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Abstract

Question: Does the upward shift of species and accompanied
increase in species richness, induced by climate change, lead
to homogenization of Alpine summit vegetation?

Location: Bernina region of the Swiss Alps.

Methods: Based on a data set from previous literature we
expand the analysis from species richness to beta-diversity
and spatial heterogeneity. Species compositions of mountain
summits are compared using a two-component heterogene-
ity concept including the mean and the variance of Sgrensen
similarities calculated between the summits. Non-metric
multidimensional scaling is applied to explore developments
of single summits in detail.

Results: Both heterogeneity components (mean dissimilarity
and variance) decrease over time, indicating a trend towards
more homogeneous vegetation among Alpine summits.
However, the development on single summits is not strictly
unidirectional,

Conclusions: The upward shift of plant species leads to
homogenization of alpine summit regions. Thus, increasing
alpha-diversity is accompanied by decreasing beta-diversity.
Beta-diversity demands higher recognition by scientists as well
48 nature conservationists as it detects changes which cannot
be described using species richness alone.

Kepr ords: Bernina; Beta-diversity; Climate change; Hetero-
geneity; Long-term monitoring; Non-metric Multidimensional
Scaling; Similarity; Species composition; Swiss Alps.

Abbreviations: NMDS = Non-metric Multidimensional Scal-
ng; Rmse = root mean square error.

Introduction

Shifts in species distributions have been linked in-
creasingly to climate change (e.g. Grabherr et al. 1994;
Hughes 2000; Walther et al. 2001; Parmesan & Yohe
2003; Rootet al. 2003). Experiments have proven a causal
link between warming and species responses: modified
competitive power or changes in reproductive success
lead to changes in species composition (Chapin et al.
1995; Harte & Shaw 1995; Arft et al. 1999). However,
with such experiments neither broad-scale nor long-
term range shifts can be detected. Long-term data sets
are needed to estimate and predict range shifts due to
climate change (Grabherr et al. 2001).

Alpine regions show strong gradients in abiotic con-
ditions and contain highly specialized biota (Grabherr
1997). Therefore they are especially suited for long-term
observational studies of range shifts related to climate
change. High-alpine plant species are thought to be tem-
perature-limited and thus changes in their distributions
can be directly interpreted as changes in temperature
(Grabherr et al. 2001). Furthermore, alpine regions
appear to be subject to more rapid response to climate
warming than other regions (Beniston 2003). Numerous
studies show that there is an upward shift of plant species
(Hofer 1992; Grabherr et al. 1994; Walther et al. 2001;
Kullman 2002: Parmesan & Yohe 2003; Walther et al.
2005). All these studies indicate an increase in species
number without loss of species. However, Klanderud &
Birks (2003) find reduced occurrence of less competi-
tive species native to the highest altitudes in a long-term
comparative study in Norway.

Up to now, most studies on climate change :‘md
diversity focused on species richness, but conservation
and management decisions, as well as scientific inves-
tigations regarding the influence of global c_hange on
ecosystems, should be based ona comprehenmv? megs—
urement of biodiversity (Anon. 2005a). Beta—dwersn.y
or heterogeneity is an additional important factor in this
regard (Vellend 2001: Su et al. 2004). It is a key concept
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for understanding ecosystem function, conservation of
biodiversity, and ecosystem management (Legendre etal.
2005; Balvanera et al. 2002; Condit et al. 2002; Kluth &
Bruelheide 2004). However, up to now none of the studies
focusing on the impact of climate change incorporates the
question of homogenization which is intensively debated
in the research area of invasive species (e.g. McKinney
2004 Kithn & Klotz 2006; Olden et al. 2006; see special
issue of Biological Conservation Vol. 127). In general,
biodiversity can decrease for two reasons: First, species
may go extinct. Second, beta-diversity might decrease as
specialized species are replaced by ubiquitous species.
The resulting homogenization can lead to a reduction of
spatial biotic diversity (McKinney 2005).

At global to continental scales biotic heterogeneity
is expected to increase with climate warming because
of asymmetries in warming trends (Walther et al. 2002).
However, homogenization due to invasions and range
shifts might contradict this pattern. The pool of species
which benefit from warming by expanding their ranges
upward in a specific alpine region is largely the same for
all summits of that region. That is why we hypothesize
that the increase in species richness (alpha-diversity) on
mountain summits — which is driven by climate change
— is accompanied by homogenization, expressed as a
decrease in differentiation (beta-diversity or hetero gene-
ity) between summits, We use a long-term data set from

the literature which covers three points in time to test
this hypothesis.

Material and Methods

Data set

The data used for the analysis were assembled by
Walther et al. (2005) during aresurvey of mountain sum-
mits which had been studied priorto 1907 (Riibel 1912) and
in 1985 (Hofer 1992). This analysis included ten surnmits
of the Bernina Group in the Swiss Alps, Eight summits
consist of siliceous rock, two of calcareous rock (Piz
Alv and Piz Tschiiffer, Table 1). In all three surveys, the

Table 1. Description of investigated mou
analysis due to their differences in bedro

uppermost 10 m of each summit was searched in detail
and the presence of vascular plant species was recorded.
One exception was Piz Languard where 30 m was studied
(for details see Walther et al. 2005).

The calcareous summits differ substantially from
the summits underlain by siliceous rock regarding
their abiotic features, as well as their species inventory
(Walther et al. 2005). As there were not enough repli-
cates to overcome such a high initial noise, we omitted
the calcareous summits from the analysis. For the same
reason we excluded Piz Trovat, as the top of this summit
is ‘completely composed of loose scree’ (Hofer 1992). It
showed the lowest species numbers at all sampling dates
(8, 8, and 7 species respectively) and strong, trendless
differences between the surveys. The main difference
was that two species were absent in the second sampling
but were found in the first and third sampling. Therefore
we assumed that the highly dynamic substrate dominates
the species composition of this summit and conceals all
other trends.

We used the recorded presence data and applied the
following procedures to describe and analyse heteroge-
neity of the data set based on dissimilarity between the
summits.

Assessing spatial heterogeneity

We use the dissimilarity between summits as a de-
scriptor of spatial patterns of biodiversity or more specifi-
cally as a measure of differentiation, or heterogeneity,
among landscape patches of a similar habitat type. In this
way it is a measure of beta-diversity (Whittaker 1972),
1.e. the dissimilarity in species composition measured as
the complement of the Sgrensen similarity coefficient
(1-By;,.,) (Sprensen 1948; for a broad discussion of binary
similarity indices see Koleff et al. 2003).

Two components of heterogeneity are distinguished.
The mean dissimilarity component which can be com-
pared to attempts by Williams (1996) or Lennon et al.
(2001) was calculated as the mean of all dissimilarities
between a focal mountain summit and all other summits

ntain sumimits located at UTM WGS84. The last three (in italics) were not included in the

ck and morphology.
Summit Altitude[m asl] Rock Morphology UTM WGS84 Easting Northing
El;;n; Pers 3207 gneiss compact, little scree 3207 793302
i ours 2979 gneiss compact 2979 790891
P!z Iéanguard 3262 gneiss compact 3262 793294
P;-zz Mhi:rscheders 2986 gne'ESs ‘ compact, little scree 2986 797950
e (;_l:e ; 3049 gneiss, mica slate compact, fine scree 3049 798946
ey saib js 3041 gneiss, micaslate  compact, fine scree 3041 799680
e b O g e @ o
& o coarse scree
{ ii:b: Tslciulﬁerj 3123 dolomite compact, fine scree g}gg e
(Piz Alv) 2975 dolomite blocks, fine scree )

2975 796744
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Fig. 1. Heterogeneity measurement. The arrangement approxi-
mates the actual geographic position of the summits. Width of
at:rows represents the similarity between the focal summit (grey
triangle) and the other summits (white triangles). To incorporate
ﬂ.le spread or variability of the similarities, the deviation of each
single similarity value from the mean is taken into account (the
grey line represents the mean similarity and light grey bars rep-
resent the deviation). The stacked bar represents the aggregated
measure, with standard deviation of the deviations from the
mean in light grey, and mean of mean dissimilarity values in
black. Dissimilarity is measured as (1 = Bg;) where B is
the Sgrensen dissimilarity index.

in the data set (see Fig, 1).

To incorporate the variance of the dissimilarities cal-
culated for a focal summit, we accounted for the deviation
of each dissimilarity value from the mean. We call it the
vcfriance component, The higher it is for a given sum-
II_ut, the more variable (heterogeneous) the calculated
dissimilarities are between this summit and the other
Summits in the data set. Furthermore, the variance of the
Vatlance components can be seen as a measure of spatial
heterogeneity itself. Thus, decreasing variance indicates
Increasing homogeneity. For a proper representation
Of the spread around the mean we use the standard de-
Viation of the dissimilarity values calculated for a focal
Summit. See Fig. [ for a graphical representation of the
concept.

As we investigated the changes of the dissimilarity
Structure over time in a constant spatial configuration,
We are not affected by the inherent problems of distance
decay due to unevenly spaced objects (Tobler 1970;
Legendre 1993; Nekola & White 1999). It is likely, that
there is a variability in the dissimilarity values which is
based on spatial configuration, but it is not responsible
for changes in time. Therefore we did not account for
Spatial auto-correlation in our analysis.

Comparison between groups

Data points of dissimilarity matrices are not inde-
pendent. Furthermore, our sample size is rather small
~ for each sampling period, » equals the number of sum-
mits (7). Therefore mean dissimilarity of the summits
was compared between the different time steps using a
permutation procedure. The mean dissimilarity values
for all summits of each sampling date are compiled and
the difference in mean between two sampling dates is
calculated (delta). Then the values of these two sampling
dates are put into a combined set from which two ran-
dom sets of the same size as the original sets are drawn.
The difference in mean between these random sets is
calculated and stored (permuted deltas). Repeating the
last step 1000 times provides a potential significance
level of p < 0.001 by testing the original delta against
the distribution of the permuted deltas. Because of the
small sample size and as we are testing against 1000
permutations all differences in mean with p = 0.01 are
understood to be not significant.

Non-metric multidimensional scaling (NMDS)

For illustration and interpretation of the heterogeneity
analysis results, we applied a non-metric multidimen-
sional scaling (Kruskal 1964) with the species data of
all included summits and time steps. Here, NMDS was
conducted according to the procedure recommended
by Minchin (1987), which is based on the algorithm
described by Kruskal (1964) and Mather (1976) with
several random starts to find the best global solution. An
important factor describing the quality of the solution
is the stress. It is a measure of the mismatch between
distance measures and the distance in ordination space.
Stress values smaller than 20 generally lead to usable
pictures and interpretations (Kruskal 1964; Clarke 1993).
Again, the Sgrensen-based coefficient (1-f;,) was
used to quantify the dissimilarity in species composi-
tion between summits. The NMDS was calculated with
the function metaMDS in the package vegan (Oksanen
et al. 2005) for the R statistics system (Anon. 2005b).
1t was conducted with the presence/absence data and
metaMDS was used with defaults (two-dimensional
solution, maximum number of random starts = 50).
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Results

The two heterogeneity components

The mean dissimilarity components decrease over
time (Fig. 2a). The decrease is significant on the p <
0.001 level from 1907 to 1985 and from 1907 to 2003.
However, it is not significant for the last time step (1985
to 2003, for details see Fig, 2a). The values of the variance
component are also dropping significantly from 1907 to
2003. Analogously to the mean dissimilarity component
the decrease is less pronounced for the variance com-
ponent between 1985 and 2003, but it is still significant
{p < 0.01). However, from 1907 to 1985 there is no
significant decrease in the variance component (see Fig.
2a). From the boxplot in Fig. 2b a change in spread of
the values is apparent. An increase from 1907 to 1985
is followed by a decrease from 1985 to 2003. The vari-
ance of these values is itself a measure of heterogeneity.
To test whether the change in variance is significant we
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Fig. 2. Development of heterogeneity through time: a. Mean

dissimilarity component, The decrease is significant (tested

with a permutation procedure) from 1907 to 1985 and fro

1907 to 2003 (p < 0.001 for both), though less prt)nomnceidrl
between 1985 and 2003 (p =0.027). b. Variance componcnt’
The decrease is significant from 1907 to 2003 (p<0.001) anci
from 1985 t0 2003 (p =0.008). For 1907 10 1985p=0.134, (Box
legend: thick black Iine: median, lower box end: 15t quartile
upper box end: 3rd quartile, whiskers: extremes). '

employed Levene’s test for the unequality of variances.
Although Fig. 2b depicts changing variances, they do
not differ significantly between the three sampling dates
(F-ratio = 3.56 with p = 0.05).

Summit specific developments

Increasing species richness is accompanied by de-
creasing dissimilarity among summits (Fig. 3). Never-
theless, this general pattern of increasing homogeneity
and decreasing spatial variability is not uniform for all
summits. The development on Piz Lagalb and Munt Pers
was not uni-directional and less obvious as seen on the
barplots in Fig. 3. The summit specific developments are
best reflected in the NMDS plot shown in Fig. 4a which
depicts the dissimilarity situation in the data sets. The
final stress value of 10.77 is very low, and the low rmse
implies that the probability is very high that the chosen
solution is the global solution.

It is evident from Fig. 4 that the different peaks do
not evolve linearly and in the same direction. On the
contrary a ‘back and forth’ development can be seen in
Piz Languard, whereas most of the other summits exhibit
asomewhat ‘hooked’ development. ‘Hooked’ means that
adisplacement in one direction for time step 1 is roughly
orthogonal to the direction for the second time step. Only
PizMinor and Piz dals Lejs develop largely unidirectional
(broadly along axis 1). Munt Pers, Piz Chatscheders, Piz
dals Lejs and Piz Minor show the strongest changes.

The direction of change in species composition

(Serensen)

mean dissimilarity

0 b4
2
e
A
g 3

Piz Languard
Pz Minor
Piz dals Lejs
PizLagalb

Piz Chatscheders

Fig. 3. Development on single summits, for each from left to
right: 1903-1909 (Riibel 1912); 1983-1985 (Hofer 1987); 2003
(Walther 2005), a, Species numbers generally increase (for
details see Walther et al. 2005). b, Mean dissimilarity (black)
generally decreases, development is not always uni-directional
(see Piz Lagalb, Munt Pers): the variance component (white)
gfanerally decreases and development is again not always uni-
directional (Piz Lagalb and Piz Minor deviate).
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over time seems to be similar for Las Sours and Munt
Pers whereas the development on Piz Chatscheders was
different. Even though the direction of development is
different for the summits, a clear trend can be seen: in
Fig. 4c the positions of the summits at the three time steps
are outlined (shortest boundary) showing that the sum-
mits are clumping closer together over time, indicating
a homogenization of species composition. This holds

B —

T 1 T
-1.0 -0.5 Axls1 00 0.5
O Munt Pers & PizMinor 3 1907 (Ribel)

O LasSours A PizdalsLejs mm 1985 (Hofer)

@ PizLlanguard W PlzLagalb = 2003 (Walther)
@ Piz Chatscheders | — Ridges —= Valleys
0.61 ~1907 (Rabel) | . c
521 1985 (Hofer) A

d,

Axis 1

Fig. 4, a. Map sketch of the investigation area showing ridges,
valleys (see legend below b) and position of the summits. b.

S-ordination of species compositions of seven mountain
peaks (symbols) at three time steps (grey scale). Shown is
the output after 19 random starts (final stress = 10.77, rmse =
0,0000377, max residual = 0.000103) as then a global solution
was found (see text for details). ¢. Outlines of the positions of
the summits in ordination space (shortest distance) show that
homogenization occurs.

even true for summits not belonging to the same massif
although there are apparent differences between summits
of different ridges. Especially when the development over
time of the single summits is taken into account, three
groups according to the different massifs can be relatively
clearly distinguished in the NMDS plot (compare Fig.
4a, b). The most obvious is the dissimilarity of Munt
Pers which is clearly separated from the other summits
on axis 2. In real geographical space the large Bernina
valley disconnects this summit (together with the sum-
mit of Piz Trovat which is on the same ridge) from the
others. Piz Lagalb, Piz dals Lejs, and Piz Minor belong
to another group distinguishable from the group of Las
Sours, Piz Languard, and Piz Chatscheders mainly along
NMDS axis 1. In reality these groups are separated by
the da Fain valley.

Discussion

Homogenization

In the time period covered (1907-2003) mean dissimi-
larity of the investigated Alpine summits is decreasing,
indicating ongoing homogenization. However, initial
species composition, geographical position, and geo-
graphical context of individual summits have resulted
in the general trend not being reflected equally on ail
summits. Another important issue might be the acces-
sibility and popularity to humans as vectors — carrying
and spreading diaspores — but we have no data on this.
Nevertheless, we found an increase in the spread of the
variance component for 1985 (although it was not signifi-
cant). This might be due to the non-linear developments
on the different summits. Piz dals Lejs and Piz Minor
exhibited comparatively high variance components in
1985 (Fig. 3b) leading to the large spread of the values.
These were amongst the summits with most dramatic
changes in species number and identity which started
from a rather low level. The increase of the spread of the
variance component in the 1980s might be due to delayed
developments on other summits. Future investigations
of the summits might help answer this question.

When the position of the summits in ordination space
is compared to the position in geographical space, a
clear congruence can be seen. This might have various
reasons. A simple one could be that the summits share
different geographical distances. Summits which are geo-
graphically closer are most Jikely to have more species
in common than remote summits. This distance decay of
similarity is a well known characteristic of geographi-
cal systems (Condit et al. 2002; Nekola & White 1999)
and is often explained by the dispersal capacities of the

species.
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We did not account for spatial auto-correlation be-
cause the spatial configurations of the summits do not
change over time. For that reason we are not able to tell
which part of the variance is due to the spatial configura-
tion alone. It is possible to partial out the space component
{(e.g. Borcard & Legendre 1992; Wagner 2005), but one
needs to test against the variation caused by environmen-
tal variables which we do not have. To obtain an idea
about the influence of geographical distance on compo-
sitional similarity we conducted a Mantel test (Legendre
1998). The results hint to a generally high importance of
spatial configuration on the observed pattern although
there is much change between the time steps (Mantel
correlations between compositional similarity (Sgrensen)
and geographical distance between summits (Euclidean
distance): 1907 =-0.64 (p < 0.001), 1985 =-0.33 (ns),
2003 =-0.82 (p < 0.001)).

Especially in mountain regions the situation is even
more complicated as the pool of available species for
colonization might differ — at least partially - on differ-
ent massifs due to barriers (e.g. deep mountain valleys
or ridges) which certain species cannot avercome or
which prolong the possible dispersal way. In Fig. 4a,
b the combined effect of geographical distance and
belonging to massifs or ridges is apparent although we
cannot tell which is more important, However, we rather
want to focus on another point: even summits on differ-
ent massifs become more similar. In 1907 the grouping
was much less apparent and the summits were more
distinct in species composition than they are in 2003.
Today the summits of the Minor group are not only much
more similar to each other but also more similar to the
summits of the Languard group (which also have more
species in common now) from which they are separated
by the da Fain valley. This clearly illustrates the ongo-
ing homogenization. Such relations might also be the
reason for the hooked developments of Piz Languard or
Piz Minor because warming possibly changes dispersal
ways. However these questions cannot be answered with

the presented data and more research in this regard is
desirable.

Meeting at the top

When plant species ranges are shifting, it is to be
expected that those traveling upwards will meet spe-
cies already present. Walther et al. (2005) show that
there are currently more species than there have been
recorded before on the investigated summits. They also
find that in general up to 2003 no species was lost from
the summits. Although the patiern is not as evident as
the upward shifting, our results show that there is a
homogenization of Alpine summits, Alpine regions are
very special concerning the spatial organization of their

biota and ecosystems. Because of the tremendous small-
scale variation of environmental parameters, particularly
at mountain tops, no peak is like another regarding its
environmental conditions. An ongoing homogenization
leads to a decrease in beta-diversity in Alpine summit
regions even though alpha-diversity is increasing on the
summits. Different aspects of biodiversity develop in
different directions. If only one of the aspects is taken
into account, wrong conclusions might be drawn. This
special example could be taken as a mode] for ecosystems
in general although it must be tested if our results can be
replicated for other alpine regions as well.
Biodiversity is more than just species richness.
Therefore the assessment and analysis of ecosystems
has to include heterogeneity (which can be expressed
by beta-diversity) and possibly functional diversity as
well (Beierkuhnlein 2001). Otherwise unreliable conclu-
sions might be drawn. Increasing alpha-diversity means
increasing biodiversity and is thus positive from a conser-
vationist view. However, as this might be accompanied
by a decrease in beta-diversity it is not so simple. See
Gering et al. (2003), Sax & Gaines (2003), Legendre et
al. (2005), and Olden et al. (2006) for the importance of
beta-diversity in science and conservation.

Data set

If all ten summits of the original data set would be
included in the analysis, the observed tendencies aré
generally the same, but less obvious and not significant
(neither for the mean dissimilarity nor for the variance
component). This implies that either the results are not
valid generally or that the sample size of the original data
set is too small relative to the noise level. The significant
results for the reduced data set of similar abiotic condi-
tions support the second conclusion and indicate that
comparable environments which differed historically
in species composition are currently becoming more
similar, Nevertheless, the insignificant homogenization
effect for the whole data set implies that the effect is still
weaker than the variance in species composition due
to abiotic differences. This is not surprising regarding
the considerable differences in environmental condi-
tions between siliceous and calcareous rocks. At large
there is the same species pool of possible colonizers for
all of the summits in the region. More information on
environmental variables would be needed to clarify the
reasons for the actual species composition but this is not
the scope of this contribution.
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Conclusions

Our results indicate that the upward shift of plant
species might lead to ahomogenization of alpine summit
regions, i.e. a decreasing dissimilarity between summits.
Thus, increasing alpha-diversity is accompanied by de-
creasing beta-diversity. This shows that species richness
alone cannot be used as an indicator for the impact of
changing climate on biodiversity. One option might be to
study the reaction of single species to climate warming.
However, the reactions will presumably be ambivalent
and results may not be easily generalized. A possibility
to incorporate single species reactions into the analysis
and thus widen our understanding regarding the impacts
of climate change on mountain biota is demonstrated in
the presented paper.

Studies not incorporating a comprehensive view on
diversity —adding at least differentiation (beta-) diversity
~should be evaluated with care. Our findings add to the
recent debate about the importance of beta-diversity:
beta-diversity demands greater recognition by scientists
and nature conservationists as it detects changes which
cannot be described by species richness (Balvanera et
al. 2002; Condit et al. 2002; Legendre et al. 2002) and is
able to widen our understanding of ecosystem processes
(Legendre et al. 2005).

Even though the trend of homogenization can clearly
be shown with this data set, it becomes apparent that the
effect is much weaker for the time step between 1985
and 2003. The reason might be that 15 years is nota long
time for mountain-summit species. We still do not know
much about the life spans of plants smaller than trees or
bushes, but available results suggest that these can be
guite long (e.g. Steinger et al. 1996). This highlights the
Importance of long-term data sets for an understanding
of the effects of global change. Without such data sets
findings will often be weak and statistical evidence
hard to obtain. Data on more summits would have been
desirable in the presented study but long-term and large
data sets are quite rare. As we can see by the problem of
different bedrock, such long-term monitoring sites have
to be chosen very carefully, with statistical requirements
and ecological theory in mind for being useful to future
analyses. To gain further insight in the homogenizing
effect of climate change induced range shifts, more
research with larger data sets should be done.
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