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CHAPTER |

INTRODUCTION

Wildemess Definition and Mandate

tin 1964, the United States Congress passed the Wilderness Act (P. L. 88-577). This
Act enabled Congress to preserve untamed areas of federal land by designating them as
"wilderness.” The primary purpose of this Act was to preserve the “enduring resource of
wilderness.” The Act stipulated that "wilderness classificalion” was a unique managerent
designation and this classification could anly be placed on land areas that had a unique
characteristic of nature as the primary influencing factor. The author of the Act, Howard
Zahniser, defined wilderness as an area of undeveloped, "untrammeled” federal land that
consisted of at least 5000 acres. Additionally, this Act established the National Wilderness
Preservation System and it created the mandate for these wildland areas. By definition, these
areas contain unique attributes of solitude, and provide opportunities for a primitive and
unconfined type of recreation. In short, they are places where an individual may visit but the
influence of this intrusion is negligible.

In 1975, Congress passed another law that influenced society’s perception of
wilderness purity. Prior to 1975, there were very few wilderness areas on federal lands east of
the 100th parallel. Realizing the need for creating wilderness areas nearer to highly populated
areas, Congress passed the Easten Wildemess Act (P. L. 93-622) (Browning ef al. 1988,
Hendee et al. 1990). The Eastern Wilderness Act reduced the restrictions for wilderness
designation on areas east of the 100th parallel. This action diluted the original “wilderness”
stipulations of the 1964 Wilderess Act, allowing smaller areas and/or areas of previous

development to be preserved as “Wilderness” (Hendee et al. 1990).



Orginally, arguments were made that areas created through the Eastern Wilderness
Act would be called "wild areas,” distinguishing them from the previously created “wilderness
areas” (Hendee et a/. 1990). However, Congress decided to group the two different “wildland”
types into one classification falling back on the original term of wildemess.

Many researchers argued that the difference of nomenclature was irrelevant because
true wilderness is a “state of mind” (Nash 1982, McCool 1988, Driver ot al. 1990). Regardless,
wilderness areas provide unique recreational opportunities for visitors, and wildermess pursuit is

a type of recreation not likely found anywhere else (Stankey and Schreyer 1987, Manning 1988,

Taylor 1990).

Management Concerns to Control Impact

The 1964 Wilderness Act, and subsequently the 1975 Eastern Wilderness Act,
proposed thal wildemess areas would provide recreational, scenic, scientific, educatianal,
conservation, and historical resources where applicable. Further, while providing these
resources, wildemess managers are required to maintain the area as wild and natural as
possibie, negating human influence. Through management's attempts ta provide recreational
resource opportunites, impacts occur. Both social and physical impacts affect willderness
character, influencing an area's “wildness.” Most wilderness managers and researchers found
that among all resources provided by wildemess areas, the single most impacting resource was
recreation (Hendee ot al. 1990). Additionally, of ail the resocurce opportunities provided by
wilderness, the resource most subject to management is recreation (Cole 1987, Cole 1994a).

Recreational impacts are a significant problem in most wilderness areas today (Cole
1987, Hendee ef a/. 1990, Cole 19943, Cole and Truil 1982, Cole and Landres 1896), with the
most common problems being deterioration of campsites, and trail degradation (Cole ef al. 1987,
Hendee et al. 1990, Washburn and Cole 1883). These impacts are inevitable (Cole 1984a).

However, the degree to which an area becomes impacted before remedial steps are taken is at



management's discretion (Cole 1987, Cole 1994a). Consequently, the wilderness visitor is no
longer considered as a non-consumplive user (Marion 1991).

Through management plannng, recreational impacts in wildemess can be controlled to
an acceplable level (Cole 1987). In order to comply with their mandate, wilderness managers
endeavor to correct situations when amounts of impact on wildemess areas are deemed too
severe. The degree of this “acceptable level of impact” varies among areas. Individual

standards are based on the use and physical traits of the wilderness.
Importance of Measurement of Use and Monitoring Change

Managers play an important role in backcountry management. They make decisions
about management based on knowledge gained through research. These decisions influence
the type of use and user perception in a given area.

Management decisions are derived from all factors that are associated with an area.
Visitor traits influence the amount of impact in wilderness, and these traits include frequency of
use, type of behavior, and season of use. Managers need to understand the traits of their
visitors to focus their management on specific times, places, and people.

Additionally, visitor’s wildemess perception is important for managers to measure
(Christensen and Davis 1985). Visitor trails and perceptions are highly variable between
wilderness areas. Importance of visitor perception is that visitors enact coping behaviors to
achieve their desired experience. Keuntzel and Heberlein (1992) found that coping behaviors
are enacted to change the experience to an acceptable level, and both social faclors and
physical site characteristics influence these perceptions. As an area becomes impacted, visitors
may conclude that an area is over-crowded. Regretfully, the primary coping behavlor response
to over-crowding is displacement, either from one site to another within a specific area, or from
one wilderness ta another (Keuntzel and Heberlein, 1992). However, the characteristics of
individuals are not static, as they change over time (Stankey and Schreyer 1987). Therefore,

routine evaluations of visitor use and perception are important for management decisions.



Environmental condition is the other important factor that influences amount of Impact
and management decisions. Due to environmental conditions, some wilderness areas are very
tolerant to use, however, some areas are severely impacted through very little use {Phelps
1989). Impact levels are influenced by a site's resistance and resilisnce which are unique to
each area (Hammilt and Cole 1987). These environmental conditions Include vegetation type,
soil characteristics, geotogic elements, and other climatic conditions, like average annual
temperature and rainfall. Additionally, managers need to know the relationship between amount
of use and amount of impact, and they need to consider differences of durability between
various vegetation types and soil types (Cole 1993c).

The objeclive of any wilderness manager Is to maintain the natural and pristine
condition of the area. Today, the primary method to evaluate the amount of impact on a
wilderness area is through the establishment of a management plan and continual monitoring,
as monitoring is the key to any management plan (Stankey et al. 1985, Roggenbuck arjd Lucas
1987, Phelps 1988, Petersen and Harmon 1993, Manning 1988). Monitoring reveals the amount
of impacts that have cccurred on campsites and trails, and is used to calculate change over
time. This allows managers to evaluate the natural condition, identify problem areas, make

remedial prescriptions, and evaluate the impact of the remedial prescriptions.
Statement of the Prablem

In 1988, Congress passed the Winding Stair Mountain National Recreation and
Wildermess Area Act (P. L. 100-499) that in part designated the Upper Kiamichi River Area as
Wilderness (hereafter referred to as UKRW). The UKRW is an area in the Ouachita National
Forest in southeastern Oklahoma (Figure 1, page 5). Through this designation, the managers of
lhe UKRW were mandated to create recreational opportunities and maintain its pristine nature
and primitive setting.

In 1992, the Upper Kiamichi River Wildermess Management Implementation Plan

(U. S. Fore.st Service 1992) was drafted, and a Limits of Acceptable Change (LAC) management
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system was adopted. The managers also incorporated a zoning system that helped focus
impact management in cerain areas due to varying use canditions (Haas et al. 1987). Through
this zoning system, the area was divided into four Opportunity Class Zones in which varying
amounts of use and impacts were tolerated. The primary zone of use was labeled Onpportunity
Class Three which consisted of a corridor surrounding the Ouachita Nafional Racreation Trail
(referred to as ONRT). This zone has the highest tolerance for use and impacts. This zone was
ihe primary study area for this project.

In 1993, Kuzmic evaluated use, use pattems, and perceptions of the UKRW visitors.
Data were collected to befter understand these visitors, and through evaluation, use patlerns
and user lraits were analyzed and established.

This study was an assessment of the impac!s caused through recreational activities of
the UKRW visitors. The UKRW needed an impact study and assessment for two reasons. First,
the UKRW's LAC plan proposed a monitoring system, and this was the initiation of that system.
Secondly, the LAC plan required a comparison of the current condition of specific parameters to
their standards. The UKRW managers wanted to know current conditions of bath campsites and
the ONRT, to locate problem areas, and to have recommendations of appropriate remediation
prescriptions.

Prlor lo this study there was no formal documentation of any type of impact. The ONRT
needed evaluation to assess the impact of the trail and potential for trail deterioration. This
study established baseline data both for the ONRT and campsites within the area. Since this
was the first impact study, campsite data were 3lso collected and compared {o control site data
to infer the amount of change that had occurred. All appropriate data were compared (o the

LAC standards as described in the LAC plan of the UKRW, and evaluations were made.

Purpose: the purpose of this study was to;
A.) Collect campsite data from all known UKRW campsites, as a baseline for future

* impact moniloring studies.



B.) Collect trail transect data to provide a baseline for further trall monitoring studies.
C.) Evaluate the amount of impact that had occurred by comparing campsites to nearby

controls.

D.) Compare the campsite characteristics to standards stipulated in the UKRW's LAC

plan.

Objectives: the following abjectives were to;

1.) Evaluate campsite conditions by analyzing differences between campsites and
controis. The parameters measured were percent vegetation cover, percent exposed
mineral sail, number of trees, tree damage, tree root exposure, soil compaction, and
both instantaneous and saturated infiltration rates.

2.) Evaluate campsite density by calcufating number of campsites per trail mile.

3.) Measure distance from each campsite to the nearest water source.

4.) Measure distance from each campsite to the ONRT.

5.) Evaluate trail condition by examining trail damage.

6.} Inventory the amount of litter on trails.

7.) Evaluate trail damage of trails located in old roads.

8.) Evaluate the overall condition of the ONRT and UKRW campsites.

9.) Compare the data to standards delineated in the LAC plan for the UKRW.

10.) Recommend potential remediations for problem areas.



Glossary of Terminology

The following are definitions of terminalogy used throughout this study. These terms are

defined in the context of this study.

Barren Core Area - a calculation of the total area (f’("") of the campsite that is completely
denuded of vegetation and organic matter through trampling or other human induced
activities.

Campsite - a place where recreational overnight camping occurs. Distinguished by evidence of
trampling, fire scars, fire rings, benches, racks, and/or other human developed facilities.

Campsite Area - a calculation of the total area (ft) of the campsite as affected by trampling or
other impacting actions caused by human recreational use.

Campsite Impact Index Raling - rating system used to evaluate the overall condition of the site,
based one nine impact variables.

Cleanliness - rating system of the lack of trash, human feces, horse feces, and campfire
remnants.

Day-use - use of the UKRW for recreational pursuits during the day, but not used for camping
or staying overnight.

Fixed Point - two threaded pipes located on both sides of the trail, established for present and
future trail transect evaluations.

Impact - all non-natural changes caused to the physical, ecological, and aesthetic elements of
wilderness {hrough recreational use.

Indicators - defined variables by the UKRW managers that reveal the overall wilderness
character.

Inholding - a parcel of privately owned land within the UKRW boundary.

Instantaneous Infiltration Rates - inverse period of fime (min.) elapsed for water to penetrate dry

soll, reporied as a rate of centimeters per minute.



Landform - the physio-graphic structure of the site, categories were definad on the
“campground impact form" (Appendix C).
Litter - any human or domestic animat waste product left in the wildemess, includes paper

metal, plastic, and feces.

Overnight Use - use of the UKRW for recreational pursuils while spending at least one evening

camping there.

Percent Vegetation Cover - percent measurement of vegetation ground cover within the
campsite boundary.

Percent Bare Mineral Soil / Soil Exposure - the percent of campsite area that has no vegetation
and little or no duff or organic matter.

Quadrate - one meter by one meter square grid, used in determining percent vegetation cover
and percent bare minetal soil exposure.

Recreation-Recreational - any personal, voluntary pursuit or activity that occurs during leisure,
wilh inherent satisfaction and that is wholesome and socially acceptable.

Resilience - the ability of an ecosystemn to recover rapidly afier a disturbance.

Resistance - the ability of the ecosystem to resist change when il is disturbed.

Root Exposure - exposure of tree roots on campsites caused through non-natural
phenomenon.

Saturated Infiltration Rates - inverse period of time (min.) elapsed for water to penefrate the
soil, reported as centimeters per minute. This measurement is the average time elapsed
for penetration of 5 centimeters of water.

Significance Level - the probability of rejecting the null hypothesis when it is true. The
significance tevel for this study is at 0.05, or five percent.

Social Trail - formation of additional access trails to nearby attractions such as water source,
satellite sites, other points of interest, other teails, or vistas.

Soil Compaction - soil penetrometry, the pressure taken to insert a rod a given distance into the

soil, reported as kg/cm’.
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Standards - specific tolerance levels of acceptable impact.

Trail Bare Ground Width - length of visible trampling damage which has resulted in removal of
all vegetation cover.

Trail Profile - the cross-sectional area (ft%) between the tread surface and the bracket placed
over the trall, between two fixed points.

Trail Slope - the percent departure of the trail from a level plane, recorded as a percent.

Trail Tread Depth - the greatest depth of trail tread in respect o the cross-sectional profile.

Tree Damage - any human caused damage to the primary stem or branches of the tree. May
include carving, hatchet marks, nails, or tree removal.

Use - The pursuit of recreation by people.

User - avisitor, or an individual who recreates in the wilderness.

Visitor - a persan who goes to wilderness for recreational pursuits.

Wilderness - any designated federal land, mandated to provide unigue opportunities Qf

recreation, while maintaining the areas pristine nature.



CHAPTER N
LITERATURE REVIEW
Trends of Wilderness Use

Since the designalion of federa! wilderness areas in 1964, people have enjoyed many
resources provided by these areas. Today. wilderness areas are used extensively and the
amount of use is expecled to increase. Past researchers argued that interast in racreational
opporturities (n wilderness was decreasing due to decreasing growth rates of use levels. They
stated that wilderness areas were experiencing increased use, but the rate of increase was
presently declining (Cordell et al. £880).

However, Cole (1996) stated that wilderness use was at an all time high in 1994, He
found thal use trends were understated due to primarlly two reasons. Flrst, among the vanous
agencies managing these areas, there was no uniform method to calculate use. Reported use
levels varied among most agencies, and a single use rate was hard to derive. Second, and
more importantly, Cole found that due to the increase of the total land area of the National
Wilderness Preservation System, specifically wilh the inclusion of Alaskan wilderness, the rate
ol growth was understated, due 1o a large increase of land area. Exciuding the little used
Alaskan wildemesses, the rate of recreational use has had a steady increase since the passage
of the 1964 Wildernass Act (Cole 1996).

Cordell and others (1990) reporied that there are primarily two factors thatinfluence
trends in the lime and duration of use in witderness areas today Since the 1960's, an interstate
system was established, and manufacturers increased the fuel efficiency of automobiles. By

easing visitor accessibility to these areas, the amount of use increased, thereby increasing the

11
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level of impact occurring in wildemess areas.

Changing work schedules and work pattems of visitors, has also changed the pattemns
of their visits. Since the 1960's, people have been changing their work schedules by working
more through the week and taking off two to three days on the weekends. As a result, visitation
trends of going more often and stay shonter lengths of time were developed. This has had an
adverse affect on wilderness areas. Use patterns have evolved in which many wildermess areas
receive a concentrated amount of impact in relative short periods of time (Cordell ot al. 1990,
Cole ot al. 1995).

Weekends and holidays are the primary times that concantrated amounts of recreational
use are observed in wilderness areas today. Recreational areas in general are most intensively
used during {ate spring, summer and early fall months, starting at Memorial Day and continuing
through to Labor Day (Cordell et al. 1990). Most accumulation of impact on recreational
resource occurs during this time, although some variation has been shown.

Today, an increasing number of visitors go to wilderness during the day, as a resuit day-
use of most wilderness areas has increased over the last ten years (Roggenbuck et al. 1994).
Many feel that day-use has become more important to measure and manage because day-use
is diffarent from overnight use both in management goals and types impacts incurred (Cole
1996, Roggenbuck et al. 1994).

Kuzmic (1993) reported UKRW use trends of ime and duralion which affected social
and physical impacts. Over 85% of all visitors visit the UKRW on weekends. The fength of stay
tor over 80% of ihe overight visitors was two days or less, and for over 34% of these visitors,
the stay was one day. Concentration of use was found on the weekends as short duration of
stay was the use pattern characteristics for the UKRW (Kuzmic 1993). Additionally, Kuzmic
(1993) found that over 75% of all visitation occurred during Spring and Fall months, with 34% in
the Spring and 41% in the Fall. The high number of visitors in the Fall were attributed to the

hunting season and the leaves turning color in auturmnn.



Management Prascriptions to Control impact

The term "wilderness management” is a paradox. Wildemess managers do not
manipulate wilderness to gain a desired outcome; they manage people. Hendee and others
(1990) stated wilderness managers were forced into the role of “quardians and not gardeners.”
Many researchers and managers realize that impacts are inevitable, and managers should
prepare ta manage their resaurce o meet their desired goal (Hammitt and Cole 1887, Cole
1993a, Cole 1994a). Managers need to monitor visitor traits, number of visitors, and level of
use, to justify a management plan. This may include the impiementation of regulations or fees to
sustain the desired level of wilderness character (Mendee ot a/ 1980).

Light-handed management schemes are the desired management conditions of
wilderness areas (Lucas 1982, Christensen and Davis 1885, Cole 1889¢, Kuzmic 1993). Often,
the first management oplion, and the most light handed method, is visitor education. However,
managers of popular wilderness areas often estabiish permit systems to control wilderness use
levels. Permit systems required recreationists to pre-register to obtain permits before they gain
wilderness access. The amount of visitors to these areas are restricted according to an
igentifiable daily quota. In some cases visitors are denied access as quotas are met due to the
limits on visitar numbers.

Many feel that this method is “heavy-handed” in its approach. Rowever, some
managers feel it is necessary to maintain the prisline conditions. This is a volatile issue for
many as they fee! wilderness access should be made available for spontaneous people who
make spantaneous decisions 1o visit the “wilds” and get away from everyday societal pressures
(Lucas 1982, Cole 1989c). However, for some high-use areas this method was the only option
available to maintain the area’s character (Merriam 1986).

Subsequently, wilderness managers were forced to initiate regutations for wilderness

access that identify an acceptable amount or duration of use. Mast wildemess visitors accept
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varying degrees of regulation. This acceptance for regulation is due to the realization that to
maintain the integrity of most wilderness areas some regulation of use is necessary.

Wilderness managers continually face a major dilemma in prescribing regulations. Cole
(1993a) discussed the issue of managers attempting to generate quick fix answers to complex
problems in wildemess areas. He argued that often managers made prescriptions to remedy
highly impacted areas, but in doing so, they sometimes created worse situations. The basis for
wilderness management planning programs should be a process that is ratlonat and considerate
of the entire wilderness area. Managers create problems when they focus remediation
technigues on specific impacts at a single locatlon, while ignoering the causal elements of
damage in other focations of the same wilderness. Cole (1933a) stressed thal managers
needed to get away from treating the “symptoms” and start working on the "disease.”

Good management is dependent upon adequate planning. knowledge, implementation,
and monitoring. Monitoring is incorporated into management plans to increase management's
knowledge of which remeadiation techniques accomplish their the purpose and which ones fail.
Management decisions and recovery prescriptions should be lested and re-evaluated routinely
through continual monitoring. This requires a full-time effont.

n 1988, Reed and others reporied that only twenty-six percent of all wilderness areas
had full-time managers and only sixteen percent of all wilderness areas had systematic visitation
counts, Considering these numbers, managerial prescriptions for many wilderness areas were
based on "best guesses.” Additionally, only thirty-seven percent of all wilderness areas were
investigated for environmental research on the effects of human use on fish, wildlife, vegetation,
soils, geology, air, and water (Reed et al. 1988).

Wilderness managers need to continually monitor and evaluate the current condition of
a wilderness. Remediation prescriptions are based on amount of impact accurring on
wildemess, and its current level of use. Wilderness managers need to consider all aspects of

impact. Through the combination of comprehensive impact evaluation and incorporation of
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appropnate management prescription, wildemess managers should be abls to effectively
manage the area (Cole 1393a).

Two primary methads for managing visitor use in wildemess have avolved since the
1960's, they are carrying capacity methad and Limits of Acceptable Change (LAC). The
cafrying capacity concept was adapted by recreation managers from the range management
profession. Carrying capacity was a metnod by which the management was based according to
the amount of use. Managers tallied the number of visilors of an area and made management
decisions and prescriptions solely from ihis aspect.

However, managers found that this methad was not universally appropriate (Marion et
al. 198%). Some recreation managers found that areas within wilderness continued to receive
unacceptable amounts of impact, while remaining within the limits of their visitor carrying
capacity. They felt that they needed to consider not only amount of use, but also the type,
location, and season of use. Day-hikers tended to cause different types and lavels of impact
than over-night campers, and over-night campers typically caused less impact than the pack-
stock campers (McClaran and Cole 1993, Roggenbuck ef af. 1894).

n 1985, the Limits of Acceptable Change (LAC) concept was introduced. The LAC
method of wilderness management is a muiti-staged process by which an area is contlnually
monifored after the initiation of the process (Stankey et al. 1885). Through this process,
indicators are defined, stangards are established, monitaring schedules are enacted, and
remedial prescripbons are made. The indicators are wildemess specific, based on what the
planning committee perceived to affect the wildernass expenance. The standards, also
wilderness specific, define the degree by which ingicators are allowed to deteriorate before
remedial prescriptions are initiated. Through continual monitoring, the existing conditions in {he
wildemess are compared to the standards. |f standards are exceeded, managers implement
prescnptions to remedy problem sources.

The LAC management system was derived from the actuality that wilderness areas

exhibited varying degrees of type, location, season, and amount of uses. Managers of
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wilderness areas needed a “"dynamic continuing process,” or a changing management ideology,
due to these changes of use (Stankey ot a/. 1985).

The LAC process has been implemented at several U. S. National Forest wildemess
areas. This method has been widely accepted because managers found that the system
addressed the needs of specific areas. Stankey et al. (1985) proposed no general indicators or
standards in their initial articulalion of LAC plan. Indicators and standards for a LAC plan are

dependent upon the social and physical character and influence of distinct wilderness areas on

an area by area basis.
Wilderness Expectation and Coping Behaviors

Wilderness visitors typically have expectations for their wilderness experiences. These
expectations are very individualistic, dependent upon Lhe background, knowledge, and
experience af the person. Expectations are often goal-oriented and visitars expect a diverse
range of outcomes from visiting wilderness areas. These outcomes range from introspection
such as seeking solitude and nature study, to very physically demanding experiences that
include hiking and rock-climbing (Taylor 1990). Wilderness visitors pursue a wide diversity of
activities in wilderness settings and often experience more than one during each wilderness
visit.

Due to varying visitor maotives ang expectations, the degree of solitude varies between
different groups entering a wilderness and this degree varies amang members within that group.
Watson and Cronn (1994) found that the more people go to wildemess, the higher the degree of
solitude they expect. In their study, wilderness visitors thal wen! into a wilderness for {he first
time more than two years ago reported more social prablems than those on their first trip less
than two years ago. They also stated that avernight visitors reported more resource impact than
day users. Visitors that stayed longer durations in a wilderness area were more sensittive to

human impacts (Walson and Cronn 1994).
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Wilderness purism has been a continual topic of debate among wildernass researchers
and users. The degree or definition of a "true wildemness setting” is influenced by ane's personal
biases and ideology. Wilderness purity refers to the amaunt of remotenass, naturalness,
solitude, or “wildness” an area provides, as perceived by individuals.

As an individual's “purity” expectation increases they tend to become less tolerant of
impacts and invasions of solitude in wilderness. The primary concems that affect wildemess
purity are deteriorating campsite and trail conditions, and area litter accumulation. In 1887,
wilderness managers reported that 76% of wilderness visitors complained about trail
deterioration, and 72% complained of campsite conditions (Cole st a/. 1987). Further, 65% of
their visitors objected to the amount of litter, while over-crowding problems were also evident to
51% of wilderness visitars.

Additionally, the perception of wilderness purity is more definitive as recreationists
become more educated ahout apprapriate wildemess characteristics (Hammitt and Patterson
1991). Today, due to environmental education, wilderness visitars have a greater expectation of
environmentally sound practices in wilderness areas, than anywhere elsa {Petersen and
Harmon 1993).

in 1991, Hammitt and Patlerson investigated coping behavior technigues to avoid
contact with others in wildland seftings. They found that physical coping behaviors wers used
mare than social behaviors as a way o avoid visitor interactions and maintain wildland privacy.
The use of physical coping behaviors was strongly influenced by the importance of solitude and
"congruent encounter norms.” They found that privacy in wilderness goes beyond number of
visitor encounters. They stated that coping behaviors lo reduce impact perceplion, is only one
of the variables at play. Regretfully, these physicat coping behaviors tended to displace visitors,
either from one site to another, or from one wilderness to anather (Hammitt and Patterson 1991,
Kuentzel and Heberlein 1392).

The UKRW visitor population has an unique motive and expectation profile. Kuzmic

(1993) reported that visitors felt that the UKRW provided a high quality wilderness character,



and the scenic beauty of the area was the most outstanding characteristic provided.

Additionally, these visitors reported that the problems of the UKRW were the amount of litter.
deteriorated campsites, conflicts with hunters, and noisy people camping nearby. Many of these
conflicts occur as the level of use increases. However, the conflict with hunters was highest
during the fall season when hunters and other recreationist visited the area. They also saw a
need for management to plan trees on old roadways, to require visitors to pack out all litter, to
reguire campsites to be located more than 200 feet from the trail and streams, and to have

rangers patrol for enforcement of these rules (Kuzmic 1993).
Trends of Wilderness Campsite Impacts

Human induced impact typically is one of the most significant traits influencing the
overall appearance of wilderness. Kuzmic (1993) found that conditions of individual sites within
the UKRW were perceived by visitors to affect wilderness character mare than encounters with
other visitors.

Campsite conditions are very complex and these camplexilies are based an the inter-
relationship of soil, geology, vegetation, climate, and use trends (Cole 1989c). Four primary
factors affecting the amount of impact on campsites are frequency, type, and season of use and
environmental conditions (Hammitt and Cole 1987, Cole 1994a). Environmental conditions play
a major influence on areas and they need this evaluation for a complete analysis of the
conditions affecting the sites. When evaluating the impact on a wildland area, investigators need
to cansider the vegetation type, soil type, and geological conditions. These environmental
conditions are used to define the resistance and resilience of the site (Cole 1986).

Climatic factors also have a major influence on an area’s tolerance. Climatic factors
include mean annual temperature, length of growth season, and amount of precipitalion. These
factors, in combination with the site’s physical factors, determine a site’s overall impact

tolerance.
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There are certain trends associated with impact. These lrends can be categorized into

the following classes: spatial impacts, temporal rends, visitar use, and characteristics of impacts

on specific variables.
Spatial lmoagt Trends

Manning (1879} lirst described impact to occur in a pattern of “nodes and linkages.” He
argued that most of the impact that occurred on sites happened on the trails and campsites.
Trails serve only as links to traffic visitors to back-country sites while the campsites themselves
are the activity nodes. This wilderness impact trait helps managers focus prescrintions for
remediation on specific areas. Managers found it easier to manipulate and monitor fewer areas
while they maintained the pristine order and overall appearance of an entire wilderness area.
Closure of few seriously impacted sites is easier than closure and rehabilitalion of many sites
(Hammitt and Cole 1987, Cole 1994a).

Campsites are the areas of wildernesses that experience the highest amount of use
(Hendee ot al. 1980). Many managers feel that establishing designated siles is a method by
which impact is focused by the camper on a few specific campsites and additional impacts are
minimized in other areas (Hammitt and Cole, 1987).

Bob Marshall Wildemess had recreational patterns where campsiles increased in overall
area (Cole 1983b, Marion and Merriam 1885, Cole and Hall 1992).. Further, 3s use increased,
the campsite area increased. This is a trend that most wildemess areas have.

Cole studied the way by which campsite density was increased (1993b). Campers that
went to a wilderness area sought a campsite at a scenic or ideal location. if there was not 3
campsite where they preferred or if all campsites were full, visitors tended to creale new
campsites to accommodate their needs. |n addition to increased physical impact, this is a social
impact due 1o over-crowding.

Managers influenced the trend of campsite pioneering through their desire to maintain a

minimally impacted resoucce. Managers educated visitors on good “no trace ethics® for
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camping. Through this education, managers described what should be expected when people
visited these areas. When campers visited an area and encountered a site that had been
severely impacted by previous campers, they moved on to find a more primitive area, creating a

new site in the process (Cole, 19393b). In this case, campsite proliferation was caused by

management techniques in educating the public.

Temporal Impacts

Cole (1982) described the general trend by which the amount of impact occurs as use
continues. He found that impact occurs rapidly at first and then increases but at a decreasing

rale. His graph illustrated the relationship of amount of impact as use continued through time

(Figure 2}).

EFFECTIVE CLOSURE
OF CAMPSITE LOW - RESILIENCE
\ ENVIRONMENT

/
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INITIAL USE

HIGH - RESILIENCE
ENVIRONMENT

INCREASING IMPACT

CAMPSITE IS FIRST USED

TIME

Figure 2. Relationship of the Total Amount of Impact Through Time at
Wilderness and Backcountry Sites {(From Cole 1993a).
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He described this reiationship nat as a linear relationship, but as an asymptotic
relationship. Three impact stages are defined within this figure as development stage, dynamic
equilibrium stage, and recovery stage. The slape of the curve is individualistic of each
wilderness due ta the environmental factors associated with the wildemess, and this rate varlas
among campsites within that wilderness (Hammitt and Cale 1987). However, tha trend
associated with all wilderness in most settings is that impacts occur rapidly at first and as use
continues the impact rate of change decreases.

Cole (1954a) liusvated that low rates of impact caused at the developmental stage of
use had a potential for high levels of impac!. As use continued, the rate of impact reached an
equilibrium where, for a time, usa had little increase on the amount of impact. After closure of
the sile, campsite recavery was initiated and the rate of recovery was based on the campsite’s
resilience.

As 3 result, conclusions were made that it was wiser to maintain fewer high-impacted
sites than many low-impacled sites. This premise was based an the fact thal campsites
impacted at low rates, rapigly become highly impacted sites, further, highly impacted campsites
have Itfle increase in impact rates (Hammitt and Cole 1987). Cole (1386) found that greater
deterioration, or a higher rale of change, occurred on the low-use campsites than an the
campsites Inat had suslained high-use. However, after campsite closure, low-use campsites
recovered at a faster rate than those of high-use (Cole 1986). Therefore. to minimize impact
increases, it was better to maintain few highly impacted sites and discourage new campsite
creation (Hammitt and Cole 1887)

The over-riding problem is that although impact happens in a relatively short amount of
lime, the recovery of a site takes a long time (Hammitt and Cole 1987). Regardless of the
tolerance and/or resilience of a campsite, recovery always takes longer than the actual impact.
Many researchers feel thal some highly impacted siles may never recover completely grven

these sites use levels and environmenial congitions.



Visitor Use Trends

The poleritial for impact varies according to party size, type of use, duration of use,
distribution of use, and mode of travei (Hammitt and Cole 1987). Regardless of the use factors
the amount of impact occurs rapidly at first (Figure 2). As use factors become more Intensive,
the amount of impact increases. These increases are shown by higher soil compaction,
increased percent vegetation loss, increased percent bare mineral exposure, larger barren core
areas, and/or larger campsite areas. Any combination of these impact variables could become
more severe depending on the use trends and the environmental characteristics of the site.

Impacts in wildemess setting are synergistic. Little impact is caused by single
individuals but the total impact amaunts are a result of the vast number of campsite visitors
(Hammitt and Cole. 1987). As campsites in a wilderness setting are used by visitors, the relative

amount of impact increases. Visitor observance of the sum of these impacls is wilderness

manager's primary concern.
Impact Trends on Soecific Variables

Many of the impact parameters are interrelated in the causation of impacts. The
removal of vegetation through trampling increases the bare ground area and increases soil
compaction. The increase in soil compaction also decreases vegetation cover, increases bare
ground area and bolh instantaneous and saturated infiltration rates. Additionally, the removal of
vegetation may influence or be influenced by decreases of infiltration rates.

Vegetation impact is one of the most noticed impacts ir wilderness. Reduced
vegetation coverage is a parameter that is caused by removal and/or Killing of vegetation
through recreational use. Vegetation trampling occurs in three progressive steps. As the
number of passes increase, the vegetation goes through light scuffing, removal of vegetation

and organic maltter, and laslly soil compaction which leads to lower soil aeration and moisture
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(Cate 1982, Cale 1983b, Hendes ot a/. 1990, Cole and Hall 1992, Marion and Cale 1996,
McEwen ef a/. 1996).

Vegetation impac! tolerance also varies among vegetation types. Tolerance is
dependent on the vegetation type. vegetation height, level of use, and climatic conditions (Cole
1985, Leonard ot al. 1985, Cole and Trull 1982, Cole 1593c, and Cols 1885). Tharefore, as
Impact increases, the vegetation species that are least tolerant to impact are removed or killed
first. and as use continues the remaining species are removed in order of thair tolerance
(Hammitt and Cole 1987). This results in a decrease in the diversity of species on the campsites
area.

The amount of vegetation loss is an individual characteristic of each wilderness.
Comparison of percent vegetalion losses for amount of impact across wilderness areas rmay nol
be appropriate due to differences in tolerance. However, most studies evaluale the amount of
change of the campsite to a control as this measurement avatuales the differences between
locations. Cole and Hall (1992) reported that Eagle Cap Wildemess in Montana had a
vegelation loss of 45%, and Bob Marshall Wilderness had a vegelation loss of 52%. These
were comparisans of mean vegetation loss of the campsite o a contral, which consldered the
difference of the optimal conditlon.

McEwen and others (1996) studied the impact conditions of four wilderness areas in
southeastern United States. They found that among the areas they studied, Caney Creek
Wilderness in Arkansas had a significantly higher average vegetation 1oss of 52%. The
remaining wildemness areas had lower vegelation losses. They reported that Upper Buffalo
Wilderness in Arkansas had 27% loss, Hercules Glades Wilderness in Missouri had 29% loss,
and Garden of the Gods Wilderness in llfinois had an average vegetation loss of 23%. In this
study, Arkansas’ Caney Creek wilderness exhibited significantly higher impact levels, while the
olher three wildermess areas had comparatively similar levels of impact.

Many have documented that an increase in bare ground area is also a trend influenced

by recreational use (Cole 1982, Cole 1983b, Hammitt and Cole 1987. Marion and Caole 1996).
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This parameter is influenced in combination with vegetation cover loss and soll compaction. .
Bare ground area is increased through not only the removal of vegetation cover, but also
removal of the duff layer and/or the organic matter from the campsite area. Another way bare
ground area is increased is by clearing an area for a campfire, or just burning the araa (Cole and
Dalle-Molle 1982). Factors affecting the percent of bare ground area are tolerance of
vegetation, soil type, and use trends (Hammitt and Cole 1987).

Sail compaction is a measurement made to test the sail's resistance to penetration,
Manning (1979) first described the relationship of soil impact cycles. Further, Hammitt and Cole
(1987) found that trampling of vegetation and scuffing of leaf litter leads to the loss of organic
matter and an increase in soil compaction. As impact occurs, soil becomes more campacted
reducing the interstitial spaces within the soil. This leads to decreased soil air and water which
in turn causes stress on the plant and somelimes results in mortality. Additionally, as water
permeability into the soil is decreased, there is an increase in water runoff which leads to an
increase in soil erosion (Hammitt and Cole 1987).

Soil compaction varies according to soil type, texture, depth, and geologic conditions
(Hammitt and Cole 1987). Among lhese, the primary soil trait that influences tolerance to soil
cornpaction is soil texture. Soil texture is the proportion of the different sized particles in a given
soil, specifically sand, silt, and clay. Sandy soils are the hardest to compact due to large
interstitial spaces. Generally, soil compaction is highest on loamy soils with low organic content
that are wet during trampling (Hammitt and Cole 1887).

Hammitt and Cole (1987) described four methads by which soil compaction is
measured. Penetrometry is the amount of force taken to insert a rod a given distance into soil.
Bulk density is another measurement of soil compaction, and it is measured by calculating
weight to volume ratios. Permeability is a measure of how rapidly water flows into a soil, and
conductivity is a measure based on the transmission of electricity or gamma rays through the

soit.
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A site’s soil texture, moisture, depth, and type affect the amount of soil compaction.

This varies not only from area to area but from season to season, and according to level of use.
As an example. in 1981, the Bob Marshall Wilderness had an average bulk density of 3.3 kg/cm’
on the campsites with an average bulk density of 2.3 kg/cm? on it's controls (Cole and Hall
1992). However, they found that in 1990, the Bob Marshall Wilderness had an average of 2.4
kg/crn’ on campsites and 1.7 kg/cm® on controls. The change in the amount of campsite impact
can ba aftributed 1o level of use, but why the change on the level of soil compaction on the
control? This can only be addressed by changes in the overall condition from season to season.
These differences are due to the varying climalic conditions, specifically annuaj differences in
precipitation amounts and extremes in temperatures.

Additionally, other areas yield a surprisingly different resuit. The Grand Canyon
National Park was found to have an average soil compaction rate of 2.7 kgicm® on its campsites
and 0.70 kg/em® on its contrals (Cole and Hall 1992). The average difference among these
campsites were considerably higher than on Bob Marshall campsites. These higher rates could
be attributed to soils more susceplible to compaction or higher use rates.

Soil infiltration rates. or soil permeability, decrease as soil compaction Increases.
Usually this parameter is measured as the instantaneous rate and the salurated rate. The
instantaneaus rate is the lime taken for the first centimeter of water to penetrated the soil. This
rate tends to be higher than the saturated rate because the top layers of soil rapidly absorb
water. Reduced infiltration rates cause increased run-off, reduction of water penetrating the soil,
hence increased soil erosion (Hammitt and Cole 1987).

Hammitt and Cole (1987) aiso defined various impacts on trees. They divided Iree
damage into conscious and uncanscious damage. Conscious damage occurs when someone
physically altered a trees condition. Examples were, removal of tree limbs, dnving nails into a
tree, peeling bark off a tree for kindling or as a souvenir, and felling trees for tent poles or
firewood. Unconscious tree damage occurred without the visitor intentionally affecting the tree.

Exampies of this impact are scarring by lantern and root exposure. Tree damage can aiso
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occur through severe soil compaction whereby the reduced soil moisture and air causes the tree
mortality.

Use patterns at the UKRW exhibit most all of the trait patterns listed above. Specifically,
the UKRW exhibited harmfu! use pattems like Manning's (1979) nodes and linkages
phenomenon and concentrated duration's of use in the Spring and Fall months (Kuzmic 1993).
Ninety-three percent of the UKRW visitors hiked or walked along the primary trait (Ouachita
National Recrealional Trail) ang all surveyed visitors camped on an identified campsite within the
area. Concentration of use was found in the immediate corridor surrounding the ONRT, and

less than 7% used the larger portion of the area (Kuzmic 1893).
Methodologies of Campsite Impact Measurement

Manitoring the change of impact is the basis of any wilderness management plan
(Stankey et al. 1985). The major steps of a monitoring plan are; 1.) Establish the need for a
campsite manitoring system, 2.) identify the most serious types of campsite impact, 3.) |dentify
the types of information a monitoring system needs to provide, 4.) Evaluate funding and work
constraints, and 5.) Decide amang alternative approaches to monitoring (Cole 1989a).

Three general techniques or methods used to evaluate impacts on wildland campsites
are photographic techniques, condition class estimates, and measurements on permanent point

sampling units.
Photoaraphic Techniques

Photographic techniques were initiated in 1965 and the methods were to establish
permanent points to take repeat photos (Cale 198%a). Brewer and Berrier (1984) documented
photographic methods to measure impact on campsites. Through observation of photographs,
the amount of change that had occurred over time is estimated. They stated that color photos
were most appropriate because it is easier to distinguish the live plants from the dead ones.

Additionally, slides and hard copies are used for presentation and identification of sites in the
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field. However, the assumption that all impacts were delacted through this technique was
inaccurate. Photographs did not tell all that was needed for a complete analysis. However;
photos were indispensable to reaffirm the correct campsite location. This fechnigue took an

average of 30 to 60 rminutes per campsite to analyze change of impact (Brewer and Bartier

1984).
mpaet Classification Method

Condition class techniques were initiated by Frissell in 1978. Frissell's method was one
by which managemant would very rapidly eslimate campsite condition and evaluate nead for
management. Delineation of various impacts was the technigue to estimate amount of change
(Table 1). His conditian class method established five categories to separate various classes of
impact and management technigues to remedy the degres of probiems. This methad typically

took investigators 1 te 3 minutes per campsite {Frissell 1978).

TABLE 1

CONDITION CLASS DEFINITIONS®

Condition Class Condition Class Deflnitions

Condition Class 1 Ground vegetation flatened but not permanently injured.
Minimal physical change except for possibly a simple rock
fireplace.

Condition Class 2 Ground vegetation worn away around fireplace or center of
activity

Condition Class 3 Ground vegetation fost on most of the site, but hurmus and litter

still present in all but 2 few areas.

Condition Class 4 Bare mineral soil widespread. Tree roots exposed on the
surface.
Coaditicn Class 5 Soil erosion obvious. Trees reduced in vigor or dead.

® Frissel's (1978) Condition Class campsite assessment definitions.
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In 1980, Parsons and MacLecd documented their condition class monitoring procedure.
Similar to Frissell, they established a condition class assessment method. However, they
change the method of campsite classification where they based their classes on eight criteria;
density of vegetation, composition of vegetation, total area of the campsite, barren core of
campsite, campsite development, litter and duff, social trails and tree mutilations. For each of
their criteria there was a rating from 1 to 5, based on pre-set descriptions. The candition class
was then averaged into a rating to the closest integer between one and five (Parson and
Macleod 1980). The increased emphasis of categories of impact made the Parson and
MaclLeod method a little more precise (Cole, 1989a). This technique took an investigator about
3 to 5 minutes to conduct at a site.

Another variation of this system was one in which Cole (1983b) modified Parson-
MacLeod's system. Cole increased reliability by using more precisely defined terms, deleting
the vegetation composition measurements, separating the mutilation parameter of stem damage
and root damage and separating the campsite development and cleanliness variables.
Originally, this system consisted of ordinal measurement, however, it was changed to consist of
interval estimates. After campsite measurement, the interval data was grouped and ranked into
ordinal classes for summary ratings. Given that some parameters were more impacting than
others, parameters were assigned a weighted value to multiple by, to emphasize the most
important parameters. These products were summed, and divided by the number of parameters
measured to provide a rapking. A single summary rating for each parameter on each campsite
was recorded to calculate the campsite index for each campsite. This technique took an
investigator about 15 minutes to several hours per campsite, depending on parameters
measured.

Today, many managers use this method because of the relative short time required to
complete the inventory. Additional consideration is given as to the selection of impact

parameters based on importance to their wilderness monitoring plan. Wildland managers are
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able to adopt a unique campsite “index rating” parameters by including or excluding certain

'mpact variables, producing a unique rating system for their wilderness.
Permanent Point Sampling Melhod

Monitoring of permanent sampling points was an approach by which a number of impact
parameters on permanently located sampling units were measured. Once the permanent site
was established, repeat measurements could be done to evaluate changes of impact on the site
over lime. Some parameters measured were vegetation cover, vegetation composition, bulk
density, mineral soil cover, number of damaged trees, and more. The parameters measured
were based on the managers’ objectives, or standards for the wilderness. This system is the
best technique when estimating changes in impact over time {Cole 1989a).

The permanent sampling procedure called for a nail to be buried in the center of the
campsite. From this point the distance to the edge of the barren core and to the perimeter of the
obvious disturbed site was measured along sixteen fixed radial \ransects. From these numbers
the investigator calculated the area of the barren core and the total area of the campsite. Trees
were counted and evaluated for the degree of tree damage and root damage that had accurred
on them (Cole 18889a).

Four transects were positioned within the camp for further analysis of soil impact and/or
vegetation impact Approximately fifteen quadrants were established along these four
transecis. Within these quadrants the vegetation cover, vegetation composition, exposed
mineral soil and organic matter depth was measured. The mean for each of these parameters
was calcutated for the campsite as a whole. Four soil samples were then taken from the central
part of the site for bulk density, moisture content and chemical composition (Cole 1589a).

On campsites that had notl previously been measured, conirol plots were established.
The amount of change over time was calculated from fhe compasison of the campsite conditions

to the control conditions. This technique took an average of 1 to 3 hours per site (Cole 1989a).
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Method Selection

There is no single methad universally accepted for campsite monitoring. Wildemess
managers and steering committees establish the limits and goals for distinct wildemass areas.
From those limits and goals, the managers of wildemmess areas need 1o denve the best method
of study for their wilderness area monitaring. In many cases, managers adopt attributes from
one or several methods listed above. Many methods are based on ocular estimation, or
personal opinions. The trained eye is good enough in most management schemes. The most
accurate method is the permanent sampling point method. This method derives data through
actual measurement, negating ocular estimations. However, most wilderness managers cannot

incorporate this method due to limited funds, and time taken to complete analysis.
Trends of Trail Impacts

The primary reason for trail impact problems is improper placement of trails duﬁng trail
construction (Burde and Renfro 1986, Leung and Marion 1986). Helgath (1975) argued that trail
erosion was aftributable to improper location of trails. When selecting the placement of a trall an
area's land form, vegetation type, and slope needs o be evaluated, Trail stope is strongly
cosrelated to managerial problems of trail erosion (Helgath 1975, Cole 1985, Cole 1991). Trails
located on steep slopes are prone to erosion through increased run-off, while trails on flat areas
are prone to puddling due to lack of drainage which leads to trail broadening by visitors evading
the water.

Regardless, trails are impacted through use. Cole (1983a) stated that traif widths were
significantly greater on more heavily used trails. Burde and Renfro (1986) stated that trails they
studied increased in width and depth at a rate of 2.5 cm per year.

The placement of a trail is the primary factor influencing the potential for trail
degradation. Leung and Marion (1996) stated that some trails in the past were placed along old

roads, logging roads, fire access routes, wagon roads, and other roads to old homesteads, or
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fire towers. Most often these roads were not placed in the ideal location for limited impact as the
initial road placement was based on the premise that the shortest distance between two points is
a straight line. As managers placed trails along old road areas, they unknowingly placed them in
poor trail locations.

Cole (1978) argued that the most appropriate location for trail placement was in
meadows. These area tend to have deep, rich soils and they usually have vegetation species
that are tolerant to trampling. The primary reason irails are not often placed in meadows is that
lhey are an obvious indication of impact and could be obtrusive to wilderness experience,

diminishing an areas "unaffected by human influence” definition.
Methodologies of Trail Impact Measurement

Cole (1983a) listed methods by which trail impacts were monitored. The replicable
measurement technique incorporates repeat measurements at a distinct location to evaluate
change over fime. Cole went on to described two strategies of establishing points. The first was
the establishment of a trail transect at an interval of a given distance. The second was just to
measure problem areas on the trail.

The trail profile bracket method which measures the cross-sectional area betweesn tread
surface of a trail is the most common way of measuring impact on lrails over time (Figure 3).
The trail profile bracket was a method used by many in the past. The types of profile brackets
were a rod bracket, and a simple line. Cole (1983a) found that precision was greatest when the
line was elevated high enough above a fixed point to clear vegetation and microtopography
along the trail. Other factors that affect precision were the tension of line, and the use of a
plumb bob and level to ensare vertical measurements. The distance of departure from the
bracket to the trail was measured along a given distance of the bracket. Then the cross-
sectionat area of the trail was calculated by using the formula in Figure 3, page 32.

When trail transects were re-measured, relocation of the fixed points used previously

was necessary and the positioning of the bracket was in exaclly the same place. The precise
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location was established by a sketch map giving distance and direction to at least three
reference points (Cole 1983a).

Another method was a rapid survey technique by which trail was measured for basic
parameters at a given distance. Distances varied from 164 ft to 500 f to 1640 ft. Most common
measurements included widih of trail, width of bare ground, and maximum depth of trall tread.
Erosion ratings, with written descriptions for each class, were evaluated according to the amount
of damage at each sample site. This system did not utilize the replication technique, and it was
done rapidly to generalize the overall trail condition (1883a).

Cole (1983a) derived a census technique which incarparaled alements of the rapid
technique, but the entire trail was subdivided into sections. Each section was rated and given a

trail condition based on that rating. Measured paramelers varied among rating systems.

fixed paint
fixed paint

A= (V, +2V, +2V; .. 42V, +V,, 12) x L
Where A = Cross sectional area.
V, to V,,, = Vertical distance measurements starting at V,, and ending with V..

L = Interval of distance between measurements.

Figure 3. Trail Transect Profile Bracket and Formula for Calculating Trail
Cross-Sectional Area (from Cole 1983a).
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Remaediation of Highly Impacted Areas

As wildland managers determine that their area has unacceptable levels of impact, they
are required to seek remedial prescriptions. Additionally, most managers attempt to prescribe
light-handed management, as well they should (Lucas 1982, Christensen and Davis 1985, Cole
1988b, Kuzmic 1993).

Often, the first management fechnique to control impact is education. Many prescribe
visitor education as the first act to control impact (Lucas 1982, Driver of a/. 1987, Cole 1889b,
Bradley 1993, Douchette and Cole 1993, )

Provided a site had been damaged beyond the standards of a wilderness area’s LAC
plan, managers initiate a pre-set prescription plan to remedy the unacceptable impacted areas.
These prescriptions vary in regulation from light handed actions such as posling of signs to the
heavy handed like closure of sites.

Cole (1982) described steps for campsite remediation. The first step to campéite
remediation was the removal of fire rings. Fire rings were magnets to campers because they
represent a tried and testad site. The presence of fire rings caused repeat visits 1o these areas
when people were looking for a campsite. If the site was slill discernible, the next step was to
close the campsite by posting signs. The next was removal all exira pieces of firewood that
remained on site. Finally, if the area exhibited revegetation problems, some native species were
planted on the site lo re-establish the vegetation cover back. Popular campsiles required
closure multiple times in order {o remedy the situation.

Another strategy to reduce the need for remediation of campsites was to maintain
campsiles on locations with high impact tolerance. Cole (1993a) stated that sites located on soil
types that tended to be more impact resilient recovered much faster than sites on less resilience

solils.
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PROCEDURES FOR RESEARCH

Delimitation

This stugy was delimited to the Upper Kiamichi River Wilderness of the Ouachita
National Farest. Allidentifiable campsites in the Upper Kiamichi River Wildemess (UKRW) at
the time of the data collection were documented and evzluated for level of impact. Some
campsites were known {0 exist through a previous study (Kuzmic 1993) and some were added
that were notin the 1993 study. However, throughout this study. additional campsites were
continually sought.

Trail transecls were positioned along the Quachita Nalianal Recreation Trail (ONRT) at
one mile intervals. Additional lrail tansects were located along the irail in potential prablem
areas as perceived by UKRW managers, Ihey were designaled as “troubls areas™ (Table 7,

page 44).

Limitations

Some limitatians were considered throughoul this project  The limitatons affected the
implementalion of techniques involved, as welf as inferences in data analysis. The limtations
were;

1.) Fieldwork was performed across a single summer. Therefore, dafa collected served
only as a representation of impact and use for that season. Since no prior impact
knowledge was known, In {he event of a low use season, the level of impact would be

understated. Since data were collecled over a single season, ¢aution should be given

34
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to some results due to season variability.

Campsites condition were not known before wilderness designation. This area had
been used and developed prior to 1988. This use included logging, homesteading, in
addition to camping and hiking.

This study focused on the campsites and trail conditions in Opportunity Class Three, a
comridor around the ONRT. Additional campsites could exist in other areas of the
UKRW, although none were found . According to the UKRW plan, none should exist in

Opportunity Class One, and very few in Opportunity Classes Two and Four.
Assumptions

In the absence of recreational impact, campsites would appear exactly like their control
sites with regard to vegetation and soil condition.

Control sites were not affected by campsite presence or visitors using those campsites.
All documented impacts resuited from human recrealional use.

All Iitter within the area was brought in by recreational visitors.

Allimpact on traifs was caused by recreational visitors who traveled the trail.
Hypotheses

This project's hypotheses were divided into campsite hypotheses (Table 2, page 36)

and trail transect hypotheses (Table 4, page 38).

Due to campsite ecological variability, the difference of the campsite from its contro! was

the varnable used to analyze each hypothesis. All tests used for data analysis were non-

parametric tests due to low number of samples taken and “non-normal distribution” of data.

Each test was evaluated as a two-tailed test and the significance level was set at 0.05.

Campsite hypothesis one evaluated the difference of campsites from their controls for

each variable v, (Table 3, page 37). This evaluation compared the measurable campsite

difference from its control and tested whether this difference represented a significant change.



Campsite hypothesis two evaluated similarities of each impact variable v, between

riparian campsites and non-riparian campsites. Riparian campsites were 100 feet or less from a

water source and non-nparian campsites were further than 100 feet from a water sourca. This

hypothesis assumed that there was no difference between riparian campsites and non-riparian

campsites, regardless of the differences in environmental conditions and use levels.

TABLE 2

HYPOTHESES FOR CAMPSITE AREAS®

Hypothesis

Stalement of Hypothesis

: There is no difference in impact variable v, (Table 3) at campsite n, when

compared to its control site.”

: There is a difference in impact variable v, (Table 3) at campsite n, when

compared to its control site.

. There is no difference in the impact variable v, (Table 3) between riparian

zone campsites and non-riparian zone campsites.

: There is a difference in the impact variable v, (Table 3) between riparian

zone campsites and non-ripasian zane campsites.

: There is no differencs in the impact variable v, (Table 3) between campsites

situated in three vegetation types.

. There is a difference in the impact variable v, (Table 3) between campsites

situated in three vegetation types.

: There is no difference in the impact variable v, (Table 3) between campsites

situated in three forest types.

: There is a difference in the impact variable v, {Table 3) between campsites

situated in three forest types.

: There is no carrelation between the impact variabte v, {Table 3) and

campsite index among {he seventeen campsites.

 There is a cotrelation between the impact variable v, (Table 3) and campsite

index among the seventeen campsiles.

* There is no correlation between the impact variable v, (Table 3) and distance

to ihe frailnead among the seventeen campsites.

- There is a correlation between the impact variable v, (Table 3) and distance

to the trailhead among the seventeen campsites.

® Each hypothesis was tested for each of the impact variables v, (Table 3, page 38). .
® Each campsite was tested individually for this hypothesis for each of the seventeen campsites.
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Campsite hypothesis thiee evaluated the relationship of each impact variable v, behween
sites located in three vegetation types  Classes of vagetation types were defined by the L., S,
Forest Service and included forest/ndgetop, forestlush grass, old homesite, grassiand/glade,
riparian, and forest/forbs/shrubs. However, only three vegelation types were classified withla
this area. Assumptions were made that regardless of the vegelation type, the amount of impact

differance was the same across the three types.

TABLE 3

LISTING AND DEFINITION OF IMPACT VARIABLES MEASURED ON
UPPER KIAMICHI RIVER VILDERNESS CAMPSITES

Impact VVanable Parameter Measured

Percent vegetation cover Percent vegetalion was measured with a one meter by
ohe meter grid and was simply an estimate of the
percentaga of vegetation cover guer the grourid.

Percent mineral sod exposure Percent mineral soil exposure was measurad with a
one meter by one meter grid and was simply an
estimate of the percentage of mineral sall withoul covar
of vegetation or organic matter.

Soit Compaction Sail compaction was measured with a soil
penetrometer, and was recorded in units of kglcm’.

Instantanecus Infiltration rates (nfiltration rate was measured with a double-ring
infitrometer and was recorded with units of cm/min.
The parameter recorded was the amount of time
elapsed for the infiltration of the first centimeter of water
into the soil.

Saturated Infiltration rates Infiltration rate was measured with 3 double-ring
infiltrometer and was recorded with units of cm/min.
The parameter recorded was the amount of time
elapsed for the infillration of the first 5 centimeters of
water into the soil.

Damage to trees an sites Damage to trees on site was an estimate of the degres
of damage done to trees on the site.
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Campsite hypothesis four evalvated the relationship of the each varistia v, botwean threa
facest types. Forest type was defined by the dominant specles on the sita. Aftar data callectior
the various dominant siands were divided into three classes. These claases were sharleaf pina
stand (Pinus echinata). mixed hardwoed stand, which consisted of black gak {Quercus valuling),
white oak (Quercus alba), and hickory species (Carya spp.). and a cove species which was an
American beech (Fagus grandifolia) stand. Assumptions were made that there was no
difference in amount of use. ihe resistance, and/or resilience of the three stands.

Campste hypothesis five tested for the correlation of the campsita index rating to the given
impact variables v, Carnpsite index raling was derived through the use of 2 farm provided by
the U. S. Forest Service (Appendix E).

Campsite hypothesis six tested for the comrelating relationship of each impact varable v, to
the distance of the campsite from the nearest trailhead. This hypothesis assumed that amount
of impact incurred on the campsite was independent fram the distanca of that campsite-from the
trailhead.

The campsite variables and their definitions are fisted on Table 3 page 37 and in glossary
of terminolaqy, page 8. Each variable was tested among each campsile hypothesis. In each
test the campsite’s difference from control was the variable measured.

The frail transect hypotheses (Table 4, page 33) evaluated specific frail variables amang
the various influenaing factars. Trall transect hypothesis one tested for variance between
riparian and non-riparian transect locations, while 1rail transect hypothesis two evaluated the old
road Yrails and non-old road trails. These hypotheses tested for a difierence between each trail
variable {Table 5, page 40), and they assumed that regardless of the river influence, or oid rcad
placerent, the condition af the lrail was not significantly different across traif locations.

Trail tranzect hypotheses three and four anatyzed the correlation of the trail vanables to
trail slope and distance of the trail transecl (o the nearest trail head. This test assumed that
there was no difference in the level of each trail variable in relation to slope or distance from the

trailhead of the transect lacalion.
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TABLE 4

TRAIL TRANSECT HYPOTHESES®

Hypothesis
Number Statement of Hypothesis
1 H,: There is no difference in trail variable t, (Table 5) between riparian trail
transects and non-riparian trail transects,
H,: There is a difference in trail variable t, (Table 5) between riparian trail
transects and non-riparian trail transects.
2 H,: There is no difference in trail variable t, (Table 5) between old road trail
transects and non-old road trail transects.
Ha There is a difference in trail variable t, (Table 5) between old road trail
transects and non-old road trail transects.
3 H,: There is no correlation between the trail variable t, (Table 5) and distance to
the trailhead among the sixteen trail transects.
H.. There is a correlation between {he trail variable {, (Table 5) and distance to
the trailhead among the sixteen trail transects.
4 Ho. There is no correlation between the trail variable t, (Table 5) and slope among

the sixteen trail transects.
H,: There is a correlation between the trail variable ;, (Table 5) and slope among
the sixteen trail transects,

? Each hypothesis was tested for each of the trail variables t, (Table 5, page 41). Sixteen trail
transects were sampled.
Trail transect hypotheses were tested regarding four basic trail attributes; trail width, depth
of tread, area profile and multipie trails (Table 5, page 40).

Riparian and non-riparian trails were defined by the distance of the trail to the nearest
water source. Those within 100 feet were ripanan trails, those further than 100 feet were non-
riparian trails.

The definition of “old roads” was derived from the placement of the traif transect on trails
located where roads were prior to wilderness designation. Thus, “non-old road areas” were

transects not located on a road.
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TABLE 5

LISTING AND DEFINITION OF MEASURED TRAIL VARIABLES AT TRAIL TRANSECTS
ALONG THE OUACHITA NATIONAL RECREATION TRAIL

Trail Variable Parameter Measured

Trail Width The overall width of the Irail measured to the
nearest tenth of a foot.

Trail Tread Depth The overall depth of the trall measured to the
' nearest tenth of a foot.

Trail Profile Area The overall area of the profile of the trail measured
with a trail profile bracket to the nearest tenth of f*.

Number of Multiple Treads A count of the number of trail treads.

Geographic Location of the Study Area

The study area for this project was the Upper Kiamichi River Wildemess (UKRW). The
UKRW is part of Quachita National Forest in Leflare County, Oklahoma, and is located about 18
miles soulh of Heavener, Oklahoma, 28 miles east of Talihina, Oklahoma, and 22 miles west of
Mena, Arkansas. Management of the UKRW is charged to the United States Forest Service,

Choctaw Ranger District, which is headquartered at Heavener, Oklahoma.
Description of the Upper Kiamichi River Wilderness

The UKRW is comprised of 10,819 acres (4381.70 ha) of which 1458 acres (656.10 ha )
within this area are owned by private inholders.

The area is rocky and mountainous, and the mountains include Pashubbe Mountzin,
Wiiton Mountain, Pine Mountain, and Rich Mountain (Appendix A). These mountains vary in
elevation of 1700 to 2500 feet.

There are three primary rivers or creeks within the area; Pashubbe Creek, Harsepen

Creek, and Kiamichi River. The Kiamichi River is intiated by several tributaries within the
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UKRW and combines into one primary river. The ONRT is located near this river from Kiamichi
River Trailhead to Stateline Trailhead (Figure 1, page 5).

Ouachita National Recreation Trail influenced most recreational trends within the
UKRW. The trail existed before the UKRW was designated “wildemess," and it comprised the
UKRW boundary from the Pashubbe Trailhead at the area’s southwest corner to the Kiamichi
River Trailhead (Figure 1, page 5). The ONRT corridor from {he Kiamichi River Trailhead to the
Stateline Trailhead is completely within the wilderness boundary, and most of this trail closely
follows the Kiamichi River. Other trails within the area were found, but they were rarely used,
therefore, on these trails, trail transects were not established for future monitoring.

Another influencing factor was the Talimena Drive located along the ridge of Rich
Mountain. The noise of cars and frucks traveling on the drive sometimes can be heard in certain
places within the wilderness.

The UKRW is divided into four zones each having specific standards for tolerance of
human-induced impact These standards are delineated in the Limits of Acceptable Change
plan as described earlier (U. S. Forest Service 1992). Opportunity Class Three (O. C. 3)
comprises the corridor surrounding the ONRT, where the highest ievel of impact tolerated is

within O. C. 3. (Figure 4, page 42).
Description of the Study Sites Within the Upper Kiamichi River Wilderness

The campsites studied during this project were all positioned within the Ouachita
National Recreation Traif corridor (O. C. 3). Campsites were located at varying distances along
the trail and management required no reguiation of designated camping areas. All campsites
were accessible from the ONRT and were numbered and named for further reference (Table 6,
page 43, and Appendix A). The campsite number and name were recorded to distinguish each
of the campsites within the UKRW for monitoring purposes. Campsite numbering started at the

campsite closest to the Pashubbe Trailhead and continued easterly along the ONRT corridor.
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Figure 4 Dehneation of Opportunity Class 2ones of the Upper Kiamichi River Witdemess.



TABLE 6

NUMBER, NAME, AND CAMPSITE LOCATION IN THE
UPPER KIAMICH! RIVER WILDERNESS®

Number

Campsite Name

Locaton

10

11

12

13

14

15

16

17

Pashubbe Point Camp
Wilton Mountain Camp

Wilton Point Camp

Mile 38 Camp
Kiamichi Trailhead Camp
Pine Mountain Camp

River Sign Camp

Big River Camp
Mile 42 Camp
Valley Camp

Mile 43 Camp
[sland Gamp

Road Camp

Lower Beech Camp

New Camp

Upper Beech Camp

Rehabilitated Camp

Pashubbe ndge between mile marker 35 and 36
Wilton Mountain, between mile marker 36 and 37

256 feel North of Wiltan Mountain Camp on Wilton
Mountain’s peak.

Near mile Marker 38, south side of ONRT
East of Kiamichi Trailhead
100 yards east of Kiamichi Trailhead

In between mile 40 and Big River Gamp. Near the
Kiamichi River sign.

West of mile marker 41

Near mile marker 42

50 yards west of mile marker 43

Near mile marker 43

A quarter mile east of mile marker 43
Middle of the road south of mile marker 44
200 yards east of mile marker 44

Between Upper Beech Camp and Lower Beech
Camp. North of Lower Beech Camp 142 feet.

One half mile east of mile marker 44

QOne quarter mile west of mile marker 45

® For campsite location, and photographic representation see Appendices A and G.



Campsite names were assigned for further distinction, as they were campsite
descriptors. The campsite names previously used in Kuzmic's 1993 study, were used in this
study. Some camnpsites have naturally recovered since his study and were omitted from this
study. There were additional campsites that were not inciuded in previous studies, or were
created since . These campsiles were Wilton's Point (camp 3), Pine Mountain (camp 6), Mile 42
(camp 9), Mile 43 (camp 11), Island (camp 12), New (camp 15), and Rehabilitated (camp 17).

Trail transects were located at mile intervals along the Ouachita National Recreation
Trail. Some trall transects were saslly located, placed near mile markers. However, many mile
markers were not found due to vegetation growth or possible vandalism. Transects not located
near a mile marker or “trouble areas” transects required a more descriptive reference for re-
location. Trouble area transects tended to have either steep slopes and high erosion potential,
or were relatively flat areas where water drainage was slow and puddles formed.

Trail transects were identified (Appendix B) and site descriptions and referencing were
documented (Table 7) for relocation and repeat measurement purposes for future monitoring.
Each trail transect was numbered consecutively, beginning with the transect closest ta the

western trailhead, the Pashubbe Creek entrance, and preceding easl along the ONRT.

TABLE 7

TRAIL TRANSECT NUMBER, TYPE, AND LOCATION ALONG THE
OUACHITA NATIONAL RECREATION TRAIL?

Number Type Location
1 Mile 35 Mile marker 35, emblazoned tree and marker cap on
the ground.
2 Trouble Area 500 feet east of mile marker 35.
3 Mile 36 Mile 36 transect, no marker cap found, small tree is
marked.
4 Mile 37 Mile 37 transect. no marker cap found, black oak tree

is marked.
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TABLE 7 (Continued)

Number Type Location

5 Mile 38 Mile 38 transect, no marker cap found, switch-back,
near a Farkelberry free.

6 Mile 39 Mile marker 39, emblazoned pine tree, marker cap on
the ground.

7 Mile 40 Mile 40 transect, no marker cap found, 1000 feet west
of wildlife food plot area.

8 Mile 41 Mile marker 41, marker cap on the ground.

9 Mile 42 Mile 42 Transect, 20 feet past Kiamichi River, near
campsite seven, no marker cap found.

10 Mile 43 Mile marker 43, emblazoned tres, marker cap on the
ground.

1 Mile 44 Mile marker 44, emblazoned iree, marker cap on the
ground and painted rock. '

12 Trouble Area 150 feet east of the “Upper Beech Campsite,” near
tree carved with “JD, DD."

13 Mile 45 Mile 45 Transect, small tree is marked, no marker cap
found.

14 Trouble Area Transect before switchback, near overlook, one third
mile west of Mile 46 transect.

15 Mile 46 Mile 46 Transect, between "big boulder” and the
"scarecrow tree,” no marker cap found.

16 Trouble Area Marked tree, 100 yards west of Talimena Drive.

? For trail transect location, and photographic representation see Appendices B and H.

Methods for Collecting Campsite Data

Data were collected for evaluation of campsite impact and identification of severely

impacted areas. Several impact parameters were required to achieve a clear representation of



46

the UKRW impact levels. A detailed step by step procedure was crealed for fiald operations and
data collection forms were made to record the data for analysis (Appendix C).

Campsite impact rmeasurement methods were derived frorn methodologies obtained
from the literature studied and through {he *Wilderness Campsite Impact Permanent Sampling
Unit Form” provided by the UKRW managers,

Additional documentation was made to reflect the campsite’s use type and level or
ecolagical campsite conditions. This data type was divided into categories or classas of ordinal
measurement for analysis. The categories or classes listed {hroughout this study were defined
by the “Wilderness Campsite Impact Permanent Sampling Unit Form.”

After campsite location, the first step was lo locate campsite center point, for current
measurement, and future measurements. The campsite’s center was located in the campsite's
geometric center, and on most campsites, the fire ring was the most appropriate campsite center
location. The campsite’s center point was then located in refecence to three abjects not easily
remaved. The azimuth and distance (nearest tenth font) from the campsite’'s center ta the object
was recorded. Reference markers were trees, marked baulders, mile markers, or ather distinct
permanent features. Table 8, page 47, lists viable reference objects and recarded information in
respect of those abjecls. Future analysis was dependent upon the re-location of the exact center
point that was used in this initial study.

Photographs were taken {o establish a phato record for further documentation.
Photographs were in the form of slides for easy use in presentations, and a select set of

photagraphs from each campsite was converted to hardcopy form (Brewer and Berrer 1984).

Measuted Parameters,

The area of the campsite was determined through Cole's (1987) fixed radlal transect
method (Figure 5. page 48). Sixteen transecls radiate at 22.5° intervals frorn the centes point,

starting at 0° and proceeding clockwise. Alang each transect the distances from campsite
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center to the first sign of vegetation and the distance to the percaived campsite boundary was
recorged.

Flagging pins were placed along lhe determined campsite boundary for photographle
purposes. The campsite boundary was determined through Marion's (1991) definition of
campsite boundaries, which included changes in vegetation eovar, vegetation composition,

vegetation height/disturbance, topography, organic liter amount and/or organic Ier type.

TABLE 8

VIABLE REFERENCE MARKERS, AND NECESSARY DATA
TO COLLECT FOR EACH MARKER

Reference Marker Data to Collect

Mile Markers Mile marker number, azimuth and distance from the mile
marker to the object in question.

Tree Species, diameler at braast height, reasoning it was
¢hosen, azimuth and distance to object in question,
Other object Type of object, why it was chasen, azimuth and distance

to object in question.

Two areas that changed |he total campsite area as measured through the fixed radial
method were undisturbed islands and satellite areas. Undisturbed istands were areas within the
established campsite boundaries that were not impacted through recreational use. These areas
were subtracted from total campsite area measurements. Sateliite sites were areas outside (he
perceived boundary of the campsite, that were impacled through recreational use and this use
lied the satellite site to the campsite, therefore the satellite site area was added 1o tolal campsite
area. All undisturbed islands or salellite areas were identfled and measured. These areas were
derived fhrough the geomelric method as defined by Marion (1951).

Within the site boundary, the number and location of rees was documented, ang the

amount of stem damage and root damage was recorded using Marion's (1891) categones and
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definitions. Through this study, Cole’s (1987) tree definition was used, as a tree was a woody
species of at least one hundred and fifty-five inches in height.

Soil and vegelation impact parameters were measured through the use of quadrates
placed along four transects established on the site. Quadrate placement transects initiated from
the campsite center paint and continued to the campsites edge. The azimuth for the first
guadrate placement transect was randomly determined prior {o data collection. There were
three subsequent quadrate transects positioned at ninety degrees intervals, rotating In a
clockwise direction from the first transect. Quadrates, one meter square, were placed along
these transects at a predetermined distance (Appendix D). Quadrate spacing varied along
transects, and this spacing was based on the transect length, allowing for the maximum number
of quadrates. Quadrate spacing was greater, nearer o the camp's center, to avoid over

sampling the campsilte’s center.
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Figure 5. Fixed Radial Transect Method to Evaluate Campsite Area, from Cole 1987.
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Vegetation cover was the percent campsite area covered with live, non-woody
vegetation. Vegetation coverage was measured through quadrate estimates. Within each
quadrate, the percentage of vegetation cover was analyzed. Additionally, measured
percentages were placed into one of five categories defined on the “Campground Form.”

Bare soil exposure was the percent campsite area with littte or no organic litter and no
vegetation cover. This parameter was estimated in conjunction with the vegetation cover listed
above. This parameter was also divided into five categories for analysis purposes,

Soil compaction was measured with a soil penetrometer, and measurements were taken
at the lower right hand quadrate corner, facing from the campsite’s center toward the campsite's
edge. In the event that the quadrate placement created a potential measurement in an area
dissimilar to overall grid conditions, the penetrometer reading was deferred to the lower left hand
corner. Measurements were recorded in units of kilograms per square centimeter.

Water infiltration rates were randomiy taken twice per site within 1 to 2 meters from the
site's center along two site quadrant transects, and were measure with a double-ring
infiltrometer. Time (minutes) elapsed for the infiltration of the first 0.39 inch (1 cm) of water was
called the instantaneous rate, and was recorded as 1cm / minute. Further, time (minute)
elapsed for the first two inches (5 cm) was called the saturation rate, and was re_corded as b
cm/minute.

The distance from campsite's center to the ONRT's edge was measured to find the
campsites distance to primary trail. This parameter was compared to Opportunity Class 3's (O.
C. 3) standard of 100 feet as noted from UKRW's LAC plan.

The distance from the campsite’s center to the nearest water source edge was also
measured and compared to this indicator's O. C. 3 standard of 100 feet. This parametar was
physically measured only if the water source was closer than two hundred feet. If the nearest
water source was greater than two hundred feet the distance was measured on a map.

The distance fo the next closest campsite was a parameter affecting the amount of

solitude during the stay. If the closest campsite was closer than two hundred feet the distance
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from one campsite to the other campsite was measured with a cloth tape. Otherwise, the

distances were measured on @ map.
Qualitative Parameters.

Additional qualitative aspects of campsites were also recorded to evaluate the level of
use and the potential for impact. Each of these variable's categories were predetermined
through the “campground form" provided (Appendix C). During data collection, the researcher
observed the site and decided upon the “most appropriate” category for the estimated
parameter. These classifications were at the researchers discretion.

Amount of liker on the site was inventoried. Litter or trash was defined as any human-
based article that does not accur naturally in nature and was left iﬁ nature. Human waste was
also included in the category of Litter/Trash and was defined as either food scraps or fecal
matter. The amount of litter was evaluated within the site boundaries and then group into -
categories described below.

1.) No more than scattered charcoal from one fire ring. No litter.

2.) Remnants of more than one fire ring, some litter or manure. Some litter Is a handful

up to a two and a half gallon container of litter.

3.) Human waste, much litter or manure. Much litter is more than a two and a half

gallon container of litter

The availability of firewood was measured and placed into categeries as defined by the
form. The categories were;

1.) On site

2.} 50 feet away

3.) 50-100 feet away

4.) More than 100 feet away.

Condition class for the site was recorded for site descriptive assessment and

comparison with other sites. Campsite condition assessments were based on Frisseli's (1978)
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Condition Class definitions (Table 1, page 27).

Dominant species was recorded, and was defined as a simple evaluation of which tree
species is most dominant species on the site. Later, this parameter was grouped into mixed
hardwood, shortleaf pine, and cove species.

The parameters for the most prominent vegetation type of the site was recorded utilizing
six classes of vegetation. These classes included;

1.) Forest/Ridgetop

2.) ForesYFerbs/Shrubs

3.) Forest/Lush Grass

4.) Old Homestead

5.) Grassiand/Glade

6.) Riparian

Landform classification was recorded for each campsite into one of the following
categories;

1.) North Slope

2.) Creek Bottom

3.) Shelter Bluff

4.) South Slope

5.) Ridgetop

6.) Terrace

The amount of screening was measured both from the campsite to the trail and from the
campsite to another campsite. This screening was classified into one of the following
categories.

1.) Complete

2.) Partial

3.) None



52

Data caliected for these impact parameters were done through astimation of the degree
by which the camp was paditionad from the trail or another campsite. If the trall or campsita
coutd not be seen. this screening was comgplete, and if the campsite ar trail ¢ould be sesn
completely, there was np screening. Any other campsre condition was ¢lassifiad as partial.

The number of social trails associaled with the sita was anaiher aspéct measurad.

Maximum party size of the campsile was recorded This patameter was an esiimals of
the number of people the site could accommodale. Thers was no direct way of maasuring this

variable, as the inveshiqgator estimated the number of possible tent pads and place the data intg

one of the {ollowing categories,

33y7-10

4311-15

5.y more than 15

The type of use fhat had occumred on the site in the pas! was recorded. "Best quesses”
were made and grouped {he dala inlo one of the following cateqories,

1.y Hiker

2.y Horse

1) Hunter-hiker

4 ) Hunter-auta

The type and number of facilites on the site was recorded. Such developmenls incluge

fire Aing, primitive seat, constructed seal, table, shelf meat rack, hitchrail, ar othear.

Conlrol Plots

Control plois represented Iha natural campsite congdition, bnaflected by human-nduced
impacts. Each campsite had an unique control plof. which was located on a pre-getermined

azimuth and dislance equal to three times the length of the nearest campsite fransect 1o fhat
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azimuth. The control site was perceived as identical to the campsite in landform, vegetation
type, slope, and aspect. Great importance was placed in the location of a suitable control plot,
due to analysis and statistical inferences made between change levels of campsites and
controls. if a contral plot was located in an unreprasentative setting, the process was repeated
by randomly drawing a new azimuth and moving to a new location. Azimuth and distance was
recorded from the campsite center point to the control. Parameters measured on control plots
were percent vegetation cover, percent bare ground exposure, soll compaction, soil infiltration
rates, and tree damage. Measurement of all parameters for control plots were identical as

campsite measurements, with the same quadrant transects as the campsite,
Office Calculations

After returning from the field, areal measurements were caiculated. The barren core
area and total campsite area was calculated by microcomputer software. Both the total
campsite area and barren core area was calculated to the nearest hundredth of squared foot. A
map of the campsite was drawn from data taken above (Appendix I).

The “campground impact index” was a generalized gauge to analyze the relative impacl
that had occurred on the campsite. The index rating conveyed the amount of impact caused
under the current level of use. The campsite index rating was the average rating of nine various
impact parameters including; vegetation loss, bare mineral soil increase, tree stem damage, tree
root damage, developments, cleanliness, number of social trails, camp area, and barren core
area. Through the use of the form, the data was placed into one of three defined categories and
the average of the parameters was the rating, which ranged from 1.0 to 3.0 (Appendix E}.

Measurements were made to determine the campsite's distance from the nearest
trailhead and this parameter was recorded for correlation analysis.

Campsite density was aiso calculated and compared to the standard. Campsite density
calculation methads were not found through fiterature review of past researchers. The overall

UKRW campsite density could be found by dividing total number of camps by total distance of
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ONRT within the UKRW boundary. While this would demonstrate the UKRW's campsite
density, this method would not determine specific campsites that exceeded the standard of one
camp per mile. Additionally, due to campsite clustering in riparian areas and few campsites
located in non-riparian areas, a mile by mile calculation was not representative of an individual
campsite's density. Therefore, a method for calculating individual campsite density was
developed. When measuring campsite density for a campsite, distances of two campsites
flanking the measured campsite was calculated and then this number was divided into three, as
three campsites were present over the distance in question.

Campsites one and seventeen were near a trailhead and the distance from the trailhead
to the measured campsite was added to distance of the next campsite down the trail. This
calculated distance was then divided into two, as only two campsites were present in this
distance.

An example for calculating the density for a campsite two was as folfows; the distance
between campsité cne and campsite two was 1.33 miles and the distance between campsite
two and three was 0.048 miles. This distance was added and then divided into three, resulting

in a campsite density of 2.17 camps/mile.
Data Collected at Trail Transects

Trail data included the amount of trail litter, trail variables (Table 5, page 40), and
additional parameters that may influence trail impact levels. Trail measurements were taken at
trail transect, including trail width, trail fread depth, number of trail treads, siope, and trail profile.
Trail transects were established at locations previously described on Table 7, page 44.

Litter on the trail was evaluated while traveling along the trail. The amount and location
of litter found on the trail was recorded. Office calculations were made to record the amount of
litter per mile ang overall trail litter.

Trail transects were established primarily for baseline measurements for comparisons in

the future. Trail transects were located every mile along the Ouachita National Recreation Trail.
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A step-by-step procedure of the trail transect data collection and the trail transect data collection
form was created (Appendix F).

After locating the correct trail transect position, the location of the first trall profile
bracket's endpoint was established. This endpoint was a 1/2 inch metal threaded pipe, and it
was tapped into the ground, where the top of the pipe was level or just below the ground'’s
surface. This endpoint was referenced to three reference points, as documented in the same
manner as the campsite’s reference points (Table 8, page 46). After the initial endpoint was
established the secondary fixed point was positioned, as a transect line between the two fixed
end points on either side of the trail was perpendicular to trail travel. The fixed points extended
one foot past the determined trail edge and total distance was measured to the nearest whole
foot. The azimuth and distance from the first end point and the second end point was recorded.
Three photos were taken and a sketch map was provided for future reference.

The trail profile bracket was designed by Thomas Kuzmic at Oklahoma State University,
resembling those of previous studies (Cole 1983a, Hammitt and Cole 1987). A PVC pipe was
inserted to the fixed point receptacles (Figure 3, page 32). The height of the risers were above
the existing microtopography and vegelation. The profile bracket was constructed across the
trail. Risers were placed in every place needed to provide a solid level bracket, line levels were
used to ensure that the line was level, and the entire distance across the trail was measured.

The trail profile area was computed by measuring the distance from the top of the
bracket to the ground. Measurements were taken every six inches (nearest tenth of an inch)
and a plumb bob was used to verify a measurement perpendicular to the ground.

Additional measurements were taken, including width of trail, width of bare ground,
maximum depth, and number trail treads. The width of trait included the distance of the zone
obviously disturbed by trampling (to the nearest tenth of inch). The width of the bare ground
was {he length from one edge of the zone that lacks vegetation to the other (to the nearest inch).
The maximum trail tread depth was documented by measuring the deepest trai) tread location.

A trail tread count was also made for the number of trail treads. In addition o trail cross-
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sectional area, adgitional data was recorded for complete inventory of the area. This data
included vegetation type, dominant species, landform, slope of the trail, aspect and slope across
the trail. The classification of these categories was grouped into the same classes recorded for
the campsites. The slope of the trail, aspect and slope across the trail was measured with a
Suunto clinometer. Trall profile area was calculated after returning from the field through the use

of the formula described in Figure 3.
Statistical Analysis

The hypotheses, listed in Table 2, page 36, and Table 4, page 39, were evaluated
through non-parametric procedures. Campsite hypothesis one was tested with the Whicoxen
Maiched Ranked Pairs test which is the non-parametric t-test. This test was treated as a two-
tailed test. The second, third, and fourth campsite hypotheses as well as the first and second
trail transect hypotheses were evaluated with the Kruskal-Wallis test. The Kruskal-Wallis test is
the non-parametric version of the F-test. Finally, campsite hypotheses five and six and trail
transect hypotheses three and four were tested for correlalion using the Spearman Rank
Correlation. Additional comparisons of impacts at the UKRW were presented in tabular outputs

and graphs. All statistical analyses were performed at the significance level of 0.05.



CHAPTER IV
RESULTS AND DISCUSSION
Comparison of Impact Parameters Among All Campsites

Data were collected at each campsite in three replications. Data collection periods
were May 6 through May 12, June 3 through June 7, and July 17 through July 21, 1996.
Seventean campsites were identified and evaluated. All campsites were located near the
Ouachita National Recreation Trail (ONRT) and visitors created no new campsite after the
initiation of data collection. Camps within the UKRW were positioned along the ONRT in varying
vegetation types and fandform types with campsite concentration along the Kiamichi River. ‘Data
was pooled from the three replicates for statistical anailyses. Due to varying campsite areas, the
degrees of freedom for each test varied, based on number of quadrates.

Campsite impact levels as well as impact type varied across the entire wilderness area.
Due to variability of soil, vegetation, geologic, and other ecological conditions, each campsite
was evaluated by examining differences in conditions to its control. Variability was found among
these comparisons, and in most cases campsites were significantly different than controls.

Many impact parameters were interrelated. Generally, campsites that had lower
vegetation cover percentages, also had higher bare ground exposures, higher soil compaction,
and lower infiltration rates. Percent tree damage across campsites seemed to be independent

from other impact vanables.

Percent Vegetation Cover

Each campsite had an average percent vegetation coverage significantly different from

57
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its control (Table 9, page 59). This parameter varied among campsites and controls. Campsite
sixteen had the lowest percentage of 6.79%, as this area was almost completely denuded of
vegetation. Campsite seven had the highest average vegetation cover of 92.77%.

Each campsite had significantly lower percentages of vegetation coverage except
campsite seven, which displayed a higher average vegetation coverage than was found on its
control. This campsite was positioned in an open area surrounded by a dense stand of trees.
Therefore, camp seven'’s control was located in an area with complete enclosed canopy, and
had a thick duff layer which led to a low mean vegetation cover percentage. The location of the
contral was necessary to maintain similarity in soil type, geological conditions, and
environmental conditions. Inferences could be made that the campsite was located in an area
where trees were removed prior to wilderness designation, and through recreational use, the
area was not ailowed to develop to its climax condition.

Additionally, campsite two, Wilton Mountain, was located on a forested ridgetop, with a
percent vegetation cover of 24.92%. This was a low vegetalion cover percentage in comparison
to other campsites; however, due to low vegetation coverage on its control, this campsite
exhibited the lowest average difference among all campsites with a difference of only 4.13%.
The highest difference was found on campsite sixtean where the average vegetation loss was
90.09%.

Comparisons were made between use levels and percent vegetation losses. Each
campsite exhibited a degree of impact due to recreational uses. Further, Kuzmic {1993)
reported that campsites eight, five, and two were the most heavily used campsites, and these
campsites were also camps that exhibited the highest vegetational losses. This suggested that
the percent vegetation loss is related to use levels, and as use increased, vegetation losses
increased.

There was also evidence of low tolerance fevels. Upper Beech Grove camp, was

reported to have a moderale use jevet with 45 camper-nights per year (Kuzmic 1993), and this



campsite had the greatest vegetation loss. This suggested thal campsites exhibited various

levels of tolerance, and this tolerance affected the overall campsite impact level.

TABLE 9

COMPARISON OF PERCENT VEGETATION COVER OF
INDIVIDUAL CAMPSITES ANO CONTROLS

Campsite Ccamp _Control
Number? Mean Range Mean Range l-value (d.f)
----------------- Percent---~--=----------
1 70.82 10-100 88.9 80-100 13.55% (49)
2 24.92 0-80 29.15 5-70 8.65° (58)
3 £2.24 30-10D 88.88 70-100 13.01° (48B)
4 13.70 0-60 74.68 10-100 12.57° (46)
5 6.00 0-60 47.60 10-70 13.49° (49)
6 12.02 0-50 75.00 25-100 13.22° (52)
7 92.77 60-100 77.59 40-100 14.26° (55)
8 9.48 0-50 54.14 20-100 13.70° (57)
9 37.75 0-90 99.25 40-100 11.37° (39)
10 78.00 50-100 89.71 90-100 11.70° (34)
11 74.46 50-100 97.57 90- 100 11.73° (36)
12 70.91 10-100 97.05 80-100 13.10° (43)
13 24.04 0-80 43.19 10-70 12.38" (46)
14 25 42 0-90 94 .44 80-100 11.22° (35)
15 54.33 5-100 §7.00 90-100 8.87" (29)
16 6.79 0-50 96.88 80-100 15.56" (55)
17 17.43 0-70 86.71 90-100 11.06° (34)

* Forindividual campsite name and location see Table 6 (page 43) and/or Appendix A.
> Significant difference, p < 0.0001; Hypothesis 1 rejected for percent vegetation cover.
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Wilderness areas in close proximity tend 1o exhibit similar traits, and due to climatic,
ecological, and vegetation conditions, the UKRW could be compared to simitar wilderness areas
in the south-central United States. McEwen and others (1996) studied such wildemess areas
and they reported these area's average percent vegetation loss. UKRW campsite average
vegetation loss was 37.00% which was lower than the percent vegetation loss of 52% on Caney
Creek Wilderness campsites but higher than campsites at Upper Buffalo, Hercules Glades, and
Gardens of the Gods Wilderness areas with averages ranging from 23% to 29%. This
suggested that UKRW campsites had moderate impact trends and/or tolerances and although
ihe area had been impacted, this impact does not require severe management schemes for

remediation.
Percent Minerai Soil Exposure.

Each campsite’s mean mineral soil exposure was significantly different from its control
(Table 10, page 61), and these differences varied across campsites. Campsite eight displayed
the highest percent bare ground area with an average of 77.50%, while campsite sixteen had a
similar average of 70.71%. These two campsites had the largest barren core area (1184.38 fi?
and 1600.00 ft* respectively), and they were considered the most impacted campsites within the
UKRW.

Campsite four exhibited the lowest percent bare ground exposure of only 0.22%.
However, this campsite exhibited a significant difference from its control which had no bare
ground exposure.

Seven campsites exhibited total campsite areas with less than 10% bare ground
exposure. These campsites displayed light use and/or the ability to regenerate themselves after
use (Table 10, page 61). The remaining campsites had variable mean mineral soil exposure
percentages ranging from 12.96% to 77.50%. The undisturbed control areas displayed a range

of percent bare ground area of 0.00% to 3.76%.



TABLE 10

COMPARISON OF PERCENT MINERAL SOIL EXPOSURE OF
INOIVIODUAL CAMPSITES AND CONTROLS

Campsite Camp Contro]
Number® Mean Range Mean Range t-value (d. f)
----------------- Percent------aa-—__.
1 12.96 0-80 0.15 0-05 13.42° (49)
2 22.20 0-90 3.76 0-20 14.26" (58)
3 6.33 0-30 0.00 0-0 13.01° (48)
4 0.22 0-5 0.00 0-0 8.07° (46)
5 37.70 0-100 0.20 0-10 12.85° (49)
6 34.42 0-100 0.19 0-10 13.23° (52)
7 0.89 5-20 0.17 0-10 26.47° (55)
8 77.50 0-100 1.89 0-10 14.21° (57)
9 37.13 0-100 0.00 0-0 11.53° (39)
10 4,29 0-20 0.00 0-0 12.24° (34)
11 2.02 0-10 0.00 0-0 15.73" (36)
12 2.95 0-20 0.00 0-0 15.48° (43)
13 49.89 0-100 0.00 0-0 12.36° (46)
14 48.74 0-100 0.00 0-0 11.17° (35)
15 13.00 0-95 0.00 0-0 11.93° (29)
16 70.71 0-100 0.36 0-10 14.49° (55)
17 53.14 0-100 0.28 0-10 10.71° (34)

* For individual campsite name and location see Table 6 (page 43) and/or Appendix A.
® Significant difference, p < 0.0001; Hypothesis 1 rejected for percent vegetation cover.

By comparing UKRW campsite conditions to other wilderness areas in south-central
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United Sates, overali campsite conditions could be inferred. The UKRW had an average
percent bare ground exposure of 27.48% which was very similar to Caney Creek Wilderness
campsites having a bare ground average of 28%, and higher than sites at Upper Buffalo,
Hercules Glades, and Gardens of the Gods Wildernesses which had averages of 21%, 19%,
and 14% respectively (McEwen ot al. 1996).

However, by excluding campsites eight and sixteen from the overall UKRW campsite
average, the mean percent bare ground area was only 21.41%, which was similar to Upper
Buffalo Wilderness. Again, this suggested that remediation prescriptions may be necessary on

specific sites, but the wilderness as a whole was not severely impacted.
Soil Compaction

Campsite soil compaclion measurements were significantly different from control
measurements (Table 11, page 63). The average soil compaction varied between each
campsite and control. Again, campsite sixteen exhibited the greatest impact with an average
penetrometer reading of 3.54 kglcm2 and a campsite to control difference of 2.56 kg/cmz.
Campsite eight also had an average soil compaction reading relatively close to camp sixteen’s
with a measurement of 3.48 kg/cm?, and a campsite to control difference of 2.13 kg/cm®.

Campsite seven had the lowest average soit penetrometer reading of 1.33 kg/cm®. This
campsite's control had an average penelrometer reading of 0.91 kg/cm’, which resulted in being
the fowest difference among campsites of 0.42 kg/cm?®.

Variability was shown in comparison of studies done in other wilderness areas. Cole
and Hali (1992) identified differences of penetrometer readings in ftwo of their study areas. In
1981, Bob Marshall Wilderness had an average reading of 3.3 kg/em’ on the campsites with an
average of 2.3 kg/cm? on controls (difference of 1.00 kg/cmz). However, in 1990, {his same area
had an average of 2.4 kg/cm2 on campsites, and 1.70 kg/cm2 on confrols (difference of 0.70
kglcmz). They also found that in 1984, Grand Canyon Nalional Park had an average soil

compaction rate of 2.7 kg/cm? on its campsites and 0.70 kg/cm? on its controls (difference of



TABLE 11

COMPARISON OF SOIL COMPACTION OF INDIVIDUAL
CAMPSITES AND CONTROLS

83

Campsile Camp Cantrol
Number” Mean Range Mean Range t-value (d.f)
----------------- kg/cm2 b g
1 1.90 1.25-3.0 0.84 0.5-1.25 12.65" (49)
2 1.92 1,0-2.5 1.04 0.5-1.25 13.68° (58)
3 1.77 1.25-2.25 0.87 0.5-1.25 12.50° (48)
4 1,49 0.75-2.0 1.00 0.5-1.25 9.27° (46)
5 1.87 1.6-2.25 1.20 0.75-1.75 12.69° (49)
6 223 1545 1.05 0.5-2.00 12.69° (52)
7 1.33 0.5-3.0 0.91 0.5-1.5 7.29° (55)
8 3.48 1.75-4.5 1.35 1.0-1.75 13.38° (57)
9 2.19 1.0-3.0 118 0.75-1.5 11.25° (39)
10 161 1.0-2.25 0.92 0.5-1.5 10.67° (34)
11 1.59 1.0-2.25 0.87 0.5-1.25 10.87° (36)
12 1.67 1.0-2.25 1.01 0.5-1.25 11.73% (43)
13 2.23 1.0-3.25 0.96 0.5-1.25 12.42° (46)
14 2.37 1.0-4.0 0.88 0.5-1.25 10.65° (35)
15 1.74 0.5-25 0.81 0.5-1.25 9.94° (29)
16 3.54 2.0-4.5 0.98 0.75-1.5 13.18° (55)
17 2.43 1.75-3.25 0.94 0.75-1.0 10.52" (34)

? For individual campsite name and location see Table 8 (page 43) and/or Appendix A.
® Significant difference. p < 0.0001, Hypothesis 1 rejected for soit compaction.
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2.00 kg/cm®). While in 1989, this area had readings of 2.1 kg/em? on campsites and 0.5 kg/cm?
on its control. Differences of both campsite and control measurements, between the time

measuremenis were taken, demonsirated the phenomenon of seasonal variability of compaction

measurements (Cole and Hall 1992).
Instantaneous Infiltration Rale

Instantaneous infiltration rates were significantly different between campsites and
controls, and these rates varied across campsite areas (Table 12). Again the greatest impacted
sites were campsite eight and campsite sixteen with 0.09 cm/min and 0.55 cm/min respectively.
Remaining campsites had rates above 1 cm/min, ranging from 1.25 cm/min on campsite one to
2.50 cm/min on campsite fifteen. The instantaneous infillration rate of the controls were all well

above 1 cm/min, with he highest rate on control fourteen with 4.16 cm/min.

TABLE 12

COMPARISON OF INSTANTANEOUS INFILTRATION RATES
OF INDIVIDUAL CAMPSITES AND CONTROLS

Campsite Camp Control
Number® Mean Range Mean Range -value (d.f.)
-------------- Lot Wi AT R

1 1.25 1.59- 1.09 3.23 2.38- 1.49 4.08° (3)
2 1.33 1.49- 1.21 1.59 1.72- 1.43 3.87° (3)
3 1.33 1.72-1.21 1.59 2.00-1.43 4.08" (3)
4 1.39 1.72-1.09 2.22 2.44-2.08 3.87° (3)
5 1.96 2.38-1.49 2.63 3.03-2.22 4.95° (5)
6 1.59 1.92- 1.33 2.44 3.18-2.08 4.71°  (5)
7 1.92 2.33-1.67 3.03 3.70- 2.50 4.08°  (3)

8 0.09 0.15-0.07 1.45 1.92-1.15 4.58° (5)
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TABLE 12 (Continued)

Campsite camp Control
Number® Mean Range Mean Range t-value (d.f)
-------------- CM/MiIN-------mmammn o

9 1.49 1.72-1.33 2.86 3.70-2.38 387° (3)
10 1.64 1.92-1.45 2.86 3.33-2.38 4.08° (3)
11 1.85 2.08-1.72 2.86 4.00- 2.38 4,08 (3)
12 2.50 3.08-2.00 3.08 4.00- 2.63 3.87° (3
13 1.32 154-1.18 2.94 4.00- 2.38 387° (3)
14 1.69 2.00- 1.49 417 5.88- 3.08 4.58° (5)
15 2.50 3.33-1.72 3.70 4.00- 3.03 4.87° (5)
16 0.55 0.57-0.52 2.38 4.00-1.87 484° (5)
17 1.67 2.00-1.33 2.70 4.00-2.38 4.58° (5)

* For individual campsite name and location see Table 6 (page 43) and/or Appendix A.
b Significant gifference, p< 0.05; Hypothesis 1 rejected for instantaneous infiltration rates.
¢ Significant difference, p< 0.01; Hypothesis 1 rejected for instantaneous infiltration rates.

UKRW campsite average difference for instantaneous infiltration rates was 1 16
cm/min. Highly impacted campsites exhibited greater differences between campsites and
controls. However, some variability was found which implied that there were other factors that
influenced the sites tolerance to soil compaction. Remarkably, the highest diffesence was not
found on either campsite eight or sixteen, but was found on campsite fourteen with a difference
of 2.48 cm/min. Additionally, average differences greater than 1.50 cm/min were found on
campsites one, thirteen, fourteen, and sixteen. The lowest differences were found on campsites
two and three, with an average difference of only 0.26 cm/min.

The difference between the degrees of freedom amoang different campsites was due to

rain, as some results were amitted. During the first data collection period, the area had
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precipitation on three of the six days data were collected. This event caused some infiltrometer

readings to be significantly overstated, therefore they were omitted for a more representative

sample.
Saturated infiltcation Rate

Likewise, saturation infiltration rates varied among all campsites (Table 13). The
lowest saturation infiltration rates were found on campsite eight with a reading of 0.17 cm/min
and campsite sixteen with 0.43 cm/min. Campsite twelve had the highest reading of 2.19
cm/min. The readings of the control plots ranged from the lowest of 1.12 cm/min on control plot
eight to the highest of 2.96 crm/min on control fourteen.

Wilton’s Point and River Sign campsites displayed saturated infiltralion rates not
significantly different from their controls. The remaining campsites were dissimilar from the
controls, and significance levels varied. The overall average difference among campsites and
controls was 0.69 cm/min. As with the instantaneous infiltration rates, the highest difference
was found on campsite fourteen with 2.02 cm/min. The lowest average difference was found on

campsite three with a difference of only 0.18 cm/min.

TABLE 13

COMPARISON OF SATURATED INFILTRATION RATES
OF INDIVIDUAL CAMPSITES AND CONTROLS

Campsite Camp Control
Number? Mean Range Mean Range t-value (d.f.)
-------------- cm/min---------------
1 1.36 1.48-1.23 1.87 2.43-1.77 3.87° (3)
2 1.27 1.36-1.23 1.60 1.67-1.54 3.87° (3)
3 1.43 1.71-1.30D 1.6 1.71-1.51 2.28° (3)

4 1.37 1.50-1,30 1.57 1.67-1.46 3.87° (3)
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Campsite Camp Control
Number? Mean Range Mean Range t-value (d.f)
-------------- CM/min------nooooo_ .

5 1.85 2.07-1.50 2.07 2.22-1.94 4.65% (5)
6 1.29 1.54-1.06 1.67 2.15-1.36 4.64° (5)
7 1.80 1.87-1.75 215 2.42-1.81 3.87° (3)
8 0.17 0.25-0.12 1.12 1.30-0.88 458" (5)
3 1.48 1.74-1.33 2.13 2.48-1.98 3.87° (3)
10 1.45 1.62-1.33 2.07 2.35-1.87 387° (3)
11 1.73 2.22-1.39 2.19 2.40-2.06 3.87° (3)
12 219 2.38-1.94 2.38 2.40-2.06 3.87° (3)
13 1.19 1.564-1.05 228 2.48-2.10 3.87° (3)
14 0.94 1.02-0.86 2.96 3.76-2.30 4587 (5)
15 1.49 1.98-1.15 274 3.16-2.30 4.87° (5)
16 0.43 0.48-0.40 1.33 1.77-0.83 458° (5)
17 1.15 1.23-1.08 1.87 2.30-1.54 4.58°% (5)

* For individual campsite name and location see Table 6 (page 43) and/or Appendix A.

® Difference not significant, p> 0.05.

: Significant difference, p< 0.05; Hypothesis 1 rejected for saturated infiltration rates.

Significant difference, p< 0.01, Hypothesis 1 rejected for salurated infillration rates.

Tree Damage

Tree damage varied across campsites as percent tree damage ranged from 100% on

campsites seven and sixteen, to none on campsites four and nine (Table 14, page 68).

Campsites lhree, ten, eleven, thirdeen. and fifteen did nol have any trees within their boundaries.
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The number of trees damaged on the campsites ranged from zero on a few sites to
eleven on campsite eight. In every case, campsites had fewer {rees than cantrols, although this
could be considered a campsite selection preference rather than a trait induced through
impacling use. Control plot trees displayed no noticeable damage.

UKRW had an average tree damage per campsite of 32.83%. This result was much
lower than averages found on Eagle Cap and Bob Marshall Wildernesses (Cole and Hall 1992).
Additionally, UKRW also had less average tree damage than the Great Smoky Mountains
National Park, which displayed an average aof tree damage of 63.00% (Marion and Leung 1996).

This indicated lower overall use levels, and hence, lower impacts on UKRW trees.

TABLE 14

COMPARISON OF NUMBER OF DAMAGED TREES
OF INDIVIDUAL CAMPSITE TO CONTROL

Camp Control
Campsile Trees Total Tree Damage(%) Trees Total
Number® Damaged  Trees Damaged Trees
------ number - - - - - ---Percent - - - ------numbef------
1 3 4 75 0 14
2 3 7 43 0 15
3 0 0 - 0 4
4 0 8 0 0 16
S 3 10 30 0 10
6 4 10 40 0] 12
7 1 1 100 0 15
8 11 21 52 0 32
8 0 1 0 0 6
10 0 0 - 0 U

11 1 S 20 0 5



TABLE 14 (Continued)

Camp ____Contcol
Campsite Trees Total Tree Damage(%) Trees Total
Number?® Damaged  Trees Damaged Trees
—————— number - - - - - - - - Percent - - - ------numbef------

12 2 8 25 0 8

13 0 0 -- 0 20

14 1 2 S0 0 B

15 0 0 -- 0 9

16 5 5 100 0 7

17 3 7 43 0 8

® For individual campsite name and location see Table 6 (page 43) and/or Appendix A.

Comparisons of Actual Impact Measured to the Standards

There were five indicators described in the plan for this area (U. S. Forest Service
1992). These indicators were barren core area, number of trees damaged, distance of campsite
to trail and to nearest water source, and number of campsiles per mile. Opportunity Class Three
campsite standards were that campsites must have barren core area less than 200 ft?, less than
4 damaged trees, be further than 100 feet from trail, be further than 100 feet from nearest water
source, and exhibit a campsite density equal to or less than 1 campsite/mile.

Campsite area was not outlined as an UKRW indicator of impact. However, campsite
area is considered as a major influence to perception of solifude and naturainess of many
wilderness areas. Campsite area was included in this study as a comparison to level of impact.
This parameter is a proposed indicator for gauging level of impact, with a standard for campsite
area of 1000 ft*. Campsites exhibiting moderate use were usually classified with measures of

500 ft? (Cole 1989). However, 500 ft* was considered a moderate sized campsite and many
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studies have reported median campsite size well above 500 f¥* (Cole 1388, Cole and Hall 1992,
Cole 1993b, Marion and Leung 1996, McEwen ef a/. 1936). For this reason the standard of
1000 ft* was deemed mare appropriate.

Campsite area varied significantly across the campsites (Table 15). The mean
campsite area was 915.47 ft’ (85 m?), which ranged from 381.81 f* (35.45 m?) on campsite
fileen to 2395.31 (222.40 m*) on campsite eight. Campsites two, five, six, seven, eight, and
sixteen exceeded the proposed standard of 1000 #1°. The remaining campsste areas varied
among campsites.

The average UKRW campsite area was high when compared 1o other wilderness areas
in south-central United States. McEwen and others (1896) reporled that the average campsite
area for Hercules Gfades Wilderness was 80 m’ (862 ft%) and this measurement was the highest

average campsite area in their four wilderness study area.

TABLE 15

COMPARISON OF CAMPSITE AREA, BARREN CORE AREA, AND
NUMBER OF DAMAGED TREES OF INDIVIDUAL CAMPSITES
TO THEIR RESPECTIVE STANDARDS

Campsite Campsite Barren Core Number of
Number? Area® Area Damaged Trees
---------- [-1=] RN - - - number - - -

1 810.94° 21.88° 3°

2 1514.66° 93.75° 3¢

3 804.69° 4.68° 0°

4 929,69° 31.25° 19

5 1207.81° 793.16' KL

6 1104.69" 587.50° 4"

7 1182.81° 1.56° 19

8 2395.31¢ 1184 38" g"
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TABLE 15 (Continued)

Campsite Campsite Barren Core Number of
Number’ Area” Area Damaged Trees

---------- feet’ - - - - s - - - pumber - - -
9 471.88° 109.38° 0°
10 426.56° 10.94° 0°
1 381.25° 4.69° 09
12 623.48° 15.63° 29
13 685.94°¢ 159.38° 0®
14 464.75° 175.00° 19
15 382.81° 17.18° 0?
16 1678.13° 1600.00' 5"
17 497.28¢ 267.28° 3°

For individual campsite name and location see Table 6 (page 43) and/or Appendix A.
Campsite area was not designated as an UKRW impact indicator, it was a proposed indicator.
Does not exceed proposed sfandard for “Campsite Area” of 1000 feet’.

Exceeds proposed standard for “Campsite Area” of 1000 feet®.

Does not exceed standard for "Bare Soil Exposed” of 200 feet’.

Exceed standarg for "Bare Sail Exposed” of 200 feet’.

Does not exceed standard for "Number of Damaged Trees” of 4 damaged trees per campsite.
Exceed standard for "Number of Damaged Trees" of 4 damaged trees per campsite.

o O =~ p H G T b

However, when compared to more popular wilderness areas, the UXRW exhibited a
much lower average campsite area. Eagle Cap Wilderness in Montana had an average
campsite area of 198 m” (2133 %) in 1979, and a mean campsile area of 233 m? (2508 ft%) in
1984 (Cole 1986). Likewise, Boundary Waters Canoe Area Wilderness in Minnesola, had a
mean campsite area of 202 m? (2176 f*) (Marion and Merriam 1985), and Great Smoky
Mountains National Park was reported to have an average campsite area, across all campsites

of 175 m? (1885 ft*) (Marion and Leung 1996).
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Barren core area was an impact indicator on campsites as defined by the UKRW's LAC
plan, with a standard of 200 f*. The average barren core area was 298.68 f* (27.8 m?) which
ranged from 1.56 f% (0.14 m?) on campsite seven to 1600.00 f2 (148.56 m?) on campsite
sixteen. Campsites five, six, eight, and sixteen exceedad the standard for this indicator.

Average barren core area was also high when compared to other wilderness areas in
south-central United States. Among the wilderness areas McEwen and others (1996) studied,
the average barren core area, of de-vegetated area was 21 m? (228 f*) on Caney Creek
Wilderness, and UKRW campsites had a larger average barren core area of 28m? (302 ft3).

However, in comparing the UKRW to more popular wildemess areas, the UKRW
exhibited a much lower barren core area. Eagle Cap Wilderness in Montana had an average
bare area of 86 m’ (926 f) in 1979, and a mean bare area of 104 m2 (1120 f) in 1984 (Cole
1986). Great Smoky Mountains National Park had an average barren core area, across all
campsites of 55 m? (592 /%) (Marion and Leung 1996). Additionaily, Bob Marshall Wilderness
had a mean barren core area of only 41 m* (442 ff’) in 1981, and an average of only 34 m? (366
%) in 1980 (Cole and Hall 1992).

The number of damaged trees was also an indicator of the impact on {he sites. The
standard was 4 damaged trees per campsite. Within the campsite area, the average number of
trees was 4.94 trees/site, with an average number of trees damaged was 2.06 trees/site. By
omitting campsites that had no trees within their areas, the average number of trees damaged
per campsite increased to 2.83. Campsites six, eight, and sixteen exceeded the standard.

The distance of a campsite to its nearest water source was also an indicator of use that
1s detrimental to the condilion of the wilderness’s physical character. "Leave-No-Trace” camping
practices advocate camping further than 200 feet from the nearest water source (Hampton and
Cole, 1988). Hawever, many UKRW campsites exceeded this indicator’s standard of only 100
feet. The average distance of the campsite to the nearest water source was 904.00 feet (Table
16, page 73). The range for this parameter among ail campsites was 9.80 feet to 4200 feet.

However, when omitting all campsites west of the Upper Kiamichi River Trailhead from the
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calculation, this average was reduced to 78.31 feet. The range for this area was 9.80 feel to
451.09 feet. Campsite five, six, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen,
sixteen, and seventeen all exceeded the standard for this indicator.

The trend of camping nearer to water is not unique to the UKXRW. Fodor (1989)
reported that over 29% of campsites located in the Sequoia and Kings Canyon National Parks
were located within 25 feet of water. This result was similar to findings of campsites in the
UKRW, as four of seventeen campsites were 25 feet from water {(23%), and eleven (65%) were
within 100 feet of water. In addition to a source of water for washing, drinking, and swimming,
riparian camps offer higher aesthetics than non-ripanan campsites. These are some reasons for
their papularity. However, these aclivities can be detrimental to the water, and campsites

located near riparian areas increase the probability for sediment discharge into the water.

TABLE 16

COMPARISON OF DISTANCES OF CAMPSITE TO WATER AND
PRIMARY TRAIL, AND CAMPSITE DENSITY TO
THEIR RESPECTIVE STANDARDS

Campsite Distance to Distance to Number of
Number® Water Primary Trail Campsites per Mile
----------- feet-----~---- - - Camps/Mile - -
1 2000.00° 20.20° 0.93'
2 4150.00° 23.60° 2.17°
3 4200.00° 251.30" 2.17°
4 4000.00° 28.60° 0.49'
5 21.00° 31.00° 0.62'
6 35.20° 21.50° 1.849
7 451.09° 19.60° 0.89'
8 25.50° 23.00° 0.70'
9 41.30° 29.50° 0.74'
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TABLE 16 (Continued)

Campsite Distance to Distance 1o Number of
Number® Water Primary Trail Campsites per Mile
----------- feet---------- - - Camps/Mile - -
10 157.10° 31.80° 3.40°
11 76.50° 27.00° 2.95°
12 27.20° 37.50° 1.03°
13 34.30° 11.50° 0.89'
14 9.80° 9.50° 1.99°
15 54.00° 7.80° 9.474
16 71.00° 13.20° 2.819
17 15.20° 8.50° 0.71"
 For individual campsite name and location see Table 6 (page 43) and/or Appendix A,
® Does not exceed standard for "Distance to Water' of 100 feef.
: Exceeds standard for “Distance to Water” of 100 feet?.

Does not exceed standard for “Distance to Primary Trail” of 100 feet’.

Exceed standard for “Distance to Primary Trail® of 100 feet®.

' Does not exceed standard for "Number of Campsites per Mile” of 1 camp per mile.
 Exceeds standard for “Number of Campsites per Mile® of 1 camp per mile.

&

The distance of the campsile 10 the primary 1rail was an indicator for level of solilude.
The standard for this indicator was 100 feet. The average distance of the campsite to the trail
(ONRT) was 35.00 feet (Table 16, page 73). The range was 7.80 feet to 251.30 feet. All
campsiles exceeded this parameter except campsite three. In fact, the method to measure this
parameter was the distance from the center of the campsite to the edge of the trail. Often, the
edge of the campsile was touching the edge of the trail, and in one case, Road Carnp, was in
the middle of the trail.

In comparison to the Greatl Smoky Mountains National Park (GSMNP), the LIKRW had

similar traits of campsite distance to trail. Marion and Leung (1996) reported that nearly 60% of
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ilegal campsites located in the GSMNP were less than 25 feet from the trail, Likewise, 59% of
all UKRW campsites were located within 25 feet from the trail, and 94% were located less than
100 feet from the trail. In these cases, without designated campsite regulations, visitors tended
to camp nearer to trails.

Campsite density was also a concern of the planners for wilderness character of the
UKRW. Campsite density was recorded as the number of campsites per mile. The standard for
this indicator was 1 camp/mile. The overall average of campsite density was 0.73 camps per
mite. However, the individual campsile density ranged from 0.49 camps per mile to 9.47 camps
per mile (Table 16, page 73). Campsiles two, three, six, ten, twelve, fourteen, fifteen, and
sixteen had density ratings of greater than one camp/mile.

In campsite density comparisons between the UKRW area as a whole to other
wilderness areas, the UKRW exhibited fewer campsites per unit area. Cale (1993b) reported
that in three wilderness areas he studied over a fifteen year period, the number of campsites
increased. He stated that high-use lakes increased from 0.91 camps/ha to 2.13 camps/ha, and
on low-use lzkes the campsite density increased from 0.52 camps/ha to 1.73 camps/ha. He
also reponed that the campsite density of trail corridors only increased from 0.20 camps/ha 10
0.27 camps/ha (Cole 1993b). For the entire area, the UKRW had a campsite density of only
0.004 camps/ha. This density was a lower density than Cole(1993b) found in his study area
around lakes. In comparison to other south-central wildernesses, the UXRW had a campsite
density of 0.28 <:arr1psite:s/km2 which was a lower density than Caney Creek, Upper Buffalo,
Hercules Glades and Garden of the Gods Wildernesses (McEwen et al. 1996). However, when
only considering the ONRT corridor area (Opportunity Class Three, Figure 4., page 42) the
campsite density was 0.25 campsites/ha (25.2 camps/km?). This corridor (O. C. 3) was the
primary area visited within the UKRW (Kuzmic 1883). This density was similar to Cole’s (1993b)
trail corridor density, and considerably higher than the four wilderness areas in McEwen and

other (1996) study area.
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Impact Rating Systems Analysis

There were two impact rating methods used in this analysis. CGanditon Class
assessmenls were made using Frissell's condition class categories (Table 1, page 27), and
Campground Impact Index Ratings (Appendix E). These rating systems used different methods
la classify the level of impact in evidence at each site,

The average campground index rating for all sites was 1.93, ranging from 1.11 on
campsite {en to 3.00 on campsite eight (Table 17. page 77) Campsite eight exhibited the
highest impact rating possible, as it was classified as 3.00. Campsites five, six and sixteen were
also well above 2.00, which indicated high impact levels.

The condilion class assessment average was 2 .82, ranging from condition class 1 on
campsite seven, to condition class 5 on campsile sixteen (Table 17, page 77). Through this

methad, campsiles eight, thirteen, and sixteen had a condition class of four or greater.
Individual Campsite Results

Each campsite had unigque environmenlal conditions and unique trends of use.
Additionally, each campsite had interrelaled complexities that affected the differences in impact
variables and lhe perceived level of impact. Consequently, a dascription of each camgsite's

measured impact parameters and use trends were recorded.

Pashubbe Point

Pashubbe Point camp, camgsite one. was located in @ mixed hardwoaod stand with
deep lush grass vegetation covering mast of the campsite area (Appendix A, G, and ). The
campsite had a vegetation cover of 70.82%. which ranged from 10 to 100%, and was
significantly lower than its control which had a vegelation coverage of 86.90% (Table 9, page
59). Likewise, the percent bare ground was significantly lower as the camp was 12.96% bare

and the control was only 0.15% bare (Table 10, page 61) This sile’s average soil compaction



TABLE 17

COMPARISON OF CAMPSITE INDEX RATING AND CONDITION
CLASS OF INDIVIDUAL CAMPSITES.

Campsite Index Rating® Condition Class®
Number’
---------------- Number------- ... ___._
1 1.55 3
2 2.00 3
3 1.44 | 2
4 1.78 3
5 2.56 3
6 2.56 3
7 4.55 1
8 3.00 4
9 1.78 2
10 1,11 2
11 1.44 2
12 1.55 2
13 1,78 4
14 1.89 3
15 1.33 3
16 267 5
17 1.89 2

? For individual campsite name and location see Table 6 (page 43) and/ar Appendix A.
® For definition of “Campsite Index Rating," see Appendix E.
¢ For definition of "Condition Ciass,” see Table 1, page 27.
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was 1.90 kg/em®. and the controf had an average of 0.84 kg/cm? (Table 1 1, page 63). Soil
compaction affected both the instantaneous infiltration rate, and the saturated infiltration rate.
These two infiliration rates were significantly lower on the campsite than on the conirol (Table 12
and 13, pages 64 and 66). Soil compaction was evident in soil penetrometer readings and both
types of infiltration rates. as they were different from the control. This campsite also had four
trees within its boundaries, and three trees exhibited damaged (Table 14, page 68).

Pashubbe Point's campsite area was 810.94 f%, while its barren core area was 21.88
f* (Table 15, page 70). Measured distance from the campsite's center to the primary irail was
20.20 feet, while the distance from the campsite to water was more than 2000 feet. Campsite
density was 0.93 camps/mite (Table 16, page 73), and lhis campsite had an index rating of 1.55
with a condition class rating of 3 (Table 17, page 77).

Implications of high vegetalion cover and low bare ground area were that this site had
a high tolerance of impact, either in impact resistance or resilience. Due to highly tolerant
grasses, this campsite had the abilty to recover from trampling after use. Further, fotal campsite
area in comparison {o barren core area indicated campsite impact tolerance. Campsite distance
to trail was the only indicator exceeded.

Campsite area was minimally impacted through use, although it was the nearest
campsite to Pashubbe Trailhead, il was reported to have about 40 camper-nights a year
(Kuzmic 1993). Under this use level, the grass on the site were able lo regenerate itself,

removing some indication of impact.

Wilton Mountain

Wilton Mountain, campsite twa, was located in 2 mixed hardwood stand, on a forested
ridgetop (Appendix A, G, and }). The campsite had a vegetation cover of 24.92%, which ranged
fram 0 to 80%, which was significantly lower than its control vegetalion coverage of 29.15%
(Table 9, page 59). The percent bare ground exposure was also significantly higher from the

control as the camp was 22.20% bare ang the control was 3.76% bare (Table 10, page 61). The
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soil was also compacted through use, as the campsite hag a sail penetrometer reading 1.92
kg/cmz. and the control had 1.04 kg/cm? {Table 11, page 63). Soil compaction was also evident
in both the instantaneous infiltration rate, and the saturated infiltration rates, These two
variables were significantly lower on the campsite than on the control (Table 12 and 13, pages
64 and 66).

Wilton Mountain's campsite area was 1514.96 #2, which included a satellite area. The
camp’s barren core area was 93.75 f, and the total number of trees damaged was three (Table
15, page 70). Measured distances from the campsite’s center to the primary trail was 23.60
feet, while the distance from the campsite to water was more than 4150 feet The measured
campsite density was 2.17 camps/mile, due to the location of Wilton Point, just 258 feet away
with only partial screening (Table 16, page 73). This campsite had an index rating of 2.00 with a
condition class rating of 3 (Table 17, page 77), which indicated moderate leveis of impact.

The indicators measured that did exceed {heir standard were campsite distance to trail
and campsite density. The campsite was highly impacted through use and with 112 camper-
nights per year, it was one of the highest used campsites within the area (Kuzmic 1993).

As noted above, campsite parcent vegetation coverage was close to control averages.
Likewise, the control's bare ground area was also the highest amang all campsites. The area
surrounding the campsite was rocky and had sparse vegetation.

The combination of high use levels and indications of low impact tolerance may point to

the need for initiation of remedial steps to fimit impact levels.

Wilton's Point

This campsite was listed as campsite three (Appendix A, G, and [). This site’s
dominant species stand was mixed hardwood, with a forest ridgetop vegetation type. This
campsite was barely discernible, and only by campfire ring evidence and a small barren core
was it designated as one.

The campsite area had an average vegetation cover of 62.24%, which ranged from 30



80

to 100%. and was significantly higher than its cantro! (Table g, page 59). The percent bare

ground exposure was also significantly different from the contol, as the camp was 6.33% bare

and the control had no bare ground (Table 10, page 81). The soil was also compacted through

use. as evident in both soil penetrometer readings ang instantaneous infiltration rates (Table 11
and 12, pages 63 and 84). However, the saturated infiltration rate was alsq lower on the
campsite than control with 1.43 cm/min and 1.61 cnvymin respectively, but this was not
significantly different (Table 13, pages 66). Wilton Point had na trees within the boundary of the
campsite.

Wiltan Point's campsite area was 804.69 f, with a barren core area was 4.68 ft*, this
was the second smallest barren core area among all campsites (Table 15, page 70). Measured
distance from the campsite's center 1o the primary trail was 251.30 feet, while the distance from
the campsite to water was more than 4200 feet. The measured campsite density for this camp
was 2.17 camps per mile, due to the location af Wilton Mountain campsite 256 feet away (Table
16, page 73). Campsite index rating was 1.44 and condition class assessment was'2 (Table 17,
page 77), which indicated low levels of impact.

This campsite was the only campsite that was further that 100 feet from the primary
trail and the only standard exceeded by this campsite was campsite density.

Both Wilton Mountain and Wilton's Point were located on the same ridge. These
campsites were positioned in a rocky area with shallow soils. Instantaneous infillration rates on
the controls were among the lowest among all seventeen campsites. Noticeable impact has
occurred rapidly on these two areas and remedial prescriptions may be necessary to mainiain

impact.
Mile 38

Mile 38 campsite, campsite four, was located just over a mile east of the Wilton
Mountain campsite and about a mile and a half from Kiamichi River Trailhead (Appendix A, G.

and |) This campsite was located in a shortleaf pine (Pinus echinata) dominant sland, on a
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fores¥farbs/ shrubs vegetation type.

The campsite had an average vegetation cover of 13.70%, which was significantty
fower than its control (Table 9, page 59). Percent bare ground €xposure was alsa signlificantly
different from the control, as the campsite bare ground average was 0.22% and the control had
no bare ground (Table 10, page 61). The soil was also compacted through use, as the campsite
had a soil penetrometer reading of 1.49 kg/cm?®, and the control had an average reading of 1.00
kg/cm2 (Table 11, page 63). There was also a difference in the infiltration rates between the
campsite and control. The instantaneous infiltration rate was 1.39 cm/min on the campsite with
2.22 cm/min on the control (Table 12, page 64). The saturated infiltration rate was also lower on
the campsite than control (Table 13, page 66). Eight trees were within the campsite’s
boundary, which had no damage (Table 14, page 68).

Mile 38's campsite area was 929.69 f*, with a barren core area of 31 25 #2 (Table 15,
page 70). Measured distances from the campsites center 1o the primary trail was 28.60 fest,
while the distance from the campsite to water was more than 4000 feet. The measured
campsite density for this camp was 0.49 camps/mile (Table 16, page 73). and this campsite had
an index rating of 1.78 with a condition class rating of 3 which indicated a moderate level of
impact (Table 17, page 77). The only indicator exceeded was campsile distance (o trail, with a
gistance of 28.60 feet.

Despite a low vegetation cover of only 13.70%, the bare ground area was still less than
1%. Campsite area had a thick duff layer which consisted primarily of pine needles. Althaugh
percent bare ground exposure was significantly different from its control, it was the lowest
average among all campsites, due to this duff Jayer. Due to its low use levels of anly eight
camper-nights per year (Kuzmic 1993) and the carpeting influence of the pine needles, this

camp seemed ta maintain ils natural condition.

Kiamichi Rivei TYrailhead

Kiamichi River Trailhead (KRT), campsite five, was located about a quarter mile from
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the Kiamichi River Trailhead entrance portal (Appendix A, G, and I). KRT was located ina
shortleaf pine dominated stand, on a forestforbs/shrub vegetation type, in a riparian area. This
site was easily discemibie due to a large rock fire ring, and a large area with minimal vegetation.

The campsite area had a average vegetation cover of only 6.00%. which ranged from 0
to 60%, which differed significantly from its control (Table 9, page 59). This camp had the
lowest vegetation coverage among all seventeen campsites. The percent bare ground exposure
on the campsite was 37.70% which was also significantly different fram the control which had a
average of 0.20% (Tabie 10, page 61). Due to the Shortleaf pine dominance this site had a thick
tayer of duff covering the ground. The soil was also compacted through use, as the campsite
had a soil penetrometer reading 1.87 kg/cmz. and the control had a measurement of 1.20 kg/cm?
(Table 11, page B3). There was a difference in the infiltration rates between the campsite and
control. The campsite instantaneous infiltration rate was 1.96 cm/min on the campsite with 2.63
cm/min on the control (Table 12, page 64). The saturated infiltration rates were also lower on
the campsite than control with 1.85 cm/min and 2.07 cm/min respectively (Table 13, pages 66).
KRT campsite had {en trees within the boundary of the campsite, and three of the ten had been
damaged (Table 14, page 68).

KRT's campsite area was 1207.81 %, with a barren core area of 793.16 ft2. This was
the third largest barren core area among all campsites (Table 15, page 70). Measured
distances from the campsite’s center {o the primary traii was 31.00 feet, while the distance from
the campsite to water was 21.00 feet. The measured campsite density for this camp was 0.62
camps per mije (Table 16, page 73). This campsite had an index rating of 2.56 with a condition
class rating of 3 which implicating moderate 1o high level of impact (Table 17, page 77). This
campsite exceeded three of the five standards, which included barren core area, campsite
distance to water, and campsite distance to trail.

Due to its proximity to the trailhead and river, this site was popular among many
visitors. Kuzmic (1993) found that this site had the second highest jevel use among all

campsites present in 1993 with 152 camper-nights per year.
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Pine Mountain

This campsite (campsite 6) was located 148 feet east of Kiamichi River Trailhead camp
(Appendix A, G, and 1). This campsite was located in a mixed hardwood dominated stand, on a
forest /forbs/shrub vegetation type, in a riparian area. This site was easily discernible as a
campsile, due to the high level of impact and a distinguishabie fire fing.

The campsite area had an average vegetation cover of only 12.02%. which ranged
from O to 50%. This differed significantly from its controf that had a average vegetation
coverage of 75.00% (Table 3, page 59). The percent bare ground exposure on the campsite
was 34.42% which was significantly different from the controf which had a average of 0.19%
(Table 10, page 61). Soil compaction was evident both in penetrometer differences, and both
types of infiltration rates (Table 11, 12, and 13, pages 63, 64, and 66). Bolh the instantaneous
and saturated infiltration rates were fower on the campsite than on the control. Pine Mountain
had ten trees within the boundary of the campsite, and four of he ten had been damaged.

Campsite six had a campsite area of 1104.69 ft, with a barren core area of 587.50 f,
this was the fourth largest barren core area among all campsites (Table 15, page 70).
Measured distances from the campsite's center to the primary trail was 21.50 feet, while the
distance from the campsite to waler was 35.20 feet. The measured campsite density for this
camp was 1.84 camps/mile (Table 16, page 73). The standards exceeded were barren core
area, campsite's distance to water, campsile’'s distance to trail, and number of camps per mife.
This campsite exceeded four of the five indicators measured. This camp was close to the
Kiamichi River Trailhead Camp, and due its proximity to the trailhead and river, it has become a
popular site. This campsite had an index rating of 2.56 with a condition class rating of 3 which

implicated moderate {o high level of impac! (Table 17, page 77).

River Sian

Campsite seven, River Sign campsite was located between Pine Mountain and Big
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River camps, al the head of an old road that has a sign painting to the Kiamichi River (Appendix
A, G.and ). This campsite was located in a shortieaf pine dominated stand. on a forestlush
grass vegetation type, in a non-riparian area. This camp was idenbfied in Kuzmic's study in
1993, yet through a preliminary investigation, this site had recovered and it was omitted from the
original campsite population. However, as data collection initiated, the researcher found that the
site had been impacted again and it was added to the campsite populatian.

The campsite area had a average vegetation cover of 92.77%, which ranged from 60
to 100% which was significantly higher than its control with an average vegetation coverage of
77.59% (Table 9, page 59).The campsite percent bare ground exposure was only 0.89%. but
this was significantly higher than its control which had a average of 0.17% (Table 10, page 61).
Soil was compacted through use, as the campsite had a soil penetrometer reading 1.33 kg/cmz,
and the control had 0.91 kg/cm2 (Table 11, page 63). This result was the smallest difference of
the campsite average from the control of 0.42 kgfcmz. Infiltration rates were also evident
between the campsite and control. The instantaneous infiltration rate was 1.82 cm/min on the
campsite with 3.03 cm/mio on the control. The saturated infiltration rate was also lower on the
campsite than control, however this parameter was not significantly different (Table 12 and 13,
pages 64 and 66). Campsite seven had one tree with minor damage (Table 14, page 68).

The River Sign camp had a total campsits area of 1182 .81 ft*, with a barren core area
of only 1.56 ft* centered around the fire ring. This was the smallest barren core area among all
campsiles (Table 15, page 70). Measured campsite distance to the primary trail was 19.60 feet,
while the campsile distance to waler was 451.09 feet The measured campsite densily was 0.99
camps per mile (Table 16, page 73), and index rating was 1.55 with a condition class rating of 1
(Table 17, page 77). The only standard this campsite exceeded was the campsite’s distance to
primary trail,

This camp had the highest vegetation coverage among all seventeen campsites, in fact
the campsite average was significantly higher than its control. The campsite was located on an

open area, and it had a thick coverage of grasses and forbs. The surrounding area was a dense
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stand of pine and hardwoods, and the best control site was located in the adjacent stand of
trees. The use level reported for this site was 85 camper-nights per year (Kuzmic 1993

However, due to the conditions of the campsite, it was hypothesized that the level of use had

decreased since Kuzmic's study. The localion of this site was also maderately tolerant ta Impact

due low level of measured impact.
Big River

Campsite eight was called “Big River’ campsite (Appendix A, G, and I}. Big River
camp was located about a one and one-half miles from the Kiamichi River Trailhead. This
campsite also was located in a mixed hardwood dominated stand. on a forest/forbs/shrub
vegetation type, and in a riparian area because it was onfy 23.00 feet from the river. Due ta the
high level of impact, a dislinguishable seven foot diameter fire ring, and many satellite sites, this
campsite was easily discernible as a campsite.

The campsite area had the third lowest average vegetation cover of only 9.48%, which‘
ranged from 0 to 50%, and differed significantly from its control with an average vegetation
coverage of 54.14% (Table 9, page 59). The percent bare ground exposure on the campsite
was 77.50% which was also significantly different from its control (Table 10, page 61). The soil
was severely compacted through use, as the campsite had a soil penetrometer reading 3.48
kg/cmz, and the control had 1.35 kg/cm2 (Table 11, page 63). This was the second highest
penetrometer rate among the campsites. Additionally, high soil compaction was evident in the
differences in the infiltration rates. The campsite's instantaneous infiltration rate was 0.09
cm/min, which was the lowest instantaneous rate among all campsites, and the contral had an
average instantaneous rate of 1.45 cm/min (Table 12. page 64). The saturated infiltration rate
was atso the lowest among the campsites with an average of 0.17 cm/min, which was
significantly fower than the cantrol (Table 13, page 66). Within campsite eight's boundary there

were twenty-one lrees, and eleven had some degree of damage (Table 14, page 68).
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This camp was the largest campsite with a total campsite area of 2395.31 Y, which
included many satellite sites. This camp’s barren core area was 1184.38 f®, which was second
largest among all campsites (Table 15, page 70). Measured campsite distance to trail was
25.50 feet, while the campsite’s distance to water was 23.00 feet This site had a campsite
density rating of 0.70 camps per mile (Table 16, page 73). This campsite had an index rating of
3.00 with a condition class rating of 4, implicating a very high level of impact, as 3.00 was the
highest impact rating possible through that indexing system (Table 17, page 77).

This campsite exceeded four of the five indicators measured. The standards exceeded
were barren core area, campsite distance to water, campsite distance o trail, and number of
damaged trees on the site.

Dus to its proximity to the river, this site was popular among many visitors. In fact,
Kuzmic (1893) reported that this campsite as the highest used campsite within the area with 201
camper-nights per year. This campsite was a favorite campsite among large groups, therefore,
there were many satellite sites created and the measured variables were severe. This site was

extremely impacted in every variable measured and remnedial prescriptions are needed.
Mile 42

Mile 42 campsite, campsite nine, was very close to a Kiamichi River tributary (Appendix
A, G, and I). Mile 42 camp was located over a mile east along the trail from campsite eight, and
almost a mile west of Valley camp (camp 10). This campsite was located in a shortleaf pine
dominated stand, on a forest/lush grass vegetation type. Due toits proximity to water it was also
considered a riparian site.

The campsite area had an average vegetation cover of only 37.75%, which ranged
from O to 80%, and was significantly different from its conirol (Table 9, page 59). This
campsite’s control had the second highest vegetation cover of 99.25%. The percent bare
ground exposure on the campsite was 37.13% which was also significantly different from the

control which had a average of 0.00% (Table 10, page 61). The sail was also compacted
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through use, as the campsite had an average soil penetrometer reading 2.19 kg/em?, with a

control reading of 1.18 kg/cm? (Table 11, page 63). There were also differences in the both

types of infiltration rates between the campsite and controf (Table 12 and 13, pages 64 and 66)

Camp nine had one tree within the boundary of the campsite, and no tree damage (Tabie 14,
page 68).

Total campsite area for this camp was 471.88 f2. This camp also had a barren core
area of 109.38 fi* (Table 15, page 70). Campsite distance to the primary trail was 29.50 feet,
while campsite distance to water source was 41.30 feet (Table 16, page 73). The caiculated
campsite density was 0.74 camps per mile (Table 16, page 73). This campsite had an index
rating of 1.78 with a condition class rating of 3 which implicated moderate levels of impact (Tabie
17. page 77). The use level for this campsite was unknown. The standards exceeded by this

campsile were campasite distances to trail and water source.
Valley

Valley camp was numbered as campsite ten (Appendix A, G, and |). Valley camp was
located just eas! from campsite nine , and just over BO feet from Mile 43 camp with only a partial
screening separating the two camps. This campsite was located in a mixed hardwecod
dominaled stand, on a forestlush grass vegetation type. It was not classified as a riparian site.
This site's only identifiable campsite trait was the presence of a fire ring.

The campsile area had an average vegetation cover of 78.00%, which ranged from 50
to 100%. The campsite area was significantly different from its contsol, which had the highest
average vegetation coverage of 99.71% (Table 9, page 59). The campsite displayed a percent
bare ground exposure of only 4.29% which was also significantly different from the control which
had a average of 0.00% (Table 10, page 61). The soil was also compacted through use, as the
average difference of campsite and control was 0.69 kg/cm2 (Table 11, page 63). Additionally,
both types of infiltration rates were significantly lower on the campsite than on the control (Table

12 and 13, pages 64 and 66). Valley camp had no trees within the boundary of the campsite.
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Valley's total campsile area was 426.56 ft*, with a barren core area of only 10.94 {2
(Table 15, page 70). The distance from the campsite to water was 157.10 feet. The only
indicators exceeded by this campsite were campsite distance to the ONRT and campsite
density. The measured distance from the campsite to trail was 31.80 feet, while the campsite
density was 3.40 (Table 16, page 73). This campsite’s parameters indicaled a low level of
impact as the camps index rating was 1.11, and condition ¢lass raling was 2 (Table 17, page
77). Kuzmic (1993) reported the level of use for the campsite at 27 camper-night per year,

which also indicated a low use level.
Mile 43

As stated above, campsite eleven, or Mile 43 camp was partially screened from Valley
camp as they were separated by only 80 feet (Appendix A, G and ). Mile 43 camp was located
in a mixed hardwood dominated stand. on a foresllush grass vegetation type. It was classified
as a riparian site. This campsite was also difficult {0 discern as a campsile as the only
identifiable campsite trait was the presence of a fire ring.

The campsite area had an average vegetatian cover of 74.46%, which was different
from its control (Table 9, page 59). The campsite had a percent bare ground exposure of only
2.02% which was also significantly different from its control (Table 10, page 61). The soil was
also compacted through use, as the average difference of campsile soil compaction and controt
was 0.72 kg/em? (Table 11, page 63). Additionally, both types of infiltration rates were
significantly lowes on the campsite than on the control (Table 12 and 13, pages 64 and 66).
Camp 11 had no trees within the campsite’s boundary.

This camp's total campsite area was 381.25 ft’, which was the smallest camp found.
The barren core area was only 4.69 #2 which was also one of the smallest (Table 15, page 70).
The indicators exceeded by this campsite were campsite distance to the ONRT, distance to
water source, and campsite density (Table 16, page 73). This campsite had an index rating of

1 44 with 2 condition class rating of 2 which implicated low levels of impact (Table 17, page 77).
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Use levels for this campsite are unknown, however, low levels of use were indicated by the low

amount of impacl on the site.
Island

Island camp was numbered as campsite twelve (Appendix A, G, and I). Isiand camp
was located about one half miles east of Mile 43 camp, and just over a half a mile from Road
camp. This campsite was located in a mixed hardwood dominated stand, on a forestiush grass
vegetation type. Campsite twelve was named “Island camp " due to its location between a
primary tributary and an intermittent stream leading to the Kiamichi River. Due to this location it
was classed as a ripanan site. This had recovered since use, however, due 1o developments,
like rock chairs, racks, and fire ring. it was identified as a campsite.

The campsite area had an average vegetation cover of 70.91%, which ranged from 10
to 100%, and was significantly different from its control (Table 9, page 59). The average
difference of bare ground exposure was only 2.95% which was also significantly ditferent from
the control {Tabte 10, page 61). The soil was also compacted through use, as the average
difference of campsite and control was 0.66 kglcm2 (Table 11, page 63). Additionally,
instantaneous and saturated infiltration rates were significantly lower on the campsite than on
the control {Table 12 and 13, pages 64 and 66). Camp twelve had eight trees within the
campsite boundary, and two trees exhibited some tree damage (Table 14, page 68).

Camp twelve's total campsite area was 623.48 f, with a barren core area of only
15.63 ft? (Table 15, page 70). The distance from \he campsite to water was only 27.20 feet, and
the distance to the trail was 37.50 feet. This exceeded their standards (Table 16, page 73). The
campsite density was 1.03 camps per mile, and this just barely exceeded the standard of one
camp per mile. This campsite had an index raling of 1.55 with a condition class rating of 2 which
implicated low to moderate levels of impact (Table 17, page 77). This camp was initiated after

Kuzmic's study, therefore, no level of use data were known.
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Road

Campsite thireen was called “Road Camp” (Appendix A, G, and ). This camp was
located in the trail on the eastern side of the wilderness area. Lower Beech Grove camp was
the closest campsite at a calculated distance of 2200 feet. This campsite was located in a
shortleaf pine dominated stand, on a farest/forbs/shrubs vegetation type. It was classified as a
riparian site. This campsite was easily identifiable by impact and a fire ring.

The campsite area had an average vegetation cover significantly lower than its contral.
The control area had the second lowest vegetation cover across all campsites with an average
0f43.19% (Table 8, page $9). The campsite had a percent bare ground exposure of 48.88%
which was also significanily different from the control which had a average of 0.00% (Tabte 10,
page 61). The sail was also compacled, as the average difference of campsite and control was
1.27 kg/cm2 (Table 11, page 63). Additionally, both types of infiltration rates were significantly
lower on the campsite than on the control (Table 12 and 13, pages 64 and 66). Camp thirteen
had no trees within the campsite’s boundary.

Road's tolal campsite area was 685.94 f*, with a barren core area of 159.38 ff* (Table
15, page 70). The indicators exceeded by this campsite were campsite distance to the ONRT
and carnp distance 1o waler (Table 16, page 73). This campsite had an index rating of 1.78 wilh
a condition class rating of 4 which indicated moderate 1o high levels of impact {Table 17, page
77).

This campsite was situated in a poor area. The location of the campsite was centered

in an old road area next to the trail. The control area also had low averages of vegetation, which

indicated a potential problem with impac! tolerance.

Laower Beech Grove

Lower Beech Grove (campsite 14) was a camp located on a bluff overlooking a stream

that flows into the Kiamichi River (Appendix A. G, and 1). The closest camp was only 142 feet
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away. Lower Beech Grove camp was located in an American beech dominated stand, on a

foresV forbs/shrubs vegetation type. it was classified as a fipanan site. This campsite was

easily identifiable by a large devegetated core area and presence of a fire ring.

The campsite area had an average vegelation cover significantly lower than jts control
{Table 9, page 59). The campsite had a percent bare ground exposure of 48.74% which was
also significantly different from the control (Table 10, page 61). The soil was also compacted
through use, as the average difference of campsite and control was 1.49 kg/em? (Table 11, page
63). Instantaneaus infiltration rates were significantly lower on the campsite than on the contral
with measurements of 1.69 cm/min on the campsite and 4.17 cm/min on the control (Table 12,
page 64). This was the largest difference among all campsites. Additionally, the saturated
infiltration rates were different, as the average difference was 2.02 cm/min (Table 13, page 66).
This was alsa the greatest difference among campsites. Lower Beech Grove camp had one of
two trees within the boundary exhibiting tree damage (Table 14, page 68).

Camp fourteen’s total campsite area was 464.75 £, with a barren core area of 175.00
f* (Table 15, page 70). The distance of the campsite to the trail was 9.80 feet, while the
distance of the campsite to water was 9.50 feet (Table 16, page 73). The campsite density far
this campsite was 1.99 camps per mile. The standards exceeded were campsite distance to
trai), campsite distance to water, and campsite density. This campsite had an index rating of
1.89 with a condition class rating of 3 which indicated a moderate level of impact (Table 17,
page 77). The reported use level for this campsite was 42 camper-nights per year (Kuzmic

1893), which also was an indication of moderate levels of use.

New

New camp (campsite 15) was a camp located just 142 feet north of Lower Beech
Grove camp and about seven hundred feet south of Upper Beech Grove camp (Appendix A, G,
and 1). This camp was located in an American beech dominated stand, on a forest/lush grass

vegetation type. 11 was classified as a riparian sile.
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This camp was crealed just prior to data coflection, and was representative of the rapid
speed by which campsites in this area deteriorate. Each camp was individually tested for
significant change between data collection periods. This camp was the only camp that had
significant change between each collection period on each impact variable. These trends exhibit
Cole’s idea of rapidly occurring impact on campsites with low impact tolerances (Cole 1993a).

On the firsi collection period, the area appeared the same as the surrounding area.
The only evidence of use was a line of rocks used as a fire screen and a trampled area where a
tent had been up. The campsite area was only 192.3 f? with no bare ground area. The average
ditierence of vegetation cover was 0.14%, and there were minor differences between soil
compaction, ang infiltration rates.

The second measurement identified greater impact differences. The campsite had
been used, and a fire ring and barren core area had been established. The campsite area had
doubled in size from 192.3 #* 1o 405.6 #. The bare ground area comprised 3.89% of the
campsite, and the average difference of vegetation cover increased to 0.20%, and there were
minor differences between soil compaction and infiltration rates.

The last measurement indicated an established site with the presence of a fire fing and
a large area of trampled vegetation. The campsite area had increased to $50.53 ft? with 3
barren core area of 35.76 f. The vegetation cover had decreased sharply and the differences
of bare ground exposed, soil cornpaction, and infiltration rates had increased. The sile went
from condition class one to a condition class three in a three month period. The index rating
changed from a 1.00 to 3 1.33. This was indicative of the rate of impact. and this trend is similar
to Figure 2, page 20. However, due to season variability, some caution is needed when
evaluating these trends. if measurements were laken in a differenl season or across a whole
year, some variabilty could be found.

The campsite area had an average vegetation cover significantly lower than its control
with an average difference of 54.33% (Table 9, page 59). The campsite had a percent bare

ground exposure of 13.00% which was also significantly different from the control (Table 10,



page 61). Soil compaction was also evident in both soil penetrometer readings and infiltration
rates (Table 11, 12 and 13). Although little use occurred over the data collection periods, the
campsite had been severely impacted as shown by diferences of instantaneous infillration rates
(Table 12, page 64). The average difference instantaneous infiltration rates was 1.20 em/min.
This difference was higher than many other impacted sites that had existed during Kuzmic's
1993 study. This suggested that this site had low resistance of impact. Additionally, the
difference of saturated infiltration rates was also higher than on many other campsites (Tabie 13,
page 66). Camp 15 had no trees within the campsite boundary.

This camp’s total campsite area was 382.81 f2. with a barren core area of 17.18 f¢
(Table 15, page 70). The distance of the campsite to the trail was 7.80 feet, while the distance
of the campsite to waler was 54 00 feet (Table 16, page 73). The campsite density for this
campsite was 9.47 camps per mile. The standards exceeded were distance from the camp to
trail, distance of the camp to water, and campsite density. This campsite had an index rating of
1.22 with a condition class rating of 3 which indicated moderate levels of use and impact (Table

17, page 77).

Upper Beech Grove

Upper Beech Grove, campsite sixteen, was located only 1.07 miles from State-Line
Trailhead (Appendix A, G, and I). This campsite was located in an American beech dominated
stand, on a forestridgetop vegetation type, and in a riparian area. Due to the high level of
fmpact, a distinguishable six foot diameter fire ring, and a large barren core area, this campsite
was easily discernible as a campsite.

The campsite area had the second lowest average vegetation cover of only 6.79%,
which ranged from 0 to 50%, and differed significantly from its control with an average
vegetation coverage of 96.88% (Tahle 9, page 59). The percent bare ground exposure on the
campsite was 77 71% which was also significantly different from its control (Table 10, page 61).

The soil was severely compacted through use, as the campsite had an average soil
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penelrometer reading 3.54 kQIsz, and the control had 0.98 kg/cmz, a difference of 2.56 kg/cm2
(Table 11, page 63). This was the highest penetrometer difference amang campsites.
Additionally, high soil compaction was evident in the differences in the infiftration rates. The
instantaneous infiltration rate was 0.55 cm/min an the campsite with 2.38 cmy/min on the cantro).
This was the second lowest instantaneous infiltration rate among the campsites (Table 12. page
64). The saturated infiltration rate was alsa the second lowest among the campsites with an
average of 0.43 crm/min, which was significantly lower than the control (Table 13, page 66).
Campsite sixteen had five trees within the boundary of the campsite, and all five were damaged
to some degree. Most trees exhibited severe (oot exposure as soil has eroded from the site
(Table 14, page 68).

This camp was the second largest campsite with a total dampsite area of 1678.13 ft%.
The barren core area of this campsite was 1600.00 {?, which was the largest among all
campsites (Table 15, page 70). Measured distances from the campsite’s center to the primary
trail was 13.20 feet, while the distance from the campsite {o water was 71.00 feet. The |
measured campsite density for this camp was 2.84 camps per mile (Table 18, page 73). This
campsite exceeded all five standards measured. Upper Beech Grove had an index rating of
2. 67 with a condition class rating of 5, due to the erosion of the campsite, implicating very high
level of impact and use (Table 17, page 77).

Due to its proximity to the river and trailhead, and the unique traits of the American
beech stand, this site was popular among many visitors. Due to the high level of impact and
moderate level of use, 55 camper-nights per year, this camp had trends of low tolerance
(Kuzmic 1993). This site was extremely impacted in every variable measured. This site had
American beech trees with severely exposed root systems, and a very large barren core area.

Remedial prescriptions are needed.
Rehabii

This camp was the first camp west of State-Line trailhead (Appendix A, G, and ). It
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was localed about three quarters mite from the traithead. This campsite was located in a mixed
hardwood dominated stand, on a forest/forbs/shrub vegetation type, and In a riparian area. |t
was designated as a campsite due to impact present on the campsite and a fire rng.

The campsite area had an average vegetation cover of 17.43%, which differed
significantly from its control with an average vegetation coverage of 96.71% (Table 9. page 59).
The percent bare ground exposure on the campsite was 53.14% which was also significantly
different from its control (Table 10, page 61). Soil compaction was evident in both penetrometer
readings and infiltration rates. This camp was tied for the third highest difference in
penetrometer readings with 1.49 kgicm? (Table 11, page 63). The instantaneous infiltration rate
and saturated infiltration rate was also significantly different lower than the control (Table 12 and
13, pages 64 and 66). Campsite seventeen had seven trees within ils boundary, and three had
been damaged (Table 14, page 68).

Total campsite area was 497.28 %, with a barren core area of 267.28 ft? (Table 15,
page 70). Measured distances from the campsite's center to the ONRT was 15.20 feet, while
campsite distance to water was only 8.50 feet (Table 16, page 73). This campsite's density was
0.71 camps per mile. This camp exceeded the standards of campsite distance to trail and to
water. This campsite had an index rating of 1.89, with a condition class rating of 2 which

implicated low to moderate impact levels (Table 17, page 77). No use levels were known.
impact Trends Among Groups of Campsites

Due to varying conditions of vegetation type, soil type, soil depth, aspect, geologic
type, and water availability, no two sites were exactly alike. Due to these differences, campsite
comparisons across the area are of limited use, since dissimilarities were expected. Therefore,
when grouping the parameters for analysis, each impact parameter was assessed as the
difference of the campsite from its control. This analysis accounted for differences on a sile by
site basis. An assumplion was made that controls were ingicative of campsites in the absence

of recreational use, and through the measured difference, the differences of site were accounted
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far when grouping campsites for analysis. Trends could be analyzed in comparison of these

differences hy inciusion of a site's influencing factors, and thereby adjusting for the differences

as noted above.
Rigarian ang Nop-riparian Campsite Gomparisons

Hypotheses were made that there was na difference in impact variables between
riparian campsites and non-riparian campsites (Table 2, page 36). Greater use levels were
expected on riparian campsites due to campers need for water, and unique recreational
opporiunities provided. Riparian areas atfiracted visitors as a source for swimming, sunbathing,
fishing, or pleasant scenery. In addition to different use patterns, riparian areas also had
different ecological conditions. For these reasons campsite conditions were compared across
the two zones to evaluale whether these impact variables were influenced to a significant level.

The total campsite area of the two zones was compared and there was no significant
difference found. While riparian campsites had a campsite area average of 839.39 f*, nan-
riparian campsites had an average of 944.94 ft* (Table 18, page 97).

However, when comparing the average barren core area among sites in the two zones,
there was a significant difference. Riparian campsites had an average barren core area of
446.69 2, which was much larger than the average barren caore area of the non-riparian
campsites of 23.84 f® (Table 18, page 97). This indicated that the level of impact for campsites
Jlocated nearer to riparian areas was higher. These differences were significant across the two
zones and the differences of tolerance and use influenced this trend.

in addition to differences in barren core area, there were also differences in vegetation
cover and bare ground exposure (Table 19, page 87). Riparian campsites were rmore impacted
in both vegetation cover and bare ground exposure. The average vegetation cover far riparian
camps was 30.78%, which was lower than the average cover on non-fiparian campsites of
57.08%. Additionally, the average bare ground exposed on the non-riparian Camps was 7.82%.

which was significantly lower than the average of riparian camps of 38.84% (Table 19, page 97).
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TABLE 18

RELATIONSHIP OF CAMPSITE AREA AND BARREN CORE AREA BETWEEN
CAMPSITES N RIPARIAN AND NON-RIPARIAN AREAS*®

Campsite Campsite Area
Location Mean Range F-value Mean Range  F-value
------------------- squaredfeet - - -- - - ________.___.
Riparian Camps 899.39 381-2395 446 69 5-1600
' 1.50° 23.84¢
Non-Riparian Camps  944.64 427-1515 27.34 2-94

? Riparian campsites were defined as campsites 100 or less feet from any water source, (n=11)
Non-Riparian campsites were campsites farther than 100 feet from any water source, (n=6).
All tests were done using the Kruskall-Wallis test.

® Difference was not significant, p = 0.2273.

© Significant ditference, p < 0.0001.

TABLE 19

RELATIONSHIP OF VEGETATION COVER AND BARE GROUND AREA BETWEEN
CAMPSITES IN RIPARIAN AND NON-RIPARIAN AREAS?

Campsite Vegetation Cover Bare Ground
Location Mean Range F-value Mean Range F-value
------------------- percent - ----- e oo
Riparian Camps 30.78 6-74 38 .84 2-78
15.06" 21.90°
Non-Riparian Camps  57.08 14-82 7.82 0-22

® Riparian campsites were defined as campsites 100 or less feet from any water source, (n=11).
Non-Riparian campsites were campsites farther than 100 feet from any water source, (n=6).
All tests were done using the Kruskall-Wallis test.

® Significant difference, p < 0.0003; Hypothesis 2 rejected for vegetation cover.

¢ Significant difference, p < 0.0001; Hypothesis 2 rejected for bare ground exposure.

There was na difference in the campsite tree damage among the two zones. Tree

damage seemed independent from impacts caused on these campsites (Table 20, page 98).



The sail compaction between ripanan and non-riparian Campsites was significantly
different. Riparian campsites had a higher average resislance to soil penetration than non-
fipanan campsites (Table 20]). The average penetrometer reading for riparian campsite controls
was 1.02 kg/cmz, while the non-riparian control's average was 0.93 kg/em?®. The physical factars
that affect soil compaction are soil type. amount of organic malter, and soil moisture (Hammitt
and Cole 1987). The differences inlocation, as evident in the average difference among the
campsites and the controls, affected the level of soil compaction.

Instantaneous infiltration rates between campsites of the two zones were not
significantly different, however, there was a difference in saturated infiltration rates (Table 21,
page 99). Riparian campsites had an average saturated infiltration rate of 1.26 cm/min which
was significantly higher than the average found on non-npanan campsites. Riparian sites
exhibited higher levels of impact, due to lower averages among the sites. Again, these campsite

conditions couid be a result of higher use levels and/or lower lolerance to impact.

TABLE 20

RELATIONSHIP OF DAMAGED TREES AND SOIL COMPACTION BETWEEN
CAMPSITES IN RIPARIAN AND NON-RIPARIAN AREAS®

Campsite Damaaged Trees Soil Compaction
Localion Mean Range F-value Mean Range  F-value
----percent --- - ------ kg/cmz— ---
Riparian Camps 34 0-100 2.30 1.58-3.54
0.28° 21.90°
Non-Riparian Camps 36 0-100 1.67 1.33-1.92

? Riparian campsites were defined as campsites 100 or less feet from any water source, (n=11).
Non-Ripatian campsites were campsites farther than 100 feet from any water source, (n=6).
All lests were done using the Kruskall-Wallis test.

® Difference not significant, p = 0.60. _

¢ Significant difference, p < 0.0014; Hypothesis 2 rejected for soil compaction.
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TABLE 21

RELATIONSHIP OF INSTANTANEOUS INFILTRATION RATES AND
SATURATED INFILTRATION RATES BETWEEN CAMPSITES
N RIPARIAN AND NON-RIPARIAN ARFAS®

Campsite nstantaneous Infiltration Rates -—Saturaled |nfiltration Rates

Location Mean Range F-value Mean Range F-value

Riparian Camps 1.56 0.09-2.5D 1.26 0.17-2.18

_ 2.16° 9.43¢
Non-Riparian Camps 1.47 1.25-1.82 1.44 1.27-1.80

? Riparian campsites were defined as campsites 100 or less feet from any water source, (n=11).
Non-Riparian campsites were campsitas farther than 100 feet from any water source, (n=6)
All tesls were done using the Kruskall-Wallis test.

® Difference not significant. p = 0.15.

° Significant difference, p < 0.004; Hypothesis 2 rejected for saturated infiltration rates.

Laslly, the differences of level of impact were evident in both the index rating and the -
condition class assessed to each campsite among the two zones. Riparian campsites displayed
an average index rating of 2.20, while the average index rating of the non-riparian campsites
was 1.57 (Table 22, page 100). The average condition class assessed to the riparian campsites
was 3.09, while the average for non-riparian campsites was 2.33. Bolh of thase impact rating
methods suggested that riparian campsites had moderate to high levels of impact, while non-
nparian campsites had low to moderate impact levels.

in conclusion, riparian campsites exhibited higher levels of impact than non-riparian
sites in barren core area, vegetation cover, bare ground exposure, soil compaction, and
saturated infiitration rates. The barren core area of riparian camosites were influenced by the
lower levels of vegetation cover and higher percentages of bare ground area. Both of these
campsile variables influenced the barren core area. Soil compaction, as evident in soil
penetration and soil permeability also influenced the decrease in vegetation cover and increase

of bare ground exposure (Hammitll and Cole 1887).
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TABLE 22

RELATIONSHIP OF CAMPSITE INDEX RATING AND CONDITION CLASS
BETWEEN CAMPSITES IN RIPARIAN AND NON-RIPARIAN AREAS®

Campsite
Location Mean Range F-value Mean Range F-vajue
------------------- rating - -------- oo _____..__
Riparian Camps 2.20 1.44-3.00 3.08 2-5
8.54° 7.15°
Non-Riparian Camps  1.57 1.11-2.00 2.33 1-3

? Riparian campsites were defined as campsites 100 or less feet from any water source, (n=11).
Non-Riparian campsites were campsites farther than 100 feet from any water source, (n=6).
All tests were done using the Kruskall-Wallis test.

® Significant difference, p < 0.0054.

© Significant difference, p < 0.0103.

imptications were that the measured campsite conditions were affected both by tevel of
use, and campsite ecological conditions. Riparian campsites tended to be more susceptible to”
soil compaclion as indicated by the differences found. These differences communicated
characteristics of ecological conditions which affected the tolerance of the site in combination
with a degree of use levels. These indications reinforced a need to locate campsites further

than one hundred feet from a riparian area, and leads management to focus on remedial

prescriptions for these areas.

Differences Among Three Vegetation Types

The campsite condttions found among the various vegetation types were also analyzed
(Table 2, page 36). Of the five possibie vegetation types, only three were definable as
vegetation types for campsites in this area. Each campsite was grouped into the most
appropriate class for further comparisons. Regardless of the environmental conditions (or
ecological characteristics) and/or level of use, it was assumed that sites located in various

vegetation types displayed similar impact trends and/or levels of use.
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The campsite area was significantly different across campsites in the three vegetation
types (Table 23). Campsites located in forest/ridgetop and forest/forbs/shrub areas had similar
campsite areas, while campsites located in forest/lush grass tended to have smaller c%mpsite
areas. Due to large variability, and small sample size, campsite barren core area was not
significantly different across the three vegelation types.

The mean vegelation cover across campsites among the various vegetation types was
different (Table 24, page 102). Forestlush grass campsites were similar to forest/ridgetop
campsites which had a mean vegelation coverage of 68.43% and 31.32% respectively.
Forestlush grass sites were not similar to forest/forbs/shrubs sites, however, forest/ridgetop and
forest/forbs/shrub camps were similar in average vegetation cover. There were also differences
between bare ground expasure (Table 24, page 102). Campsites in forest lush grass vegetation
type had the smallest average bare ground percentage of 10.46%. Camps in the ather two
vegetation types had similar mean bare ground perceat of 33 08% on forest ridgetop camps and
43.09% on forest/forbs/shrub camps. |

TABLE 23

RELATIONSHIP OF CAMPSITE AREA AND BARREN CORE AREA
BETWEEN CAMPSITES IN THREE VEGETATION TYPES®

Campsite Campsiie Area Barren Core Area.
Location Mean Range F-value Mean Range  F-value

Forest/Lush Grass 61139 2> 2381-1183 25.89 a 2-109
11.59° 1.84°

Forest/Ridgetop 133259 b  805-1678 566.14 3 5-18600

Forest/Forb/Shrub 1040.78 b 465-2395 456.85 2 31-1184

* Campsite vegelation type was identified as ForestLush Grass (n=7), Forest/Ridgetop (n=3},
and Forest/Forbs/Shrubs (n=7). All analyses were done using the Kruskall-Wallis test.

® Any two means followed by the same letter, were not significantly ditferent.

¢ Significant difference, p < 0.0001.

 Ditterence not significant, p < 0.1766.
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TABLE 24

RELATIONSHIP OF VEGETATION COVER AND BARE GROUND AREA
BETWEEN CAMPSITES IN THREE VEGETATION TYPES®

Campsite Vegetation Cover Bare Ground
Location Mean Range F-value Mean Range  F-value
------------------ percent - --------________.__.
Forest/Lush Grass 68.43 a° 38-93 10.46 a 01-37
9.26° 10.02¢
Forest/Ridgetop 31.32 ab 07-62 33.08 b 07-71
Forest/Farb/Shrub 1544 b 06-25 43.08 b 00-78

Campsite vegetation type was identified as Forest/Lush Grass (n=7). Forest/Ridgetop (n=3),
and ForestForbs/Shrubs (n=7). All analyses were done using the Kruskall-Waliis test.
® Any two means followed by the same letter, were not significantly different.
¢ Significant difference, p < 0.0004; Hypothesis 3 rejected for vegetation cover.
¢ Significant difference, p < 0.0002; Hypothesis 3 rejected for bare ground exposure,

Again the number and percent tsee damage that occurred on campsites located in
various vegetaltion types was nol significantly different (Table 25, page 103).

Soil compaction diferences were apparent among the three vegetation types (Table
26, page 103). Again, forest/iush grass camps which had a soil compaction of 1.72 kglcmz, was
significantly lower than soil compaction found on campsites in the other two vegetalion types.
The soit compaction for forest/ridgetop camps and forest/foros/shrubs camps were higher than
forestlush grass camps type but not significantly different from each other

However, there were no instantaneovs infiltration rate diferences nor saturated
infiltration rates differences found between campsites in various vegetation types (Table 26,
page 103). Although the averages among the three vegetation types seemed different, they
were not, due 10 high variability.

Level of impact, as measured by impact index rating and condition class were also

significantly different among campsites in the three vegetation types. ForesVlush grass camps



TABLE 25

103

RELATIONSHIP OF DAMAGED TREES AND SOIL COMPACTION
BETWEEN CAMPSITES IN THREE VEGETATION TYPES?

Camp;ile Damaged Tree Soil Compaction
Localion Mean Range F-value Mean Range F-value
------ percent - - - -----kglem® - - - - -
Forest/Lush Grass 20 3  00-100 172 a  1.33-2.19
1.09° 6.00°
Forest/Ridgetop 48 a 00-100 241 b 1.77-3.54
Forest/forb/Shrub 31 a 00-52 230 b 1.49-3.48

Campsite vegetalion type was identified as Forest/Lush Grass (n=7), Forest/Ridgetop (n=3),

and Forest/Forbs/Shrubs (n=7). All analyses were done using the Kruskall-Wallis test.
® Any two means followed by the same letter, were not significantly different.

¢ Difference not significant, p = 0.3443.
¢ Significant difference, p < 0.0048; Hypothesis 3 rejected for soil co

TABLE 26

mpaction.

RELATIONSHIP OF INSTANTANEOUS INFILTRATION RATES AND
SATURATED INFILTRATION RATES BETWEEN CAMPSITES

IN THREE VEGETATION TYPES®

Campsite _Instantaneous Infiltration Rate Saturated |nfiltration Rate
Location Mean Range F-value Mean Range F-value
--------------------- CM/MIN - - == - - - m e mm e e e m e s
Forest/Lush Grass 0.56 a 0.40-0.80 312 a 2.28-3.68
1.06° 1.15°
Forest/Ridgetop 1.10 a 0.75-1.81 6.31 a 3.49-11.51
Forest/Forb/Shrub 212 a 0.51-11.04 757 a 2.71-28.88

Campsite vegetation type was identified as Forest/Lush Grass (n=7), ForesURidgetop (n=3),

and Forest/Forbs/Shrubs (n=7). All analyses were done using the Kruskall-Wallis test.

® Any two means followed by the same letter, were not significantly d
 Difference not significant, p = 0.3585.
Difference not significant, p = 0.3267.

ifferent.
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had the lowest average impaci rating of 1.44 and a condition class of 2 29 (Table 27). Camps in
forestridgetop had an average of 2.04 with a condition class average af 3.33. This was similar
to siles in farest/forbs/shrub type which had an average impact index rating of 2.21 and an
average condition class of 3.14. Both rating methods indicated that campsites in farest/lush
grass types had low to moderate levels of impacts, while campsiles in forest/ridgetop and
forest/forbs/shrub vegetation types dispfayed moderate to high levels of impact.

The impact trends varied across vegetation types. Use levels were an unknown
parameter, however, due to differences in impact levels, inferences were made that either
vegetation type preferences for campsite location was different, or impact tolerance was
different between vegetation types due to ecological conditions. Generally, forest/lush grass
campsites had smaller campsite areas, and lower evidence of impact as indicated by vegetation

coverage, bare ground exposure, and soil compaction.

TABLE 27

RELATIONSHIP OF CAMPSITE INDEX RATING AND CONDITION CLASS
BETWEEN CAMPSITES IN THREE VEGETATION TYPES®

Campsite Campsite [ndex Rating Condition Class
Location Mean Range F-value Mean Range F-value
----------------------- rating ---««--v----------
ForestLush Grass 144 2° 1.11-1.78 229 a 1-3
22.24° 7.08°
Forest/Ridgetop 204 b 1.44-2.67 333 b 2-5
ForestForb/Shrub 221 b 1.78-3.00 314 b 2-4

2 Campsite vegetation type was identified as Forest/Lush Grass (n=7). ForestRidgetop (n=3).
and ForestForbs/Shrubs (n=7). All analyses were done using the Kruskail-Wallis test.

® Any two means folfowed by the same letter, were not significantly different.

Significant difference, p < 0.0001.

Significant difference, p < 0.0021.

a o
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Additionally, both the impact index rating and the condition class averages were lowest
on sites in forestlush grass vegetation type. This trends could be the effect of higher tolerances
to impact, lower use levels, or combination of the two.

The differences between camps in foresbtridgetop and forest/forbs/shrubs were not as
obvious, as parameters measured among campstites in these two vegetation classes were nol
significantly different.

The differences between camps in the three vegetation types can be attributed to soil
depth, vegelation types, soil moisture, canopy closure, and level of use. Forestlush grass
camps had tendencies that could be attributed to the tolerance of vegetation, specifically the
tolerance of grasses. Grasses are more tolerant {o impact, as they exhibit higher resistance and
resilience to impact (Cole 1982). This, in cornbination with the amount of sunlight reaching the
mineral soil, likely resulted in high germination rates and more tolerant sites.

Campsites in forest/forbs/shrubs vegetation was prominent in the amount of impact
those areas exhibited. Due to closed canopies, and the low tolerance of impact on forbs and
shrubs, these areas exhibited lower talerance to impact (Cole 1982).

Marsion and Cole (1996) reported differences in the rate by which grassland areas and
forb dominated areas were impacted. In their study, they reported that the soil penetration and
relative vegetation cover changed across the two areas at different rates. They found that soil
compaclion increased faster on forb dominated sites. After extensive use, the forb dominated
sites had much lower vegetation cover percentages than the open grassland sites. In fact, the

open grassland had little change over the period of their study (Marion and Cole 19886).

Differences Among Dominant Species

The factors of the campsite that influence the dominant species type aiso influence the
amount of impact. After the dominant species was recorded an each campsite, the dominant
species was grouped into one of the following categories; mixed hardwoods, shortleaf pine, and

American beech. The ecological conditions of the site influenced the presence of the species
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and the combination of ihe ecological conditions and species type influence the perceivable level
of impact, and use.

Among the campsites with various dominant species, there was no difference in
campsite area and barren core area (Table 28). The average vegetalion cover was significantly
lower on the cove species campsites than on any other sites (Table 29, page 107). The
average vegetation cover for these campsites was 28.85%, while the shortleaf pine and mixed
hardwood campsites had 40.14% and 43.40% vegetation coverages respectively. Average bare

ground exposure and tree damages were sirnilar among the various stands (Table 23 and 30,

pages 107).
TABLE 28
RELATIONSHIP OF CAMPSITE AREA AND BARREN CORE AREA
BETWEEN CAMPSITES IN THREE FOREST TYPES?®
Dominant Campsite Area Barren Coce Area
Stand Mean Range F-value Mean Range  F-value
--------------------- squaredfeet - - -~ - - - oo
Mixed Hardwoods ~ 948.89 a3 381-2395 22220 a  5-1184
0.72¢ 1.67°

Pine 887.11 a 471-1208 26587 a 2-793
Cove Species B41.90 a 382-1678 597.39 a 17-1600

? Afler the campsite's dominant species was recorded, campsites were grouped into three
classes of daminant stands, which included mixed hardwood (n=11), shortleaf pine {(n=4), and
American beech (n=3). All tests were done using the Kruskall-Wallis test.

® Any two means followed by the same letter, were not significantly different.

¢ Difference not significant, p = 0.4916.

4 Difference not significant, p = 0.1987.

Soil penelrometer readings were significantly different among campsites in the various
timber stands. Cove species campsites had higher soil compaction averages than both the pine
and mixed hardwood campsites (Table 30, page 107). Campsites in pine dominant stands and

mixed hardwood stands had similar responses of 1.91 kg/cm’ and 2.01 kg/cm? respectively.
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TABLE 25

RELATIONSHIP OF VEGETATION COVER AND BARE GROUND AREA
BETWEEN CAMPSITES IN THREE FOREST TYPES?

Dominant Vegetation Cover Bare Ground
Stand Mean Range F-value Mean Range F-value
--------------------- percent -~ - - - - oo
Mixed Hardwood 4340 2a° 09-78 2160 a  00-78
4.50° 2.71¢
Pine 40.14 a 06-93 3140 a 01-50
Cove Species 2885 b 07-54 4415 a 13-70

After the campsite’'s dominant species was recorded, campsiles were grouped into three
classes of dominant stands, which included mixed hardwood (n=11), shortleaf pine {(n=4), and
American beech (n=3). All tests were done using the Kruskall-Wallis test.

Any two means followed by the same letter, were not significantly different.

Significant difference, p = 0.0152; Hypothesis 4 rejected for vegetation coverage.

Difference not significant, p = 0.0772.

TABLE 30

RELATIONSHIP OF DAMAGED TREES AND SOIL COMPACTION
BETWEEN CAMPSITES IN THREE FOREST TYPES®

Dominant Damaged Tress Soil Compaclion
Stand Mean Range F-value Mean Range F-value
------ percent - - - - - - - - - -Kkglom®- - - - -
Mixed Hardwood 28 a° 00-75 201 a 1.49-3.48
0.11° 3.34°
Pine 30 a 00-100 191 a 1.33-2.23
Cove Species 50 a 00-100 255 b 1.74-3.54

After the campsite’'s dominant species was recorded, campsites were grouped into three
classes of dominant stands. which included mixed hardwood (n=11), shortleaf pine (n=4), and
American beech (n=3). All tests were dane using the Kruskall-Wallis test.

® Any two means followed by the same letter, were not significantly different.

¢ Difference not significant, p = 0.8988.

¢ Significant difference, p = 0.0443; Hypothesis 4 rejected for soil compaction.
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The instantaneous infillration rates were simiiar across campsites in the various
dominant stands. However, there were significant differences found in saturated infiltration rate
analyses (Table 31). Saturated infiltration rates were significantly lower on the cove specie
camps in comparison to camps on the other two stands. Mixed hardwaod and pine campsites
were not significantly different.

The impact rating among the campsites in various dominant stand types was
significantly different between areas (Table 32, page 109). The average impact rating among
campsites in cove species dominant stands was 2.26, which was similar to the campsites in pine
stands which had an average of 1.81. Mixed hardwood stand camps had an average impact

rating of 1.83 which was lawer than both the pine and cove camps averages.

TABLE 31

RELATIONSHIP OF INSTANTANEQOUS INFILTRATION RATES AND
SATURATED INFILTRATION RATES BETWEEN CAMPSITES
IN THREE FOREST TYPES?

Dominant Instantaneous Infiltration Rates __Saturated Infiltration Rates
Stand Mean Range F-value Mean Range  F-value
---------------------- (e1227)111] 1 T I
Mixed Hardwood 146 a° 0.09-2.50 134 2 0.17-2.19
0.69° 7.03°
Pine 167 a 1.32-1.96 158 a 1.19-1.85
Cove Species 158 a 0.55-2.50 104 b 0.43-1.49

After the campsite’s dominant species was recorded, campsites were grouped into three
classes of dominant stands, which included mixed hardwood (n=11), shortleaf pine (n=4), and
American beech (n=3). All tests were done using the Kruskall-Wallis test.

Any two means followed by the same letter, were not sigaificantly different.

Difference not significant, p = 0.5072.

Significant difference, p = 0.0026; Hypathesis 4 rejected for salurated infiliration rates.

The condition class average for cove species campsiles was 3.67 which indicated a

higher impact rating than the rating of mixed hardwood stand campsites. Pine sland campsites



108

were not significantly different from campsites in mixed hardwood stands or cove specias
stands.

Cove species sites had an impact index rating that indicated moderate to high levels of
impact, while shortleaf pine sites and mixed hardwood sites displayed low to moderate levels of
impact.

The cove species or American beech was deemed a unique species of the area. Due
to this species unigue characteristics, sites located in areas with this dominant species tended to
have higher levels of impact. American beech is a species often found on moist sites. This
species has a shallow root system and usually is not found on sites where the loamy tap sail
dries out quickly (Harlow ef al. 1991). Due to the characteristics of this species, this cove area

is one of the only places this species grows naturally in Oklahoma.

TABLE 32

RELATIONSHIP OF CAMPSITE INDEX RATING AND CONDITION CLASS
BETWEEN CAMPSITES IN THREE FOREST TYPES®

Dominant Campsite Impact Index Condition Class
Stand Mean Range F-value Mean Range F-value
--------------------- rating----------------------~
Mixed Hardwood 183 a° 1.11-3.00 260 a 2-4
7.03¢ 6.03"
Pine 191 b 1.55-2.56 2.75 ab 1-4
Cove Species 226 b 1.89-2.67 367 b 3-5

After the campsile's dominant species was recorded, campsites were grouped into three
classes of dominant stands, which included mixed hardwood (n=11), shortleaf pine (n=4), and
American beech (n=3). All tests were done using the Kruskall-Watlis test.

Any two means followed by the same letter, were not significantly different.

¢ Significant difference, p = 0.0026.

¢ gignificant difference. p = 0.0186.
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These differences implied that the optimal conditions for American beech posed
greatest potential for impact as a result of recreational uses. The loamy soil, as well as the high
soil moisture, created the worst environment for recreation. in addition to poor site
characterislics. these sites were popular among UKRW visitors (Kuzmic 1893). [mplications
were made that the combination of these two characteristics produced high levels of impact on
these sites.

The campsite that had significant change over the dala collection periods was campsite
fifteen and it was located in an American beech stand. The rate of change was remarkably fas!
as this campsite went from barely recognizable to a moderately impacted campsite within a
three month period. This was characteristic of this stand type, as implications were made to this
site's low level of tolerance to impact.

There were 3 few differences between the shortleaf pine sites and the mixed hardwood
sites. Mixed hardwood sites seemed 1o have the highest tolerance to impact across the three

types of stands, which was aiso evident in impact index ratings.
Analysis of Correlation

Some tests were done to evaluate the possible correlation of campsite impact variables
to distance from trailbeag (Table 2, page 36). The objectives of campsite hypothesis flve were
to delermine if the campsite impact variables were correlated to campsite distance to the
nearest trailhead, and if so, 1o determine the degree if this correlation, Spearman’s rank
correlation test was used and there were significant correfations. A negative correfation of -0.57
indicated a significant relationship of vegetation coverage and distance to the traillhead
(p < 0.01). As campsite distance from the nearest trailhead increased, the percent vegetation
cover decreased.

Additionally. sail campaction and distance to trailhead was found to have a negative

correlation of -0.61 which was also significant at this same level (p < 0.01) (Figure 6, page 111)



Soil Compaclion (kg/cm2)

1

This variable also indicated that as the campsite was farther from a trailhead, impact levals
decreased as higher soil compaction readings wers found an campsites closer to the frallheads.
The remaining impact variables were tested and there was na significant correlation found. In
the two cases that were significant, the level of the impact variables were less severe the further
the campsites were from the trailhead.

The objectives of campsite hypothesis six were to determine if the campsite impact
variables were correlated to the impact index raling system, and to determine the degree of this
correlation if it was revealed. Spearman’s rank correlation test was used and there were
significant correlations found. The variables that were significant were vegetation caver
(r = -0.58) and bare ground exposure (r = 0.68). Figure 7 (page 112) illustratss the relationship
of bare ground exposure and impact index raling. The remaining impact vanables were tested

and thare was no significant cofrelation found.
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Figure 6. Correlation of Soil Compaction (kglcm’) and Distance to Nearest Trailhead (feel).
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Figure 7. Correlatlon of Bare Ground Exposure (%) to Impact index Rating.
Campsite Impact Summary

in summary of the findings there ware significant levela of impact found amang al)
campsites within the UKRW., Low to moderate impact levels were the norm acroas the
wilderness area, though a few sites exhibited more severe condilions. Campslte canditions as a
whole were at acceptable lavels.

In comparisan of the current campsite conditions to the LAC standards. there were
some campsites that exceeded the standards. The baien core area indicalor was exceeded by
campsites five, six. eight, sixteen, and seventeen. However, the median barren cofe area was
only 31,25 fi, which represented the small barren core area found among most camps. The
ndicator of number of tree< damaged was only exceeded by campsites six, eight, ang sixteen.
The standard of 100 feet for campsile distance to tha nearest water source was exceeded by all

campsiles east of Kiamichi River Trailhead except campsites seven and ten. The distance of
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campsite to ONRT was the indicator that was exceeded at all campsites, excluding campsite
three. Finally, campsite density was exceeded by campsites two, three, six, ten, twelve,
fourteen, fifteen, and sixteen.

Overall, the campsites most impacted were two. five, six, eight, and sixteen. These
campsites routinely had the most severe classification of impact measured. These camps
received the highest level of use (Kuzmic 1993) among all campsites within the study area.
This, implied that the combination of ecological conditions for tow impact tolerance and high use

levels, created the high level of impact documented on these sites.
General Impact Trends

Some general trends were found across all campsites. Level of use was documented
through Kuzmic's 1983 study and compared to levels of impact found on the campsites.
Generally, as level of use increased the level of impact increased. According to known use
levels, Big River, Wilton Mountain, and Kiamichi River Trailhead had the highest level of use.
These three campsites had some of the lowest vegetation coverage found within the area.

Additionally, levet of use was the only factor that influenced the level of tree damage of
the campsites. Campsites six, eight and sixteen had high to moderate use levels, and each of
these campsites had four or more damaged trees. Campsite sixteen had trees with severe root
exposure,

In addition to level of use, thers were some comparisons of site tolerance to impact.
Campsites sixteen and fourteen were severely impacted and they had moderate levels of use
(Kuzmic 1993). Additionally, campsites one, four, seven, and Pine Grove camp (not included in
this study due to complete recovery) had moderate levels of use (Kuzmic 1993), and exhibited
low levels of impact. This demonstrated campsite tolerance to impact as the campsite's
resistance and resilience played an imporant factor, influencing the measured level of impact.

due to their ability to sustain and recover from impact.



Funther, soil compaclion influenced the vegetalion cover, bare ground exposure, and
barren core area. This parameter was measured as soil penetration and soil permeability Both

level of use and soif conditions affected this vanable.
Rigarian and Non-riparian Jrends

There were significant differences between riparian and non-riparian campsites. These
differences were barren core area, vegetation cover, bare ground exposure, and soil
compaction. Each of these variables were related, but more significanty was the reiationship of
these variables to soil compaclion. There were significant differences found in both soil
compaction measurement and saturated infiltration rates between campsites in the two areas.
Each test resulted in a more severe measurement on riparian campsites.

The impact implication was that soif conditions of most riparian campsites were more
impact susceptible. In addition to the soil conditions, there were higher use levels on these
areas. The combination of these two factors probably were the resulting factor of severity of
impact. This reinforced the need to relocate campsites further from a water source due to
impact conditions. Campsites located nearer to water sources have a an increased potenlal for

deleriorating water conditions due to sediment run-off and water pollution from litter and waste.

Vegetation Type Trends

Forest/lush grass camps had smaller campsite areas and bare ground areas, lowers soil
compaction levels, impact index ratings, and condition class rating than campsites in other
vegelalion types. Camps in forest/lush grass types had similar vegetation coverage as camps in
forestridgetops, but higher coverage than camps in forest/forbs/shrub vegetation type.

By the differences of smaller campsite areas, lower differences of vegetation coverage.
bare ground exposure, and soil compaction, there were two principal factors indicated. First. the

smaller campsite areas suggested lower use levels. Studies have shown that as use increases
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campsites exhibit increases in campsite area, vegetation loss, bare ground area, soil
compaction, and tree damage (Cole and Hall 1992, Cole 1983).

Second, the tolerance of vegetation types, specifically grasses, influenced the rapid
recovery of campsite condition as was indicated by the high levels of vegetation cover, lower
bare ground area. Many studies have found grasses more tolerant to impact than forbs, shrubs,
and other species (Cole 1983, Cole 1986, Cole and Hali 1992). The differences in soil
compaction afso indicated either mare tolerant soil types or lower use levels.

Adgitionally, Marion and Cole (1996) found that forest/lush grass vegelation types were
much more tolerant to impact due ‘o, not onfy the vegetation species on the site, but the lack of
canopy closure, and other environmental factors.

Therefore, due to low use levels, highly tolerant vegetation, and opfimal conditions for
impact tolerance, forest/lush grass carnpsile’s vegetation type tended to provide campsites with

lower levels of measured impact.
Dominant Stand Trends

The dominant species was divided into three “dominant stand” types which included:;
mixed hardwood, shortleaf pine (Pinus echinata), and a cove species which was American
beech (Fagus grandifohia). There were some significant differences among the three stands.
Campsite area and barren core area was similar across each stand measured. Bare ground
exposure and damaged tree percentages were 3}l similar. However, the average vegetation
cover, soit compaclion readings, and saturated infiftration rates for campsites with the cove
species dominant was significantly different than those measurements on campsites in the other
two stands. In each case, cove species camps were impacted more severely than the mixed
hardwood and pine stand campsites. This trend was also evident in impact index ratings and
condition class measurements, as American beech sites were more impacted than campsites in
the other two stand types.

American beech are shallow rooted trees found on wet loamy soils that do not drain
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rapidly(Harlow et al. 1991). These conditions, in conjunction with the high use lavals of the sites
tended to resuit in increased impact levels, and sevarely deteriorated campsite conditions. The
condition of these sites need immediate remediation prescriptions. Upper Beech Grove camp
had trees with severely exposed root systems and the largest barren core area of 1600.00 f2

This site specifically needs some remedial action.
General Trail Impact Analyses

Trail transects were established at one mile intervals along the Ouachita National
Recreation Trait (ONRT). In addition to mile trail transects, there were four transects that were
added as bouble area transects. These transects were located in areas (hat were perceived by
UKRW managers as locations where trail impact problems were evident (Table 7, page 44).

Prior knowledge of rail condilions were unknown, hence the Jevel of change or {rail
deterioration was indeterminable. Oala were collected at each transect in three replications over
three collection period. The trail width, trail tread depth, number of treads, and lrail profile were
measured and averages were recorded (Table 33 and 34, pages 117 and 118).

The average width of trail was 2.73 feet. The widest trail was located at Mile 40
Transect which was in an old road and had an average of 7.10 feet, while the narrowest trail was
located at Mile 36 Transect, which was located on 3 ridgetop and had an average width of 1.70
feet (Appendix B and H).

The average depth of trail was 0.40 feet, or 4.8 inches. The deepest trail was localed
at the Mile 38 Transect which hag an average of 1 26 feet, and the shallowes! trail al Trouble
Transect Two (transect ten) with an average af 0.10 feet. The average number of treads was
1.31, with transecls seven, nine, and eleven having more than one tread.

Table 34, lists the slope and trail profile area of each transect. The average slope for
the trails al the transects was 6.45%. The steepest slope was found at trail transect location
five, which also had the deepest traif tread. There were two transects that had almost no slope

with percentages of 1.0%.
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Comparisons to past trail profile conditions were impossible to derive as this study

established base-line data. Some general trends were drawn, however, and this measurement

TABLE 33

COMPARISON OF TRAIL WIDTH, DEPTH, AND NUMBER OF
TREADS AMONG THE SIXTEEN TRAIL TRANSECTS

Transect Trail Width” Trail Depth Number of Treads
Number®
--------- feet---------~ - - Number - -

1 2.40 0.44 1

2 2.40 1.10 1

3 1.70 0.18 1

4 2.05 0.34 1

5 220 1.26 1

6 2.20 0.33 1

7 7.10 0.22 3

8 2.30 0.33 1

9 2.80 -0.08 2

10 2.70 0.10 1

11 4.30 0.39 3

12 2.60 0.09 1

13 1.90 0.50 1

14 273 0.69 1

15 2.10 0.21 1

16 210 0.38 1

? For individual transect type and location see Table 7 {page 44) and{qr A_ppendix B.
® For definition of individual trail variable see tabie 5 page 40 or definition in glossary.
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will be mare relevant for comparisons in future studies. The range for trail profile was 9.68 &° on

trail transect seven, while the smallest trail profile was 3.34 ft* on transect three.

TABLE 34

COMPARISON OF SLOPE OF TRAIL AND TRAIL PROFILE
AMONG THE SIXTEEN TRAIL TRANSECTS

Transect Slape of Trail’ Trail Profile
Number®
- - percent - - squared feet

1 10.0 6.43

2 15.5 7.17

3 2.0 3.34

4 6.0 4.85

5 240 8.66

6 8.5 572

7 1.0 9.68

8 40 4.97

9 1.0 4.71

10 2.0 531

11 6.0 6.99

12 2.0 4.05

13 13.0 5.45

14 6.0 565

15 3.0 470

16 35 512

2 Eorindividual transect type and location see Table 7 (page 44) and{c?r Appendix B.
® For definition of individual trail variable see table 5 page 40 or definition in glossary.
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Individual Trail Transect Resulls

Each trail transect location had unique environmental and geological conditions.
Additionally, each transect had inferrelated complexities that affected the differences in impact

variables and the measurable level of impact. Consequently, a description of each trail transect

impact parameters were recorded.
Mile 33

Mile 35 transect was the first transect located east of Pashubbe Trailhead. This
transect was positioned in 3 pine dominated stand on a trail with a slope of 10.0% (Table 34,
page 118). This trail transect location had an average trail width of 2.40 feet. and an average
trail read depth of 0.44 feet (Table 33, page 117). There was only one Uail tread, and the trail
profile was 6.43 ft°. This transect was located in a forest/ridgetop vegetation type, with an
aspect of 137°. The location was just less than a mile from the trailhead (Appendices B and H).

referenced to mile marker 35.
Trouble Transect Ope

This transect was located about 500 feet east of Mile 35 Transect and just over a half
mile west of Pashubbe Point camp. It was designaled as a frouble area by Ouachita National
Forest managers, due to trail tread depth and trail slope. This transect was positioned in a pine
dominated stand on a trail with a sfope of 15.5%. This trall location had an average trail width of
2.40 feet, and an average trail tread depth of 1.10 feet (Table 33, page 117). This was the
second deepest trail read found among all trail transects, There was only one trail tread, and
the trail profile was 7.17 ft* (Table 34, page 118). This transect was lacated in a forest/ndgetap
vegetation lype, with an aspect of 191°. The location was just over a mile from the trailhead

(Appendices B and H).
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Mile 36 transect was the third transect east of Pashubbe Trailhead. This transect was
positioned on a trail in a pine/black oak dominated stand. This trail location had a slope of 2.0%,
an average trail width of 1.70 feet, and an average trail tread depth of 0.18 feet (Tables 33 and
34. pages 117 and 118). There was only one trail tread. and the trail profite was 3.34 f2. This
trail profile area was the smallest among all trail transects and it also had the narrowest trail bare
ground area. This transect was located in a forest/ridgetop vegetation type, with an aspect of
312°. This lransect was not referenced to a mile marker, but was located near a marked tree

(Appendices B and H).
Mie 37

Mile 37 transect was the fourth transect, located about 1500 feet east of Wilton
Mountain Campsite. This transect was positioned on the ONRT in a black oak dominated stand.
Trail slope was 6.0% and the average trail width was 2.05 feet (Tables 33 and 34, page 117-
118). The trail tread depth average was 0.34 feet. There was only one trail tread, and the trail
profile was 4.85 #t2. This transect was located in a forestridgetop vegetation type, with an

aspect of 142°. There was no mile marker lo reference this site (Appendices B and H).
Mile 38

Mile 38 transect was a transect {ocated east of Mite 38 campsife. This transect was
positioned near a trail switchback in an area that had a steep siope. The transecl was located in
a pine/hickory dominated stand and the trail slope average was 24.0% (Table 34, page 118).
This was the steepest slope found on irail transects in the area. This trail transect had an
average tail width of 2.20 feet. and exhibited the deepest average tsail tread depth of 1.26 feet

(Table 34, page 117). There was only one irail tread, and the trail profile was 8.66 f2. This
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transect was located in a forest/ridgetop vegetation type, over a mile and a quarter from

Kiamichi River Trailhead (Appendix B and H).
Mile 39

Mile 39 transect was the first transect Jocated west of Kiamichi River Trailhead. This
transect was positioned in a pine dominated stand on a trail with a slope of 8.50%. This trail
transect location had an average trail width of 2.20 feet, and an average trail tread depth of 0.33
feet (Table 33, page 117). There was only one trail tread, and the trail profile was 5.72 ft* (Table
34, page 118). This transect was located in a forestridgetop vegetation type, with an aspect of
41°. The location was just less than half a mile from Kiamichi River Trailhead and although no
mile marker was found, the 39 mile marker tree was found and referenced for this site.

(Appendices B and H).
Mile 40

Mite 40 transect was the first transect located east of Kiamichi River Trailhead, and
east of Pine Mountain campsite by about 1500 feet. This transect was positioned on an old road
area and in a mixed hardwood dominated stand. The trail slope for this transect was 1.0%, and
the trail tread depth was 0.22 feet (Tabies 33 and 34, pages 117 and 118). Mile 40's trail width
average was 7.10 feet, trail profile average was 9.68 ft, and there were three trail treads. This
trail transect was the widest and had the largest traif profile area. 1t was also one of the few
transects that had more than one Irail tread. This transect was located in a forest/forbs/shrubs

vegetation type (Appendices B and H).

Mile 41

Mile 41 transect was a transect located about 500 feet east of Big River campsite. This
transect was positioned in a oak dominated stand an a trail with a slope of 4.0%. Trail transect

average trail width was 2.30 feet, and the average trail tread depth was 0.33 feet (Table 33,
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page 117). There was only one trail tread. and the trail profile was 4.97 f* (Table 34, page 118)
This transect was located in a forest/forbs/shrub vegetation type, in a riparian area. Trail

transect location was referenced to mile marker 41 (Appendices B and H).
Mile 42

Mile 42 fransect was located about 40 feet west of Mile 42 campsite, in an old road
area. The trail area of this transect was dominated by mixed hardwood species, and trail slope
was 1.0%. This trail transect location had an average trail width of 1.80 feet, and an average
trail tread depth of -0.08 feet (Table 33, page 117). There was only one trail tread, and the trail
profile was 4.71 ft? (Table 34, page 118). This transect was located in a riparian vegetation type,
as it was very near the river. No mile marker was found for location reference (Appendices B

and H).
Mile 43

Mile 43 transect was a transect located between Mile 43 camp and Island camp
{Appendix B and H). It was referenced to the mile 43 marker. This transect was positioned in a
pine/oak dominated stand on a trail with a slope of 2.00% (Table 33. page 118). This trail
transect localion had an average trail width of 2.70 feet, and an average trail fread depth of 0.10
feet (Table 33, page 117). There was only one trail tread, and the trail profile was 5.31 f. This
transect was located in 3 forest/lush grass vegetation type, near ta the Kiamichi River, and it

was classified as an old road transect.
Mile 44

Mile 44 transect was the first transect located east of Road campsite (Appendices B
and H). This transéct was localed near and referenced to mile marker 44, and it was positioned
in a pine/hickory dominated stand The trail had a slope of 6.0%, and the average trail tread

depth was 0.39 feet (Tables 33 and 34, pages 117 and 118). This trai! transect location had an
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average trail width of 4.30 feet, an average trait profile area of 6.99 &, and there were three

treads. This transect was located in a ripanan vegetation type. It was also designated as being

in an old road area.
Trouple Transect Twe

This transect, Trouble Transect Two, was located 500 feet east of Upper Beech Grove
campsite, and was referenced to an American beech tree with the initials /D and DD carved into
it (Appendices B and H). This transect was positioned in an American beech dominated stand
on a trail with a slope of 2.0% (Table 34, page 118). This trail transect location had an average
trail width of 2.60 feet, and an average trail tread depth of 0.09 feet (Table 33, page 117). There
was only one trail tread, and the trail profile was 4.05 f?. This transecl was located in a

foresU/forbs/shrubs vegelation type.
Mile 45

Mile 45 transect was located aast of Rehabilitated Campsite, or the trail leading away
from the river. This transect was positianed in a black oak dominated stand on a trail with a
slope of 13.0% (Table 34, page 118). This irail transect location had an average trail width of
1.90 feel, and an average trail read depth of 0.50 feet (Tables 33, page 117). There was only
one trail tread, and the trail profile was 5 45 f*. This transect was located in a forest/ridgetop
vegetation type, with an aspect of 229°. The mile marker was not found in reference 1o this site

{Appendices B and H).

Trouble Transect Three

This transect (fransect fourteen) was located near the non-designated overlook, at a
switchback along the ONRT. The placement of this trail fransect was just less than a mile from
Stateline Trailhead (Appendices B and H). This {ransect was positioned in a black oak/hickory

dominated stand on forest ridgetop vegetatian type. The trail had a slope of 6.00%, and a tread
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depth of 0.69 feet (Tables 33 and 34, pages 117 and 118). This trail transect location had an

average trail width of 2.73 feet and an average trail profile area of 5.65 f’.
Trouble Transect Four

Troubie transect four was located about a half mile from Stateline Trailhead. This
transect was positioned in a white oak dominated stand. The trail had a slope of 3.0% and a
tread depth of 0.21 feet (Tables 33 and 34, pages 117 and 118). Trail width was 2.10 feet, and
there was only one trail tread. The trail profile average for this transect was 4.70 f% This
transect was located in a forestridgetop vegetation type. Transect location was referenced to a

large boulder and a white oak that resembled a scarecrow free (Appendices B and H).
Trouble Transect Eive

This was the nearest transect to Stateline Trailhead, as it was only three hundred yards
from the wilderness portal (Appendices B and H). This transect was positioned in a hickory '
dominated stand, near the ridge of Rich Mountain. The trail had a slope of 3,.50% and a trail
depth of 0.38 feet (Tables 33 and 34, pages 117 and 118). This trail location had an average
trail width of 2.10 feet, and an average profile area of 5.12 f°. This transect was located in a

foresy/ridgetop vegetalion type.
Grouped Trail impact Analyses
Riparian and Non-riparian Jraij Comparisons

Trail transects were divided into riparian trail transects and non-riparian transects.
Comparisons were made across transects in these two zones. There were six transects
designated as riparian transects, and ten designated as non-riparian transects. The width of trail
was similar across the two zones, as fiparian trails had an average width of 3.63 feet, while non-

riparian trails had an average of 2.18 feet (Table 35, page 125).
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TABLE 35

RELATIONSHIP OF TRAIL WIDTH AND TRAIL DEPTH BETWEEN TRAIL
TRANSECTS IN RIPARIAN AND NON-RIPARIAN AREAS?

Trail Transect __Trail Width Trail Depth
Laocation Mean Range F-value Mean Range  F-value
------------------- 1=7= S
Riparian Trails 363 2.30-7.10 0.18 -0.08-0.39
1.04° 4.214°
Non-Riparian Trails 218 1.70-2.73 0.54 0.81-1.26

* Riparian trail transects were defined as transects 100 or less feet from any water source,
(N=10). Non-Riparian trail ransecls were transects farther than 100 teel from any water
source, (N=6). All tests were done using the Kruskall-Wallis test.

® Difference was not significant, p = 0.3134.

© Significant difference, p < 0.0461. Hypothesis 1 rejected for trail depth.

However, the depth of trail tread was not the same across zones. The average trai
tread depth far riparian trails was 0.18 feet. which was not a8 deep as non-riparian trails with an
average trail tread depth of 0.54 feet.

There was also a difference in the average number of trail treads across the two zones.
The average number of treads for riparian transects was 1.83 treads, while the average for non-

riparian trails was 1.00 treads (Taule 36. page 126). The trail profile area was not significantly

differen! between the two zones.

Old Road and Noqn-gid Road Trail Comparisons

Trails located on old roads were compared to trails not located on oid roags. The trail
width was significantly different across trail fransects on the two trail types. Old road trails had
an average of 4.23 feet, which was wider than the average for non-old roag trails of 2.22 feet
(Table 37, page 126).

However, the trail depth between the two trail types were not significanily diferent

across the two areas (Table 37, page 126). Further, the number of treads was also significant
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across the two areas. Old roads had an average of 2.25 treads, which was higher than the

average far trails not in old roads (Table 38, page 127).

TABLE 36

RELATIONSHIP OF NUMBER OF TREADS AND TRAIL PROFILE BETWEEN TRAIL
TRANSECTS IN RIPARIAN AND NON-RIPARIAN AREAS®

Trail Transect Number of Treads Trail Profile
Location Mean Range F-value Mean Range F-value
------ numbper - - - - ~------squared feet- - - --
Riparian Trails 1.83 1-3 5.95 4.05-9.68
10.39° 3.08°
Non-Riparian Trails 1.00 1 5.71 3.34-7.17

° Riparian Irail transects were defined as transects 100 or less feet from any water source.,
(N=10). Non-Riparian trail transects were transects farther than 100 feet from any water
source, (N=6). All tests were done using the Kruskall-Waliis test.

® Significant difference, p < 0.0024: Hypothesis 1 rejected for number of trail treads.

“ Difference was not significant, p = 0.0578.

TABLE 37

RELATIONSHIP OF TRAIL WIDTH AND TRAIL DEPTH BETWEEN TRAIL
TRANSECTS IN OLD ROADS AND NON-OLD ROAD AREAS®

Trail Transect Trail Width Trail Depth
Location Mean Range F-value Mean Range  F-value
------------------- feet-----------o e
Oid Road Trails 4.23 2.80-7.10 0.13 -0.08-0.39
31.19° 0.89°
Non-Road Trails 2.22 1.70-2.73 0.49 0.09-1.26

2 All tests were done using the Kruskall-Wallis test. _
® Significant difference, p < 0.0001; Hypothesis 2 rejected far trail width.
¢ Difference was not significant, p = 0.3506.
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The trail profile area for the two different trail locations were different, as the old road

transect had a larger profile area than non-old road transects (Table 38).

TABLE 38

RELATIONSHIP OF NUMBER OF TREADS AND TRAIL PROFILE BETWEEN TRAIL
TRANSECTS IN OLD ROADS AND NON-OLD ROAD AREAS®

Trail Transect Number of Treads Trail Profile
Location Mean Range F-value Mean Range F-value
------ number - - - - -------squaredfeet-----
Old Road Trails 2.25 1-3 6.67 4.71-9.68
30.20° 8.33°
Non-old Road Trails 1.00 1 5.51 3.34-7.47

* All lests were done using the Kruskall-Wallis test.
® Significant difference, p < 0.0001; Hypothesis 2 reyected for number of trail treads.
© Significant difference, p < 0.006; Hypothesis 2 rejected for trail profile.

Analysis of Correlation for Trail Transecls

Analyses for correlation were made among each trail variable to the trail distance from
the nearest trailhead (Hypothesis 3, Table 4, page 39).

The objectives of trail hypothesis three were 10 determine if the trail impact variables
were correlated to the disiance of the trail from the nearest trailhead. Spearman's rank
correjalion test was used and there were no significant relalionships found. Due to the type of
impact found within the area there was nol a significant correlation of trail impact variables to the
distance from the nearest trailhead. Due to reported day-use levels, there were many visilors
that hiked the UKRW without camping, causing similar impacts along the trail (Kuzmic 1993).

The objectives of trail hypothesis four were to determine if the trail impact variables
were correlated to the siope of the trail and to determine the degree if this correlation if it was
revealed (Table 4, page 39). Spearman’s rank correlation test was used and there was

significant correlation found. The only variable that was significant was trail tread depth (r =
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0.79). figure 8 illustrates the relationship of this comelation. The rejationship of tral) gepth to
slope was positive, which indicaled that as the trail slope increased, the trall tread depth
ncreased. These findings were similar to many studies evaluating the correlation of traif depth
to slope (Helgath 1875, Burde and Renfro 1686, Cale 1383 Cate 1991). The remaining impact

vanables were lesied and there was na significant correlation found.

Impact Summary of Litter Found on the ONRT

During collection penods, the researcher confinually inspected the tralf for liter. The
amount of litler encountered was low over the colleclion period. The average amount of (iter
found on the ONRT was aboul ona piece per mile over the enlire trafl. Generally, (he highest
litter amounts were found on the campsites. However, the stangard for lifler on the krait was "D

pieces per mile” and as same pieces were found the standard was exceeded.
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Figure 8. The Refationship of Trail Tread Depth to Trail Slope.
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Impact Summary of Trail Transects

There were significant differences found on trails located in various areas. Trails
located in riparian zones were simifar to non-fiparian in trail width and trail profile, but dissimilar
in trail depth and number of trail trends (Tables 35 and 36, pages 125 and 126).

Trails located in riparian zones had an average slope of 2.67%, with four of the six
locations having a slope of 1 to 2 %. Due to the relatively flat area, and proximity to waler, these
areas were located on wet slow draining soils which were puddie prone. When puddles formed,
hikers tended to evade them by walking around, thus widening the trail. The lack of slope
decreased trail erosion potential, therefore the soil depth for these areas were not as deep as
trails in non-riparian areas.

However, the average slope for trails located in non-riparian areas was 8.85%. The
relationship of trail depth to slope was positive (r = 0.79) (Figure 8, page 128). Therefore the
trail depth in non-riparian areas was deeper than riparian areas.

Many have found that the slope of the Irail was strongly related to the type of impact
found on the site (Helgath 1975, Cole 1983, Burde and Renfro 1986, Cote 1991, Leung and
Marion 1996). Cole (1983) found trends on trails in his study area, that slopes greater than
4.7% were severe by which it created optimal conditions for trail erosion thus resulting in
increased trail depth. Additionally, the lack of slope caused trail widening by the puddling
phenomenon. Areas with stope percentages of less than 1%, were prone to trail widening.

Trails located in old roads were also a prablem within this area. This was one of the
problems identified by the UKRW visitors (Kuzmic 1993). Trail width, number of treads, and trail
profile were larger among old road ftrails than non-oid road trails. The average width for old road
trails was 4.23 feet, which was significantly larger than the average for non-old road trails of 2.22
feet. The number of treads were also greater in old roads than in non-old roads.

Quite likely, UKRW visitor may perceive the trail along old road as visually obtrusive

since they had a wide corridor surrounded by trees on both sides and multiple trail treads.
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There were ruts where vehicles had traveled in the past, and many times this was the location of
the multiple trail treads. Most of the trails located in old road areas were flat, as the average
slope for these areas was 2.50%.

As Leung and Marnion (1996) stated, trails in some backcountry areas were placed in
convenient locations of an old road or trail. At one time, these old roads were used to transpont
people from point A to paint B, and selections of road placements were not in consideration of
the optimal area to minimize impacts, but rather a straight line between travel points.

Trail placement needs reevaluation and consideration of optimal tolerance and use.
Trail Profile Bracket Evaluation

The trail profile brackel was light weight and easy to transport through the study area.
The bracket was easily assembled and disassembled when measuring sites along the trail. The
instrument was evaluated through a statistical comparison of difference between replication
measurements and in each case no significant difference was found, therefore, the bracket

exhibited a high degree of precision. The trail profile bracket is recommended for future studies.



CHAPTER V
SUMMARY AND CONCLUSIONS
Summary of Cbjectives and Procedures

This study was designed to establish baseline data for initiation of Upper Kiamichi
River Wildemess (UKRW) impact manitoring. Campsite measurements were documanted and
current campsite conditions were compared to specific standards. Trail transects were also
established at one mile intervals along the Ouachita National Recreation Trall (ONRT), for future
trail condition measurements and trail deterioration analysis. Statistical analyses were made to
evaluate UKRW campsite and trail impact trends.

UKRW:s indlcators and standards were previously established and slandards were
Opportunity Class specific. The UKRW was divided into four Opportunity Classes by which
varying impacl levels were lolerated, and the primary study area was the corridor surrounding
the ONRT, which is designated as Opportunity Class Three (O. C. 3).

Data were collected in three replications to eliminate potential measurement errar, and
these data collection periods were one week periods in May, June, and July

Campsite data collection consisied of permanent point system, completion of a rapid
inventory form, impact rating assessments, with photographic records for added emphasis and
future monitoring site relocation. Data included; campsite area, barren core area. vegetation
cover, bare ground area. soil compaction, instantaneous and saturated infiltration rates, and lree
damage. Two impact assessments used were Frissell's Condition Class definitions and
classification system (Table 1, page 27), and an impact Index Rating system (Appendix F)
provided by the U. S. Forest Service. Impact Index Rating method considered nine variables

and classed each variable on a scale of one to three, the average of these classes was the
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impact index rating. The Rapid Inventory form, provided by the U. S. Forest Service, was
designed to collect campsite data which indicated use levels, use patterns, or ecological
conditions. The form defined the parameters and descriptor categories used for this study
(Appendix C).

In addition to analyzing campsite to control differences, three comparative subgroups
were analyzed. These subgroups included riparian campsites to non-riparian campsites,
campsite comparisons between three forest vegetation types, and campsité comparisons
between three dominant tree species types. The vegelation types analyzed were forest/lush
grass, forestridgetop, and forest/forbs/shrubs, and the dominant species types were grouped
into mixed hardwood, shortleaf pine (Pinus echinata), and American beech (Fagus grandifolia).
Additionally, campsite impact variables were analyzed for correlatibn to bath the campsite
distance to nearest trailhead and impact index rating.

In addition to trall transect establishment, trail transect data collection consisted of trail
slope, trail widih, area aspect, number of {rail treads, and vegetation type. Trail profile brackets
were used to measure trail profile area, and trail tread depth.

Two comparative pair analyses were made, including riparian trails to non-riparian trails
and old road trails to non-old road trails. Each trail variable was also tested for correlation to trail
transect distance to nearest the trailhead and trail slope.

There were a total of ten hypothesis tested (Table 2, page 37, and Table 4, page 39).
Statistical tests used were Wilcoxen Signed Ranks Test, Kruskall-Wallis Test, and Spearman
Rank Correlation. All test were done with S. A. S. {Statistical Analysis System), at a 0.05

significance level,
Summary of Carmpsite Findings

The campsite population consisted of seventeen campsite localed in O. C. 3, at varying
distances along the ONRT (Appendix A). The average campsite area was 915.31 ft? , with a

barren core average of 298.68 ft*. Average campsite vegelation loss was 37.00%, as each
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campsite had a significant vegetation loss except campsite seven which had a significant
vegstation gain. Average bare ground exposure across all campsites was 27.48%, which
ranged from 77.50% on campsite elght to 0.22% on campsite four. Campsite soil compaction
average was 2.08 kg/cm’, while the average control soil compaction was 0.99 kg/em?. Number
of trees damaged on campsites was 2.02 trees/site. Average instantaneous and saturated rates
were 1.53 cm/min and 1.32 cm/min respectively, and on most campsites, both parameters were
significantly lower than their controls.

The indicators'measured, as defined by the UKRW Limits of Acceptable Change (LAC)
plan, were barren core area, campsite's distance to nearest water source, campsite dlstance to
the primary trail, number of trees damaged per campsite, and number of camps per mile.

The standard for O. C. 3, for barren core area was 200 f*. Five of seventeen
campsites (Campsites five, six, eight, sixteen, and seventeen), or almost one-third of all
campsites exceeded this standard.

O. C. 3 standard for distance of the nearest water source was 100 ft, and each
campsite east of Kiamichi River Trailhead exceeded this standard, except campsites seven and
ten. The average campsite distance to water source was 904.07 ft, while the average campsite
distance to water source for campsites east of Kiamichi River Trailhead was 78.39 ft. This was
considerable campsite location problem, as almost two-thirds of all campsites exceeded this
indicator's standard. O. C. 3 standard for campsile distance to the primary trail was 100 ft, and
every campsite exceeded this standard except campsite three. This was also a campsite
location problem affecting privacy and solitude as 94% campsites exceeded this standard.

Number of damaged trees indicator had a standard of less than four per campsite. in
this opportunity class. Campsites six, eight, and sixteen exceeded this standard. Addilionally,
campsites with campsite areas larger than 1000 2 should be menlioned. Campsites two, five,
six, seven, eight, and sixteen had a total campsite area larger than this proposed standard, and

indicator.



Among the two impact rating systems, campsites five, six, eight, and sixteen had
ratings that indicated moderale to high impact levels. Campsite eight was documented as
having the most severe conditions with the Impact Index Rating method and campsite sixteen
had the most severe Condition Class with an assessment score of '5.” Campsites not listed
above exhibited low and moderate impact indications,

In addition to individual campsite analyses, significant results were found in grouped
campsite comparisons. Riparian and non-riparian camgsites were compared to test for
differences between these two zones. Campsites in these two areas had similar campsite areas
and number of damaged trees. Riparian campsites had an average barren core area of 446.69
f* which was significantly larger than non-riparian campsites with an average barren core area
of 27.34 2. The vegetation cover was also more severe on riparian campsites, as the average
vegetation caver for riparian campsites was 30.78%, while the average vegetation cover for non-
riparian campsites aimost doubled with 57.08%. The bare ground exposure for riparian
campsites, averaged 38.84% which was higher than the average for non-riparian campsites with’
an average of 7.82%. Additionally, soil compaction, and saturated infiltration rates were more
savere on riparian campsites than on non-riparian campsites. In conclusion, ripanan campsite
impact levels were more pronounced than non-riparian campsites, due to significant differences
in both the impact index rating and the condition class assessment.

There were three vegetation types identified within the UKRW's boundaries. These
vegetation types were forestlush grass, forest/ridgetop, and forestforbs/shrubs. Campsites of
these three vegetation types were compared to demonstrate differences between these areas.
Campsites in these three areas had different campsile areas as forest/lush grass camps had an
average campsite area of 611,39 ft?, which was significantly smaller than campsite area
averages of both forest/ridgetop campsites of 1332.59 f? and forest/forbs/shrubs campsite of
1040.78 f*. Campsite barren core areas between three vegetation types were similar.
Vegetation cover and bare ground exposure percentages were also different across the

campsites areas. Foresl/lush grass campsites had an average vegetation cover of 68.43%
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which was higher than forest/forbs/shrubs campsite’s average of 15.44%. Further,
forest/ridgetop campsites had an average vegetation cover of 31.32% which was similar to
campsites in the other twa vegetation types. Bare ground exposure on forest/iush grass camps
was 10.46% which was lower than the averages on campsites in the two other vegetation types.
Additionally, soil compaction was more severe on forest/ridgetop and forest/forbs/shrubs camps
than on forest/lush grass camps. The number of damaged trees, and both infiltration rates were
similar across campsites in the three vegetation areas. The impact index rating and condition
class assessment was also indicative of these findings as the averages found on forestlush
grass camps indicated low to moderate levels of impact, while impact levels were more
pronounced on campsites in both forestridgetop and forest/forbs/shrubs.

The dominant species was recorded and then classed into dominant species classes.
The dominant species classes were derived as three unique tree species types that required
unigue condifions. Campsite area and barren core area were similar across the three dominant
species stands. Mixed hardwood stand campsites had an average vegetation cover of 43.40%, -
which was similar to pine stand campsites with an average of 40.14%. However, cove species
campsite vegetation cover was 28.85%, which was significantly lower than averages on
campsites in the other two stand types. The bare ground exposure percentage, tree damage,
and instantanaous infiltration rates were similar across campsite in the three land types.
However, there were significant differences in soil penetrometer reading and saturated
infiltration rates. The average soil compaction for mixed hardwood stand and pine stand
campsites was 2.01 kg/cm’ and 1.91 kg/cm? respectively. These readings were significantly
lower than 2.55 kg/t:m2 which was the average found on campsites in the cove species stand.
These trends were also documented in saturated infiltration readings, as cove species stand
campsites had averages lower than campsites in the other two stand types. The campsite
impact index rating for cove species stand camps exhibited higher impact levels than other

campsites. Furthermore, campsite condition class assessment for cove stand campsites were
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higher than mixed hardwaod stand campsites, and pine stand sites had similar condition clags
assessments as both mixed hardwood sites and cove species sites.

Data were analyzed for correlatian relationships. Each impact variable (Table 3, page
37) was compared to distance to trailhead. These tests investigated the correlation of level of
impact to the distance of the traithead. There were some correlations found in vegetation cover
(r=-0.57) and soil compaction (r = -0.61, Figure 6, page 111). Both of these impact variables
exhibited a negative correlation. This correlation implicated that campsites farther from a
trailhead, had less impact than campsites closer to a trailbead.

Date were also analyzed for correlation of each impact variables to the impact index
rating. There was a correlation found in vegetation cover (r = -0.58), and bare ground exposure
(r=0.59, Figure 7, page 112). This correlation implied that vegetation cover and bare ground
exposure were good indicators of impact levels due to their relationship o the impact index

rating.
Summary of Trail Findings

Litter analyses were made and the average amount of litter found on the ONRT was
about one piece per mile. Generally, the highest litter amounts were found on the campsites.
However, the standard for litter on the trail was “0 pieces per mile” and as some pieces were
found, it was concluded that the standard had been exceeded.

Trail impact conditions were compared across riparian and non-ripacian trail transecls.
Non-riparian trails were significantly deeper than riparian irails, and riparian trails tended 1o
exhibit more trail treads than non-riparian trails. The frail widlh, and trail profile was similar
across trail transects in the two zones.

Oid road trail transects were compared to non-old road transect. Old road transects
were wider, had more trail treads, and higher trail profiles, than non-old road trails. Trail tread

depth was similar across the two trail transects areas.
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Correfation analyses were made of each trail transect variable (Table 5, page 41) and
distance to trailhead. There was no significance correlation found.
Additionally, correlation analyses were made far each trail transect variable to trail

slope. Through this analysis, a strong correlation relationship of trail tread depth and trail slope

was found (r = 0.77, Figure 8, page 128).
Conclusions of Campsite Conditions

impact trends found on the UKRW's campsite were similar to impact trends
documented by other wilderness impact studies. There were complex relationships found in
site impact tolerances and inferences were made to use level. Various impact levels were
documented and these differences could be due to ecological conditions and use levels.
implications were that due to ecological conditions and use levels, there were varying impact
levels measured on UKRW campsites. These ecological conditions that could directly influence
UKRW campsite's impact ievel are soil type, soil depth, soil texture, and soil moisture as well as’
vegetation tolerances. These faclors influence a campsita’s resistance and resilience, which in
turn influence impact levels and visitor perception of impact.

The nodes and linkages phenomenon (Manning 1979) was a trend exhibited at the
UKRW as inferred from the absence of trails leading away from the ONRT and no evidence
campsites outside O. C. 3.

Several campsite conditions exceeded their standards, and the standard most often
exceeded was campsite distance to ONRT. This likely influences ihe level of sofitude and
privacy perceived by campers. Most campsites had screening rafings of partial to none between
campsites and trail, allowing passersby a direct view of campsite area and its inhabitants. This
likely affects the perception of solitude and crowding of both the camper and hiker.

Additlonally, campsite distance to water source was exceeded by steven of seventeen

campsites. Although visitors typically like to camp near a water saurce, this trend affects not
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only the physicat campsite conditions, in respect to low impact tolerance due ta poor campsite
ecological conditions, but it may also affect the Kiamichi River water punty .

Individual impact problems were found on 3 few sites as some campsites had
unacceptably Iarge barren core areas. These areas were heavily impacted, as the barren core
area was larger that the LAC standard for campsites (Table 16, page 70). The barren core area
for these sites indicated high use levels, or poor tolerance to impact due to ecological conditions.

Anacther indicator that was exceeded by relalively {few campsites, was number of
darmaged trees on the site. The standard is less than four and campsites six, eight. and sixteen
had four or more damaged trees. The treas on campsites six and eight, exhibitad conscious
tree damage, as visitor had chopped down. bent over, carved in, and peeled bark from trees on
these campsites. Campsite sixteen exhibited unconscious tree damage as the total impact on
this site caused severe rool exposure on the American beech trees of the campsite area.

The campsite density for the entire witdemess was low when compared to other
wildermess areas. The density for the UKRW was 0.004 camps/ha, or 1.5 camps/1000 acres.
The spacing of campsites along the ONRT, resulted in an average of 0.95 campsites per mile,
however, there were some campsites less than 200 feet within one another. There were nine
campsites that had a campsite density greater than the standard of 1 camp/mile. Seven of
these campsites were influenced through the creation of three new campsites initiated since
Kuzmic's 1993 study. The initiation of Wilton's Poin{, Island, and New campsites created some
of the high levels of campsite density.

Increases in campsite numbers were also evident in olher sludies. as campsile density
increases through time, This trend s a result of an over-crowding perception by visitors due to
perceived impacl, actual displacement due to occupancy of a nearby campsite, of through a
preventive measure for campers to secufe the wilderness perceplion they desire (Cole 1993).

In comparison of riparian to non-riparian campsites, inferences were made that
significance differences in sail compaction and saturated infiltration rates were a result of towec

tolerance to fmpact, due to poor soil conditions. These sites were more susceptible to impact,
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and higher use levels due to their unique position and recreational opportunities provided by
lhese sites.

ForesVlush grass vegetation type campsites had a grass dominated understory
vegetation, and due to lower impact levels measured, implications were that this vegetation type
gave these sites higher impact tolerance. Grasses are more tolerant to impact than forbs and
shrubs and after impact occurs, these grasses recover rapidly (Hendee ot a/. 1990, Cole and
Hall 1992). Significant differences in soil compaction indicated more tolerant sail canditions to
impact and/or lower use levels.

There were some significant differences found between the three dorninant stand
campsites measured. Campsite area, barren core area, bare ground exposure, and damaged
tree percentages were all similar. However, the average vegetation cover, soil compaction
readings. and saturated infiltration rates exhibited higher impact levels on campsites with cove
species dominant than the two other dominant stand campsites. This trend was also evident in
impact index ratings and condition class measurements, as American beech sites were more
impacted than campsites in the other two stands.

There were relationships found that indicated the campsites proximity to traithead was
important. However, these relationships were weakly correlated, indicating that some visitors
likely had favorite campsites in the UKRW's interiar, or they wished to remove themselves to a
more primitive area. Campsites close to the Iraithead lended to exhibi higher leveis of impact,
like campsites five, six, eight, sixteen, and seventeen, and campsites further from the trailheads

tended lo exhibit lower impact levels, like campsites ten, eleven, and twelve (Appendix A).
Implications for Campsite Management

The mast prominent UKRW campsite problem was campsite distance to the primary
trail. Sixteen of seventeen campsites were less than 100 feet from the ONRT. and in many

cases a campsite’s edge touched the trail's edge. This is an indicator derived for the UKRW
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management and most campsites exceeded this standard. This may be a severe problem
affecting the perception of solitude and privacy by visitors in the UKRW.

Secaondly, eleven of twelve campsites were located nearer than 100 feet from a water
source. This is also a severe campsite problem that may affect the Kiamichi River's water
condition.

There were other standards exceeded by the UKRW campsites. Three campsites had
more than four trees damaged, five campsites nad barren core areas larger than 200 £, and six
campsites had campsite densities larger than 1 camp/mile. These were probiems considered
when remedial prescriptions were defined.

Many have argued for the most "light-handed" methods to manage wilderness. Often,
the most appropriate and most light-handed management prescription is visitor education. By
educaling the visttor of good backcountry praclices and opportunity expectations, visitors can
leave the area as wild as possible, while gaining good experience through their visit

Through “leave no trace" camping meihods education, some impact problems could be
reduced. "Leave no trace" camping methods suggest a 200 feet buffer between the camp and
the nearest water source, and camping far from the trail (Hampton and Cole 1888). This would
reduce future campsite creation within 100 feet of waler sources. Many have also suggested
camping well off of the irail to minimize the impact seen by passing hikers and to increase visitor
salitude. Leave no Trace educalion should also include limiting tree damage and ils imporance.

“Pack-in, pack-out” education needs more emphasis to reduce the level of litter on the
campsites, as well as programs o encourage smaill group camping. Large groups tend to cause
higher levels of impact and leave more litler, over a very short time. Camping in large groups
cause both physical campsite impacts and social impacts to visitors who pass by or hears them
in the next valley.

Additional education should emphasis the imporance of campsite location based on
type of experience desired. If a camping excursion is all that is needed, campers should be

encouraged 1o camp al an already existing campsite. This would minimize the impact caused to
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the area by using an already existent impacted camgpsite, instead of creating a new campsite.
New campsites rapidly become high impact sites. Therefore to maintain impact levels within
acceplable timits, previously impacted campsite use holds impact levels below a threshold (Cole
1893a).

If solitude and primitive conditions are expected, campers should be encouraged to get
off the trail and hike into Opportunity Class One and get away. These campers need to know
how to pick a campsite with potentially high tolerance to impact, and they should be discouraged
from camping in the same location more than once a year.

Educational media such as signs and simple pamphlets-describing the above
conditions and benefits should be used by UKRW management. Although this may not be the
optimal method for wildemess education (Doucette and Cole 1993), this is the most applicable
due to low use levels (Kuzmic 1893) and management resources available.

Educalion should reduce the number of trees damaged, and new campsite creation in
unacceptable areas. but education will not remove problem campsites. Management will have
to close campsites to remove them. As stated previously, campsite distance to the trail and
water source were two primary problems within this area, in addition to some campsitas with
barren core areas exceeding the standard. To alleviate these problems, closure of a few sites Is
recommended, specifically sites two, six, eight, and sixteen.

Although campsite closure is considered a more “heavy-handed” management
prescription, some campsite closure are recommended. Campsite closure should be based on
weighted measures that dictate attribute importance, as an management objective. Campsite
closure would include; fire ring removal, firewood dispersal, pasting signs of campsite closure,
and in extreme cases, revegetation with native plant species

As UKRW managers maintain impact levels, and they attempt to meet the standards
defined in their LAC plan, campsite closure will occur across the entire area. Currently, sixteen
of seventeen campsites exceed at least one standard, and the indicator exceeded is campsite

distance to trail. In determining which campsite ta close, campsite conditions should be
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compared to set UKRW standards by this area's LAC plan. However, managers need to declde
on what conditions need remediation first. Therefore, managers need to first avaluate campsite
conditions individually, and then as a whole. Hence, managers would observe campsite impact
levels, specifically barren core area and number of damaged trees, and then compare these
indicators to campsite density and campsite distance to trail and water source. The worst
conditions need immediate remediation, and then eventually minor impact condltions should be
alleviated.

Campsites recommended for immediate closure were sites that exhibited severe
impactievels and conditions that exceeded most of the standards. Campsite two should be
closed, but campsite thyee should likely be retained as a future campsite area. Campsite six
should be closed, and no other campsites should be established nearby due to severe campsite
denstties. Campsite eight was the largest campsite within the area, and this campsite exceeded
four of five indicators measured. Therefore, campsite eight should be clased and, due to low
campsite densities, a new campsite should be established in a more resistant location. Also,
campsite sixteen exhibited high impact levels as each indicator measured was exceeded. This
sile should be closed, and due to high campsite densilies, and initiation of another campsite, no
other campsites should be established nearby. In the near fulure, campsites eleven and thirteen
may also need further evaluation for possible closure, since are approaching threshold levels in
the UKRW's LAC plan.

As an endeavor to maintain UKRW standards, eventually almost all campsites will
need o be closed. A viable management scheme for new campsite establishment would
include making new designated campsite areas, with an arrow on a small wooden sign directing
campsite location. After one campsite is closed managers need to pick the optimal new
campsite location. Through this study, American beech stand campsites were least tolerant to
impact due to inferences made in campsite condition comparison. The second most impacted
campsites werse sites located nearer than 100 feet of the Kiamichi River. Campsite located in

foresvlush grass vegetation types exhibited low impacl levels and were perceived as being more
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tolerant due to the existence of the sites (ush grass. As managers select an appropriate
campsite location. they determine the optimal spot for 1olerance due to ecological conditions,
and best privacy and solilude conditions.

Again, education could communicate that recreational visitors could get off the ONRT
to experience a more wild recreational opportunity and as they practice “leave no trace” camping
methods they shauld cause little impact. This is considered the mast important UKRW

management message to recreational visitors.
Conclusions and Implications for Trail Management

Through future monitoring. trail location in old roads could be evaluated to gauge trail
deterioration differences between old road and non-old road. By moving the trail, great cost as
wel as increased impact would be incurred (Echelbeger and Plumley, 1986). Therefore, moving
the trail \s not recommended.

Certain trail segments need maintaining and trail hardening. Some locations, where
trails are located on steep slopes need water bars or logs placed across them as steps to slow
the movement of water down. These trail locations Include areas adjacent to transects two, five,
six, and fourteen.

Minimum trail impact educalion programs need to be initiated to encourage hiking

within the trail's bare ground area and to discourage littering.
Recommendations for Further Study

1)) Establishment of a routine monitoring program is needed. Since the UKRW use level is
low compared to other areas, a suggestion would be a yearly campsite condition
monitoring using the impact index rating system. Additionally, once every five years a
more precise measurement method should be used, such as a study like this one. This

method provides more accurate data to analyze campsite condition.



2)

3)

5.)

6.)

7)

9)

10.)

11)
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Annual trail monitoring program initiation by measuring trail transects once every year

and evaluate the ONRT for litter levels and trail deterioration.

Investigate the impact trends between riparian and non-riparian campsites. Determine
causal effects and reasons for differences.

Determine the factors that caused the differences between American beech stand
campsites and the other campsites.

Initiate a study to evaluate the reason that people typically camp near the trail and water
source.

Examine how visitors perception has changed through management implementation.
Investigate UKRW visitor perception of the area's environmental condition.

Initiate environmental studies to evaluate the long tecm differences caused thraugh
factors other than on-site recreation.

Examine impacts resulting from campsites being established close to a waler source.
Examine differences in impact between close canopy campsites and campsites with no -
canopy closure.

Document campsite condition, like vegetation cover, bare ground exposure, infiltration
rates, soil compaction, vegetation species, soil pH, and soil nutrients, as new
designaled campsites are created. Compare conditions prior to Initial use, to future

condilions after use. Evaluations could be made seasonally and annually.
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PROCEDURES FOR DATA COLLECTION AND DATA

COLLECTION FORMS FOR CAMPSITES

1) Sile Name and Number. Campsite name and number were recorded.
2.) Campsite Center Poinl idealification and References. The campsite central point was re-
eslablished lhrough the use of reference points identified.

3.) Caadilion Class Assessmemt. Condition Class of site was assessed and recorded using the

criteria listed previously in Table 1, page 27.

4.) Yegetation. The most prominent vegetation type on lhe site was recorded. This variable
was divided into six categories.

1.} Fosest/Ridgetop

2.) Forest/Farbs/Shrubs
3.) Forest/Lush Grass
4.) Otd Homesite

5.) Grassland/Glade

6.) Riparian

5.) Dominant Species. The dominant species of the site was documented. Dominant species
was the species that was most representative of the site.
6.) Landformn. Landform group was comprised of six categorios;
1.) North Slope
2.) Creek Bottom
3.) Sheiter Bluff
4.) South Slope
5.) Ridgetop
6.) Terrace
7.) Trail Screening. Campsite screening from the trail was estimated angd categorized.
1.) Camplete

2.) Partial
3.) None

8.} Distance to Constructed Trajil Campsile distance to the ONRT was measured from the
center of the campsite lo the nearest edge of the ONRT.

9.} Distance 1o Closest Water Source. Campsite distance (o the nearest water source was

measured from the campsite’s center 10 the nearest water source’'s edge.
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10.) Jype of Water. The source of water referred to in step 11 was documenteg.

1.) Creek
2.) Pond
3.) Spring
4.) Other _

11.) Number of TIails. Number of trails oconnected to the campsite ware counted.

12.) Distance to Closest Campsite. Campsite distance between campsites was measured if the

campsite was within two hundred feet of the next tampsite. Othacrwise, this distance

was calculated in the office.

13.) Campsite Screening. Screening between campsites was estimated and categornzed into

one of the following classes.

1.) Complete
2.) Partial
3.) None

14.) Maximum Pady Size Accommodated. Party size accommodations was estimated and

grouped into one of the folowing categories.

1)1-2

2)3-6

3)7-10
4)11-15

5.) More than 15

15.) Iype of Use. Type of use that had occurred on the site was approximated, and data was
grouped info one of the following categories;

1.) Hiker
2.) Horse
3.) Hunter-hiker
4 ) Hunter-auto

16.) Eaciilies. The number of lhe following site developments were recorded; fire ring, primitive

seat, constructed seat, table, shelf, counler, meat rack, hitchrail, or other.

17.) Closest Firewood Source. The distance to the nearest firewood source was determined.

1.) On-site

2.) 50 feet away

3.) 50-100 feet way

4.) More than 100 feet away.
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18.) Impact Parameters.
A. Campsile Area and Barren Core Area. Sixteen transects were established, radlating

from the central point to campsite edge. Each transect was rotated clockwise twenty-
two and a half degrees (22.5°). A clolhe tape was used to measure the distance from
campsite center to the fisst sign of vegetation and to the campsite's edge. The edge of
the campsite was determined by changes in vegetation height/disturbance, topography,
organic litter amount and/or organic litter type (Marion 1991).

B. Site Photograph. Campsite photographs were taken. Multiple photos were taken of
the campsite standing outside the campsite and looking in.

C. Undisturbed Islands and Satellite Areas. Undisturbed islands and satellite sites were
measured for area analysis.

D. Percent Vegetation Ground Cover. Vegetation cover was measured as a percent
coverage through placement of quadrants. Four transects for quadrant measurements
were established. The azimuth for the first transect was randomly drawn before going ta
the field, and the remaining transects were rotated ninety degrees (80°) in a clockwise
direction. Quadrates were placed along the transects at distances determined in
Appendix D. The results were placed into one of five categories;

1.) 0-5%

2.) 6-25%

3.) 286-50%

4.y 51-75%

5) 76-100%

E Soil Exposure Soil Exposure was defined as a percentage of ground with little or no
arganic litter and/or vegetation cover. This parameter was measured in conjunction wilh
the vegetation cover listed above. Each quadrate was analyzed for the percent soif
exposure and results were placed into ane of five categories,

1) 0-5%

2) 6-25%

3) 26-50%

4) 51-75%
5.) 76-100%



1688

F. Soil Compaction. Soit compaction was measured wilh a pockel soil penetromater.
Measurements were taken at the |ower right hand corner of each guadrale placement.
G. Water [nfiltralion Rates. Water infiltration rates were laken twice per site within 3210
6.56 ft from the site's center alang two transects. This positioning was pre-determined
before data collection. Infiltration rates were measure with a double-ring Infiltrorneter.
The time elapsed for the infiltration of the first 0.39 inch (1 cm) of water was called the
instantaneous rate, while the rate for the first two inches (5 cm) was called the

saturation rate.

H. Number of Trees. Number of trees (trees are woaody species taller than 155 in.) within
the site boundary was counted and recorded for stem damage assessment and raot
damage assessment. Marion's (1991) tree damage rating was used as listed below.

1.) None/Skght: No or slight damage, only broken or cut lower branches, a nall, or

minimal trunk scars.

2.) Moderate: Numerous small trunk scars and nails, or ane moderate sized scar.
3.) Severe: Many large trunk scars, penetrating to inner wood, girdling of tree.

Marion's (1991) root damage rating was used as listed below.

1.) None/Slight: No or slight root exposure such as typical adjacent offsite areas.

2.) Moderate: Top half of major roots exposed from more than one foot from tree.

3.) Severe: Three-quarters or more of major roots exposed from one foot from tree, soil

erosion obvious.

. Cleanliness. The amount of litter/trash was evaluated. Litter or trash was defined as
any human waste or non-natural substance thatis left al the site. This included hurnan
and any non- native animal feces. Categones are listed below.

1.) No more than scattered charcoal from one fire ring. No other litter found.

2.) Remnants of more than one fire ring, some litter or manure. Some litter was

considered a handful up to a two and a half gallon container of litter.

3.} Human waste much lifter or manure. Much litter was more than a two and a half

container of litter.
19.) Eslablish Caontrol Plot, Control plot was established along a pre-determined azimuth ana at
a distance of three times the length of the nearest campsite transect. 1f a control plot

was placed in an area uniquely different from the campsite, an alternative control plot

was chosen.



169

A. Contro| Plot Cenfer. Azimuth and distance from the campsltes center point to the
control plot center was recorded.

B. Perimeter for Control Plot. Pins with flagging were placed around the edge of the
control site for number of trees and tree damage analysis on the control plot.

C. Vegetation Ground Cover of Control Site. Vegetation caver was assessed through
methods descnbed for campsite analysis. Quadrate transects were placed along the
same azimuth and distances used in the campsite area. Results were placed into the
same categories listed above.

D. Soil Exposure, This parameler was also measured in conjunction with the vegetation
cover listed above, as the percent soil exposure was placed a category listed above.

£. Sall Compaction. Measurements were taken as on the campsite area.

F. Water Infiltzation Rates. Water infiltration rates were taken twice in the controf site
position exaclly as the same localion as the campsite in relation to control plot center.
Infiltration rales were measured in exactly the same methods used on the campsite.

20.) Calculations Done in the Qffice. Calculations were made for completion of impact
parameters. The following was derived in the office.

A. Campsite Barren Core. Barren core area was calculated with computer software.

8. Total Campsite Area. Total campsite area was also calcuiated through computer
software.

C. Sketch Map. From data taken in “Impact Parameters, 18a above, a campsite map
was drawn. This map included azimuth and lengths of transects, barren core
area, and total campsite area.

D. Distance to Closest Trajlhead. The distance from the campsile to the closest trailhead
was measured after returning from the field.

E. Number of Campsite Within Mile. Number of campsites per mile was calculated.

F. Campsite Index. Campsite index rating (Appendix E) was completed.
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Wilderness Campsite Impact
Permanent Sampling Unit Form

Srte Name USGS Quadrangle
Site Number Township
Wilderness Section

Date Coded by

~ amosite C ot \dentificati

Locate three reference points and document azimuth to center point, dislance, and

description of the reference points with a map. Take three photos documenting location where
taken and azimuth.



S SEERIEN

10.
11.

12
13.
14.

Wilderness Campsite Impact
Rapid Inventory Form

General Site Description

Site Number Dale
usGsQuaed. .
Tawnship Seclion
Condition Class
Vegetalion: (Circle one)
1. Foresy/Ridgelop 2. ForesyForbs/Shrubs
3. Forest Lush Grass 4. O\d Homestead
5 Grassland/Glades 8. Riparian
. Dominanl Spectes
Landform: (Ciccle one)
1. Norh slope 2. Creek Botlom
3. Sheller Blutt 4. Soulh slope
5. Ridgetop 6. Tamace
Distance to Construcled Tral*
Screening: (Circle one)
1. Complele 2. Pamal
Number of Trails
Distance to Water
Type of Waler: (Circle one)
1. Creek 2. Pond
3. Spring 4. Omer ___

3. None

15.
16.

17.

18.

19

20.

Distance 1o Closest Campsite

Screening; (Circle one)

{. Complale 2. Pantial
Maximum Party Size

Acc: (Circle one)

1. 1.2 2. 38

3. 710 4 1115

5. Mote than {5,

Type of Use: (Circle all that apply})

{. Hiker
3. Hunler-Hiker

2. Horse
4. Hunter Avlo

Closest Firewood: (Circle one)

1. On Sile
3. 50 100 Feel

2. 80 Feel
4. Mora than 00 Faer

Facilities: Present Absent

. Fire ring
. Primitive Seal

. Constructed Saat __
Table/Shelf/Countar
Meaat Rack

Hitchrall

Other

NS LN —

21. Photos Taken

3. Nons

(¥
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Digtance ({feet)
Azimuth  Barren Core  Campsite Area Azimuth Barren Core  Ca mpa3ite Area
0.0° 180.0°
22.5° 202.5°
450° 225.0°
B7.5° 247 5°
90.0° 270.0°
142.5° ‘ 292.5°
135.0° | 313.0°
157.5° 337.5°

Barren Core Area

Island Area

+ Satellite Area -

= Campsite Area

Quadrant Azimuth, Length, and Number of Quadrates.

Quadrant| Transect Length | # of Quadrates

Quadrant| Transect Length | # of Quadrates

NE

SE

SW

NW |

Number of Trees within the campsite area.

Tree Number  Species’ Azimuth

Distance Slem Dam.® Root Dam.®

a Tree Species; Q. = Quercus, F. =Fagus, C. =Carya, P. =Pinus

b Damage rating, defined by U. S Forest Service



CAMPGROUND IMPACT INDEX

Campsite:

IMPACT RATING (Circle One Category)

VEGETATION LOSS

MINERAL SOIL INCREASE

TREE DAMAGE:

No. of trees scarred

or felled
—trees

ROOT EXPOSURE:

No. of trees with
roots exposed
trees

DEVELOPMENT:

CLEANLINESS:
No. of fire sears
firg scars

SOCIAL TRAILS:

No. of ftrails:
{rails

CAMP AREA:
Estimated Area:

BARREN CORE
CAMP AREA:
Eslimated Area:

1

{No difference in coverage)

{No difference in coverage)

(No more than broken
lower branches)

(None)

(None)

(No more than scaliered
charcoal from 1 fite ring)

(N6 more than 1
discernidle trail)

(<540 f1%)

(<54 ft?)

2
(Difference one coverage class)
(Difference ane coverage class)

(1-8 scarred Uees, or 1-3
badly scarred or felled)

(16 trees with rools exposed)

(1 fire ring with or withoul
primitive log seat)

(Remnants of >1 fire ring,

some litter or manure)

(2-3 discemible.
max. t well worn)

(540-1070 #%)

(54-540 %)

3 Calculation Impad Index
(DO IN OFFICE)
(Difference two or more coverage classes)
(Difference two or more coverage classes)

(>8 scarmed frees, or
>3 badly scaned or felled)

(>6 trees with roots exposed)

(>1 fire nng or other
major development)

(Human waste, much

litter or manure)

(>3 discernible or more
than 1 well worn)

(>1070 )

(>540 f)

Impact Index :



Infiltralion Rates.
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Number | Azimuth

Distance

instantanegus Infillration | Saturated infiltration

Transect Number

GQuadrant Number
Vegetation Cover
Bare Mineral Soil

Soil Compactian

Transect Number

Quadrant Number
Vegetation Cover
Bare Mineral Soil

Soil Compaclion

Transect Number

Quadrant Number
Vegelation Cover
Bare Mineral Soll

Soil Compaction

Transect Number

Quadrant Number
Vegetation Cover
Bare Minera! Soil

Soil Compaction

Transect Number

Quadrant Number
Vegelation Caover
Bare Mineral Soll

Soil Compaction

Transect Nurmnber

Quadrant Number
Vegetation Cover
Bare Mineral Soil

Soil Compaction

Transect Number

Quadrant Number
Vegetation Cover
Bare Mingral Soil

Soil Compaction

Transect Number

Quadrant Number
Vegetatian Cover
Bare Mineral Soil

Soil Compaciion



Transect Number ___

Quadrant Number

Vegetation Covar

Bare Mineral Soil

Soil Compaction

Transect Number _

Quadrant Number
Vegetation Cover
Bare Mineral Soil

Soil Compactian

Transect Number

GQuadrant Number
Vegetation Cover
Bare Mineral Scil

Soil Compaclion

Transect Number
Quadrant Number
Vegetation Cover

Bare Mineral Soil

5ol Compacticn

Transect Number

Quadrant Number
Vegetation Cover
Rare Mineral Soil

Soil Compaction

Transect Number

Quadrant Number
Vegetation Cover
Bare Mineral Soll

Sail Cempaction

Transect Number _

CQuadran! Number

Vegelalion Caover

Bare Mineral Soll

Sail Compacition

Transect Number
Quadrant Number
Vegetation Cover

Bare Mineral Soil

Soil Compaction |

Transecl Number

Quadrant Number
Vegetation Covet
Bare Mineral Soil

Soil Compaction

Transect Number
Quadrant Number
Vegetation Cover

Bare Mineral Soil

Soil Compaction

Transect Number

Quadranl Number
Vegetation Cover _

Bare MineralSoll ___

Soit Gompaction

Transect Number

Quadrant Nupber _____

Vegetation Cover

Bare Mineral Soil

Soil Compaction

175



Azimuth

Number of Trees within Conlrol Area

Controt Plat

Distance

Infilfration Rates,
Number | Azimuth | Distance | Instantaneous Infiliration | Saturated Infiltration
1
2 .
Quadrate Measurements

Transect Number

Quadrant Number
Vegetation Cover
Bare Mineral Soil

Soil Compaction

Transect Number
Quadrant Number

Vegetation Cover

Bare Mineral Soil

Soil Compaction

Transect Number

Quadrant Number
Vegelation Cover
Bare Mineral Soil

Soil Compaction

Transect Number

Quadrant Number
Vegelation Cover
Bare Mineral Soil

Soil Campaction

Transect Number

Quadrant Number
Vegetation Cover
Bare Minaral Soll

Soil Compaction

Transecl Number

Quadrant Number
Vegelation Cover
Bare Mineral Soil

Soil Compaclion

Transect Number

Quadrant Number
Vegetation Cover
Bare Mineral Soil

Soil Compaclion

Transect Number
Quadrani Number ___
Vegetation Cover
Bare Mineral Soil

Soil Compaction




Transect Number

Quadrant Number

Vegetation Cover

Bare Mineral Soil

Soil Compaction

Transect Number

Quadrant Number
Vegetation Cover
Bare Mineral Soil

Soil Compaction

Transect Number

Quadrant Number
Vegetation Cover
Bare Mineral Soil

Sail Compaction

Transect Number

Quadrant Number

Vegetation Cover

Bare Mineral Soll

Soil Compaction

Transect Number
Quadrant Number
Vegetation Cover

Bare Mineral Soll

Soil Compaction

Transect Number
Quadrant Number

Vegetation Cover

Bare Mineral Soil

Soil Compaction

Transect Number

Quadrant Number

Vegetalion Cover

Bare Mineral Soil

Soil Compaction

Transect Number
Quadran! Number

Vegetalion Cover

Bare Mineral Soil

Soit Compaction

Transect Number

Quadrant Number

Vegetation Cover

Bare Mineral Saoil

Soil Compaction

Transect Number
Quadrant Number _

Vegetation Cover

Bare Mineral Soil

Soil Compaction

Transec! Number

Quadrant Number
Vegetation Cover
Bare Mineral Soll

Sail Compaction

Transect Number
Quadrant Number __
Vvegetation Cover

Bare Mineral Sail

Soil Compaction ____
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QUADRANT PLACEMENT
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Quadrate Placement
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Quadrates were used to determine percent vegetation cover, percent bare mineral soil

exposure, and soil penetrometer reading placement. Quadrate placement was pre-determined

to eliminate measurement bias, and transect azmuth for quadrate ptacement were determined

prior to data collection. Quadrate placement was dependent on the individual transect length,

and the distance between quadrate placement varied in respect to distance from campsite

center. This was done for the expressed purpose to avoid over measuring the campsile central

core. See table below for placement.

QUADRANT LOCATION ON THE QUADRANT LOCATION TRANSECT

TABLE 39

Length of Transect {ft)

Number of Quadrants

Number and Placement (ft)

<6.00

6.01-7.00

7.01-8.00

8.01-9.00

9.01-10.00

10.01 - 11.00

11.04 - 12.00

12.04 - 13.00

1.5

Randomly placed

1 - .25 ft from center
2 - 3.5 ft from center

1-.5 ft from center
2 - 4.0 ft from center

1 - 1.0 ft from center
2 - 5.5 ft from center

1-.25 ft from center
2 - 3.5 ft from cenler
3-7.0ft from center

1 - 50 ft from center
2 - 4.0 ft from center
3-7.5 f from center

1 - .50 ft from center
2 -4.0 ft from center
3 -8.0 ft from cenler

1 - .50 f from center
2 - 4.5 ft from center
3 -9.0 ft from center



TABLE 39 (Continued)
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Length of Transect (ft)

Number of Quadrants

Number and Placement {ft)

13.01 - 14.00

14.01 -15.00

15.01 - 16.00

16.01-17.00

17.01 - 18.00

18.01 - 19.00

19.01 - 20.00

20.01-21.00

1-.25 ft from center
2 - 3.5 ft from center
3-7.01f from center
4 -10.5 ft fram center

1-.25 tt from center
2 -4.3 ft from center
3-7.81f from cenler
4 -11.3 ft from center

1 - 50 ft from center
2 -4.5ft from center
3 - 8.3 tt from center
4 -12.0 ft from center

1-1,0 {t from center
2 -4.7 ft from center
3-8.3ftfrom center
4 - 12.5 ft from center

1-1.0 ft from center
2 - 6.0 R from center
3-9.5ft from center
4 - 13.0 ftfrom center

1 -.50 ft from center
2 - 4.8 ft from center
3-81 ft from center
4 - 11.5 ft from center
5-14.9 ft from center

1-1.0 ft from center
2 -4.8ft fromcenter
3 - 8.3 ft from center
4 -11.5 ft from center
5-15.3 fi from center

1-1.0 ft from center
2 - 6.0 ft from center
3 -9.5 ft from center
4 - 13.0 ft from center
5 -17.0 ft from center



TABLE 38 (Continued)
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Length of Transect (ft)

Number of Quadranis

Number and Placement (ft)

21.01 -22.00

22.01-23.00

23.01-24.C0

5

1-1.,0 ft from center
2 - 6.0 ft from center
3 -10.0 ft from center
4 - 14.5 ft from center
5 -18.0 ft from center

1-1.0 ft from center
2 - 6.0 ft from center
3-11.0 ft from center
4 - 15.0 ft from center
5-18.5 ft from center

1-1.0 ft from center
2 -6.0 ft from center
3-11.0 ft from center
4 - 16.5 ft from center
5-21.0 ft from center
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CAMPSITE IMPACT INDEX RATING CALCULATION
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CAMPSITE IMPACT INDEX RATING CALCULATION

This method used parameters collected from the site and the sites control to estimate
overali campsite impact based on the index below. Campsites had a rating of 1-3, depending on
the amount of impact.

1.) The average campsite vegetatian cover percentage was compared to the control's average

vegetation cover percentage. Coverage class differences were determined and recorded.

1 No difference in coverage class
2 One coverage class difference.
3 Two or more coverage class differences.

2.) The campsite's mean bare mineral soil percentage was compared 1o its control average

percentage. Differences of percentage classes was determined and recorded.

1 No difference in coverage class.
2 QOne coverage class difference.
3 Two or more coverage class differences.

3.) Tree damage on the site was recorded.

1 No more than broken lower branches.
2 1-8 scarred, or 1-3 badly scarred or felled.
3 More than 8 scarred trees, or more than 3 badly scarred or felled.

4.} Tree roat exposure on the site was recorded.

1 None.
2 1-6 trees with exposed raots.
3 More than six trees with expased roots.

5.) The number of developmenls on the site was categorized and recorded.

A None.
2 One fire ring with or without primitive log seat.
3 Mare than ane fire ring or other major developments.

6.) The site's amoun! of liter was placed into a calegory

1 No more than scattered charcoal from one fire ring.
2 Remnants of mare than one fire ring, some litter or manufe.
3 Human waste, much litter or manure.

7.} The number of social tails of the sile was recorded.

1 No more thar one discerniole trail. ,
2 Two to three discernible trails, or maximum of one well worn trail.
3 More than three trails, or more than one well worn trail.

A
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8.) Campsite area was caiculated and grouped into one of the following categories.
1 Less than 540 squared feet.

2 540 squared feet to 1070 squared feel.
3 More than 1070 squared feet.

g.) Barren core area was calculated and placed into one of the following categories.
1 Less than 54 squared feet.

2 54 squared feet to 540 squared feet.
3 More than 540 squared feet.

10.) The category listing of @ach impact paramter was added and then divided by nine to get the
average rating of each parameter measured. No parameters wers multiplied by a weighted

nunber to emphasize to any single parameter as more important. The category average

was the Campground impact Index Rating for the site.
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PROCEDURES FOR DATA COLLECTION AND DATA

COLLECTION FORM FOR TRAIL TRANSECTS

1.) Site Number. Trail transect number was recorded.

2) MMMMMM The position of the first endpoint for
the trail transect was documented by three reference points. After the Initial endpoint
was established the second fixed point was established. The fixed points were
axtended ane foot past the determined edge of the trail and total distance was
positioned to the nearest whole foot.

3.) Placement of Fixad Points for Measurement. After determining the fixed point placement, a
1/2 inch metal threaded pipe was tapped into the ground. The top of the pipe was
level or just below the surface of the ground. The azimuth and distance from one
fixed point to the ather was recorded.

4.) Profile Bracket Constryction. PVC connectors were attached ta the fixed point receptacies.
The profile bracket was built across the brail (Figure 3, page 32). Additional risers
were placed for added support. Line levels were used to make sure the bracket was
level. The enlire bracket distance across the trail was recorded.

5.) Trail Profile Measucements. Measurements were taken from the top of the bracket to the
ground {nearest tenth of an inch). Measurements were 1aken every six inches and a
plumb bob was used to ensure the measusement of a perpendicular line from the top
of the bracket.

8.) Width of Trail. Trail width included the distance from one side to the other of the zone
obviously disturbed by trampling. This included both bare ground area and area with
disturbed vegetation.

9.) Bare Graund Widlh. The bare ground width was the lenglh from one edge of the trail to the

other of the zone that was void of vegetation.
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10.) Maximum Depth. The maximum depth of the trail was recorded. The height of the nearest

riser was subltracted.

11.) Presence of Multivle Treads. The area was assessed for multiple treads of the pathway,

12.) Vegetation. The vegetation type was recorded on the site exactly as dane on the campsite
measurements.

1.) ForesYRidgetop

2.) Forest/Forbs/Shrubs
3.) Forest/Lush Grass
4.) Old Homesite

5.) Grassiand/Glade
6.) Riparian.

13.) Rominant Species. The dominant species for the site was recorded.

14) Landform. The landform of the trait location was the most dominant factor evident in that
location. Landform group was comprised of 6 cateqgories;

1.} North Slope
2.) Creek Bottom
3.) Shelter Bluff
4.) South Slope
5.) Ridgetop

6.) Terrace.

15.) Trail Stope Measurements. A suunto clinometer was used to measure trail slope along the

trail,

16.) Aspect. Aspect was measured with a compass.

17.) Calculate the Area of Profile. Trail profile area was calculated using the formula given in

Figure 3, page 32.
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DATA COLLECTION FORM FOR TRAIL TRANSECTS

1) Transect Number. 2.) Type of Transect _

3) Traii transect ixed point location and identification and reference points.
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4.y Trail profile measurements

VZ
Vy V,
Vs Vg
Vs, Va
Vs Vi
Vl\ V,) _
V13 Vl‘
Vis Via
5.) Width of trail profile bracket.
6.) Bare ground width
7.) Maximum depth
8.) Presence of mulliple treads
9.) Vegetation type (Circle One).
1.) Farest/Ridgetap 2.) Forest/Farbs/Shrubs 3.) Forest/Lush Grass
4) Old Homesite 5) Grasstand/Glade 6.) Riparian.
10.) Dominant species
11.) Landform (Circle One)..
1.) North Slope 2.) Creek Bottom 3.) Shelter Bluff
4) South Slope 5.) Ridgetop 6.) Terrace.

12.) Slope measurements along the trai

13.) Aspect

15.) Area of trail profile




APPENDIX G

PHOTOGRAPHIC REPRESENTATION OF IMPACT
ON INDIVIDUAL CAMPSITES
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Figure 10. Willon Mounain Gampsile, Facing North (above) and South (below).



Figura 31 Wiltan's Point Campsite. facing East (above) and Norin (below).



144

e ill,

Ay

;h

-

na,

Figura 12. Mile 38 Campsite. Facing East (above) and South (beiow).
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Figure 13. Kiamichs Rivar Trailhead Campsite, Facing Wes! (above) 2nd South-wes! (bélow).
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Figure 15. River Sign Campsile, Facing South (above) and Narih (balaw).
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Figure 16. Big River Campsite, Facing South-west (abave) and North (below).
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Figure 17. Mie 42 Campsite. Facing Wes| (above) and Norh (Delaw)
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Figura 18. Vallay Campsile, Facing East (above) and West (delow).
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Figure 15, Mile 43 Campsile, Facing East (above) and Najth (below).
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th (below).
Figure 20 Island Campsite, Facng East (sbove) and South (
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Facing North-easl (absve) and Norh-gast (below).

.

Road Campsite

Figure 21.
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F
igure 22. Lower Baech Grove Campsite. Facing Noth-22sl (2bove) ang North (Delow).
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North (betaw).
Figure 23. New Campsite. Facing South (2bove) ang



Figure 24. Upper Beech Grove Campsite, Facing South-wes! (above) 2nd Nonn (

Dakaw).
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Fi . .
iqure 25. Rehabitated Campsite, Facing South-west. Y aken n ApAl (2bove) and June (balow).
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PROTOGRAPHS OF INDIVIDUAL TRAIL TRANSECTS
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Figure 26. Mile 35, Facing Wesl.
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oW,

Figure 27. Trouble Araa Transect (Transect Two), Facing Wesl (above) and East (oel



211

Figure 28. Mile 36 Transect, Facing East (above) and Wast (below).
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Figure 29 Mjle 37 Tranaecl, Facing E2st (abave) and €3sl (balaw)



Figure 20. Mile 38 Transeat, Facing West
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Mile 39 Transecl, Facing Wesl.

Figura 34.
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Figure 32. Mile 40 Transect, Facing East (above) ang Wesi (D2W).
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Facing Ezst (above) and West (below).

1

Figure 33. Mile 41 Transect
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Figure 34. Mile 42 Transeet. Facing East {above) and West (below).



218

Figure 3S. wile 43 Transecl, Facing East
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Figure 36 Mile a4 Transecl, Facing Nonh (above) and Mile Marker (belows)



Figure 37. Tro
uble Transect 2 (Transect 12). Facing Narth (abave) and West (bélow)
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Figure 38. Mile 45 Transecl, Facing South-east (2bove) and South-west (below).
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Figute 40. Trouble Transec Four (Trans. Fieen), Facing £ast (abova) and Nonh-vesl (below).
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Figure 41. Tro
: vble Transect Fi
ive (Transect Sixteen), Facing East (aba )
ve) and West (below)
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Compsite Two
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