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Abstract

:

The protection of resources and the safety of visitors are two essential elements in the sustainability of any tourism destination. The Sangkulirang-Mangkalihat karst has the potential to be developed as a UNESCO Global Geopark based on the diversity and unique nature of its geological heritage. Proper management efforts should be carefully planned to ensure sustainability of the geosite. Intact natural conditions can be a potential hazard to visitors and, conversely, the presence of visitors can interfere with the natural preservation of the sensitive karst area. Physical, biological, and human activities that may endanger visitors should be identified and limiting the number of visitors received by each geosite should also be considered. This paper aims to identify the potential tourism hazards of physical, biological, and human activities and to calculate the tourist’s carrying capacity of three geosites (Tewet cave, Nyadeng lake, and Bloyot cave) in the Sangkulirang-Mangkalihat karst. The identification of potential hazards was conducted in each geosite and analyzed and assessed using management options referencing UNEP, NPSA, and APEC, whereas the carrying capacity was assessed with reference to the Cifuentes formulation. Meanwhile, the carrying capacity was assessed at three levels, namely physical carrying capacity (PCC), real carrying capacity (RCC), and effective carrying capacity (ECC). The highest physical and biological hazards were the ravines in the Tewet cave, as well as a moderate level of risk, such as slippery, steep terrain and the presence of crocodiles. Meanwhile, the potential hazards faced by Nyadeng lake and Bloyot cave were classified as low risk. The carrying capacity assessments indicated that Bloyot cave is able to accommodate the largest number of visitors on a daily basis. Therefore, the carrying capacity results of each geosite can serve as a reference for managers to limit the number of visitors to the site in order to ensure the sustainability of Sangkulirang-Mangkalihat geosites.
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1. Introduction


Sustainability is the way forward for effective management of natural resources, including in tourism management, since it is an integral part of tourism policy and strategy [1]. Given the interconnectedness of tourism pressure and sustainability, the relevance of tourism sustainability is critical [2]. The sustainability assessment is therefore an increasingly important area of research in the field of tourism. Specifically, it is critical to ensure consistent development of tourist destinations and products [3,4]. The challenge of sustainability is more pronounced on tourism objects or attractions that rely heavily on nonrenewable resources, such as geological resources [5].



A branch of tourism that focuses on geological attractions is known as geotourism, which is a new concept within tourism studies [6] and has gained popularity over the past decades [7]. Geotourism is defined as “Geotourism is tourism of geology and landscape usually undertaken at geosites. It fosters conservation of geological attributes (geoconservation) as well as understanding of geoheritage and geodiversity (through appropriate interpretation). At a higher level the geological knowledge imparted at a geosite may be used to inform its biotic and cultural features so that a more holistic view of the environment can be gained. This should then lead to a more enhanced understanding and appreciation of the world built from its geological foundations” [8] (p.8). Geotourism is expected to foster the protection of geological heritage through public support through the sustainable economic development of the regions [9].



Geological heritage protection is the aim of a Geopark [10,11,12], defined by UNESCO (United Nations Educational, Scientific and Cultural Organization) as a nationally protected area that contains a number of geological heritage sites of particular importance, rarity, or aesthetic appeal, and is one element in an integrated concept of protection, education, and sustainable development [13]. Geoparks represent a novel approach in natural and geological heritage protection and play important roles in cultural sustainability in rural areas [14,15,16,17], while encouraging scientific research, public education, and local economic development [16,17]. Hence, if properly managed, geotourism in Geoparks can be a vehicle for the conservation of a geological area and at the same time, contribute to local economic sustainable development [18,19].



In Indonesia, geopark development began in 2010 when the Ministry of Tourism established six geopark areas, namely Toba, Merangin, Rinjani, Gunung Sewu, Batur, and Raja Ampat, as national geoparks [20], of which some now have developed into UNESCO Global Geoparks (Figure 1). This development is a response to the national policy which recognized Geoparks through the Presidential Decree Number 9 Year 2019 on Geopark. Currently, Indonesia hosts six UNESCO Global Geoparks and 13 national geoparks, as well as several aspiring geoparks (Figure 1), of which the Sangkulirang-Mangkalihat aspiring geopark (see Figure 1) is currently encouraged by the government and diverse practitioners to be established as a UNESCO Global Geopark.



The tectonic history of the Sangkulirang-Mangkalihat karst is inseparable from the formation of the Mangkalihat Peninsula and the Kutai Basin. The Mangkalihat at the beginning of its development was one of the microcontinents from North Gondwana (a supercontinent) that crossed the equator in the Late Triassic to Early Cretaceous period (205–141 Ma) as a result of the widening of the Ceno-Tethys Ocean [21,22,23], which was part of Sundaland in 150–60 Ma. The Sundaland recounts the history of the growth and disintegration of a continent by accretion and dispersion [22]. The island of Borneo also encompasses the tectonic interaction between the Indian–Australian and Pacific with Asian plates and could be traced from the stratigraphic column and structural patterns. Limestone, as the host rock of Sangkulirang-Mangkalihat karst, was formed when the Makassar Strait extended over the mid-Eocene, which initiated the uplifting process that exposed the limestone into Sangkulirang-Mangkalihat highland [24]. Geomorphologically, the karst area presents high diversity of karst landforms as each karst block (area) is associated with specific type of karst, i.e., labyrinth, conical, and the newly-discovered bottle-shaped karst hills (chimney-like feature) (Figure 2). This unique morphology is a karst cone formation with a circular hole at the top with a depth that reaches the lowest surface layer of the karst tower that resembles a bottle/chimney [25]. These chimney-like features are often found in karst blocks on top of a plateau with a high elevation. The genesis of this feature remains unknown and very little research has ever been conducted to investigate this feature [24]. Another intriguing geomorphological feature in the Karst of Sangkulirang-Mangkalihat is the karst plateau as the indication of folding geoprocess [24].



Speleologically, the rock-shelter caves are the locations for cave paintings, and they are the main attraction of Sangkulirang-Mangkalihat karst. In addition, the dating of the U-series shows that the oldest parietal art of eastern Borneo dates between 51.8 and 40 ka. The oldest date of 51.8 ka provides the maximum date for the earliest cave painting phase in the Sangkulirang-Mangkalihat Peninsula [26]. Culturally, the maximum date of 51.8 thousand years ago (ka) [26] also marks the oldest cave paintings made by prehistoric modern humans in the world. This has implications for understanding how the first rock art emerged, developed, and spread throughout Southeast Asia during the Late Pleistocene and beyond [26]. A UNESCO Global Geopark status can promote the sustainability of these values of international significance.



Through the tourism experience gained by visitors and the surrounding community, deeper awareness and relationship with the geological heritage can be formed. In this way, geoparks can become an effective medium to bring the wider community closer to the geological heritage [14]. However, the number of visitors can also pose a threat to environmental conditions, as well as reduce comfort of the visitors. The increasing number of visits to a site increases the susceptibility of the site to various potential natural and anthropogenic effects that could degrade these resources [27], leading to negotiation in terms of sustainability [28]. Caves have been demonstrated to be highly susceptible to human activities [29,30], and “caves have unique scientific, recreational, and scenic value, and these values are endangered by both carelessness and intentional vandalism that cannot be recovered once they are gone” [31] (p. 19).



Activities conducted in geological areas have the potential to cause accidents that can even lead to damages or death, which, of course, will harm visitors [32]. The fragility of the karst environment makes it highly vulnerable to a variety of different hazards, including physical, biological, human, and geological [33]. Hazards, as well as the number of visitors, need to be managed in order to avoid the risks and losses that will be caused. There are two risks that have the potential to negatively impact resources: vulnerability and fragility. In this context, vulnerability may be defined as a risk related to the likelihood of human impacts, while fragility may be defined as a risk of change (consequences) caused by natural processes [27,34,35,36]. The number of visitors that can be received (carrying capacity) by the area also needs to be recognized, highlighting the importance of determining the carrying capacity [37].



Since the systematic literature reviews conducted by various researchers [4,6,38], not much has been written on geotourism development that focuses on the assessment of potential physical, biological, and human hazards and the carrying capacity of geosites at the same time. Study on visitor-carrying capacity for geosites development has been carried out by [39]; however, the research was not followed by the identification of potential hazards in karst areas or geosites. This paper identifies and discusses the various types of hazards and carrying capacity of three geosites (tourism attractions within a geopark with remarkable geological or scientific significance) in Sangkulirang-Mangkalihat karst that could accommodate visitors to minimize environmental impacts and discomforts. As suggested by [30], the ecological characteristics and the management capacity should be considered during an increase in the number of visitors. Aspects of visitor safety and tourism objects safety are essential things that need to be considered, as these will greatly affect the sustainability of geotourism development in the Sangkulirang-Mangkalihat karst.




2. Materials and Methods


This study was carried out in Sangkulirang-Mangkalihat karst in the East Kalimantan Province of Indonesia. The karst is located on the Mangkalihat Peninsula, east of Kalimantan Island (Figure 3). The people and residents of the surrounding karst area have used it from generation to generation as a housing site to search for swallow nests and water resources. This karst area is protected under the Government Regulation Number 67 of 2012 concerning the Protection and Management of Sangkulirang-Mangkalihat Karst Ecosystem in Berau and East Kutai Regency [25,40].



The data collection took place at three geosites (Figure 3) administratively located in two different villages, namely in (i) Nyadeng lake and Bloyot cave geosites of the village of Merabu, in 2019 inhabited by 234 inhabitants [41], and (ii) Tewet cave geosite located in the village of Tepian Langsat, with 1181 inhabitants in 2018 [42]. These geosites were selected as study locations because they are already open to the public and are more prepared to welcome tourists than other geosites within the Sangkulirang-Mangkalihat karst area. Data collection took place between April and May 2021, which involved interaction with tourists and local guides, and thus this research has been approved by the Human Research Ethics Committee of the IPB University through Ethical Clearance No. 444/IT3.KEPMSM-IPB/SK/2021.



2.1. Potential Hazards


An assessment of potential hazards associated with physical, biological, and human activities was conducted. Analysis of physical and biological hazard data refers to the UNEP (United Nation Environment Programme) [34], while the hazard to human activities refers to the NPSA (National Patient Safety Agency) [35]. Both are also referred by [43] to determine the potential hazard of tourism in mountain areas.



Physical and biological hazards refer to the risk assessment guidelines by calculating the likelihood and severity (consequence), followed by a risk assessment using a risk assessment matrix. Each potential hazard identified is assigned a likelihood weight (Table 1) and severity (Table 2) in accordance with UNEP Guidelines [34]. Information about past events is required to determine the likelihood and severity of each potential hazard at each location.



Exposure to the potential hazards that present the highest risk is then calculated based on likelihood and consequences using the following formula.


Risk = Likelihood × Consequences



(1)







The potential risk level is derived by mapping the calculation results of the risk level matrix (Table 3). The options for managing hazards were identified based on the risk assessment provided by APEC [36]. There are four risk reduction management options offered to improve management, namely reduce, avoid, retain, and transfer risks (Figure 4).



The risk assessment of potential hazards from human activities is conducted using the Job Safety Analysis (JSA) method [36]. This method may be used to control the potential risk of accidents in geological areas. The data used are tailored to the activities carried out by visitors and the community in the use of the Sangkulirang-Mangkalihat karst. The risk level of potential hazards is divided into four categories: extreme risk (score 15–25), high risk (score 8–12), moderate risk (score 4–6), and low risk (score 1–3) (Table 4).



The JSA method is an estimate of the hazard before a loss-causing impact occurs. Hazard identification is performed by plotting hazard locations along the path to tourist attractions. The scoring is then established to determine the risk value for each potential hazard according to the risk value matrix (Table 5). The risk grading is obtained by multiplying the severity value (negligible, minor, moderate, major, catastrophic) with the probability of risk occurrence (rare, unlikely, possible, likely, almost certain). The resulting grade is used to determine the risk prevention and control priority scale.




2.2. Carrying Capacity


The carrying capacity calculation is performed to obtain the number of visitors that can be accommodated in the tourist attraction area. The calculation used is based on a formula that refers to Cifuentes [33,34] with modification of Fandeli and Muhammad [44] and Zacarias et al. [45]. There are three levels of carrying capacity, including physical carrying capacity (PCC), real carrying capacity (RCC), and effective carrying capacity (ECC).



Physical carrying capacity is the maximum number of visitors who are physically satisfied with the space provided in one day, considering the comfort of the tourists. The PCC is calculated by using the following equation:


PCC = A × 1/B × Rf



(2)







Information:



PCC = Physical carrying capacity (person/day).



A = The area used for tourism (m2).



B = The area required for a tourist to travel while still achieving comfort (m2).



B uses a fixed number referring to Cifuentes [33], which is the area required for one tourist while still obtaining satisfaction is determined at 1 m2.



Rf = Rotation factor.



Real carrying capacity is the maximum number of visitors that are allowed to visit the object, considering the limiting factor or biophysical correction factor (Cf) of the features of the tourist attraction. RCC is calculated by the following equation:


RCC = PCC × Cf_1 × Cf_2 × …. × Cf_n



(3)







Information:



RCC = Real carrying capacity (people/day).



Cf = Correction factor.



Effective carrying capacity is the maximum number of visits during which the subject remains at the available management level. Managerial capacity is the sum of all conditions in the Sangkulirang-Mangkalihat karst that can be exploited objectively and according to the management objectives of the area. Managerial capacity is constrained by the criteria of the management system and the number of management employees with the following calculation:


ECC = RCC × MC



(4)







Information:



ECC = Effective carrying capacity (people/day).



RCC = Real carrying capacity (people/day).



MC = Management capacity.



MC (management capacity) is calculated by approaching the number of area management officers.


MC = Rn/Rt × 100%



(5)







Information:



Rn = Number of onsite personnel (people).



Rt = Number of fixed resources manager (person).





3. Results


3.1. General Condition of Sangkulirang-Mangkalihat Karst


Sangkulirang-Mangkalihat karst ecosystem (Figure 5) is located in the province of East Kalimantan, specifically in Berau and East Kutai Regencies with a total area of 1,867,676 ha hectares according to the East Kalimantan Governor Regulation No. 67 Year 2012 out of the total 15.4 million ha of karst across the country [46]. The area enjoys a tropical climate. Out of this total karst area, as much as 403,151.89 ha is delineated as a geological protected area [25]. The area is also inhabited by 120 species of birds, 200 species of arthropods, including insects, 300 species of flora, and 50 species of fish and is the main habitat for endemic animals of Borneo, namely the Bornean orangutan [47]. Pinnacle karst and numerous cave systems are among the uniqueness of the area. The Sangkulirang-Mangkalihat karst features hilly terrain, steep cliffs, and underground caves. The caves in this area have unique features, such as cave paintings (rock art) and different types of animal images that have archaeological significance [48]. Owing to the possession of 240 pieces of rock art distributed over the entire roof of the cave, radiocarbon dating indicates that rock art in the Tewet cave in Sangkulirang-Mangkalihat karst is 40,000 BP (40 ka). It is considerably older than the Lascaux cave (35,400 BP) and the Chauvet cave (32,000) in France [48] and the karst area was presumed as the initial location for Austronesian humans to enter [49,50]. Furthermore, the maximum date for the earliest cave painting phase in the Sangkulirang-Mangkalihat Peninsula is 51.8 ka [26], and this also indicates the oldest cave paintings made by prehistoric modern human.



The Merabu Karst area is approximately 8000 ha [51]. Topographically, it is a lowland on the border of Lesan River, as well as karst plains and karst hills. Merabu is a karst area that is more developed in terms of both exokarst and endokarst. This development is characterized by the presence of both exokarst and endokarst morphological features and hydrological characteristics. The presence of exokarsts in the case of Merabu indicates the formation of tower hills, while the presence of endokarst features indicates the existence of caves. One of the caves with cultural value is the Bloyot cave. In this area, there is a phenomenon of a karst pool filled by springs of large discharge, with a depth of 40 meters, passing through below the water level of the Lesan River. The pool is clear and is called Telaga Nyadeng (Nyadeng lake). In the Merabu perikarst zone, it is very easy to find springs and small rivers that go in and out of these karst hills. The alluvial soil between the hills is relatively flat and contains dense forest. The Meranti tree stands straight and fairly tight, and many ironwoods can be seen standing big and tall.




3.2. Current Geotourism Development in the Three Geosites


Geotourism in the three geosites is developing. In 2012, the people of Merabu village, assisted by The Nature Conservancy, submitted a proposal for a village forest. The natural potentials that the community were going to develop were caves and karst lakes. In 2014, Merabu village received a Village Forest Designation from the Ministry of Environment and Forestry through the Minister of Environment and Forestry Decree Number 28/Menhut-II/2014 concerning the Merabu village forest which has an area of 8245 hectares and is managed by the Merabu Village Forest Management Institution (LPHD). Starting in 2018, the management of tourism has been completely handed over to Merabu BUMDES (Village Owned Enterprises). Nothing has changed regarding the tourism arrangements that have been set out in the previous village regulations; however, Merabu village tourism management has become one of the business units in the Merabu BUMDES. Most of the community has been involved in tourism activities by being tour guides, renting homestays, providing catering, and renting accommodation (boats and cars) for tourists. The two geosites that have been developed by the community are Bloyot cave and Nyadeng lake (Figure 6).



Most of the tourists visiting Merabu are local tourists originating from East Kalimantan. Based on the guest book of East Kalimantan Cultural Heritage Preservation Center (Balai Pelestarian Cagar Budaya), it can be seen that the number of visitors to Nyadeng peaked in June and January (Figure 7), in the times of holiday seasons.



Tourism in Tewet is still in its infancy. The Tewet cave (Figure 8) area is part of the Karst landscape of Mount Gergaji. This area is located in the upstream of the Bengalon river. The natural resources potential around the Tewet area is in the form of karst hills with high cliffs and natural caves with hand-printed paintings. Currently, Tewet cave is designated as a national cultural heritage site by the East Kalimantan Cultural Heritage Preservation Center. The Tewet cave area has natural potential that can be developed into natural tourism. This area has been visited mostly for research purposes on rock painting, hence the number of visitors is still very low (Figure 9). Currently Tewet cave is being developed into a natural tourist attraction and will be managed by the community in Tepian Langsat village.




3.3. Sources of Potential Hazards of Sangkulirang-Mangkalihat Geotourism


3.3.1. Sources of Potential Physical Hazard


Karst is the product of karstification process, namely the process of chemical corrosion of rocks by water on limestone [52] resulting in the formation of exokarst features (surface morphology) such as doline/sinkhole, polje, karren [53], dry valleys, lakes, karst hills, and thick-walled beaches [54], and endokarst features (developed underground), such as underground rivers/lakes and caves [53], which can be the source of hazards. Damage to karst can pose a potential hazard, especially to visitors who are on site. Potential hazards can occur, for example rockfall [55,56] and sinkhole [57]. Rockfall can occur due to steep slopes, dislocation of boulders on the slopes, and weathering of rocks [55,56]. Rockfall that occurs may damage important and historic objects. Similar to what happened to the Ajanta caves in India, ancient rock caves that have become historical relics in the area were lost due to rock collapse in the past [56]. Sinkhole is a condition where there is formation of cavities due to increased dissolution of bedrock so that it cracks and erodes vertically [57]. In short, a sinkhole is the collapse of an insoluble cover layer into a cave [58]. These conditions can occur at any time and can threaten the safety of visitors. Karst features found to be the sources of potential physical hazards at the three geosites are rivers, lakes, ravines, sinkholes, and steep cliffs (Table 6).



	
River






The Lesan river becomes shallower upstream. Parts of the river on the way to Nyadeng lake experience siltation during the dry season. This represents a potential hazard to passing dugout canoe (ketinting). Ketinting can run aground in the shallow section of a river, of which the passengers on board may be thrown off. Shallow rivers may occur when the river conditions are poor, and there is a point that has potential for siltation. Over the last 5 years, however, shallow rivers can still be crossed by ketinting.



	2.

	
Slippery Path







The path that visitors follow from the Nyadeng pier to the Nyadeng lake is a terrain composed of soil and karst rocks sunk in some parts. When it rains, the path becomes damp and slippery (Figure 10). This can become a hazard when visitors are not paying attention and do not use adequate safety equipment, particularly footwear. When the field is wet after the rain, it is possible that visitors slide as a result of the slippery path. This can cause minor discomfort or injury for visitors.



	3.

	
Lake







Nyadeng has two pools, each with a depth greater than 30 meters. Swimming activities at Nyadeng lake are very risky and can cause drowning or even death if tourists are not able to swim due to their poor fitness.



	4.

	
Flood







During the past 2 years, specifically during the rainy season in February and March, Nyadeng lake overflowed. Consequently, the land surrounding the lake and the rivers is submerged. The most recent flood occurred in 2020 at about the height of an adult knee, causing minor inconvenience such as itching and damage to the equipment.



	5.

	
Ravine







The path to the Tewet cave must pass through different terrains, one of which is a ravine, as the location of the cave is on a cliff of karst hill. It is a potential hazard for visitors to fall as the path has to pass by the edge of a cliff, although in the last 10 years, there has never been any form of accident that caused a visitor to fall from a cliff.



Contrary to the location of the cave of Tewet, the cave of Bloyot is in the middle of a cliff. As a result, the only access to the cave must be by a cliff. The cliff is almost 90° in condition and there is very little seating and handling. Therefore, it can potentially be hazardous to visitors, as it poses a potential risk of falling while climbing without using adequate climbing equipment.



	6.

	
Muddy ground







To reach the cave of Bloyot, one must pass by the ground (plain forest) with sloping topography. At the arrival of the rainy season, in some parts of the path, the water is flooded, and the ground becomes muddy. This can be hazardous, as visitors are likely to slide or itch due to their exposure to mud.



	7.

	
Sinkhole







One of the geological hazards is a sinkhole, which develops during the dissolution of karst dolomite, anhydrite, gypsum, or salt by groundwater or water enriched with carbon dioxide [57]. Nevertheless, there has been no reported historical sinkhole hazard in the studied geosites.



	8.

	
Rockfall







Both Tewet cave and Bloyot cave are located on cliffs, and thus there is a possibility of a rockfall (though categorized as rare). Rockfall occurrences can threaten the lives and safety of visitors during visiting and surveying of the place, as it is one of the most common and dangerous types of slope instability due to its high speed and destructive power [55]. Rockfalls occur when rock masses detach from a cliff (Figure 11) and fall freely as a result of gravity [59].




3.3.2. Sources of Potential Biological Hazards


Potential biological hazards are all forms of hazards that originate from biological resources that can cause a variety of health effects. Plants, insects, and animals along the path leading to a tourist attraction may pose a potential hazard to visitors. Potential biological hazards can be found in all the three tourist attractions, including tree roots, gnats, fallen trees, and crocodiles. Tree roots are relatively frequent sources of hazard and are moderate in severity at all three geosites (Table 7).



	1.

	
Tree roots







The path to Nyadeng lake runs through the lowland tropical forest and contains a lot of tree roots (Figure 12), which can become hazardous as visitors can trip.



	2.

	
Gnat







Nyadeng lake is a lake located in the middle of the forest. When it becomes dark, many gnats appear and bite the skin. This has the potential to be a hazard, as tourists can itch due to gnat bites.



	3.

	
Fallen tree







In several places on the path to the cave of Bloyot, there are fallen trees that cover the path. This can be a potential danger, as it can obscure the way, or visitors can be injured by fallen tree branches.



	4.

	
Crocodile







Along the Bengalon River and its tributaries, crocodiles are still present. From 2020 to 2021, there have been several cases of people being attacked by crocodiles, even if the place is not on the tourist path but in the same river.




3.3.3. Sources of Potential Hazards of Human Activities


The danger of human activity is a form of danger that comes from visitors, either due to bad behavior or decision-making prior to and during the visit. Potential hazards from human activities are observed in relation to activities conducted by visitors and the community. There are eight possible hazards in all 11 segments, each segment represents an area between resting spots or points of attraction where visitors might stop or take a break. In Nyadeng lake, there are three potentially hazardous human activities, whose risk levels are composed of two moderate hazards and one low hazard (Figure 13). In the Bloyot cave, there are four types of potentially dangerous human activities—three hazards are in the low category and one of them is in the extreme category (Figure 14). Tewet cave has four types of human activities that are potentially dangerous—two types of hazards are included in the moderate category, and the remaining two are included in the extreme category (Figure 15). All of these segments are presented with their related risks in Table 8.



	1.

	
Swimming in a state of physical weakness







Nyadeng lake has a depth of more than 30 meters. Therefore, tourists need to be able to swim when participating in activities within the lake. Meanwhile, swimming in a state of physical weakness can cause muscle cramps and unconsciousness.



	2.

	
Not using proper gear







Access to Nyadeng lake requires caution in several areas. While crossing the Lesan river, it is necessary to use equipment such as a life jacket, as some portions of the river are deep. This should also be applicable when swimming. Nyadeng can be accessed through forest terrain, hence it is necessary for tourists to use proper footwear in order not to stumble or fall due to the slippery surface. Failure to use this equipment may jeopardize the safety of tourists.



Access to the Bloyot cave involves several terrains that require caution, including the crossing of the forest and the slippery ground. It is necessary to use proper gears such as shoes and covered clothing to avoid tripping or falling, as it is slippery or impeded by tree branches. Failure to use this equipment may jeopardize the safety of tourists.



	3.

	
Riding the boat/ketinting at night







Sometimes, there are tourists who force themselves to travel to Nyadeng at night to catch the morning sunrise in Ketepu. They must travel through the Lesan river to reach Nyadeng lake. Although the river itself is shallow, the current is quite strong. It takes special skills for motorists to pass through this tributary. This has the potential to be dangerous as it can cause the boat to lose steering and thus crash.



	4.

	
Running downhill







Running as one descends from the Bloyot cave in segment VI, namely the mouth of Kabila cave to the intersection in front of Bloyot, can potentially be dangerous as one can fall. The rocky, slippery, and steep terrain enables this hazard to occur. This is similar to running when going down to the camp, and thus can place tourists’ safety in jeopardy. A slippery and steep terrain makes it possible for tourists to fall when they choose to run downhill.



	5.

	
Not using caving equipment







Access to the Bloyot cave goes through and enters the Kabila cave. Kabila cave is one of the longest cave systems in Merabu. It takes gear to access the cave. Therefore, if you do not use caving equipment, dangerous situations can occur, e.g., becoming lost, falling from rocks, or rockfall.



	6.

	
Not using safety climbing equipment when climbing







Not using safety climbing equipment while passing through the cliffs of Kabila Cave to Bloyot cave can be dangerous. The narrow path adjacent to the ravine must be traversed with climbing safety equipment. Failure to do so may result in a risk, such as falling into a ravine. The paths to the caves of Tewet and Karim are made of cliffs. If secured climbing equipment is not used, it can endanger tourists.



	7.

	
Climbing up to the cave when it rains







Climbing when it rains can be hazardous for tourists. As the terrain is slippery, some cliffs are very difficult to access. This can be hazardous to tourists as they may fall.



	8.

	
Swimming in the river







Swimming in the river can pose a risk of being attacked by crocodiles. Crocodile habitats are found alongside the Bengalon River and its tributaries.





3.4. Carrying Capacity


3.4.1. PCC


Nyadeng lake has a land area of 600 m2 that can be used for lounging or recreational activities. Visitors typically engage in activities in Nyadeng lake for 1 to 2 h. Tourist operating time in the area occurs from 07.00–17.00 local time, although occasionally there were tourists who came here during the night. Considering the space and time available, the number of visitors who can be physically accommodated in Nyadeng Lake is 3000 people per day, while for Bloyot cave, the time normally spent by visitors is from 30 min to 1 h, to look around and appreciate the cave paintings. Bloyot cave has an area of 497.5 m2. The number of visitors who can be physically accommodated in Bloyot cave is 4975 people/day (Table 9).



Tewet cave has an area of 137.76 m2. To reach the Tewet cave, visitors must hike for 60–120 min. Meanwhile, to enjoy the tourist attraction, visitors spend 30–60 min. To enter the cave, visitors have to climb, as the entrance or the mouth of the cave is on the edge of the cliff. Therefore, visitors visiting the Tewet cave must possess special skills. In the Tewet cave, visitors typically observe and document images of rock arts, and enjoy the natural landscape around the mouth of the cave.




3.4.2. RCC


	1.

	
Rainfall (Cf1)







Based on rainfall data obtained from BMKG through the data from the Berau station, the rainfall for Berau Regency and its surroundings for the last five years was two dry months and 52 wet months. As a result, a rainfall index of 0.038 (Mn) was obtained. The highest value in the Schmidt–Ferguson climate classification is 7 (Mt), while the precipitation correction factor for Merabu and Tepian Langsat is 0.98 (Table 10).



	2.

	
Slope (Cf2)







The slope is a limiting factor that can affect the number of visitors at the site of a tourist attraction center. The higher the slope, the more restricted the visitors’ movement to access the tourist attraction. Bloyot cave, Nyadeng lake, and Tewet cave are all located in an area that has mountainous topography. Although the path to the three geosites must pass through steep cliffs, the three sites have a quite gentle slope, making it easy for visitors to enjoy the tourist attraction. Referring to the classification of slope classes and the Decree of the Minister of Agriculture No. 837/KPTS/UM/11/1980, the gentle slope class has a value of 20 (Mn) and the maximum value of the slope class is 100 (Mt). Therefore, the slope correction factor in Merabu and Tewet is 0.60 (Table 10).



	3.

	
Soil Erodibility (Cf3)







Bloyot cave, Nyadeng lake, and Tewet cave have Eutrudepts soil composition. Based on soil taxonomy, limestone soil ranges in classification from Eutrudepts and is often found in karst areas. It is distributed in molded reliefs with a slightly flat to undulating relief. This type of cambisol soil is classified as a podzolic soil type, which is sensitive to erosion. Referring to the classification of soil types and the Decree of the Minister of Agriculture No. 837/KPTS/UM/11/1980, the soil type has a value of 60 (Mn), and the maximum value of the soil type is 75. Therefore, the correction factor for soil erosion at the two locations is 0.20 (Table 10).



	4.

	
Landscape potential (Cf4)







The landscape factor is essentially one of the correction factors that determine the carrying/bearing capacity of the area as related to the physical space available [45]. The development of a natural tourist area that exceeds the carrying capacity will lead to disruption of the landscape elements in the area. Using the guidelines from the Bureau of Land Management in Fandeli and Muhammad [45], the landscape potential indexes for the Merabu area and the Tepian Langsat area are 0.22 and 0.10, respectively (Table 11).



	5.

	
Presence of animals (Cf5)







Bornean orangutans (Pongo pygmaeus) and proboscis monkeys (Nasalis larvatus) are two endemic species of Borneo and are protected species. According to the IUCN Red List, proboscis monkeys are considered endangered (EN), whereas Bornean orangutans are critically endangered (CR). Consequently, the presence of humans should be monitored to avoid the extinction of both animals in their habitat. Based on the field observations and information obtained from local officials, Bornean orangutans are often found in Merabu and Tewet, while proboscis monkeys are only found in Tewet. The breeding season of the animals is a limiting factor for tourist activities. During the mating season, animals become more susceptible, and thus the presence of humans can act as a disturbance for animals. The mating season for the Bornean orangutan occurs twice a year, in March and October. It is estimated that the reproduction season for proboscis will be January, June, August, and November [60].



Table 11 presents the carrying capacity results by considering the biophysics of the geosites. The results show that the area can accommodate 108 people/day in Bloyot cave, 65 people/day in Nyadeng lake, and 10 people/day in Tewet cave. Biophysical characteristics, such as rainfall, slope, and soil erodibility in Merabu and Tewet are similar; however, they have different landscape potentials and disturbances to animals.




3.4.3. Effective Carrying Capacity (ECC)


Effective carrying capacity (ECC) is the maximum number of visits ensuring the object remains sustainable in accordance with the capacity of existing managers [61]. The management capacity used is the approach to the number of available personnel [61,62].



Bloyot cave and Nyadeng lake already have specific tourist management tools. The manager is assisted or cooperates with the local community to provide services, such as guides and the rental of boats or ketinting—both for Bloyot cave and Nyadeng lake. For the Tewet cave, there is no management that specifically manages tourism in the area. To date, seven custodians have been tasked with taking care of cultural heritage sites in and around Tewet. Officers or guides may increase as visitors’ number increases. Hence, the number of employees fluctuates. On the three geosites, the guides were not permanent staff, but they were members of the local community that voluntarily acted as guides, hence there were no fixed number of permanent staff that were regularly on standby. Due to the fluctuating number of officers [61], the calculation of effective carrying capacity cannot be carried out.






4. Discussion


4.1. Risk Management for Hazard Reduction


Hazard risk reduction management for tourism in karst areas is carried out by evaluating each hazard risk contained in the area, and then making recommendations for management options that must be carried out (Table 12). This management step is a strategy to overcome the dangers contained in a tourist area. There are four risk reduction options that can be considered and adjusted to the severity, frequency of occurrence, and the level of risk of a type of hazard: accepting tolerable risk, avoiding risk, reducing risk, and transferring risk [32].



Shallow rivers, slippery terrain, floods, and tree roots are natural occurrences due to natural phenomena that cannot be avoided. At Nyadeng lake, the risk level of each potential hazard is low risk, with management options accepting risk, transferring risk, and avoiding risk. Without onsite management, there may be a moderate or high risk of drowning. To overcome this, management actions need to be taken by performing or applying temporary closures and strict rules in conditions that allow these events to occur. For example, by closing or prohibiting visitors from accessing tourist attractions at night and during the rainy season, especially in February and March, when the intensity of rain increases and floods often occur in Nyadeng lake, and in the dry season, when the Lesan river is silted up. Alternatively, access to this area may be accessible through hiking. To avoid the potential danger from tree roots, the manager can add safety ropes that visitors can use to help them when walking. The presence of gnats is unavoidable and often annoying to make visitors uncomfortable. Nevertheless, the risk is low, and this can be avoided by reminding visitors of the presence of insects such as gnats and urging them to wear long sleeves, long pants, and come along with insect repellent.



In Bloyot cave, the risk level for each potential hazard is low, with management options accepting risk, transferring risk, and avoiding risk. Similar to Tewet cave, the potential danger of slippery and steep terrain, the presence of tree roots, and fallen trees is a natural occurrence that cannot be avoided, so you must accept the risk. Installing or adding safety ropes on slippery and steep terrain needs to be carried out to make it easier for visitors to pass through the path. In addition to that, it is also important to ensure that every visitor who enters uses shoes that are suitable for the terrain to be traversed. The path to Bloyot cave is very narrow and is directly adjacent to a ravine. This condition has high severity, although the chances of occurrence are rare. Nevertheless, the potential for ravine hazards still needs to be watched out for and the management needs to provide ropes along the path bordering the ravine and apply SOPs for visitors who will visit the Bloyot cave tourist attraction.



In the Tewet cave, each potential hazard has a low to high risk. The potential for ravine hazards to occur very often with major consequences is high. Therefore, management has the option to reduce risk by taking action to install safety ropes and apply SOPs. A moderate level of risk can lead to slippery surfaces, steep terrains, and the presence of crocodiles. The management option for slippery and steep terrain is to avoid risk, as the chances of occurrence are often of rather high severity. One of the actions that can be taken by managers to avoid these risks is to add safety ropes at locations with slippery and steep terrain. The management option for the potential presence of crocodiles is to transfer the risk, and the action that can be taken is to provide warning signboards to visitors so that they can be more careful and alert.



Potential hazards of human activities can be controlled by informing visitors and setting up warning signs, applying strict and effective rules, especially for equipment for caving or climbing, and conducting regular monitoring on a daily basis. Establishing visitor restrictions may also help managers overcome the threat of danger that may present itself to visitors.



The highest risk level before control is 20 in the extreme category and can drop to 12 in the high category, and the lowest risk level before control is two in the low category and can drop to one, as shown in Table 13.




4.2. Importance of Tourism Carrying Capacity in the Sustainability of the Geosites


The three tourist attractions, namely Bloyot cave, Nyadeng lake, and Tewet cave, each have their own characteristics. Different characteristics will result in different carrying capacities. Therefore, it is necessary to determine wise management efforts by considering the condition of the tourist attraction, such as facing challenges or the level of uniqueness [29]. Karst areas and caves, in particular, have a fragile nature. The caves are known as natural laboratories that have significant value because they store climatic archives such as speleothems (calcite formations such as stalactites, stalagmites, etc.), sediments, fauna with special adaptations to cave life (ability to adapt to cave environments), and fossil remains [63]. The use of caves as a tourism attraction also has a negative impact that can damage the cave’s ecosystem. A major cause of damage to ecosystems is the massive visitation of humans. The caves are subject to rapid transfer of pollutants, in which the slightest pollution may alter their value and require costly and lengthy repairs. The human presence can affect several things, namely, to modify the microclimate of the cave, to disturb the biota of the cave, to compact the ground, and to disturb the hydrological flow. Therefore, the number of visitors needs to be balanced with conservation value to avoid excessive use of the cave in the short term [64,65].



Historical relics (relics in the form of cave paintings or rock art) can be found in Bloyot cave and Tewet cave. The images contained in the two caves are in the form of animal and human handprints. Pictures are scattered on the walls and roof of the caves. Local residents believe that the handprints are a relic of ancient humans. The local community also understands that the relics depict a history of how ancient humans used the forest for their daily needs. These paintings show the life and epoch of the people who lived in the caves. Animal paintings on cave walls show the types of animals that can and cannot be eaten. This is in line with the hunting activities of the surrounding community to meet their food needs.



However, it is known that the cave paintings have been damaged, one of which is due to human touch. The damage that occurred in the image is peeling and discoloration. The touch of a human can indeed change the cave ornaments, including those in the form of paintings. Tourists entering the cave indirectly become carbon carriers attached to their body parts, which then come in contact with the cave ornaments [66]. In the Gong cave, damage to the cave’s ornaments was caused by visitor contact. As a result of the visitor contact, either intentionally or involuntarily, the decorations of the cave became dark/black. Discoloration occurs because of the dirt that sticks to the palms that moves to the surface of the ornament [66]. The Paleolithic paintings of the UNESCO sites of Altamira (Spain) and Lascaux (France) also had to be closed due to the degradation of the painting caused by aerosolization of fine soil particles, including bacteria and fungal spores [63].



The number of visitors can also cause damage to the tourist area. The high number of tourist visits has become a problem in several tourist sites in Indonesia, one of which is Pindul cave, Gunung Kidul Regency in Yogyakarta. The number of tourists in Pindul cave exceeds the carrying capacity of the environment every weekend, and during holidays has a negative impact on these tourist destinations, namely the fragility of the cave walls and disruption of the growth of stalactites and stalagmites, and water pollution from tourism activities and waste [67,68]. Meanwhile, Gong cave also experienced the same thing. The intensity of tourist visits to the cave is quite high. Based on data on the number of tourists in 2016, more than 2800 people visited the cave within a day and as many as 710 people entered the cave simultaneously in just one hour. In addition, the maximum capacity limit is 20–50 people per exploration [65].



As mentioned earlier, it is very important to pay special attention to cave tourism objects. In addition to protecting the preservation of historical heritage, it is also important to protect the cave environment from damage and avoid harm to visitors. Management efforts that can be carried out are adjusted to the characteristics and uniqueness of the tourist attraction location. For example, the Tewet cave has characteristics that are more fragile and sensitive to disturbance and damage and has a higher potential danger to visitors. As a result, Tewet cave has a low carrying capacity of 10 people/day. Therefore, this cave can only be accessed by those who have a special interest in cave painting and rock climbing. In contrast, Bloyot cave, which has a larger cave space and easier access than the Tewet cave, has a higher carrying capacity of 108 people/day, and thus this cave can be visited by general visitors. It is important for managers to consider the ability of natural resources needed to be recovered after a disturbance in visitors’ activities. The number of visitors who are below the value of the ecological carrying capacity will be under pressure and provide more opportunities for nature to recover [29].



Sites of geocultural excellence, such as Sangkulirang-Mangkalihat Karst, are presently in increasing demand in Indonesia as nature-based tourist destinations related to geopark development. This offers the possibility of maximizing the conservation benefits of nature tourism. Cultural attractions are also a statistical highlight of Indonesian tourism [60]. Community engagement is often driven by local culture, which is the foundation of the values, attitudes, and ways of life that contribute to the preservation of the community’s heritage [69]. With this in mind, the conservation of the geological site should be centered on the conservation of the geoheritage, knowledge, and geotourism, which constitute the three objectives of a geopark: conservation, education, and geotourism [69] that highlights sustainability.





5. Conclusions


The potential hazards found along the way to the three tourist attractions in the karstic region of Sangkulirang-Mangkalihat consist of physical, biological, and human activities. The most hazardous physical and biological hazards are the ravines of the Tewet Cave. In the cave of Tewet–Karim, there is also a potential hazard with a moderate level of risk, namely the slippery and steep ground and the presence of crocodiles. Meanwhile, in two other locations, Nyadeng lake and Bloyot cave, the potential for danger is low.



Depending on the conditions and characteristics of the karst of Sangkulirang-Mangkalihat, the number of visitor limits to be received by each tourist attraction is obtained. The three attraction areas and their tourism carrying capacities are as follows: PCC Bloyot cave (4975 people/day), Nyadeng lake (3000 people/day), and Tewet cave (1653 people/day). The RCC of Bloyot cave is 108 people/day, Nyadeng lake is 65 people/day, and Tewet cave is 10 people/day, while the ECC cannot be calculated due to the fluctuating number of officers. This information will provide local risk management with the information required for the development of a strategic plan within the geopark.
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Figure 1. Distribution of geoparks in Indonesia. 
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Figure 2. Chimney-like feature of Sangkulirang-Mangkalihat karst. 






Figure 2. Chimney-like feature of Sangkulirang-Mangkalihat karst.



[image: Sustainability 14 01704 g002]







[image: Sustainability 14 01704 g003 550] 





Figure 3. Locations of the three geosites studied. 
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Figure 4. The risk evaluation matrix [34,35]. 
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Figure 5. Sangkulirang-Mangkalihat karst landscape. 
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Figure 6. Geosites that have been developed in the village of Merabu: (a) Rock art of hand print, and human at Bloyot cave; (b) Nyadeng lake. 
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Figure 7. Number of visitors to Nyadeng lake. 
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Figure 8. Tewet cave: (a) Hand printed images on cave roof and walls; (b) Scenery from the entrance of Tewet cave. 
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Figure 9. Number of visitors to Tewet cave. 
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Figure 10. Slippery trail in Nyadeng area. 






Figure 10. Slippery trail in Nyadeng area.



[image: Sustainability 14 01704 g010]







[image: Sustainability 14 01704 g011 550] 





Figure 11. Steep karst cliffs. 
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Figure 12. Example of tree roots found along the trail. 
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Figure 13. Potential hazard segments linked to human activities along the trail to Nyadeng lake. 
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Figure 14. Potential hazard segments linked to human activities along the trail to Bloyot cave. 
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Figure 15. Potential hazard segments from human activities on the trail to Tewet cave. 
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Table 1. Assessment of the likelihood of physical and biological hazards occurrence [34].
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	Likelihood
	Value
	Description





	Almost certain
	5
	Is expected to occur in most circumstances



	Likely
	4
	Will probably occur in most circumstances



	Possible
	3
	Might occur at some time



	Unlikely
	2
	Could occur at some time



	Rare
	1
	May occur in exceptional circumstances
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Table 2. Severity of potential physical and biological hazards [34].
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	Consequences
	Value
	Description





	Catastrophic
	10
	Disruption inevitably leads to death



	Major
	8
	Disruption sometimes leads to death



	Moderate
	4
	Disruption causes serious (permanent) injury



	Minor
	2
	Minimal disruption/cause minor injury



	Insignificant
	1
	No disruption










[image: Table] 





Table 3. Risk matrix analysis [34,35].
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Risk = Likelihood × Consequences

	
Likelihood




	
Rare

	
Unlikely

	
Possible

	
Likely

	
Almost Certain






	
Consequences

	
Catastrophic

	
10

High

	
20

Extreme

	
30

Extreme

	
40

Extreme

	
50

Extreme




	
Major

	
8

High

	
16

High

	
24

Extreme

	
32

Extreme

	
40

Extreme




	
Moderate

	
6

Moderate

	
12

Moderate

	
18

High

	
24

High

	
30

Extreme




	
Minor

	
4

Low

	
8

Low

	
12

Moderate

	
16

High

	
20

High




	
Insignificant

	
2

Low

	
4

Low

	
6

Low

	
8

Moderate

	
10

High
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Table 4. Human activity hazard level matrix.
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	No.
	Category of Risk
	Color Code
	Score Value





	1
	Extreme
	
	15–25



	2
	High
	
	8–12



	3
	Moderate
	
	4–6



	4
	Low
	
	1–3







Source: Wilks [36].
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Table 5. Human activity risk value matrix table [36].
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Likelihood of Happening

	
1

Rare

	
2

Unlikely

	
3

Possible

	
4

Likely

	
5

Almost Certain






	
Consequence

	
This will probably never happen/ recur

	
Do not expect it to happen/recur but it is possible it may do so

	
Might happen or recur occasionally

	
Will probably happen/recur, but it is not a persisting issue/ circumstances

	
Will undoubtedly happen/recur, possibly frequently




	
5 Catastrophic

	
Death

	
5

	
10

	
15

	
20

	
25




	
4 Major

	
Fracture, permanent disability

	
4

	
8

	
12

	
16

	
20




	
3 Moderate

	
Unconscious

	
3

	
6

	
9

	
12

	
15




	
2 Minor

	
Serious injury

	
2

	
4

	
6

	
8

	
10




	
1 Negligible

	
Mild injury

	
1

	
2

	
3

	
4

	
5




	
Risk score = Consequence × Likelihood
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Table 6. Sources and risk level of physical hazards in Nyadeng lake, Bloyot cave, and Tewet cave.
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Geosite

	
Sources of Physical Hazard

	
Likelihood Level

	
Consequence Level

	
Risk Level






	
Nyadeng lake

	
Shallow river

	
Rare

	
Minor

	
Low




	
Slippery path

	
Possible

	
Minor

	
Low




	
Lake

	
Likely

	
Major

	
Low




	

	
Flood

	
Unlikely

	
Minor

	
Low




	
Bloyot cave

	
Ravine

	
Rare

	
Major

	
Low




	
Slippery path

	
Possible

	
Minor

	
Low




	

	
Muddy ground

	
Possible

	
Not Severe

	
Low




	

	
Sinkhole

	
Rare

	
Major

	
Low




	

	
Rockfall

	
Rare

	
Major

	
Low




	
Tewet cave

	
Ravine

	
Almost certain

	
Severe

	
Extreme




	
Slippery path

	
Likely

	
A Bit Severe

	
Moderate




	
Sinkhole

	
Rare

	
Major

	
Low




	

	
Rockfall

	
Rare

	
Major

	
Low
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Table 7. Sources and risk level of biological risk in Nyadeng lake, Bloyot cave, and Tewet cave.
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Geosite

	
Sources of Biological Hazard

	
Likelihood Level

	
Severity Level

	
Risk Level






	
Nyadeng lake

	
Tree root

	
Possible

	
Minor

	
Low




	
Gnat

	
Possible

	
Minor

	
Low




	
Bloyot cave

	
Tree root

	
Unlikely

	
Minor

	
Low




	
Fallen tree

	
Unlikely

	
Insignificant

	
Low




	
Tewet cave

	
Tree root

	
Unlikely

	
Minor

	
Low




	
Crocodile

	
Unlikely

	
Major

	
Moderate
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Table 8. Level of risk associated with human activities in Nyadeng lake, Bloyot cave, and Tewet cave.
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Geosite

	
Human Activities

	
Segment

	
Potential Hazard

	
Risk Level






	
Nyadeng lake

	
Swimming in a state of physical weakness

	
I, III

	
Drowning/death

	
Moderate Score: 5




	
Not using adequate gears

	
I, II, III

	
Falls/minor injuries

	
Low Score: 3




	
Riding a boat/ketinting at night

	
I

	
Crash/bounce/drowning/death

	
Moderate Score: 5




	
Bloyot cave

	
No adequate footwear

	
I-XI

	
Stumbled/ minor injuries/ itching

	
Low Score: 3




	
Running downhill

	
VI

	
Falls/minor injuries/serious injuries

	
Low Score: 2




	
Not using caving equipment (head-lamp, helmet)

	
VII

	
Lost/fallen/slightly injured

	
Low Score: 3




	
No safety climbing equipment used

	
VIII

	
Falls/broken bones, handicaps/death

	
Extreme score: 20




	
Tewet cave

	
Not using safety climbing equipment

	
II, III

	
Falls/broken bones, handicaps/death

	
Extreme Score: 20




	
Running downhill

	
II, III, IV, V

	
Falls/broken bones, handicaps/death

	
Moderate Score: 5




	

	
Climbing up the cave during rains

	
II, III, IV, V

	
Falls/broken bones, handicaps

	
Moderate Score: 4




	

	
Swimming in the river

	
I

	
Drowning/attacked by crocodiles/death

	
Extreme Score: 15











[image: Table] 





Table 9. Physical carrying capacity of the three geosites in Sangkulirang-Mangkalihat karst.
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Geosite

	
Area Provided by Manager (A)

	
Area Required by Visitors (B)

	
Rotation Factor (Rf)

	
PCC




	
(m2)

	
(m2)

	
(Times)

	
(Person/Day)






	
Nyadeng lake

	
600

	
1

	
5

	
3.000




	
Bloyot cave

	
498

	
1

	
10

	
4.975




	
Tewet cave

	
137.76

	
1

	
12

	
1.653
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Table 10. Real carrying capacity of Bloyot cave, Nyadeng lake, and Tewet cave.
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Geosite

	
Correction Factor

	
RCC




	
Cf1

	
Cf2

	
Cf3

	
Cf4

	
Cf5

	






	
Merabu




	
Bloyot cave

	
0.98

	
0.60

	
0.20

	
0.22

	
0.83

	
108




	
Nyadeng lake

	
0.98

	
0.60

	
0.20

	
0.22

	
0.83

	
65




	
Tepian Langsat




	
Tewet cave

	
0.98

	
0.60

	
0.20

	
0.10

	
0.50

	
10
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Table 11. Merabu and Tewet landscape potential element scores.
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Landscape Elements

	
Average Score




	
Merabu

	
Tepian Langsat






	
Landform

	
5.0

	
5.0




	
Vegetation

	
4.3

	
5.0




	
Color

	
3.7

	
5.0




	
Scenery

	
3.7

	
3.7




	
Distinctiveness

	
3.7

	
5.0




	
Modification

	
0.7

	
0.7




	
Location Scoring Score (Mn)

	
21

	
24,3 ≈ 24




	
Maximum Scoring Score (Mt)

	
27

	
27




	
Cf4 (1-Mn/Mt)

	
0.22

	
0.10
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Table 12. Physical and biological hazards management recommendations for Nyadeng lake, Bloyot cave, and Tewet cave.
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No.

	
Location

	
Source/Potential Hazard (Physics and Biology)

	
Risk Level

	
Management Option

	
Management Action






	
1

	
Nyadeng lake

	
Shallow river/siltation

	
Low

	
Accept tolerable risk

	
Applying rules/ temporarily closing




	
2

	
Slippery terrain/tripping, falling

	
Low

	
Accept tolerable risk

	
Adding safety straps/equipment Implementing SOPs for using shoes




	
3

	
Lake/drown

	
Low

	
Transferring risk

	
Create a warning board/

Provide rescue workers/onsite life guard who are experts in swimming




	
4

	
Flood/drown

	
Low

	
Accept tolerable risk

	
Applying rules/ temporarily closing




	
5

	
Tree root /tripping

	
Low

	
Accept tolerable risk

	
Adding a safety rope




	
6

	
Gnat/spread disease

	
Low

	
Avoiding risk

	
Provide education/

Bring insect repellent




	
1

	
Bloyot cave

	
Ravine/falling

	
Low

	
Transferring risk

	
Adding a safety rope/ Implementing SOP




	
2

	
Slippery and steep terrain/falling, tripping

	
Low

	
Accept tolerable risk

	
Adding a safety rope




	
3

	
Mud/slide

	
Low

	
Avoiding risk

	
Provide education/ Implement SOP




	
4

	
Tree root /tripping

	
Low

	
Accept tolerable risk

	
Adding a safety rope




	
5

	
Fallen tree/injured

	
Low

	
Accept tolerable risk

	
Providing education to tourists




	
6

	

	
Sinkhole/ damage, could result in death

	
Low

	
Accept tolerable risk

	
Regular sinkhole hazard assessment




	
7

	

	
Cliff/rockfall

	
Low

	
Accept tolerable risk

	
Providing rockfall barrier with fixed or hinged connection




	
1

	
Tewet cave

	
Ravine/falling

	
Extreme

	
Accept tolerable risk

	
Adding a safety rope/ Implementing SOP




	
2

	
Slippery and Steep Terrain/tripping, falling

	
Moderate

	
Avoiding risk

	
Adding a safety rope




	
3

	
Tree root /tripping

	
Low

	
Accept tolerable risk

	
Adding a safety rope




	
4

	
Crocodile/attack

	
Moderate

	
Transferring risk

	
Make a warning board

Daily monitoring




	
6

	

	
Sinkhole/damage, could result in death

	
Low

	
Accept tolerable risk

	
Regular sinkhole hazard assessment




	
7

	

	
Cliff/ rockfall

	
Low

	
Accept tolerable risk

	
Providing rockfall barrier with fixed or hinged connection
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Table 13. Recommendations for human activities hazard management in Nyadeng lake, Bloyot cave, and Tewet cave.
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	No.
	Location
	Human Activities
	Risk Level
	Control
	Risk after Control





	1
	Nyadeng lake
	Swimming in a state of physical weakness
	Moderate Score: 5
	Provide education with warnings and warning boards
	Low Score: 3



	2
	
	Not using adequate gears
	Low Score: 3
	Applying rules and checking SOP
	LowScore: 2



	3
	
	Riding a boat/ ketinting at night
	Moderate Score: 5
	Provide education with warnings and warning boards
	LowScore: 3



	1
	Bloyot cave
	Not using adequate footwear
	Low Score: 3
	Applying rules and checking SOP
	Low Score: 2



	2
	
	Running downhill
	Low Score: 2
	Provide education with warnings and warning boards
	Low Score: 1



	3
	
	No caving equipment used (head-lamp, helmet)
	Low Score: 3
	Applying rules and checking SOP
	Low Score: 2



	4
	
	No safety climbing equipment used
	Extreme Score: 20
	Applying rules and checking SOP
	High Score: 12



	1
	Tewet Cave
	No safety climbing equipment used
	Extreme Score: 20
	Applying rules and checking SOP
	High Score: 12



	2
	
	Running downhill to camp
	Moderate Score: 5
	Provide education with warnings and warning boards
	Moderate Score: 4



	3
	
	Climb up to the cave when it rains
	Moderate Score: 4
	Provide education with warnings and warning boards
	Low Score: 3



	4
	
	Swimming in the river
	Extreme Score: 15
	Provide education with warnings and warning boards
	Moderate Score: 6
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