


Review Article
Human-Banbakri Antelope Conflict in India: A Review of Crop Depredation, Ecological Dynamics and Mitigation Strategies 
ABSTRACT
The Banbakri antelope (Boselaphus tragocamelus), commonly known as the Nilgai, is distributed across and neighbouring countries such as Nepal, Pakistan, Bangladesh, Texas, Mexico, Italy, and South Africa. Increasing human encroachment, habitat degradation, and agricultural expansion have led to a rising incidence of crop raiding by Banbakri, causing substantial economic losses to farmers, particularly in northern and central India. This review examines the human–Banbakri conflict arising from competition for agricultural resources, drawing on secondary data from scientific journals and reports. Banbakri antelope have increasingly moved from natural habitats to human-dominated landscapes in search of water, food, and crops. Bihar hosts the largest population (295,366), followed by Uttar Pradesh (254,444). The species causes significant damage to major crops, fruits, and vegetables-sometimes up to 58% yield loss-forcing farmers to alter cropping patterns. Crop depredation can be identified through direct sightings, photographs, hoof prints, plant damage, and dung traces. The review highlights ecological interactions between Banbakri antelope besides agriculture and underscores the urgent need an Integrated Banbakri Pest Management (IBPM) framework is proposed to balance conservation priorities with rural livelihoods, emphasizing evidence-based, socially acceptable, and ecologically sustainable solutions.
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1. INTRODUCTION
Human–wildlife conflict involving large herbivorous mammals is a global conservation and socio-economic issue, but it is particularly severe in India, where a substantial proportion of the rural population depends directly on agriculture for subsistence and income. Crop depredation by wild herbivores imposes significant economic losses on farmers and threatens food security, thereby intensifying negative perceptions toward wildlife (Treves et al., 2006; Graham et al., 2010; Mathur et al., 2015; Samson & Ramakrishnan, 2020). Rapid agricultural expansion, deforestation, and infrastructure development have led to extensive habitat loss and fragmentation, increasing spatial overlap and competition between humans and wildlife for limited food and water resources (Prasad, 2022). As a result, several native herbivore species are increasingly perceived as agricultural pests (Sridhara, 2006; Prasad et al., 2015, 2020).
Among these, the white-footed Banbakri antelope (Boselaphus tragocamelus), commonly known as the Nilgai, has emerged as one of the most contentious species in agro-ecosystems across northern and central India (Prasad et al., 2023). Historically, Banbakri were not regarded as major crop raiders (Chauhan, 2011); however, recent decades have witnessed a marked behavioural shift associated with landscape modification. The expansion of irrigated agriculture and the availability of high-nutrient crops adjacent to natural habitats have altered foraging strategies, encouraging Banbakri to exploit cultivated fields (Prasad & Prabhakar, 2020; Srivastava & Singh, 2024). In response, the species has increasingly adopted nocturnal and seasonal migratory movements, transitioning from nutrient-poor grasslands and scrublands to agriculturally productive areas that provide reliable food and water resources (Singh et al., 2017; Prasad et al., 2023).
Water availability is a key ecological driver shaping Banbakri movement patterns, particularly during prolonged dry seasons, when dependence on anthropogenic water sources increases (Sheffield et al., 1983; Bohra et al., 1992; Bagchi et al., 2004; Groves et al., 2011; Prasad et al., 2020b). The resulting proximity of Banbakri to farmlands has led to extensive crop depredation, causing substantial economic losses, especially for small and marginal farmers. Management of this conflict is further complicated by the species’ legal protection under wildlife conservation laws, which restrict lethal control and often heighten tensions between conservation priorities and rural livelihoods (Rana & Kumar, 2023). While farmers increasingly demand effective population control measures or compensation for losses, conservationists emphasize the ecological and cultural significance of the species.
In this context, a comprehensive synthesis of existing knowledge is urgently needed to inform evidence-based management strategies. This review critically examines the ecological and behavioural drivers of human–Banbakri conflict, patterns and magnitude of crop damage, economic impacts on major agricultural systems, and the effectiveness of current mitigation and management practices. By integrating ecological, socio-economic, and policy perspectives, the review aims to identify sustainable, science-based approaches for balancing Banbakri conservation with the livelihood security of farming communities in India.
2. MATERIALS AND METHODS
This review is based on secondary data from peer-reviewed research articles and grey literature, including government publications, technical reports, and institutional documents, addressing the ecology, behaviour, and agricultural impacts of the Banbakri antelope (Boselaphus tragocamelus) in India. Relevant publications (2000–2025) were retrieved from Google Scholar, Scopus, and Web of Science, along with official government and institutional reports, using targeted keywords such as “Banbakri antelope crop damage,” “human-Nilgai conflict,” and “wildlife–human conflict in India.” Only studies directly related to Banbakri ecology, population trends, crop damage, and management in India were included, while non-relevant, anecdotal, or duplicate records were excluded after title and abstract screening. 
Population data were compiled from national wildlife surveys, forest department records, and published census documents. Information on crop damage, economic losses, and mitigation strategies was synthesized, with emphasis on case studies from highly affected states-Bihar, Uttar Pradesh, Rajasthan, Haryana, and Madhya Pradesh-to highlight regional variation and management practices.
3. DISCUSSION

3.1.  Distribution and Ecology of Banbakri Antelope

3.1.1 Availability of Banbakri antelope in the Global Context
The Banbakri antelope (Boselaphus tragocamelus), commonly known as the Nilgai, is referred to by numerous vernacular names across regions, including Blue bull, Blue buck, White-footed antelope, and Blue cow. Historical records by Buchanan during 1810–1811 reported the name Ghoraraj from the Shahabad and Bhagalpur regions. In contemporary usage, the species is widely referred to as Banbakri in Bihar. In central and northwestern India, particularly in Madhya Pradesh and Haryana, it is locally known as “Rozer” and “Rozad,” respectively. (Prasad & Ahmad, 2016; Chandel et al., 2024). In India, the species is widely distributed across 18 states and is often regarded as an agricultural pest. Some states have permitted controlled culling to protect farmers’ livelihoods, whereas domestication trials have been initiated in Bihar to mitigate conflicts (Chauhan, 2011; Buchanan, 2013; Meena et al., 2017; Prasad, 2022; Gupta, 2024; Ghosh, 2025). Outside India, small populations occur in neighbouring countries like Nepal, Pakistan, Bangladesh. In Pakistan, the Banbakri is considered endangered and included in national conservation programmes (Laslie, 2008; IUCN, 2016; Habib, 2001). In Nepal, conservation measures have maintained a stable population (Shrestha, 2001; Aryal, 2007), while Bangladesh has recently reported reappearance of the species through targeted protection (Khan, 2001; Islam, 2024).
Globally, B. tragocamelus was introduced to the United States (Texas), Mexico, South Africa, and Italy during the early 20th century. In Texas, escaped individuals from private ranches established free-ranging populations (Sheffield et al., 1971; Ortega-Santos et al., 2016). In Mexico, they are managed under commercial wildlife enterprises (Perez-Arteaga & Vazquez, 2020), while in South Africa they are classified as a Category-2 species under the National Environmental Management: Biodiversity Act (NEMBA) (Laslie, 2008). In Italy, Banbakri populations were extirpated during World War II but later reintroduced near Rome (Don & Russel, 2011). In India, where about 65% of the population lives in rural areas overlapping with wildlife habitats, the distribution of B. tragocamelus extends across more than 17 states (Carroll et al., 2021; Gulati et al., 2021; Rana & Kumar, 2023). It is the largest Asian bovid antelope, measuring up to 200 cm in length and 150 cm in height, and typically inhabits open grasslands, consuming 13–15 kg of vegetation daily (Goyal & Rajpurohit, 2000). The predicted details are summarized in Table 1 and illustrated in Figure 1.
Table 1: Present Status of  Boselaphus tragocamelus in the World:

	S. N.
	Country
	Status
	Reference


	1
	India
	Classified as an 'agricultural pest'; distributed across 18 states. Severe impact reported in 8 states, with government orders for culling to aid farmers.
	Chauhan 2011; Meena et al. 2017; Prasad 2022; Gupta 2024; Prasad et al, 2023; Swaroop, 2024.

	2
	Nepal
	Population status is satisfactory and under a conservation plan.

	Laslie 2008; Shreshtha 2001; Aryal 2007.

	3
	Pakistan
	Classified as endangered and included in a conservation plan.

	Laslie 2008; IUCN 2016; Habib 2001.

	4
	Bangladesh
	Declared extinct in the 1930s but reappeared in 2023, marking its return to the country.
	Laslie 2008; Khan 2001; Islam 2024.

	5
	Texas
	Managed for commercial uses under a management plan. First introduced in Southern Texas in the 1930s.

	Laslie 2008; Sheffield et al. 1971, 1983; Ortega-Santos et al. 2016.

	6
	Mexico
	Managed for commercial uses under a management plan.
	Perez-Arteaga & Vazquez 2020; Laslie 2008; Alvarez-Romero et al. 2008.

	7
	South Africa
	Managed under the National Environmental Management: Biodiversity Act (NEMBA).
	Laslie 2008; Lever 1985.

	8
	Italy
	Population status is satisfactory under a management plan.
	Laslie 2008; Don & Russel 2011.



3.1.2  Boselaphus tragocamelus in the Indian Context
Rapid human encroachment into forests, grazing lands, and natural habitats has intensified competition for resources between wildlife and rural communities (Manral et al., 2016; Mehta et al., 2018; Prasad et al., 2020, 2021). Over the past two to three decades, such conflicts have escalated sharply. During dry summer months, scarcity of food and water forces wild mammals to enter villages, common lands, and cultivated fields, resulting in extensive crop raiding and damage (Chauhan, 2011; Rana & Kumar, 2023; Prasad, 2022).  Among the major crop-raiding species in India are the Banbakri antelope (Boselaphus tragocamelus), Wild boar (Sus scrofa), and Rhesus monkey (Macaca mulatta) (Chauhan et al., 2009; Azad, 2020; Prasad et al., 2023). These species cause substantial agricultural losses, particularly in northern India (Chauhan, 2011; Findlay & Hill, 2020). Studies across different regions report increasing crop depredation by these higher vertebrates (Sahoo et al., 2004; Meena, 2017; Kumar & Kumar, 2018). In Bihar, nearly all districts have reported serious crop damage due to the expanding Banbakri population (Prasad, 2022; Shrivastava & Singh, 2024; Prasad et al., 2023). 
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Figure. 1: Showing the classification of severe, moderate, and minimal presence of Boselaphus tragocamelus in India (a) and in Bihar (b) (Authors' analysis based on data from Chauhan 2011 & Prasad, 2022).

The Shahabad region has recorded the highest densities of Wild boar, Monkeys, and Banbakri (Prasad et al., 2018, 2019). According to the Directorate of Agriculture, Bihar, the growing Banbakri menace has forced many farmers to abandon cultivation. Annual agricultural and horticultural losses from wild mammals are estimated at ₹300–450 crore, potentially reaching ₹1,500 crore when costs for barriers and surveillance are included (Santoshi, 2017; Thakur et al., 2022). These losses translate into reduced productivity, increased labour for guarding fields, and abandonment of farmland-posing a serious livelihood threat and provoking retaliatory actions (Findlay & Hill, 2020).
Crop damage by Banbakri is particularly severe in northern India during the winter season (Chauhan, 2011). In Haryana, damage to crops such as gram, wheat seedlings, and green gram ranges from below 10% to as high as 58% of total yield (Chauhan & Singh, 1990). Similar reports from Punjab describe extensive destruction of cereals, vegetables, and orchards (Babbar et al., 2022). Banbakri typically feed during early morning and late evening hours and rest under shade during the day (Bohra et al., 1992). Though mustard is rarely consumed, it suffers significant trampling damage (Meena, 2017). The species shows strong preference for gram, wheat, and moong crops, and similar losses have been observed in Nepal-14.48% for vegetables and 10.38% for pulses (Khanal et al., 2018; Chhangani et al., 2004). The predicted details are summarized in Table  2, 3 & 4. 
3.1.3 Agricultural Development and Banbakri-Related Challenges in Bihar
Bihar’s diverse agro-climatic zones support intensive cultivation of crops such as paddy, wheat, maize, and horticultural produce and the proliferation of Banbakri antelope (Prasad & Ahmad, 2016; Kumar & Kumar, 2018; Prasad et al., 2023; Srivastava & Singh, 2024). Over the past two decades, the state has achieved significant advances in agriculture and aquaculture, producing high-quality paddy, wheat, maize, and aquaculture products (Pandey, 2016; Chand & Prasad, 2021). Inland terrestrial and freshwater ecosystems provide habitats for several wild mammal species, including Banbakri, which increasingly inhabit areas outside protected zones, often near human settlements (Bagchi et al., 2003; Prasad & Prabhakar, 2020; Prasad et al., 2020, 2021). Banbakri are highly adaptable, thriving in hot summers, cold winters, flood-prone areas, and diverse land types (Prasad et al., 2021; Prasad, 2022). Prasad et al. (2025b) provided the first empirical evidence of thermoregulatory basking (sunbathing) behaviour in free-ranging Boselaphus tragocamelus, highlighting its adaptive significance as a behavioural mechanism for thermal regulation under natural environmental conditions. Free-ranging populations are present in 36 of 38 districts, with 21 districts experiencing substantial crop losses (Prasad, 2022; Srivastava & Singh, 2024). They target crops at different growth stages: mature paddy, maize, mustard, chili, cauliflower, cowpea, black gram, and cabbage; early-stage wheat, potato, radish, and pumpkin; and lentils at all stages (Prasad et al., 2023; Khanal et al., 2017).
Banbakri primarily feed in crop fields during evening and nighttime hours, returning to scrublands or thin forests by day (Bohra et al., 1992; Prajapati & Singh, 1994; Mathai, 1999; Prasad et al., 2023). Observations indicate maize is damaged during tillering to maturity stages, rice paddies at early to milky grain stages, wheat during young growth and flowering, and mustard across all stages. Crop-raiding peaks in winter, coinciding with higher activity and predation avoidance in fields (Prasad et al., 2019; Prasad et al., 2023). While Bihar’s agricultural expansion aims for self-sufficiency and improved farmer livelihoods, the widespread presence of Banbakri antelope poses a major challenge, causing direct crop losses, trampling, and increased labor demands for field protection. Effective management strategies are critical to balance conservation goals with agricultural sustainability.
Table-2. Major cultivated crops damaging and preferences by the Boselaphus tragocamelus  (Prasad et al., 2023).

	S. N.
	Crop
	Scientific name
	Damaging  stages

	1
	Paddy
	Oryza sativa
	immature/ growing / milky grain

	2
	Wheat
	Triticum aestivum
	immature/ growing/ mature

	3
	Maize
	Zea mays
	immature/ growing/ mature

	4
	Sugarcane
	Saccharum officinarum
	immature/ growing / mature

	5
	Arhar
	Cajanus cajan
	immature/ growing/ mature

	6
	Gram
	Cicer arietinum
	immature/ growing/ mature

	7
	Lentil
	Lens culinaris
	immature/ growing/ mature

	8
	Moong
	Vigna radiata
	immature/ growing/ mature

	9
	Mustard
	Brassica juncea
	all stages

	Major horticulture  crops ( fruit & vegetables)

	10
	Mango
	Mangifera indica
	leaves and fruits

	11
	Guava
	Psidium guajava
	leaves and fruits

	12
	Anola
	Phyllanthus emblica
	leaves and fruits

	13
	Papaya
	Carica  papaya
	leaves and fruits

	14
	Mahua
	Madhuca indica
	flowers and leaves

	15
	Banana
	Musa paradisaic
	leaves and fruits

	16
	Tomato
	Solanum lycopersicon
	leaves and fruits

	17
	Potato
	Solanum tuberosum
	leaves and fruits

	18
	Brinjal
	Solanum melongena
	leaves and fruits

	19
	Cabbage
	Brassica oleracea
	leaves and flower

	20
	Kakri
	Cucumis sativys
	leaves, stem and fruits

	21
	Guwar bean
	Cyamopsis tetragonaloba
	leaves, stem and fruits

	Others

	22
	Ber
	Ziziphus mauritina
	leaves, fruits and pods

	23
	Semal
	Bombax ceiba
	flower, fruits and leaves

	24
	Babul
	Acacia nilotica
	leaves, fruits and pods

	25
	Baniyan
	Ficus benghalensis
	leaves and fruits

	26
	Jhabar ber
	Ziziphus nummalaria
	leaves and fruits

	26
	Peepal
	Ficus religiosa
	leaves/ fruits



3.1.4 Ecological and Agricultural Impacts of Banbakri antelope
In Central India, Boselaphus tragocamelus causes substantial damage to a wide range of crops, including gram, green gram, wheat seedlings, mustard, linseed, groundnut, sugarcane, soybean, ginger, and jowar (Chauhan, 2011; Meena, 2017). In some regions, the severity of damage has forced farmers to abandon cultivation altogether (Chauhan & Sawarkar, 1989). For instance, between 2009 and 2013, Madhya Pradesh reported 3,278 crop damage cases, with compensation of Rs. 1.2 crore paid to affected farmers (Babbar et al., 2022). The Blue bull’s presence has also compelled villagers to alter cropping patterns in both kharif and rabi seasons. Uttar Pradesh hosts an estimated population of 2,54,444 individuals (Chauhan, 2011; Meena, 2017), while the Shahabad region in Bihar (~4 districts) has approximately 8,000 individuals. 
Table 3. Crop damage by Boselaphus tragocamelus (Foraging & Trampling)
	S. N.
	Crops
	Low Density (In %)
	High Density 
	Reference

	


1.
	Wheat
(Triticum aestivum)
	20-30%
	35-60%
	


Chauhan, 2011

	
	Gram
(Cicer arietinum)
	40-50%
	50-70%
	

	
	Moong
(Vigna radiata)
	40-45%
	45-60%
	

	
	Mustard
(Brassica nigra)
	Seldom eaten by Nilgai, but damaged by trampling
	
	

	

2.
	Green gram
(Vigna radiata)
	Less than 10%
	-
	Chauhan &  Singh, 1990

	
	Wheat
(Triticum aestivum)
	58%
	58%
	

	
	Gram
(Cicer arietinum)
	58%
	58%
	



The overall Banbakri population in Bihar is estimated at 2,95,866 (Department of Agriculture, Government of Bihar, 2024; Swaroop, 2024). Northern Indian states have faced significant crop raiding by Banbakri since at least 1990 (Qureshi, 1991). In Rajasthan, Banbakri preferentially feed on crops such as moth (Pennisetum aconitifolium), jwar (Cyamopsis tetragonoloba), bajra (Pennisetum typhoideum), moong (Triticum vulgare), jeera (Cuminum nigrum), and dhania (Coriandrum sativum), as well as vegetables and fruits such as ber (Ziziphus mauritiana), lemon (Citrus medica), papaya (Carica papaya), guava (Psidium guajava), and pomegranate (Punica granatum). Reported crop losses vary with Banbakri density: in low-density areas, wheat 20–30%, gram 40–55%, moong 40–45%, jwar 20–35%, and cotton 25–40%; in high-density areas, losses increase to 35–60% for wheat, 50–70% for gram, and 45–60% for moong (Chauhan, 2011; Chauhan & Singh, 1990). Banbakri are ecologically adaptable, exhibiting crepuscular and nocturnal activity, particularly during summer. They rest during the day in marginal lands with sparse vegetation, scattered trees (e.g., Acacia nilotica, Ziziphus mauritiana), or sandy substrates, and actively forage in agricultural fields at dusk (Prasad et al., 2019, 2020; Prasad, 2022). Factors contributing to intensified human–Banbakri interactions include population growth, legal protection under the Wildlife Protection Act (1972), absence of natural predators, habitat degradation, overgrazing by livestock, and cultural protection by communities such as the Bishnoi. Traditional mitigation, including human vigilance and domestic dogs, imposes significant socio-economic costs. Population control measures, including culling, remain contentious due to ecological, ethical, and socio-cultural concerns. Several state governments, including Haryana and Rajasthan, have explored administrative guidelines for managing Banbakri populations. Nonetheless, long-term, ecologically sound, and socially acceptable strategies are urgently needed to balance wildlife conservation with the livelihood security of rural communities.
Table 4. An overview of Boselaphus tragocamelus as a pest in India
	State
	District
	Pest Status
	Crops Affected
	Reference

	Bihar
	There are 295,866 Blue bulls in 34 districts of the state, the largest population in India.
	Major
	Paddy, Wheat, Maize, Sugarcane, Arhar, Gram, Lentil, Moong, Mustard, Fruits & Vegetables (Mango, Guava, Anola, Papaya, Mahua, Ber, Banana, Tomato, Potato, Brinjal, Cabbage, Kakri, Gavar), Others 
	Prasad & Ahmed 2016; Prasad et al., 2019, 2020; Prasad &  Prabhakar 2021; Prasad et al. 2021; Prasad 2022; Prasad et al. 2023; Srivastava & Singh 2024; Kumar & Kumar 2018; Swaroop 2024.

	Rajasthan
	Inhabiting the arid regions of Rajasthan: Jaipur (Rural), Jodhpur, Rajsamand, Bikaner
	Major
	Moth, Gawar, Bajra, Moong, Jeera, Dhania, Several vegetable crops, Fruits (Ber, Nimbu, Papita, Amrud, Anar)
	Bohra et al. 1992; Gehlot 2006; Devendra & Jaishankar 2021; Goyal & Rajpurohit 1998, 2000; Kusum 2018; Jaipal 2019; Meena et al. 2014; Gautam & Bissa 2015

	Madhya Pradesh
	A total of 32,728 cases of crop raids by Blue bulls were reported from 2009-2023
	Major
	Gram, wheat seedlings, Mustard, Linseed, Groundnut, Sugarcane, Soybean, Gingelly (Til), Jowar
	Chauhan & Sawarkar 1989; Chandel et al. 2024.

	Uttar Pradesh
	Aligarh
	Major
	U.P. population of Blue bulls (254,449) in India
	Khan & Khan 2016; Chauhan 2011.

	Punjab
	Ludhiana & Sangrur
	Major
	Gram, Wheat, Green gram
	Bajwa & Singh 2019.

	Haryana
	South western Haryana
	Major
	Gram, Wheat, Green gram
	Singh 1995; Chauhan &  Singh 1990, 2009.


	Maharashtra
	Hingoli & Jalna
	Major
	Major crops
	Kalyankar et al. 2017.


	Uttarakhand
	Dehradun
	Major
	Major crops
	Chauhan & Singh 1990; Azad 2020; Koshy 2021.



4. Reasons for Crop Raiding
Habitat degradation and fragmentation have disrupted natural ecological processes, forcing wild mammals to increasingly forage in human-dominated landscapes (Zedler & Kercher, 2005). In Banbakri antelope (Boselaphus tragocamelus), crop raiding is mainly driven by grassland loss, urbanization, human population pressure, agricultural expansion, land-use change, and climate variability, which reduce natural forage availability while increasing access to nutritious cultivated crops. As a result, farmlands become reliable food sources, intensifying human–Banbakri conflict (Foley et al., 2005; Srivastava & Singh, 2024).
4.1. Grassland Alteration and Population Increase
Conversion of open grasslands into crop fields has eliminated natural buffer zones, forcing Banbakri to move from low-nutrient vegetation to areas with high-quality crops (Prasad et al., 2021). The species exhibits high reproductive potential, with ~50% of births resulting in twins, though triplets are rare (Sheffield et al., 1983; Kyle, 1990; Babbar et al., 2022). Absence of predators and adaptations such as water conservation facilitate population growth, increasing crop raiding. Crop losses often result from trampling as well as direct consumption (Bayani et al., 2016; Chauhan & Rajpurohit, 1993). In Bihar, human–Banbakri conflicts are severe, affecting extensive agricultural land (Prasad, 2022; Chandel et al., 2024).
4.2. Urbanization and Agricultural Expansion
Rapid urbanization and population growth have transformed grasslands, wetlands, and uncultivated areas into farmland and settlements (Bassi et al., 2014; Zhao et al., 2006). Between 1950–51 and 2008–09, India’s cultivated land increased from ~129 to 156 million hectares, while non-agricultural land rose from 9 to 26 million hectares. Habitat degradation, declining predator populations, extended summers, and reduced rainfall have contributed to rising Banbakri populations (Dhamorikar et al., 2021; Sharma, 2020; Prasad et al., 2023; Gupta, 2024). Banbakri frequently use crops such as sugarcane, maize, paddy, and mustard for refuge, gestation, and calf protection (Chauhan, 2011; Prasad & Prabhakar, 2020; Sliwa et al., 2023).
4.3. Human Population Pressure
India’s population grew from 0.4 billion in 1951 to 1.2 billion in 2011, intensifying pressure on grazing land and wildlife habitats (Bassi & Kumar, 2012; Gehlot, 2006). Banbakri increasingly encroach upon human settlements and cultivated fields, particularly in ecological zones such as Shahabad, Bihar, where riverine forests, savannas, and agricultural landscapes offer favourable conditions (Prasad et al., 2020, 2021; Prasad & Ahmad, 2026).
4.4. Better Accessibility to Food
Advances in irrigation and year-round cultivation have concentrated high-quality crops near settlements, providing Banbakri with reliable food and water (Rao, 1994; Singh et al., 2023; Prasad, 2022). Habitat fragmentation, degraded natural forage, and proximity of irrigated fields have driven their expansion into agricultural landscapes (Prasad et al., 2023; Singh et al., 2017). Banbakri prefer high-nutrient crops-pulses, cereals, oilseeds, vegetables-and yield losses can reach 58% in some regions. Their proximity to humans also increases vehicle collision risks and zoonotic disease concerns (Bagchi et al., 2004; Gulati et al., 2021).
4.5. Legal Protection and Management Challenges
Banbakri antelope are protected under the Wildlife Protection Act, 1972, restricting unregulated culling. Temporary government permissions for population control create legal ambiguities, fueling conflicts between conservation agencies and farmers (Chauhan, 2011; Rana & Kumar, 2023).
5. Mitigation Strategies and Prudential Approaches
Human–Banbakri conflict has prompted the development of various mitigation strategies, ranging from non-lethal measures to experimental domestication and controlled culling. The effectiveness of these strategies varies with local ecological, socio-economic, and cultural contexts.
5.1. Non-Lethal Measures
Physical barriers, including solar-powered electric fences, stone walls, and trenches, have been employed but often face limitations due to high costs and maintenance challenges (Meena et al., 2017). Repellents, noise deterrents, and community vigilance patrols have shown mixed success (Meena et al., 2014). Under Bihar’s Rastriya Krishi Vikas Yojana (RKVY) scheme, trials are exploring the domestication of Banbakri antelope as a long-term conflict mitigation strategy, with potential economic benefits from milk, meat, and manure production (Gupta, 2024; Prasad & Ahmad, 2016; Prasad, 2022).
5.2. Watching and Vigilance
Traditional field watching remains the most common deterrent, with ~60% of farmers relying on elevated bamboo or wooden platforms (“Machans”) to observe crops at night (Babbar et al., 2022; Prasad et al., 2025b). Farmers employ diverse techniques to chase intruders, including drum-beating, firing licensed guns, loud noises, slingshots, dog release, and high-voltage fencing (Fig. 2).
5.3. Use of Foul Offensives
Firecrackers, reflective tapes, LED lights, and scarecrows are widely used to deter Banbakri, particularly in early crop stages (Meena et al., 2014; Khanal et al., 2018). Scarecrows equipped with LED lights simulate human presence to discourage intrusion (Babbar et al., 2022; Prasad, 2022). Sprayable repellents derived from Banbakri excreta, donkey excreta, cow urine, or decomposed vegetable matter produce odors that repel herds (Meena et al., 2012; Jain et al., 2022; Prasad et al., 2025b). Phenyl solutions are also occasionally used as a deterrent.
5.4. Fencing and Power Fencing
Banbakri can jump over six feet; thus, fences must exceed this height for effectiveness (Leslie, 2008; Babbar et al., 2024; Prasad et al., 2025). Power fencing often fails as animals develop tolerance or break through, and illegal high-voltage fencing poses serious welfare risks, occasionally causing fatalities (Sharma, 1991; Sheffield et al., 1983; Meena et al., 2014).
5.5. Habitat Protection and Sterilization
Preserving natural habitats, minimizing fragmentation, and maintaining vegetation and water sources are vital for reducing crop raids (Kasso & Bekele, 2014; Soni, 2020; Prasad et al., 2019). Sterilization, particularly castration of dominant males, is an effective population management strategy due to the species’ social herd structure (Mathur et al., 2015; Babbar et al., 2022; Prasad, 2022).
5.6. Changes in Cropping Patterns and Awareness
Farmers have altered cropping patterns, leaving some fields fallow and increasing cultivation of less-preferred crops such as okra, ginger, turmeric, and garlic (Thakur et al., 2022). Non-preferential crops, including medicinal plants such as Sarpagandha and Mentha, are recommended to reduce conflict (Gross et al., 2016; Vijayan & Pati, 2002; Aryal, 2007). Community awareness programs promoting non-lethal management and conservation education are essential.
5.7. Extent of Animal Menace
Wildlife intrusion significantly affects fragmented and scattered landholdings in northern India, including Bihar, Jharkhand, Uttarakhand, Madhya Pradesh, Rajasthan, Punjab, Haryana, and Delhi (Chauhan, 2011; Hill, 2000). Approximately 33% of cropped area is vulnerable to wild mammals, with maize (45.76%), wheat (43.07%), paddy (31.25%), and soybean (40.56%) being particularly affected (Thakur et al., 2022; Chauhan & Sawarkar, 1989; Fungo et al., 2010). The Shahabad region of Bihar is a high-conflict hotspot.
5.8. Lethal Control and Conservation
Selective culling under government notification remains controversial due to high mobility, reproductive capacity, and socio-cultural opposition (Rana & Kumar, 2023). Approximately 5,000 Banbakri were culled in Bihar between 2016–2020 (Swaroop, 2024), with isolated incidents of illegal trade in meat reported. Trapping and translocation using chemical immobilization and temporary enclosures (“Boma Capture Technique”) have been trialled successfully in Madhya Pradesh to reduce stress and relocate animals (Babbar et al., 2022; [image: ]Noronha, 2018).C
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Fig.-2: a. Herd sitting in the pulse crop field. b. Herd eating wheat crops. c. Herd eating green fodder. d. Male eating paddy crops. e. Herd wandering near human habitation. f. Males sitting on all fours. g. Fencing with a nylon net. h. Monitoring hut (Scaffolding or Machan). i. Indigenous device (Slingshot or Gulel).

5.9. Domestication Trials
Bihar is exploring domestication as a long-term conflict mitigation strategy. Experimental efforts aim to derive economic benefits from milk, meat, hide, horns, dung, and draft use, capitalizing on the species’ adaptability to small habitats and behavioural flexibility (Prasad & Ahmad, 2016; Prasad, 2022; Gupta, 2024; Ghosh, 2025). Large-scale adoption is yet uncertain but presents potential for rural socio-economic development.  Prasad et al. (2025c) provided the first report on the dung composition of the Banbakri (nilgai) antelope, demonstrating its potential as a nutrient-rich organic amendment for sustainable agriculture. The findings indicate that Banbakri dung contains essential nutrients capable of enhancing soil fertility and structure. Additionally, its multipurpose use as biofuel and natural pest deterrent highlights its value in low-input farming systems. Such applications may support improved wildlife–farming coexistence and offer an innovative pathway for mitigating human–Banbakri conflict in India.
5.10. Management in Brush Countries and Mexico
Introduced to the King Ranch in Texas (1930), Banbakri populations have grown to over 38,000 individuals across Texas and northern Mexico (Sheffield et al., 1983; Ortega-Santos et al., 2016). Managed in high-fenced enclosures for hunting, they provide significant economic value, with male harvest prices ranging from ₹125,304–₹167,068 and meat sales at ₹1,400–₹1,600/kg (Alvarez-Romero et al., 2008; Ortega-Santos et al., 2016). Management challenges include habitat improvement, population control, and ensuring sustainability (Singh et al., 2017; Prasad, 2022).
6.0. CONCLUSION
The escalating human–Banbakri (Nilgai) conflict in India represents a pressing challenge at the interface of wildlife conservation and rural livelihoods. Habitat degradation, agricultural expansion, and legal complexities have driven Banbakri antelope into farmlands, resulting in substantial economic losses for farmers. Addressing this conflict requires a balanced, evidence-based strategy grounded in robust research on population dynamics, movement ecology, and crop damage patterns. An Integrated Banbakri Pest Management (IBPM) framework—emphasizing non-lethal deterrents, community participation, fair compensation policies, and regulated management where necessary-offers a pragmatic pathway toward coexistence. By aligning conservation goals with the realities faced by farming communities, such an approach can reduce conflict while safeguarding both biodiversity and rural livelihoods.
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