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Abstract

The cover of native and non-native introduced plants was com-
pared between seeded (reclaimed) ski runs and adjacent or near-
by unseeded (control) areas at a managed ski area in northern
Arizona to determine the potential effects of revegetation efforts
on plant species composition of the area. Although vegetative
cover was similar, plant species richness was significantly lower
on reclaimed ski runs compared with control areas. At 3 of 4
sites, the number of plant species was more than 2-fold greater in
control areas, although species richness was similar between con-
trol and reclaimed areas at 1 site. The proportion of native
species was more than 3-fold greater in control areas compared
with reclaimed ski runs. The proportion of non-native species
was more than 5-fold greater on reclaimed ski runs than in con-
trol areas. Although sites differed substantially in time since
seeding, no evidence was found at 3 of the 4 sites for either an
invasion of non-native species into the native plant community,
or significant re-establishment of native species in reclaimed
areas. Relatively high biomass of native species on a reclaimed
ski run at 1 site appeared to be tied to a low level of initial distur-
bance and favorable conditions for growth. Results suggested
that minimizing initial soil disturbance, retaining topsoil, and
maintaining islands or patches of natural vegetation within
cleared areas promoted the re-establishment of native species on
ski runs.

Key Words: disturbance, reclamation, ski runs, non-native
species, richness

The use of native plant species in reclamation and revegetation
projects has been advocated for a number of years, primarily
because of concerns about potentially adverse impacts of non-
indigenous species on native plant communities (Wade 1997,
Baker 1995). Negative effects of non-native plant species cited
include competitive exclusion of native species (Rosentreter
1992, Melgoza and Novak 1991, Aguirre and Johnson 1991,
Young and Evans 1973, Harris 1967, Stewart and Hull 1949),
contamination of native gene pools and loss of genetic diversity
(Rosentreter 1992), increased fire frequency (Hughes et al. 1991,

Rogers and Steele 1980, Beatley 1966), and change in soil char-
acteristics (Kourtev et al. 1998).

From a management standpoint, the primary objective of reveg-
etation of disturbed areas is soil stabilization. The construction
and maintenance of  ski runs on steep slopes requires erosion
control measures to prevent soil loss. Although physical erosion
control features, like berms, are often constructed, the re-estab-
lishment of vegetative groundcover is critical in reducing runoff
and soil loss as it  binds soils and increases infiltration rates
(Andreu et al. 1995, Williams et al. 1995, Oliver and Larson
1990, Marks and Bormann 1972). Natural re-establishment of
indigenous vegetation in disturbed areas may take years (Curtin
1995, Dyrness 1973), dictating the need for artificial seeding to
re-establish vegetative groundcover quickly. In many instances,
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Resumen

Se comparó la cobertura de plantas nativas e introducidas no
nativas entre corredores de esquiar sembrados (rehabilitados) y
en áreas adyacentes o cercanos sin sembrar (control) de  un área
de esquiar manejada del norte de Arizona. La comparación se
realizó con el objetivo de determinar los efectos potenciales de
los esfuerzos de revegetación en la composición de especies vege-
tales del área. Aunque la cobertura vegetal fue similar, la
riqueza de especies fue significativamente menor en los corre-
dores de esquiar que en las áreas control. En 3 de 4 sitios el
número de especies vegetales fue 2 veces mayor en las áreas con-
trol, aunque en el sitio 1  la  riqueza de especies  fue similar entre
las áreas control y las rehabilitadas. La proporción de especies
nativas fue 3 veces mayor en las áreas control en comparación
con los corredores de esquiar rehabilitados. En los corredores de
esquiar rehabilitados la proporción de especies introducidas no-
nativas fue mas de 5 veces mayor que la de las áreas control.
Aunque los sitios difirieron substancialmente en el tiempo en que
fueron sembrados, en 3 de 4 sitios no se encontraron evidencias
de la invasión de especies introducidas no nativas en las comu-
nidades vegetales nativas ni del restablecimiento significativo de
especies nativas en los corredores de esquiar. La biomasa relati-
vamente alta de especies nativas en el corredor de esquiar del
sitio 1 parece estar ligada a un bajo nivel inicial de disturbio y
condiciones favorables para el crecimiento vegetal. Los resulta-
dos sugieren que minimizando el disturbio inicial del suelo, rete-
niendo la capa superficial del suelo y manteniendo islas o parch-
es de vegetación nativa dentro de las áreas aclareadas para
esquiar se promueve el restablecimiento de las especies nativas
en los corredores de esquiar.
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local cultivars for herbaceous plants and
shrubs are not commercially available for
a particular area. The need for immediate
erosion control therefore often results in
the use of a variety of species for reclama-
tion, including commercially available
cultivars of native species and species that
have been introduced from other geo-
graphic regions. 

The objective of this study was to deter-
mine the effects of reclamation on plant
species composition on reclaimed (seeded)
ski runs and on adjacent or nearby unseed-
ed control areas in a managed ski area. The
specific questions of interest were: 1) did
native plants become re-established on
reclaimed ski runs through time and 2) did
non-native species invade adjacent natural
areas and competitively exclude native
species? To address these questions, we
compared plant species composition
between reclaimed areas with known seed-
ing histories and adjacent or nearby control
areas. We also studied the effects of time
since seeding on the interaction between
native and non-native species by compar-
ing areas with varying times since seeding.

Methods

Study Sites
The study took place at the Arizona

Snowbowl Ski Area on the western slopes
of the San Francisco Peaks, an extinct vol-
canic cone located approximately 25 km
northwest of Flagstaff, Ariz. U.S.A, at 35°
19' N and 111° 41' W. Study sites were
selected based on the presence of suitable
unseeded control areas adjacent to or near
reclaimed (seeded) areas to reduce poten-
tial within-site variability. Sites with dif-
ferent seeding histories were used in an
attempt to examine the effects of length of
time since seeding on plant species com-
position and cover. 

Data were collected at 4 study sites,
referred to as Southern Belle, Casino,
Frontier, and Meadows. These study areas
corresponded to the names of the existing
ski runs and adjacent or nearby areas on
which control plots were established. The
Southern Belle site was at the lowest ele-
vation (2,900–3,000 m) and occurred
within mixed-conifer habitat dominated by
Douglas fir [Pseudotsuga menziesii
(Mirb.)], Engelmann spruce [Picea engel-
mannii (Parry)], and limber and ponderosa
pine [Pinus flexilis (James) and P. pon-
derosa (Lawson)]. Dominant herbaceous
cover in forest openings and meadows
included fescue [Festuca arizonica
(Vasey) and F. ovina ( L.)], peavine

[Lathyrus arizonicus (Britton), sedges
[Carex bella (Bailey) and C. wootonii
(Mackenzie)], and mountain muhly
[Muhlenbergia montana (Nutt.)].

The 3 other study sites (Casino,
Frontier, and Meadows) occurred at higher
elevations (3,000–3,100 m) in spruce-fir
subalpine conifer forest dominated by
Engelmann spruce, corkbark fir [Abies
lasiocarpa var. arizonica (Merriam)], and
bristlecone pine [Pinus aristata
(Engelm.)]. Herbaceous cover in subalpine
meadows and forest openings included
brome [Bromus richardsonii (Link.)],
sedges, peavine, avens [Geum turbinatum
(Rydb.)], bluegrass and muttongrass [Poa
pratensis (L.) and P. fendleriana (Steud.)],
and muhly. 

Southern Belle was reclaimed and seed-
ed in 1984, Casino in 1985, Frontier in
1987 and 1988, and Meadows in 1993. An
existing ski run, Tiger, was used as a con-
trol area for Casino. To the best of our
knowledge, Tiger was never seeded and
was used in the study because it was the
only available control area for Casino.
Seed mixtures used in each of these areas
are summarized in Tables 1 and 2.

Vegetation Measurements 
Four measurement plots at each site were

randomly established in reclaimed ski areas
and adjacent or nearby unseeded control
areas. Plots in reclaimed areas were placed
near the center of ski runs. Control plots
were established in adjacent or nearby nat-

ural or man-made openings, including a
natural meadow (Southern Belle), natural
forest openings (Meadows and Frontier),
and a man-made unseeded ski run (Tiger).
Areas where control plots were placed were
generally similar in elevation, slope, aspect,
and dimension (width) to reclaimed areas
where plots were established (Table 3).
Plots were located by initially establishing
4 parallel lines in both reclaimed and con-
trol areas, which were then subdivided to
form 4 different rectangular quadrats. The
upper right corner of each of four, 2 m2

plots established in the grid was determined
at random using both line number and posi-
tion along parallel lines within each
quadrat.

Vegetation data were collected using the
point-intercept method (Mueller-Dombois
and Ellenberg 1974). A point-intercept
frame was placed at 20 cm intervals on
both sides of the 2 m2 plot centerline. Five
points were measured along each frame
placement by lowering guided pins and
recording the plant species intercepted.
When more than 1 species was intercept-
ed, the species contributing most to the
intercept was recorded. This technique
yielded a total of 100 measurements per
plot and allowed estimation of vegetative
cover, plant species richness, and the pro-
portion of native and non-native plants.
Plants were identified to species in the
field or later verified with herbarium spec-
imens. All data were collected between 16
and 30 August 1996.

Data were analyzed for differences in

Table 1. Seed mixtures used during reclamation of the Southern Belle, Casino, and Frontier ski
runs in 1984, 1985, and 1987–1988, respectively.

Common Name Scientific Name Cultivar/Variety  

Timothy Phleum pratense L. ‘Climax’
Sheep fescue Festuca ovina L. ns1

Canada bluegrass Poa compressa L. ns
Mountain brome Bromus marginatus Nees. ‘Bromar’
Small burnet Sanquisorba minor Scop. ‘Delar’
Hairy vetch Vicia villosa Roth ns
Birdsfoot trefoil Lotus corniculatus L. ns
Clover Trifolium hybridum L. ‘Alsike’
Wooly pod vetch Vicia dasycarpa Ten. ‘Lana vetch’
1Cultivar/variety not specified.

Table 2. Seed mixture used during reclamation of the Meadows ski run in 1993. 

Common Name Scientific Name Cultivar/Variety  

Slender wheatgrass Agropyron trachycaulum Link ‘Revenue’
Mountain brome Bromus marginatus Nees. ‘Bromar’
Timothy Phleum pratense L. ‘Climax’
Orchard grass Dactylis glomerata L. Pauite’
Sheep fescue Festuca ovina L. ‘Covar’
Hard fescue Festuca ovina L. ‘Durar’
Creeping red fescue Festuca rubra L. ns1

Canada bluegrass Poa compressa L. ‘Reubens’
Hairy vetch Vicia villosa Roth ns
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vegetative cover and plant species rich-
ness, and differences in the proportion of
native and non-native plants between
reclaimed ski runs and adjacent or nearby
unseeded control areas. Vegetative cover
was estimated as the proportion of inter-
cepts that contacted vegetation divided by
the total number of possible intercepts
(100), which included vegetation as well
as bare ground, rock, and litter. Species
richness was the total number of species
recorded in each plot. For this analysis,
native species were defined as those native
to the San Francisco Peaks which were not
found in the seed mixes. This distinction
was made because it was not possible to
determine the origin of species found in
the field which were both native and which
also occurred in the seed mix. These
species were therefore conservatively
included in the “non-native category”. Two
other classes of non-native species were
also recognized, non-natives not found in
either seed mix (origin unknown) and non-
natives found in one or both of the seed
mixes (origin assumed to be from seed
mix). The proportion of native species was
expressed as the number of intercepts that
contacted native vegetation divided by the
total number of intercepts contacting vege-
tation, either native or non-native. The pro-
portion of vegetative cover contributed by
non-native species was calculated in the
same fashion. 

Statistical Analyses
A randomized block experimental

design was used in this study. Two-way
analysis of variance was used to determine
whether vegetative cover, plant species
richness, and the proportions of native and
non-native plants differed consistently
between reclaimed and control plots
across sites. Each of the 4 sites represent-

ed a block within which site conditions
(elevation, slope, aspect, soils) and time
since seeding of the treatment plots were
relatively constant. At each site, 4 plots
(replications) were measured in both the
reclaimed and control areas. Data were
analyzed for differences between “treat-
ments” (reclaimed vs control) across sites
and for overall differences among sites.
All statistical analyses were performed
using SAS (SAS Institute 1986). A
Friedman rank test was used to verify
results of parametric tests when there were
significant (p ≤ 0.05) departures from nor-
mality (Neter et al. 1990).

When significant (p ≤ 0.05) differences
were found among sites or treatment vs
control plots, a Bonferroni or T-method
test for multiple comparisons among pairs
of means was used to determine differ-
ences among means (Sokal and Rohlf
1995, Neter et al. 1990). Because each site
was seeded at a different time, data for
each site were examined for trends
through time. 

The proportions of each type of non-
native species in reclaimed and control

areas were analyzed separately using
Wilcoxon Signed Rank tests for paired
samples because of non-normally distrib-
uted data (Sokal and Rohlf 1995).

Results and Discussion

Vegetative Cover
Total vegetative cover was not signifi-

cantly different between reclaimed and
control areas. More recently reclaimed
runs had less vegetative cover than runs
with longer durations since seeding (Table
4). Southern Belle and Casino (seeded in
1984 and 1985, respectively) had signifi-
cantly greater vegetative cover than
Frontier and Meadows (seeded in 1987-88
and 1993, respectively), although cover
was not significantly different between
Southern Belle and Casino and between
Frontier and Meadows.

Although an increase in vegetative
cover over time was expected, these dif-
ferences were not attributable to duration
since seeding only. This was apparent
because reclaimed areas with high vegeta-
tive cover also had high vegetative cover
in associated control areas and vice versa,
implicating other factors as well. Low
vegetative cover at the Frontier site (seed-
ed 9 years prior) may have resulted from
high elevation, steep slopes, and a high
degree of exposure to wind and direct sun.
Lower vegetative cover at the Meadows
site compared with the Southern Belle site,
both of which occurred at similar eleva-
tions and had similar aspects and slopes,
likely resulted from less time since seed-
ing (Meadows was seeded 3 years prior,
Southern Belle 12 years prior). Casino, the
site with the highest vegetative cover, was
seeded 11 years earlier and faces north-
west, in the lee of prevailing southwest
winter winds. Coupled with indirect win-
ter sun, this allowed snow to accumulate

Table 3. Characteristics of reclaimed (seeded) ski runs and adjacent or nearby unseeded control
areas where four, 2 m2 plots were established and measured.

Area Elevation Aspect Slope Width1

(m) (%) (m)

Southern Belle
Reclaimed 2,970–3,030 W/SW 22 45–60
Control 2,990–3,030 SW 20 80–230 

Casino
Reclaimed 3,140–3,250 NW 49 30–60
Control 3,000–3,140 NW 47 20–45

Frontier
Reclaimed 3,390–3,415 W/NW 33 45–60
Control 3,405–3,415 W 44 100–150

Meadows
Reclaimed 3,080–3,100 SW 24 25–35
Control 3,085–3,110 SW 24 35–110  

1Estimated range of width of ski runs and adjacent or nearby control areas within which plots were established and
measured.

Table 4. Mean vegetative cover in reclaimed (seeded) and adjacent or nearby unseeded control
areas based on four, 2 m2 plots site-1 treatment-1 (32 plots total). 

Site  

Southern Belle Casino Frontier Meadows 
(yrs since seeding) (12) (11) (9) (3)

Reclaimed 0.78 0.91 0.49 0.50 
Control 0.89 0.83 0.69 0.64 
Combined1 0.83A 0.87A 0.55B 0.57B

ANOVA df MS F p
Sites 3 0.22 17.73 <0.001
Treatments 1 0.05 3.74 0.065
Interaction 3 0.02 1.75 0.18
Error 24 0.01 — —
1T-method for multiple comparisons among means. Combined averages with same upper case letter within a row are not
significantly different (p ≤ 0.05).
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through the winter, making the site more
mesic. Furthermore, surface disturbance
during construction was much less severe
than at any of the other sites, preserving
the topsoil, seedbank, and microsites
favorable for plant establishment.   

Plant Species Richness

Plant species richness was generally
greater in control areas compared with
reclaimed areas  (Table 5). The total num-
ber of plant species was nearly 2-fold
greater for control plots than plots in
reclaimed areas over all sites studied.
However, a significant interaction
occurred between sites and treatments
within sites, indicating that greater species
richness in control areas was not consis-
tent across all sites. At the Casino site,
plots in the reclaimed area had similar
richness as control plots. However, at the
3 remaining sites (Southern Belle,
Frontier, Meadows), species richness was
more than 2-fold greater for control plots
as compared with reclaimed areas. No
relationship could be found between dura-
tion since seeding, represented by differ-
ent sites, and species richness.

Lower plant species richness in
reclaimed areas at all sites except Casino
was primarily attributable to lack of re-
establishment of native species. Species
composition consisted primarily of non-
native, seed-mix species in reclaimed
areas and native species in control areas.
Greater species richness in reclaimed areas
at Casino likely resulted from a number of
factors, including site characteristics such
as slope and aspect, and favorable soil
moisture conditions. Perhaps the most
important factor was the minimal amount
of substrate disturbance that occurred dur-
ing construction of this run, which likely

preserved the native seedbank and soil
profiles. Overall, no clear pattern was
found in relation to time since seeding,
and it appeared that natural and manipulat-
ed site factors were of primary importance
in determining species richness in revege-
tated areas.

Distribution and Frequency of Native
and Non-native Plants

As expected, the proportion of native
species was greater in control areas and
the proportion of non-native species was
greater in reclaimed areas (Table 6).
Across all sites studied, the proportion of
native species was more than 3-fold
greater in control areas compared with
reclaimed areas. The proportion of non-
native species was more than 5-fold
greater in reclaimed compared with con-
trol areas. The interaction between sites
and treatments within sites was signifi-
cant, which indicated that differences in
the proportion of native vs non-native
species varied significantly among some

of the sites. At Casino, the proportion of
native plants in control plots was about
27% higher than that in reseeded plots. In
contrast, the proportion of native plants in
control plots was from about 5-fold to
nearly 20-fold higher than that of plots in
reclaimed areas at the 3 other sites.

Some differences were found between
reclaimed and control areas in the frequen-
cy of occurrence for different types of
non-native species. There were no differ-
ences between reclaimed and control areas
in the proportion of native species that
were also found in one of the seed mixes
(conservatively included as a “non-native”
category, Wilcoxon sign rank, z = –0.91, p
= 0.18) or in the proportion of species not
indigenous to the study area and also not
found in the seed mixes (origin unknown,
Wilcoxon sign rank, z = –0.55, p = 0.71).
However, species not native to the San
Francisco Peaks that were found in one or
both of the seed mixes made up a signifi-
cantly higher proportion of the vegetation
in reclaimed areas compared with control
areas (Wilcoxon sign rank, z = –1.64, p =
0.05). At control areas, these species were
found only at the Casino site, where they
made up slightly more than 2% of the veg-
etative cover. These species were not
recorded at the 3 other sites. Of the 3 cate-
gories of non-native species analyzed,
only the presence of this category of
species could be reliably attributed to prior
seeding.

No relationship between time since
seeding and the proportion of native and
non-native species was apparent. In
reclaimed areas, the greatest proportion of
the vegetative cover contributed by native
species occurred at Casino (seeded in
1985), followed by Meadows (seeded in
1993), Southern Belle (seeded in 1984),
and Frontier (seeded in 1987–88) (Table

Table 5. Mean species richness in reclaimed (seeded) and adjacent or nearby unseeded control
areas based on four, 2 m2 plots site-1 treatment-1 (32 plots total). 

Site  

Southern Belle Casino Frontier Meadows 
(yrs since seeding) (12) (11) (9) (3)

Reclaimed1 4.0a 9.8a 5.5a 5.3a

Control 9.0b 9.0a 12.0b 12.5a

Combined 6.5 9.4 8.8 8.9  

ANOVA2 df MS F p
Sites 3 13.08 2.05 0.13
Treatments 1 16.20 25.33 <0.001
Interaction 3 26.25 4.10 0.0174
Error 24 6.40 — —
1Significant differences between reclaimed and control plots within sites were tested using a Bonferroni multiple com-
parison procedure with a family confidence coefficient of 0.95.
Averages with the same lower case letters within a column are not significantly different (p ≤ 0.05).
2Data were non-normally distributed; results of the ANOVA were verified with a non-parametric Friedman rank test.

Table 6. Mean proportion of native species out of all intercepts contacting vegetation (native and
non-native species) within plots in reclaimed (seeded) and unseeded control areas, based on four,
2 m2 plots site-1 treatment-1 (32 plots total). 

Site  

Southern Belle Casino Frontier Meadows 
(yrs since seeding) (12) (11) (9) (3)

Reclaimed1 0.09a 0.74a 0.06a 0.14a

Control 0.96b 0.95b 0.90b 0.68b

Combined2 0.52B 0.85A 0.48B 0.41B

ANOVA df MS F p
Sites 3 0.30 29.18 <0.001
Treatments 1 3.038 295.38 <<0.001
Interaction 3 0.20 18.97 <<0.001
Error 24 0.0103 — —
1Significant differences between reclaimed and control plots within sites were tested using a Bonferroni multiple com-
parison procedure with a family confidence coefficient of 0.95. Averages with the same lower case letters within a col-
umn (first 2 rows only) are not significant at p ≤ 0.05.
2T-method for multiple comparisons among means. Combined averages with same upper case letter (within the row) are
not significantly different (p ≤ 0.05).
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6). The opposite relationship held for non-
native species. 

These data suggest neither re-establish-
ment of native species on ski runs over
time, nor invasion of adjacent unseeded
areas by non-native species occurred. At
Frontier, Meadows, and Southern Belle,
plant species composition was very dis-
tinct between the reclaimed areas, which
supported primarily non-native species,
and control areas, which supported an
entirely native plant community.
Differences in plant species composition
were less distinct between reclaimed and
control plots at the Casino site. This result
was likely due to minimal initial distur-
bance, which preserved soil conditions,
microsites, and a predominantly native
seedbank.  

Similar results have been obtained by
other researchers. An assessment of 4 ski
areas in Colorado showed that ski slopes
were covered with seeded species and
largely devoid of indigenous species.
There was also no indication that the seed-
ed species were invading adjacent undis-
turbed habitats  (Redner, N., unpublished
monitoring report. USDA For. Serv.,
Silverthorne, Colo., 13 September 1994).
Curtin (1995) concluded that disturbed
subalpine plant communities in Colorado
remained distinct in species composition,
richness, and cover from surrounding
undisturbed areas for hundreds of years.
Disturbed sites, some abandoned over 100
years ago, were still covered with mono-
typic stands of exotic grasses and weedy
species. In the Cascades in Oregon,
Dyrness (1973) found that logged and
lightly burned sites regained dominance
by predisturbance native plants within 5
years, while severely burned sites contin-
ued to be dominated by invasive species.
Since native plant regeneration after dis-
turbance occurs primarily through germi-
nation of buried seeds and vegetative
propagation (Whittle et al. 1997), protec-
tion of seed banks and minimized surface
disturbance during construction activities
should promote the conservation of native
plant communities.
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