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1 Introduction

Background

The mission of the U.S. Air Force is one of national defense. To accomplish this
vital mission, the Air Force must produce qualified officers to lead the Air Force
in protecting the nation. The U.S. Air Force Academy (USAFA) is one of the Air
Force’s three primary sources for producing qualified officers. Due to the mili-
tary nature of its mission, the Academy must conduct training exercises in natu-
ral areas in order to prepare its cadets for future war and peacetime contingency
operations. In carrying out its mission to produce qualified officers, the Academy
uses the vast natural resources present in the Colorado Springs, CO, area for ’
training the cadets in orienteering, physical fitness, combat arms, and survival.
This use, though vital to the mission of producing qualified Air Force officers,
produces some negative consequences on the natural resources of the area.

In recent years the Department of Defense (DoD) has become more concerned
with the natural resources entrusted to it on its 10.1 million hectares of land. As
the third largest Federal land management agency, the DoD plays a very impor-
tant role in natural resources management. Sherri W. Goodman, Deputy Under
Secretary of Defense for Environmental Security, stated:

Sustaining our Nation’s military training and testing lands through eco-
system managemént is among the most important DoD environmental
goals. As a critical element of ecosystem management, biodiversity con-
servation contributes directly to military readiness. Biodiversity helps us
achieve military readiness in harmor_ly with nature.

The training activities undertaken at the USAFA, if not properly managed, may
ultimately lead to degraded plant and animal habitats and diminished water
quality in watersheds of the area. This research project, therefore, was designed
to complement a larger, proactive USAFA-funded research effort to develop a -
natural resource management tool for all of the Academy’s ecosystems. Included
within this research project was an analysis of the impacts from cadet and other
training activities (Army, Air Force Reserve, Air National Guard, Reserve Officer
Training Corps cadets, Boy Scouts of America, and Federal, state, and local law
enforcement agencies).
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Soil, as one of these natural resources, can be disturbed by mechanical means '
(e.g., heavy equipment), livestock and animal trampling, and human recreational
use. It is hypothesized that the training activities undertaken at the USAFA
Jack’s Valley Training Area (JVTA) lead to soil and vegetative disturbances most
- similar to the impacts caused by human recreational use. Thus, these potential
consequences were studied using niany of the methods predominantly employed

'in recreational use impact assessment.

Objectives and Justification
The objectivés of this research study were to:

1. determine the effects of foot traffic from cadet and other training uses on
grassland vegetative, soil phys1cal and soil chemical properties

2. use these measured s011 and vegetatlve properties to assess the potential for

soil erosmn

In their Statement of Work, McClendon and Childress (1997) wrote that the
USAFA JVTA is used extensively for mission-essential cadet training activities.
Although these training activities are necessary for leadership development, it is

" important to recognize that good land stewardship is considered a crucial com-
ponent of the Academy’s overall mission. “An important aspect of good land
stewardship is the determination of proper land use, i.e., the level of use that can
be sustained by an area without inducing a downward trend in ecological condi-

_tion.” This level is often termed the “carrying capacity” of the area (McClendon
and Chlldress 1997; Price et al. 1997).

. The Ecological Dynamics Simulation (EDYS) Model is being developed with sup-
port from the U.S. Army, the National Park Service, the Natural Resources Con-
servation Service, and the Agricultural Research Service. The EDYS Model is a
land management tool for investigating ecological responses to a combination of
anthropic and natural factors or disturbances. Application of the EDYS Model at
the JVTA will determine its ecological carrying capacity (McClendon and Chil-

dress 1997)




CERL TM 99/98

"

The EDYS Model is actually-a system compoéed of three separate models: an
ecosystem dynamics model (the Community Model), a Spatial Model, and a
‘Management Model. Childress et al. (1999) stated:

This system is designed to characterize objectives for a proposed training
activity, estimate training and maintenance costs, evaluate effects of the
activity on current land use and environmental management practices,
estimate ecological and environmental effects of the proposed activity for
each of the alternative areas, and evaluate remediation and restoration

activities appropriate for each area.

The Community Model is composed of six modules: Climate, Soils, Plant
Growth, Community Structure, Animal, and Disturbance (Childress et al. 1999).
This research project studied the impacts of human trampling at JVTA by
drawing on years of recreation impact analysis research. Results of the human
trampling research will contribute vital information to the Soils and Disturbance
modules of the EDYS model. In combination with the trampling impact data on
the grassland soils research area and the JVTA field data collected by Dr. Terry
McClendon’s research team, the EDYS model will be used to estimate the carry-

ing capacity of JVTA. Armed with this tool, USAFA environmental management

personnel will be better prepared in their ongoing, proactive effort to make
sound land management decisions. '
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2 Previous Research

Past research on human foot traffic disturbance (trampling) of soil has focused
primarily on recreational sites (e.g., campgrounds, trails, and picnic areas).
Earlier studies found that foot traffic has not only caused direct compaction of

the soil, but it has also led to many other significant impacts. Compaction by

foot traffic has been shown to increase root exposure and soil erosion, as well as

to decrease the infiltration rate, root penetration and growth, soil moisture con-
tent, thickness of surface A horizons, depth of litter layer, and vegetative cover
(Settergen and Cole 1970; Dunn et al. 1980). Impacts of recreational activities

on soils, as will be discussed throughout this thesis research, are generally con- .
centrated in the litter layer and surface A horizon. : '

Dunn (1984) stated that studies on recreational impacts are usually conducted
using one of three methods: (1) comparative, (2) longitudinal, and (3) simulation. .
Comparative studies are the most frequently employed of the three methods to
assess recreational impacfs This comparative research method uses undis-
turbed natural sites as control s1tes and adjacent recreational sites as test sites.
The recreational site impacts are then assessed by comparing the differences be-
tween the measurements collected on the control site to the measurements made
on the adjacent test sites. The longitudinal research method usually emplpys a
series of permanent sites located across a recreational area to measure the long-
term impacts of recreation. The simulation method typically employs mechani- : ' |
cal devices to simulate the impacts caused by recreation. : '

Compaction is the most widely recognized impact resulting from recreational
use. Studies have found that recreational sites were most heavily compacted
and void of vegetation in the center of the activity area (Cole 1982). This com-
paction decreased as the distance from the center increased. Dale and Weaver
(1974) and Dawson et al. (1974) reported that studies on trails indicated compac-
tion was prevalent in the trail treads. This compaction impact diminished with

- an increase in dlstance from the trail center (Ward and Berg 1973; Dawson et al.

1974).

~Dunn (1984) .reported that compaction can be assessed by using four measure-
ments: (1) bulk density, the mass per unit volume, (2) penetrability, the resis-
tance to penetration, (3) infiltration, the absorption of water per unit time, and
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(4) soil moisture content, the amount of water occupying the soil pore space.
Bulk density and infiltration will be discussed further.

Bulk Density

Human foot traffic or trampling has been shown to increase bulk densities on
recreation sites (Settergen and Cole 1970; Trumbull et al. 1994). Monti and
Mackintosh (1979) found severe compaction and high bulk densities on camping
sites when compared to the control site. In comparing the bulk densities be-
tween the camping sites and the control site, they found a 34 percent increase in
bulk densities over those of the control site. Dotzenko et al. (1967) found in a
study of Rocky Mountain National Park campsites an increase ranging from 30
to 55 precent in bulk densities of the high use sites compared to those of the low
use sites. Foth (1990) stated that this large increase in bulk densities due to
camping activities was comparable to the compaction caused by tractors and
heavy equipment. '

In a study of the impacts of military camping on silt loam soils in the Ozark '
Mountains of Fort Leonard Wood, Missouri, Trumbull et al. (1994) compared
high use, low use, and no use (control site) camping sites. They found that bulk
densities were significantly lower on the control site in comparison to the low use
and high use sites, but there was no significant difference in bulk densities be-
tween the low use and high use sites.

Infiltration and Pore Space

Infiltration is a measure of a recreational site’s compaction. Trumbull et al.
(1994) found that infiltration rates significantly decreased on recreational sites.
Recreational use removed the litter layer, vegetative cover, and surface A horizon
(Monti and Mackintosh 1979; Dunn et al. 1980). The loss of the litter layer and
vegetative cover, compaction, and subsequent erosion of the surface A horizon
reduced water infiltration (Lutz 1945; Brown et al. 1977; Ritter et al. 1995).
Dunne and Leopold (1996) stated the decrease in vegetation due to changes in
land use caused large differences in infiltration on similar soil types. Corre-
sponding to the increased compaction present on the recreationally disturbed
sites, Monti and Mackintosh (1979) found infiltration rates decreased 20 to 30
times over the infiltration rates on the control sites. Research on compacted,
sandy loam and loamy sand soil plots in England showed a significant reduction
in infiltration rates during heavy rains (Reed 1983). Lutz (1945) reported from
his studies in Connecticut state parks that recreational trampling reduced
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permeability of the upper 10 cm of soil by 6 times on sandy soils and 20 times on
sandy loam soils when compared to the control sites. Recreational trampling re-
duced moisture in A horizons (0-30 cm depth) of both coarse and fine-textured
soils (Settergen and Cole 1970). In clay soils, evaporation of ponded water led to
the development of crusts that further reduced infiltration (Le Bissonnais and

Arrouays 1997).

On wet sites, trampling also reduced pore space and the availability of moisture
(Dunn et al. 1980). In a study of marching impacts at the U.S. Military Acad- -
emy, Geohring et al. (1992) found that marching traffic on wet soils caused com-
paction of the soils. Compaction affected pore space directly by reducing the
macropores, which in turn restricted air and water movement into the soil. For
example, studies of the top 8 cm of Iowa campground soils indicated soil macro-
pore space was 18 percent lower on campsites than on the control sites (Dawson

-~ et al. 1978).

Dunn et al. (1980) reported from a South Carolina study that trampling com-
pressed the soil pore space, which restricted water and air movement. Compac- -
tion decreased the soil water holding capacity of Piedmont sandy loam soil camp-
sites. Conversely, on South Carolina Sandhill-and Coastal Region soils with
many large macropores, compaction actually reduced the large macropores,
~ which resulted in a higher soil water .h_olding capacity on these campsites (Dunn

et al. 1980). ‘

As compaction increased, this reduction in aeration became a prime reason for
the restriction of root elongation. Reduction of pore space also created a shortage
of oxygen that can restrict the flow and diffusion of dissolved nutrients. Restric-
tion of the flow and diffusion ultimately led to a difficulty in plant uptake of
these dissolved nutrients (Dunn et al. 1980). | ‘

Texture, Organic Matter, and Soil Moisture

The texture, organic matter content, exposure to rainfall, and soil moisture con-
tent of the soil are indicators of a soil’s susceptibility to compaction (Reed 1983).
Coarse textured soils with low organic matter contents were more susceptible to
compaction than high organic matter content soils with low initial bulk densities
(Dunn 1984). Further, Dotzenko et al. (1967) found in their Rocky Mountain Na-
tional Park study that coarse textured soils with low orgahnic matter contents
compacted more than soils with higher organic matter contents and lower densi-
ties, due mostly to the large macropores in coarse textured soils. Additional rea-
sons cited for the greater compaction of coarse textured soils included differences
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in ground cover and litter layers (Dotzenko et al. 1967). Interestingly, Stewart
and Cameron (1992) found that small amounts of stones in the soil reduced the
compaction rate by dispersing the trampling pressure.

Stewart and Cameron (1992) showed that trampling did not compéct organic
soils, but they also found that organic soils were not ideal for use as trails be-
cause of their low strength and high water content. When high organic matter

content soils were trampled, the soils structurally degraded and became espe--

cially prone to erosion. Dotzenko et al. (1967) showed recreational use decreased
organic matter content on soils in Rocky Mountain National Park. They re-
ported that, as organic matter content increased, the soil compaction decreased
(Dotzenko et al. 1967). Trumbull et al. (1994) found a significant decrease be-
tween the control and high use recreational site in total organic carbon as well as
an increase in the rock volume, which they attributed to the erosion of the upper
soil horizons.

~ Soil moisture content was the primary indicator of a soil’s susceptibility to com-
paction (Bayfield 1973). Studies concluded that mineral soils were prone to

compaction when wet due to the corresponding decrease in soil strength (Stewart -

and Cameron 1992). Bayfield (1973) showed wet mineral soils in Scotland com-
pacted more than dry organic topsoils. Studies by Dotzenko et al. (1967) showed

soil moisture content decreased on sites compacted by recreational use. Dunn et

al. (1980) cited the loss of litter layer and organic matter as contributing signifi-
cantly to the decrease in the percent soil moisture of recreational sites.

Soil Chemistry and Nutrient Availability

Dunn et al. (1980) reported that soil compaction changed nutrient availability
and reduced root penetration and soil aeration. The poor aeration due to tram-
pling-induced compaction increased anaerobic microbial activity to such an ex-
tent that over-production of some essential micronutrients (e.g., iron and man-
ganese) resulted in plant toxicity (Dunn et al. 1980). Studies by Young and
Gilmore (1976) on Illinois campgrounds found recreational use caused increases
in soil pH, nitrogen, phosphorous, potassium, calcium, and sodium concentra-
tions. In plant communities, water and nitrogen (N) are usually limited in
availability. The availability of nitrogen and water are crucial to successional
recovery patterns and rates (Childress et al. 1999). McClendon (1997) stated
that during succession, total N concentration typically increased, whereas avail-
able N concentration typically decreased. LaPage (1962) concluded that compac-
tion was most prevalent in the upper 15 em of soil, and other researchers found
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that roots were nearly.ébsent in these upper 15 cm of soil on recreational sites
(Settergen and Cole 1970).

Soil Erosion

Sites that had low infiltration rates, reduced vegetation, and a.minimal litter
layer were susceptible to soil erosion (Monti and Mackintosh 1979; Trumbull et
al. 1994). Settergen and Cole (1970) also found that recreational sites were sub-
ject to sheet erosion due to decreased vegetation and litter cover. Morgan (1995)
defined soil erosion as involving two processes: particle detachment from the soil
mass, and the movement of these detached soil particles by erosive agents (e.g.,
moving water and wind). On sites unaffected by recreation, erosive processes
were diminished because detachment was reduced by: (1) vegetation intercept-
ing raindrops before striking the surface, (2) the litter layer serving as a protec-
tive mat, and (3) roots binding together soil particles (Trumbull et al. 1994; Rit-
ter et al. 1995). ’ ‘

The litter layer was crucial in determining a site’s susceptibility to compaction
and erosion (Trumbull et al. 1994) because the litter layer and the A horizon '
served to incorporate the organic matter and retain moisture (Dunn 1984). Fur-
“ther, the litter layer served as a protective mat by shielding against the negative
impacts of human foot traffic. Dunn et al. (1980) reported trampling reduced
vegetation and litter cover, leading to erosion, which further removed organic
matter and soil of the A horizon. LaPage (1967) reported ground cover loss on
silt loam soils was accelerated by human kicking of loose gravel. On sites used
for camping, for example, Young (1978) determined from studies on Illinois
campgrounds that the litter layer decreased by 71 percent and bare ground in-
creased by 56 percent when compared to the control site. Trumbull et al. (1994)
reported that recreational sites lost betweén 28 to 61 cm of soil due to erosion.
Bare ground, or the lack of vegetation and ground cover, proved to be the fore-
most factor contributing to soil erosion (Hofmann and Ries 1991). Dunn et al.
(1980) reported a significant decrease in the depth of the litter layer and A hori-
zon of the recreational site when compared to the undisturbed control site. With
the loss of litter layer and vegetative cover, finer soil particles were eroded by
wind forces (Lutz, 1945). Furthermore,Aa decrease in organic matter content re-
sulted in erosion, runoff, and crusting (Le Bissonnais and Arrouays 1997).
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Vegetative Patterns

Vegetation on recreational sites can be impacted when roots are exposed by ero-
sion (Cole 1982). This exposure then impaired root function, thus creating a hos-
tile environment for plant regeneration (Dunn et al. 1980). Dunn et al. also re-
ported that, during the first year of recreational use, the rate of vegetative cover
loss rapidly increased, but this rate of vegetative cover loss leveled off during
subsequent years of recreational use. Dunn and Carroll (1985) found reérea-
tional use decreased vegetation and litter by 56 percent and the spemes composi-
tion by 25 percent in comparison to the control site. '

Studies on campsites in Michigan found that trampling affected grasses less
‘than broad-leaved species, and that ground cover survived better in partial
shade due to the lack of sun to reduce ground moisture (Wagar 1964). Yorks et
al. (1997) reported grasses were most resistant to recreational trampling, forbs
suffered immediate losses following recreational use, and trees and shrubs de-
creased in long-term diversity following recreational trampling. They ranked the
lifeforms from highest resistance to lowest resistance: grasses, trees, forbs, and
then shrubs. Cole (1995a) reported that recreational sites with shrubs as the
predominant vegetative type sustained more damage and took longer to recover
than sites with forbs as the predominant vegetative type. Trees were the least
affected by trampling (Lutz 1945; Brown et al. 1977 ; Cole 1982). Tree seedlings,
however, were typically eliminated by trampling, which reduced the likelihood of
natural reproduction replacing mature trees on recreational sites. Although tree
height growth was not curtailed by trampling, diameter growth was reduced
(LaPage 1962). Brown et al. (1977) reported, however, from studies on glacial till
soils in Rhode Island, that both tree height and diameter decreased on recrea-
tional sites. Trumbull et al. (1994) found that, of the numerous impacts on vege-
tative growth, woody stem density was the most sensitive. They also concluded
that canopy cover was practically indistinguishable between the control and im-
pacted sites.

Cole (1995b) studied four mountainous regions across the United States and
found that the shoe type as well as the weight of the trampler can adversely im-
pact vegetative cover and height. He reported, though dependent on vegetation
type, that lug-soled boots caused moderately more vegetative cover loss than
running shoes. Even 1 year after the recreational trampling, the vegetative
cover loss was still present, but the difference in vegetative cover loss due to shoe
type was no longer evident. This impact from shoe type affected vegetatiVe cover
loss more than vegetative height.  Moreover, Cole also found that, with low
trampling intensities (i.e., number of passes across a recreational site), heavy
tramplers caused more vegetative loss than light tramplers did. Regardless of
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vegetation type, the heavier trampler also impacted the vegetative height more
than the vegetative cover. This reduction of the vegetative height proved even
more apparent 1 year after the recreatlonal tramphng than immediately follow-

ing the tramphng (Cole 1995b)

Recreational use does not uniformly denude vegetation across campsites. Dunn
and Carroll (1985) found that the centers of campsites were most denuded of .
vegetation and litter. This vegetation only recovered outside of a 7-m radius
from the center of the campsite. Cole (1995a) concluded from his research that
overall damage to vegetation resulting from recreational use can be minimized
by restricting the camping to a few sites rather than spreading it out across sev-

eral sites.

Site Ecology

The ecosystems studied by Dunn et al. (1980) advanced through complex succes-
sional stages resulting from many interacting ecological processes. As these eco-
systems were used for recreation, these ecological processes were modified.
Therefore, recreational use has been considered a disturbance to the ecology of a
site. 'White and Pickett (1985) defined disturbance as: “... any relatively dis-
crete event in time that disrupts ecosystem, community, or population structure
and changes resource or substrate availability or the physical environment.”

‘Dunn et al. (1980) argued that successional ecology was affected by the clearing
‘of vegetation during recreational site construction and that resulted in an earlier
seral stage plant community. During construction of recreational sites, the re-
“moval of trees and ground vegetation increased the amount of radiation and 1
- moisture, which reached the surface (Dunn 1984). In addition, the disturbance |
of the soil created conditions that allowed invaders to take hold. This new rec-
reational use created by the construction had three effects: (1) trampling of
vegetation through foot traffic and mechanical damage, (2) kicking up gravel or -
rocks, which can further damage vegetation, and (3) vandalism of trees. To-
gether, these effects induced decay, disease, and increased competition among B ‘
the plants on the site (Dunn 1984). Dawson et al. (1978) found in their Iowa
campground study that following a camping-induced disturbance, native vegeta-
tion was pushed out by trample-tolerant plants or replaced altogether by bare |
ground. In addition, Dunn and Carroll (1985) stated that a rapid decline of
ground cover occurred over the first year of recreational use. This rate of decline
leveled off after a couple of years of use and more drought resistant species in-
vaded the site. This reduced competition encouraged the growth of the invaders,
changing the community comp‘dsition of the recreational site. -
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Summary

In conclusion, recreational impacts on soils, predominantly restricted to the litter
layer and surface mineral horizon, have been studied over several decades em- -
ploying three primary methods of analysis: comparative, longitudinal, and

simulation. These previous studies across several different soil types indicated
that compaction as well as numerous other consequences resulted directly from
recreation. These other consequences included: increases in soil erosion and
root exposure; decreases in soil moisture content, infiltration rate, soil water
holding capacity, soil aeration, litter layer and surface horizon depth, organic
matter content, root penetration and growth, and vegetative growth; changes in
nutrient availability and the successional ecology of the recreational site.
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3 Material and Methods

‘Location

The research area was in the JVTA at the USAFA. ENSR (1997) reported that
the Academy is bordered on the east by Monument Creek and Interstate 25, on
the west by the Rampart Range in the Pike National Forest, on the south by
Colorado Springs, and on the north by sparsely developed, but ever growing,
u.m’ncorpoi‘ated El Paso County, Colorado (Figure 1). The USAFA totals 7500 ha,
whereas JVTA includes approximately 900 ha, 12 percent of USAFA’s total area.
Jack’s Valley is situated on the northern edge of USAFA (Figure 2). The eleva-
tion of Jack’s Valley ranges from 2035 to 2200 m, and the elevation of the re-
search area ranges from 2040 and 2050 m.

Field Sites

Three field sites were used in the JVTA research area sampling: a low use site
(reference site), a moderate use site (test site), and a heavy use site (test site)
(Figure 3). During the first visit to the’ Academy in mid-May 1998, the research

- area was selected based on whether a suitable reference site existed to which the
training sites could be compared. This research project assessed the impacts of
the cadet training activities on the high and moderate use test sites and com-
pared the impacts to the low use reference site (an entirely uhdiéturbed,_‘control
site with similar slope, soils, aspect, and elevation did not immediately exist in
JVTA; therefore, this low use site w