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Abstract
In the forest-alpine ecotone at Stillberg (Dischmatal/Switzerland) the morphology
of humus forms and the spatial variability of organic layer properties were investigated. At northeast-exposed gully sites mulls with high acidity in the Ahorizon occur. They were classified after the Canadian classification of humus
forms as Rhizomulls. Mors occur on ridges and on their east- and north-exposed
aspects. They can be differentiated by the ratio between the thickness of the Fhorizon and the combined thickness of the F- and H-horizon. The relative thickness of the F-horizon increases significantly in the order: east aspects < ridges
< north aspect. The humus forms of the east aspects and the ridges were classified
as Humimors and those of the north aspects as Hemimors. The Canadian classification was suitable to describe the properties of the horizons and to classify the
humus forms. The results of a grid sampling at the study sites and the computation
of nonergodic correlograms show that the spatial variability of organic-layer
thickness, bulk density, and moisture is high (CV around 50%), with a pronounced
small-scale heterogeneity (range usually below 2 m and more than 50% variability
occurs within 0.3 m). Only 33% of the variance of organic-layer thickness were
explained by site and vegetation structure, but in spite of the low percentage both
proved to be a significant factor. In the forest-alpine tundra ecotone about 30 to
35 soil samples per site are needed for a reliable estimation of the mean of the
organic-layer thickness.

Introduction
The forest-alpine tundra ecotone of the Central Alps is characterized by an extreme patchiness of both dwarf shrub-heath
plant communities and humus forms. At Stillberg and at other
comparable locations in the Alps the humus forms raw humus
or moder are very common (Pallmann and Haffter, 1933; Neuwinger and Czell, 1959; Larcher, 1977; Blaser, 1980). For forest
sites on limestone in the northern Alps, Bochter (1984) developed a classification of humus layers. Frequently, the description
of the humus horizons, however, is not very detailed and there
is not any specific classification for humus forms in high mountain soils (Beyer, 1996). The humus profile is a sensitive indicator for site conditions and microbial activity. Therefore, a more
detailed description of humus horizons in the forest-alpine tundra
ecotone is needed. Compared to our understanding of soils, investigations on the microscale spatial variability of humus horizons are lacking.
The aims of the present study are
(1) to determine the spatial variability of the thickness of the
organic horizons at meso- and microscale (10-1000 m,
0.2-2 m, respectively);
(2) to determine the spatial variability of physical properties of
the organic horizons and the sample size appropriate for a
reliable estimation;
(3) to examine the influence of topography and plant cover on
the thickness of the organic horizons;
(4) to give a detailed morphological description of typical humus forms by using the Canadian classification of forest
humus forms (Green et al., 1993), which has been applied
in a wide range of ecosystems.
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Study Area and Sites
The research area, Stillberg Alp, is located in Switzerland
on a northeast-exposed steep slope of the Dischmatal near Davos
(09"52'E, 46"47'N; 2000-2200 m a.s.1.) (Fig. 1). The climate is
characterized by an annual precipitation of 1047 mm with a maximum in summer (July: 131 mm) and a wide annual temperature
amplitude (15.2"C). The mean annual temperature is 1.4"C
(Schonenberger and Frey, 1988). Parent material of the research
area is gneiss. The slope is characterized by ridges and gullies
(Fig. 2). Microtopography is the main factor determining the
microclimatic conditions and correspondingly the distribution of
plant communities and humus forms (Kuoch, 1970; Blaser, 1980;
Schonenberger and Frey, 1988). The relationship between the
site conditions (microclimate, plant cover, and soils) are demonstrated by Table 1.

Methods
Investigations were made at three plots (9 m X 3 m) on
each of the four study sites (gully, east aspect, ridge, north aspect) (Fig. 2) and at grid-cells on two plots each of the east
aspects, ridges and north aspects in June 1996 (Fig 3).
The thickness of the organic layers (F- and H-horizons) was
measured perpendicular to surface at 20 small pits (20 cm X 20
cm) randomly distributed on each plot. The distance between the
pits was at least 1 m. Differences in organic layer thickness and
the ratio F-/H-horizon thickness between the sites were tested
by nonparametric one-way ANOVA (Kruskal-Wallis Test) (cf.
Sachs, 1992). Humus forms were described and classified fol-
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FIGURE I .

Location of the study area.

lowing the guidelines of the Canadian classification from Green
et al. (1993). Colors were determined by the Revised Standard
Soil Color Charts (Oyama and Takehara, 1970).
Two soil samples, each consisting of 10 randomly distributed subsamples, were taken from the A-horizons at the gully
sites and the F- and H-horizons at the other sites. All chemical
analyses refer to fine soil (<2 mm). The following methods were
used: (1) Organic carbon and total nitrogen content by elemental
analyzer (Carlo Erba NA 1500); and (2) pH by a 1:5 dilution of
soil and 0.01 M CaCl?, using a glass electrode (Sparks, 1996).
The organic layers were sampled on a regular 15 X 15 grid
(225 grid points) with 0.2 m grid point distance (grid cell 0.2 x
0.2 m) on two of the three plots per study site (Fig. 3). The gully
sites were excluded from grid sampling because they do not have
much organic layer. The grid was positioned so that the middle
columns of the grid were parallel to the slope of the plot. At
each grid point the thickness of the organic layer was determined
perpendicular to the surface. Vegetation at each grid cell was

classified according to the number of strata (cover >50%), resulting in four structural vegetation types:
(1) two shrub strata (Rhododendron ferrugineum L., Vaccinium
~PP.);
(2) one shrub stratum (only Vaccinium spp.);
(3) only moss-layer (mainly Hylocomium splendens);
(4) only lichens or bare soil.
On the main diagonals, the middle row and the middle column
of each one of the two grids per study site (Fig. 3) soil cores
were taken from the organic layer (4 cm diameter) to determine
bulk density (Doran and Mielke, 1984), dry mass per surface
area and gravimetric water content.
The grid sampling results in 550 measurements of organic
layer thickness (225lplot) and 114 measurements (57lplot) of the
other variables per study site. Univariate statistics were computed with SPSS 6.1 program package. Coefficients of variation
and median deviations were computed according to standard statistical formulae (cf. Sachs, 1992). A two-way ANOVA (site
type X vegetation type) was executed for the variable "thickness
of organic layer." Instead of using the significance value from
this ANOVA the Friedmann-Test was applied for testing the factors effects, by putting the medians for each factor combination
(site type X vegetation type) into the Friedmann-Scheme (Sachs,
1992). Thus the problem of pseudoreplication sensu Hurlbert
( 1984) was avoided.
Before geostatistical analysis the variables thickness, bulkdensity, and dry mass per area were log-transformed Y = log,,(X
+ q), with the parameter q being estimated graphically (Kneese
and Thews, 1960). The estimation of the parameter q has been
accepted, if the skewness of the transformed variable was insignificant. The variable "vegetation type" was indicator-transformed to the variable X, (Rossi et al., 1992; Smith et al., 1994),
with "X, = 1" meaning "vegetation type V present" and X,
= 0 meaning "Vegetation type V absent." Then standardized,
nonergodic correlograms were computed for each variable and
each grid, using the formula

FIGURE 2. Study sites (June
1996). 1: NE-exposed gully; 2:
E-aspect of a ridge; 3: NE-exposed ridge; 4: N-aspect of a
ridge.

TABLE I
Vegetation, soil types and microclimate (during the growing season) of the study sites (data from: Kuoch (1970), Nageli (197Ij,
Turner et al. (1975), Blaser (1980); classijication: Eidgenossische Forschungsanstalt fur landwirtschaftlichen Pflanzenbau (1992),
USDA Soil Survey Staff (1998))
No. (Fig. 1)
s~te

2
East aspect
E-exposed

1
Gully
NE-xpoaed
Calnma~rostis

Plant community
Average wind speed ([mta]) ( I m above
surface, daily mean between 6.00 h18.00 h)
Irradiation ([kcal/m2]) (sum within the
groviing season)
Soil temperature ["C] (depth: 8 cm, mean
of the growing season)

3
Ridge
NE-expoaed

4
North aspect
N-expoaed

Junipero-

Empetro-

Einpetro-

Arctostnph?.letum

Voccinietum

Vnccinietuin

juniperetusum

clndunietosuin

hylocoinietosum

~~illosae

1.6

1.7

2.1

1.9

58

67

58

48

7.0

9.3

6.8

6.1

Soil types:
Podsol
Entic Haplocryod

a) Swiss classification
b) 1JS Soil Taxonomy

Rohhumoaer Podsol
Typic Haplocryod

of Rossi et al. (1992), where ~ ( x , )and z(.x, + h) are two data
points separated by the lag-vector h, N(h) is the number of points
separated by lag h, and m-, and m,, are the mean of the points
that correspond to the tail and the head of the lag-vector h, respectively, s-, and s,, are defined accordingly, with 's' having the
meaning of standard deviation instead of the mean. Then b(h) is
the empirical, nonergodic correlogram, and 1 - b(h) is the nonergodic correlogram expressed as variogram (Rossi et al.,
1992). The difference between the nonergodic correlogram and
the usual variogram is that the correlogram accounts for any
differences (e.g., trends) of local means and standard deviations.
For the variables 'thickness' of organic layer and 'indicatortransformed vegetation type' correlogram values were computed
for the h-vector angles O",45", 90°, and 135" (expressed counter5 0.2
clockwise from isohypse) and the lag distances 0.2 m, \
m, 0.4 m, 1/Z 0.4 m, etc. No tolerance for lag distance and angle
was accepted (Isaaks and Srivastava, 1989). The spatial distribution of the other variables (bulk density, dry mass per area,
and water content) was analyzed by means of omnidirectional
correlograms with lag distance increments of 0.2 m and 0.1 m
tolerances. The number of data pairs per lag vector always was

Rohhumoser Podaol
Lithic Humicryod

Rohhumoser Podsol
Typic Haplocryod

between 64 and 210 and thus exceeded the generally claimed 30
to 50 pairs per lag vector (Rossi et al., 1992). In order to obtain
an overview about the overall spatial heterogeneity of the vegetation structure we summarized the correlograms of the four
indicator-transformed vegetation-type variables by calculating
the arithmetic mean of the four fi(h)-values per lag vector h, i.e.

where b,(h) is the empirical correlogram value for the vegetationtype variable i and the lag vector h, and M is the number of
vegetation types present in the corresponding grid.
After computation of the empirical correlograms (expressed
as variograms) two authorized, omnidirectional variogram models were fitted to the data: the often utilized spherical model (e.g.
Isaaks and Srivastava, 1989; Munoz-Pardo et al., 1990; Rossi et
al., 1992; Jackson and Caldwell, 1993; Robertson et al., 1993),

LC"

+

c,

for h > a

and the unbounded linear model (Webster and Oliver, 1990),

- grid cell: 0.2 x 0.2 rn

main diagonals *

* together:

57 soil samples

In the spherical model, C,, is the nugget effect, C, is the structural
variance, Co + C, is the sill and a is the range of spatial autocorrelation. The linear model does not assume any sill. but the
nugget effect also is Co. The fitting procedure was performed by
nonlinear regression @roc NLIN, SAS Institute 1982), using the
method of weighed least squares (Cressie, 1985). The model
which reached the higher coefficient of determination was then
considered to be the "valid" one.

(bulk density, moisture)

Results

FIGURE 3.

Experimental design a t a plot.

The humus profiles of the east aspects of the ridges are
characterized by a predominant H-horizon which comprises usually more than 75% of the combined thickness of the F- and Hhorizons (F-horizon: partly decomposed plant residues predom-
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TABLE 2

2,o

,

Th~ckneis

2,0

1

Vegetation type

Chemical characteristics of the study sites

Parameter
pH (CaCI,)

c,, [%I
N, [%I
CIN
c,, [kg m-21

Gully
(A-horizon)

East aspect
(F-horizon
and
H-horizon)

Ridge
(F-horizon
and
H-horizon)

North
aspect
(F-horizon
and
H-horizon)

3.6
5.65
0.37
15
1.25

3.0
45.26
1.71
26
6.75

3.0
40.31
1.36
30
5.82

3.1
43.55
1.59
28
4.05

inate over fine substances; H-horizon: fine substances predominate, plant structures are generally not recognizable). At the ridges the relative thickness of the F-horizon is greater but in the
most cases below 50%. Some humus profiles of the ridges and
most of the humus profiles of the north aspects of the ridges
exhibit F-horizons with a relative thickness above 50%. Additionally, at the north aspect the thickest moss layer was found.
The means of the combined thickness of the F- and H-horizons
lag dislance [m]
lag distance [mi
of the sites are very similar (east aspect: 9.6 cm, ridge: 11.2 cm,
Directions:
Oo
045O
A 90"
x 135"
north aspect: 11.7 cm). The mean relative thickness of the FFIGURE 5. Nonergodic directional standardized correlograrns
horizons is highly significant for each site type, while the comin variogram form for the variables thickness of organic layer
bined thickness is not.
and vegetation type (indicator correlograrns averaged over all
The C/N ratios of the organic layers of the east aspects, the
vegetation types). Directions are expressed counter-clockwise
ridges and the north aspects are wider than the C/N ratios of the
from the isohypses (0"= right hand parallel to isohypse).
A-horizons of the gully sites (Table 2). Organic carbon content
and storage is lower at the gully site and higher in the organic
horizons of the other sites. The A-horizons are very strongly
not exceed 0.2 g ~ m - The
~ . dry mass per area ranges from 0 to
acid and the organic layers are extremly acid (acidity classes
30 kg m-2 on the ridges and the east slope of the ridges and
after Schoeneberger et al., 1998).
from 0 to 15 kg m-2 at the northern exposure. Generally, variThe results of the grid point sampling give evidence that
ability is lowest on the north aspect.
the properties of the organic layers exhibit high spatial variabilThe correlograms of the variable "organic layer thickness"
ity with coefficients of variation between 39 and 72% (Fig. 4).
reveal that there is a distinct spatial structure on all plots (Fig.
The organic-layer thickness within the grid point sampling plot
ranges from 0-40 cm, the bulk density from 0.03 to 0.6 g ~ m - ~ , 5). The structural variance computed by the spherical model always exceeds 50% of the sample variance, and reaches 70% on
except for the north aspect of the ridges where bulk density does
the north aspects of the ridges. The range of autocorrelation lies
between 1 and 2 m, and generally more than 50% of the sample
variance occurs even below 0.3 m. Furthermore, the empirical
Thichess [cm]
Bulk density [g
]
correlograms show a slight zonal anisotropy with on average
10% less variability upwards/downwards the slope (90"-direc40
tion).
Part of the spatial variability of the organic layer thickness
is explained by the vegetation structure (Fig. 6). Lichen-domi-

cm3

6 8 = N (sample m e )

35
30

mZ]

~ rmass
y per area ~g

5
0

6
5

Moisture [g H zO g1dry soil]
CV 28%

30%

I s t a n d u d dev~ation
25

tast aspect

a ~ t d g e H ~ o l t ahspect

15%

264

35

T

T

'L

0

East

Ridge No~th
aspect
aspect

East

aspect

Ridge North
aspect

FIGURE 4. Organic layer properties with coeficients of variation (CV) within the grids of the dtfferent study sites.

Llchms

Vaccinium

Rhododendron

Hylacamium

Sphagnum

FIGURE 6. Organic-layer thickness by the two factors site and
vegetation type.

Dry mass per area

1

Bulk dens~ty

Molsrure (gravlmetnc)

1

1

0

rr;

lag distance [m]
lag d~stance[m]
lag dlstance [m]
0 empirical
spherical model
..... h e a r model
emplncal (w~thoutoutlier)

-

FIGURE 7. Nonergodic omnidirectional standardized correlograms expressed in variogram form at three sites for the variables dry mass per area, bulk density, and moisture.

nated grid cells tend to have the thinnest organic layers, while
moss-dominated cells (Hylocomium, Sphagnum) have the thickest. The effect of the vegetation structure on organic layer is
significant (Friedman-Test, a = 0.05). However, only 33% of the
overall variability of the organic-layer thickness is accounted for
by the two factors vegetation type and site, with unique sum of
squares of 6.1% for the vegetation type, 3.7% for the site type,
and 3.8% for the interaction vegetation type X site type. The
indicator correlograms for the vegetation types are similar to
those of the organic layer thickness (Fig. 5). On all plots the
structural variance is above 40%. As to the organic layer thickness the north aspects of the ridges exhibit the highest structural
variance. Spatial autocorrelation for the vegetation type extends
to maximally 1.3 m. The zonal anisotropy is less pronounced
than for the variable organic layer thickness.
The correlogams for the other variables (bulk density, dry
mass per area, water content per dry mass) do not provide such
a uniform picture as with organic layer thickness and vegetation
type (Fig. 7). The spherical model fits best to the omnidirectional
correlograms for the variable "dry mass per area" at all sites.
Yet the spherical model fits well for bulk density and water content only on the north aspect of the ridges. At the ridges and the
east aspect the linear model fits better, indicating that the range
of autocorrelation is beyond the 2 m evaluated in this study. The
nugget effects among variables and site types are ranging from
less than 30% to more than 90% of the sample variance. Nevertheless, one general feature is that spatial variability at lag
distance of 0.3 m is nearly always higher than 50% of the sample
variance, i.e. more than 50% of the spatial variability in the plots
is expressed within 0.3 m.
According to properties and the mean relative thickness of
the organic horizons within the plots the typical humus forms
of the east aspects of the ridges and the ridges are Humimors
(raw humus after Blaser, 1980) (Figs. 8, 9). At the north aspects
of the ridges Hemimors are present (extreme raw humus after
Blaser, 1980) (Fig. 10). Some Hemimors are characterized by a
relatively thick organic layer. They were classified as Pachic
Hemimors. The gully site mineral humus forms were classified
as Rhizomulls (acid mull after Blaser, 1980) (Fig. 11). The mean
thickness of the A-horizon is 10 cm (spatial variability was not
investigated).

Morphological descriptions of humus horizons from Stillberg (Blaser, 1980) and other comparable sites in the Alps (Pallmann and Haffter, 1933; Neuwinger and Czell, 1959; Larcher,
1977) correspond with our observations. According to the results
from Blaser (1980) the relative thickness of the F-horizon and
the occurrence of mosses are indicators for the microclimatic
conditions of the study sites. The great variability of the thickness of organic layers is typical for forest-tundra ecotone sites
(e.g. Neuwinger and Czell, 1959; Larcher, 1977; Holtmeier and
Broll, 1992).
Beside this mesoscale spatial variability there is an important microscale variability on our sites. The CV of the mor layer
thickness investigated by Bringmark and Bringmark (1998) at a
forest site in southern Norway was comparable to our results. In
a similar study, at a boreal forest site, Liski (1995) computed a
spatial CV of 25% for the thickness of organic layer and concluded 15 samples are necessary to estimate that variable. Applying the same rationale as Liski (1995) we conclude at least
30-35 samples from each site to be appropriate for the estimation of the organic layer thickness. Furthermore, the general
claim to take statistically independent samples would lead to the
conclusion that the distance between sampling points should be
2 m or more, because our geostatistical analysis revealed spatial
dependence reaching 2 m in some cases. However, that would
lead to plots of at least 30 X 4 m2 = 120 m2, which are hardly
to find in our timberline terrain. For the variable thickness, however, spatial autocorrelation ceased soon after l m. So the distance chosen in our study between the sampling points for the
estimation of F- and H-horizon thickness within the plots should
be sufficient. Also the sample size in our investigation (60 per
study site) should be enough to estimate the mean thickness of
the organic layer (Fig. 12).
The analysis revealed, that on the study sites all parameters
exhibit great spatial variability with coefficients of variation up
to 75%. The spatial variability of the physical parameters exceeds by far that of lowland agricultural and forest sites (Ernst
et al., 1995; Liski, 1995) and reaches values usually known for
soil biological variables (e.g., Robertson et al., 1993; Smith et
al., 1994; Ernst et al., 1995).
In addition to the overall relief position the microscale heterogeneity of plant cover proves to be one significant source of
the microscale variability of the organic layer thickness. However, only 33% of the variance can be explained by relief position (site type) and plant cover. The residual variability is not a
"white noise," but the parameters exhibit spatial structure usually expressed within the short range of 2 m. Still in most cases
more than half of the spatial variability occurs within 30 cm.
This underlines the high degree of microscale heterogeneity of
the sites (Robertson et al., 1993). Indicator correlograms for
plant cover and for the organic layer thickness are quite similar,
as nugget effect, range and anisotropy are regarded. The spatial
distribution of plant cover influences the spatial continuity of
organic-layer thickness (and vice versa).
The directional correlograms revealed zonal anisotropy with
lowest variability downwards/upwards the slope. The anisotropy
might be caused by directional climatic factors such as wind and
solar radiation combined with snow cover and mass translocation
processes along the slope, which could enlarge variability rectangular to the slope, although difficult to evidence.
The correlation between study site, humus form and moss
occurrence was described by Neuwinger and Czell (1959) and
Blaser (1980), and the distribution of mosses appeared to be a

site:

E-slope of a ridge (sunny lee)
(altitude: 2104 m a.s.1.; exposition: 80"; inclination: 40")

vegetation:

Vaccinium myrtillus, Vaccrnium gauttherroides

humus form:

Humimor

depth
[cml

,
Ahe

horizon

description

11 10

-

L

discontinuously covered b y leaves
and stems from shrubs; single
particle, loose; no roots. Boundary:
clear, wavy.

10-8

Fm

strong non-compact matted,
tenacious, fibrous; roots 0 < 2 mm:
abundant, roots 0 > 2 mm:
abundant; no visible faunal
droppings; Boundary: clear, wavy.

8-0

Hh

black (7.5 YR 1.711); strong massiv,
pliable and greasy when moist; roots
0 < 2mm: abundant, roots 0 >
2mm: abundant. Boundary: abrupt,
wavy.

-

Ahe

brownish black (5 YR 212), single
particle, loose, gritty; roots 0 < 2
mm: plentiful, roots 0 > 2 mm: very
few.

0 10

FIGURE 8. Humus profile of the east aspect of a ridge.

site:

NE-facing ridge (moderatly irradiated windward)
(altitude: 2142 m a.s.1.; exposition: 34'; inclination: 32')

vegetation:

Hylocomium splendens, Empeirum nigrum ssp. hermaphrodiium. Vaccinium myrtillus,
Vaccinium gaultherioides, Rhododendron ferrugineum

humus form:

Humimor

depth
[cml

horizon

description

16 11

-

S

continuously covered by a layer of
living bryophytes intermixed with
suspended litter from shrubs.
Boundary: clear, wavy.

11 - 6

Fm

strong non-compact matted,
tenacious, fibrous; roots 0 < 2 mm:
abundant, roots 0 > 2 m m :
a b u n d a n t ; n o visible faunal
droppings. Boundary: abrupt,
wavy.

6-0

Hh

reddish black (2.5 YR 2il); strong
massiv, pliable and greasy when
moist; roots 0 < 2 mm: abundant,
roots 0 > 2 mm: common.
Boundary: abrupt, wavy.

-

Ahe

discontinuous, brownish black (7.5
YR 2/2), single particle, loose,
gritty; roots 0 < 2 mm: abundant,
roots 0 > 2 mm: very few. The Hh
horizon can also lie on consolidated
bedrock (R).

0 5

FIGURE 9. Humus profile of a ridge site.
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site:

N-slope of a ridge (shaded lee)
(altitude: 2104 m a.s.1.; exposition: 2'; inclination: 38')

vegetation.

Hylocomium splendens, Pleurocium schreberi, Vaccinium myrtillus,
Vaccinium gaultherioides, Rhododendron ferrugineum

humus form:

Hemimor

depth
tcml

horizon

description

continuously covered by a layer of
living bryophytes intermixed with
suspended litter from shrubs.
Boundary: clear, wavy.
strong non-compact matted,
tenacious, fibrous; roots 0 < 2 mm:
a b u n d a n t , roots 0 > 2 mm:
abundant; no visible faunal
droppings. Boundary: clear, wavy.

-,

-S

Fm
Hh
Ahe

reddish black (2.5 YR 211); strong
massiv, pliable and greasy when
moist; roots 0 < 2 mm: abundant,
roots 0 > 2 mm: common.
Boundary: abrupt, wavy.

,

0- 5

Ahe

brownish black (7.5 YR 3/2), single
particle, loose, gritty; roots 0 < 2
mm: abundant, roots 0 > 2 mm:
very few.

FIGURE 10. Humus profile of the north aspect of a ridge.

site:

NNE-facing gully (moderately irradiated lee)
(altitude: 2102 m a.s.1.; exposition: 36'; inclination: 32')

vegetation:

Calamagrostis villosa, Cicerbita alpina, Adenostyles alliariae, Gentiana punclata

humus form:

Rhizomull

depth
[cml

horizon

description

discontinuously covered by leaves
and stems from grasses and herbs;
single particle, loose; no roots; in
part intermixed with some partly
andlor well decomposed organic
matter. Boundary: clear, wavy.
Ahe

,
L(F,O)
- Ahe

-

brownish black (10 YR 312); single
particle, loose, gritty: sandy loam;
roots 0 < 2mm: abundant (dense
network of fine roots), roots 0 >
2mm: abundant; Boundary: gradual,
wavy.

Ae

FIGURE 11.

grayish brown (7.5 YR 412); single
particle, loose, gritty: sandy loam;
roots 0 < 2mm: common, roots 0 >
2mm: plentiful. Boundary: abrupt,
wavy.

Humus profile of a gully site.
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FIGURE 12. Inexactitude of parameter estimation of mean, as
influenced by sample size and variability, under assumption of
normal distribution according to Liski (1995) (half length of
95% conjidence interval in % of mean).

sensible site indicator. The possibility of designating the layer
of living mosses in the humus form description according to
Green et al. (1993) takes this into consideration, although in the
classification the designation of S-horizons is mainly applied to
ground water influenced humus profiles.
At the gully sites, no accumulation of organic matter is
evident above the mineral soil surface. Beside microclimatic
conditions erosion may have an influence on the development
of the humus form. Description of similar humus forms under
comparable site conditions from other regions of the Alps are
not available. The humus form is classified as a Rhizomull. According to Green et al. (1993) it is not typically developed because the associated soil is not rich in bases and the A-horizon
has a single particle structure. In contrast to the recent version
of the Canadian classification in the first approximation from
Klinka et al. (1981) the phase name "acidic" could be used for
humus forms with a high acidity. To show the specific properties
of the investigated Rhlzomull we proposed to adopt "acidic" as
an adjective used in naming phases of the mull order (acidic
Rhizomull). The concept of the Rhizomull cannot be applied to
high mountain regions only but also to grassland humus forms
of mountain regions and lowlands of Central Europe for example
(Broll and Brauckmann, 1994).

Conclusions
The quantification of the spatial variability of humus layer
properties gives useful information for sampling strategies in
arctic and alpine ecosystems exhibiting highly varying site conditions. One practical consequence of the high spatial variability
on our sites is that the amount of samples for a sufficiently exact
estimation of the organic-layer thickness should be at least 30
samples. For the other soil parameters-partly showing higher
variability--even more samples would be necessary. Investigations in other regions should prove whether these considerations
are generally valid for the forest-alpine tundra ecotone.
The Canadian classification of humus forms (Green et a].,
1993) is suitable for describing the horizons and the humus
forms of the forest-tundra ecotone. One main advantage is that
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the relative thickness of the organic horizons is an important
criterion to distinguish different humus forms of the mor order.
Furthermore, the master organic horizons, which are adopted
from Babel (1975), correspond to the humus horizons of the
Swiss, French, and German humus form classifications (Eidgenossische Forschungsanstalt fur landwirtschaftlichen Pflanzenbau, 1992; Brethes et al., 1995; AK Standortskartierung, 1996)
and to the 0-horizons of the US soil taxonomy (USDA Soil
Survey Staff, 1998). This is important for the comparability of
humus profile descriptions.
The individual humus form is characterized by varying
thickness of the diagnostic horizons. As a result of our study the
question arises, if, from the ecological viewpoint, the designation
of humus forms should include the spatial variability of their
typical properties (e.g., relative thickness of the F-horizon of
Hemimors). If spatial variability is adopted into classification
then certainly on a very low hierarchical level (e.g., phase name
in Green et a]., 1993). This topic may become important discussing the interdependencies between ecosystem spatial heterogeneity, biodiversity, and biogeochemical cycles (e.g., Chapin
and Komer, 1995). In our study spatial distribution of plant cover
and organic layers were clearly interrelated. Investigations of
well-drained forest tundra ecotone sites in the European Subarctic (Broll, 1994) for example also showed the small scale (0-1
m) patchiness of vegetation and organic layers. This patchiness
may have effects on biodiversity of soil organisms (Keplin,
1994). Certainly further investigations should be started to quantify the influence of the spatial variability on biodiversity and
biogeochernical cycling.

Acknowledgments
We thank Dr. W. Schonenberger, Dr. J. Senn, and A. Streule
from the Swiss Federal Institute for Forest, Snow and Landscape
Research (WSL) (Birmensdorf/Switzerland) for their help and
permission to work in the research area "Stillberg Alp." Also
our thanks to Dr. J. G. Bockheim (University of Wisconsin) for
reviewing the manuscript. The subject of this article is part of
the doctoral thesis of Frank Bednorz. His studies were supported
by the University of Munster and the German Academic Exchange Service.

References Cited
Arbeitskreis Standortskartierung, 1996: Forstliche Standorrsaufnahme. Miinchen: IHW-Verlag. 352 pp.
Babel, U., 1975: Micromorphology of soil organic matter. In
Gieseking, G. E. (ed.), Soil Components. Vol 1. Organic Components. New York: Springer, 369-473.
Beyer, L., 1996: Humusformen und -typen. In Blume, H.-l?, Felix-Henningsen, P., Fischer, w., Frede, H.-G., Horn, R. and
Stahr, K. (eds.), Handbuch der Bodenkunde. Landsberg:
Ecomed, 1. Erg. Lfg. 12/96, 1-20.
Blaser, P., 1980: Der Boden als Standortsfaktor bei Aufforstungen in der subalpinen Stufe (Stillberg, Davos). Mirteilungen
der Eidgenossischen Anstalt fur das forstliche Versuchswesen,
56: 535-581.
Bochter, R., 1984: Vorschlag zur Gliederung von Humusprofilen
auf Kalkfels in der Waldstufe der Alpen. Zeitschrift fur P&nzenernahrung und Bodenkunde, 147: 232-241.
Brethes, A., Brun, J. J., Jabiol, B., Ponge, J., and Toutain, E,
1995: Classification of forest humus forms: a French proposal.
Annales Des Science Forestieres, 52: 535-546.
Bringmark, E. and Bringmark, L., 1998: Improved soil monitoring by use of spatial patterns. Ambio, 27: 45-52.
Broll, G . , 1994: Influence of the soil mosaic on biodiversity at

heath sites in the European subarctic. Transactions 15th World
Congress of Soil Science (Mexico), Vol. 4a: 220-231.
Broll, G. and Brauckmann, H-J., 1994: Humusformen und Regenwurmfauna zweier Griinlandbrachen in Siidwestdeutschland. Mitteilungen der Deutschen Bodenkundlichen Gesellschaft, 74: 49-52.
Chapin, E S., 111, and Komer, C. (eds.), 1995: Arctic and Alpine
Biodiversity: Patterns, Causes and Ecosystem Consequences.
Ecological Studies 113. Berlin: Springer. 332 pp.
Cressie, N., 1985: Fitting variogram models by weighted least
squares. Mathematical Geology, 17: 563-586.
Doran, J. W. and Mielke, L. N., 1984: A rapid, low-cost method
for determination of soil bulk density. Soil Science Society of
America Journal, 48: 717-719.
Eidgenossische Forschungsanstalt fiir landwirtschaftlichen Pflanzenbau (ed.), 1992: Klassijikation der Boden der Schweiz. Ziirich. 84 pp.
Ernst, M., Heinemeyer, O., Munch, J. C., Sondgerath, D., and
Kaiser, E. A., 1995: Raumliche Variabilitat von N,O-Emissionen und den sie beeinflussenden Parametern im Freiland.
Mitteilungen der Deutschen Bodenkundlichen Gesellschaft,
76: 539-542.
Green, R. N., Trowbridge, R. L., and Klinka, K., 1993: Towards
a Taxonomic Classijication of Humus Forms. Forest Science
Monograph 29. Society of American Foresters. 49 pp.
Hurlbert, S.H., 1984: Pseudoreplication and the design of ecological field experiments. Ecological Monographs, 54: 187211.
Holtmeier, F-K. and Broll, G., 1992: The influence of tree islands
and microtopography on pedoecological conditions in the forest-alpine tundra ecotone on Niwot Ridge, Colorado Front
Range, U.S.A. Arctic and Alpine Research, 24: 216-228.
Isaaks, E. H. and Srivastava, R. M., 1989: An Introduction to
Applied Geostatistics. New York: Oxford University Press.
561 pp.
Jackson, R. B. and Caldwell, M. M. 1993: Geostatistical patterns
of soil heterogeneity around individual perennial plants. Journal of Ecology, 81: 683-629.
Keplin, B., 1994: Influence of the soil mosaic on biodiversity at
heath sites in the european subarctic-investigations on soil
mesofauna. Transactions 15th World Congress of Soil Science
(Mexico), Vol. 4b: 164-165.
Klinka, K., Green, R. N., Trowbridge, R. L., and Lowe, L. E.,
1981: Taxonomic Classijication of Humus Forms in Ecosystems of British Columbia. First approximation, Ministry of
Forests, Province of British Columbia. 54 pp.
Kneese, K. H. and Thews, G., 1960: Zur Beurteilung graphisch
formulierter Haufigkeitsverteilungen bei biologischen Objekten. Biometrische Zeitschrift, 2: 183-193.
Kuoch, R., 1970: Die Vegetation auf Stillberg (Dischmatal, Kt.
Graubiinden). Mitteilungen der Eidgenossischen Anstalt fur
das forstliche Versuchswesen, 46: 329-342.
Larcher, W., 1977: Ergebnisse des IBP-Projekts "Zwergstrauchheide Patscherkofel". Sitzungsberichte der osterreichischen
Akademie der Wissenschaften, mathematisch-naturwissenschaftliche Klasse, Abt. I, 186: 301-371.

Liski, J., 1995: Variation in soil organic carbon and thickness of
soil horizons within a boreal forest stand--effect of trees and
implications for sampling. Silva Fennica, 29: 255-266.
Munoz-Pardo, J., Ruelle, P., and Vauclin, M., 1990: Spatial variability of an agricultural field: Geostatistical analysis of soil
texture, soil moisture and yield components of two rainfeed
crops. Catena, 17: 369-381.
Nageli, W., 1971: Der Wind als Standortsfaktor bei Aufforstungen in der subalpinen Stufe (Stillbergalp im Dischmatal, Kanton Graubiinden). Mitteilungen der eidgenossischen Anstalt fur
das forstliche Versuchswesen, 47: 33-147.
Neuwinger, I. and Czell, A,, 1959: Standortuntersuchungen in
subalpinen Aufforstungsgebieten. Forstwissenschaftliches
Centralblatt, 78: 327-372.
Oyama, M. and Takehara, H. C., 1970: Standard Soil Color
Charts. Tokyo.
Pallmann, H. and Haffter, P., 1933: Pflanzensoziologische und
bodenkundliche Untersuchungen im Oberengadin. Berichte
der Schweizerischen Botanischen Gesellschaft. 42: 357-466.
Robertson, G. P., Crum, J. R., and Ellis, B. G., 1993: The spatial
variability of soil resources following long-term disturbance.
Oecologia, 96: 451-456.
Rossi, R. E., Mulla, D. J., Journel, A. G. and Franz, E. H., 1992:
Geostatistical tools for modelling and interpretating ecological
and spatial dependence. Ecological Monographs, 62: 277-3 14.
Sachs, L., 1992: Angewandte Statistik: Anwendung statistischer
Methoden. Berlin: Springer. 846 pp.
SAS Institute Inc., 1982: SAS User's Guide: Statistics. Cary,
NC, SAS Institute Inc.
Schonenberger, W. and Frey, W., 1988: Untersuchungen zur
Okologie und Technik der Hochlagenaufforstung-Forschungsergebnisse aus dem Lawinenanrissgebiet Stillberg. Schweizerische Zeitschrift fur Forstwesen, 139: 735-820.
Schoeneberger, P. J., Wysocki, D. A., Benham, E. C., and Broderson, W. D., 1998: Field Book for Describing and Sampling
Soils. Lincoln, Resources Conservation Service, USDA, National Soil Survey Center.
Smith, J. L., Halvorson, J. J., and Bolton, H., 1994: Spatial relationships of soil microbial biomass and C and N mineralization in a semi-arid shrub-steppe ecosystem. Soil Biology and
Biochemistry, 26: 115 1-1 159.
Sparks, D. L. (ed.), 1996: Methods of Soil Analysis, Part 3:
Chemical Methods. Madison, Wisc.: Soil Science Society of
America, American Society of Agronomy. 1390 pp.
Turner, H., Rochat, P., and Streule, A., 1975: Thermische Charakteristik von Hauptstandortstypen im Bereich der oberen
Waldgrenze (Stillberg, Dischmatal bei Davos). Mitteilungen
der Eidgenossischen Anstalt fur das forstliche Versuchswesen,
51: 95-119.
USDA Soil Survey Staff, 1998: Keys to Soil Taxonomy. Washington, D.C.: USDA. 326 pp.
Webster, R. and Oliver, M. A. 1990: Statistical Methods in Soil
and Land Resource Sunjey. Oxford: Oxford University Press.
316 pp.
Ms submitted Februaiy I999

http://www.jstor.org

LINKED CITATIONS
- Page 1 of 2 -

You have printed the following article:
Humus Forms in the Forest-Alpine Tundra Ecotone at Stillberg (Dischmatal, Switzerland):
Spatial Heterogeneity and Classification
Frank Bednorz; Markus Reichstein; Gabriele Broll; Friedrich-Karl Holtmeier; Wolfgang Urfer
Arctic, Antarctic, and Alpine Research, Vol. 32, No. 1. (Feb., 2000), pp. 21-29.
Stable URL:
http://links.jstor.org/sici?sici=1523-0430%28200002%2932%3A1%3C21%3AHFITFT%3E2.0.CO%3B2-W

This article references the following linked citations. If you are trying to access articles from an
off-campus location, you may be required to first logon via your library web site to access JSTOR. Please
visit your library's website or contact a librarian to learn about options for remote access to JSTOR.

References Cited
Pseudoreplication and the Design of Ecological Field Experiments
Stuart H. Hurlbert
Ecological Monographs, Vol. 54, No. 2. (Jun., 1984), pp. 187-211.
Stable URL:
http://links.jstor.org/sici?sici=0012-9615%28198406%2954%3A2%3C187%3APATDOE%3E2.0.CO%3B2-6

The Influence of Tree Islands and Microtopography on Pedoecological Conditions in the
Forest-Alpine Tundra Ecotone on Niwot Ridge, Colorado Front Range, U.S.A.
Friedrich-Karl Holtmeier; Gabriele Broll
Arctic and Alpine Research, Vol. 24, No. 3. (Aug., 1992), pp. 216-228.
Stable URL:
http://links.jstor.org/sici?sici=0004-0851%28199208%2924%3A3%3C216%3ATIOTIA%3E2.0.CO%3B2-U

Geostatistical Patterns of Soil Heterogeneity Around Individual Perennial Plants
R. B. Jackson; M. M. Caldwell
The Journal of Ecology, Vol. 81, No. 4. (Dec., 1993), pp. 683-692.
Stable URL:
http://links.jstor.org/sici?sici=0022-0477%28199312%2981%3A4%3C683%3AGPOSHA%3E2.0.CO%3B2-Z

http://www.jstor.org

LINKED CITATIONS
- Page 2 of 2 -

Geostatistical Tools for Modeling and Interpreting Ecological Spatial Dependence
Richard E. Rossi; David J. Mulla; Andre G. Journel; Eldon H. Franz
Ecological Monographs, Vol. 62, No. 2. (Jun., 1992), pp. 277-314.
Stable URL:
http://links.jstor.org/sici?sici=0012-9615%28199206%2962%3A2%3C277%3AGTFMAI%3E2.0.CO%3B2-R

