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EFFECTS OF SKIING AND SLOPE GRADIENT ON TOPSOIL
PROPERTIES IN AN ALPINE ENVIRONMENT
ABSTRACT: Topsoil properties were studied
in a ski slope at Petrovy kameny, Hrubý Jeseník
Mts. Effect of skiing was combined with a complex
slope gradient, which comprised effects of vegetation type and soil horizons. Soil sorption complex
and humification properties were expected to reflect both factors. Cation exchange capacity and
to some degree saturation of adsorption complex
were systematically lowered due to ski slope, and
they were influenced also by vegetation type. C:N
reflected vegetation type, but it reflected skiing
only indirectly. The slope gradient significantly
affected the soil sorption complex, yet contrary
to our expectations. Several possible interpretations include species traits (litter decomposability,
nutrient uptake) and patterns of topsoil horizon
types, which can be associated to the history of the
upper treeline.
KEY WORDS: alpine zone, humification,
skiing, soil sorption complex, vegetation
1. INTRODUCTION
Skiing and related activities have created increasing anthropogenic impact to the
mountainous and alpine environments in the
20th century, and has been expanding since
then (Weiss et al. 1998). The effects of skiing
have been studied since the 1970s and 1980s
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(e.g. B ai d er i n 1982, B ay f i el d 1974, Mos i mann 1985). Skiing-related activities have
a twofold direct effect on ecosystems of the
affected mountain slopes. First, it causes disturbances due to machine grading and snow
preparation during the skiing season; second, snow cover properties are substantially
changed on ski slopes (Fa he y and Ward le
1998, R ou x -Fou i l let et al. 2011).
Snow cover, as the major natural factor
in alpine environments, affects amount and
quality of light penetrating beneath soil surface, alters concentration of gases and influences water availability in vegetation season
(Kör ner 2003). On the ski slopes, snow conditions are changed due to artificial snowing
and compacting. Artificial snowing increases
insulation capacity of snow cover; water from
artificial snow can have fertilising effects;
and it can mitigate soil disturbance due to ski
slopes preparation (R i xe n et al. 2003). Compacting on ski slopes increases snow density,
hardness and heat conductivity (Ke l l e r et
al. 2004). Gas balances are altered following
snow compaction and subsequent formation of ice layers; namely O2 concentrations
decrease, while CO2 increases (C er nus c a
et al. 1990, Ne we s ely et al. 1994). The increased heat conductivity lowers snow insu-
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lation ability, which is reflected by lower soil
temperature in ski slopes (R ixen et al. 2004).
This lowers soil microbial activity (Me ye r
1993) and carbohydrate reserves in the belowground biomass (Z e i d l e r et al. 2008).
Soils on ski slopes are depleted of organic
matter and changed in their microstructure,
namely porosity decreases (D elgado et al.
2007). Length of vegetation season can be reduced by several weeks due to slower snow
melting in ski slopes (Wipf et al. 2005).
Changed snow conditions and disturbances
in ski slopes have a direct effect to the structure and composition of vegetation (B ay f iel d 1980, Tsuy u z a k i 1990, Titus and
Tsuy u z a k i 1998, Kammer 2002, B anaš et
al. 2010) and distribution of animal species
(Neg ro et al. 2009). Machine treatment of
ski slopes significantly changes soil properties including chemistry and humification
processes, and vegetation properties including cover, productivity and species richness
(Fa he y and Ward l e 1998, Wipf et al. 2005,
R ou x - Foui l l e t et al. 2011).
The existing studies on effect of skiing
comprise a wide scope of research. Some papers focused on the impact of artificial snowing (Mosimann 1987, C er nus c a et al.
1990, Fiss ore et al. 1990, R ixen et al. 2003),
other addressed the impact of ski slopes
in general, looking often in a great detail at
their effects to soil and vegetation parameters (Tsuyuzaki 1990, Kel l er et al. 2004,
D elg ad o et al. 2007, R ou x - Foui l l e t et al.
2011). Much of the research was conducted
in the temperate zone of Europe, mostly in
the Alps, but other regions of the world were

Fig. 1. Model of the studied system showing factors influencing soil properties. Soil properties are
influenced by skiing, vegetation and horizon type,
and the factors mutually influence each other.
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also studied (B ai d er i n 1982, Fa he y and
Ward le 1998, Titus and Tsuy u z a k i 1998,
D elgad o et al. 2007).
In the present paper, we studied impact
of skiing on soil properties in a mid-elevation
mountain range in Central Europe. A complex
pattern of interactions between environment
and soil properties was simplified to a model
with two main factors, skiing and slope gradient; the latter underlies a sequence of vegetation types (Fig. 1). Next to it, measurable soil
properties correlate with visually recognizable vertical soil structures, the characteristic
sequences of soil horizons (B o ck hei m and
G en nad iye v 2000). They are result of longterm interaction of environmental factors
including vegetation. The slope gradient was
thus treated as a gradient of vegetation types
and of horizon types, whereas only effect of
the former was statistically examined.
Soil sorption complex and quality of humification were expected to vary under the
influence of the both factors. We assumed
that skiing would lower sorption capacity of
soils, and increase C:N due to worsened organic matter decomposition under the prolonged presence of snow cover. The vegetation gradient was expected to alter the topsoil
properties as well; vegetation with readily
decomposable litter would result in a better
quality of humus hence contributing to higher values of sorption complex and lower C:N,
while vegetation with slowly decomposable
litter would do the opposite. Combined effect
of both factors was also expected.
2. STUDY SITE
With eight ski slopes in elevations from
1235 to 1442 m a.s.l., Praděd skiing resort
is the highest elevated skiing resort in the
Czech Republic. It is located in the summit area of the Hrubý Jeseník Mts. (Fig. 2).
This study was conducted in the uppermost
part of the resort, on the NW slope of the
rock-topped Petrovy kameny (1448 m a.s.l.,
50o04’N, 17o14’E). Parts of the slope prepared for skiing purposes are delimited as
five downslope lanes (Bureš et al. 2009:
supplement C). There is no artificial snowing at the resort. The studied part of the
slope comprises an elevation range of 70 m.
The highest point is at about 1420 m a.s.l.
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Fig. 2. Location of the study site, Petrovy kameny, in the Czech Republic.

and the lowest point at about 1350 m a. s. l.,
just above a frequented tourist trail. It is also
above the current upper tree line located in
average at 1310 m a.s.l. (Trem l and B anaš
2008).
Climate is cold, with average yearly temperature of 1.1°C (L e dnický et al. 1973;
data from a nearby climatic station at the
Mt. Praděd). Precipitation is 1231 mm/yr,
with 200 rainy days/yr in average, and most
precipitation in July. Snow cover lasts for
167 days/yr in average, from early October
to the mid-May. The average maximum of
snow depth is 195 cm (Tej nsk á and Tej n ský 1972). Substrate is built of metamorphic
rocks, mainly of phyllites. Soils are skeletic;
content of stones larger than 20 cm is about
50% in depths of 20–50 cm, in 50–80 cm the
stoniness reaches 80% (R. Hédl and J. Houška,
unpublished data). Prevailing soil types are
Skeletidystric Cambisols and Skeletic Podzols
(FAO-ISRIC-ISSS 1998).
There has been a considerable human
impact in the area surrounding the Petrovy
kameny (reviewed in Bureš et al. 2009).
Livestock pasturing can be dated back at least
300 years (Ry bníček and Ry bníčková
2004). One of the major chalets operated in
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the vicinity of the studied slope, maintaining some cattle until the 1940s. The area of
Praděd has been under the strict legal protection since the 1940s–1950s when several
nature reserves were established; at present, it
is a National Nature Reserve. A first permitted skiing facility was established in the late
1950s and since then, skiing has heavily expanded in the Petrovy kameny (Bu re š et al.
2009). Although there is no artificial snowing
recently, the snow is intensively machine-prepared during the skiing season.
3. MATERIAL AND METHODS
3.1. Vegetation types
Despite the narrow elevation range, there
is a relatively steep gradient of environmental conditions along the studied slope. Several vegetation types are distributed along the
slope gradient (Bu re š and Bu re š ov á 1990,
Bureš et al. 2009: supplement F). It runs from
wind-sheltered fern-dominated stands of the
lower slope to a wind-swept edge of summit
plateau with short shrubby and grassland
vegetation. Except for plantations of non-native mountain pine, Pinus mugo Turra, three
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contrasting vegetation types occur in the area
of the ski slope. They are further referred to
as the Vaccinium, Calamagrostis and Athyrium types. There are no substantial differences between the skiing-affected and skiingfree parts of the slope, although differences
in species composition were observed within
the Athyrium type (B anaš et al. 2010).
1. The Vaccinium type comprises a vegetation mosaic of dwarf shrubs, like Vaccinium
vitis-idaea L., V. myrtillus L., Calluna vulgaris
L (Hull.), and short grasses, mainly Deschampsia flexuosa (L.) Trin., Nardus stricta L.
and Festuca supina Schur. Mosses and lichens
are common. It occupies the wind-exposed
tundra-like upper part of the slope with
relatively shallow snow cover (K lime š ov á
1993). It is an ecophysiological counterpart
of the Athyrium type as snow is not a major
constraint for dwarf evergreen shrubs, which
are able to photosynthesize throughout winter and under the snow cover (St ar r and
O b e r b au e r 2003, Saar inen et al. 2011).
2. The Calamagrostis type is tall grassland
with the dominance of the hairy reedgrass
Calamagrostis villosa (Chaix) J.F. Gmelin.
This type occupies the middle part of the
slope. The grass develops belowground shoot
and root system enabling its fast spreading in
areas with favourable conditions. They are
often sites where soil acidification and/or deforestation occurred (F i a l a et al. 1989, 2005).
Significant soil acidification over the past
sixty years was documented in Hrubý Jeseník
Mts. (Hé d l et al. 2011). The Calamagrostisdominated vegetation may therefore be more
common in the studied slope now than it was
in the past.
3. The Athyrium type covers the lowest
quarter of the slope with thick growths of tall
forbs. The dominant species is Alpine ladyfern Athyrium distentifolium Tausch et Opiz.
The biology and ecology of this fern is rather
specific. Plants make lush growths reaching over 1 m height, yet leaves are extremely
sensitive to frost (Kapp en 1964, McHaf f i e
2005). At the study site, green leaves persist
only for three to four months a year. They
start to unfold in late May to early June, getting a senescent rusty colour in August to
September (B anaš et al. 2010, R. Hédl – field
observation).
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3.2. Soil sampling
Soil was sampled on 1 December 2006,
after the end of growing season and before
the arrival of the snow cover. We have distinguished for parts of the slope with skiing
impact and without it (cf. Bureš et al. 2009:
supplement C). Six neighbouring compartments were then defined by the combination
of skiing impact (with or without) and the
three vegetation types forming a slope gradient. In each compartment, three samples
were placed in homogeneous growths. The
samples representing sampling variants were
all in a same compartment. Therefore, they
were not statistically independent (G otel li
and E l lis on 2004). Distance between samples was 30 to 50 m. Each sample accounted
for about 1 kg of fresh soil taken from the upper 10 cm of the soil profile.
Horizon type was noted for each sample,
varying between organomineral A and eluvial
E horizon (FAO-ISRIC-ISSS 1998). Horizon
A was dark, organic matter-rich soil, with no
or slight signs of bleaching (uncoated white
sand grains). Horizon E was grey, largely
leached of humus and sesquioxides. There
were transitional cases between the horizon
types. They were moderately bleached, humus-rich soil with more than just occasional
white sand grains; this was denoted AE horizon.
3.3. Soil laboratory analysis
After transportation from the field,
soil samples were air dried and sieved. The
resulting <2 mm fraction was analysed.
Content of base cations (CBC) and cation
exchange capacity (CEC) were measured
following Z bí ra l (2002). Saturation of the
adsorption complex (SAC) was computed
as CBC×100/CEC. Values taken for statistical analysis were arithmetic averages of two
parallel measurements from one sample. For
calculation of C:N ratio, total carbon and total nitrogen contents were determined using
the analyser LECO TruSpec (MI USA). For
calibration the standard by LECO TOBACCO (502-082, Lot No.1008) was used, with
the declared contents 2.45% N and 45.81%
C. Gases were helium, oxygen 5.0, air medic.
Temperatures were 850/950 °C, approximate
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zon type (A, AE or E) in the three vegetation
types was visualized using bar graphs in order
to assess this potential source of variability in
soil properties. Effect of horizon type on the
three soil properties was tested using Welch’s
t test (due to unequal variances) and visualized using bar graphs. Because of the low
number of cases in A horizon, it was merged
with AE horizon.

soil charges were 0.1 g. Resulting values are
arithmetic averages of two to three parallel
measurements.
3.4. Statistical analysis
Analysis of Variance (ANOVA) was applied to test for effects of ski slope and vegetation type on soil properties (S oka l and
R oh lf 1994, G otel li and E l l is on 2004).
Statistica, version 10 (St atS of t , Inc. 2011)
was used for computations. The effects of the
combination of the factors was tested for too,
denoting a mutual interaction of the impact
of factors. The explanatory factor “ski slope”
had two variants: presence (samples from
within the ski slope) or absence (outside the
ski slope). Factor “vegetation type” had three
variants, corresponding to location of the
samples in Vaccinium, Calamagrostis or Athyrium types. At the same time, the variants
represent slope gradient from the upper to
the lower part of the skiing slope. Variances
of three soil variables were to be explained;
they were two parameters characterizing
the soil sorption complex, i.e. the cation exchange capacity (CEC) and the saturation of
the adsorption complex (SAC), and the humification quality parameter, i.e. C:N. For
an easier interpretation of ANOVA results,
we used graphical visualization suggested by
G otel li and E l lis on (2004). Means for variants of one factor (vegetation types, at x-axis)
were connected with lines, while distinguishing for the other factor (ski slope). Standard
deviations were visualized, enabling for visual
assessment of variance within the groups by
vegetation type-ski slope.
Role of the horizon type was assessed in
two ways. The relative proportion of the hori-

4. RESULTS
All three soil parameters performed differently regarding the explanatory factors.
Cation exchange capacity (CEC) was significantly influenced both by ski slope and
vegetation type, however the factors were independent from each other (Table 1, Fig. 3).
Saturation of the adsorption complex (SAC)
was significantly influenced neither by ski
slope nor vegetation type (Table 1, Fig. 4).
C:N was independent from ski slope, but was
significantly affected by vegetation type, effect of which was both independent from
ski slope and significantly interacting with it
(Table 1, Fig. 5).
CEC was systematically lower inside the
ski slope than outside it. CEC values were
significantly linked also to vegetation type,
with highest average values in the Vaccinium
type (82.3 mmol 100 g–1) and the lowest average values in the Athyrium type (41.8 mmol
100 g–1). The effect of ski slope on CEC clearly
follows the slope gradient of vegetation types.
SAC was not systematically affected by vegetation type, but it was apparently influenced
by ski slope in a similar way as CEC, yet not
statistically significantly. Diverting most in
the Vaccinium type for samples from outside
and inside the ski slope (33.0 and 22.4%. re-

Table 1. Results of ANOVA (F-ratio and P-value) showing effects of two factors and their interaction on
the three analysed soil parameters: cation exchange capacity (CEC), saturation of the adsorption complex (SAC) and C:N. Statistically significant differences (P <0.05) are given in bold.
CEC
Factor
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SAC

C:N

D.F.
F

P

F

P

F

P

Ski slope

1

5.45

0.038

0.82

0.383

0.02

0.882

Vegetation type

2

4.88

0.028

0.52

0.608

4.88

0.028

Ski s. × Vegetation t.

2

0.28

0.763

0.55

0.591

6.71

0.011
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Fig. 3. Effect of skiing and vegetation on the topsoil cation exchange capacity (CEC). Averages and
(squares) standard deviations (vertical lines) are shown. Full symbols and solid lines indicate soil inside
the ski slope, open symbols and dashed lines stand for soils outside ski slope. Note that horizontal lines
were used to highlight the effects of analysed variables, they are not trend lines. Lower CECs systematically occur in all three vegetation types inside the ski slope.

Fig. 4. Effect of skiing and vegetation on the soil adsorption complex (SAC). For explanations see Fig. 3.
No clear pattern can be observed neither in the effect of vegetation type nor of the ski slope.

spectively), SAC had almost same average
values in the Athyrium type (28 and 26%).
C:N followed different patterns in all three
vegetation types. While in the Vaccinium
type C:N was in average highest observed
and was almost identical outside and inside
the ski slope (15.2 and 15.8, respectively), the
other two vegetation types showed clearly
differing patterns. In the Calamagrostis type,
samples from inside the ski slope had smaller
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C:N than samples from outside the ski slope
(11.8 and 15.1, respectively). On contrary, the
Athyrium type samples had lower C:N average outside the ski slope (11.9) than it was inside it (14.5). However, relatively narrow C:N
range indicate about the same humification
conditions throughout the studied slope.
Soil horizon types were represented unequally among the vegetation types (Fig. 6).
Whereas the Vaccinium and Calamagrostis
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Fig. 5. Effect of skiing and vegetation on C:N. For explanations see Fig. 3. Athyrium vegetation type
markedly influences C:N regarding the position to ski slope, yet in opposite manner than the Vaccinium
and Calamagrostis vegetation types.

Fig. 6. Occurrence of the topsoil horizon types (A – organomineral, AE – transitional and E– eluvial
horizon) varies within the three vegetation types (Vaccinium, Calamagrostis and Athyrium).

Fig. 7. Effect of horizon type (A+AE and E) on three topsoil properties: cation exchange capacity CEC
(Fig. 7A), soil adsorption complex SAC (Fig. 7B) and C:N (Fig. 7C). While difference in CEC and SAC
is statistically significant (P <0.05), in C:N it is not. Bars denote averages, vertical lines are standard
deviations.
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types were linked with the organic matter
rich A horizon or the transitional AE horizon, the Athyrium type was encountered only
on topsoil formed by the humus-depleted
E horizon. The effect of vegetation type therefore interfered with the effect of horizon type.
The horizon type affected all three soil properties. They had lower values in A+AE horizons compared to E horizon. The difference
was significant for CEC (P <0.001, Fig. 7A)
and SAC (P = 0.048, Fig. 7B), but not for C:N
(P = 0.306, Fig. 7C).
5. DISCUSSION
This study provided further support to
research showing significant influence of ski
slopes on mountain ecosystems. In our case,
the focus on topsoil properties indicated that
parameters of soil sorption complex were systematically lower in the skiing-affected part
of slope. This confirmed our expectations.
The connection was clear regardless the significant effect of the vegetation type, which did
not interact with the ski slope. However, no
enhancement of soil sorption complex depletion due to joint effect of both factors could be
observed, in contrary to what was expected.
The only exception from the general pattern
was values of the soil adsorption complex in
the lower slope with the Athyrium vegetation
type. We assume that the worsened sorption
properties of the topsoil are probably the
consequence of five decades of snow compactation in the ski slope (Wipf et al. 2005,
R ou x - Foui l l e t et al. 2011). On the other
hand, humification properties as indicated
with the C:N, did not systematically worsen
in the ski slope, which was contrary to expectations. Humification apparently depends on
other factors including vegetation cover.
The vegetation type is clearly a more complex factor than skiing. It comprises not only
differential effect of nutrient uptake and litter decomposition. In the study site, it must
be linked with the gradual change in horizon types (A to E), which were classified by
signs of eluviation, i.e. depletion of humus
and other soil elements. This is an important
distinction, because organic matter content
accounts for a large part of sorption complex
in podzolic soils (S chnitzer 1965). Upper
parts of slope (the Vaccinium type) are cov-
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ered with soils only partly leached of humus.
In contrast, on the lower part of slope (the
Athyrium type) only humus-depleted topsoil
was encountered. The eluviation (humus depletion) gradient runs downslope coinciding
with the significant decrease of CEC. Such
a pattern in humus distribution may be surprising, considering that the vegetation cover
should underlie an opposite gradient in CEC,
i.e. its decrease upward the slope. That is, the
Vaccinium type should produce the relatively
worst decomposable litter, the Camalagrostis
type stands intermediate, and the Athyrium
type with soft and easily decomposable fronds
should result in soils rich in humus. An explanation should be sought in species traits.
McHaf f ie (2005) states that Athyrium distentifolium produces large amounts of slow
decaying litter that releases toxic compounds;
consequently, an effect to litter-decomposing
microorganisms can be considered. On the
other hand, high-cellulose litter of Vaccinium
myrtillus can decompose and release nutrients
rather fast (Johanss on 1993). Nonetheless,
litter decomposition is a complex process onto
which not only litter quality but also climate,
herbivores and other factors take part (Facelli and Pickett 1991, Aer ts 1997, Ward le
et al. 2002). Content of soil nutrients is associated not only with litter decomposing. Nutrient uptake by dominant plant species can be
equally important. Fi a l a et al. (2005) found
that Calamagrostis prevents base cation losses from acidification-exposed mountainous
soils, so may play an ameliorative role. Tůma
et al. (2006) concluded that Athyrium distentifolium lowers content of Ca and Ca to Al ratio; hence its functioning is opposite to that
of Calamagrostis, which is able to accumulate
nitrogen in biomass (Fi a l a et al. 2005), lowering its content in soil and increasing C:N.
This is congruent with our results.
An alternative explanation for the ‘reversed’ pattern in the soil sorption complex
gradient is the history of the upper treeline. It
can be reconstructed following the soil stratification and various kinds of deposits, such
as fossil pollen and charcoal. Based on the
evidence of altitudinal distribution of podzolised soils, E arl-G ou let et al. (1998) and
C ar nel li et al. (2004) concluded that the upper tree line was historically probably lower
than at present, respectively in the mountains
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of Scandinavia and in the Alps. Podzolisation is associated with long-term of vegetation cover producing acidic litter, namely the
coniferous forests. The historical upper tree
line is thereby imprinted in soil horizons. In
the studied slope, the observed distribution
of the organomineral (A) and the eluvial (E)
horizons suggests that the historical tree line
could have intersected the slope in a higher
elevation than it does at present. Subsequent
lowering of the tree line should be attributed
to the past human activities. There was burning at least since the Iron Age (the 1st to 2nd
centuries BC), as documented with charcoal
of trees including the Norway spruce, Picea
abies L. (Karst.), and of low shrub, mainly Vaccinium spp. A spruce forest once covered the
uppermost slopes and in open formations also
the summit plateau of the Hrubý Jeseník Mts.
(Nová k et al. 2010). Mountain pasturing can
be detected in pollen record from the 17th century onwards (Ry bníček and Ry bníčková
2004), which helped to maintain the sprucedominated treeline in lower altitudes than
it would be naturally. The 20th century with
its airborne sulphuric deposits did not have
a significant acidifying effect on soils in the
highest elevations of the Hrubý Jeseník Mts.
(Hé d l et al. 2011). The present pattern in the
soil sorption complex in the Petrovy kameny
slope can be at least partly attributed to the
long-term history of the upper tree line.
This study involves several potential
drawbacks which may distort the general
validity of our conclusions. We examined
only one site and there were a low number of
replicates – statistically speaking they were
pseudoreplicates (S oka l and R oh l f 1994).
In addition seasonal variation in soil sorption parameters (especially in the soil adsorption complex) should be considered. Furthermore, it seems to be appropriate to treat
the slope gradient as a continuous variable,
avoiding disputable division to vegetation
types. Despite its limitations, this study demonstrated effects of skiing on soil in one of the
most valuable and vulnerable natural sites of
Central Europe.
ACKNOWLEDGEMENTS: This research
was supported by grants VaV/620/15/03, SPII2d1/49/07 from the Ministry of Environment
of the Czech Republic and 206/08/0389 from the
Grant Agency of the Czech Republic. It was also

journal 31 v02.indb 499

499

supported within a long-term research development project RVO 67985939. We would like to
thank the Editor and two anonymous reviewers
whose comments helped us substantially. Péter
Szabó kindly corrected our English.

6. REFERENCES
Aer ts R . 1997 – Climate, leaf litter chemistry
and leaf litter decomposition in terrestrial ecosystems: a triangular relationship – Oikos, 79:
439–449.
B aider in V.V. 1982 – Winter recreation and
subnival plant development – Sov. J. Ecol. 13:
287–291.
B an a š M . , Z e i d l e r M . , D u cho s l av M . ,
Hoš ek J. 2010 – Growth of Alpine lady-fern
(Athyrium distentifolium) and plant species
composition on a ski piste in the Hrubý Jeseník Mts., Czech Republic – Ann. Bot. Fenn.
47: 280–292.
B ay f i e l d N . G . 1974 – Burial of vegetation by
erosion debris near ski lifts on Cairngorm,
Scotland – Biol. Conserv. 6: 246–251.
B ay f i e l d N . G . 1980 – Replacement of vegetation on disturbed ground near ski lifts in
Cairngorm Mountains, Scotland – J. Biogeogr.
7: 249–260.
B o ck heim J.G., G ennadiye v A.N. 2000 –
The role of soil-forming processes in the definition of taxa in Soil Taxonomy and the World
Soil Reference Base – Geoderma, 95: 53–72.
Bure š L . , Ad ame c M . , Hr a d e cký J.,
Ko č vara R ., Ha lda J.P., Kuras T.,
Z m rha l ov á M. 2009 – Zpráva o vlivech
sjezdového lyžování a pěší turistiky na prostor
Petrových kamenů – vrchol a sv. svahy [Report
on impact of downhill skiing and hiking on
the area of the Petrovy kameny – summit and
SE slopes] (In: Analýza antropických vlivů v
nejcennějších částech CHKO Jeseníky [Analysis of the anthropogenic influence in the most
valuable parts of the Jeseníky Protected Landscape Area] Ed. O. Vítek) – Agentura ochrany
přírody a krajiny České republiky, Praha, pp.
102–159 (in Czech).
Bureš L., Bureš ová Z. 1990 – SPR Petrovy
kameny: mapa aktuální vegetace [Petrovy kameny Nature Reserve: Map of actual vegetation] – Správa CHKO Jeseníky, ONV Bruntál,
24 pp., 2 maps (in Czech).
C ar n e l l i A . L . , T h e u r i l l at J. - P. , T h i n on
M., Vadi G., Ta lon B. 2004 – Past uppermost tree limit in the Central European Alps
(Switzerland) based on soil and soil charcoal
– The Holocene, 14: 393–405.
C er nus ca A., Angerer H., Ne wes ely
C., Tapp einer U. 1990 – Ökologische
Auswirkungen von Kunstschnee – Eine

2012-10-12 08:43:15

500

Radim Hédl et al.

Kausalanalyse der Belastungsfaktoren [Ecological effects of artificial snow – a causal
analysis of the stress factors] – Verhandlungen der Gesellschaft für Ökologie 19: 746–757
(in German).
D elgado R ., Sánchez-Marañón M., Mart í n - G arc í a J. M . , A r and a V. , S er rano B er nard o F. , R o s ú a J. L . 2007 – Impact of
ski pistes on soil properties: a case study from
a mountainous area in the Mediterranean region – Soil Use and Manage. 23: 269–277.
E arl-G ou let J.R ., Ma hane y W.C., Sanmugadas K., Ka lm, V., Hanco ck,
R .G.V. 1998 – Middle-Holocene timberline fluctuation: influence on the genesis of
Podzols (Spodosols), Norra Storfjället Massif, northern Sweden – The Holocene, 8:
705–718.
Facel li J., Pickett S. 1991 – Plant litter: its dynamics and effects on plant community structure – Bot. Rev. 57: 1–32.
Fa he y B., Ward le K. 1998 – Likely impacts
of snow grooming and related activities in the
West Otago ski fields – Department of Conservation, Wellington, 51 pp.
F i a l a K . , Ja k r l ov á J. , Z el e n á V. 1989 – Biomass partitioning in two Calamagrostis villosa
stands on deforested sites – Folia Geobot. Phytotax. 24: 207–210.
F i a l a K . , Tům a I . , Holub P. , Jan d á k J.
2005 – The role of Calamagrostis communities
in preventing soil acidification and base cation
losses in a deforested mountain area affected
by acid deposition – Plant Soil, 268: 35–49.
Fiss ore C., Gi ardina C.P., Kolka R .K.,
Tre tt i ns C . C . , King , G . M . , Jurgens e n
M.F., B ar ton C.D., Kammer P.M.,
Heg g O. 1990 – Auswirkungen von Kunstschnee auf subalpine Rasenvegetation – Verh.
Ges. Oekol. 19: 758–767.
FAO-ISRIC-ISSS 1998 – World reference base
for soil resources. 84 World Soil Resources Reports. – Food and Agriculture Organization of
the United Nations, Rome, 109 pp.
G otel l i N . J. , E l l i s on A . M . 2004 – A Primer
of Ecological Statistics – Sinauer Associates,
Sunderland, MA, 479 pp.
Hé d l R ., Pet ř í k P., B oublí k K. 2011 – Longterm patterns in soil acidification due to pollution in forests of the Eastern Sudetes Mountains – Environ. Pollut. 159: 2586–2593.
Johanss on M.-B. 1993 – Biomass, decomposition and nutrient release of Vaccinium myrtillus leaf litter in four forest stands – Scand. J.
Forest Res. 8: 466–479.
Kammer P.M. 2002 – Floristic changes in subalpine grasslands after 22 years of artificial
snowing – J. Nat. Conserv. 10: 109–123.

journal 31 v02.indb 500

Kapp en L. 1964 – Untersuchungen über den
Jahreslauf der Frost-, Hitze- und Austrocknungsresistenz von Sporophyten einheimischer Polypodiaceen (Filicinae) – Flora, 155:
123–166.
Keller T., Pielmeier C., Rixen C., Gadient F., Gust af ss on D., St ahli M.
2004 – Impact of artificial snow and ski-slope
grooming on snow pack properties and soil
thermal regime in a sub-alpine ski area – Ann.
Glaciol. 38: 314–318.
K limeš ová J. 1993 – Rostlinná společenstva
alpinského stupně se smilkou tuhou (Nardus
stricta L.) II. Vztah mezi smilkovými porosty
a sněhovou pokrývkou [Plant communities of
the alpine zone with Matt-grass (Nardus stricta L.) II. Relationship between the Matt-grass
growths and snow cover] – Preslia, 65: 67–79.
Kör ner C. 2003 – The alpine plant life. Functional plant ecology of high mountain ecosystems. 2nd ed.– Springer-Verlag, Berlin, Heidelberg, 359 pp.
L e dnický V., Pivoňová R ., Ujházy R . 1973
– Teplota vzduchu na Pradědu [Air temperature of the Mt. Praděd] – Campanula, 4: 175–
202 (in Czech).
McHaf f ie H.S. 2005 – Athyrium distentifolium
Tausch ex Opiz (A. alpestre (Hoppe) Rylands
ex T. Moore-non-Clairv.) including A. distentifolium var. flexile (Newman) Jermy – J. Ecol.
93: 839–851.
Me yer E. 1993 – The impact of summer and
winter tourism on the fauna of alpine soils in
western Austria (Oetztal Alps, Ratikon) – Rev
Suisse Zool. 100: 519–527.
Mosimann T. 1985 – Geo-ecological impacts of
ski piste construction in the Swiss Alps – Appl.
Geogr. 5: 29–37.
Mosimann T. 1987 – Schneeanlagen in der
Schweiz; aktueller Stand – Umwelteinflüsse –
Empfehlungen [Snow facilities in Switzerland;
present state – environmental consequences
– recommendations] – Materialien zur Physiogeographie 10, Geographisches Institut
der Universität Basel, Basel, pp. 1–114 (in
German).
Neg ro M . , Is ai a M . , Pa l e s t r i n i C . , R ol an d o A. 2009 – The impact of forest ski-pistes
on diversity of ground-dwelling arthropods
and small mammals in the Alps – Biodivers.
Conserv. 18: 2799–2821.
Ne wes ely C., C er nus ca, A., B o dner M.
1994 – Entstehung und Auswirkung von Sauerstoffmangel im Bereich unterschiedlich
präparierter Schipisten [Origin and effects of
oxygen deficiency on differently prepared ski
slopes] – Verhandlungen der Gesellschaft für
Ökologie, 23: 277–282 (in German).

2012-10-12 08:43:15

Influence of skiing and vegetation on soil properties
Nov á k J. , Pe t r L . , Tre m l V. 2010 – Late-Holocene human-induced changes to the extent
of alpine areas in the East Sudetes, Central Europe – The Holocene, 20: 895–905.
Rixen C., Sto e ck li V., Ammann W. 2003 –
Does artificial snow production affect soil and
vegetation of ski pistes? A review – Perspect.
Plant Ecol. 5: 219–230.
Rixen C., Haeb erli W., Sto e ck li V. 2004
– Ground temperatures under ski pistes with
artificial and natural snow – Arct. Antarct. Alp
Res. 36: 419–427.
R ou x - Foui l l e t P. , Wipf S . , R i xe n C . 2011
– Long-term impacts of ski piste management
on alpine vegetation and soils – J. Appl. Ecol.
48: 906–915.
Ry bníček K., Ry bníčková E. 2004 – Pollen
analyses of sediments from the summit of the
Praděd range in the Hrubý Jeseník Mts (Eastern Sudetes) – Preslia, 76: 331–347.
Saar inen T., Lundell R ., Hänninen H.
2011 – Recovery of photosynthetic capacity
in Vaccinium vitis-idaea during mild spells in
winter – Plant Ecol. 212: 1429–1440.
S chnitzer M. 1965 – Contribution of organic
matter to the cation exchange capacity of soils
– Nature 207: 667–668.
S oka l R .R ., R oh lf F.J. 1994 – Biometry, 3rd
edition. Freeman, San Francisco, 887 pp.
St ar r G . , O b e r b au e r S . F. 2003 – Photosynthesis of arctic evergreens under snow: implications for tundra ecosystem carbon balance
– Ecology, 84: 1415–1420.
St atS of t, Inc. 2011 – STATISTICA (data analysis
software system), version 10. www.statsoft.com.
Tejnská S., Tejnský J. 1972 – Klimatické
poměry Pradědu [Climatic conditions of Mt.
Praděd] – Campanula 3: 53–60 (in Czech).
Titus J. H . , Tsuy u z a k i S . 1998 – Ski slope
vegetation at Snoqualmie Pass, Washington

501

State, USA, and a comparison with ski slope
vegetation in temperate coniferous forest zone
– Ecol. Res. 13: 97–104.
Trem l V., B anaš M. 2008 – The effect of exposure on alpine treeline position: a case study
from the High Sudetes, Czech Republic – Arct.
Antarct. Alp Res. 40: 751–760.
Tsuy u z a k i S . 1990 – Species composition and
soil erosion on a ski area in Hokkaido, northern Japan – Environmental Management,
14:203–207.
Tům a I . , F i a l a K . , Holub P. , Pan d e K .
2006 – Biomass formation, nutrient uptake release in fern stands of Athyrium distentifolium
on deforested areas affected by pollution: comparison with grass stands – Ekologia, Bratislava, 25: 264–279.
Ward le D.A., B onner K.I., B arker G.M.
2002 – Linkages between plant litter decomposition, litter quality, and vegetation
responses to herbivores – Funct. Ecol. 16:
585–595.
Weiss O., Norden G., Hi ls cher P. 1998
– Ski tourism and environmental problems –
Int. Rev. Sociol. Sport. 33: 367–379.
Wipf S., Rixen C., Fis cher M., S chmid
B., Sto e ck li V. 2005 – Effects of ski piste
preparation on alpine vegetation – J. Appl.
Ecol. 42: 306–316.
Zbíra l J. 2002 – Analýza půd I: Jednotné pracovní postupy. 2. vyd. [Soil analysis I: Standardized working methods, 2nd ed.] – Ústřední
kontrolní a zkušební ústav zemědělský, Brno,
197 pp. (in Czech).
Z e i d l e r M . , B an a š M . , D u cho s l av M . 2008
– Carbohydrate reserve changes in belowground biomass of subalpine grasslands as a
result of different snow conditions (the Hrubý
Jeseník Mts., Czech Republic) – Pol. J. Ecol. 56:
75–83.

Received after revision April 2012

journal 31 v02.indb 501

2012-10-12 08:43:16

