


Vulnerable Wildlife Under Siege: A Comprehensive Threat Analysis in Rupi Bhaba Wildlife Sanctuary, Himachal Pradesh, and Proactive Mitigation Pathways

Abstract:
The Rupi-Bhaba Wildlife Sanctuary (RBWS) is a protected area in the Kinnaur district of Himachal Pradesh, India. It is an important biological area in the Western Himalayan biodiversity hotspot. It is a crucial safe haven for a wide range of threatened animals, such as snow leopard Panthera uncia, musk deer Moschus chrysogaster, Himalayan serow Capricornis sumatraensis thar, and Himalayan tahr Hemitragus jemlahicus. These species are essential to the trophic dynamics of high-altitude ecosystems and are increasingly threatened, which makes it harder for the sanctuary to protect them. The main human-caused impacts are habitat fragmentation and deforestation, Man-made fires, Human -wildlife conflict that are made worse by pastoral encroachments. Natural dangers, such as changes in precipitation and temperature patterns caused by climate change, make the protection of biodiversity of this area even more challenging. To preserve the biodiversity and wildlife of the study area we suggest holistic, adaptive management framework emphasizing: (i) fortified anti-poaching networks via community-led ranger patrols equipped with camera traps and drones; (ii) habitat restoration through afforestation with native Pinus and Quercus species to bolster connectivity corridors; (iii) integrated fire management protocols incorporating prescribed burns and vegetation buffers; (iv) climate-adaptive strategies like glacial monitoring and resilient water source augmentation; and (v) sustainable eco-tourism models to engender local economic incentives and stewardship. If put into action through partnerships between the Himachal Pradesh Forest Department, NGOs, and indigenous communities, these synergistic actions could help stop the loss of biodiversity and make RBWS a model of Himalayan conservation resilience.
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Introduction: 
Himalayas, one of the youngest mountain ranges in the world, is formed by a tectonic collision between the Indian Plate and the Eurasian Plate approximately 50–60 million years ago (Molnar & Tapponnier, 1975). This stretches across five countries namely Pakistan, India, Nepal, Bhutan, and China connecting Palearctic and Oriental realms. Himalayas act as a biodiversity hotspot as it is home to huge biodiversity along with endemic species (Wallace, 1876). About 30,377 species of animals are found in Indian Himalayan region which represents 30.16% of total Indian fauna (1,00,762). In vertebrates, 280 species of mammals, 940 species of birds, 200 species of reptiles, 80 species of amphibians, and 316 species of fishes are found in Indian Himalayan Region which accounts for 27.6 % of the total vertebrate species of the country (Chandra et al., 2018). Despite being such a hotspot, Himalayas are challenged with a number of threats such as Habitat Fragmentation, Forest Fire, Poaching, Pollution, Human-Wildlife Conflicts, Tourism, Deforestation, Invasive species, Climate change, Natural disasters, encroachment, over-exploitation of resources which results in depletion of the native biodiversity. Rupi-Bhaba Wildlife Sanctuary (RBWS), Kinnaur falls in the Greater Himalayan region and is rich in biodiversity and endow unique and globally threatened species. About 140 species of birds, 27 species of mammals, and 10 species of herpetofauna gets shelter in this area. This sanctuary is home to unique species such as Himalayan Black Bear, Himalayan Brown Bear, Musk Deer, Western Tragopan, Cheer Pheasant, Himalayan Griffon Vulture, Common Leopard, Himalayan Serow, Himalayan Tahr, Lammergeier, Himalayan Pit-Viper which are in threatened category. In spite the presence of such distinctive species, there are various threats to this sanctuary which affects the faunal diversity of this area. This sanctuary remains unexplored for research purposes as well as to measure threats to this area due to geographically harsh terrains, less-connectivity and rigorous weather conditions. Present study is carried out in Rupi-Bhaba Wildlife Sanctuary (RBWS), Kinnaur to uncover various threats to the faunal diversity of the sanctuary along with the recommendation of the conservation policies which will help in the protection of wildlife of the area.

Material and Methods
A) Study Area: The present study was carried out in Rupi Bhabha Wildlife Sanctuary (RBWS), which is located in the Kinnaur district of Himachal Pradesh. As per Himachal Pradesh government notification no. FFE-B-F(6)-11/2005-11 / Rupi Bhaba, the sanctuary spans 503 km2 in size, and its geo-coordinates are North Lat. 31047'18"N & Long.77057'02"E, East Lat.31041'42"N & Long.78007'19"E, South Lat.31034'28"N & Long. 78059'15"E, and West Lat.31042'49"N & Long.77045'00"E. The Rupi Bhaba Wildlife Sanctuary was established as a Wildlife Sanctuary in March 1982 with the explicit objective of preserving the region's distinct fauna. The research area has been segmented into eight Beats (administrative units) for efficient management: Rupi, Salaring, Natpha, Dabling, Kandhar, Katgaon, Bara Kamba, and Chota Kamba. Each Beat is assigned one Forest Guard who is responsible .  The sanctuary's climate is primarily temperate, with a more subtropical environment along the lower reaches. The sanctuary's climate is predominantly temperate, transitioning to a subtropical environment in the lower areas. The spring season extends from mid-March to mid-June, summer from mid-June to mid-September, autumn from mid-September to mid-November, and winter from mid-December to mid-March, with alpine regions in the north potentially experiencing winter until April. The sanctuary contains 17 types of forest associations classified into six vegetation groups according to Champion and Seth (1968).
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Map Showing Rupi Bhaba Wildlife Sanctuary, Kinnaur.

B) Methodology: Surveys were conducted from February, 2023 to January, 2025 to check the possible hazards to the biodiversity of the area. Direct observations were photographed wherever possible with DSLR Nikon Coolpix p900. Information related to Forest Fire (no. of times fire occurred and impacts of it on the sanctuary) were collected from the Forest Division, Govt of H.P.  as well as through direct observation (Ridley et al., 2022; Braga‐Pereira et al., 2021). This sanctuary has stunning natural beauty that draws a lot of people related to various tourist activities to the area. The data on the number of tourists visiting the sanctuary was collected mainly from the private organisations (Pujiastuti & Amir, 2024) as the tourism related activities are largely operated by private entities. Finaly the threats to the sanctuary were identified and possible conservation strategies are proposed by critically analysing the results obtained during study and incorporating the expertise of forest officials, local people, and various stakeholders. Traditional knowledge was integrated as it plays an important role in protection and sustainable management of vertebrate diversity (Mekonen, 2017)

Results and Discussion
The study revealed that, RBWS which is situated in the scenic range of Himalayas and despite harbouring unique and globally threatened wild animal species, is facing several threats mostly human induced such as: 
Habitat Fragmentation Habitat fragmentation is a process where large, continuous habitats are divided into smaller, isolated patches due to anthropogenic activities such as agriculture, urbanization, and infrastructure development (Didham,2010). It reduces habitat area, isolates species populations and disrupts essential ecological processes. The cumulative effects of these may lead to inbreeding, reduced genetic diversity, and increased vulnerability to disease outbreaks, that can contribute to the decline or extinction of populations (Crooks et al., 2017). The proposed Attargoo-Sagnam-Mud-Bhaba Road connecting Kinnaur and Lahaul-Spiti district will pass through the Rupi-Bhaba wildlife sanctuary bisecting the entire sanctuary. This road construction will affect the 4.8 ha. of forest land belonging to Kinnaur Forest Territorial Division & 20.7963 ha. of land belonging to Rupi-Bhaba Wildlife Sanctuary of Wildlife Division Sarahan as per letter no. Ft.48-4082/2020 (FCA) H.P. Forest Department. Eco-sensitive Zone act as buffer zone around core protected areas, absorbing and alleviating external pressures including habitat destruction, pollution, and human-wildlife conflict (Ghosh-Harihar,2019). It is recommended that lands falling within 10 km of the boundaries of national parks and sanctuaries be notified as eco-fragile zones under section 3 (v) of the Environment (Protection) Act and Rule 5 Sub rule (viii) & (x) of the Environment (Protection) Rules. Rupi Bhaba Wildlife Sanctuary (RBWS) eco-sensitive zone shall be to an extent of (0) zero to 3.5 kilometres around the boundary with 75.62 square kilometres area. Gram Panchayat like Rupi, Chhota Kamba, Katgaon, Yangpa, Kafnoo, Nathpa, Koot etc., are dependent on the sanctuary and its eco-sensitive zone. Heavy developmental activities in the sanctuary area as well as in the Eco-sensitive zone further increase the risk of habitat fragmentation.
Fire: Forest fire incidences occur regularly in the nature and it plays an important role in conservation by creation of habitats, carbon and nutrient fluxes, and increases the water retention properties of soils (Agbeshie et al., 2022, Roces‐Díaz et al., 2021, Fulé et al., 2004). However, man-made fire can transform the natural habitats in ways that generally leads to social, economic, species, and environmental losses (Bargali et al., 2022, Shlisky et al., 2007, Kelly et al., 2020).  the economic impact of forest fires is estimated to be over INR 1101 crore/year in India (Sewak et al., 2021). Jha et al., 2016 showed that Uttarakhand had one of the most devastating forest fires ever, with about 1,600 active flames damaging about 2,166 km² of the state's total forest cover across 13 districts. Similar type of instances were observed in the study area where forest fires posed huge damage to the biodiversity and forest cover of the region. RBWS has met with several fire incidence in last 10 years. During the study from February 2023 to January, 2025, we have observed fire incidents which causes major destruction to the sanctuary area particularly Chhota Kamba beat of the sanctuary and areas like Nathpa Beat, Kandar Beat and Salaring Beat are also prone to the fire incidences. Approximately 95 hectares area was ruined due to forest fires with estimated loss of Rs. 3,90,700 (Forest Department, H.P.). 
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      Figure 1. Fire incidences in the Salaring and Chhota Kamba Beat of the Sanctuary
Poaching Hunting refers to illegal capturing, killing of wildlife, injuring, destroying or taking any part of the body of any wild or captive animal (WPA, 1972). Economic Need and Livelihoods (Knapp et al., 2017), Commercial Profit and Illegal Trade (High demand for wildlife products such as ivory, horns, skins, bushmeat, pets, traditional medicine) (Lavadinovićet al., 2021), Subsistence and Food Security (Paolino et al., 2024), Human-Wildlife Conflict (Lima et al., 2020), Cultural, Social, and Recreational activities (Chavan et al., 2023) are the factors which support poaching instances. This sanctuary is also facing severe poaching cases as per discussion with the native people and through indirect evidences but the cases were never reported to the authorities. This sanctuary was home to a good number of threatened category species such as snow leopard, musk deer, Himalayan serow, Himalayan tahr, Asiatic black bear, Brown Bear, Cheer Pheasant and Western Tragopan, but now the population of these species has diminished due to poaching activities. Studies such as Lamba et al., 2024 showed that the bird population of various species in India has diminished due to poaching activities. The Asiatic black bears poaching mainly occurs for traditional medicine, while sloth bears are targeted for their skins (Gomez et al., 2021). It was observed that Black Bear in the sanctuary were hunted as a consequence of Human wildlife conflict and also for its gall bladder and fats, leopard for their skin, nails, teeth and bone and ungulates for their flesh, horn and skin etc. These types of illegal activities pose a heavy threat to the fauna of the area thereby affecting the overall ecological balance of the sanctuary.
Livestock Grazing Livestock grazing refers to cultivation of domesticated animals on grasslands. For pastoral communities, grasslands are the primary source of forage for their livestock (Saleem et al., 2024). Livestock grazing affects various trophic levels differently, such as trophic levels which are directly dependent on plants, such as herbivores and pollinators are severely affected (Filazzola et al., 2020). A meta-analysis on 109 independent studies conducted by Filazzola et al., 2020 showed that the abundance and diversity of herbivores and pollinators increased with the exclusion of livestock. The total number of livestock grazing around the sanctuary area is approximately 22000 including 15000 livestock which transverse the sanctuary area during their seasonal migration (Forest Department, H.P.). This results in intense pressure on others herbivores for resource partitioning. A similar result was found in Gya-Miru Wildlife Sanctuary, Ladakh where livestock grazing pushed endangered Tibetan argali Ovis ammon hodgsoni to steeper habitats, closer to cliffs, with lower vegetation (Namgail et al., 2006). Similarly, such a huge pressure of livestock grazing in this sanctuary pushes the wild herbivores animals to higher steeper and hostile slopes.
Natural Disasters Natural disasters Such as Avalanches, Heavy rain, etc. plays a significant part which disturb the biodiversity of the sanctuary. Avalanche disturbances are important processes in many subalpine forest ecosystems, these can damage or kill individual trees over 10–100 s of hectares in forests that are located in vulnerable topographic locations (Bebi et al., 2009). Bara Kamba and Katgaon beat has shown a number of avalanches during the study period, affecting a large area of the beat, however to ascertain the exact extent of the damage is difficult.
Deforestation Deforestation is also one of the leading drivers of biodiversity loss in this sanctuary (Betts et al., 2017). A number of species are adapted to forest environments and removal of forests impacts their food, shelter, and breeding grounds. Although some permissions such as collection of Non-Timber Forest Products (NTFPs) can be given by the forest officials but Timber wood cannot be collected. However, timber wood is collected illegally for houses construction, which degrade the species habitat. Lack of manpower and non-adoption of modern technologies for effective surveillance by the officials are the possible reasons for deforestation.   
Human-Wildlife Conflicts Human-wildlife conflict (HWC) characterise interaction between humans and wildlife that have negative consequences for either one side or both sides (Conover, 2001; Manral et al., 2016). There were several instances of Human-Wildlife conflict during the study period. Attack on livestock by the black bear is the common type of conflict in the study area. A study by Mishra, 1997 across three villages (80 households) attributed a total of 189 livestock deaths (18% of the livestock holding) over a period of 18 months to wild predators and Baral et al.,2022 recorded 1139 cases of wildlife mortality and 887 cases of human mortality over a period of 21 years between 2000 to 2020 across India in retaliatory actions. There are multiple cases reported in the study area where Wild animals attacked the people as well as their livestock which results in Human-Wildlife Conflict in the study area. 
Tourism Tourism is a global phenomenon generating income, creating jobs, and fostering educational benefits etc., but it may affect the protected area if remains unchecked. In more than 70% of the cases studied, tourism and recreation have contributed to fewer and less diverse vertebrate species. Birds and mammals are especially affected, with considerable drops in their numbers (Larson et al., 2019). Consultations with the forest officials, owner of different ecodrive units and with the local people suggested that approximately 1200-1500 people visit the sanctuary in a year with maximum influx restricted during the months from April to September, because sanctuary is covered with snow during rest of the months. As such this little number of tourists does not affect the sanctuary much but there should be a harmony between the tourists and the carrying capacity of the sanctuary so minimum damage can be caused to the sanctuary. 
Hydro-power Projects Hydro-power projects are an important source of renewable energy but construction of dams and reservoirs causes destruction of habitats for various species. In the study area the sanctuary core area is free from these projects but the buffer zone is having several hydro-power projects such as Sanjay Vidyut Hydroelectric Project (120 MW) at Bhaba river, Kafnu, Sorang Hydroelectric Project (100 MW) at Sorang Khad, Nathpa-Jhakri Project (1500) on Satluj river, Selti-Masrang Hydroelectric Project (24 MW) at Wanger Khad, Wanger Homte Hydroelectric project (24.6 MW) at Wanger Khad, Karcham- Wangtoo Hydroelectric project (1000 MW) on Satluj river, Shongtong- Karcham Hydroelectric project (450 MW) on Satluj river, etc. These projects impacted wildlife and their habitats which creates imbalance in ecosystem. Careful planning, mitigation, and monitoring practices should be followed to minimize the impacts of these hydro-power projects.
Climate Change Climate change is a global phenomenon, affecting the worldwide biodiversity. In particular, this sanctuary which has magnificent ice glaciers, are melting, the snowfall pattern has been affected by the climate change. As a results, species which are adapted for cold environments are under threat. 

Conservation strategies
1. Habitat fragmentation is the major reason for biodiversity loss. Road construction and other developmental activities (Attargoo-Sagnam-Mud-Bhaba Road) like activities should be restricted in RBWS situated in fragile ecosystem. These types of construction activities will have stronger negative effect on the vertebrate diversity of the area.
2.  Man-made Fire incidences are predominant in the study area. This brings loss of several threatened species of flora as well as the associated fauna. To overcome this, patrolling should be increased so that fire incidents can be prevented and fires that have started due to natural causes (eg. Climate change) can be reported and controlled in time. 
3. The Wildlife sanctuary is suffering with poaching activities which can be prevented by implementing regular patrolling, camera traps, and drone surveillance. Local stakeholders can be enabled to report suspicious activities. Strict penalties (Including heavy fine and imprisonment) should be enforced against poachers to strictly inhibit the poaching activities. 
4. Intensive and unmanaged livestock grazing can deteriorate habitats by causing overgrazing, soil compaction, trampling, and changes in vegetation structure. These livestock are in direct competition with the vertebrate diversity (particularly herbivorous mammals) for forage availability. To overcome this, limited license should be provided to shepherd groups with proper monitoring. Grazing should be inhibited in core zone of the sanctuary area which is a key habitat of threatened species. 
5. Deforestation heightens extinction risk, diminishes populations, and elevates the count of species deemed threatened (Betts et al., 2017). Strict supervision is necessary, and documented infractions should result in significant fines to prevent deforestation. Reforestation and afforestation like activities should be encouraged regularly in the sanctuary area.
6. RBWS is less prominent in attracting tourists as compared to neighbouring Great Himalaya National Park and Pin Valley National Park. Tough terrain, hard climatic conditions and less communication network make this area less feasible to approach. Bhaba valley of the sanctuary attracts a number of tourists which is increasing each year. Effective management including limited access of tourists, minimizing human- wildlife interaction and exclusion of core area of the sanctuary should be adopted to protect the biodiversity of the area.
7. As the sanctuary area is large i.e. 503 sq. km. Only 8 forest guards are sanctioned (each for one beat) along with 1 RFO (Rangeforest Officer) and 1 DFO (Divisional Forest Officer). DFO office is shared with another 3 wildlife sanctuaries. Shortage of staff compromises the conservation measures so there should be more staff to implement conservation policies in a better way.
8. Forest guard should visit the sanctuary area randomly atleast one day in a week to monitor the beat area and should report at the DFO office along with a picture which will act as a testament of the guard. The picture should show the forest guard himself, Latitude and Longitude of a particular beat area and Date of the visit. 
9. Awareness should be spread among the natives about the wildlife and their potential benefits.
10. Local community should be included in conservation initiatives like reporting of poaching activities, fire monitoring, reforestation, and any developmental activities. Their traditional knowledge can play a key role in conservation.
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