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Some Observations on

& Ground Cover Response

Trampling, a Threat
to Natural Growth

RAMPLING of recreation sites frequently has been reported
as a serious threat to the natural attractiveness of developed
recreation areas (Clawson 1959, DeVoto 1953, James and Ripley
1963). Previous studies of the impact of trampling upon soils
and plants have been restricted almost entirely to after-the-fact
analyses of forested parks and playgrounds that have been used
and over-used for decades (LaPage 1962, Lutz 1945, Magill and
Nord 1963, Meinecke 1929). Much valuable information about
species tolerance levels and rates of decline has never been col-
lected because after-the-fact studies make it impossible to recon-
struct the appearance of soils and plants at different stages of
park use. However, Wagar (1964) made a major advance in
gaining information about species tolerance when he studied sim-
ulated recreation conditions in which different intensities of
recreation use were applied to a narrow range of soils and vege-
tation to measure their reaction to trampling.
A more useful method of gaining the needed information
would be to measure vegetative change concurrently with actual
recreation use. Therefore, in 1963, the Northeastern Forest Ex-
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periment Station began a continuing study to record changes that
occur in the composition and density of ground cover on a series
of permanent plots located throughout 17 units of a 40-unit camp-
ground in the new Buckaloons camping area in the Allegheny
National Forest.

The Buckaloons campground is located on a flood plain of the
Allegheny River in northwestern Pennsylvania. The soil here is
Chagrin silt loam, a deep, well-drained, and productive soil orig-
inating from sediments of sand, silt, and gravel washed down from
the glaciated upland. The vegetation present at the time the camp-
ground was established was that of a typical abandomed field
containing an abundance of grass, moss, violets, goldenrod, asters,
and associated species. Parts of the field were overgrown with a
fairly dense stand of hawthorne, which provided some screening
between camping units, but no shade.

The past 3 years of observation on these plots have produced
several interesting and useful clues about the nature of trampling
in an old-field type campground.

o

First-Year Findings

Just before the campground was opened to the public in June
1963, the low-growing vegetation on all plots was photographed,
and plant density and species composition were determined by
using a transparent 4-inch-square grid containing 100 evenly s
spaced dots (fig. 1). Plant density was recorded as the percent of
living or dead ground cover (attached vegetation) present on
six randomly selected 4-inch-square sampling units within each
plot. Before camping use, most of the plots contained a dense
100-percent cover, averaging 11 species per campsite.

Re-examination of the plots in September 1963, after a season
of use, revealed a reduction in the abundance of vegetative cover
as well as fewer plant species present. The average loss of plant
cover for all campsites was found to be 45 percent. Campsites
that had received 150 camper-days of use throughout the summer
averaged less than a 10-percent loss in vegetative cover. However,
loss of vegetative cover increased to 60-percent for 300 camper-
days of use (fig. 2}.
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Figure }.—Four permanent sample plofs fike this one
were located at the center of each campsite. No restric.
tions were pluced on trailer parking or other activities
so that oll sites would experience normal camping
pressures.

The logarithm of camper-days use and reduction of ground
cover, presented in figure 2, provides the best description of the
relationship and explains 78-percent of the variation in ground
cover present at the end of the first year. This curvilinearity indi-
cates, for this site at least, that restricting the average amount of
use to 200 campers or fewer per season might be a feasible way
of minimizing native cover loss.

Such severe restrictions are hardly an economic use of devel-
oped resources and may only be prolonging the inevitable anyway.
Subsequent observations made during the second and third years
suggest that the original ground cover composition is probably
destindd for replacement by more resistant species.

Reductions in the number of species making up the ground
cover were not significant during the first year. Throughout the
17 sites, the average number of species declined from 11 to 9.
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Figure 2.—loss of ground cover (us & percent of original
cover} on an old field campground during the first year
of campground use. This relationship is expressed by the
formula:

Log % cover loss = —6.991 4 3.541 log camper-days.

Three campsites actually showed a slight increase in the number
of species present.

The plants most seriously reduced at the close of the season
were the larger species such as goldenrod and asters. Those speci-
mens that remained were usually restricted to a single basal
rosette. Also, large carpets of moss, present in the spring, were
badly damaged by fall.

A fairly distinct size rule seemed to be operating in favor of the
smaller annual plants during this first year. Small-leaf plants such
as yarrow, sheep sorrell, and oxalis fared better than violets and
cinquefoil, but not as well as the narrow-leaved grasses. Even
among the grasses, the size rule seemed to operate, with orchard
grass showing less tolerance to trampling than bluegrass or bent
grass. This superior tolerance of grasses over dicotyledonous herbs
agrees with the findings of Wagar (1964} on plant response to
simulated recreation use in Michigan, and with that of Bates
(1935) on the vegetation of compacted footpaths in England.
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Second-Year Findings

From the fall of 1963 to the spring of 1964 the study sites
received little use and recovered nearly half of the vegetation lost
during the previous camping season, leaving them approximately
26-percent barren at the start of the second summer. By fall, cover
losses had again increased, but only to 37-percent of the area. This
9-percent gain in cover over the previous fall occurred during an
exceptionally dry summer when camping use had increased from
an average of 237 days in 1963 to 351 days per site in 1964.

The variation present in campsite cover conditions by the fall
of 1964 reflected 2 direct relationship with total campsite use,
but showed no relationship with second-year use-intensity alone.
Apparently the strong effect of the first year of use on the area
continued to be evident after 2 years of cumulative use. How-
ever, as the barren ground became revegetated with a more re-

Figure 3.—The distribution of barren ground in 1964
and 1965 according to the intensity of cumulative use.
The variability in plot condition in 1964 alone reflects
o direct relationship with use Enfensilz. This direct rela-
tionship had disappeared by the fall of 1965. The change
in plot condition from 1964 to 1965 {dashed lines} shows
no consistent relationship with cumulative use,
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sistant cover, the relationship between barren ground and cumula-
tive man-days of use weakened and disappeared entirely by the
end of 1965 (fig. 3).

Most of the original species present in early 1963 had become
less abundant by the fall of 1964. Although the field originally
supported a dense growth of goldenrod, only an occasional stunt-
ed specimen could be found. Some of the original species, par-
ticularly bluegrass, had greatly increased in abundance. And a
new species that thrives on compacted sites—path rush—had
become increasingly common. The average number of species per
campsite was reduced to six by the end of the second season.

Third-Year Findings

The relationship between use intensity and campsite condition
became even more erratic in 1965. Under increasing pressures of
use, some sites continued to lose ground cover, others gained, and
still others barely changed (fig. 3).

Figure 4.— Annual ond seasonal change in average
ground cover on 17 compsites subjected fo normal
comping pressures.
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Average campsite use increased to 368 camper-days, and aver-
age barren area stood at 31 percent in the fall after a recovery to
26 percent in the spring (fig. 4). The change in campsite condi-
tion from the end of the second to the end of the third camping
season reflected a general pattern of increasing cover occurring
simultaneously with increasing use (fig. 3). This general im-
provement in campsite condition was clearly the result of more
resistant species taking over the barren ground previously occu-
pied by the original plant community.

Although occasional specimens of the broad-leaved community
have survived, and a few ‘pioneer species have appeared, the total
number of species has declined steadily during these 3 years of
campground use. Both the total species represented and the aver-
age numbers of species per campsite have been reduced by more
than 50 percent.

Total Arverage
species per site
(No.) (No.}
1963:
Spring 37 i1
Fall 29 9
1964:
Spring 31 11
Fall 23 6
1965:
Spring 19 6
Fall 17 5

By an annual ranking of species according to their frequency of
occurrence {maximum frequency would be 17) it is possible to
arrive at some tentative conclusions concerning the relative toler-
ance of various species to trampling (table 1).

Among the relatively tolerant species, bluegrass moved from a
rank of 3 m 1963 to 17 in 1965; path rush appeared on 2 sites
in the fall of 1963 and spread to 9 sites 2 years later, and bent
grass was one of the 3 most abundant species every year. Among
broad-leaved plants, clover was the only species to demonstrate
any real tolerance of trampling.

Rapidly declining species that were originally abundant were
cinquefoil, goldenrod, wild strawberry, and fescue, which were
all eliminated; and yarrow, oxalis, sheep sorrel, and moss, which
were seriously reduced over the 3-year period.



Table 1.—Plant species i)resent and their frequencies of occurvence during
spring and fal aminations for 3 years of campmg use

F'eqmnc‘v
Species? 1963 w64 1969
Spring Fall Spring Fall Spring Fall
Cinquefoil (Potmf‘il/a) 14 5 10
Yarrow ({Achillea) 14 10 10
Bent grass (Agrostis) 13 15 16 1 1 1
Fecue (Festuca) 13 10 4
Goldenrod (Solidago) 12 9
Hair-cup moss (Polytrichum) 11 13
Wood sorrel (Oxalis) 10 9
Sheep sorrel (Rumex) 1 12
Speedwell (Veronica) 10
Violet (Viola) 11

Wild strawberry (Fragaria)
Timothy (Phieum )
White heath aster (Aster}
Buttercup (Ranunculus)
Loosestrife (Lythrum)
Plantain (Plantago )
White campion (Lychnis}
Clover (Trifolium})
Orchard grass (Dactylis)
Bluegrass (Poa)

Sedge (Carex)

Nettel (E'rtica)

Foxtail (Setaria)

Heal-all (Prunella}
Milkwort (Polygala)
Grapefern (Botrychium )
Dandelion (Taraxacum)
Hawthorne (Crataegus)
Field mint { Mentha}
Hawkweed (Hievacium )
Bindweed (Convoluulus)
Wild rose {Rosa)

Wild onion (Allium)
Wild carrot (Dawcus)
Field madder (Galium)
Wild parsnip (Pastinaca)
Elder {Sambucus)

Path Rush (Jumcus)
Chickweed {Cerastium )
Bluet (Houstonia)

Fall panicum (Panicam)
Mustard (Brassica}
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1Al species identifications are tentative because specimens were often badly mutilated by
trampling znd could not be removed from the plots for detailed examination without damaging
the study's basic objective of determining plant survival under actual trampling conditions.
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Discussion

Maintenance of a vigorous ground cover is probably not a
primary concern of most campground managers. However, tramp-
ling, as it affects long-term recreation-management goals has an
undeniable influence on site preservation. And this campground
with its abundant and varied ground cover provides an ideal
opportunity to study campground ecology. Although only 3 years
of observation have been compiled, several interesting and poten-
tially useful aspects of trampling have been uncovered.

Ground cover losses were generally higher on camping units
with stationary picnic tables. Movable tables apparently help to
spread the wear and prevent the early formation of paths between
fireplace, table, and parking space.

Revegetation with bent grass, bluegrass, and path rush was
often best in areas where large patches of moss had died, but
where enough stems had remained to trap the wind-blown seed
and hold it against bare soil. Campground management could
probably duplicate this effect by spreading a'thin layer of straw
on bare spots immediately after the Labor Day weekend. A logical
extension of this revegetation process would be the direct seeding
of these grasses, accompanied by restrictions on use during the
late fall and early spring months when sites are damp and most
easily compacted.

Some of the most lightly used campsites were also the ones
that experienced the greatest loss of ground cover. In each of
these cases some unusual circumstance of campsites use was evi-
dent as the probable cause of accelerated wear. Loose, abrasive,
gravel that had strayed from the campground roads, from the
built-up tent pads, or from crumbling fireplaces (fig. 5) was
frequently found on campsites that had experienced an unusually
heavy cover loss. Other sites used lightly, but effectively screened
from sun and air for extended periods of time by plastic ground
cloths and canvas tent floors, also experienced excessive loss of
vegetation,

These observations indicate that trampling, expressed simply
as man-days of use, is not an adequate measure of the impact of
camping on vegetation. Some measure of the quality or character
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Figure 5.—Rubble from this disintegroting fireploce is
scattered over a wide arec, and its abrasive action
underfoot will accelerate the destruction of existing
ground cover.

of recreation use is needed that will explain the destruction of

ground cover more realistically than simple use intensity does.
The following conclusions have resulted from observations on

this study to date:

© An initial and inevitable heavy loss of ground cover follows
the onset of camping-use, and the extent of the loss is
strongly related to the intensity of first-year use, expressed
as camper-days.

@ The plant species composition of the original cover under-
goes a gradual rearrangement, in which the more compaction
—and drought-resistant species become increasingly abun-
dant.

@ During the second, third, and following years the recreation-
tolerant species advance while the original less-resistant
species continue to retreat, with the result that the cover does
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not respond to continued trampling in the same direct way

that it did during the first year.

At present a more resistant ground cover is spreading over
these campsites. From observations at other recreation areas it
seems inevitable that this second growth will also decline under
sustained trampling. Continued observation will make it possible
to document the rate and nature of this decline.

But, similar studies will be needed of other sites and cover
types. Ideally, these studies should include three distinct phases.
During the initial phase those plant species of the original com-
munity that have the highest natural tolerance to trampling are
identified. Second, by observing the subsequent decline of these
species, it will be possible to determine their limits of endurance.
This information should be of value in formulating realistic
recreation-site management objectives. And, in the third and Anal
phase, various methods of site rehabilitation can be tested to
provide remedial measures for those recreation areas where plant
tolerance limits have been exceeded.

These findings, along with those from similar studies on dif-
ferent sites, will help to provide guidelines for the design and
intensive management of campgrounds to improve their ability to
provide a sustained supply of high quality outdoor recreation
experiences.
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