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Abstract: Trails are important recreation settings; determining an appropriate trail usage amount to
avoid unacceptable ecological impacts is important for protected areas. However, there is a lack of
studies examining trail usage’s direct and indirect relationships and the influence of landscape-level
conditions to evaluate ecological carrying capacity. This study integrated a path analysis model
and stakeholder assessment to estimate the ecological carrying capacity of trails in a protected area.
This study surveyed the biophysical environment along the trails and conducted a path analysis to
establish the use–impact model for the trails in the study area. Based on the use–impact model, this
study developed four-level usage scenarios and collected the stakeholders’ acceptance evaluation
to determine the ecological carrying capacity range. The results showed that the weekly usage of
the trails directly affected the soil hardness and plant coverage of the trail. The trail’s soil hardness
directly affected the surrounding soil hardness, decreasing its plant coverage, while the vegetation
type and slope also affected its plant cover. The stakeholders of the Mt. Xiaoguanyin Area reached
a consensus on the ecological carrying capacity range, which was 288 to 404 total weekly hikers.
The study results revealed the effect paths of the landscape-level conditions and usage impacts and
provided managers with an implementable ecological carrying capacity. The estimation framework
could be a reference for determining ecological carrying capacity in other protected areas.

Keywords: limits of acceptable change; ecological impact model; stakeholder evaluation; recreation

1. Introduction

As nature-based outdoor participation continues to grow [1], nature-based outdoor
destinations face over-tourism issues. Recreation and tourism activities inevitably cause
more or less sustainable environmental issues, especially in protected areas with recreation
supplies. After the outbreak of the COVID-19 epidemic in 2020, a rapid and significant
increase in outdoor recreation participation [2] led nature-based outdoor destinations to
face intensified management pressures.

The management of nature-based outdoor destinations aims to conserve natural re-
sources and provide high-quality outdoor recreation. In order to achieve a balance between
conservation and use, managers need to have a comprehensive understanding of the state
of natural resources and recreational use and predict the impacts of recreational use on
the natural environment to form better management strategies [3,4]. Recreation carrying
capacity is a common strategy that sets an appropriate amount for recreational usage to
avoid unacceptable impacts [5–7]. Among the estimation perspectives, social carrying
capacity is the most commonly used perspective (e.g., [8–12]), which evaluates the recre-
ation carrying capacity based on how recreational usage affects the visitor experience (e.g.,
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crowding experience, number of encounters, and satisfaction). From a social perspective,
however, the status of the natural environment affected is not revealed. Ecological carrying
capacity emphasizes the impact of recreational usage on the natural environment (e.g.,
animals, plants, soil, water, and air quality) [13]. Therefore, assessing recreation carry-
ing capacity from an ecological perspective is more appropriate for protected areas with
recreation supplies.

In terms of ecological carrying capacity estimation, several studies have used the
method developed by Cifuentes [14], which estimates the maximum number of visits based
on the physical environment, biological information, and management conditions of the
site (e.g., [7,15–18]). The method is a load shedding that sets reducing coefficients for
the environment to reduce the space available for recreation. Without being examined
through actual use and its impact, the relationship might vary by site. More studies may
be needed to set appropriate reducing coefficients. In addition, the method’s overlapping
factors might deviate and give unrealistic results [19]. As Bednar-Friedl et al. [20] pointed
out, an evidence-based approach to modeling the interactions between usage and the
biophysical environment allows for deriving optimal usage levels consistent with a given
area’s specific characteristics. Therefore, this study aims to establish a use–impact model
through empirical research and use the model to simulate the subsequent outcomes of
usage impacts on the study sites.

Trails are paths that direct people to engage in recreational activities in the natural
environment and an important recreational activity setting, e.g., hiking. Increasing nature-
based outdoor recreation participation has led trails to unplanned expansion and increased
environmental pressure along trails. Research on the relationship between trail usage
and the natural environment often focuses on the effects of trampling intensity on soil
and vegetation [21]. Treading damages the plant structure and affects plants’ survival
rate and coverage [22–24]; it may also lead to changes in the soil’s chemical composition,
biota, and density, indirectly affecting plant root growth and triggering regional vegetation
composition changes [25–27]. Therefore, trail usage causes not only direct impacts on the
natural environment but also indirect impacts on ecological processes.

Moreover, ecosystems vary in resistance and resilience to disturbance [28,29]. For
instance, gramineous plants are more resistant [30–32], while ferns in the forest understory
are less resistant but more resilient [33]. In addition, higher-level environmental charac-
teristics show control over lower-level conditions; land cover change and slope affect the
bulk density of the soil [34], and steep slopes have a higher risk of erosion [35]. Therefore,
trail usage may directly or indirectly cause damage to the natural environment, while the
landscape-level conditions would influence these relationships. In the study by Sahani and
Ghosh [36], they simultaneously examined the influences of environmental (landscape-
level conditions) and trail-impact-related factors to predict and map trail susceptibility. The
results showed that the trail susceptibility model established using logistic regression was
the best. Integrating landscape-level conditions and impact-related factors into a model
was reasonable; however, examining the direct and indirect relationships and the influence
of landscape-level conditions might provide more insights.

Path analysis or structural equation modeling is a statistical technique that can be used
to investigate the relationships and interrelationships between a set of measured variables
in a conceptual model [37]. The method has also been used to investigate the effects of
environmental changes on ecosystem processes. Paudel et al. [38] used structural equation
modeling to indicate that estuarine flow directly affected nutrient concentrations and
indirectly caused changes in phytoplankton. Using structural equation modeling, Mora [39]
explored the effects of spatial integrity, naturalness, self-organization, and stability on
ecological integrity. Kaveh et al. [40] used structural equation modeling to predict above-
ground biomass and showed that climatic factors directly affect soil composition and then
indirectly affect above-ground biomass.

Regarding the interactions between environmental factors at different scales, Grace
and Keeley [41] investigated the relationships between landscape-level conditions and
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local-level factors to species richness of postfire plant diversity using structural equation
modeling. They found that the local-level factors (heterogeneity, local abiotic conditions,
fire severity, and plant cover) strongly influenced the postfire plant richness, and local-level
factors could be predicted by the landscape-level conditions (landscape position and stand
age). Similar direct and indirect causal relationships between variables could also be found
in the studies concerning anthropogenic disturbance in the natural environment. Laigle
et al. [42] established the causal model of forest harvesting on the composition of vegetation
and soil fauna and their potential effects on leaf litter decomposition in forest ecosystems.
From a broader scale, Yang et al. [43] established the direct and indirect influence paths of
the fundamental natural environment (soil type and topography), human activity (land
use, population density, road impact, and night lights), and NDVI to climate change. Thus,
establishing the paths of the direct and indirect relationships and the influence of landscape-
level conditions will reveal more insights and provide more information for determining
and implementing ecological carrying capacity.

To determine recreation carrying capacity, Shelby and Heberlein [6] developed a frame-
work with descriptive and evaluative components. The descriptive component describes
the recreational use and impact relationships specific to the area. The evaluative component
is a value judgment that depends on management objectives and social judgments of the
level of impact to derive evaluative standards. For instance, Manning et al. [44] and Szuster
et al. [45] assessed recreation carrying capacity through a descriptive component of actual
use of the site and an evaluative component of tourist perceptions of the photographs. In
the limits of acceptable change (LAC) planning systems, consensus among the affected
groups about proposed actions is important for implementing protected area manage-
ment strategies [5,46]. Empirical studies commonly adopted the framework to determine
recreation carrying capacity, either from a social perspective (e.g., [47,48]) or an ecological
perspective (e.g., [49]). However, there is a lack of studies examining the direct and indirect
relationships and the influence of landscape-level conditions while evaluating ecological
recreational carrying capacity.

Therefore, this study adopted path analysis to establish a use–impact model for the
trails in the study area. Further, we integrated the stakeholders’ evaluation to determine
the ecological carrying capacity of the trails. The case study is an ecological protected area
within Yangmingshan National Park (YNP) in Taiwan.

2. Method

This study surveyed the biophysical environment along the trails and conducted a
path analysis to establish the use–impact model. Based on the use–impact model, this study
developed four-level usage scenarios and collected the stakeholders’ acceptance evalua-
tion to determine the ecological carrying capacity range. The study procedure is shown
in Figure 1.
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2.1. Study Area

The study area was the Mt. Xiaoguanyin Area, one of the ecological protected areas of
YNP. The primary protected resources are Taiwan’s giant volcanic crater, the headwater
of Datun Stream, biodiversity, and historic trails. The area has a hiking trail network
consisting of historic trails, Pseudosasa usawai shoots harvesting trails, and ridge trails.
Hiking is the only recreational activity allowed in the area. Three hiking routes were
available for application, including the Y-shaped route (Figure 2a), the Small-O-shaped
route (Figure 2b), and the Large-O-shaped route (Figure 2c). The vegetation type of the
area was the Machilus thunbergii type at low altitudes and the Pseudosasa usawai type at
high altitudes. The trail slope was flat on the ridges (R-section in Figure 2) and steep on the
valleys (T-section in Figure 2). The trail’s tread was mainly covered with volcanic ash soil;
some were Andesite rock. The increasing number of hikers has caused soil compaction on
the tread and reduced vegetation coverage along the trail.
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2.2. Use–Impact Model Establishment
2.2.1. Use–Impact Survey along the Trails

According to this study’s pilot survey of the biophysical environment along the trails in
Mt. Xiaoguanyin, we divided the trails into eleven sections: valley sections from T1 to T7 and
ridge sections from R1 to R4. Since the usage of the trails in Mt. Xiaoguanyin is under control,
a nearby trail section (D1, a section of Datun Mountain Trails) with a similar biophysical
environment (soil type, slope, tread cover, and vegetation) but without the entry application
requirement was included in the survey, to including more variation (Figure 3).
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This study set an observation point every 200 m and at least two observation points for
each section. A total of 38 observation points, the Mt. Xiaoguanyin Area had 36 observation
points, and D1 had 2 observation points (Figure 4).
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For each observation point, this study set up a sample plot on the trail (with the
observation point as the center) and set a reference plot off the trail that paralleled with the
left or right side of the sample plot. The reference plot was 1 m apart from the trail’s edge.
The dimensions of the plots are 1 × 1 m. In addition, this study extended 2 m front and
behind the sample plot as an extended survey area (Figure 5).
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Based on this study’s pilot survey, we developed the biophysical environment survey
variables and approaches, as shown in Table 1. The Mt. Xiaoguanyin area is an ecologically
protected area and prohibits any usage except hiking with a permit, so the fauna is not
affected significantly. In addition, the occurrence of conservation species Viverricula indica
showed no significant correlation with the hiking trails [50]. This study excluded the impact
of usage on fauna.

The survey day was selected with the day and the previous day with sunny or cloudy
weather, avoiding rainy weather. Five days were surveyed from 8:00 a.m. to 5:00 p.m.,
including 7 Octobar, 29 Octobar, 11 November, 3 December, and 4 December 2021.

This study surveyed (1) the landscape-level conditions of the trails, vegetation type,
and slope and (2) the use–impact factors: trail width, soil hardness, plant coverage, and
plant species. In the extended survey area, we recorded the vegetation type, measured the
slope of the long axis of the extended survey area, and recorded plant species within the 1
m depth from the edge along the trail in the extended survey area. We measured the soil
hardness and plant coverage in the sample and reference plots. We randomly measured
three points of soil hardness within the plot with a soil hardness tester (measurement range:
0~40 mm and 0~500 kg/cm2; Zhejiang Top Cloud-Agri Technology Co., Ltd., Hangzhou,
China). A photographic method was used to determine the plant coverage of the plot. We
photographed the plot with the camera lens positioned parallel to the ground. ImageJ v1.53
(National Institutes of Health, Bethesda, MD, USA) was then used to analyze the plant
coverage in the plot. The trail width was the widest section of the trail near the sample plot
and was measured with a measuring tape (Table 1).
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Table 1. Variable and survey method.

Variable Method Survey Area

Landscape-level conditions

Vegetation type Observe the vegetation type
around the extended area. Extended survey area

Slope (%)
Connect a straight line from the
two endpoints of the extended

survey area to measure the slope.
Extended survey area

Use–impact factors

Trail width (cm)
Measure the widest trail width

near the sample plot with a
measuring tape.

Near sample plot

Soil hardness (kg/cm2)
Randomly measure three points
of soil hardness within the plot

with a soil hardness tester.
Sample plot and reference plot

Plant coverage (%)
Use the photographic method to

determine plant coverage of
the plot.

Sample plot and reference plot

Number of plant species

Survey and record the plant
species within the 1 m depth from

the edge along the trail in the
extended survey area.

Extended survey area

2.2.2. Trail Usage Counting and Estimating

This study used infrared trigger cameras to record the actual usage of the trails.
Statistics on the number of visitors to the Mt. Datun Visitor Service Center were used to
estimate the peak trail usage. Details are as follows.

A. Infrared trigger camera setting and trail usage

This study installed six infrared trigger cameras (KeepGuard, KG790, KeepWay Indus-
trial (Asia) Co., Ltd., Shenzhen, Guangdong, China) in the main intersection of the trails
(Figure 6). We set the infrared trigger camera to record a photo every 30 minutes and a
photo for each trigger event with a 3-second delay between trigger events. The recording
of infrared trigger cameras was from 1 October to 30 November 2021.

This study counted trail section hikers every 30 min, including go-and-back hikers, to
cover all the trail usage (Figure 7). The usage calculations for each trail section are listed in
Table 2. Following the name of the trail section, 1© C meant the number of hikers recorded
by the No. 1© camera with a clockwise walking direction, while 1© A meant the number of
hikers recorded by the No. 1© camera with an anticlockwise walking direction. T3, T4, and
T5 are far from the entrance and have no infrared trigger camera installation. Therefore, we
estimated the total number of T3, T4, and T5 hikers by the must-pass-through sections.

In addition to counting and estimating the usage of the trail section, this study esti-
mated the total number of hikers in the Mt. Xiaoguanyin Area without a double counting
problem. According to this study’s pilot survey, hikers mainly access the Mt. Xiaoguanyin
Area through the entrances in T1 or T7. The T1 entrance is the most popular because it is
near the Anbu parking lot.

Furthermore, the Y-shaped route hikers access the Mt. Xiaoguanyin Area through
the entrance on T1, hike to the west peak, and then proceed to the main peak through the
entrance on T7. To accurately estimate the total number of hikers (X) in the Mt. Xiaoguanyin
Area, this study utilized the following equation:

X = T1_ 1©C + T7_ 3©A − T2_ 2©C (1)
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Figure 7. Photo and the counting method for each infrared trigger camera.

Table 2. Usage calculation for each trail section.

Section Camera Number Usage Calculation

T1 1© T1 = T1_ 1©C + T1_ 1©A
T2 2© T2 = T2_ 2©C + T2_ 2©A
T3 - T3 = R1_ 2©C − R1_ 2©A
T4 - T4 = R2_ 5©C + R2_ 5©A
T5 - T5 = R2_ 5©C + R2_ 5©A
T6 4© T6 = T6_ 4©C + T6_ 4©A
T7 3© T7 = T7_ 3©C + T7_ 3©A
R1 2© R1 = R1_ 2©C + R1_ 2©A
R2 5© R2 = R2_ 5©C + R2_ 5©A
R3 5© R3 = R3_ 5©C + R3_ 5©A
R4 4© R4 = R4_ 4©C + R4_ 4©A
D1 6© D1 = D1_ 6©C + D1_ 6©A
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Since the trail usage showed variance between weekdays and weekends, we estimated
the weekly trail usage instead of daily.

B. Estimation and calibration of the trail peak usage

The study period was from October to November 2021, while the COVID-19 pandemic
is still ongoing. The previous trail usage that impacted the biophysical environment along
trails might not be revealed by analyzing the trail usage by the infrared trigger camera
recordings. Therefore, this study used the visitor number statistics of the Mt. Datun Visitor
Service Center, the nearest visitor service center, from the past five years to estimate and
calibrate the peak trail usage.

Between 2017 and 2020, the number of visitors to the Mt. Datun Visitor Service Center
was higher in July and August (summer break), followed by April and May, and lower
in June, December, and January because of rain. Similarly, hikers to the Mt. Xiaoguanyin
Area peaked at the weekend and dropped off when the weather turned bad. The average
visitor number of the Mt. Datun Visitor Service Center from October to November in 2017
to 2020 was 34,008, 1.08 times in the same period of 2021. Therefore, this study used 1.08 to
calibrate the usage back to the situation without the pandemic. In the past five years, July to
August was the peak visitation period, with an average visitor number of 59,793, 1.76 times
greater than the average number of 34,008 from October to November. Thus, this study
used 1.76 to further estimate the usage to the peak time. Overall, the total number of hikers
for each trail section was multiplied by 1.90 (1.08 × 1.76) to derive the peak trail usage.

2.2.3. Conceptual Use–Impact Model

According to the literature review, trail treading decreased vegetation coverage [22–24] and
increased soil density, which affected plant root growth and indirectly triggered regional
vegetation composition changes [25–27]. Moreover, landscape-level conditions showed
control over local-level conditions [28,29,34,35,40,43]. Vegetation types varied in resistance
to disturbance [30–32], and steep slopes had a higher erosion risk [35]. This study proposed
a conceptual model that depicted the influence paths of the direct and indirect impacts of
trail usage and the influences of landscape-level conditions.

In Figure 8, the trail usage directly impacted the soil hardness and plant coverage over
the trail tread and the number of plant species along the trail. It indirectly impacted the soil
hardness of the edge and beyond the trail, then damaged the plant coverage of the edge
and beyond. The landscape-level conditions, including vegetation type and slope, could
increase or decrease the impact process.
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This study collected cross-sectional data to validate the conceptual model. We first
conducted a Pearson correlation analysis to test the relationships among the variables. Then,
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we used Amos 26.0 software (IBM Corp., Somers, NY, USA) to perform a path analysis and
determine the goodness-of-fit of the model.

2.3. Stakeholders’ Acceptance Evaluation
2.3.1. Scenarios Simulation

This study adopted the use–impact model to stimulate four-level usage scenarios
with low to high levels of trail usage and the corresponding outcomes of the biophysical
environment along the trails. According to the survey of the biophysical environment
along the trails, T1 was the relatively damaged section. Therefore, we selected T1 to take
a photo showing the trail, trail tread, and surrounding natural environment as the simu-
lation setting. The scenarios were visually presented to the stakeholders using the photo
simulation method. Then, we used a structured questionnaire to collect the evaluation of
the stakeholders toward the use–impact scenarios.

This study took the plant coverage of the reference plot of T1 as the scenario simulation
target. Taking the current status as the baseline level, we developed four-level usage
scenarios with low to high levels of trail usage. The plant coverage of the reference plot of
T1 included an increase of 4%, baseline level, a decrease in plant coverage by 10%, and a
reduction in plant coverage by 20%.

2.3.2. Stakeholder Evaluation Survey

The stakeholders of the Mt. Xiaoguanyin Area included experts and the public. The
interviewed experts were scholars (n = 6), Alpine Association representatives (n = 15), local
opinion leaders (n = 3), and managers of the YNP and related administrations (n = 10). We
conducted an in-person interview or an online survey from 1–17 April 2022. A total of
34 experts were interviewed.

The public interviewed were the hikers (n = 265) and visitors (n = 175) in YNP. This
study selected three weekdays (7, 8, and 12 April 2022) and five weekends (9, 10, 16, and
17 April 2022) to conduct random sampling an in-person interview at the Anbu parking
lot (close to the most popular entrance) and Erziping Visitor Center (about 600 m from the
Anbu parking lot). A total of 440 public were surveyed.

The structured questionnaire was used to collect the acceptance evaluation of the
stakeholders toward the use–impact scenarios. The structured questionnaire included
four parts: (1) background information about the Mt. Xiaoguanyin Trails, (2) acceptance
evaluation for the scenarios, (3) hiking experience, familiarity with the Mt. Xiaoguanyin
Area, and pro-environmental behavior, and (4) personal information. Regarding pro-
environmental behavior, this study defines individuals consciously and to the maximum
extent possible to reduce their negative impacts on the environment, referring to Kollmuss
and Agyeman [51]. We asked respondents about the frequency of engaging in behaviors
aimed at consciously reducing the negative impact on the environment on a scale of 1 to 10,
with higher scores indicating a higher frequency. Familiarity with Mt. Xiaoguanyin was
assessed on a scale of 1 to 10, with higher scores indicating greater familiarity.

Regarding acceptance evaluation for the scenarios, we asked the respondents to
answer the highest and lowest accepted scenarios. For each scenario, two simulated photos
were produced. The first photo depicted the biophysical environmental impact, including
changes in ground soil hardness, surrounding soil hardness, and variations in vegetation
coverage. The second photo portrayed peak trail usage. Each respondent first viewed
the biophysical environment photos of the four scenarios simultaneously, followed by
photos with hikers present. Before determining the acceptance range of ecological carrying
capacity, this study used Spearman rank correlation analysis to examine whether there
are significant correlations between stakeholders’ familiarity with the Mt. Xiaoguanyin
Area, pro-environmental behavior, and accepted scenarios regarding the highest and
lowest accepted.
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2.3.3. Acceptance Range of Ecological Carrying Capacity

This study defined ecological carrying capacity as the range within which the impact
was deemed acceptable, from the lowest to the highest carrying capacity. The lower thresh-
old was the minimum acceptable impact, while the upper threshold was the maximum
acceptable impact. The stakeholders’ ecological carrying capacity range thresholds were
determined using the turning point and percentage methods.

The turning point method compared the acceptable population percentage between
adjacent scenarios and identified the two with the most significant difference (the largest
slope) [52]. The higher percentage from these was then selected as the turning point.
Meanwhile, the percentage method relied on judging the proportion, where the higher
percentage from the various scenarios is considered the acceptable threshold. This study
suggested an acceptable ecological carrying capacity range by comparing the stakeholders’
thresholds for the ecological carrying capacity range derived from the two methods.

3. Results
3.1. Use–Impact Model
3.1.1. Trail Usage

Weekly usage of the trails is shown in Figure 9. The D1 without an entry application
requirement showed the greatest weekly usage (1527 hikers/week). In the Mt. Xiaoguanyin
Area, T1 had the most usage (621 hikers/week), followed by R1 (554 hikers/week) and T7
(359 hikers/week).
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Figure 9. Weekly usage of each trail section.

Regarding the total number of hikers in the Mt. Xiaoguanyin Area, weekdays ranged
from 0 to 82, averaging 39 hikers, while weekends ranged from 0 to 220, averaging
104 hikers. The number of hikers on weekends was 2.6 times that on weekdays. On
average, the weekly number of hikers in the Mt. Xiaoguanyin Area was 404.
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3.1.2. Landscape-Level Conditions and Use–Impact Factors along the Trails

The survey results of landscape-level conditions and use–impact factors along the trails
are shown in Table 3. Regarding the landscape-level conditions of the trails, the vegetation
type of the observation points was mostly the Pseudosasa usawai type and the Machilus
thunbergii type, while some observation points were under the vegetation transition zone.
The slope ranged from 0.7 to 30.2%, from relatively flat to steep.

Table 3. Survey results of the landscape-level conditions and use–impact factors along the trails.

Section
Vegetation

Type Slope (%) Trail
Width (cm)

Soil Hardness (kg/cm2) Plant Coverage (%)
Number of

Plant SpeciesSample
Plot

Reference
Plot

Sample
Plot

Reference
Plot

T1 MT 14.2
(5.5~28.1)

126.0
(80~220)

15.1
(5.2~26.2)

2.8
(2.0~4.1)

3.5
(0.0~9.4)

44.5
(27.1~49.1)

4
(2~6)

T2 PU 20.5
(11.8~26.7)

135.0
(60~270)

17.9
(8.7~35.0)

4.2
(4.0~6.6)

11.0
(2.1~6.6)

52.7
(33.1~78.9)

8
(6~9)

T3 PU 24.7
(8.6~35.2)

83.4
(50~125)

7.2
(4.2~14.0)

2.0
(1.1~3.0)

11.5
(0.0~23.8)

67.4
(47.6~82.5)

7
(4~10)

T4 MT 11.3
(5.5~17.0)

70.0
(60~80)

22.7
(13.7~31.7)

4.1
(2.9~5.2)

28.9
(26.2~31.6)

34.2
(32.2~36.2)

14
(8~19)

T5 MT 14.5
(4.0~28.5)

62.0
(40~80)

9.4
(4.8~19.0)

3.0
(1.7~4.1)

14.3
(4.2~21.6)

33.4
(19.0~43.8)

12
(5~17)

T6 MT 12.4
(2.8~20.8)

71.5
(56~100)

9.0
(4.7~12.2)

2.0
(1.2~2.5)

13.4
(0.6~22.5)

55.0
(13.7~97.5)

13
(5~19)

T7 PU 15.2
(6.8~23.5)

70.0
(60~80)

12.7
(4.3~21.0)

1.7
(1.2~2.2)

19.4
(0.1~38.7)

79.9
(72.3~87.6)

4
(3~4)

R1 PU 4.8
(3.2~6.4)

75.0
(70~80)

21.2
(7.4~35.0)

6.1
(3.3~8.9)

9.8
(9.2~10.3)

53.1
(19.3~86.9)

6
(5~7)

R2 PU 10.3
(1.8~10.5)

70.0
(50~100)

15.3
(8.0~28.0)

2.0
(1.4~2.9)

15.9
(1.1~23.5)

67.9
(52.1~87.0)

8
(4~10)

R3 PU 3.4
(1.2~5.6)

66.7
(55~75)

14.6
(10.0~16.7)

1.3
(0.8~1.8)

23.6
(13.1~36.1)

85.2
(64.3~99.4)

4
(3~4)

R4 PU 6.2
(1.8~10.5)

70.0
(60~80)

10.8
(9.8~11.8)

1.3
(0.9~1.6)

0.2
(0.0~0.4)

51.2
(48.8~53.7)

2
(1~3)

D1 MT 11.6
(1.7~21.5)

102.5
(90~115)

33.5
(26.2~40.7)

3.1
(1.5~4.7)

5.4
(1.6~9.3)

51.7
(43.8~59.7)

24
(21~26)

Vegetation type: PU = Pseudosasa usawai type and MT = Machilus thunbergii type. Values in the column were the
averages, and values within the brackets were the measurement range.

In terms of the use–impact factors, the trail width averaged 85.1 cm. Wider trails were
mostly located under the Machilus thunbergii type; the widest trail was 270 cm (T2–3). The
soil hardness of the sample and reference plots was higher in D1, R1, and T2. The sample
plot with less plant coverage occurred in T1, T2, and T3, while the reference plot with less
plant coverage occurred in T6. Regarding the number of plant species, D1, T6, and T4 found
more plant species than other trail sections; most were under the Machilus thunbergii type.
Some rare species were found in T2 and D1, including Sceptridium formosanum (assessed as
Near Threatened by the Red List of Vascular Plants of Taiwan) and Begonia ravenii (assessed
as Near Threatened by IUCN and the Red List of Vascular Plants of Taiwan).

3.1.3. The Use–Impact Model

A. Relationship between Use and Impact

This study conducted a Pearson correlation analysis to reveal the correlations between
weekly usage, landscape-level conditions, and use–impact factors. As shown in Table 4,
weekly usage significantly correlated with soil hardness and plant coverage of the sample
plot; the higher the weekly usage, the higher the soil hardness and the lower the plant
coverage. In addition, the greater weekly usage had more plant species found within the
1 m depth from the edge along the trail in the extended survey area. This might be the
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contribution of the edge effect, which is that wider trails and more hikers brought more
chances for plant species to grow.

Table 4. Pearson correlation analysis results of the relationships between usage, landscape-level
conditions, and use–impact factors.

Weekly
Usage

Vegetation
Type Slope Trail

Width

Soil
Hardness
(Sample

Plot)

Soil
Hardness

(Refer-
ence
Plot)

Plant
Coverage
(Sample

Plot)

Plant
Coverage

(Reference
Plot)

Landscape-level
conditions

Vegetation type 0.229
Slope −0.062 −0.131

Use–impact factors

Trail width 0.251 0.18 0.189
Soil hardness
(Sample plot) 0.481 ** 0.005 −0.110 0.015

Soil hardness
(Reference plot) 0.169 0.141 −0.017 0.120 0.486 **

Plant coverage
(Sample plot) −0.317 * −0.011 −0.053 −0.461

** 0.001 −0.151

Plant coverage
(Reference plot) −0.087 −0.400 ** −0.272 * −0.221 −0.106 −0.441 ** 0.239

Number of plant species 0.342 * 0.587 ** −0.040 −0.086 0.370 * 0.108 0.169 −0.152

Pseudosasa usawai type as a reference vegetation type; * < 0.05 and ** < 0.01.

Regarding the relationships between landscape-level conditions and use–impact fac-
tors, vegetation type and slope could affect the use–impact response. Under the Pseudosasa
usawai type, plant coverage of the reference plot was lower but was richer in plant species
than those under the Machilus thunbergii type. Because Pseudosasa usawai spreads by sending
out rhizomes or stems underground, the plant species under the Pseudosasa usawai type
are mostly Pseudosasa usawai. In contrast, multiple plant species could be found under the
Machilus thunbergii type, but without dense rhizomes or stems, showed low plant coverage.
In addition, the slope had a significantly negative relationship with plant coverage of the
reference plot, which meant that a steeper slope caused less plant growth.

From the relationship between weekly usage and soil hardness and plant coverage
of the sample plot, this study further examined the indirect effect of trail usage. The
soil hardness of the sample plot showed a significantly positive correlation with the soil
hardness of the reference plot and the number of plant species. The soil hardness of the
reference plot had a negative relationship with the plant coverage of the reference plot.

B. Path analysis result of the Use–Impact model

According to the conceptual model (Figure 8) and relationships among the variables
(Table 4), this study further conducted a path analysis. The goodness-of-fit test of the path
analysis resulted in a χ2 of 25.816 (p = 0.274) and χ2/df = 1.229, indicating a good fit for the
model. The model fit indices are CFI = 0.916, GFI = 0.857, RMSEA = 0.079, and IFI = 0.925,
which also fit the model well (Table 5).

Table 5. Goodness-of-fit test of the final use–impact model.

Index χ2 χ2/df CFI GFI RMSEA IFI

Result 25.816
(p = 0.214) 1.229 0.916 0.857 0.079 0.925

Criteria p > 0.05 1–3 >0.9 >0.8 <0.08 >0.9

The path analysis results are shown in Table 6 and Figure 10. In Table 6, all conceptual
paths reached statistical significance (p < 0.05). As shown in Figure 10, the increased weekly
usage of the trails directly caused soil hardness and plant coverage of the sample plot. The
hardened soil of the sample plot further caused the soil hardness and plant coverage of the
sample plot. The landscape-level conditions showed their influence on the plant coverage
of the reference plot.
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Table 6. Path results of the use–impact model.

Path B S.E. C.R. p β

Weekly usage→ Soil hardness
(sample plot) 0.021 0.006 3.336 0.000 0.481

Weekly usage→ Plant coverage
(sample plot) −0.016 0.008 −2.039 0.042 −0.317

Soil hardness (sample plot)→
Soil hardness (reference plot) 0.081 0.024 3.385 0.000 0.486

Soil hardness (reference plot)→
Plant coverage (reference plot) −5.503 1.764 −3.120 0.002 −0.392

Vegetation type→ Number of
plant species 6.906 1.568 4.405 0.000 0.587

Vegetation type→ Plant
coverage (reference plot) −17.534 5.665 −3.095 0.002 −0.389

Slope→ Plant coverage
(reference plot) −0.780 0.297 −2.626 0.009 −0.330
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According to the final use–impact model (Figure 10), we further conducted a regression
analysis to formulate prediction equations as follows:

PCR = −5.503SHR − 17.534VT − 0.780S + 89.042 (2)

SHR = 0.081 SHS + 1.525 (3)

SHS = 0.014WU + 9.487 (4)

where PCR is the plant coverage of the reference plot (%); SHR is the soil hardness of the
reference plot (kg/cm2); SHS is the soil hardness of the sample plot (kg/cm2); VT is the
vegetation type with the Pseudosasa usawai type as a reference vegetation type; S is the slope
(%); and WU is the weekly usage (number of hikers).

3.2. Evaluation of Ecological Carrying Capacity
3.2.1. Simulated Scenarios

According to the use–impact model, this study simulated the four-level usage scenarios
using Equations (2)–(4). First, we input the plant coverage of the reference plot of T1 (PCR)
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of the scenario into Equation (2) to derive the soil hardness of the reference plot of T1 (SHR).
The SHR value was then used in Equation (3) to compute the soil hardness of the T1 (SHS)
sample plot. Subsequently, the SHS value was inserted into Equation (4) to determine
T1’s weekly usage of the scenario. Second, assuming that the proportion of weekly usage
for each section remained constant (Figure 9), the weekly usage for each section of each
scenario was estimated proportionally. Then, Equations (2)–(4) were applied sequentially
to calculate each section’s SHS, SHR, and PCR.

This study took the plant coverage of the reference plot of T1 as the scenario simulation
target. Taking the current usage level as the baseline level, we developed four-level usage
scenarios with low to high levels of trail usage. The plant coverage of the reference plot of
T1 and the total number of hikers per week of the four-level scenarios were (1) Scenario 1:
increased by 4% with 288 total hikers per week, (2) Scenario 2: baseline level with 404 total
hikers per week, (3) Scenario 3: decreased by 10% with 696 total hikers per week, and (4)
Scenario 4: decreased by 20% with 988 total hikers per week.

A. Scenario 1: increased by 4% with 288 total hikers per week

In scenario 1, the total number of hikers per week in the Mt. Xiaoguanyin Area was
288. Weekly hikers per week for each section ranged from 101 to 442. The plant coverage
of the T1 reference plot increased by 4% to 43.7%, and the average plant coverage of the
reference plot of the sections ranged from 43.7% to 72.8%. The average plant coverage of
the sample plot of the sections ranged from 8.8% to 14.6%. The average soil hardness of the
reference and sample plots of the sections ranged from 2.4 to 2.8 kg/cm2 and 10.9 to 15.7
kg/cm2, respectively (Table 7).

Table 7. Usage and biophysical environment of Scenario 1.

Section
Weekly
Usage

Vegetation
Type Slope (%)

Soil Hardness (kg/cm2) Plant Coverage (%)

Sample Plot Reference
Plot Sample Plot Reference

Plot

T1 442 MT 14.2 15.7 2.8 8.8 43.7
T2 145 PU 20.5 11.5 2.5 13.8 59.1
T3 154 PU 24.7 11.6 2.5 13.6 55.7
T4 101 MT 11.3 10.9 2.4 14.6 49.1
T5 101 MT 14.5 10.9 2.4 14.6 46.6
T6 116 MT 12.4 11.1 2.4 14.3 48.1
T7 256 PU 15.2 13.1 2.6 11.9 62.2
R1 394 PU 4.8 15.0 2.7 9.6 69.0
R2 101 PU 10.3 10.9 2.4 14.6 67.4
R3 102 PU 3.4 10.9 2.4 14.5 72.8
R4 185 PU 6.2 12.1 2.5 13.1 69.9

Vegetation type: PU = Pseudosasa usawai type and MT = Machilus thunbergii type.

B. Scenario 2: baseline level with 404 total hikers per week

In scenario 2, the baseline level, the total number of hikers per week in the Mt. Xi-
aoguanyin Area was 404. Weekly hikers per week for each section ranged from 141 to 621.
The average plant coverage of the reference and sample plots of the sections ranged from
42.0% to 72.4% and 5.7% to 13.9%, respectively. The average soil hardness of the reference
and sample plots of the sections ranged from 2.5 to 3.0 kg/cm2 and 11.5 to 18.2 kg/cm2,
respectively (Table 8).

C. Scenario 3: decreased by 10% with 696 total hikers per week

In scenario 3, the total number of hikers per week in the Mt. Xiaoguanyin Area was
696. Weekly hikers per week for each section ranged from 244 to 1070. The plant coverage
of the T1 reference plot decreased by 10% to 37.8%. The average plant coverage of the
reference and sample plots of the sections ranged from 37.8% to 71.5% and 0.0 to 12.1%,
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respectively. The average soil hardness of the reference and sample plots of the sections
ranged from 2.6 to 3.5 kg/cm2 and 12.9 to 24.5 kg/cm2, respectively (Table 9).

Table 8. Usage and biophysical environment of Scenario 2.

Section
Weekly
Usage

Vegetation
Type Slope (%)

Soil Hardness (kg/cm2) Plant Coverage (%)

Sample Plot Reference
Plot Sample Plot Reference

Plot

T1 621 MT 14.2 18.2 3.0 5.7 42.0
T2 204 PU 20.5 12.3 2.5 12.8 58.5
T3 216 PU 24.7 12.5 2.5 12.6 55.1
T4 141 MT 11.3 11.5 2.5 13.9 48.8
T5 141 MT 14.5 11.5 2.5 13.9 46.3
T6 163 MT 12.4 11.8 2.5 13.5 47.7
T7 359 PU 15.2 14.5 2.7 10.2 61.2
R1 554 PU 4.8 17.2 2.9 6.8 67.5
R2 141 PU 10.3 11.5 2.5 13.9 67.1
R3 143 PU 3.4 11.5 2.5 13.8 72.4
R4 260 PU 6.2 13.1 2.6 11.8 69.2

Vegetation type: PU = Pseudosasa usawai type and MT = Machilus thunbergii type.

Table 9. Usage and biophysical environment of Scenario 3.

Section
Weekly
Usage

Vegetation
Type Slope (%)

Soil Hardness (kg/cm2) Plant Coverage (%)

Sample Plot Reference
Plot Sample Plot Reference

Plot

T1 1070 MT 14.2 24.5 3.5 0.0 37.8
T2 352 PU 20.5 14.4 2.7 10.3 57.1
T3 373 PU 24.7 14.7 2.7 9.9 53.7
T4 244 MT 11.3 12.9 2.6 12.1 47.8
T5 244 MT 14.5 12.9 2.6 12.1 45.3
T6 282 MT 12.4 13.4 2.6 11.5 46.6
T7 619 PU 15.2 18.2 3.0 5.7 58.8
R1 954 PU 4.8 22.8 3.4 0.0 63.7
R2 244 PU 10.3 12.9 2.6 12.1 66.1
R3 247 PU 3.4 12.9 2.6 12.1 71.5
R4 448 PU 6.2 15.8 2.8 8.7 67.4

Vegetation type: PU = Pseudosasa usawai type and MT = Machilus thunbergii type.

D. Scenario 4: decreased by 20% with 988 total hikers per week

In scenario 4, the total number of hikers per week in the Mt. Xiaoguanyin Area was
988. Weekly hikers per week for each section ranged from 346 to 1518. The plant coverage
of the T1 reference plot decreased by 20% to 33.6%. The average plant coverage of the
reference and sample plots of the sections ranged from 33.6% to 70.5% and 0.0% to 10.4%,
respectively. The average soil hardness of the reference and sample plots of the sections
ranged from 2.7 to 4.0 kg/cm2 and 14.3 to 30.7 kg/cm2, respectively (Table 10).

This study selected T1 as the simulation setting and further visually simulated the
four-level scenarios, as shown in Figure 11. A total of eight photos were simulated.
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Table 10. Usage and biophysical environment of Scenario 4.

Section
Weekly
Usage

Vegetation
Type Slope (%)

Soil Hardness (kg/cm2) Plant Coverage (%)

Sample Plot Reference
Plot Sample Plot Reference

Plot

T1 1518 MT 14.2 30.7 4.0 0.0 33.6
T2 499 PU 20.5 16.5 2.9 7.8 55.8
T3 529 PU 24.7 16.9 2.9 7.3 52.2
T4 346 MT 11.3 14.3 2.7 10.4 46.8
T5 346 MT 14.5 14.3 2.7 10.4 44.3
T6 400 MT 12.4 15.1 2.7 9.5 45.5
T7 878 PU 15.2 21.8 3.3 1.3 56.3
R1 1354 PU 4.8 28.4 3.8 0.0 60.0
R2 346 PU 10.3 14.3 2.7 10.4 65.2
R3 350 PU 3.4 14.4 2.7 10.3 70.5
R4 635 PU 6.2 18.4 3.0 5.5 65.6

Vegetation type: PU = Pseudosasa usawai type and MT = Machilus thunbergii type.
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Figure 11. Simulated photos of the four scenarios showing usage impact on the biophysical environ-
ment. (a) Scenario 1; (b) Scenario 1 with hikers presented; (c) Scenario 2; (d) Scenario 2 with hikers
presented; (e) Scenario 3; (f) Scenario 3 with hikers presented; (g) Scenario 4; (h) Scenario 4 with
hikers presented.

3.2.2. Acceptance Evaluation of the Stakeholders

The highest accepted scenario was Scenario 4 for Alpine Association representatives
and local opinion leaders. The highest accepted scenario for visitors was Scenario 3, while
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hikers and managers were Scenario 2 and Scenario 3. The highest accepted scenario for
scholars was scenario 2. Regarding the lowest accepted scenario, scholars, local opinion
leaders, managers, hikers, and visitors were Scenario 1, while the lowest accepted scenario
of Alpine Association representatives was Scenario 2 (Table 11).

Table 11. Spearman rank correlation analysis results between familiarity level, pro-environmental
behavior, and the accepted scenario.

The Highest Accepted Scenario (%) The Lowest Accepted Scenario (%)

Stakeholders 1 2 3 4 1 2 3 4

Scholar 16.7 50.0 16.7 16.7 83.3 16.7 0.0 0.0
Alpine Association

representative 0.0 20.0 26.7 53.3 33.3 53.3 6.7 6.7

Local opinion leader 0.0 0.0 33.3 66.7 66.7 0.0 33.3 0.0
Manager 0.0 40.0 40.0 20.0 50.0 40.0 10.0 0.0

Hiker 3.0 39.2 38.1 19.6 74.7 21.9 2.3 1.1
Visitor 1.1 34.9 42.9 21.1 71.4 24.6 3.4 0.6

Familiarity with the Mt.
Xiaoguanyin Area ρ = −0.080 p = 0.304 ρ = −0.087 p = 0.262

Pro-environmental
behavior ρ = −0.058 p = 0.208 ρ = −0.071 p = 0.121

In terms of familiarity with the Mt. Xiaoguanyin Area, scholars had a mean of 5.8 (SD
= 3.0), Alpine Association representatives had a mean of 5.8 (SD = 2.5), hikers had a mean
of 5.6 (SD = 2.5), local opinion leaders’ mean scored 5.0 points (SD = 0.0), managers’ mean
score was 4.2 (SD = 2.2), and visitors had a mean of 3.9 (SD = 2.8). The pro-environmental
behavior of the stakeholders from high to low were hikers (mean = 8.6, SD = 1.6), visitors
(mean = 8.4, SD = 1.9), managers (mean = 7.9, SD = 1.0), scholars (mean = 7.7, SD = 1.2), local
opinion leaders (mean = 7.3, SD = 1.2), and Alpine Association representatives (mean = 7.1,
SD = 2.0). A Spearman rank correlation analysis revealed negative correlations between
stakeholders’ familiarity with the Mt. Xiaoguanyin Area, pro-environmental behavior, and
accepted scenarios regarding the highest and lowest accepted. However, these correlations
did not reach a significant level (Table 11).

3.2.3. Acceptance Range of Ecological Carrying Capacity

Based upon the acceptance evaluation of the stakeholders, this study determined the
ecological carrying capacity range using the turning point (Figure 12a,c) and percentage
methods (Figure 12b,d). The ecological carrying capacity ranges of the stakeholders are
listed in Table 12.

Table 12. The accepted ecological carrying capacity interval of the stakeholders.

Stakeholders Turning Point Method Percentage Method

Scholar 288~404 288~404
Alpine Association

representative 404~988 404~988

Local opinion leader 288~988 288~988
Manager 404 288~404, 288~696

Hiker 288~404 288~404, 288~696
Visitor 288~404 288~696
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Figure 12. Line charts of (a) the highest accepted scenario and (c) the lowest accepted scenario of the
stakeholders using the turning point method. Bar charts of (b) the highest accepted scenario and
(d) the lowest accepted scenario of the stakeholders using the percentage method.

Using the turning point method, the ecological carrying capacity range of the scholars
was relatively stringent. The lowest and highest accepted scenarios were Scenario 1 and
Scenario 2, respectively; the ecological carrying capacity range was 288–404 total hikers
per week. The ecological carrying capacity ranges were broader for Alpine Association
representatives (404–988 total hikers per week) and local opinion leaders (288–988 total
hikers per week). The upper and lower threshold values for managers were the same, set
at 404 total hikers per week. Both hikers and visitors fell within the range of 288–404 total
hikers per week. The stakeholders of the Mt. Xiaoguanyin Area had a consensus on the
range of ecological carrying capacity of 288–404 total hikers per week.

Using the percentage method, the results for scholars, Alpine Association represen-
tatives, and local opinion leaders align with the results from the turning point method.
However, there were differences for managers, hikers, and visitors. Both managers and
hikers indicated the highest acceptable usage levels in Scenario 2 (404 total hikers per week)
and Scenario 3 (696 total hikers per week), and the percentages were nearly identical. Their
ecological carrying capacity ranges were between 288 and 404 total hikers per week or
between 288 and 696 total hikers per week. Visitors’ ecological carrying capacity range
was between 288 and 696 total hikers per week. The consensus on the ecological carrying
capacity range of the stakeholders of the Mt. Xiaoguanyin Area was 288–404 total hikers
per week and 288–696 total hikers per week.

When comparing the results using two methods (Table 12), the percentage method
represented the majority opinion, but it might lead to ambiguous range determinations.
In contrast, the turning point method determined thresholds more clearly and explicitly
by utilizing the maximum slope for judgment, thereby avoiding the issue of ambiguous
range determinations. Therefore, this study adopted the turning point method to identify
the ecological carrying capacity range as 288 to 404 total hikers per week.
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4. Discussion

According to relevant studies [34–36,42,43], the impacts of usage on the biophysical
environment might involve direct and indirect effects. In implementing practice, the
consensus of the stakeholders is crucial [5,46]. Therefore, integrating direct and indirect
relationships, the effects of landscape-level conditions, and the stakeholder assessments
in ecological carrying capacity estimation can provide a more scientific basis and increase
implementation practices. In the following section, we discussed our study from the
scientific and application aspects:

4.1. Use–Impact Model
4.1.1. The Affect Paths of the Landscape-Level Conditions and Usage Impacts

Since the usage of the trails in Mt. Xiaoguanyin is under control, no severe root
exposure or trail erosion was observed in most of the trails. However, the higher usage
resulted in greater impacts on the biophysical environment (Table 4), which aligns with
previous studies [21–24,41–43].

Using a path analysis, this study established the use–impact model to reveal the affect
paths of the landscape-level conditions and usage impacts. As shown in Figure 10, increased
usage directly caused the soil hardness and decreased plant coverage of the trail. Then,
it indirectly increased the surrounding soil hardness and further reduced its plant cover.
Beyond the anthropogenic influences at the local scale, landscape-scale conditions were im-
portant factors that influenced the extent of disturbance in the ecosystem. In this study, the
landscape-scale conditions where the trail was located affected the number of plant species
and plant coverage. Compared to the trails under the Pseudosasa usawai vegetation type, the
trails under the Machilus thunbergii vegetation type were more affected by usage, and the
steeper the slope, the more pronounced the impact. Similar results were found compared
to previous studies that have not investigated the effect paths [32,33,35,36]. However, a
path analysis model could more explicitly reveal the direct and indirect relationships and
the influences of landscape-level conditions.

4.1.2. Impact Factors and Future Path Model Refinement

Although several factors affect the ecological environments of trails, this study selected
the impact factors that were manageable, easily observed, and significantly correlated
factors into the path analysis model. However, other potential factors could be investigated
in the future. For example, relevant studies have shown that climate is an important driver
of environmental change; e.g., temperature, precipitation patterns, and sunlight duration
affect the growth and distribution of vegetation [53]. Since the Mt. Xiaoguanyin area is
located within the same climatic zone, the effects of climate should be consistent across the
different measurement points. Therefore, climatic factors were not considered in this study.
During the survey period, varying degrees of vegetation shading were observed, which
may affect the likelihood of trail exposure to light or rain erosion, which in turn affected soil
temperature [54], vegetation richness, and coverage [29,55]. Future investigations could
further explore the influences of macroclimate and microclimate on usage impacts.

Moreover, the infrared trigger cameras recorded several instances of the conservation
species Viverricula indica. This species is nocturnal and has an annual home range of
19.46 km2. No significant correlation existed between its occurrence frequency and the
hiking trails [50]. Future studies could simultaneously examine the trail usage impacts on
target species that are sensitive to hiking use.

This study investigated the effect paths of the landscape-level conditions and usage
impacts using cross-sectional research. Due to ecological responses having a time lag,
long-term monitoring is needed to detect and polish the affect paths more comprehensively.
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4.2. Evaluation of Ecological Carrying Capacity
4.2.1. Objective and Subjective Estimation of Ecological Carrying Capacity

This study established a use–impact model and applied the model to stimulate four-
level usage scenarios. Further, we conducted an acceptable evaluation from stakehold-
ers of the Mt. Xiaoguanyin Area to reach a consensus on the ecological carrying capac-
ity range. The study results provided a scientific-based practice for managers to make
corresponding strategies.

Compared with previous ecological carrying capacity studies that adopted load shed-
ding [7,14–18], the methods used in this study would not only reveal the affect paths but
also derive a consensus based on the value judgments of the stakeholders. Although a field
survey and stakeholder interview were costly, the suggested ecological carrying capacity
was based on objective and subjective estimations. Therefore, the reliability and utilization
would be increased significantly.

4.2.2. Long-Term Monitoring and Rolling Adjustment

The carrying capacity is a concept but not a constant value, depending on the changing
interaction between physical factors and human development [56]. Therefore, long-term
monitoring of the biophysical environment and knowing stakeholders’ value judgment
was important. The managers could use the use–impact model to predict the impact of trail
usage on the trail and surrounding environment. The managers could also incorporate the
affect paths into their routine observation and monitor plan. For example, set up key plots
on and off the trail to survey the soil hardness and planting coverage and use the model to
adjust the trail usage on a rolling basis.

The key to the LAC process is determining the amount of acceptable change to stake-
holders [57]. The stakeholders of the Mt. Xiaoguanyin Area included scholars, Alpine
Association representatives, local opinion leaders, managers, hikers, and visitors. The
interviewed scholars who have participated in relevant research in the Mt. Xiaoguanyin
Area were highly sensitive to the biophysical environment, resulting in a relatively strict
acceptable carrying capacity range. In contrast, Alpine Association representatives and
local opinion leaders have visited the area frequently and showed a wider range of ecologi-
cal carrying capacity. Therefore, the composition of the stakeholder and their judgments
need to be collected accordingly to reflect the management objectives and social judgment
changes. By incorporating the stakeholders and managers, the developed strategies could
meet users’ expectations [58].

5. Conclusions

The recreation carrying capacity is a common strategy for managing recreation usage
to avoid unacceptable impacts. Ecological carrying capacity emphasizes the impact on
the natural environment and is a more appropriate perspective for estimation in protected
areas. This study filled a gap in the research methodology by integrating a path analysis
model and stakeholder assessment to estimate the ecological carrying capacity of the trails
in a protected area. The study results revealed the effect paths of the landscape-level
conditions and usage impacts. The suggested ecological carrying capacity range was based
on objective and subjective estimations and served as a scientific basis for managers to
formulate corresponding strategies. The methodology and evaluation framework could
also serve as a reference for estimating the ecological carrying capacity of recreation supply
in other areas. Regarding the use–impact model, future investigations could further explore
the influences of macroclimate and microclimate on usage impacts and conduct long-
term monitoring to polish the effect path. For stakeholders, future study could trace the
composition and their judgments to reflect the management objectives and social judgment
changes accordingly.
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