Balancing Heritage and Habitat: Assessing Tourist Sites, Visitors Impacts, and Ecotourism Potential in Gautala Autramghat Wildlife Sanctuary Region, Western India

Abstract
Tourism in protected areas plays a pivotal role in connecting people to nature while also posing significant challenges to ecological integrity. The present study was conducted in the Gautala Autramghat Wildlife Sanctuary (GAWLS), Maharashtra, Western India, with the aim of documenting tourism destinations, assessing anthropogenic pressures, and proposing sustainable ecotourism strategies. A site-based inventory was carried out across 39 tourist locations, classified into four categories: religious places, waterfalls, viewpoints, and forts/caves. For each site, information on cultural-historical importance, visitor intensity, and associated activities was recorded. Anthropogenic disturbances were systematically evaluated using a disturbance ranking scale (1 = rare, 2 = occasional, 3 = frequent), while wildlife presence was compiled through literature review to contextualize ecological sensitivity. Religious sites exhibited the highest cumulative disturbance scores, largely due to persistent noise, plastic accumulation, crowding, animal feeding, and waste disposal issues. The highest disturbance scores were recorded at Patna Devi Temple, Hajrat Sayyad Miya Dargah viewpoint, Hemadpanthi Mahadev Mandir, and Gautala Dam. Waterfalls such as Gaymukh and Sita Khori. The resource extraction (firewood, timber, grass), religious gatherings, vehicular movement, and festive activities were identified as frequent disturbances at several sites. These activities overlap with habitats of vulnerable species such as leopard (Panthera pardus), four-horned antelope (Tetracerus quadricornis), and sloth bear (Melursus ursinus), highlighting potential risks to biodiversity conservation. The study emphasizes the need for reorienting tourism towards sustainable models. Recommended measures include regulating religious tourism, promoting low-impact activities (guided walks, interpretation centres), community involvement in ecotourism, and stricter enforcement of forest protection rules. By integrating cultural heritage with biodiversity conservation, GAWLS has the potential to serve as a model for ecotourism in India, ensuring long-term ecological security while supporting local livelihoods.
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1. INTRODUCTION
Tourism in natural landscapes is often seen as a double-edged sword, it generates opportunities for conservation awareness and community development, yet it can also exert pressure on fragile ecosystems if not managed sustainably (Baloch et al., 2022). Protected areas across India, including wildlife sanctuaries, national parks, and heritage landscapes, increasingly face the challenge of balancing ecological integrity with growing tourism demands (Karanth & DeFries, 2011). This is particularly significant in regions where cultural and historical attractions coexist with rich biodiversity, attracting both pilgrims and recreational visitors.
In India, the coexistence of rich biodiversity and deep cultural traditions creates a unique environment where protected areas often serve as both ecological and heritage destinations (Trišić et al., 2023). The country’s extensive network of wildlife sanctuaries and national parks not only conserves threatened species but also attracts millions of visitors annually (TOI, 2025). At the same time, many of these landscapes are home to temples, shrines, forts, caves, and pilgrimage routes, reflecting centuries of human–nature interaction (Elkin et al., 2018). While tourism provides opportunities for conservation funding and community livelihoods, unregulated growth and anthropogenic pressures such as grazing, firewood collection, and religious gatherings pose significant challenges to ecosystem integrity. Addressing these competing demands has become a central focus of conservation and tourism policy in India and the world (Mandić et al., 2025). 	Comment by Author: When introducing for the first time, you have to write the full form
Gautala Autramghat Wildlife Sanctuary (GAWLS), located in the Marathwada region of Maharashtra, is a prime example of such a multifunctional landscape. The sanctuary harbors diverse wildlife, including large carnivores such as tiger (Panthera tigris), leopards (Panthera pardus), and wolves (Canis lupus pallipes), as well as several ungulate prey species and primates (Pawar & Mule, 2025b). At the same time, the area is dotted with religious sites, waterfalls, forts, and caves that hold considerable cultural and historical importsignificance, making it a popular destination for both tourists and pilgrims alike. The convergence of ecological and cultural values creates unique opportunities for ecotourism but also exposes the sanctuary to a variety of anthropogenic disturbances such as grazing, firewood collection, religious gatherings, and unregulated visitor activities (Pawar & Mule, 2025a, 2025c).
In recent years, the importance of sustainable tourism practices has gained momentum as a strategy to harmonize biodiversity conservation with local livelihoods (Dangi & Jamal, 2016). Ecotourism, if planned and implemented responsibly, can serve as an alternative livelihood source for communities dependent on forest resources, while simultaneously reducing ecological pressure on sensitive habitats (Mandić et al., 2025). However, achieving this balance requires a systematic assessment of tourist sites, their historical and cultural context, levels of anthropogenic disturbance, and their implications for wildlife conservation (Shultis & Way, 2006).
Against this backdrop, the present study was undertaken for the first time on this topic at GAWLS to (i) prepare an inventory of major tourist destinations in and around GAWLS and document their cultural and ecological significance, (ii) evaluate site-specific anthropogenic disturbances associated with tourism and related human activities, (iii) integrate available wildlife presence data with site characteristics to understand the ecological sensitivity of these locations, and (iv) propose a framework of recommendations for promoting sustainable ecotourism and livelihood opportunities while minimizing disturbance to wildlife habitats. By combining ecological insights with cultural tourism assessments, this study contributes to the growing discourse on reconciling conservation priorities with responsible tourism in Indian protected areas.
2. MATERIALS AND METHODS
2.1 Study Area
The present study was conducted in Gautala Autramghat Wildlife Sanctuary (GAWLS), located across the Chhatrapati Sambhajinagar (Aurangabad) and Jalgaon districts of Maharashtra, India (Fig. 1). Established in 1986, the sanctuary spans an area of approximately 260.51 km², encompassing rugged terrain, deep valleys, seasonal streams, and dense forests. It forms part of the eastward spur of the Western Ghat’s Satmala Hill ranges, and plays a vital role in conserving the natural heritage of the Deccan region. The sanctuary derives its name from the nearby village Gautala, an area historically inhabited by tribal communities who traditionally depended on farming, livestock grazing, and forest produce. The declaration of the site as a wildlife sanctuary marked an important step in protecting its unique ecological features and mitigating the growing threats of habitat degradation and overexploitation. Vegetation in GAWLS is dominated by dry deciduous forests interspersed with semi-evergreen patches, harbouring species such as teak (Tectona grandis), bamboo (Bambusa arundinacea), and a variety of medicinal plants (Pawar & Mule, 2025c, 2025a). These forests provide critical ecological services and sustain a diverse faunal assemblage, including apex predators such as tiger (Panthera tigris), leopard (Panthera pardus), sloth bear (Melursus ursinus), and hyena (Hyaena hyaena), as well as herbivores like nilgai (Boselaphus tragocamelus), blackbuck (Antilope cervicapra), and four-horned antelope (Tetracerus quadricornis) (Pawar & Mule, 2025b). The sanctuary also supports a rich avifauna and several reptile species, making it an important site for biodiversity conservation in Western India.	Comment by Author: You don’t have to write the full form every time after it has been introduced	Comment by Author: Source????
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Fig. 1 Study area map with range boundary and protected area compartments of GAWLS. 
In recognition of its ecological sensitivity, the Ministry of Environment, Forest, and Climate Change (MoEFCC) notified an Eco-Sensitive Zone (ESZ) around the sanctuary in 2016 (Ministry of Environment, Forest, and Climate Change Notification, New Delhi, the 9th December, 2016). This buffer zone acts as a protective shield, regulating activities such as industrial development, urban expansion, and unplanned tourism in the surrounding landscape. The ESZ promotes sustainable practices, monitors land-use changes, and ensures that conservationexternal prioritiessures aredo not undermined byconservation external pressurpriorities. Beyond its conservation value, GAWLS has emerged as a popular ecotourism destination, attracting trekkers, bird watchers, and nature enthusiasts. The sanctuary’s scenic landscapes, combined with opportunities for wildlife viewing and cultural experiences, make it an attractive site for tourism development. However, balancing tourism growth with ecological sustainability remains a challenge, as unregulated visitation can disturb sensitive habitats and wildlife. 
2.2 Data Collection and Analysis
2.2.1 Tourist Sites Data
An inventory of tourist sites within Gautala Autramghat Wildlife Sanctuary (GAWLS) was conducted through systematic field surveys during 2023 and 2024. Each site was visited once in person once, and its geographical coordinates were recorded using a handheld GPS device. Sites were classified into four categories: religious places, waterfalls, viewpoints, and forts/caves. For every location, details such as accessibility, cultural or historical significance, natural features, and current tourism activities were documented. Secondary sources, including historical records, local oral accounts, and published literature, were also consulted to supplement field observations. The collected GPS data were used to prepare a spatial map showing the distribution of sites across the sanctuary landscape.	Comment by Author: 2 years of data collection? Better to mention the month as well
2.2.2 Wildlife and Ecological Data
To supplement field observations, information on wildlife presence and ecological characteristics of GAWLS was compiled through an extensive review of published literature, official reports, and secondary data sources. Peer-reviewed research papers, government documents, and sanctuary management plans were examined to gather details on the diversity of mammalian species, birdlife, and vegetation types occurring within the sanctuary. Particular emphasis was placed on understanding habitat composition, distribution of key faunal groups, and ecological functions that influence the sanctuary’s biodiversity. The literature review also provided historical context on species records and habitat changes over time, which helped in interpreting the field-based disturbance data. This integrative approach ensured that both empirical observations and secondary ecological information were considered in the analysis.	Comment by Author: Write a short note on how you considered a particular literature/paper for your work. Any criteria?
2.2.3 Anthropogenic Disturbance Data
To evaluate the intensity of human disturbances in GAWLS, a rapid disturbance assessment was conducted across 39 tourist and pilgrimage sites, which were categorized into religious places, waterfalls, viewpoints, and forts/caves. The survey was conducted in a 250-meter diameter for each site. At each site, thirteen indicators of disturbance were assessed, including bridle path use, vehicle parking area, cooking inside the forest, crowding during festive occasions, approach road width, firewood removal, plastic trash, liquor bottles, noise above ambient levels, animal feeding, solid waste disposal, and dumping of waste into nearby streams. Each disturbance was scored on a three-point scale, where 1 represented rare, 2 indicated occasional, and 3 denoted frequent occurrences (Mani & Parthasarathy, 2006). Scores from all indicators were summed to calculate a disturbance index for each site. These indices were compared across site types to identify high-priority areas requiring management attention.
3. RESULTS
3.1 Tourist Sites Survey
To understand the tourism potential and cultural significance of Gautala Autramghat Wildlife Sanctuary (GAWLS), a comprehensive inventory of tourist sites within and around the sanctuary was prepared. A total of 39 sites were documented through field visits, secondary literature, and local consultations. These sites encompass a wide range of categories, including religious shrines and temples, waterfalls and natural springs, scenic viewpoints, and archaeological heritage structures such as caves and forts. Each location holds unique ecological, historical, or cultural value, while also attracting different types of visitors such as pilgrims, trekkers, heritage enthusiasts, and casual tourists. However, most sites face varying degrees of anthropogenic pressure in the form of overcrowding, littering, ritual activities, or unregulated tourism. The details of these sites, along with their significance and associated concerns, are presented in Table 1.



Table 1. Inventory of Tourist Sites in Gautala Autramghat Wildlife Sanctuary (GAWLS)
	Sr. No
	Tourist Site
	Category
	Brief Description / Significance
	Tourism Value
	Current Issues / Concerns

	1
	Patna Devi Temple
	Religious
	Ancient shrine of Goddess Chandika Devi, considered a Shaktipeeth; scenic semi-circular valley with streams; major pilgrimage site during Navratri, Bhaskaracharya lived in Patna
	Pilgrimage, cultural heritage, nature tourism
	Heavy pilgrimage crowds, vehicle congestion, and littering, poor waste management

	2
	Hemadpanthi Mahadev Temple
	Religious
	Large Hemadpanthi-style Shiva temple with sabhamandap, verandah, and inscriptions; archaeologically important and managed by Archaeological Survey of India (ASI)
	Heritage tourism, religious pilgrimage
	Visitor pressure during festivals; poor waste management

	3
	Pitalkhora Caves
	Forts & Caves
	14 early Buddhist rock-cut caves (3rd BCE–6th CE), with chaitya and vihara halls; located on ancient trade route, managed by Archaeological Survey of India (ASI)
	Archaeological & cultural tourism, trekking
	Erosion, graffiti, unmanaged tourism inflow

	4
	Nagarjun Kothi
	Forts & Caves
	Rock-cut cave with carved pillars, Hindu-Jain sculptures; linked to fertility rituals.
	Pilgrimage, heritage tourism
	Religious rituals causing smoke & trash accumulation

	5
	Dhavaltirth
	Waterfall
	Seasonal sacred waterfall
	Pilgrimage, trekking
	Stream pollution, overcrowding during monsoon

	6
	Kedarkund & Kedareshwar Temple
	Religious / Waterfall
	Sacred pool with waterfall, temple restored by Madrasi Baba; spiritual retreat spot
	Pilgrimage, meditation tourism, trekking
	Disturbance due to unmanaged visitors, littering

	7
	Forest Chauki Towar- Nagad
	Viewpoint
	Offers panoramic view of rugged terrain
	Eco-tourism
	No waste bins, litter

	8
	Bhildari View Point
	Viewpoint
	Historic pass with trekking interest
	Heritage and eco-tourism
	Trekking, disturbance

	9
	Shringar Chavadi Caves
	Forts & Caves
	Small Hindu-origin cave (11th CE) with shringarik carvings
	Heritage tourism
	Neglect, vandalism risk

	10
	Gautam Rishi Cave/Ashram
	Religious
	Cave linked to Rishi Gautama, after whom the sanctuary is named; connected to Godavari origin myth.
	Pilgrimage, mythological tourism
	Pilgrim-induced waste.

	11
	Madrasi Baba Mahadev Mandir
	Religious
	Shiva temple linked to saint Madrasi Baba; serene forest surroundings
	Pilgrimage, eco-tourism
	Increasing popularity, solid waste, noise

	12
	Hazrat Sayyad Miya Dargah 
	Religious
	Shrine of Sufi saint, representing syncretic traditions; visited by Hindus and Muslims
	Religious harmony tourism
	Vehicle congestion during Urs; unmanaged pilgrims

	13
	Gautala Dam/ Talav
	Viewpoint / Waterbody
	Dam and reservoir supporting aquatic wildlife; popular picnic site
	Nature-based tourism, recreation
	Overuse for picnics, plastic pollution

	14
	Sita Nhani (Patna)
	Religious / Waterbody
	Sacred bathing site linked to Ramayana legends; natural water flow and carvings nearby.
	Pilgrimage, cultural tourism
	Solid waste in water, liquor bottles thrown around 

	15
	Hanuman Temple
	Religious
	Small shrine, common stop for trekkers.
	Pilgrimage, trekking
	Littering by trekkers

	16
	Mhasoba Temple
	Religious
	Shrine of folk deity Mhasoba, worshipped by pastoralists
	Cultural tourism
	Plastic trash, ritual waste

	17
	Sitakhori Waterfall
	Waterfall
	Scenic monsoon waterfall
	Trekking, eco-tourism
	Habitat trampling, seasonal overcrowding

	18
	Dhareshwar (Dharkund)
	Waterfall
	Waterfall with bathing pool, religious associations
	Pilgrimage, eco-tourism
	Pollution in pools, unmanaged bathing

	19
	Kedarya Waterfall
	Waterfall
	Rugged terrain, less explored; suitable for trekking
	Eco-tourism
	Trail erosion

	20
	Gaymukh
	Waterfall
	Sacred spring emerging from cow-mouth-like rock; pilgrimage spot
	Pilgrimage, picnicking
	Stream pollution, plastic bottles

	21
	Murdeshwar Waterfall & Temple
	Waterfall/Religious
	Waterfall near Shiva temple; religious and scenic value
	Pilgrimage and nature tourism
	Waste disposal issues

	22
	Jogeshwari Waterfall
	Waterfall
	Linked with Jogeshwari Mata; nature and faith-based attraction
	Pilgrimage, eco-tourism
	Littering during religious events

	23
	Devdar Waterfall
	Waterfall
	Seasonal forest waterfall, draws trekkers
	Eco-tourism
	Soil erosion

	24
	Rudreshwar Waterfall
	Waterfall/Religious
	Linked with Shiva worship; visited during fairs.
	Pilgrimage + eco-tourism
	Plastic trash accumulation.

	25
	Mhadev Taka
	Waterfall/Religious
	Small waterbody linked with ritual bathing
	Pilgrimage
	Pollution due to ritual offerings

	26
	Sitanhani Viewpoint Gautala
	Viewpoint
	Offers panoramic view of rugged terrain
	Eco-tourism
	No waste bins, litter

	27
	Hazrat Sayyad Miya Dargah Point
	Viewpoint/Religious
	Combines scenic view with Sufi shrine
	Pilgrimage, scenic tourism
	Congestion, noise

	28
	Sitanhani (Gautala)
	Religious / Waterbody
	Sacred bathing site linked to Ramayana legends; natural water flow and carvings nearby.
	Pilgrimage, cultural tourism
	Solid waste in water, liquor bottles thrown around 

	29
	Dargaah Sharif
	Religious
	Shrine of Sufi saint, representing syncretic traditions; visited by Hindus and Muslims
	Religious harmony tourism
	Vehicle congestion during Urs

	30
	Puranwadi Point
	Viewpoint
	Overlooks rural-forest interface
	Rural tourism
	Littering

	31
	Mhasoba Point (Nagad Ghat)
	Viewpoint/Religious
	Combines Mhasoba worship with landscape view
	Pilgrimage and eco-tourism
	Ritual litter, noise

	32
	Mhaisghat / Bhildari
	Viewpoint/Pass
	Historic pass with trekking interest
	Heritage and eco-tourism
	Soil erosion, trekking disturbance

	33
	Sita Nhani Hemadpanthi Temple Point
	Viewpoint/Heritage
	Combines Hemadpanthi ruins with scenic view
	Heritage and eco-tourism
	Neglect, tourist pressure

	34
	Jain Caves of Patna
	Forts & Caves
	Rock-cut Jain caves, sculptures, heritage value.
	Archaeological tourism
	Vandalism, neglect

	35
	Kanher Gad Fort
	Fort
	Hill fort ruins; trekking and heritage value
	Trekking, heritage tourism
	Soil erosion, open defecation by trekkers

	36
	Ganpati Temple
	Religious
	Combines lord Ganesha worship with landscape view
	Pilgrimage and eco-tourism
	Ritual litter, noise

	37
	Shri. Chakradhar Temple Pavhe Asan
	Religious
	Sacred site related to Shri Chakradhar Swami, founder of the Mahanubhava sect
	Pilgrimage
	litter

	38
	Sunset Point
	Viewpoint
	Offers panoramic view of sunset
	Eco-tourism
	No waste bins, litter

	39
	Gautala Nagad Towar
	Viewpoint
	Offers panoramic view of rugged terrain
	Eco-tourism
	No waste bins, litter


The geographical distribution of the identified tourist sites was mapped using GPS coordinates recorded during field surveys (Table 2). 
Table 2 Shows the touristThe Tourist sites with their GPS latitude and longitude  
	Sr. No
	Tourist Sites
	Latitude
	Longitude

	
	Religious Places

	1
	Patna Devi Temple
	20.32390556
	74.9807167

	2
	Madrasi Baba Mahadev Mandir
	20.30545833
	74.968025

	3
	Gautam Rishi Ashram
	20.336707
	75.144983

	4
	Hajrat Sayyad Miya Dargah
	20.333684
	75.140872

	5
	Gautala Dam
	20.33323611
	75.1410194

	6
	Sita Nhani (Patna)
	20.33261
	74.971673

	7
	Sita Nhani (Gautala)
	20.34369167
	75.14584

	8
	Maroti Temple Gautala
	20.333656
	75.140894

	9
	Dargaah Sharif
	20.34369167
	75.0538833

	10
	Mhasoba Temple
	20.36764167
	75.1627083

	11
	Ganapati Temple
	20.37015278
	75.1581472

	12
	Hemadpanthi Mahadev Mandir (ASI)
	20.33415556
	74.9743861

	13
	Mahadev Taka
	20.41458611
	75.2052833

	14
	Nagarjun Jain Caves
	20.332199
	74.971964

	15
	Jogeshwari Temple
	20.39461111
	77.2877778

	16
	Shri. Chakradhar Temple Pavhe Asan
	20.34861111
	75.1472222

	
	Waterfall

	1
	Sita Khori Waterfall
	20.36573611
	75.1806806

	2
	Dhareshwar/Dharkund
	20.39461111
	76.2708333

	3
	Kedarkund Waterfall
	20.30798889
	74.9678306

	4
	Dhaval Tirth Waterfall
	20.31936111
	74.9856167

	5
	Gaymukh
	20.44483056
	76.2708333

	
	View Points

	1
	Sitanhanhi
	20.34369167
	75.14584

	2
	Hajrat Sayyad Miya Dargah
	20.333684
	75.140872

	3
	Puranwadi Guest House
	20.36575
	75.1778111

	4
	Sitakhori
	20.36573611
	75.1806806

	5
	Mhasoba (Nagad Ghat)
	20.36764167
	75.1627083

	6
	Mhaismalghat View Point
	20.36583333
	75.1630556

	7
	Sita Nhani- Hemadpanthi Temple
	20.33261
	74.971673

	8
	Pencil Rock
	20.36686111
	75.1806611

	9
	Sunset Point
	20.367164
	75.162368

	10
	Gautala Nagad Towar
	20.37575833
	76.2708333

	11
	Forest Chauki Towar- Nagad
	20.29363333
	76.2708333

	12
	Bhildari View Point
	20.34361111
	75.1494444

	
	Forts/Caves

	1
	Nagarjun Jain Caves
	20.332199
	74.971964

	2
	Kanher Gad
	20.32833333
	74.9683333

	3
	Pitalkhora Buddhist Caves
	20.313473
	74.994228

	4
	Antur Fort
	20.42799722
	75.2353861

	5
	Shringar Chawadi
	20.33166667
	74.9694444

	6
	Malhargad Fort
	20.36222778
	75.0472083



These spatial data points were overlaid on a base map of GAWLS to visualize the spread of sites across different management zones. The map (Figure 2) highlights the locations along with road layers of religious and cultural sites, waterfalls and viewpoints. This spatial representation provides insights into accessibility, tourist flow patterns, and potential zones of ecological vulnerability.
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Fig. 2 Spatial distribution of tourist sites and road network within Gautala Autramghat Wildlife Sanctuary, mapped using GPS coordinates. The map illustrates the location of religious places, waterfalls, viewpoints, and forts/caves, showing their spread across the sanctuary landscape
3.2 Flora and Fauna at GAWLS
The faunal inventory of GAWLS revealed a diverse assemblage of mammals, including seven ungulate species, multiple carnivores, a primate, and several small mammals. Key prey species such as barking deer, nilgai, chinkara, blackbuck, and four-horned antelope (Vulnerable) form the ecological base for predators like leopard, wolf, hyena, sloth bear, and tiger (Endangered) (Pawar & Mule, 2025b). The presence of legally protected Schedule I species underscores the sanctuary’s conservation significance and ecotourism potential.	Comment by Author: If it is categorized by the IUCN Red List, please mention as such
Vegetation analysis revealed distinct dominance patterns across strata. Among trees, Tectona grandis (teak) was most abundant, with a density of 1001.39 individuals/ha (37.51%) and the highest frequency (84.72%). Other important species included Grewia tiliifolia (287.50 individuals/ha; 10.77%) and Butea monosperma (218.06 individuals/ha; 8.17%). In the shrub layer, Lantana camara dominated with 715.28 individuals/ha (33.81%), occurring in 81.94% of plots, while teak and Butea also showed strong representation (Pawar & Mule, 2025c).
The herbaceous layer displayed a different dominance pattern, with Senna tora recording the highest density (176.39 individuals/ha; 14.77%), followed by Mesosphaerum suaveolens (141.67 individuals/ha; 11.86%) and Hemidesmus indicus (138.89 individuals/ha; 11.63%). Diversity indices indicated a moderate distribution of species, with values closer to 1 suggesting a balanced community, whereas lower values reflected local dominance by a few species. Collectively, the three vegetation strata reflect a mosaic of forest composition, shaped by both native dominants and invasive species (Pawar & Mule, 2025a).
3.3 Anthropogenic Disturbances in Relation to Tourism
The survey revealed considerable variation in anthropogenic disturbance among different sites. The highest disturbance scores were recorded at Patna Devi Temple (32), Hajrat Sayyad Miya Dargah viewpoint (28), Hemadpanthi Mahadev Mandir (27), and Gautala Dam (27). Waterfalls such as Gaymukh (25) and Sita Khori (24) also showed high disturbance during the monsoon season when visitor inflow was greatest. In contrast, relatively undisturbed sites included Pencil Rock (14), Mhasoba Nagad Ghat viewpoint (16), and Antur Fort (17) (Table 3).



Category-wise analysis indicated that religious sites exhibited the highest cumulative disturbance scores, largely due to persistent noise, plastic accumulation, crowding, animal feeding, and waste disposal issues. Waterfalls showed seasonal peaks in disturbance, with large amounts of waste dumped into streams and elevated noise levels during tourist influx. Viewpoints demonstrated moderate disturbance, primarily from plastic waste, noise, and lack of organized solid waste disposal. Forts and caves had comparatively lower disturbance scores, but localized impacts such as graffiti, firewood collection, and liquor bottle dumping were observed. Across all categories, noise pollution, bridle path expansion, firewood removal, and plastic waste emerged as the most widespread disturbances, while waste dumping into streams and cooking inside the forest, though less frequent, were still prominent in several sites (Table 3).



Table 3 Shows the anthropogenic Disturbances scaled as 1 = rare, 2 = occasional, and 3 = frequent with their totals

	Sr. No
	Tourist Site
	Category
	Bridle path used
	Vehicle parking (area occupied)
	Cooking inside the forest
	Crowding on festive occasion/Rainy days
	Approach metalled road to temple (width)
	Firewood removal
	Plastic trash
	Liquor bottles
	Noise above ambient
	Animal feeding
	Proper solid waste disposal
	Dumping waste into nearby stream
	Total

	1
	Patna Devi Temple
	Religious Place
	3
	3
	1
	3
	3
	1
	3
	3
	3
	3
	3
	3
	32

	2
	Madrasi Baba Mahadev Mandir
	Religious Place
	2
	1
	3
	2
	1
	3
	2
	3
	1
	3
	3
	2
	26

	3
	Gautam Rishi Ashram
	Religious Place
	2
	2
	1
	2
	3
	1
	1
	1
	1
	2
	3
	1
	20

	4
	Hajrat Sayyad Miya Dargah
	Religious Place
	3
	2
	2
	3
	3
	1
	2
	2
	1
	2
	3
	1
	25

	5
	Gautala Dam
	Religious Place
	1
	2
	2
	3
	3
	1
	3
	2
	1
	3
	3
	3
	27

	6
	Sita Nhani (Patna)
	Religious Place
	3
	1
	1
	1
	3
	1
	3
	3
	1
	3
	3
	1
	24

	7
	Sita Nhani (Gautala)
	Religious Place
	3
	1
	1
	1
	3
	1
	3
	3
	1
	3
	3
	1
	24

	8
	Maroti Temple Gautala
	Religious Place
	1
	1
	1
	1
	3
	1
	2
	2
	1
	3
	3
	1
	20

	9
	Dargaah Sharif
	Religious Place
	2
	1
	1
	1
	3
	1
	2
	2
	1
	1
	3
	1
	19

	10
	Mhasoba Temple
	Religious Place
	1
	1
	1
	1
	3
	1
	2
	1
	1
	1
	3
	1
	17

	11
	Ganapati Temple
	Religious Place
	1
	1
	1
	1
	3
	1
	2
	1
	1
	1
	3
	1
	17

	12
	Hemadpanthi Mahadev Mandir (ASI)
	Religious Place
	1
	3
	1
	2
	3
	1
	3
	3
	1
	3
	3
	3
	27

	13
	Mahadev Taka
	Religious Place
	3
	2
	1
	2
	1
	1
	3
	2
	1
	3
	3
	1
	23

	14
	Nagarjun Jain Caves
	Religious Place
	3
	1
	1
	1
	1
	1
	3
	2
	1
	2
	3
	1
	20

	15
	Jogeshwari Temple
	Religious Place
	3
	2
	2
	2
	1
	1
	3
	1
	1
	2
	3
	1
	22

	16
	Shri. Chakradhar Temple Pavhe Asan
	Religious Place
	3
	1
	1
	1
	1
	1
	3
	1
	1
	1
	3
	1
	18

	17
	Sita Khori Waterfall
	Waterfall
	3
	2
	1
	3
	2
	1
	3
	2
	1
	1
	3
	2
	24

	18
	Dhareshwar/Dharkund
	Waterfall
	3
	2
	1
	2
	1
	1
	3
	2
	1
	1
	3
	2
	22

	19
	Kedarkund Waterfall
	Waterfall
	3
	1
	1
	2
	1
	1
	3
	2
	1
	1
	3
	2
	21

	20
	Dhaval Tirth Waterfall
	Waterfall
	3
	1
	1
	2
	1
	1
	3
	2
	1
	1
	3
	2
	21

	21
	Gaymukh
	Waterfall
	3
	2
	1
	3
	1
	1
	3
	2
	1
	3
	3
	2
	25

	22
	Sitanhanhi
	View Point
	2
	1
	1
	1
	1
	1
	3
	2
	1
	3
	3
	1
	20

	23
	Hajrat Sayyad Miya Dargah
	View Point
	3
	2
	1
	2
	3
	1
	3
	3
	1
	3
	3
	3
	28

	24
	Puranwadi Guest House
	View Point
	2
	2
	1
	1
	3
	1
	1
	1
	1
	1
	3
	1
	18

	25
	Sitakhori
	View Point
	3
	2
	1
	1
	3
	1
	2
	1
	1
	1
	3
	1
	20

	26
	Mhasoba (Nagad Ghat)
	View Point
	1
	1
	1
	1
	3
	1
	1
	1
	1
	1
	3
	1
	16

	27
	Mhaismalghat View Point
	View Point
	3
	1
	1
	1
	2
	1
	1
	1
	1
	1
	3
	1
	17

	28
	Sita Nhani- Hemadpanthi Temple
	View Point
	2
	3
	1
	2
	2
	1
	2
	2
	1
	3
	3
	3
	25

	29
	Pencil Rock
	View Point
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	3
	1
	14

	30
	Sunset Point
	View Point
	2
	2
	1
	1
	2
	1
	1
	2
	1
	1
	3
	1
	18

	31
	Gautala Towar
	View Point
	2
	2
	1
	1
	3
	1
	2
	3
	1
	1
	3
	1
	21

	32
	Forest Chauki Towar- Nagad
	View Point
	3
	1
	1
	1
	3
	1
	2
	2
	1
	1
	3
	1
	20

	33
	Bhildari View Point
	View Point
	1
	2
	1
	1
	3
	1
	2
	3
	1
	3
	3
	1
	22

	34
	Nagarjun Jain Caves
	Forts/Caves
	3
	1
	1
	1
	1
	1
	2
	1
	1
	2
	3
	1
	18

	35
	Kanher Gad
	Forts/Caves
	3
	1
	1
	1
	1
	1
	2
	2
	1
	1
	3
	1
	18

	36
	Pitalkhora Buddhist Caves
	Forts/Caves
	2
	3
	1
	1
	3
	1
	1
	2
	1
	2
	3
	1
	21

	37
	Antur Fort
	Forts/Caves
	2
	1
	1
	1
	1
	1
	1
	2
	1
	2
	3
	1
	17

	38
	Shringar Chawadi
	Forts/Caves
	3
	1
	1
	1
	1
	1
	1
	2
	1
	2
	3
	1
	18

	39
	Malhargad Fort
	Forts/Caves
	3
	1
	1
	1
	1
	1
	2
	2
	1
	2
	3
	1
	19

	
	Total
	
	91
	61
	44
	59
	81
	41
	85
	75
	41
	74
	117
	55
	




4. DISCUSSION
4.1 Inventory of Tourist Sites 
The inventory of tourist sites within GAWLS provides valuable insights into the diversity of attractions drawing visitors to the area. The classification of sites into religious places, waterfalls, viewpoints, and historical forts/caves reflects the multifunctional role of the sanctuary, where natural beauty, cultural heritage, and spiritual traditions converge. Among these, religious sites such as temples, shrines, and dargahs emerged as the most frequently visited, with large congregations observed during festive occasions. Such gatherings contribute to high visitor density, vehicular traffic, and associated disturbances such as litter deposition, cooking, and noise, all of which can negatively influence wildlife habitats in surrounding areas (Higginbottom, 2004; Marzano & Dandy, 2012; Roe et al., 1997).
Waterfalls and viewpoints, while attracting fewer numbers compared to religious sites, are seasonal hotspots that encourage recreational activities, including bathing, picnicking, and off-trail movement. These activities, though less continuous, still create localized disturbances during peak tourist seasons. Historical forts and caves, on the other hand, represent a unique blend of cultural heritage and adventure tourism, often requiring treks through forested areas. While these sites enhance the sanctuary’s appeal, unmanaged tourism in such zones may increase risks of habitat trampling, graffiti, human-wildlife conflict and wildlife disturbance (Cui et al., 2021; Higginbottom, 2004).
The overall pattern indicates that tourism in GAWLS is driven not only by wildlife but equally by cultural and historical attractions. While this diversity of attractions broadens the scope for sustainable tourism development, it also complicates management because different sites exert different types and intensities of anthropogenic pressure. Therefore, site-specific strategies such as regulating visitor numbers at religious sites, promoting eco-friendly infrastructure near waterfalls, and enforcing conservation guidelines at forts and caves are crucial to balance tourism promotion, local livelihood with ecological sustainability (Bhushan et al., 2024).
4.2 Wildlife Conservation and Tourism Linkages
The documented diversity of mammals in GAWLS highlights the sanctuary’s role as an important habitat for both threatened predators and their prey base. This rich faunal composition enhances the sanctuary’s potential as a wildlife tourism destination, yet it also raises concerns regarding the compatibility of tourism with conservation priorities. Prey species like Blackbuck and Four-horned Antelope, often visible near open areas are at risk of displacement due to grazing pressure, vehicular movement, and noise generated by visitors.
The overlap between tourism activities (e.g., religious gatherings, recreational use of waterfalls) and wildlife habitats amplifies the need for careful management (Shultis & Way, 2006). Unregulated tourism could fragment habitats, increase human–wildlife encounters (Cui et al., 2021), and disturb sensitive species. Conversely, well-regulated ecotourism such as visitor education, and restrictions on high-disturbance activities could provide incentives for conservation while generating sustainable livelihoods for local communities (Bhushan et al., 2024). The integration of faunal and floral data emphasizes the dual ecological and ecotourism value of GAWLS. The sanctuary harbours a rich prey-predator system, including flagship species such as tiger, leopard, blackbuck, and wolf, which hold high conservation and tourism appeal. Herbivore abundance enhances opportunities for predator persistence and wildlife viewing, aligning biodiversity protection with ecotourism development.
Vegetation patterns highlight the role of teak-dominated tree cover in shaping forest structure, but also reveal the significant presence of Lantana camara in the shrub layer, which may reduce native forage availability. The herbaceous layer, dominated by Senna tora, Mesosphaerum suaveolens, and Hemidesmus indicus, adds seasonal productivity and forage diversity, crucial for supporting ungulates. The moderate herb diversity index indicates that while several species co-exist, localized dominance may reduce ecological balance if not managed (Shannon, 1948; Simpson, 1949).
From a tourism perspective, the visual appeal of teak forests, flowering Butea monosperma (“Flame of the Forest”), and the seasonal ground cover of herbs contribute to the landscape’s attractiveness (Singh et al., 2017). However, the spread of invasive shrubs such as Lantana can negatively affect both biodiversity and visitor experience by reducing sightlines and altering habitat use by wildlife (Negi et al., 2019).
Overall, the findings suggest that GAWLS supports a diverse wildlife community underpinned by multi-layered vegetation, offering strong potential for sustainable ecotourism development. Ensuring this potential requires habitat management interventions, particularly in controlling invasive species and maintaining herbaceous diversity, alongside conservation of flagship fauna.
4.3 Anthropogenic Disturbances in Relation to Tourism
The findings reveal that anthropogenic pressures in GAWLS are both widespread and heterogeneous, with the intensity strongly linked to site type and accessibility. Religious pilgrimage sites were identified as the most disturbed areas, where year-round rituals and annual festivals generated continuous inflows of visitors, leading to noise pollution, solid waste accumulation, firewood use, and feeding of wild animals. Such practices not only degrade the habitat but also alter the natural behaviour of species such as macaques and langurs that become habituated to provisioning (Ilham, 2024). Seasonal tourist attractions, particularly waterfalls, showed temporal peaks of disturbance during the monsoon months. The accumulation of plastic and other waste into streams poses a direct threat to aquatic biodiversity (Kumar et al., 2021), while noise and trampling in surrounding areas disturb sensitive terrestrial fauna (Kok et al., 2023).
Although viewpoints and forts recorded lower disturbance scores, unmanaged visitor activities, including open littering, liquor bottle dumping, graffiti, and occasional cooking, continue to create chronic pressures on the sanctuary’s environment. The dominance of noise, bridle path use, and plastic waste across categories reflects the absence of proper visitor regulation, infrastructure, and waste management facilities (Pawar & Mule, 2025a). Most sites lacked designated parking areas, garbage bins, and awareness signage, resulting in indiscriminate dumping of waste and contamination of water bodies.
These results emphasize the need for immediate management interventions at high-priority sites such as Patna Devi Temple, Gautala Dam, Sayyad Miya Dargah, and Hemadpanthi Mahadev Mandir. Strategies such as regulating visitor numbers during peak pilgrimage and festive seasons, implementing systematic waste management measures, prohibiting animal feeding, and enforcing penalties for littering are essential. Additionally, promoting eco-friendly infrastructure at waterfalls and viewpoints and strengthening patrolling at forts and caves would help reduce the cumulative impact. In conclusion, the disturbance index highlights that while some sites suffer from chronic low-level pressures, others face acute anthropogenic stress, and both require integrated visitor management and enforcement to safeguard the ecological integrity of GAWLS.
4.4 Recommendations
Zoning & Prioritization: Use the GPS-mapped sites and disturbance scores to designate (i) Preservation zones (core wildlife areas, sensitive waterfalls) with seasonal closures; (ii) Regulated-use zones (guided-only trails, capped group sizes); and (iii) Heritage precincts (temples, caves, dargahs) with tailored visitor management.
Carrying Capacity & Event Control: Set site-specific daily caps and timed-entry for high-pressure religious sites (e.g., Patna Devi, Hajrat Sayyad Miya Dargah). For festivals/monsoon peaks, deploy crowd routes, and parking outside the ESZ.
Low-Impact Access: Formalize bridle/foot trails and boardwalks near waterfalls; restrict private vehicles beyond designated gates; standardize quiet zones near wildlife movement corridors.
Behavioural Rules & Enforcement: Strict no cooking, no animal feeding, and noise-above-ambient prohibitions at all sites; clear signage plus forest guards presence and graded penalties.
Waste & Water Safeguards: Ban single-use plastics; provide segregated bins; composting/eco-toilets at hubs; 50–100 m buffer from streams to prevent dumping; vendor EPR (take-back of packaging).
Heritage Conservation Protocols: For Pitalkhora and Hemadpanthi temples, adopt ASI-led load management, touch-free barriers, vibration/microclimate monitoring, and multilingual interpretation emphasizing Hindu–Jain–Buddhist–Sufi legacies.
Habitat Restoration: Phase-wise Lantana removal along visitor corridors; enrich with native forage (e.g., Butea, Grewia, native grasses) to support ungulates; maintain herbaceous diversity (e.g., Senna tora, Mesosphaerum, Hemidesmus) through controlled grazing and seasonal rests.
Wildlife Monitoring & Conflict Prevention: Camera-trap/occupancy surveys for leopard, wolf, tiger; prey counts; early-warning and rapid response for conflict hotspots near religious precincts and picnic areas.
Community Co-management & Livelihoods: Certify local eco-guides, homestays, handicrafts, and heritage custodians; revenue-sharing with transparent reinvestment in site upkeep, restoration, and sanitation.

5. CONCLUSION
The present study underscores the dual significance of GAWLS, functioning both as a stronghold of biodiversity and a centre of cultural and historical heritage tourism. The detailed site inventory reveals the sanctuary’s wealth of temples, waterfalls, forts, caves, and scenic viewpoints that continue to draw large visitor numbers. Yet, the analysis of human-induced pressures indicates that unchecked tourism along with grazing, fuelwood extraction, festive gatherings, and vehicular traffic poses growing risks to the sanctuary’s ecological balance. Without timely intervention, these pressures could undermine habitats vital for prey species and vulnerable carnivores.
At the same time, GAWLS presents exceptional opportunities for sustainable ecotourism, where cultural heritage and ecological values can be integrated to generate conservation benefits and strengthen community livelihoods. Shifting tourism towards regulated religious activities, guided nature trails, and interpretation-based programs, coupled with eco-friendly infrastructure and community participation, can minimize ecological stress and reduce human–wildlife conflict.
Overall, the findings emphasize that the future of GAWLS depends on striking a careful balance between conservation and tourism. A strategy that incorporates zoning, visitor carrying capacity, restoration of degraded habitats, and community-led ecotourism can ensure that the sanctuary continues to function both as a living heritage landscape and a biodiversity refuge. If managed responsibly, GAWLS can serve as a model for integrating wildlife conservation with cultural tourism, demonstrating how protected areas can safeguard ecological integrity while honouring cultural and spiritual traditions.
DISCLAIMER (ARTIFICIAL INTELLIGENCE)
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