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Abstract

Human activity has negative impacts; methods and techniques have been developed to achieve harmony in the ecosystem. One method in tonrism
is the Limits of Acceptable Change (LAC). The objective was to determine the acceptable limits of change in the Huagapo cave using a
quantitative-qualitative approach through literature review, interviews, surveys, and the application of this methodology. 1t was found that one
1 (parking area) has the presence of invasive vegetation. Zones 3, 4, and 5 have a high degree of impact on endemic vegetation. Zone 6, a
primitive trail, has a medinm impact on the trail width, with invasive vegetation (eucalyptus, cypress) and invasive animals (dogs, pigs) threatening
endemic flora and fauna (quinumal, amphibians), affecting biodiversity and ecological balance. 1t is concluded that zones 1, 3, 4, and 6, with
high and medinm impact, require efforts in preventing deterioration and maintaining the balance of the tourist attraction.

Keywords: Ecoturismo, Turismo Sostenible, Sostenibilidad, Ecologia, Ambiente.

INTRODUCTION

Tourism is one of the economic activities that generates the most income for the balance of payments in many
countries (Laurente & Machaca, 2020; Picazo-Cérdoba etal,, 2021) and acts as a springboard for the
development of other sectors, including construction, agriculture, food industries, biopharmaceuticals, foreign
trade, transportation, and communications (Hosteltur, 2020). Currently, the tourism industry is experiencing
one of its worst crises due to the spread of COVID-19 (Y. Yang etal, 2020), various countries have
implemented policies to ensure the survival of companies and to encourage tourists to visit destinations for the
proper reactivation of Tourism (Enseflat-Soberanis et al., 2020; Félix & Reinoso, 2020).

In recent years, tourist behavior has shifted towards connecting with natural spaces (Perruolo & Camargo,
2017; H. Yang, 2017), Ecotourism activities are part of sustainable practices that generate income and
environmental education for both residents and visitors to maintain resources (Perruolo & Camargo, 2017; Yi
et al., 2022). Sustainable tourism refers to the current and future care of social, economic, and environmental
aspects (Blancas et al., 2010), it is crucial to establish limits to extend the lifespan of resources for future
generations (Huaroc-Ponce et al., 2021; Segrado et al., 2017; Simancas, 2000).

For ecotourism activities to be significant, planning in natural spaces is necessary. Various methodologies exist
to mitigate damage to the tourist resource (Lépez & Lopez, 2008; Varisto et al., 2009) such as Tourism Carrying
Capacity (TCC), Visitor Impact Management (VIM), Limits of Acceptable Change (LAC), and Visitor Activity
Management Program (VAMP). It is essential that these methodologies are studied and valued so that the
sustainably managed resource can endure for many years (Gutiérrez, 2013; Gutiérrez-Fernandez et al., 2021).

All human activities have negative impacts on nature(Cornejo et al., 2019; Soria-Diaz et al., 2022), as a response,
concepts such as sustainability were established, which are evident in tools like Tourism Carrying Capacity
(TCC) and Limits of Acceptable Change (LAC). These tools help set limits to ensure that the tourist resource
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does not degrade over the years (Mufioz & Cardenas, 2019).
Theoretical Framework
Theory of Sustainability

Between the 1960s and 1970s, awareness of the environment began to grow, and all human activities were
analyzed with the characteristic of rationality (Arévalo, 2020; Duque & Motere-Molinero, 2019), in 1972, "The
Limits to Growth" was published, a scientific document commissioned by the Club of Rome. This document
concluded that if pollution, population growth, resource depletion, and industrialization continue, our planet
will reach its limits within the next 100 years (Meadows, 1972).

In 1987, the United Nations (UN) Environment Commission presented global economic development in
relation to environmental sustainability (Castilla, 2009; Jaimes C. et al., 2017), marking the beginning of various
congresses such as Agenda 21 in Brazil, which emphasized the preservation of natural resources (United
Nations, 1992; Vazquez, 2009), starting in 1996, the Habitat conferences were established, with the third
conference taking place in Ecuador in 2016. These conferences urged cities to become places of hope, health,
happiness, and dignity, where economic and environmental development go hand in hand (Casas et al., 2018;
Toriz G et al., 2018). Subsequent tourism conferences related to sustainability include: the Sustainable Tourism
Charter in Lanzarote (United Nations et al., 1995), the renowned green economy with the conference "The
Future We Want" (United Nations, 2012) and the three UN Sustainable Development Goals related to toutrism
activities (Global SustainableTourism Council (GSTC) & Responsible Tourism Institute (RTT), 2015).

The LAC Methodology

How much change is acceptable to enjoy a landscape in harmony is what the Limits of Acceptable Change
(LAC) proposes, it provides suggestions when there are substantial changes in the natural environment (Stankey
et al., 1985) and ensures the sustainable balance of the location and the social needs of both visitors and the
surrounding population (Yusoh et al., 2020). In fact, this process was designed to demonstrate the failure of
the "carrying capacity” approach in visitor management applications (Yusoh et al., 2020). The LAC concept is
widely used in fields such as nature studies (Roggenbuck et al., 1993), tourism design and development (Ahn
et al,, 2002), environmental impact assessment of activities in the Great Barrier Reef Marine Park (Wachenfeld
et al.,, 1997) and monitoring changes in the biology of non-latent organism populations (Marsh, 1995).

LAC In Tourism

The LAC methodology that will be used in this research provides a pathway to protect tourist resources,
considering that everyone can enjoy nature with an excellent tourist experience while also doing so sustainably.
It analyzes that visitor behavior is the main threat when visiting natural areas (Mufioz & Cardenas, 2019).

The LAC methodology helps determine the rates or limits for the use, exploitation, and sustainable use of
natural elements in a destination through public use planning actions (Natural Commision of Protected Natural
Areas, 2018).

METHODOLOGY

Limits of Acceptable Change (LAC) Methodology

This methodology has 9 steps for implementation (Stankey et al., 1985).
Step 1 — Identify Problems and Concerns

The first step is essential as it seeks to manage public issues and the individual characteristics of the place of
interest. It involves analyzing opportunities and problems that deserve attention. Managers and the local
population describe the areas that need attention, poor management, and ways to solve these issues. Visitors
also participate by providing their opinions about the place.

Step 2 — Define and Delimit Areas of Opportunity

Each tourist attraction has different zones with various characteristics. The delimitation of these areas for timely
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and correct management is known as opportunity classes. Additionally, there is the Recreation Opportunity
Spectrum, which takes into account the following: access, use of non-recreational resources, facility
management, social interaction, visitor impact acceptability, and acceptable conditions.

Step 3 — Select Indicators for Natural Resources and Social Conditions

Indicators provide quantitative information related to the concerns of stakeholders in each opportunity class
and the changes for recreational use. These procedures serve as a basis for the next step.

Step 4 — Inventory Existing Natural Resources and Social Conditions

An inventory and measurement of indicators are conducted, identifying their unit of analysis and obtaining
more information to understand the actions needed and where to implement them.

Step 5 — Establish Standards for Indicators of Natural Resources and Social Components
According to Each Opportunity Class

This step seeks to establish conditions for each indicator, ensuring they are acceptable and appropriate. This
process uses the LAC (as the limit condition for each opportunity class), comparing existing conditions with
what is deemed acceptable.

Step 6 — Definitively Identify Alternative Opportunity Class Designations

Using the problems and concerns identified in Step 1 and the inventory of conditions, opportunities are
identified in each sector from Step 4. This results in decisions about the achievable conditions for the tourist
attraction.

Step 7 — Identify Management Measures for the Opportunity Class

Specific identification of areas with problems and actions to solve them, achieved by combining Steps 4 and 5.
Step 8 — Evaluate the Best Alternative Opportunity Class

Select the best option by analyzing benefits, actions, and costs.

Step 9 — Monitor Conditions

This is the final step of the methodology and involves implementing the opportunity class. Monitoring is
essential to ensure compliance with the proposed conservation measures.

RESULTS AND DISCUSSION
Step I: Identify Problems and Concerns in the Area

The key stakeholders of the Huagapo Cave tourist attraction can be considered to fall into four main groups:
the cave's management committee (ticket office), tourists who visit the cave, tour guides and coordinators, and
the nearby population that benefits directly and indirectly from tourism. Information is gathered regarding the
concerns of these stakeholders.

Table 1Key actors and problems, concerns detected

Participant Problem and concern identified
Key Actor
number
® The pandemic caused the closure of visits to the cave, preventing the entry of visitors..
® Before the pandemic, there were peaks in visits during the high season, which somehow
caused annoyance to visitors due to overcrowding.
e Currently, visits from local and national tourists are slowly increasing, especially on
The management - © ’
. 3 weekends when visits to the cave are more frequent.
committee oo . ; .
e There is invasive vegetation (pine, broom, eucalyptus, and barbasco) threatening the
native vegetation.
® The sutrounding population providing complementaty services to tourists does not offer
the required quality of service.
Tourists 12 ® There is limited complementary information about the cave.
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® There are no complementary activities to the visit.
® The provision of complementary services is rudimentary.

e Travel agencies and visitors often do not wish to hire the service offered for their

. . satisfaction
Tourist guides and . . . S
5 ® The payment for the service provided to travel agencies and tourists is inadequate.
counselors ; i o ; 3
® There is no formally established association to protect the rights of local guides and tour
coordinators.

. e The complementary services are sold out only during the peak high season.

Nearby population 5 P 1y ’ gthep S

® There is unfair price competition among the providers around the attraction.

Step II: Define and Describe Opportunity Classes

Considering that the external and internal spaces, as well as the path leading to the cave, are not homogeneous
and have sections with different characteristics, it facilitates a more straightforward and realistic evaluation of
the cave. This involves assessing each external and internal space and path to determine the current state and
the opportunity class.

Zone1,2,3,5

Current State: The delimitation of each zone is inadequate, especially for those that are adjacent (recreation,
rest areas, park), presenting some difficulty in transitioning between zones. There are also some modern impacts
in zones 1, 3, and 5 (infrastructure).

Opportunity Class: The zones can be better signposted, and the infrastructure can be improved to minimize
impacts (degradation) on the cave.

Zone 4, 6

Current State: The external path to the cave is not precisely marked in the first section. The access in this
section, as well as inside the cave, is compacted due to the number of visitors (foot traffic). The internal and
external rest stations are not regularly maintained, leading to negative impacts (landscape distortion). During
peak high seasons, the transit in the internal path of the cave is complicated due to its dimensions in some
sections and the number of people entering.

Opportunity Class: In both the internal and external sections, which can be considered semi-primitive,
infrastructure works should be adapted to minimize landscape deterioration. This aims to improve visitor
satisfaction, enforce regulations and norms, and thus control the negative impacts on the tourist resource.
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Figure 1.Huagapo Cave Areas
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Note. (Huaroc et al., 2021)
Step III: Selection of Indicators for Natural Resources and Social Conditions

In this step, the concerns of the stakeholders in the cave and the opportunities were considered. This allows
for the identification of the variables mentioned in Step IV, which help in identifying actions for their
management..

Table 2Factors and Indicators of the Huagapo Cave

Factor Indicator

Indicator construction

Tourist perceptions Tourist dissatisfaction

Visitor dissatisfaction = the number of people who are not satisfied
with the service provided and the condition of the terrain / Total

number of people surveyed * 100

Social

Trail conditions Average trail width Average trail width = (of the widths of the trails in meters) / (total

data collected from trail widths)

Percentage of trails walking trails = (length of alternative trails in the section) / (total

length of the section)*100

Threatened and
endangered plant species

Percentage of quinuals affected
by toutist activity

% affectation of quinuals = (#affected quinuals) /
(#total quinuals)*100

Resources

Plant species that represent
danger

Percentage of presence of
pine, eucalyptus, broom and
barbasco

% presence of pine = (#of individuals found) / (0.2* total length of
the section)

Step IV: Inventory of existing natural resources and social conditions
Table 3The existing resources and social conditions for the 6 zones in the Huagapo Cave

The inventory of natural resources and social conditions were worked on the field.

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6
Tourist dissatisfaction 22% 12% 27% 15% 24% 10%
Dissatisfaction with average trail width - - - 17% - 9%
Percentage of Quinuales affected by tourism 19% 5% 12% 29% 9% -
Percentage of presence of invasive plant
species  (pine, broom, eucalyptus and 28% 4% 22% 37% 11% -
mullein)

Step V: Standards for Indicators of Natural Resources and Social Components According to
Each Opportunity Class.

The study aims to establish acceptable conditions for the indicators, considering their impact, importance, and
opportunity class for each zone. The results show a 72% satisfaction rate in both internal and external sectors,
with 28% of tourists dissatisfied with the quality of service and the conditions offered in these sectors.

The average width of the internal and external paths, the minimum and maximum range, depends on the
segments of the route, visitation conditions, seasonality, and the load on the tourist attraction, excluding
alternate paths.

An endangered species is the quinual or quefioal, an ancient tree in high Andean forests. This species plays a
crucial role in water regulation, soil protection, and carbon capture. Invasive plant species include pines,
cucalyptus, broom, and barbasco, which alter the ecosystem of the tourist attraction. The presence of visitors
at the attraction does not pose a significant threat to endemic species.

Table 4Evaluation scale for each indicator of the 6 zones in the Huagapo Cave

Opportunity
class

Factor Indicator Rule

Risk scale

Toutist perceptions Visitor dissatisfaction

Low = 0% - 10
Medium = 11% - 40%

High = 41 en adelante

There cannot be a dissatisfaction greater
than 50%

Area conditions Average trail width Optimal width between 50cm and
150cm
150cm a 200cm

High = greater than 200cm

Semi-primitive /
Semimodern

Low = 50 cm to 150 cm Medium =
les than 50 cm or greater than

Low =0%

Threatened and endangered | Percentage of quinuals affected | The percentage of affectation of the
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plant species by tourist activity quinuals must be 0% Medium= 0.1% - 50%
High = greater than 50%

Plant species that represent | Percentage of presence of pine, | The presence of invasive species in the | Low = 0%
danger barbasco, eucalyptus and broom | attraction must be 0% Medium =5% - 15%
High= greater than 15%

Step VI: Identification of Opportunity Class Alternatives, Concerns, Social Conditions, and
Existing Resources

To assess the risks, it was necessaty to evaluate the opportunities, stakeholders' concerns, social conditions, and
existing flora. This was done using four-level ranges with a color and score for visualization and identification
of intervention priorities based on the indicators' scores.

Table 5 Tabla 6
Range for risk assessment Range to identify priorities
Color Intervention priority Intervention Scale Range Col Scale
Low 4-6 oot Risky Rank
Medium 7-8 1
High =9 2
3

According to the established range and proceeding with the evaluation of the four indicators for the six defined
zones in the Huagapo Cave, the following results are shown.

Table 7.Conditions of the Evaluated Indicators for Each Section and Score on the Intervention Scale

Zone % of Affected Average Width of the Presence of Invasive Visitor Satisfaction Total
Quinual Trees Vegetation
2

According to the ranges observed in Table 7, the priority for intervention in each of the zones of the Huagapo
Cave can be identified:

Zone 1: High level of intervention priority due to the presence of invasive vegetation.

Zone 2: Medium level of intervention priority due to the average width of the path and the presence of
invasive vegetation.

Zones 3, 4, and 5: High level of intervention priotity due to affected quinual trees, with Zone 5 also having
a high priority for the width of the path and Zones 3 and 4 having a medium priority for the width of the
path.

Zone 6: Medium level of intervention priority due to the width of the path.
Step VII: Identification of Measures for Opportunity Management

During visits to the “Huagapo Cave” tourist site, insufficient infrastructure and service were observed,
especially during peak seasons, along with some negative impacts on the ecosystem that could degrade the area.
Therefore, it is necessary to implement measures to reduce certain alterations or modifications to the current
situation, considering four categories for this step:

Preventive Measures: To avoid the negative effects of visits and the use of spaces.
Mitigation Measures: To reduce the negative effects of certain uses of the attraction zones.
Corrective Measures: To repair what has been affected in the area.

Compensation Measures: To compensate the area for the negative actions that affect it.
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For certain measures and opportunities, it was considered to implement them in each previously mentioned
section. In the case of preventive and compensation categories, these measures are general for the entire site
and are as follows:

Preventive Management Measures:

Education Plans for Sustainable Development: These will contribute to the knowledge of the social
environment and its conservation.

Awareness Talks: Focused on ecological importance, social aspects, preservation, signage, waste
management, and the removal of invasive species.

Cifuentes Methodology (1999): Suggests considering the maximum number of visits to a tourist site to
avoid environmental degradation.

Control of Endemic and Non-Endemic Species: Non-endemic species may appear for vatious reasons
and need to be controlled through monitoring, as they could affect the endemic species of the area.

Provision of Services: Services should be adequately managed through a control post with the necessaty
amenities, including meeting areas, health areas, recreational areas, and dining spaces to satisfy visitors.

Guides: Should be trained and fully knowledgeable about their service, including control, accompaniment,
and monitoring, to prevent aggression and littering in the area.

Compensation Measures:

Implementation of Conservation Plans for Endemic and Migratory Species: A control or
monitoring system for local and migratory species should be considered, including a census and characterization
for conservation purposes. Additionally, the funding sources and feasibility of the procedure should be
analyzed.

Mitigation Measures

Signage: Signs should be well-identified and placed in visible areas to prevent people from getting lost or
engaging in unauthorized activities in designated spaces. They should indicate paths and the boundaries of each
section approximately every 100 meters.

Visibility and Clarity of Signs: Signs should be visible and clear from a distance.

Path Width: Paths should be standardized to prevent the creation of new routes that could compromise planned
conservation efforts.

Path and Space Delimitation: To control and manage spaces, especially during peak seasons, all sectors
should be clearly marked with signs, posts, ropes, or fences to prevent visitors from impacting the area's flora
and fauna.

Corrective Measures

Concrete Benches: These ate used for visitors to rest during the tour, especially in zones 4 and 5. However,
they detract from the natural appearance of the area and should be made from local materials to avoid altering
the surroundings.

Natural Shade: The areas where visitors stay should have natural shade (local trees) to prevent visitors from
becoming overheated during their visit and to avoid cutting down trees, especially endemic ones.

Steps: In some patts of the tour, particulatly in zone 4, steps should be implemented for both ascent and
descent to prevent accidents due to the excessive slope of the path.

These proposals can increase the tourist carrying capacity of the resource, leading to higher income for the local
population, as well as enhancing service provision and visitor satisfaction.
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Table 7. Proposed Management Measures for each section

Types of Measures Management Measure Z1 72 73 74 75 76
Education Plans for Sustainable Development X X X X X X
Awareness Talks X X X X X X
Preventive Measures Carrying Capacity X - X X X X
Control of Endemic and Non-Endemic Species X - X X X X
Provision of Services X X X X X X
Guides X - X X X X
Compensation Implementation of Conservation Plans for X - X X X X
Endangered Endemic and Migratory Species
Signage X X X X X X
Mitigation Path Width - - - 1.50% - 0.50%
Space and path delimitation X X X X X X
Corttection Rest Benches X - X X X -
Natural Shade X - X X X -
Steps - - - X - X

Step VIII: Evaluation of the Best Opportunity Class Alternative

The proposed alternatives for improving the environment in the Huagapo Cave are the most suitable so far,
given the particularity of the area and its resources. Therefore, this part is not developed as it is a medium-term
task that will need to be catried out by the stakeholders.

Step IX: Monitoring Conditions

The proposed methodology requires a series of actions, particularly monitoring and evaluating the execution
of the implemented actions. It is important to note that the research work only proposes the indicators, as their
implementation for evaluation has not yet been carried out.

Subsequently, the data obtained from monitoring can help evaluate the proposed actions. If this process
determines that conditions have improved, these actions should be maintained. Conversely, if conditions have
deteriorated, they should be evaluated and revised with new actions.

DISCUSSION

The use of the Limits of Acceptable Change (LAC) methodology and the involvement of stakeholders in the
Huagapo Cave helped identify their concerns through teamwork.

According to the evaluated areas, zones 3, 4, and 5 are more affected concerning the quinual trees (Polylepis
racemosa), and zone 6 regarding the average width of the path. Additionally, zones 1, 3, 4, and 5 are affected
by the presence of invasive vegetation. These factors must be considered as they are indicators for the Limits
of Acceptable Change (LAC) in the Huagapo Cave. Corrective measures should be taken to avoid modifying
or disturbing the ecosystem of this tourist resource..

As mentioned by (Gémez et al., 2010) , the previous results obtained with the tourism carrying capacity
methodology proposed by Miguel Cifuentes facilitate easier management and quicker application of the Limits
of Acceptable Change (LAC), considering the demand of visitors to the site or tourist attraction. The author
also notes that the LAC methodology focuses on addressing the concerns of stakeholders involved in the
tourism activity to ensure better visitor satisfaction, proper host service, and minimal resource deterioration
without damaging the ecosystem of the area.

CONCLUSIONS

The study of the limit of acceptable change (LAC) in ecosystems is crucial for the sustainable management of
tourism, evaluating its impact on ecological balance. Invasive vegetation can significantly alter ecosystems by
competing with native species for resources. In this study, three species of invasive plants were identified:
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eucalyptus (BEucalyptus globulus), cypress (Cupressus sempervirens), and barbasco (Lonchocarpus urucu).
These species have demonstrated a remarkable ability to adapt and proliferate, displacing native flora (Lone
et al,, 2019). In contrast, endemic vegetation, such as quinumal (Okisuar), plays a fundamental role in preserving
local ecosystems. Quinumal is essential for maintaining soil structure and providing habitat for vatious fauna
species. The conservation of these endemic plants is vital to protect regional biodiversity (Werneck, 2011).
Invasive domestic animals, such as dogs (Canis lupus familiaris) and pigs (Sus scrofa domesticus), pose a
significant threat to native fauna. These animals can prey on or compete with local species, altering food chains
and negatively impacting endemic animal populations (Glen & Dickman, 2005). Endemic animals, especially
amphibians like frogs and toads, have faced an alarming decline in their populations, reaching the point of local
extinction in some cases. The loss of these amphibians not only represents a loss of biodiversity but also
disrupts insect control and other ecological functions these animals perform (Stahl, 2013).

Zone 1 (parking) has a high level of impact concerning invasive vegetation and a medium level of impact
concerning the average width of the path and the depredation of the quinual, a typical shrub. Zone 2 (restrooms)
has a medium level of impact concerning the average width of the path and the presence of invasive vegetation.
Zone 3 (recreation) has a high level of impact concerning the typical shrub and a medium impact on the
indicators of the average width of the path and the presence of invasive vegetation. Zone 4 (external path) has
a high level of impact concerning the disappearance of typical vegetation and a medium impact concerning the
average width of the path. Zone 5 (rest area) has a high level of impact concerning the depredation of native
vegetation and the average width of the path. Zone 6 (internal path) shows a medium impact concerning the
average width of the path.

Finally, implementing measures for the proper management and handling of the Limits of Acceptable Change
(LAC) significantly aids in the comprehensive management of the resource or tourist attraction or the area of
tourism development. This, in large part, helps or allows an increase in carrying capacity and enhances the
visitors' experience. It also helps identify the ateas that require more attention and management from

stakeholders, thus avoiding the deterioration of the tourist attraction, in this case, the Huagapo Cave.
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