attacks much more likely. This is a big problem in India, where 50% of the state's reports of human injuries and deaths are linked to leopards (Shivakumar, et al., 2023). Attacks on people are not very common, but protecting human life is still very important. Not only is it ethically wrong to put people's safety at risk, but deaths also cause strong public reactions that make it harder to get people to support the conservation of these endangered animals(Packer, et al., 2019). This study focuses on the Gir Somnath district of Gujarat, India, which is ecologically connected to the Gir National Park and Sanctuary. Because leopards are dietary generalists and less sensitive to human disturbance, they live successfully closer to people outside protected areas like the Gir, leading to frequent human-leopard conflicts in the peripheral lands (Zehra, Chaudhary, Sandeep Kumar, & Khan, 2022). So, it's important to understand and reduce the causes of human-leopard conflict in this densely populated area in order to protect the species and people's livelihoods in the long term.

2. methodology

2.1 Study Area 
Gir Somnath district was carved out of Junagadh in August 2013. It is a distinctive region where human settlements and a rich wildlife ecosystem meet. Located in the Saurashtra region of Gujarat, its southern boundary is formed by the Arabian Sea. The district covers an area of 3,775 square kilometers, with Veraval serving as the administrative headquarters. The socio‑demographic profile indicates that most of the population resides in rural and semi‑urban areas. According to the 2011 Census, the district is home to 946,790 people living across district (NIC, n.d.). The district is very important to the present study because it is home to the Gir Forest, the sole remaining habitat of the Asiatic Lion. The Gir ecosystem, while primarily famous for lions, also supports a dense population of Indian leopards. The proximity of numerous villages and agricultural lands to the core and buffer zones of this forest creates an interface characterized by resource overlap, making Gir Somnath an essential and active landscape for studying the dynamics, causes, and mitigation strategies of human-leopard conflict.
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Fig. 1. Study area map (Gir Somnath district)

2.2 Data Collection

The fundamental of the study involved establishing a comprehensive, ten-year time series of conflict by focusing primarily on secondary data collection. We made sure to get necessary permission from the Gujarat Forest Department before started to data collection. Official records pertaining to human injury and fatal leopard attacks on humans were systematically gathered from the Gujarat Forest Department across all six ranges of the Gir Somnath district. Precise data points extracted for each incident included the date and approximate time (crucial for seasonal and diel analysis), the exact location (village and nearest forest beat/range), and detailed victim information (type, age, and sex), alongside the activity they were engaged in at the time of the attack. Furthermore, records related to compensation claimed and received were extracted to understand the post-conflict administrative processes ( Sidhu, Raghunathan, Mudappa, & Shankar Raman, 2017).
This secondary data analysis was supported by primary data collection via questionnaire survey. This included an initial survey of the local population to make sure that the views of the most at-risk communities were included. The fieldwork included both structured interviews with a pre-made questionnaire and unstructured interviews and focus group discussions with residents, village leaders, and forest staff (Nabeel Awan, Yaqub, & Kamran, 2020; Kandel, et al., 2023; Gunawan, Iskandar, Sihombing, & Weinanto, 2017). The primary data aimed to gather contemporary information on daily human activity schedules (especially high-risk activities like herding or fieldwork), local perceptions and attitudes toward the risk posed by leopards, basic household demographics, and the practical difficulties faced during the compensation process.


 
2.3 Data Analysis 
All data were compiled and analyzed using Microsoft Excel, which was employed for tabulation, calculation of percentages, and generation of graphs and tables to identify patterns and trends in leopard attack incidents. To assess activity‑based risk, we employed a qualitative risk assessment matrix rather than a numerical scoring system. Each activity was evaluated by combining three factors: the observed frequency of leopard attacks in our dataset, the severity of outcomes (minor injury, severe injury, or fatality), and the contextual vulnerability of the situation (for example, visibility in tall crops, time of day, or presence of livestock and children). Based on this integrated assessment, risk levels were categorized as Moderate, High, or Very High. This approach allowed us to capture both the likelihood and the potential consequences of conflict in a way that is transparent and directly linked to field observations.



3. results and discussion

The study of human-leopard conflict in the Gir Somnath District of Gujarat shows clear chronobiological patterns that match the species' activity patterns and the region's environmental conditions. A total of 243 leopard’s attacks on humans were recorded and analysed across the study period of 2014 to 2023. The results provide quantitative evidence for both diel and seasonal periodicities in conflict events.

3.1 Chronobiological Patterns in Conflict
Over the past decade, human-leopard conflict in the region has been most intense in the Gir Gadhada and Talala talukas, which consistently report the highest number of incidents due to their proximity to the forest. The year 2017 marked a significant peak in conflict, specifically driven by a record 15 cases of human-leopard conflicts in Gir Gadhada. While Gir Gadhada experiences sharp, unpredictable spikes in activity, Talala sees a steadier and more sustained high rate of conflict. In contrast, coastal areas like Sutrapada and Kodinar report fewer annual incidents, though the risk remains present across all regions, showing that while some areas show more occurrence of human-leopard conflict than others, the threat of attacks is a widespread challenge for the entire district.
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Fig. 2. Annual trend of human-leopard conflict in Gir Somnath district (2014–2023)


Human-leopard conflict follows a clear seasonal pattern, with the monsoon (July-October) consistently being the riskiest time of year, with an all-time high with 15 attacks in 2014. The summer (March-June) months typically see the second-highest number of incidents and occasionally even surpass the monsoon numbers, as seen in recent years like 2022 and 2023. While winter (November-February) is generally the safest season with the lowest incident rates of human-leopard conflict, a sudden spike of 12 conflicts in 2023. Overall, while the threat exists year-round, the danger is most intense during the warmer and wetter months of the year.


Fig. 3. Seasonal variation in human-leopard conflicts across winter, summer, and monsoon in Gir Somnath district (2014-2023)
 


From 2014 to 2023, the data shows that human-leopard conflicts in Gir Somnath happen most often at night. The night (12:00 AM–6:00 AM) period always has the most incidents, followed by the evening (6:00 PM–12:00 AM). This pattern shows that people are most at risk when the leopards are most active. In 2018, there was a big spike, with the most attacks in a single year. This was mostly because 17 of them happened at night. On the other hand, there are a lot fewer reported attacks during the day, in the morning and afternoon. The overall trend shows a strong preference for nighttime and evening hours over midday hours. Understanding these specific time blocks is crucial for local residents to manage their safety and reduce risk. Ultimately, the research emphasizes that human vulnerability is highest when visibility is at its lowest.





Fig. 4. Diel-patterns of human-leopard conflicts in Gir Somnath district (2014–2023)


3.2 Spatial Distribution of Conflict

The spatial distribution of human-leopard conflicts across the district is uneven, with nearly half of all incidents concentrated in just two areas (Fig.4). Gir Gadhada remains the most vulnerable taluka, according for 29% of all reported cases. Una follows as the second most affected area with 21% of incidents, while Talala ranks third with 18%. Coastal regions such as Kodinar (13%) and Veraval (10%) face a moderate level of risk. Sutrapada reports the lowest frequency of conflicts at just 9%. These findings emphasize that the risk to both humans and leopards is significantly heightened in territories adjacent to major forest boundariesFig. 5. Taluka-wise distribution of human-leopard conflicts highlighting conflict hotspots in Gir Somnath district (2014–2023)


3.3 Victim Demographics

Human-leopard conflicts happen most often to people between the ages of 25 and 64 in the Gir Somnath district. There were 23 cases of human-leopard conflicts in 2016, which was a very high number. Children under 15 years of age represent the second most vulnerable group, with their highest number of reported conflicts occurring in 2015. In contrast, young adults and the elderly generally face the lowest risk, though incidents among those aged 65 years of age and over reached a record high for that group in 2023. These trends show that while working-age adults are at the highest risk, there is a persistent and serious risk to children, highlighting two distinct groups that are particularly susceptible to human-leopard conflicts.


Fig. 6. Age distribution of victims of human-leopard conflicts in Gir Somnath district (2014–2023)
Men are significantly more vulnerable than women to be attacked by leopards in all areas due to their specific agricultural activities and livestock management (Table.1). The biggest difference between men and women is in Gir Gadhada, where there were 45 male victims and 25 female victims. Una stands second with 37 male victims of human-leopard conflicts. In Talala, the difference is especially big: over three times the number of men were attacked as women. Gir Gadhada has the most female victims, but the data shows that men are at a much higher risk overall, especially in the areas closest to the forest. This suggests that men are much more likely to become involved into conflict, probably because of the activities they do or the roles they play in these areas where there is a lot of conflict.

Fig. 7. Gender distribution of victims of human-leopard conflicts in Gir Somnath district (2014–2023)

In most cases of human-leopard conflicts in the district result in minor injuries, which accounted for nearly 64% of all recorded cases. However, the data reveals a serious risk level, as deaths were the second most common outcome, occurring in about 21% of attacks. This means that approximately one in every five reported encounters results in a fatality. Severe injuries were the least common result, making up about 15% of the total incidents. While the majority of victims survive with minor wounds, the high percentage of fatalities underscores the significant danger these interactions pose to the local population.


Fig. 8. Injury Outcomes of human-leopard conflicts in Gir Somnath district (2014–2023)


Activity-specific analysis revealed that livelihood practices and domestic routines substantially contributed to conflict risk. Working in tall crops and watering plants was especially unsafe because these activities made it harder to see, according with the time when leopards were active. High risk situations also arise during early morning and late evening movements to farmlands. Behaviours at home, like kids playing near houses and using outdoor toilets, led to conflicts. Checking on cattle sheds, sleeping on open verandas, and doing night-watch duties were all high-risk activities that often led to deaths. The most dangerous situations happened when people were directly confronting leopards, either to scare them away from livestock or to help someone who was being attacked. In both cases, the leopards' defensive behaviour made the situation worse. These results show that we need to make activity-specific plans to help rural people with their daily lives and work.

Table 1.	Risk Assessment Matrix Based on Victim Activity During Leopard Attacks (Gir Somnath District, 2014–2023)

	[bookmark: _Hlk217563234]Victim Activity
	Observed Trend
	Risk Level
	Justification

	
	
	
	

	Working inside tall crops
	Documented attacks during harvesting or weeding
	High
	Dense vegetation reduces visibility; leopards use crops for cover

	Irrigation
	High incidents while watering fields
	High
	Early morning/evening irrigation overlaps with leopard activity

	Going to/returning from farm
	Frequent attacks during commutes
	High
	Morning/evening travel coincides with peak leopard movement

	Sitting or working in courtyard
	Occasional attacks near homesteads
	Moderate
	Leopards enter settlements; human presence outdoors increases exposure

	Children playing near house
	Sporadic but severe incidents
	High
	Children are vulnerable due to size, noise, and unsupervised outdoor activity

	Using outdoor toilets
	Documented nighttime attacks
	High
	Poor lighting and isolation increase risk

	Checking cattle sheds at night
	Frequent attacks on livestock owners
	High
	Leopards attracted to cattle; human presence during nocturnal hours raises danger

	Chasing away leopards attacking livestock
	High-risk encounters often leading to injury or death
	Very High
	Direct confrontation with leopard escalates conflict

	Sleeping in open verandas
	Fatal incidents reported
	High
	Lack of barriers during nocturnal leopard activity

	Night-watch duties on farms
	Attacks on individuals guarding crops/livestock
	Very High
	Leopards drawn to livestock and attracted to sugarcane and mango farms; human vigilance during nocturnal hours increases exposure

	During rescue operation
	Rare incidents
	Moderate 
	Stressful conditions; leopards defensive when cornered








[bookmark: _Hlk217486939]4. Conclusion

During the years 2014 to 2023, leopard-human interactions in the Gir Somnath district followed certain patterns that suggest leopards are no longer just passing through but are now living permanently in areas where people live due to loss of their natural habitat and natural prey-base. Most of these conflicts, about 64%, end in minor injuries (Fig.8), which means that the leopards are often acting in self-defence when they are surprised. But the danger is still extremely significant (Parchizadeh & Belant, 2021). Approximately one in five leopard encounters in the district result in a fatality, according to statistics, underscoring the significance of these encounters. Due to their small size and vulnerability, which make them look like prey to a hunting leopard, children are the most frequent victims of these predatory attacks (Fig.6). Most of the incidents happen in three specific places: Gir Gadhada, Una, and Talala. This makes the conflict very localized. These areas are "hotspots" because they are close to the Gir Protected Area and act as a transition zone where leopards move into areas where people live (Fig. 2&5). As they are nocturnal by nature (Nabeel Awan, Yaqub, & Kamran, 2020), leopards are most active at night, particularly between midnight and six in the morning, in order to avoid coming into contact with more powerful lions (Fig. 4). Additionally, the monsoon season from July to October sees a spike in conflict because the thick summer vegetation provides perfect hiding spots for leopards near villages (Partasasmita, et al., 2016) (Fig.3). A major driver of this trend is the change in how land is used. Large sugarcane farms and mango orchards have become "substitute habitats," providing leopards with enough cover to live, breed, and hunt outside of the forest (Table 1). This creates a high risk for adult men, who are the most likely to be injured because their farm work puts them in these high-cover areas during the leopards' most active hours (Parchizadeh & Belant, 2021) (Fig.7). To manage this, local strategies must focus on targeted awareness in these hotspots and promoting safer farming habits, especially during the rainy season and at night.




5. Mitigating human-leopard conflicts AND maintaining balanced COEXISTENCE

Targeted Spatial Interventions in High-Risk Hotspots
Since nearly half of all attacks are concentrated in Gir Gadhada (29%) and Talala (18%), conservation efforts must prioritize these specific talukas. Authorities should establish permanent rapid-response units in these "hotspots" to decrease reaction time when leopards are sighted near human settlements. Furthermore, because these areas are closest to primary forest regions, the creation of physical or biological buffer zones and the restoration of natural prey habitats within the forest could help discourage leopards from venturing into agricultural lands or villages in search of food.

Time-Based Safety Protocols and Infrastructure
The data clearly indicates that vulnerability is highest during low-light hours (6:00 PM-6:00 AM), particularly after midnight. To mitigate this risk, local governments should invest in high-intensity solar street lighting in vulnerable villages to eliminate the "low-visibility" advantage leopards rely on (Badhe & Jaybhaye, 2024). Safety campaigns should specifically target the "Night" and "Evening" blocks, encouraging residents to remain indoors or move in groups with torches. Since a major spike occurred in 2018 due to nocturnal incidents, ensuring that homes and livestock pens are predator-proofed with sturdy doors and fencing is essential (Manral, Sengupta, Syed, Rana, & Badola, 2016).

Seasonal Vigilance and Agricultural Management
The Monsoon (July to October) is the most dangerous time, and the risks get more severe in the summer, so conservation strategies have to evolve with the seasons. (Badhe & Jaybhaye, 2024). During the monsoon, dense vegetation provides leopards with extra cover; therefore, clearing brush around footpaths and dwellings is a vital preventive measure. Additionally, the recent 2023 spike in winter attacks suggests that risk patterns are evolving. A dynamic "Early Warning System" that uses mobile alerts to notify farmers of leopard movements during peak seasons can help locals adjust their working hours in the fields accordingly.

Demographic-Specific Outreach and Protection
Outreach programs should be tailored to the most affected groups: working-age adults (25-64 years of age) and children under 15 years of age (Meena, Baluni, Bisht, Pundir, & Akash, 2021). For adults, who are likely at risk due to outdoor labour, agricultural and forest-related activities, the focus should be on providing protective gear or establishing "buddy systems" for farm work. For children, safety education in schools is paramount, alongside the creation of fenced, leopard-proof play areas. Given that men are significantly more likely to be victims especially in Talala targeted training for male labourers on how to behave during an encounter (e.g., avoiding running, maintaining eye contact) could reduce the severity of injuries.
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Age of Victim (In Year)




Male	
Gir Gadhada	Talala	Veraval	Sutrapada	Una	Kodinar	45	33	19	14	37	20	Female	
Gir Gadhada	Talala	Veraval	Sutrapada	Una	Kodinar	25	10	6	8	15	11	
Gir Gadhada	Talala	Veraval	Sutrapada	Una	Kodinar	Taluka


No. of Victims




Number of attacks	
Minor Injury	Severe Injury	Death	155	37	51	Percentage of attacks	



Minor Injury	Severe Injury	Death	0.63790000000000002	0.15229999999999999	0.20979999999999999	Mode of Injury


No. of attacks
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