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Figure 2.5.  Norm types for the acceptability of the number and type of boats seen at
one time (T = threshold norm; RN = reverse norm; N = neutral norm; A =
acceptable norm; UA = unacceptable norm; MT = multiple-tolerance
norm).
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Figure 2.6.  Norm types for the acceptability of backcountry campsite conditions -(T =
threshold norm; RN = reverse norm; N = neutral norm; A = acceptable
norm; UA = unacceptable norm; MT = multiple-tolerance norm).
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CHAPTER 3

BEYOND CONDITION CLASS: ALTERNATIVE METHODS FOR ASSESSING

RESOURCE CONDITIONS ON CAMPSITES

Abstract

This study uses a multivariate approach to analyze data from multiple-indicator
campsite condition assessments. Factor analyses of multiple impact parameter
assessments were conducted on data from three U.S. national parks representing unique
geographic locations and environments: Isle Royale National Park, Michigan; Zion
National Park, Utah; and Kenai Fjords National Park, Alaska. Interpretable four-factor
solutions were identified for each area explaining between 61% and 71% of the variation
in the data. The factor solutions illustrate site-specific patterns in the data from each
study area. Cluster analyses of factor scores for campsites at each study area identified
four distinct campsite types at Isle Royale and Kenai Fjords National Parks, and three
distinct campsite types at Zion National Park. Characteristics of campsite typologies were
compared to traditional scalar condition class ratings based on visual criteria assigned to
campsites in the field in order to evaluate the relative advantages and disadvantages of
each approach to classifying campsites based on overall levels of impact. Unlike
traditional condition class ratings, typologies identified through the factor analyses and
subsequent cluster analyses highlight specific impacts of concern at the site level. This
work demonstrates the effectiveness of multivariate analysis methods in analyzing
multiple-indicator campsite assessment data spanning a wide range of environments and

the ability of this approach to provide more meaningful information to managers that will
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help guide management actions intended to limit the proliferation or intensification of

resource impacts.

1. Introduction

Trends in outdoor recreation in the United States suggest that public demand for
nature-based recreation opportunities and appreciation of natural areas continues to grow
(Cordell, 2012). Public lands are highly important for the recreation opportunities they
offer (Cordell, 2012), serving as destinations for visitors seeking to engage in nature-
based recreational activities. Outdoor recreation produces numerous individual (e.g.,
Orsega-Smith et al., 2004; Lee, 2011; Dorsch et al., 2016) and societal (e.g., Moore et al.,
1992; Budruk et al., 2009; Outdoor Industry Association, 2017; Headwaters Economics,
2017) benefits including, but not limited to, enhanced physical and mental health,
community cohesion, and economic benefits. However, public lands are also often
established and managed to protect natural and cultural resources in addition to
recreational opportunities. In the presence of repeated recreational use, some level of
change in condition is inevitable (Leung and Marion, 2000; Hammitt et al., 2015; Marion
et al., 2016). These challenges extend beyond the U.S. to parks and protected areas
around the world (Buckley, 2004; Pigram and Jenkins, 2006), highlighting the need to
assess and monitor recreation resource conditions and evaluate the effectiveness of
management actions directed toward protecting biophysical resources.

Campsites are often a focal point of studies and monitoring efforts aimed at
examining the biophysical impacts of recreation. Campsites serve as destinations and

nodes of visitor use: they are locations where concentrated recreation activities impact
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biophysical resources, and where visitors interact with and observe those resources.

Visitors may consider certain impacts, like bare soil (e.g., Knudson and Curry, 1981;
Martin et al., 1989; Shelby and Shindler, 1992; Farrell et al., 2001) fire rings (Shelby and
Shindler, 1992), and large areas (Lucas, 1990), to be desirable as they are perceived as
enhancing the functionality of the location as a campsite (Brown and Shomaker, 1974;
Heberlein and Dunwiddie, 1979; Shelby et al., 1988). In other words, some impacts
might be perceived as being amenity attributes that enhance the desirability of a campsite.
While the impact of camping activities on ground cover vegetation and soils is well
documented (Leung and Marion, 2000; Cole, 2004; Marion et al., 2016), camping also
has the potential to impact other ecosystem components such as wildlife, water quality,
and soundscapes (Hammitt et al., 2015). Visitors can also cause other impacts like
damaging trees and shrubs, building campfires, and improperly disposing of trash and
human waste (Leung and Marion, 2004). In addition to the resource concerns identified
above, diminished resource quality can also negatively affect the visitor experience
(Roggenbuck et al., 1993; Cole et al., 1997; Lynn and Brown, 2003; Manning et al.,
2004). Therefore assessing and monitoring conditions at campsites is a valid objective for
recreation resource managers.

Managing recreation resources requires information related to descriptive and
evaluative components of capacity. The descriptive component defines the observable
workings of recreation systems and involves management parameters, impact parameters,
and the relationship between the two; the evaluative component integrates value
judgments into determining capacity based on the acceptability of impacts (Shelby and

Heberlein, 1984). Campsite studies provide valuable information related to the
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descriptive component of recreation capacity, including inventorying current resource

conditions, tracking trends in resource conditions over time, serving as surrogate
measures of visitor use patterns, evaluating the effectiveness of management actions, and
examining the spatial and temporal aspects of use and resource change. As such,
campsite studies have been undertaken in numerous parks and protected areas, and have
led to established monitoring efforts in many of these areas (e.g., Boyers et al., 2000;
Cole et al., 2008; Twardock et al., 2010).

Methods for assessing and monitoring campsite conditions have been developed
and applied over the past several decades (Frissell, 1978; Cole, 1989; Marion, 1991;
Marion, 1995; Newsome et al., 2012). Contemporary assessment protocols often use a
multiple-indicator approach in which several campsite condition variables are measured.
However, multiple-indicator methods often also assign an overall condition class rating to
each individual site in order to classify campsites based on a continuum of impact. An
early approach to classifying campsites attempted to assign impact classifications based
on ordinal classifications of measured variables (Merriam et al., 1973), therefore
approximating a multivariate approach to classifying campsite impact stages. Later
applications have largely followed the visual approach introduced by Frissell (1978) in
which the evaluator assigns a condition class rating based on visually observed site
conditions.

While the visual approach is an easy way to classify sites and can be applied
rapidly and efficiently in the field, it has three major shortcomings. First, rating
assignment can suffer from observer bias. Second, assigning a single impact rating can be

difficult if co-variation of presumably related indicators does not occur. Finally, this
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method provides little information regarding specific impacts of concern at individual

sites. Multiple-indicator methods have been developed to address some of the
shortcomings outlined above (e.g., Cole, 1989; Marion, 1991; Marion, 1995; Newsome et
al., 2012). These methodologies increase the sensitivity and precision of site assessments
by measuring several indicators at each site, yielding a robust dataset with information
about several specific impact parameters.

Despite the development of multiple-indicator methods for assessing campsite
conditions, these protocols often continue to assign an overall condition class rating to
each individual campsite (e.g., Cole, 1993; Boyers et al., 2000; Monz et al., 2011;
Goonan et al., 2012). Examining only the condition class ratings in a multiple-indicator
dataset can obscure important information about the nature of observed campsite impacts.

Multiple-indicator campsite studies are well suited to multivariate analyses that
may reveal meaningful patterns within the data (Leung and Marion, 1999; Monz and
Twardock, 2010). Unlike the traditional scalar condition class rating, a holistic
examination of multiple resource condition indicators can give managers a better
understanding of specific impacts of concern at individual campsites and more efficiently
direct management actions. Despite the apparent advantages of multivariate approaches,
their application to evaluating recreation resource conditions at campsites has been very
limited. Published examples of multivariate applications include examinations of
campsites along the Rio Grande River in Big Bend National Park, Texas (Ditton et al.,
1977); in Rushing River Provincial Park, Ontario, Canada (James et al., 1979); in the
Boundary Waters Canoe Area Wilderness, Minnesota (Marion and Merriam, 1985); at

Heart Lake, Lolo National Forest, Montana (Zabinski and Gannon, 1997); in the
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backcountry of Great Smoky Mountains National Park, North Carolina/Tennessee

(Leung and Marion, 1999); and in Prince William Sound, Alaska (Monz and Twardock,
2010).

This research builds on the work carried out by Leung and Marion (1999) and
Monz and Twardock (2010) to examine the utility of conducting multivariate analyses on
data from multiple-indicator campsite studies. The purpose is to examine the application
of a multivariate statistical approach and determine whether interpretable structures can
be found within the data. If an interpretable structure can be found, campsites can be
classified based on the empirical measures collected. Data from campsite assessments
conducted at Isle Royale National Park, Michigan; Zion National Park, Utah; and Kenai
Fjords National Park, Alaska are used in the analysis. This study has six primary
objectives: (1) to examine the application of a multivariate statistical approach to
analyzing multiple-indicator campsite data; (2) determine whether interpretable structures
can be found within multiple-indicator campsite data; (3) determine whether campsites
can be classified based on the empirical measures collected; (4) compare results of the
multivariate analysis across multiple datasets representing a range of environments; (5)
compare results with traditional scalar condition class ratings if an empirically-based
classification is possible; and (6) examine the advantages and disadvantages of using a
multivariate approach to analyzing campsite condition data within the context of

recreation resources management in parks and protected areas.
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2. Methods

2.1 Study sites

Data from campsite assessments conducted at Isle Royale National Park,
Michigan; Zion National Park, Utah; and Kenai Fjords National Park, Alaska are used in
the analysis. These datasets were chosen because similar variables were used in each
study, impact parameters were measured using standard protocols, and the study sites
represented a range of environments from different geographic locations. The impact
parameters and measurement scales used allow for comparison of analysis results.

Isle Royale National Park (ISRO) is located at approximately 48°6’N 88°33°W in
the northwest corner of Lake Superior, 73 miles from Houghton, Michigan and 22 miles
from Grand Portage, Minnesota. Established in 1940, the park protects approximately
132,000 acres, nearly 99% of which was designated as Wilderness in 1976. The park
consists of one large island surrounded by over 450 smaller islands, encompassing a total
area of 850 square miles. The park is open April 16 to October 31 each year, with
transportation from the mainland via boat or floatplane. Hiking and paddling are popular
recreational activities in the park, and several camping areas are located throughout the
island. All campers are required to obtain a permit from the National Park Service (NPS),
and most camp within the 36 designated backcountry campgrounds in the park. Data used
in this assessment were collected at these backcountry campgrounds in 1996 as part of
ISRO’s campsite inventory and monitoring program by Tracy Farrell and Jeffrey Marion
(see Farrell and Marion, 1998).

Zion National Park (ZION) is located at approximately 37°18’N 113°3’W in

Washington, Iron, and Kane Counties in southwestern Utah. ZION protects
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approximately 148,000 acres of desert, riparian, woodland, and coniferous forest

habitat. The park was established in 1909, and in 2009 over 124,000 acres were
designated as federal Wilderness. Hiking, bicycling, rock climbing, and canyoneering are
popular activities in the park. Over 90 miles of trails and an additional 90 miles of non-
designated cross-country routes access the backcountry and wilderness areas of the park.
All overnight groups are required to obtain a permit from the NPS, and visitors may camp
at either designated campsites or in at-large areas on the high plateaus, in the low desert
shrublands, or next to a river in a narrow canyon (Zion National Park, 2016). Camping is
restricted to designated campsites in higher-use backcountry areas to minimize resource
damage and improve the visitor experience. The data used in this assessment were
collected in the LaVerkin, West Rim, and Narrows backcountry areas in 2007 as part of
the development of a campsite monitoring program for ZION by Karen Hockett and
Jeffrey Marion (see Marion and Hockett, 2008).

Kenai Fjords National Park (KEF]J) is located at approximately 59°55°N
149°59°W in southern Alaska. Established in 1980, KEFJ protects nearly 670,000 acres
of glaciers, alpine habitat, spruce-hemlock coniferous forest, deciduous forest, and fjord
estuaries. In 1964, a powerful earthquake caused areas of the shoreline to subside several
feet, causing salt water to infiltrate the water table and kill stands of trees near the coast.
These standing “ghost trees” are an important testimony to the dynamic nature of the area
and are considered protected cultural resources by the NPS. Although there is no
designated wilderness in KEFJ, most of the park is remote backcountry and nearly 85% is
considered eligible wilderness. With approximately 400 miles of coastline, the park

offers excellent opportunities for sea kayaking. A system of campsites located along the
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coast supports overnight visitor activities in the backcountry. All overnight

backcountry visitors are encouraged to complete a voluntary backcountry registration
with the NPS, but only guided groups are required to register. Data used in this analysis
were collected in Resurrection Bay, Aialik Bay, and Northwestern Fjord in 2010 as part

of KEFJ’s campsite inventory and monitoring program (Monz et al., 2011).

2.2 Campsite Assessments

Campsite conditions were measured using standard campsite assessment protocols
(Marion, 1995; Monz, 2000) with minor modifications to adapt methodologies to the
environments represented (Table 3.1). Vegetation cover and soil exposure measurements
followed the ocular measurement approach suggested by Marion (1995). An undisturbed
area adjacent to each campsite was selected as a control for vegetation loss calculations.
Control sites were similar to campsites in their substrate, slope, aspect, and ecological
characteristics. Campsite size was measured using the variable radial transect method.
Condition class measurements followed a standard scale (Marion, 1995) of 1 through 5,
with higher condition class ratings representing higher levels of impact. In some cases, a
condition class rating of O was assigned to an area where camping had been observed in
the past but no clear ground impact was present to define as a campsite and confirm

recent use. Other site attributes were assessed as suggested in Marion (1995).

2.3 Data Analysis

Vegetation cover loss was calculated using the following formula:

% cover in campsite
Cover loss =1 — - x100
% cover in control plots
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Campsite areas were calculated geometrically from the radial transect data using a

custom computer program (Dr. J. Marion, Virginia, USA, 2008).

Data from the campsite assessments were summarized and synthetic variables
were calculated using SPSS (v. 19, SPSS Inc., Chicago, IL USA). The analysis strategy
closely follows Monz and Twardock (2010) and Leung and Marion (1999). Exploratory
factor analysis using principal components extraction was conducted on impact variables
to determine whether interpretable structures existed in the data sets. Only factors with
Eigenvalues greater than 1.0 were retained. A varimax rotation was used and factor
loadings less than 0.4 were suppressed for ease of interpretation. Factor scores were
saved for each campsite. If an interpretable structure emerged, agglomerative
(hierarchical) cluster analysis using Ward’s Method (interval = squared Euclidean
distance) was conducted on the factor scores to classify campsites according to impact
characteristics. Dendrograms of the cluster analyses for each study area (Appendix E)
were examined to determine the appropriate number of clusters, and additional cluster
analyses were performed for a range of solutions. Final cluster membership of each
campsite was saved for each solution. One-way analyses of variance (ANOVA) were
conducted on the resulting clusters to describe their respective characteristics and
examine any differences between groups. Resulting factor solutions, variable loadings,
and campsite typologies for the study sites included in this study (ISRO, ZION, and
KEFJ) were compared to results reported for Great Smoky Mountains National Park
(GRSM) and Prince William Sound (PWS) by Leung and Marion (1999) and Monz and

Twardock (2010), respectively.
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3. Results

3.1 Isle Royale National Park

Full assessments were conducted at a total of 243 campsites in ISRO (Table 3.2).
On average, sites exhibited an impacted area of 67.75 m’, and a vegetation cover loss and
soil exposure of 69% and 35.5%, respectively. Other impacts such as stumps (mean =
1.59), access trails (mean = 2.93), proportion of moderately to severely damaged trees
(mean = 36.3%), and the proportion of trees with moderate to severe root exposure (mean
= 26.8%) were generally present; trash (mean = 3.33%), fire sites (mean = 0.25), and
human waste (mean = 0.04) were less prevalent. On average, campsites exhibited a
moderate level of aggregate impact with a mean condition class rating of 3.0 on a scale of
1to5.

Exploratory factor analysis of the standardized variables for the ten measured
resource indicators resulted in an interpretable four-factor solution that accounted for
approximately 61% of the total variation (Table 3.3). Factor loadings for individual items
less than 0.4 were eliminated from the results to aid interpretation. Factor 1 was
interpreted as “areal disturbance” with tree damage, root exposure, and campsite area
loading on this factor; Factor 2 was interpreted as “ground-cover disturbance” with soil
exposure and vegetation cover loss loading on this factor; Factor 3 was interpreted as
“behavior-related disturbance” with trails, fire sites, and trash loading on this factor; and
Factor 4 was interpreted as “depreciative behavior-related disturbance” as stumps and
human waste loaded most substantially on this factor. Examining the full dendrogram
(Appendix E) suggested a solution of four clusters. Examining the mean factor scores of

the final cluster centers supported this solution (Table 3.4) and resulted in four distinct
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campsite groupings: 1) Minimally impacted sites with low mean scores on all factors;

2) Behavior influence sites with a high mean score on the behavior influence factor; 3)
Intensive behavior influence sites with a very high mean score on the depreciative
behavior factor; and 4) Extensively impacted sites with a very high mean score on the
areal disturbance factor. A total of 86 sites were classified as minimally impacted, 44
were classified as behavior influence sites, 13 were classified as intensive behavior
influence sites, and 100 as extensively impacted sites.

A comparison of the site attributes of the four campsite types illustrates how these
types differ based on individual measures (Table 3.5). Minimally impacted sites have the
smallest area; fewest stumps, trails, and fire sites; and have less trash, tree damage, and
root exposure than the other campsite types. Behavior influence sites have a large amount
of trash and the highest level of tree damage. Intensive behavior influence sites have the
highest level of root exposure and the most stumps and human waste. Extensively
impacted sites have the largest campsite area, the most soil exposure, and the most
vegetation cover loss. Statistically significant differences (p < .05) between clusters were
observed for each measured variable except the amount of trash present (F =2.369,p =
0.71). Mean condition class ratings were similar across the four groups identified via the

cluster analysis (F =2.205, p = .088).

3.2 Zion National Park
Full assessments were conducted on a total of 38 backcountry campsites in ZION
(Table 3.6). Sites exhibited an impacted area of approximately 100 m* on average, with a

vegetation cover loss of 86.5% and soil exposure of 72.7%. Multiple trails (mean = 4.11)



113
were generally present at sites, whereas other impacts such as stumps (mean = 0.18),

human waste (mean = 1.11), fire sites (mean = 0.42), tree damage (mean = 11.12%), and
root exposure (mean = 3.79%) were less prevalent. On average, campsites exhibited a
moderate-to-high level of aggregate impact with a mean condition class rating of 3.89 on
ascale of 1 to 5.

Exploratory factor analysis of standardized variables for the nine measured
resource indicators resulted in an interpretable four-factor solution that accounted for
approximately 71% of the variation in the data (Table 3.7). Factor loadings for individual
items less than 0.4 were eliminated from the results to aid interpretation. Factor 1 was
interpreted as “areal disturbance” with site area, soil exposure, and fire sites loading on
this factor; Factor 2 was interpreted as “tree damage” with root exposure and tree damage
loading on this factor; Factor 3 was interpreted as “ground vegetation disturbance” with
trails and vegetation cover loss loading on this factor; and Factor 4 was interpreted as
“behavior-related disturbance,” with stumps and human waste loading on this final factor.
Examining the full dendrogram (Appendix E) suggested a three-cluster solution.
Examining the mean factor scores of the final cluster centers supported this solution
(Table 3.8) and resulted in three distinct campsite groupings: 1) Minimally impacted sites
with low mean scores on all factors; 2) Moderately impacted sites with a moderate mean
score on all factors; and 3) Comprehensively impacted sites with a high mean score on
the tree damage factor and positive mean scores on all other factors. A total of 20
campsites were classified as minimally impacted, 13 campsites were classified as

moderately impacted, and 5 campsites were classified as comprehensively impacted.
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A comparison of the site attributes of the three campsite types illustrate how

these types differ based on individual measures (Table 3.9). Differences in vegetation
cover loss, soil exposure, site area, and tree damage appear to be driving the
classifications. Minimally impacted campsites have the smallest area and little tree
damage or other evidence of depreciative behavior. Moderately impacted sites have less
vegetation cover loss and soil exposure than the minimally impacted sites, yet they are
about 50% larger on average. Comprehensively impacted sites exhibit high levels of soil
exposure and vegetation cover loss, large site area, and very high levels of tree damage
and root exposure. Statistically significant differences in soil exposure (F = 28.885, p =
000), vegetation cover loss (F = 8.636, p = .001), area of observable impact (F=3.411,p
= .044), tree damage (F =265.016, p = .000), and root exposure (F = 17.765, p = .000)
were observed between clusters. Mean condition class ratings were different between
groups (F =8.647, p = .001), however the substantive differences were fairly small with
mean condition class ratings ranging from 3.38 to 4.20 for the three campsite types

identified by the cluster analysis.

3.3 Kenai Fjords National Park

Full assessments were conducted on a total of 80 backcountry coastal campsites in
KEF]J (Table 3.10). Overall, sites exhibited an average impacted area of 26.5 m*, with
vegetation loss and mineral soil exposure of approximately 56% and 60%, respectively.
Trails were generally present at campsites (mean = 2.27), whereas other impacts like
stumps (mean = 0.1), ghost tree stumps (mean = 0.2), trash (median = 1), human waste

(median = 1), tree damage (median = 1), ghost tree damage (median = 0), root exposure
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(median = 1), and campfire sites (mean = 0.1) are less prevalent. On average,

campsites exhibit a low-to-moderate level of aggregate impact, with a mean condition
class rating of 2.42 on a scale of 1 to 5.

Exploratory factor analysis of standardized variables for the twelve measured
resource indicators resulted in an interpretable four-factor solution that accounted for
approximately 61% of the variation in the data (Table 3.11). Factor loadings for
individual items less than 0.4 were eliminated from the results to aid interpretation. The
trash and human waste variables had variance 0 and were excluded from the analysis.
Factor 1 was interpreted as “areal disturbance” with root exposure, trails, tree damage,
and site area loading on this factor; Factor 2 was interpreted as “ground-cover
disturbance” with vegetation cover loss and mineral soil exposure loading on this factor;
Factor 3 was interpreted as “ghost tree damage” with the ghost tree damage and ghost
stumps variables loading on this factor; and Factor 4 was interpreted as “behavior-related
disturbance” with stumps and fire sites loading on this final factor. Examining the full
dendrogram (Appendix E) suggested a four-cluster solution. This solution was supported
by examining the mean factor scores of the final cluster centers (Table 3.12) for the four
distinct groupings: 1) Intensively impacted sites with moderate mean scores on the ghost
tree damage and behavior-related disturbance factors; 2) Extensively impacted sites with
a high mean score on the areal disturbance factor and negative mean scores for all other
factors; 3) Cultural resource concern sites with a very high mean score on the ghost tree
damage factor; and 4) Behavior influence sites with a very high mean score on the

behavior-related disturbance factor. A total of 39 campsites were classified as intensively
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impacted, 31 sites were classified as extensively impacted, 4 were classified as

cultural resource concern sites, and 6 were classified as behavior-related disturbance
sites.

A comparison of the site attributes of the four campsite types illustrates how these
types differ based on individual measures (Table 3.13, Table 3.14). Intensively impacted
sites exhibit the highest levels of mineral soil exposure and vegetation cover loss, as well
as a large mean campsite area. Extensively impacted sites show moderate levels of most
measured impact parameters. Cultural concern sites have the most ghost tree stumps and
the highest level of damage to ghost trees; behavior-influence sites have the most cut
stumps, trails, and the highest level of tree damage. Statistically significant differences
were observed for all measured variables (ANOVA for continuous measures, Table 3.13;
Chi-square for ordinal measures, Table 3.14) except amount of trash present (Pearson
Chi-square = 1.065, p = .786), human waste (variance 0), and campsite area (F = 1.032, p
= .383). Significant differences in mean condition class ratings were observed among
campsite types (F =5.413, p = .002), however the substantive differences were not very

large, with mean condition class ratings ranging from 2.00 to 3.50 on a scale of 1 to 5.

4. Discussion

4.1 Application of multivariate approach to
analyzing campsite data

This study successfully analyzed multiple indicator campsite data using a
multivariate statistical approach. Factor analysis revealed interpretable structures within
the data, and subsequent cluster analysis successfully classified campsites based on their

factor scores. The ability to reduce the data from as many as twelve variables down to
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four factors could have significant implications for measuring campsite impacts in the

field and increasing the efficiency of data analysis. These findings are addressed in more
detail in the following sections of the discussion.
4.2 Dimensional structures and typologies
of camping impacts

The findings presented in this study demonstrate the ability to observe meaningful
patterns and associations of variables in campsite resource assessment data, and to
develop an empirical classification of campsites based on measures of multiple impact
parameters taken in the field. The dimensional structures identified in this study illustrate
site-specific patterns of campsite impacts (Table 3.15). Although many of the same
impact parameters were measured at each location, these variables did not always load
the same way. Monz and Twardock (2010) speculate that slightly different dimensional
structures may exist in data from varying environments. However, the results of this
study only partially support that speculation. The campsite assessments in PWS and
KEF]J represent studies in nearly identical environments conducted using nearly identical
methods. While the dimensional structure of the factor solution for KEFJ clearly accounts
for impacts to ghost trees, which were not assessed in PWS, the campsite area variable
loaded differently in the two solutions. While there is no clear explanation for these
differences, they may result from site-specific factors other than the ecosystem in which
campsites are located. Differences may also be due to the exploratory nature of previous
studies and the analyses presented here; repeated analysis with other datasets and
confirmatory analyses may suggest a more stable factor structure. Other differences in

how impact parameters associate with one another can also be observed between the
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different study sites (Table 3.15). While structures vary by study site and, thus,

environment type, further research will need to be done to examine the influence of
environment on dimensional structures of impact parameters.

The analyses in this study were successful in developing an empirical
classification of campsites based on measures of multiple impact parameters taken in the
field during three separate, independent campsite assessments. The cluster analyses and
resulting campsite classifications or types provide meaningful information about the
nature and severity of impacts present at individual campsites (Table 3.16). Four
campsite types were identified at ISRO (Table 3.5), three campsite types were identified
at ZION (Table 3.9), and four campsite types were identified at KEFJ (Tables 3.13 and
3.14). Examining the characteristics of impacts based on these campsite types illustrates
key differences in the kinds of impacts present. For example, all three campsite types
identified in ZION exhibited moderate to high levels of vegetation cover loss and soil
exposure; the Moderately-Impacted sites were very large in size; and Comprehensively-
Impacted sites were characterized by impacts associated with depreciative visitor
behavior (i.e., cut stumps/shrubs, tree damage). Examining only the condition class rating
would not highlight these specific impact concerns, and understanding the nature and
severity of impacts has a greater potential to inform subsequent management actions.
These points are addressed further in the following sections of the discussion.

4.3 Condition class ratings based on
visual criteria
This study demonstrates that the multivariate methods described here are superior

to the traditional method of assessing overall campsite condition based on visual criteria
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for several reasons. First, traditional condition class estimates based on visual criteria

usually do not take into account the full range of impacts that can be present: often they
focus on vegetation and soil impacts. Monz and Twardock (2010) note, “In our
experience, condition class estimates are perhaps the most subjective and difficult of all
impact indicators” (p. 1570). This is because the observer is often required to consider
multiple impact factors simultaneously, and frequently the impacts do not co-vary in the
field. Similarly, the scalar nature of the traditional condition class estimate does not
necessarily account for the types of impact that may be present in different classes of
sites (e.g., the difference between a CC 3 and CC 4 campsite). Table 3.17 provides a
comparison of the visual condition class ratings among the campsite typologies identified
in the multivariate analyses. Only the PWS analysis shows any relationship between
condition class and the campsite types identified by the cluster analysis: Minimally-,
Intensively-, and Comprehensively-Impacted sites have mean condition class ratings of
1.5,3.6,and 4.1, respectively. In contrast, although significant differences in condition
class rating were found for campsite types in ZION (Table 3.9), Moderately-Impacted
sites had a lower mean condition class rating than Minimally- and Comprehensively-
Impacted sites. In KEFJ, no clear pattern in mean condition class ratings can be observed
even though they did differ significantly among campsite types (Table 3.13). Finally,
ISRO mean condition class ratings did not differ significantly among the different
campsite types (Table 3.5), and exhibit no clear pattern (Table 3.17).

The lack of any clear relationship of condition class ratings based on visual
criteria to the campsite types identified by multivariate analysis and subsequent cluster

analyses is likely due to the fact that condition class cannot highlight specific impacts of
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concern at the individual site level (Tables 3.16 and 3.17). For example, Minimally-

Impacted sites and Intensive Behavior-Influence sites at ISRO have similar mean
condition class ratings (2.95 and 2.92, respectively), and the same range between
minimum and maximum condition class ratings for sites in each category. However,
Minimally-Impacted sites have the smallest area; fewest stumps, trails, and fire sites; and
low levels of trash, tree damage, and root exposure, whereas Intensive Behavior-
Influence sites have the most stumps and human waste and the highest level of tree
damage for ISRO backcountry campsites. Examining only the condition class ratings
would fail to identify any of the impacts listed. By classifying campsites based on the
multiple parameters measured during the field assessment, we can have a better

understanding of the nature and severity of impacts at each campsite.

44 Management implications

As discussed in the previous sections, using multivariate methods to identify
campsite types based on the multiple impact parameters measured in the field results in a
classification system that highlights specific impacts of concern at the site level in a
manner that traditional condition class ratings are unable to do. By highlighting specific
impacts of concern, classifying campsites in this manner provides managers with more
detailed information about the nature and severity of impact and consequently can guide
management actions designed to address campsite impacts. Leung and Marion (1999)
note that it “...may be more effective [for managers] to formulate campsite management
strategies based on campsite types than on characterizations of individual impact

parameters” (p. 201). For example, three types of sites were identified at ZION:
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Minimally-Impacted, Moderately-Impacted, and Comprehensively-Impacted sites.

Mean condition class ratings, although statistically significant, did not differ much among
site types (4.15, 3.38, and 4.20, respectively). However, examining the characteristics of
impacts based on the clusters illustrated key differences in the kinds of impacts present.
While all three types exhibited moderate to high levels of vegetation cover loss and soil
exposure, Moderately-Impacted sites were very large in size and Comprehensively-
Impacted sites were characterized by impacts associated with depreciative visitor
behavior (i.e., cut stumps/shrubs, tree damage, campfire impacts, multiple trailing,
improper disposal of human waste). Thus management actions directed at reducing
undesirable visitor behavior would be most appropriate for reducing impacts at
Comprehensively-Impacted sites, whereas actions directed at limiting the areal extent of
campsites would be more appropriate at Moderately-Impacted sites. Similarly, managers
at ISRO could focus actions designed to address behavioral issues like damaging/cutting
down trees of improperly disposing of human waste at the Behavior Influence sites, and
managers at KEFJ can take appropriate action to minimize visitor damage to ghost trees
at Cultural Resource Concern sites.

Condition class ratings based on the visual approach and scalar classification lack
the detail necessary to inform management actions to address campsite impacts as they
simply communicate a general level of impact from low to high, but fail to highlight
specific impacts requiring management attention. Multivariate approaches have been
criticized as being difficult for managers to apply and interpret, however these results
demonstrate the relative intuitiveness of applying factor analysis and cluster analysis

methods to data from multiple-indicator campsite monitoring studies. The advantages of
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this approach over the traditional condition class rating may be worth the extra time

involved in conducting the analyses. With the increasing demand for outdoor recreation
opportunities and the growing visitation to our national parks (Olson, 2016), managers
will benefit from methods of summarizing campsite impacts that highlight specific
impacts of concern at the site level and suggest appropriate management strategies for
addressing those impacts.

Finally, the ability to reduce datasets containing between nine and twelve
variables to four meaningful factors demonstrates the ability to reduce large multiple
impact parameter protocols to a smaller subset of measurement variables. This could
enhance the efficiency of field assessment procedures, allowing managers to select three
or four variables that account for the highest amount of variation in the data rather than
measuring upwards of ten distinct variables. Greater efficiency of data analysis would
also be achieved, either through a reduced number of variables to be analyzed or by
reducing a large multivariate dataset to a more manageable number of interpretable

factors.

5. Conclusions

This research examined the application of a multivariate statistical approach to
analyzing multiple-indicator campsite data from three independent campsite studies
representing unique environments. The analysis revealed interpretable structures within
the data from all study locations, and was able to classify campsites based on the
empirical measures collected in the field. This research supports the results of previous

studies (Leung and Marion, 1999; Monz and Twardock, 2010), and demonstrates the
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ability to identify meaningful patterns and associations of variables in campsite data

from assessments conducted at sites representing a range of geographic locations,
climates, and ecosystems. This approach provides more detailed information about
specific impacts of concern than the traditional scalar condition class rating based on
visual criteria or examining impact parameters in isolation, thus allowing managers of
parks and protected areas to more effectively direct management actions to certain areas.
Additional work will need to be conducted in order to determine whether a more stable
factor structure exists, the extent to which campsite typologies based on natural
groupings of empirical measures can be generalized, and the utility of reducing the
number of variables included in field assessments of campsite impact. This method of
summarizing campsite impacts may also lend itself well to integration with visitor
evaluations of the acceptability of resource conditions at campsites, providing valuable

information for managers.

Acknowledgements
The author wishes to thank Dr. Jeffrey Marion for generously providing the ISRO

and ZION datasets used in this study.



124
References

Boyers, L., Fincher, M., van Wagtendonk, J., 2000. Twenty-eight years of wilderness
campsite monitoring in Yosemite National Park. In: Cole, D.N., McCool, S F.,
Borrie, W.T., O’Loughlan, J. (Eds.), Wilderness Science in a Time of Change
Conference. Vol. 5. Wilderness Ecosystems, Threats and Management.
Proceedings RMRS-P-15-Vol-5. U.S. Department of Agriculture, Forest Service,
Rocky Mountain Research Station, Ogden, Utah, pp. 105-109.

Brown, P.J., Shomaker, J.H., 1974. Final report on criteria for potential wilderness
campsites. Supplement No 32 to 12-1-204-3. Utah State University, Institute for
Study of Outdoor Recreation and Tourism (Logan, UT).

Buckley, R., 2004. Environmental Impacts of Ecotourism. CABI International, Oxford.

Budruk, M., Virden, R., Waskey, M.T., 2009. Community conversations around public
lands: exploring beneficial outcomes in the Wood River Valley. J. Park. Rec.
Admin. 27 (1), 102 -118.

Cole, D.N., 1989. Wilderness campsite monitoring methods: a sourcebook. General
Technical Report INT-259. USDA Forest Service, Intermountain Research
Station (Ogden, UT).

Cole, D.N., 1993. Campsites in three western wildernesses: proliferation and changes in
condition over 12 to 16 years. Research Paper INT-463. USDA Forest Service,
Intermountain Research Station (Ogden, UT).

Cole, D.N., 2004. Impacts of hiking and camping on soils and vegetation: a review. In:
Buckley, R. (Ed.), Environmental Impacts of Ecotourism. CABI International,

Oxford, pp. 41-60.



