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5.1  Mountain-scale

5.1.1 Plant communities of the White Mountains
The plant communities in the White Mts. are classified from the
macro-plot data of A-samples (mature stands, each 2,500 m²)
along the western flank of the mountain range. A total of 19
samples with 156 species was explored (for location see fig.
12). The result of the clustering procedure is shown in figure 24
as dendrogram. Six discrete plant communities can be distin-
guished and are named by the two characterizing species:

Psorothamnus arborescens-Atriplex confertifolia
semi-desert ( 1,500 m a.s.l.):
The basins and lower foothill zones are covered with hygro-
halophytic plants of the desert scrub, dominated by Atriplex
confertifolia (shadscale) and associated by Psorothamnus arbo-
rescens var. minutifolius and Ephedra nevadensis. Annual and
perennial forbs (e.g. Cryptantha spp., Chaenactis carphoclinia
var. carphoclinia, Eriogonum nidularium, Xylorhiza tortifolia
var. tortifolia) and grasses like Achnatherum speciosum and
Bromus tectorum contribute most to the herb layer.

Artemisia spp.-Ephedra nevadensis
steppe (1,500 m–2,100 m a.s.l.):
At elevations above 1,500 m a.s.l., the mentioned herbs and
shrubs are still present, but several Artemisia spp. characterize
the higher and less alkaline shrub layer in the foothill zone up
to the lower woodland boundary at 2,100 m. Artemisia arbu-
scula ssp. arbuscula and A. tridentata are important sagebrush
shrub species, accompanied by Menodora spinescens, Artemi-
sia spinescens, Krascheninikovia lanata and Grayia spinosa.
Conspicuous herbs like the endemic Penstemon monoensis and
Mirabilis bigelovii var. retrorsa complete the understory vege-
tation. Structurally, the washes and alluvial fans vary in vege-
tation due to differences in moisture availability and to the
tolerance of disturbances like flash floods. Populus spp. and
Salix spp. line the canyon bottoms with permanent moisture
supply (e.g. Silver Canyon, see map in fig. 11), whereas the
alluvial fan in front of the Black Canyon is more densely vege-
tated than its surrounding slopes and features larger amounts of
typical ruderal aliens (e.g. Bromus rubens, B. tectorum).

Montane Pinus monophylla-Juniperus osteosperma
woodland (2,250 m–2,800 m a.s.l.):
Different slope aspects and the petrographic variety create a
broad ecotonal zone between the before described upper foothill
scrub zone and the upward following woodland of Pinus mono-
phylla and Juniperus osteosperma. It forms the lower tree-line
as in many other mountain ranges all over the Great Basin, the
Colorado Plateau and towards the southern Rocky Mountains. In
the White Mts. as in whole eastern California, this woodland is
untypical in its rarity of juniper according to BURWELL (1998),
which normally co-dominates with the pinyon throughout the
central Great Basin (WEST et al. 1978). Furthermore, BURWELL
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describes a downward displacement of the lower tree-line (first
tree species are found already at 1,900 m a.s.l.) after the be-
ginning of the Anglo-American settlement and the introduction
of livestock which diminished the formerly high competitive
and fire-fuel providing grasses on mesic soils. This is a wide-
spread phenomenon over the whole Great Basin (see BLACK-

BURN, TUELLER 1970; VALE 1975).
The Artemisia spp. now serve as understory species within

the open woodland, associated with Ephedra viridis, Chryso-
thamnus spp. and Purshia tridentata. Rocky outcrops feature
Cercocarpus ledifolius, and grasses such as Elymus elymoides
and Achnatherum hymenoides are scattered all-over. Herbs like
Castilleja angustifolia, Cryptantha pterocarya and Gilia in-
conspicua are also widespread but unimportant in regard to
absolute ground cover.

Subalpine Pinus flexilis-Pinus longaeva
woodland (2,800 m–3,500 m a.s.l.) and the “bald” zone:
Above about 2,800 m a.s.l., the montane woodlands are either
directly replaced by a second woodland zone composed of Pinus
flexilis and/or Pinus longaeva, or the vegetation drops back to a
sagebrush steppe with Artemisia arbuscula, Eriogonum cae-
spitosum, Poa secunda and smaller amounts of several other
grasses and forbs. These treeless areas (see photo 1) are also
referred to as “balds” (see BILLINGS 1990 and HÖLLERMANN

1973, who compared these areas with the treeless “upper sage-
brush grass zone” of other mountains in Nevada and south-
eastern Oregon and the Appalachian grassy balds) and are dis-
cussed controversial in literature: MOONEY, WRIGHT (1965) and
SPIRA (1991) relate these differences in vegetation to the pre-
vailing substrate, with sandstone and quartzite-rich soils lacking
conifers, granite being preferred by limber pine, and lime-
stone supporting bristlecone pine; HETZNER et al. (1997) employ

RICHTER’s concept of the “unoccupied niche” (see RICHTER

1996), treating the gap between the woodland belts as a result of
the absence of appropriate tree species in these elevations of
the mountain range. HÖLLERMANN (1973) states that complex
environmental variables (like slope exposure, substrate and top-
ography) create a locally occurring microclimatic-edaphic aridi-
ty of the ground, thus preventing conifer growth; mining activity
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Fig. 24: Classification of the macro-plot (2,500 m²) A-samples (undisturbed zonal vegetation) along the altitudinal gradient of the
White Mountains, shown in form of a dendrogram. The plant communities are assigned to the groups of highest similarity
(see threshold level) and colored in the background; belt designation according to traditional nomenclature for extra-
tropic mountain ranges (see chapter 4.2.6 and also RICHTER 2001).
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Photo 1: Western flank of the White Mountains and the Silver
Canyon, with the Owens Valley in the foreground.
Montane and subalpine woodland belt appear gen-
erally separated by “balds”, but connect above Sil-
ver Canyon.



and fire may also have led to woodland-gaps in these elevations
in other ranges, but not in the White Mts.

The (re-)establishment of conifers is being prevented by the
narrow seed dispersal ranges of the involved conifers, as all of
them apparently reach their ecological limits here. A conclusive
proof for one of the theories was not given by any author, and at
least in the White Mountains most of them can explain the actual
situation in parts, but never completely. As the described treeless
areas do not occur continuously between the two woodland
zones (see photo 1 and also ARNO, HAMMERLY 1984), these
baldy patches are not treated as an independent community but
rather as large habitat patches within the woodland community
as a result of the above mentioned factors.

Conifer woodland of Pinus flexilis and/or Pinus longaeva
may occur up to 3,500 m, their sparse understory consist main-
ly of shrubs like Leptodactylon pungens, Ribes cereum, Eric-
ameria discoidea and Chrysothamnus viscidiflorus. Poa secun-
da, Achnatherum pinetorum, Elymus elymoides and Koeleria
macrantha are the perennial grasses that are likely to occur
within the herb layer, together with small amounts of forbs like
Arenaria kingii var. glabrescens, Penstemon speciosus and Se-
necio multilobatus. Pinus longaeva clearly prefers dolomite
substrate in the White Mountains, a fact that HÖLLERMANN

(1973) relates to its high light requirement for photosynthesis
(high albedo on the white parent material) reproduction and
higher soil moisture. As MOONEY, WRIGHT (1965) do point out,
the increased reflection of sunlight by the white dolomite leads
to lowered summer temperatures of the ground and hence to a
decreased evaporation, favoring P. longaeva on dolomite in the
White Mts. On south and east facing slopes with granite and
sandstone as parent material, the elements of the sagebrush
steppe may outcompete the conifers and form a dense treeless
shrubland.

Alpine Trifolium andersonii-Carex eleocharis
steppes (3,500 m–4,100 m a.s.l.):
The White Mts. are the only range of the three core mountains
where alpine shrub- and graminoid-rich steppes occur (photo 2).
The vast terrain above tree-line (~3,500 m a.s.l.) with its shallow
slopes and depressions together with the petrographic hetero-
geneity and differences in exposure create a small-scale mosaic
of habitats along moisture and temperature gradients.

A fairly dense vegetation cover (described as “Alpine Fell-
Field” by SPIRA 1991) can be found on granitic substrate, con-
sisting of Eriogonum ovalifolium, Trifolium andersonii var.
beatleyae, Phlox pulvinata, Artemisia rothrockii and several
perennial grasses and sedges (e.g. Carex eleocharis). Areas with
dolomite are very sparsely vegetated with species like Castilleja
nana, Phlox condensata and Linum lewsii. A high moisture
supply in depressions and along meltwater courses leads to a do-
minance of sedges (like Carex subnigricans and Carex helleri)
and grasses like Deschampsia caespitosa, while windswept flats
or north-facing slopes are sparsely vegetated, with few herba-
ceous species.

Subnival Hulsea algida-Polemonium chartaceum
talus community (>4,100 m a.s.l.):
On rocky substrate with poor soil development and high mobili-
ty of the coarse debris at the highest elevations above 4,100 m
a.s.l. (see WILKERSON 1994; FICKERT, GRÜNINGER 2002), only
very few but conspicuous species are present. The hemicryp-
tophytic herbs Erigeron vagus, Polemonium chartaceum and

Hulsea algida were found in the samples. MOREFIELD et al.
(1988) additionally describe Anelsonia eurycarpa and few per-
ennial grasses like Poa suksdorfii and Elymus scribneri for the
flora of these highest elevations.

These classified and described plant communities shall give
an overview on the vegetation of the White Mts. and will be used
in the following chapter as an aid for further data explorations
and identification tool in several figures.

5.1.2 Altitudinal gradient of plant and life form
diversity in flora

The flora of the White Mts. consists of 1,026 currently known
higher plant species (see MOREFIELD et al. 1988). Their distribu-
tion over the elevational gradient result in a quite ideal and
“smooth” curve, with maximum values at the ecotone between
steppe and montane woodland, where around 50% of the total
flora is represented (see fig. 25). Up to 3,600 m a.s.l. the life
form diversity per level fluctuates between seven and eight life
form classes, while in higher areas it drops steadily to a single
life form – the hemicryptophytes – in the subnival peak region. In
general, the hemicryptophytic life form shows an overall high
contribution to the species diversity in the mountain range.

Basically, the high species richness in the foothill regions is
created by the numerous drought adapted therophytes (see light
gray bars in fig. 25). Due to their reproductive cycle, they have
the ability to cope with the high aridity. Within the montane
woodland belt, like in the two other mountain ranges examined,
increased plant diversity is furthermore a result of the climate
optimum in these elevations: Sufficient precipitation and a mod-
erate temperature regime allows plants the occupation of vari-
ous niches created by the environmental factors (e.g. topogra-
phy, petrography, exposure and soil conditions). Above 2,500 m
a.s.l., the high species richness of the semi-desert, steppe and
montane woodland communities drops continuously towards
the peak region. At the species poor high elevations (see also
chapter 5.1.1) the similarity drops to only 40%, a figure created
by the overall low species numbers present.

Small diversity peaks in the ecotonal zones between the
plant communities can be observed in figure 25. This is a result
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Photo 2: Dense alpine steppes in the White Mountains at
3,750 m a.s.l.



of the change in floristic composition, which can be also seen in
the beta-turnover in flora of the neighboring levels at the right
side of the respective figure, where similarity decreases in the
transition zones from one community to the next.

5.1.3 Altitudinal gradient of plant and life form
diversity in mature stands

The own sample data of mature, undisturbed stands presented in
figure 26 (same data as in fig. 24 with 19 samples and 156
species) were analyzed to show the species richness and life
form affiliation of the taxa along the altitudinal gradient. In the
upper foothill regions, the mature vegetation shows the overall
highest species richness. A second peak in species richness
along the altitudinal gradient is found within the alpine Trifolium
andersonii-Carex eleocharis steppe community which is espe-
cially rich in perennial grasses and forbs (see respective bars in
fig. 26).

An obvious difference between the data of the flora in figure
25 and the data of the mature stands in figure 26 occurs in
the middle elevations of the montane and subalpine woodland
zones. Here, the mean alpha-diversity in species decreases to
minimum values (mean of 15 species per sample, n=8). As
stated above, “baldy” treeless patches occur in these elevations
mainly on quartzose substrate. As for mature stands the zonal
vegetation was sampled, the samples of these elevations were all
done in wooded areas on limestone (see also criteria catalogue in
chapter 4.1.2). The vegetation is mainly formed by an open
cover of Pinus longaeva with very species poor understory
vegetation, which is typical for this substrate and formation type
(see also ARNO, HAMMERLY 1984). The higher species richness

of the flora in these two belts must therefore be caused at least
partially by the petrographically induced habitat mosaic, and the
chemically and edaphically different soils developing on the
respective parent material. This theory will be substantiated in
the next paragraphs by using the flora data of MOREFIELD et al.
(1988).

According to the flora, nearly 60% of all the species in flora
occur between 2,400 m and 3,400 m elevation. Of these species,
32% are chemically facultative, 53% occur only on silicate and
quartzose and only 10% are in need of basic or mixed basic
substrate (see fig. 27a). The riparian vegetation – which was
not sampled during the own field studies – also increases the
gamma-diversity of these elevations. The species of these habi-
tats are not included in figure 26, but their percentage in flora is
also not very high: Only 33% of all occurring species between
2,400–3,400 m require wet to moist conditions, whereas 67%
are found in accumulative to dispersive drainage conditions
(MOREFIELD et al. 1988, see also fig. 27b).

In figure 28, the total ground cover and the contribution of
the single life forms to it can be compared with the alpha-diver-
sity of the plots along the altitudinal gradient in figure 26. Of
course, highest coverage occurs in the montane and subalpine
woodland zones and is induced by the mesophanerophytic coni-
fers of the community, which is nevertheless poor in species
diversity. The therophytes, rich in species in the foothill region,
are negligible in ground coverage; nanophanerophytic shrubs
like Atriplex confertifolia, Psorothamnus arborescens and Ar-
temisia spp. dominate instead. The species rich alpine steppe
community is also high in ground cover as it is in alpha-diversity,
but in contrast to the steppe below the timbered zones, graminoid
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Fig. 25: Number of vascular plant species (in % of total flora) and their life form affiliation in aequidistances of 100 m along the
altitudinal gradient in the White Mountains. The graph to the right shows the beta-turnover in flora of neighboring eleva-
tion levels in % of similarity (calculated by JACCARD-index).
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hemicryptophytes and herbal perennials contribute most to the
coverage here.

5.1.4 Species-area relations along the
altitudinal gradient

The species-area relations in the White Mountains in figure 29
resemble those of the other two mountain ranges (see chapters
6.1.4 and 7.1.4) principally. The salt tolerant lowest community
just above the valley floor takes an intermediate position with a
moderate increase in species richness with sample area. In the
structurally uniform Artemisia spp.-Ehedra nevadensis scrub,
where the salt tolerance is no longer a limiting factor for many of
the lowland species, the highest increase in species richness with

sampled terrain occurs. This fact is surely related to the high
chance of sampling more of the diverse therophytes with in-
creasing area. The two woodland areas take an intermediate
position. At the highest elevations, which are poor in species and
poor in increase of diversity with sampling area, the existence of
plants is restricted by many limiting environmental variables
(poor soil development, snow cover, low temperatures, etc.).

The picture only varies for the Trifolium andersonii-Carex
eleocharis meadow community. Unlike the species poor talus
communities, a fairly dense vegetation covers the fine grained
granitic substrate sampled, and in places shallow sloping terrain,
moisture collecting as well as wind protected depressions and
exposed rocky outcrops create a high niche diversity for many
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Fig. 26: Species richness and life form affiliation of species of undisturbed zonal vegetation samples (macro-plot A-samples, data
basis: own relevés) along the altitudinal gradient in the White Mountains.
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Fig. 27: Soil chemistry requirements (a) and moisture requirements (b) of species (in %) in the White Mountains flora, 2,400 m–
3,400 m a.s.l.
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different species to coexist. Furthermore, the individual shrubs
occurring are of a smaller size, and the concurrence in the
root-horizon is less pronounced as in the shrub steppes of the
lower elevations and “balds”. Thus, species richness is already
very high in the micro-plots and increases further with plot size.

The special position and shape of the alpine steppe curve
will be presented and discussed once more in the comparative
discussion of chapter 8.2.3.

5.1.5 Relations between the sampled vegetation units
The previous chapters had the intention to give an impression on
the zonal distribution of species, life forms and their ground
cover within the flora and the sampled mature stands, as well as
on the similarity in flora of neighboring elevation levels. For an

interpretation of the relations between the sampled vegetation
units, the following chapters will use ordination methods.

In figure 30, the vegetation data of the macroscale A-
samples are shown in a CA ordination triplot (1st and 2nd species
axis), together with important species scores and the available
explanatory variables (and nominal group variables). The high-
est sample at 4,250 m a.s.l. was excluded from the ordination,
as its low ground cover and its completely distinctive composi-
tion produce failures in the analysis matrix. As a result, a total of
18 samples and 153 species were used in the ordination.

The samples are classified after their community affiliation,
as displayed in figure 24 and chapter 5.1.1. Table 1 presents the
weighted correlation matrix for the first four species axes with
the explanatory variables, with values above 0.4 or –0.4 high-
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Fig. 28: Ground cover of aggregated life forms and their contribution to total ground cover (in %, without dead wood) of macro-
plot A-samples along the altitudinal gradient in the White Mountains.
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Fig. 29: Species-area relations (expressed as semi-log relation), drawn for the mean species numbers of micro-, meso- and macro-
plots in each zonal community of the White Mountains.
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lighted (the nominal explanatory group variables are indicated
by asterisks). Highest correlation on the 1st axis (eigenvalue
0,95) occurs with elevation (–0.96), rockiness (–0.78) and slope
angle (–0.74). The 2nd species axis (eigenvalue 0.85) is moder-
ately correlated with only one variable, the ground coverage
(0.42), leaving the group variables aside. The two other axes
show only moderate correlation, and only with group variables.
In figure 30, the samples are arranged in elevational order and
bend along the 1st axis from the lowest (lower right quadrant) to
the highest elevations (lower left quadrant). The two lowest
foothill communities on the alluvial fans are obviously close
in composition and structure. Both woodlands are separately
occurring in the upper two quadrants, being dominated by Juni-
perus osteosperma, Pinus monophylla and their high ground
cover (see arrow), as well as by the high coverage of P. flexilis
and P. longaeva in the adjacent woodland, which is generally
restricted to dolomite and higher slope angles. The Trifolium-
Carex meadow community of the highest elevations is on rocky
slopes composed of granodiorite.

Table 2 gives the weighted correlation matrix between the
explanatory variables. As visible in the ordination, high positive
correlation is found between the elevation and slope angle (0.7),
rockiness (0.82) as well as ground cover (0.54). Alluvial fans
occur of course at low elevations, whereas the higher elevations
in the White Mountains are often built up by granodiorite. Steep
slope angles correlate positive with the rockiness of the samples
(0.82) and were more often found in mature stands on dolomite
(0.43).

If the C-samples are added in the ordination in figure 31, the
picture is generally comparable, but the single sample groups are
not as discrete as before. In a total of 39 samples (again without
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Fig. 30: CA triplot for the White Mountains macro-plot A-samples (sample 4250 excluded, see text), showing species, samples
(classified after community affiliation) and explanatory (nominal) variables.
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Tab. 1: Weighted correlation matrix of species axis and expla-
natory variables, eigenvalues of axis, species-environ-
ment correlations and explained variance for the CA
in figure 30.
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S P E C

AX1 AX2 AX3 AX4

Elevation –0.9633 –0.1625 –0.0779 –0.0510

Slope angle –0.7434 0.0656 0.0281 –0.2098

Alluvium* 0.3413 –0.1494 0.0919 0.0405

Quartzite & shale* 0.1615 0.2341 –0.1946 0.4088

Limestone* 0.2627 0.2143 0.1793 –0.0324

Dolomite* –0.2605 0.1795 0.4447 0.0195

Granodiorite* –0.5224 –0.5653 –0.3144 –0.5214

Vegetation cover –0.5335 0.4213 0.1236 –0.0746

Dead wood 0.6322 –0.2685 0.2801 0.0964

Rockiness –0.7832 –0.2821 –0.1481 –0.2081

Eigenvalues: 0.949 0.845 0.816 0.489

Species-environment
correlations:

0.989 0.894 0.737 0.888

Cumulative percentage variance

of species data: 16.8 31.7 46.1 54.8

of species-
environment relation:

24.5 42.4 54.2 64.4



the highest sample 4250), 206 species were encountered. Still
high eigenvalues of the first two species axes have dropped
slightly to 0.93 (1st axis) and 0.77 (2nd axis) and less explanatory
factors correlate with them (see tab. 3 and 4). The negative corre-
lation between the elevation and the 1st species axis is as high as
in figure 30 (–0.96), but otherwise there remains only a moder-
ate correlation with the amount of dead wood (0.59). Rockiness
now correlates negatively with the 2nd species axis (–0.47). The
samples are again classified according to their community type
and their sample type additionally. As already mentioned, many
of the C-samples appear transitionally between the formerly
discrete groups of mature stands. Whereas the lowest two com-

munities are still very close in composition and structure, the
samples of the Pinyon-Juniper woodland are widely distributed
in the upper center area of the graph and are partially linked to
the adjacent lower community (2402, 2252). The same happens
with the samples 2852 and 3152 of the P. flexilis-P. longaeva
community and the adjacent Pinyon-Juniper woodland (see right
half of upper left quadrant). The sample 3002 appears almost
isolated near the center of the graph, still containing a small
amount of Pinus monophylla. The high meadow community in
the lower left quadrant is now mixed with three C-samples of
the lower P. flexilis-P. longaeva woodland (3302, 3452, 3453),
which are treeless, on granodioritic material, and resemble the
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Tab. 2: Weighted correlation matrix between explanatory variables of CA in figure 30.

Elevation 1

Slope angle 0.6985 1

Alluvium* –0.0421 –0.3195 1

Quartzite & shale* –0.1724 –0.1162 –0.2210 1

Limestone* –0.3217 –0.2896 –0.1441 –0.4917 1

Dolomite* 0.2422 0.4272 –0.0747 –0.2547 –0.1661 1

Granodiorite* 0.6510 0.3657 –0.1222 –0.4168 –0.2718 –0.1408 1

Vegetation cover 0.5390 0.3186 –0.4770 –0.0573 0.1281 0.2371 0.0600 1

Dead wood –0.5730 –0.4432 0.4527 0.3011 –0.3181 0.0014 –0.3107 –0.4732 1

Rockiness 0.8222 0.8204 –0.2554 –0.1220 –0.5158 0.3130 0.6615 0.1771 –0.4329 1

Explanatory
variables

Elevation
Slope
angle

Allu-
vium*

Quartzite
& shale*

Lime-
stone*

Dolo-
mite*

Grano-
diorite*

Vegetation
cover

Dead
wood

Rockiness
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Fig. 31: CA triplot for the White Mountains macro-plot A- and C-sample types (sample 4250 excluded, see text), showing species,
samples (classified after community affiliation and sample type) and explanatory (group) variables.
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open and petrography-bound structure of the vegetation in these
elevations.

The response of the strongest species along the first species
axis is plotted in figure 32, using a GAM model (General Addi-
tive Model, see chapter 4.2.3.4). It illustrates the overlap in
species response for the classified communities and the replace-
ment of species along the 1st axis, which in this case closely
resembles the elevational gradient (corr. coeff. –0.96). Well
marked is the overall presence of Artemisia spp., neither of them
showing strong response apart from A. rothrockii (see left side of
the graph – the shrub shows high coverage in C-samples that
were taken within the subalpine P. flexilis-P. longaeva belt), but

obviously filling in the gaps between timbered areas. Below the
lower tree-line, A. arbuscula has a high response in figure 32,
which stretches further towards higher elevations (negative end
of the 1st axis). A. tridentata shows the highest response at the
transition zone in-between the vertexes of the Pinus monophylla
and P. longaeva curves (see also “Artemisi tri” in fig. 31). And,
as already mentioned above, A. rothrockii is highly present in the
ecotonal zone, covering the treeless areas between the highest
woodland patches and the adjacent meadow community. Its
species response curve wrongfully opens up widely to the left
side of the graph (a model based error); like visible in the species
list in supplement I, it was only found as high as 3,750 m a.s.l.
with weak ground cover.

This distribution pattern fits quite well to the soil chemistry
necessities of the sagebrush and pine species: After MOREFIELD

et al. (1988), A. tridentata and A. spinescens grow facultative on
basic or non-basic material, but A. arbuscula and A. rothrokii are
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Tab. 3: Weighted correlation matrix between explanatory variables of CA in figure 31.

So
ur

ce
:

F.
G

rü
ni

ng
er

20
04

.

Tab. 4: Weighted correlation matrix of species axis and expla-
natory variables, eigenvalues of axis, species-environ-
ment correlations and explained variance for the CA
in figure 31.
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S P E C

AX1 AX2 AX3 AX4

Elevation –0.9584 –0.1221 –0.1136 0.0952

Slope angle –0.3003 –0.0729 0.1401 –0.0272

Alluvium* 0.3867 –0.1704 0.0934 –0.3478

Quartzite & shale* 0.1031 0.1791 –0.2197 0.1844

Limestone* 0.2086 0.2165 0.2302 0.2286

Dolomite* –0.2583 0.1866 0.4504 –0.1044

Granodiorite* –0.4522 –0.4699 –0.3157 –0.1592

Vegetation cover –0.3164 0.3966 0.0246 –0.0996

Dead wood 0.5930 –0.1644 0.2064 0.0987

Rockiness –0.3798 –0.4685 –0.1018 –0.0045

Eigenvalues: 0.932 0.766 0.753 0.538

Species-environment
correlations:

0.980 0.743 0.680 0.672

Cumulative percentage variance

of species data: 11.0 20.1 29.0 35.4

of species-
environment relation:

26.0 38.2 48.3 55.4

Elevation 1

Slope angle 0.2984 1

Alluvium* –0.4544 –0.1956 1

Quartzite & shale* –0.1136 0.0534 –0.3025 1

Limestone* –0.2388 –0.0982 –0.1289 –0.4719 1

Dolomite* 0.1866 0.0976 –0.0788 –0.2887 –0.1230 1

Granodiorite* 0.5960 0.1008 –0.1258 –0.4606 –0.1962 –0.1200 1

Vegetation cover 0.3039 –0.2831 –0.1464 0.0692 –0.0849 0.1552 –0.0098 1

Dead wood –0.5573 –0.3130 0.3820 0.1456 –0.1598 –0.0091 –0.3054 –0.1841 1

Rockiness 0.4383 0.6500 0.0653 –0.2170 –0.2445 0.0349 0.4721 –0.2674 –0.3129 1

Explanatory
variables

Elevation
Slope
angle

Allu-
vium*

Quartzite
& shale*

Lime-
stone*

Dolo-
mite*

Grano-
diorite*

Vegetation
cover

Dead
wood

Rockiness

Fig. 32: Species response curves (GAM model) along the first
species axis for A- and C-samples of the White Moun-
tains. Species shown include most tree species and
dominant shrub species.
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both restricted to quartzose substrate. This explains why these
two species fill the treeless gaps in their altitudinal distribution
range, which occur mostly on non-basic material. Pinus lon-
gaeva and P. flexilis, both growing in theory on both basic and
non-basic material (see also MOREFIELD et al. 1988), are gener-
ally outcompeted on non-basic material by the sagebrush shrubs
and their associates.

5.2  Belt-scale

On the belt-scale, three sample groups will be observed sepa-
rately that can be extracted from figure 31: The first group
contains all the samples of the two foothill communities plus the
still treeless ecotonal samples 2252 and 2402 from the Pinus-
Juniperus woodland, that appear close to this complex (see right
side of the graph); the second group comprises all samples from
the montane and subalpine woodland belt except the samples
3302, 3452 and 3453; due to their affinity to the alpine meadow
community, these samples are treated in the third sample group
(see lower left quadrant in fig. 31).

5.2.1 Foothill communities (1,350 m–2,400 m a.s.l.)
In the foothill communities below the lower tree line (see 1st

sample group in fig. 31), site differences are mainly caused by
the elevation above the basin floor (salinity), the petrographic
and topographic differences as well as by variations in plant
available water. The present allochthonous material of the allu-
vial fans and autochthonous rock layers of the mountain base
form the differently angled slopes. These slopes are dissected by
bigger canyon mouths like that one of the Coldwater, Silver,
Poleta Mine or Black Canyon (see map in fig. 12), which are
characterized by seasonally active fluviatile processes.

Figure 33 displays the analyses of the 14 vegetation macro-
plot A- and C-samples (composed of 97 species) in the foothill
communities. In figure 33a and 33b, the involved samples are
classified according to their community and sample type and are
shown together with the important species and the explanatory
variables (including the nominal explanatory variables of petro-
graphic situation) on the 1st and 2nd species axis. Like over the
whole elevational gradient in figure 31, the samples are distrib-
uted in an arch shape over the plot, with low elevation samples to
the right and high elevation samples to the left side of the graph.
The A-samples were taken on undissected alluvial fans (1351,
1501), quartzite & shale (1801, 1951) or limestone (1651, 2101)
slopes of low angles and low debris cover. The C-samples were

either taken on active alluvial fans in front of a canyon mouth
(see sample 1352), or on steep slopes with high debris cover
(1802 on alluvium; 1502, 1652, 1952, 2252, 2402 on quartzite &
shale; 2102 on limestone). The samples 2252 and 2402 are lo-
cated in treeless areas within the zonal Pinus-Juniperus wood-
land.

The 1st species axis (eigenvalue 0.59) is strongly correlated
with elevation (–0.92) and weakly with rockiness (see tab. 5).
The 2nd species axis (eigenvalue 0.42) is only weak correlated
with the species ground cover in the samples. Higher corre-
lations between the explanatory variables (see tab. 6) occur
between the petrographic units (as they replace each other), but
also between slope angle and rockiness and slope angle and
ground cover. The negative correlation between elevation and
alluvium is also not surprising.

Highest differences in species composition and structure
between the A- and C-samples can be detected within the Pso-
rothamnus-Atriplex scrub. Whereas the two old growth stands
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Tab. 6: Weighted correlation matrix between explanatory variables of CA in figure 33.

Tab. 5: Weighted correlation matrix of species axis and expla-
natory variables, eigenvalues of axis, species-environ-
ment correlations and explained variance for the CA
in figure 33.
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Elevation 1

Slope angle 0.1434 1

Alluvium* –0.6183 –0.1376 1

Quartzite & shale* 0.3554 0.2988 –0.5486 1

Limestone* 0.1681 –0.2131 –0.3017 –0.6316 1

Vegetation cover 0.3520 –0.4686 –0.0437 0.0728 –0.0424 1

Dead wood –0.1574 –0.2237 0.2241 0.2299 –0.4699 –0.1487 1

Rockiness –0.1776 0.6995 0.3380 –0.1998 –0.0856 –0.1802 –0.2878 1

Explanatory
variables

Elevation Slope angle Alluvium*
Quartzite &

shale*
Limestone*

Vegetation
cover

Dead wood Rockiness

S P E C

AX1 AX2 AX3 AX4

Elevation –0.9207 0.1401 0.1002 –0.0893

Slope angle 0.1122 –0.0409 0.5397 –0.3401

Alluvium* 0.6160 0.0238 –0.6001 –0.0417

Quartzite & shale* –0.2542 0.1621 0.4329 0.0630

Limestone* –0.2813 –0.2069 0.0628 –0.0332

Vegetation cover –0.3384 0.5706 –0.5788 0.1377

Dead wood 0.1072 –0.2951 –0.0571 0.4837

Rockiness 0.4567 0.1296 0.0972 –0.3162

Eigenvalues: 0.586 0.424 0.367 0.267

Species-environment
correlations:

0.977 0.697 0.905 0.653

Cumulative percentage variance

of species data: 22.2 38.3 52.2 62.3

of species-
environment relation:

33.2 45.5 63.4 70.1
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HHigh moun tains of the world pos sess an out stan ding bio di ver si ty 
com pa red to their sur roun ding low lands and are thus con si de red
as “hot spots” of plant di ver si ty. Espe ci al ly the fac to ri al com plex
of al ti tu de is sup po sed to be an im por tant trig ger: Abio tic and
bio tic en vi ron men tal fac tors chan ge along the ele vat io nal gra -
dient, ac com pa nied by dif fe rent dis tur ban ce re gimes and dy-
 namic pro ces ses. The the re of re sul ting pat terns in flo ris tic and
struc tu ral di ver si ty suc ces si ve ly chan ge through time and with
the sca le of ob ser va ti on em ploy ed. Fac tors with a cer tain spa ti al
or tem po ral ex ten si on crea te dif fe rent si zed ha bi tat ty pes with
dif fe rent di ver si ty pat terns. Me cha nisms that af fect the di ver si ty
on one sca le might not be ef fec ti ve on an ot her, and hen ce a
functio nal in ter pre ta ti on al ways has to be orien ta ted on the
 different sphe res of in flu en ce.

Fur ther mo re, pos si ble in ter re la tions bet ween sig ni fi cant
fac tors are highly com plex and of ten not to be elu ci da ted.
 General mo dels re sult in ex cel lent sche ma tic ap proa ches but
may fail to pre sent sa tis fy ing hard-facts on di ver si ty-re la ted
 patterns and pro ces ses wit hin an area of in te rest. De tai led in-
ves ti ga tions pro du ce ex cel lent da ta and re sults wit hin nar row
spa ti al and eco lo gi cal li mits, but are hard ly adap tab le to lar ger
are as. The re search work pre sen ted in this the sis fo cu ses on
the  both of the se aspects: A stan dardi zed sam pling de sign is
 employed to crea te an use ful da ta ba sis which is used to ve ri fy
 general theo re ti cal sta te ments de ri ved from the ob ser ved pat -
terns and pro ces ses in plant di ver si ty of high moun tain re gions.

The se mia rid part of the Great Ba sin Re gi on with its nu-
 merous north-south tren ding moun tain ran ges was cho sen as
 investigation area. It is lo ca ted bet ween the Sier ra Ne va da-
 Cascade Ran ge axis to the west and the Ro cky Moun tains to the
east. Wit hin three exem pla ry “co re”moun tain ran ges (the Whi te
Moun tains in eas tern Ca li for nia, the Spring Moun tains in south-
ern Ne va da and the Sna ke Ran ge in eas tern Ne va da) ve ge ta ti on
was sam pled using trans ect stu dies along the al ti tu di nal gra dient. 
The samples we re pla ced in ver ti cal steps of 150 m in zo nal old
growth stands, in ha bi tats with va ry ing en vi ron men tal con-
 ditions, in dif fe rent suc ces sio nal sta ges and exem pla ry in unique
ha bitat units. The sam pling de sign em ploy ed uses three  nested
plot si zes with 1 m² (mi cro-plot), 100 m² (me so-plot) and 2,500
m² (ma cro-plot). Al to get her, al most 1,400 sam ples are in clu ded
in the ana ly zed da ta sets. Next to flo ris tic aspects, li fe form
 spectra and for ma ti on cha rac ter is tics of the sam pled ve ge ta ti on
are con si de red, and the da ta are ac com plis hed and ve ri fied by
regio nal flo ras and trans ect stu dies of ot her aut hors.

To ta ke the sca le de pen dent aspect of di ver si ty in to ac count,
four dif fe rent ob ser va ti on sca les are em ploy ed for the ana ly sis
pro ce du re:
• The land sca pe-sca le co vers the who le re gi on of the Great

 Basin with its sing le moun tain ran ges as a phy sio gra phi cal
unit. Next to the own sam ples, adap ted ve ge ta ti on da ta are em -
ploy ed to elu ci da te the in flu en ce of lar ge-sca le en vi ron men tal
fac tor-com ple xes on flo ris tic and struc tu ral plant di ver si ty.
The ve ge ta ti on his to ry and pe tro gra phic he ter oge nei ty of the
Great Ba sin ha ve an ob vi ous in flu en ce on the spe cies di ver si ty

of the moun tain ran ges. La ti tu di nal, lon gi tu di nal and al ti-
 tudinal chan ges of ma jor cli ma te pat terns, the mass ele va-
 tion and ab so lu te ver ti cal gra dient of the re spec ti ve moun tain
ran ges as well as hu man im pact ha ve a con si der able im pact on
the flo ris tic and struc tu ral di ver si ty pat terns in the moun-
 tainous Great Ba sin re gi on.

• The moun tain-sca le con si ders one par ti cu lar moun tain ran ge
with its ver ti cal zo na ti on of cli ma te-de pen dent al ti tu di nal
belts. Flo ris tic and struc tu ral di ver si ty pat terns are shown
exem pla ry for the three co re moun tain ran ges, spe ci fied by
the help of spe cies-area cur ves and com pa red in re la ti on to
 similar or dis si mi lar pat terns for each ran ge. Next to the
 floristic his to ry and the ma jor cli ma te pat terns, the in flu en ce
of he ter oge ne ous pe tro gra phic con di tions in crea ses in im-
 portance. Na tu ral dis tur ban ces and hu man im pact may mo di fy 
the ve ge ta ti on struc tu re and hen ce its di ver si ty in the co re
moun tain ran ges.

• The belt-sca le is em ploy ed to des cri be si mi la ri ties and dif fer -
en ces of di ver si ty pat terns wit hin cli ma te in du ced al ti tu di nal
ve ge ta ti on belts for all three co re moun tains. Spe cies com po si -
ti on, do mi nan ce struc tu res and li fe form spec tra are the re fo re
ana ly zed and com pa red wit hin and bet ween cor re spon ding
 vegetation belts. Whe re as the in flu en ce of lar ge-sca le fac to ri al 
com ple xes (li ke mass ele vat ion ef fects, ve ge ta ti on his to ry of
the who le re gi on, etc.) is wea ke ned, pre sent pe tro gra phic and
to po gra phic dif fer en ces cons tant ly gain im por tan ce. Na tu ral
dis tur ban ces and stress de ter mi ne the oc cur ren ce of short- to
me di um-term di ver si ty pat terns; de struc ti ve hu man im pact is
ab le to cau se on going de gra da ti on pro ces ses and a loss of
 floristic and struc tu ral plant di ver si ty. The in ter ming ling of
 adjoining ve ge ta ti on belts stron gly in crea ses the di ver si ty
 within the eco to nal zo nes in parts. Na tu ral dis tur ban ces and
azo nal and ex tra zo nal ha bi tats which link ve ge ta ti on belts
along the al ti tu di nal gra dient al so en rich spe cies com po si ti on
and the ve ge ta ti on struc tu re lo cal ly.

• The patch-sca le re gards ex am ples of dif fe rent en vi ron men tal
units for med by small-sca le dy na mic pro ces ses, dis tur ban ces
or do mi nant en vi ron men tal gra dients wit hin the ess en ti al com -
mu ni ties of the va ri ous belts. An eva lua ti on of im por tant
 factors on this smal lest ob ser va ti on sca le is not trans fer able to
lar ger pat ches, as flo ris tic and struc tu ral di ver si ty pat terns can
va ry bro ad ly bet ween the se smal lest en vi ron men tal units.

Of cour se, the sca les of ob ser va ti on and the da ta sam pled
do not al low re vea ling all the di ver si ty pat terns in he rent to the
moun tai nous en vi ron ments. Ne ver the less, the de ve lo ped meth-
od seems suit ab le to com pa re the still qui te na tu ral, re la ti ve ly
sta ble eco sys tems oc cur ring in the Great Ba sin ran ges. Trig gers
of plant di ver si ty on the four dif fe rent ob ser va ti on sca les are well 
elu ci da ted, and their in flu en ces can be re cog ni zed and eva lua ted
fas ter in fu tu re ana ly ses on the plant di ver si ty in se mia rid high
moun tains of south wes tern North Ame ri ca, and pro ba bly be-
yond (whet her the re sults are trans fer able to ot her, cli ma ti cal ly
com pa ra ble re gions, re mains to be tes ted). Fur ther mo re, the
 gained knowled ge helps to un der stand the fun da men tal eco-
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 logical prin ci ples of the area. It is thus a va lu ab le con tri bu ti on to
a ba sic con cept for sus tai na ble de ve lop ment, and helps to pro-

tect and pre ser ve the sur pri sing ly high and en dan ge red phy to-
 diversity of the Great Ba sin re gi on.
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DDie Hoch ge bir ge der Er de zeich nen sich ge ne rell durch ei ne
 erhöhte Ar ten viel falt ge gen über ih rem Um land aus und wer den
auf grund des sen seit ge rau mer Zeit als „Hot spots“ der Phy to-
 diversität an ge se hen. Vor al lem dem Fak to ren kom plex „Hö he“
kommt hier bei ei ne be son de re Be deu tung zu: Mit zu neh men der
Hö he än dern sich nicht nur abio ti sche und bio ti sche Stand ort-
pa ra me ter, es er gibt sich au ßer dem auch ei ne cha rak teris ti sche
Ab fol ge und Durch drin gung von zo na len Stö rungs re gi men und
 dynamischen Pro zes sen. Daraus re sul tie ren de Di versi täts mus ter 
sind von im men ser Viel falt, da sie na tür lich nicht nur räum li chen 
son dern auch zeit li chen Suk zes sions zyk len oder -rei hen un ter -
wor fen sind und sich mit dem Maßstab der Be trach tung än dern.
Als lo gi sche Kon se quenz da raus kön nen wich ti ge Steu er grö ßen
der Viel falts mus ter durch ei ne ver än der te Auf lö sung in den Hin -
ter grund tre ten oder erst ih re wah re Be deu tung zei gen.

Die In ter ak tio nen zwi schen all den an ge spro che nen Kom -
po nen ten zei gen sich viel fäl tig, hoch kom plex und sind zu-
meist nur schwer durch schau bar. Ge ner el le Er klä rungs ver su che 
zur er höh ten Viel falt in Hoch ge bir gen müs sen da her meist mo -
dell haft blei ben und kön nen oft kei ne end gül ti gen Aus sa gen
über ih re Ent ste hung und Va ria bi li tät in ei nem reel len Land -
schafts aus schnitt ma chen. De tail un ter su chun gen hin ge gen lie -
fern wirk lich keits na he und gut ver wert ba re Er geb nis se für klei -
ne Be rei che mit eng ge fass ten Um welt be din gun gen, sind je doch
auf grund ih res De signs und Ar beit sauf wan des nur be dingt auf
grö ße re Ge bie te an wend bar. Die vor lie gen de Un ter su chung ver -
sucht auf grund des sen ei nen Mit tel weg zu fin den und theo-
 retische Aus sa gen über maßstabs ab hän gi ge Aspek te der Pflan -
zen viel falt in Hoch ge bir gen auf Grund la ge ei ner um fas sen den
Da ten ba sis zu ve ri fi zie ren.

Als Un ter su chungs raum dient der se mia ri de Be reich des
Great Ba sin im Süd wes ten Nord ame ri kas. Sei ne vor wie gend
N-S-strei chen den Ge birgs ket ten lie gen ein ge bet tet zwi schen der 
west lich vor ge la ger ten Sier ra Ne va da/Cas ca de Ran ge und den
Ro cky Moun tains, die den Groß raum nach Os ten hin be gren zen.
In ner halb des Ar beits ge bie tes wur den Ve ge ta tions da ten ent-
lang von Trans ekt stu dien in drei „Kern“ge bir gen auf ge nom men
(in den Whi te Moun tains im Os ten Ka li for niens an der Gren ze
zu Ne va da, den Spring Moun tains in Süd ne va da nord west lich
von Las Ve gas und in der Sna ke Ran ge in Ost ne va da). Die
Aufnah men er folg ten in fest ge leg ten Hö hen ab stän den von 150
m Äqui dis tanz in ner halb zo na ler Be stän den so wie an Stan dor-
ten mit ab wei chen den Um welt vor ga ben, in ver schie de nen Suk -
zes sions sta dien und auf aus ge wähl ten Son der stand or ten. Das
für die se Un ter su chung ent wi ckel te Auf nah me de sign um fasst
drei ge nes te te Auf nah me grö ßen, de ren Auf lö sung 1 m² (Mi kro-
Plot), 10 m² (Me so-Plot) und 2.500 m² (Ma kro-Plot) be trägt.
Ins ge samt flos sen Da ten von knapp 1.400 Auf nah me flä chen in
die Un ter su chung ein. Ne ben flo ris ti schen Aspek ten wur den
 Lebensformspektren und For ma tions cha rak ter is ti ka auf ge nom -
men und in die Aus wer tung ein be zo gen, das er ho be ne Da-
 tenmaterial wird au ßer dem durch wei te re Trans ekt stu dien im
Wes ten der USA und durch kom men tier te Flo ren lis ten ver-
schie de ner Au to ren er gänzt.

Um den maßstabs be ding ten Wahr neh mungs un ter schie den
der Steu er grö ßen Rech nung zu tra gen, wur den die Un ter suchun -
gen zur Phy to di ver si tät in vier Maßstabs ebe nen auf ge gliedert:
• Die Land schafts-Ebe ne (land sca pe-sca le) be trach tet das ge -

sam te Great Ba sin als phy sio gra phi sche Ein heit. Ne ben den
ei ge nen Ve ge ta tions auf nah men wur den Se kun där da ten ver -
wen det um den Ein fluss groß räu mi ger Fak to ren kom ple xe auf
die Aus bil dung der ge gen wär ti gen Phy to di ver si tät zu be stim -
men. Flo ren his to rie und pe tro gra phi sche Dif fer en zie rung des
Great Ba sin ha ben ent schei dend auf den Ar ten reich tum der
Ge bir ge ein ge wirkt. La ti tu di na le und lon gi tu di na le Ver än de -
run gen des Kli ma re gi mes, die Mas sen er he bung und die ver ti -
ka le Er stre ckung der Ge bir ge so wie mensch li che Ein grif fe
sind au ßer dem maß geb lich ent schei dend für die flo ris ti schen
und struk tu rel len Viel falts mus ter in ner halb des Ge birgs rau -
mes.

• Die Ge birgs-Ebe ne (moun tain-sca le) be trach tet die kli ma be -
ding te ver ti ka le Zo nie rung ein zel ner Ge bir ge ent lang ih rer
Hö hen gra dien ten. Struk tu rel le und flo ris ti sche Viel falts mus -
ter wer den bei spiel haft für die Kern ge bir ge vor ge stellt, an hand 
von Ar ten-Areal kur ven ver deut licht und hin sicht lich von Ge -
mein sam kei ten und Un ter schie den in ih ren Steu er grö ßen ver -
gli chen. Ne ben flo ren his to ri schen und kli ma ti schen Kom po -
nen ten ver stärkt sich hier der Ein fluss der Pe tro gra phie auf den 
Ar ten reich tum der Ge bir ge. Na tür li che und an thro po ge ne Stö -
run gen wir ken sich vor al lem auf die struk tu rel le Viel falt der
Ge bir ge aus.

• Die Hö hens tu fen-Ebe ne (belt-sca le) wird be nutzt, um in den
Kern ge bir gen stan dört li che Ge mein sam kei ten und Dif fer en -
zen der Hö hens tu fen auf zu zei gen. Ar ten zu sam men set zung,
Do mi nanz struk tu ren und Le bens form spek tren wer den da-
bei in ner halb der Ve ge ta tions stu fe und zwi schen den kor-
 respondierenden Stu fen be trach tet. Wäh rend der Ein fluss
groß maßstä bi ger Fak to ren kom ple xe in den Hin ter grund tritt,
ge win nen pe tro gra phi sche (so weit vor han den) und to po gra -
phi sche Dif fer en zie rung wei ter an Be deu tung. Na tür li che Stö -
run gen und Stress be stim men maß geb lich die Aus bil dung von
kurz- bis mit tel fris ti gen Mus tern, star ker an thro po ge ner Ein -
fluss kann zu nach hal ti gen De gra da tions er schei nun gen und
Ver lust an Viel falt füh ren. Die Durch mi schung von Ve ge ta -
tions stu fen in den Öko ton be rei chen för dert die flo ris ti sche
und struk tu rel le Viel falt in ho hem Ma ße. Stö run gen so wie
azo na le oder ex tra zo na le Stand or te, die be stimm te Ve ge ta -
tions stu fen ent lang des Hö hen gra dien ten mit ein an der ver-
 netzen, kön nen eben falls zu ei ner lo ka len Er hö hung der Di-
ver si tät bei tra gen.

• Die Patch-Ebe ne (patch-sca le) stellt schließ lich bei spiel haf-
te Mus ter vor, die durch klein räu mig vor herr schen de Stand-
ort be din gun gen, Stö run gen oder dy na mi sche Pro zes se mit
 variierenden Wir kungs spek tren her vor ge ru fen wer den. Ei ne
Be wer tung der Ein fluss fak to ren ist hier nur mehr über Ein zel -
aus sa gen mög lich, da sich die flo ris ti sche und struk tu rel le
Viel falt je nach Stand ort auf klein stem Raum maß geb lich er -
hö hen oder re du zie ren kann.
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Na tür lich kön nen die er ho be nen Da ten auf den ver wen-
 deten Ska len ebe nen bei wei tem nicht al le Viel falts mus ter auf-
de cken oder er klä ren, die ent wi ckel te Me tho dik eig net sich
 jedoch her vor ra gend für ver glei chen de Be trach tun gen in den
 naturnahen, re la tiv sta bi len Öko sys te men der Great Ba sin Ge -
bir ge. Mit Hil fe der er wor be nen Raum- und Pro zess kennt nis -
se kön nen di ver si täts prä gen de Fak to ren bes ser ver stan den, ih re

Wir kung in zu künf ti gen Ana ly sen schnel ler er kannt und even-
tu ell auf kli ma tisch ver gleich ba re Räu me über tra gen wer den.
Ne ben ei ner Ver grö ße rung des öko lo gi schen Ba sis wis sens bie -
ten sich die ge won ne nen Ein sich ten wei ter hin als Grund la ge für
nach hal ti ge Schutz kon zep te zur Er hal tung der über ra schend
 hohen Phy to di ver si tät an, die der Groß raum auf grund von  öko-
lo gi schem Fehl ver hal ten zu ver lie ren droht.
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