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EXECUTIVE SUMMARY

The measured yearly mean air temperatures in Eurape increased by 0.9 °C during the last
century. In the European Alps the increase was@.and thus much higher. Temperature projections
predict an increase between ca. 2 and >4 °C will@mext decades, with a probably stronger increase
in mountain regions. It is expected that in theifatsmall glaciers will disappear while large gtasi
will experience significant volume reductions betwe30% and 70% by 2050. Below treeline the
duration of snow cover is expected to decreaselewhcreased annual precipitation with changing
seasonality might even lead to regionally increasexvpack at higher elevations.

Mountain ecosystems are characterised by steeppanwental gradients, e.g. of temperature and
moisture. They represent islands of high-elevati@bitats, isolated by surrounding lowlands.
Changes in environmental conditions are especthligatening endemic species that occur in very
limited areas. Of these changes, a shorter snowrodwration below treeline or changes in water
availability are considered to be more importantvals than temperature changes themselves. The
likely losers of climate warming among plant specie mountains are late successional species,
species with small restricted populations, and iggeconfined to summits or the plains, whereas
ruderal species (weeds), widespread species wibk [gopulations and mid-slope species are likely to
win.

Increasing temperatures have caused an earlier oinggring activities of plants like budburst or
flowering. Another widely observed phenomenon isvaiil or poleward migration of plant species,
which has led to an overall increase in speciesnoanntain summits. Immigration of species from
lower elevations changes species composition amgpebtive interactions among species, and in
some places a decrease of cold adapted (subnidahigal) species was observed. There is some
evidence that the observed upward migration is saltreof a natural dispersal process that was
triggered by the temperature increase at the entheolLittle Ice Age and that is still in progress,
mostly due to the dispersal limitation of the spednvolved. Since both the natural dispersal E®ce
and a potential upward migration due to anthropmgelimate warming are taking place at the same
time, we suggest seeding and transplanting expatérie order to assess their respective rolesdn th
increase in species humber on mountain summits.

Recent surveys demonstrated upward migration ahanspecies, e.g. in butterflies or the pine
processionary moth in line with increasing temp@med. As in plant and animal species huge
differences in their reaction to environmental demhave been observed, species interactions are
also likely to be modified by climate change. Hoeewthere is strong evidence that changes in
agricultural land use and increased nitrogen dépaosare the most important drivers affecting plant
and animal species in mountain ecosystems.

Predictions of future effects of climate change mant and animal species in mountain
ecosystems vary to a huge extent, depending omdiel and spatial resolution of climate variables
feeding the models, among other factors. For Emopeammals it is predicted that future potentially
species-rich areas will be found in montane andgheon regions, while southern, lowland regions are
expected to lose up to 100% of mammalian speaiethd Western Swiss Alps it is predicted that the
majority of studied plant species will risk disappgag from the study region within the next 100
years, especially short dispersal and alpine speBiant species with a narrow temperature toleranc
are expected to be more severely threatened thearsotn another study. It might, however, be
expected that the topographic richness of mounitaibitats offers opportunities for survival not
accounted for in space for time projections basedveather station derived data. The mosaic of
microhabitat temperatures offers refuges or stegpptones in a warming climate and might mitigate
the effects of climate warming to some extent.

To improve forecasting the effects of climate wargnbn mountain biodiversity, the quality of
predictive models has to be enhanced. This requia¢s for model parameterization, training and
assessment that are usually sparse, poorly calledtatistically insufficient, and biased. An
alternative is to use the increasingly availablergferenced species occurrence and natural history
databases. The Global Biodiversity Information Fgci{GBIF) has catalysed agreements on the
standards and protocols required to make datasatpatible and accessible (King and Rogers, 2010).
Over 195 million records from over 8,000 dataseimif260 institutions worldwide are now accessible
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online through the GBIF data portal. Additionalljpe Global Mountain Biodiversity Assessment
(GMBA) of DIVERSITAS recently launched a thematiowamtain portal to GBIF data in mountains
that allows specific searches of species or taxdmgnoups in mountains and their different thermal
life belts (e.g. montane, alpine, nival belts), evhiwill help to understand global mountain
biodiversity patterns and to inform policy for maam biodiversity protection.

To protect biodiversity most efficiently, it is impgant to identify regions with a high
biodiversity value. These should be consideredityiareas based on data on species and habitdts an
expert evaluation. This has been done in the exampthe WWF European Alpine Programme, a
successful collaboration of four conservation oig@lions. Regions with a high biodiversity value
should preferably be connected among each othendble species migration, as it is e.g. the aim of
the Ecological Continuum Project for the EuropedpsA

Important approaches in mountain to adapt to ceknohange are:

1) Improve Protected Areas (PAS) in mountains. Re-evaluate management goals and assure
continued protection and appropriate managemeexisfing PAs.

2) Connect: Create latitudinal and altitudinal ecological ttoaums will be a crucial element in
adaptation to changing conditions for many speares populations. However, there is also a risk of
distribution of diseases, “pests” and invasive fdaatong corridors.

3) Permeable landscapes. Enhance existing incentive schemes promoting towéensity land
management and the development of greater landbegpmgeneity.

4) Reduce anthropogenic dstresses. Minimize localised human-cased disturbances (e.g.
fragmentation, nitrogen addition or other polludidhat hinder the ability of species or ecosystéms
withstand climatic events.

5) Protect key ecosystem features. Manage to maintain structural characteristicganisms or areas
that support the overall system, such as keystogansms. Protect variant forms of a species or
ecosystem so that, as climate changes, there mpygeations that survive and provide a source for
recovery.

6) Restore: rehabilitate ecosystems that have been lost mpoomised. Restore or facilitate recovery
of missing keystone species (e.g., wolf, beaver).

7) ldentify refugia: use areas that are less affected by climate ehtran other areas as sources for
recovery or as destinations for climate sensitivigramts and maximise populations of rare and
threatened species.

8) Relocate: transplant organisms from one location to anoth@rder to bypass a barrier (e.g. urban
area). Translocation of genotypes, species or iswibrtebrates or microbes, Captive breeding
programs.

Preparing for and adapting to climate change isnash a cultural and intellectual as an
ecological challenge. Boundary organizations cqulave useful for managing the transdisciplinary
nature of adaptation to climate change, providiogwmunication and brokerage services between
scientists, practitioners, and interested publicgegrative research that combines conservation
planning, climate change, adaptive capacity, hulwafihoods, and implementation must become the
rule rather than the exception.
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1. CLIMATE CHANGE PREDICTED FOR EUROPEAN MOUNTAINS

The European Alps warmed by 1.5°C during the lastury (from 1901 to 2005) compared with
the average of 0.9 °C of surface temperatures inf&) with a considerably stronger increase towards
the end of this period (Alcamo et al., 2007). Terapge change scenarios in Europe for 2080 vary
regionally, but show a clear trend toward warmitRQC, 2007, Schréter et al., 2005). The average
projected increase in Europe ranges from 2.1° 43C}. with considerable seasonal and regional
variation of changes in precipitation (Schréterkt 2005). In mountainous regions trends are even
higher (Bohm et al., 2001). In winter, temperatuaes increasing more than in summer (Jones and
Moberg, 2003). It is assumed that average tempesaturing the second half of the 20th century in
the Northern Hemisphere were likely the highestifeast the past 1300 years (IPCC, 2007). Warmer
temperatures were coupled with a decrease in miougtacier area, duration of snow cover (at
elevations below treeline) and increased annuatigtation with changing seasonality, i.e. not
excluding periodic drought in summer (IPCC, 200¥)s expected that in the future small glaciers
will disappear while large glaciers will experiensignificant volume reductions between 30% and
70% by 2050, with concomitant reductions in disgleain spring and summer (Schneeberger et al.,
2003, Paul et al., 2004). Climate-induced changedke timing of runoff in small alpine catchments
result from impacts of rising temperatures on srmwer dynamics, which may enhance winter
runoff, reduce summer runoff, and shift monthly kpéaws by up to two months earlier than present
(Zierl and Bugmann, 2005). A trend towards eanieak streamflow and increased winter base flows
has been observed in Eurasia and North AmericaQIAGI11 1.3.2). The duration and depth of snow
cover, often correlated with mean temperature aedipitation (Keller et al., 2005, Monson et al.,
2006), is a key factor in many alpine ecosystentrifr, 1999). Missing snow cover exposes plants
and animals to frost, and influences water supplyspring (Keller et al., 2005). For each 1°C
temperature increase, the duration of snow covexpgected to decline by several weeks at mid-
elevations in the European Alps. At higher elevajoenhanced winter precipitation may, however,
increase snowpack regionally.

Climate change is coupled with an increase in gptmesc concentrations of greenhouse gases
(Carbon dioxide Cg Methane CH Nitrous oxide NO, halocarbons) caused by human activities.
Greenhouse gases affect the absorption, scatt@nicigemission of radiation in the atmosphere and at
the Earth’s surface (IPCC, 2007). Nogués-Bravol.e(2807) projected warming in mountain areas
under different emission scenarios. They showed tdraperatures are very likely to increase even
more in the 21st century than in the 20th centlirp\aer the world and independent of the scenario
used.

2. MOST VULNERABLE MOUNTAIN ECOSYSTEMSIN THE CONTEXT OF CLIMATE
CHANGE

Mountains are one of the major “experimental fields nature”, because of the steep
environmental gradients they cover and their spatigmentation at otherwise global occurrence of
wilderness and habitat types. Mountains exhibitiost pronounced climatic gradients on earth. They
represent islands, archipelagos of high-elevatwitats, isolated by their lowlands. The zonatibn o
ecosystems along mountain gradients is mediatetbinperature and soil moisture. Recent studies
(Bates et al., 2008) have shown the disproporteoriak of extinctions in mountain ecosystems and, i
particular, among endemic species (IPCC WGII 4.AM@ny species of amphibians, small mammals,
fish, birds and plants are highly vulnerable to dimgoing and projected changes in climate that alte
their highly specialised mountain niche (IPCC WGB.5.2, 4.4.7, 9.4.5).

The European mountain flora will undergo major @emin response to climate change, with
changes in snow cover duration below treeline baingpre important driver than the direct effects of
temperature (IPCC WGII 12.4.3). Changing runoffnirglacier melt has significant effects on
downstream aquatic ecosystems. Biota of small wlagel streams sustained by glacial melt are highly
vulnerable to extirpation (IPCC WGII 1.3.1, 3.24.3). Of all ecosystems, freshwater ecosystems will
have the highest proportion of species threatenitd av likelihood of regional extinction due to
climate change (IPCC WGII 4.4.8). High latitude mtain areas in Europe will be more exposed to
climate change than those at mid-latitudes (Nodgréso et al., 2007). Not even 20 years ago,
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scientific papers were predominantly concerned witbbal change factors like land use change,
nitrogen fertilisation, and effects of increasesh@pheric C@concentration on plant ecophysiology
(Parmesan, 2006). Climate change was attributdéthte a great potential to alter the functioning of
the Earth system, but effects only were expectebtietadetectable in the distant future (Vitousek,
1992). Nowadays, independent syntheses of studdelslmide show a globally coherent picture that
twentieth-century anthropogenic global warming héeady affected Earth's biota (see Parmesan,
2006 and references therein).

Theurillat and Guisan (2001) conclude in their ewiof climate change studies on European
mountain plants, that the European Alps appearoterdte an increase of 1-2°C of mean air
temperature, but that for an increase of the cofl@& C or more, profound changes may be expected.
In addition, the impact of land use (such as afftation, grassland management, urbanization) is ver
likely to worsen the situation.

3. CLIMATE CHANGE EFFECTS ON PLANTS IN EUROPEAN MOUNTAINS:
WINNERSAND LOOSERS

When environmental conditions change, organismjuufaiions either have to adapt, escape, or
become extinct. We will show characteristics ofamigms who are likely to win and of those likely to
lose under climate warming in mountain ecosystems.

There is no common biotic response to climate wagmincreasing C® concentration or
enhanced soluble nitrogen deposition (Kdrner, 20B&sponses to these drivers are rather context
driven and dependent on plant species and vegetsiie (e.g. Kérner et al., 1997). Which species
will be forced upslope in a warmer climate? Mordexal (pioneer) taxa on open ground migrate fast
(Grabherr et al., 1994, Pauli et al., 2007), wheher, long-lived late-successional species gan e
persist at the same place for an extremely long,tias Steinger et al. (1996) observed in the slow-
growing clonal sedg€arexcurvula. Based on the maximum diameter of a large clonmafe than
7000 tillers defined by DNA-analyses and estimateannual expansion growth of rhizomes, they
calculated the age of this clone to be around 2y@&30s. This implies that this clone has persisted
over a long period with a climate ranging from geathmild periods in the Middle Ages to cool periods
during the Little Ice Age in the last century.

Low temperatures can affect plant growth througéirtinfluence on plant development and
season length (Korner, 2005). Plants in cold clesdtave a number of safety measures to mitigate the
effects of cold temperatures. They use the warnmtbary layer near the ground and beginning and
end of meristematic activities are controlled bytoiperiodic signals. Therefore, true high altitude
specialists do not suffer from cold temperaturesras might expect and they do not show short term
reactions on a warm spell during cold (winter) pdsi (Kérner, 1999). The photoperiodic constraints
diminish the potential benefit of a longer thermadwing season for ca. half of the alpine taxa Igtel
and Koérner, 2003). The other half are ‘opportunigtixa confined to ‘safe’ snow cover microhabitats
Their phenology is tied to snow cover. Late snowrhebitats may not necessarily take advantage
from a warmer climate, if associated with great@ve pack due to enhanced precipitation, reverting
the consequences of warming into a negative tr&ddner, 2005). Similar to photoperiod-sensitive
alpine taxa, long-lived late-successional tree igget¢hat become dominant in mature forests
commonly are sensitive to photoperiod (Kérner aadl&, 2010). They are therefore not expected to
experience a substantially prolonged growing seahkanto climate warming. Shorter lived, early
successional tree species, however, have a méglifies strategy (Kérner, 2007).

To summarize, the likely losers of climate warmangong plant species in mountains are late
successional species, species with small restrmedlations, and species confined to summits @r th
plains, whereas ruderal species (weeds), widesmpadies with large populations and mid-slope
species are likely to win.

3.1 Changesin phenology

Changes in phenology of plant species can exprgsa®changes in time of budburst, flowering,
fruiting, leaf coloration, or leaf-fall. There areany examples in the literature proving an earlier
spring flowering of individual plants (Miller-Rugiyg et al., 2008, Menzel et al., 2006) and an earlie
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spring green-up of the land surface revealed iallgatimages (Cleland et al., 2007, Badeck et al.,
2004) in many locations all around the world, wiaféects of increased temperatures towards the end
of the growing season are more ambiguous (Clelaat,&2007)(Walther et al., 2002). Miller-Rushing
et al. (2008) point out that earlier observatiohdlmwvering individuals may just reflect changes in
population size or sampling frequency and do noessarily represent the phenological behaviour of
whole populations. We therefore have to be camghdn interpreting changes in first flowering dates.
However, examples using long-term observations mnitiple species clearly show an effect of
warmer temperatures on the first flowering dateg. Biller-Rushing et al. (2008) demonstrated an
effect of mean monthly temperatures on flowerintgeda Concord, Massachusetts, USA, but also
found strong differences in the response amongt glpecies. These changes will probably alter the
balance of reproductive success among competingtgees (i.e. adaptation to change) within
species, but also affect relations within commesiti

Phenology is not only affected by temperature, dab by rainfall and water availability, as
Perfiuelas et al. (2004) showed in a Mediterraneamntaimn forest and in Mediterranean shrubland.
These changes can cause complex phenological shitfts likely far-reaching consequences for
ecosystem and biosphere functioning and strucRnieto et al. (2008) found an even stronger effect
of water availability than temperature on autumawtring of Globularia alypum and Erica
multiflora.

Studies investigating effects of climate changepbanology in European mountains are scarce,
but as it has been shown that temperatures ang ésien more in mountain areas and water relations
are changing accordingly, it may well be assumed itlhpacts on plants are similar to the examples
above, always keeping in mind that there is a kagiability within and among plant species.

3.2 Changesobserved in therecent past: Upward shifts of speciesranges

Parmesan and Yohe (2003) applied meta-analyse®te than 1,700 species and showed that
climate change is indeed significantly causing easlgifts averaging 6.1 m per decade upward (or km
per decade towards the poles), and advancing seviagts by 2.3 days per decade. Causal attribution
of recent biological trends to climate change iiadilt because non-climatic influences dominate
local, short-term biological changes. Changes i iadividual species, taxon or geographic region
may have a number of possible explanations, howdveroverall effects of most confounding factors
decline with increasing numbers of species/systodies.

Lenoir et al. (2008) show evidence of upslope ntigraof plant species in the montane belt, by
assessing changes in the optimum elevation of @ist plant species over six mountain ranges in
France between 1905-1985 and 1986-2005. Two tbirtlse studied plant species showed an upward
shift with an average of 29.4 m per decade. Thesults suggest that both the upper and lower
distributional margins have shifted upward, showingt climate change does not only affect species
at their range boundaries but in their whole rarfjéhough species showed specific reactions to
climate warming, similar patterns within groups rifg ecological properties could be detected. The
shift is larger for species restricted to mount&iabitats and for grassy species, which are
characterized by faster population turnover, tlardng-lived trees and shrubs.

Upslope migration in the alpine/nival belt was shoy various studies in the European Alps.
Walther et al. (2005) resurveyed the floristic casipon of the uppermost altitudinal 10 m of teghi
mountain summits in the Bernina area in the sostieea Swiss Alps. They applied the same
methodology of former two surveys (1905 and 198%) eecorded the presence of all vascular plant
species. More than 90% of the species listed i2 B almost 90% listed in 1992 were re-found and
a strong general trend towards increasing specigters on all but one summit was recorded. In
total, Walther et al. (2005) found an increase .8fspecies/decade between 1912 and 1992/1985, and
of 3.7 species/decade between 1992/1985 and 20@3eTresults suggest a rapid response of alpine
vegetation to conditions in the warmest decadénef1t990s and an accelerating trend in the upward
shift of alpine plants. So far, the observed insecian species numbers does not entail the replatteme
of high alpine specialists by species from lowdituades, but rather an enrichment of the overall
summit plant diversity. There is also evidencedabstantial resistance to centennial climatic fayci
in clones of alpine plants which have been idesdifio inhabit the very same location over thousands
of years (Steinger et al., 1996, Bahn and Korngo32
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Parolo and Rossi (2008) recorded plant speciemeghin the years 2003-2005 in the Italian
Alps and compared the results to records of thesy&854-1958. Species richness had increased and
one third of the species occurred at higher akisuthan fifty years before. The highest increase in
species richness was found between 2800 and 31@0sin, which seemed to be related to the
upwards shift of the permafrost limit. The calcathtupward shift per species varied remarkably
among species, indicating different abilities oéaps to deal with climate warming. Therefore, they
suggest species-specific conservation measures.

One of the most important projects studying vasapliant species richness on mountain summits
is GLORIA (Global Observation Research InitiatimeAlpine Environments). Over the last 10 years,
GLORIA observation sites were established on o@em6untain summits all over the world, applying
the same monitoring scheme, and 15 more are abobé testablished or in planning. After some
years, sites were or will be revisited, to detdichate change signals in plant species distribut{on
Mount Schrankogel, the GLORIA master site in thedlgan Alps (Austria), vascular plant species
richness increased by 11.8% within 10 years (Ratudil., 2007). The increase comprised alpine and
nival species and was higher in subnival/nival vagen plots than in alpine grassland vegetation.
Alpine pioneer species increased in cover whilesattinival to nival plants significantly declineché
results indicate an ongoing range contraction dh&al to nival species at their lower edge and an
expansion of alpine pioneer species at their lgaddge. This phenomenon might endanger subnival
and nival species because they get threatenedrdoygst competition by alpine species and cannot
expand their habitat range at mountain tops.

Short-term changes in plant species number, freyuand composition were studied along an
altitudinal gradient crossing four summits from theeline ecotone to the subnival zone in the South
Alps (Dolomites, Italy) by Erschbamer et al. (200RE-visitation of the summit areas after 5 years
only revealed a considerable increase of speaibseass at the upper alpine and subnival zone (10%
and 9%, respectively) and relatively modest inczead the lower alpine zone and the treeline eeoton
(3% and 1%, respectively). At the small scale,rémilts were partly different, with species rictmes
decreasing at the lower summits and increasinigeahigher summits. The changes can most likely be
attributed to climate warming effects and to cortpet interactions. The main newcomers at the
lower three summits were species from the treaimgkthe lower altitudinal zones. Only at the highes
summit, the newcomers came from the alpine spgaek At the treeline ecotone, the abundance of
Pinus cembraof dwarf shrubs and clonal graminoid speciesdased. Here, displacements of alpine
species may be predicted for the near future.

Upward shifts of the treeline is expected by maasy this is the most prominent boundary in
mountain ecosystems, and driven by temperaturesebhda significant increase of forest cover
between 1985 and 1997 could be observed at alsitbdeween 1650 and 2450 m a.s.l. in the Swiss
Alps (Gehrig-Fasel et al., 2007). However, 90%lo$ increase was due to invasion into abandoned
grasslands, while only 10 % represented a true rgsvahift of the treeline. Most upward shift
activities occurred within a band of 300 m below fiotential tree line and indicated land use as the
most likely driver. Only 4 % of the upwards shiftctree line rose above the potential regional tree
line indicating climate change. Gehrig-Fasel et(2007) conclude that land abandonment was the
most dominant driver for establishing new forestaar but climate change could become more and
more important. However, in an undisturbed sit¢hm Central Swiss Alps an upslope expansion of
Pinus cembrébegan at the treeline around 1850 at the endeoLittie Ice Age, simultaneously with
an increase of tree-ring growth (Vittoz et al., 800n this altitudinal treeline ecotone, growthdan
establishment seem to be mainly linked with temipeea

3.3 Natural dispersal process or upward migration due to anthropogenic climate
warming?

Over the last 20 years, several studies compaeiognt survey data with historical data from the
early 20th century documented an increase in spauignbers on high mountain summits of the
European Alps. This increase has more or lessattplbeen attributed to an upward migration of
plant species due to anthropogenic climate warntifmyvever, a reconsideration of the historical and
recent data by Kammer et al. (2007) has revealad tfmore than 90% of the recent species
occurrences on mountain summits concern speciésviéte already present at the same or even at



-9- T-PVS/Inf (2010) 8

higher altitudes within the study region at thediof the historical surveys. This finding suggebts
suitable habitats already occurred on these summigr the mesoclimatic conditions prevailing at
the beginning of the 20th century and that thedétdia were, at least in part, occupied by theaatpl
species. Consequently, the observed increase itiespaumber during the last century does not
require the additional temperature increase duearnthropogenic climate change. We therefore
consider the phenomenon of increasing species nuambkigh mountain summits to be primarily the
result of a natural dispersal process that wagedrigd by the temperature increase at the end of the
Little Ice Age and that is still in progress, mgstue to the dispersal limitation of the species
involved. Since both the natural dispersal procassl a potential upward migration due to
anthropogenic climate warming would take place @ tame time, we suggest seeding and
transplanting experiments in order to assess thspective roles in the increase in species number
mountain summits.

3.4 Climate effectson growth and productivity and implications on biodiver sity

Trees at the climatic treeline have never befomvgras fast as today. Radial stem diameter
increments at the treeline are as high as they W@@eyears ago in the montane forest belt (Korner,
2009b). Paulsen et al. (2000) could show that é&lmval differences in radial growth across the
uppermost 300 m of altitude in the Alps have nedibappeared in recent years, while tree height
gradually decreases towards the treeline. Thisninde that trees in this area are not under therma
constraints anymore (Korner, 2009b). For alpinesglemd seasonal warming has been shown to
enhance growth (Korner et al., 1997) and nitrogeodition is likely to further enhance productivity
(Korner, 2009b), at the likely loss of less respomsaxa.

Erschbamer (2007jound differences in growth responses of fast- almv-growing glacier
foreland species on experimental manipulation afraglimate change. Temperatures were increased
with open top chambers (OTCs) by ca. 1 °C (soifes@) and ca. 0.7 °C (soil) during the growing
season. Juvenile plants Aftemisiagenipi (pioneer species)rifolium pallescengdmid-successional
species) Anthyllis vulneraria ssp.alpestris (late-successional speciefpa alping andPoa alpina
ssp.vivipara (ubiquitous species) were planted into plots VifiCs and adjacent control plots and
harvested after three, four, and five years, rdsmdyg. The Artemisiaand Poa (R- and S-selected
species) showed little response to changes in wliorate, whereadrifolium and Anthyllis (plastic
species, CSR/CS strategists) had significantlydriglny weights and enhanced reproduction.

Kikvidze et al. (2005) compared productivity andratsity of 18 plant communities spread
throughout nine Northern Hemisphere high-mountaibafpine and alpine meadow systems. Sites
with comparatively mild climates had greater plaidmass, and at these sites strong competition
corresponded with over-dispersed distribution @i, reducing intraspecific patchiness and in turn
increasing local richness. Sites with cold climatesd less biomass, and at these sites a high
proportion of species benefitted from strong féadive effects of neighbours, leading to an aggestja
distribution of plants.

4. CLIMATE CHANGE EFFECTSON ANIMALSIN EUROPEAN MOUNTAINS

It is well known that several groups of animalsctean changes in the local climate.
Observations of northward range shifts of buttesfland birds during warmer periods in Northern
Europe have been described as well as subsequesdtsefollowing cooler periods (see Parmesan,
2006, Thomas and Lennon, 1999). Compared to thtedatal shifts, which may well be detected
using historical and recent distribution maps, ¢hé relatively little evidence for changes in
altitudinal distribution of animal species and thailable results are often of local character! étil
al. (2002) analysed distribution records for 51tiBhi butterfly species. During the twentieth ceptur
the distribution of northern and southern spectaftesl upwards, but the increase was higher in
northern species (41 m and 22 m, respectively)tidon and/or montane species were more likely to
become extinct from low-elevation sites than soutlspecies and had colonised new sites at higher
elevations. The authors also observed a northwexgansion of the range margins of a number of
southerly distributed habitat generalist specied iaterpret this result as likely to be a respottse
climate warming. Most southern species have detlohgring this period of climate warming. This
might result from a loss of breeding habitat thas loutweighed the positive impacts of climate
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warming (Warren et al., 2001). In the Sierra de damema/Spain an upwards shift of the lower
elevational limits of 16 butterfly species withirD 3/ears, in line with increasing mean annual
temperatures, has been observed (Wilson et al5)2B@nvicka et al. (2003) also found an increased
altitudinal distribution in more than 10 Czech mtain and non-mountain butterfly species.

A repeated survey of diurnal Lepidoptera commusited semi-natural grasslands in the
subalpine zone found significant changes in spamagosition between 1977-79 and 2002-04 (Hohl,
2006). Thirty-one species showed a statisticaliyigicant decrease in abundance, while 15 species
showed a significant increase. Lepidoptera resdlidb extensively managed grasslands decreased,
and species with a wide habitat range increases. duggests that the grassland management was
intensified over the last 25 years. At the sames tisubalpine-alpine species experienced losses and
lowland species immigrated into the valley, indicgta vertical shift of species into higher elevas,
probably due to the effects of global warming.

Effects of climate warming can have a significametlag, as a study on spiders in a glacier
foreland in the ltalian Alps showed (Gobbi et @D06). Spider species richness increased with soil
age, i.e. years after glacier retreat, with a thoEsbetween 100 and 155 years. There was one group
of species that quickly moved along the glacier andther group of species that did not move for at
least one century until there were stable conditiorthe glacier foreland.

In the pine processionary moffhaumetopea pityocampdattisti et al. (2005) reported an
altitudinal shift of 110-230 m upwards between 1878 2004 in the Italian Alps. This shift was meli
with increased daily minimum temperatures in winethreshold minimum daytime temperature of 6° C
determines whether larvae can feed during the raghbt.

5. CLIMATE CHANGE EFFECTSON SPECIESINTERACTIONS

Species interactions are likely to be modified tiynate change. The wide variability in the
magnitude of optimum elevation shifts among fopdant species in France may likely disrupt biotic
interactions and the ecological networks whereas¢hspecies are embedded (Lenoir et al., 2008). In
alpine plant populations in the alpine region oftittoNorway, experimental warming (open top
chamber), nutrient addition and experimental rerhafahe dwarf shrulDryas octopetalaall had
significant positive effects on neighbouring plapecies Thalictrum alpinumand Carex vaginati
suggesting competition for nutrients, but also lfi@tive shelter effects obryas on its neighbours
(Klanderud, 2005).

For many species, the direct impact of climate geamay be mediated through effects with that
species' food and habitat resources (Parmesan,).2006 potential disruption of coordination in
timing between the life cycles of predators andrtpeey, herbivorous insects and their host plants,
parasitoids and their host insects, and insecinadtirs with flowering plants is more crucial thamy
absolute change in timing of a single species (Hgion et al., 1999, Visser and Both, 2005). A
delayed spring arrival of migratory birds led tacr@ased competition for nest sites with species
arriving earlier (Both and Visser, 2001). Warmerirgp weather in Europe has disrupted synchrony
between winter moth hatching and oak bud burstchviéd to a mismatch between peak in insect
availability and the peak food demands of great {Rarus major; Visser et al., 1998, Visser and
Holleman, 2001).

6. ACCOUNT FOR MULTIPLE DRIVERSOF CHANGE IN MOUNTAIN BIODIVERSITY
6.1 Land useand climate change

In many mountainous regions it is difficult to irstigate effects of climate change because they
are so often linked with changes in land use acdeased nitrogen deposition. Vittoz et al. (2009)
investigated effects of climate change and landimg®o regions of the Swiss Northern Alps. They
compared the actual vegetation composition of fualgrasslands to that observed in 1970-80 and
found small changes in species composition. Orignaspecies appeared or disappeared and changes
were generally limited to increasing or decreadimgiuency and cover of certain taxa. Declining
species were predominantly alpine and low-growipgcges. The authors concluded that these
changes were mainly driven by changes in land memagt.
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The dual forces of habitat modification and climateange are likely to cause specialists to
decline, leaving biological communities with reddasumbers of species and dominated by mobile
and widespread habitat generalists. Warren eR@01) evaluated changes in the distribution sinels a
abundances of 46 species of butterflies that apprtzeir northern climatic range margins in Britain
where changes in climate and habitat are opposirge$. These insects might be expected to have
responded positively to climate warming over thet®0 years, yet three-quarters of them declined:
negative responses to habitat loss have outweigbsitive responses to climate warming. Half of the
species that were mobile and habitat generalisteased their distribution sites over this period
(consistent with a climate explanation), whereas @ther generalists and 89% of the habitat
specialists declined in distribution size (consistaith habitat limitation). Changes in population
abundances closely matched changes in distributions

The occurrence of extreme events, such as wildfaed droughts, constitute a source of
uncertainty in scenarios of land cover change dintate change due to the unpredictable nature of
disturbance events (Zaehle et al., 2007).

6.2 Nitrogen increase and climate change

Effects of nitrogen deposition on biodiversity dikely to exceed those by climatic change in
many places (Bobbink et al., 2010). Atmosphericogién (N) deposition is a recognized threat to
plant diversity in temperate and northern part&ofope and North America. Bobbink et al. (2010)
clearly show that N accumulation is the main drieérchanges to species composition across the
whole range of different ecosystem types by drivihg competitive interactions that lead to
composition change and/or making conditions unfeadole for some species. Critical loads are effect
thresholds for N deposition, and the critical lcamhcept has helped European governments make
progress towards reducing N loads on sensitiveystass. More needs to be done in Europe and
North America, especially for the more sensitivesstem types, including several ecosystems of
high conservation importance.

Increased nitrogen deposition favours early suoaesk relatively fast growing plant species. In
an experiment in the Swiss Alps, slow growing spgcsuch as cushion plants or low-stature shrubs,
were rapidly overgrown by grasses when nutrientevaelded (Heer and Kdrner, 2002). Such effects
on biodiversity cause major shifts in ecosystemperties. Fast growing species mostly have soft
leaves and are therefore more sensitive to medidoices on slopes. They are also more intensively
grazed and provide better habitats for certain mtslevho transform habitats, but they may also
regenerate faster after disturbance (Korner, 2086)vever, these experiments have been conducted
with very high rates of N-addition. On the othentiamore realistic rates in the range of 5-25 kg N
ha-1 a-1 have also clearly stimulated alpine ptgotvth (Kérner, 2009b, Bobbink et al., 2010). The
best estimate for critical loads of N to alpinethits currently believed to be in the range of kg
ha-1 a-1 at a background of 4-5 kg N ha-1 a-1 KiHitiner et al., 2005, Bobbink et al., 2010).

A transplantation experiment in the Swiss Centigls/simulated warming and nitrogen addition
(Hiltbrunner and Korner, 2004). Results indicatattlalpine plant species are sensitive to both
warming and low rates of N addition. Effects wepedes or functional type specific, and graminoids
were found to be particularly responsive to incesda N deposition.

Recent changes in the floristic composition andirgatonservation value of nutrient-poor, semi-
natural grasslands of the Swiss Alps (Peter et28l09) revealed a higher proportion of nutrient-
demanding species. 151 phytosociological relevésin regions, originally recorded between 1975
and 1985 were revisited. In the original survefg, tean number of plant species per plot (25-100
me) ranged from 47.1 to 58.1 per region. The florguded a total of 18 species that are protected in
Switzerland and a high proportion of habitat spete&of nutrient-poor grasslands (NPG-species). In
the second survey, conducted between 2002 and BO@4 species number and species evenness per
plot were higher in most regions. Changes weretgsean pastures, and in meadows converted to
sheep pastures, while the NPG-species were magatainunfertilized meadows that were managed as
ecological compensation areas.
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7. EXAMPLESFROM OTHER MOUNTAIN REGIONSTHAN THE ALPS

7.1 Pyrenees

Thuiller et al. (2005b) predicted that under a sevdimate scenario up to 62% of plant diversity
in the Mediterranean mountains could be lost by0O2®8ojections of species loss tend to have high
levels of uncertainty, because it is difficult tcedict factors such as species ability to disperss
successfully colonise new areas, effects of clindiignge on species physiological responses and
biotic interactions in changed communities (Thuieal., 2005b, Thuiller et al., 2008).

7.2 Carpathians

Buntgen et al. (2007) analysed growth responseglitoate of 24 tree-ring width and four
maximum latewood density chronologies from the gnedatra region in Poland and Slovakia. four
conifer speciesRicea abieqL.) Karst.,Larix deciduaMill., Abies alba(L.) Karst., andPinus mugo
(L.)) between 800 and 1550 m a.s.|. Twenty ringttvidhronologies significantly correlate® &
0.05) with June—July temperatures, whereas thevtateé density chronologies were correlated with
the April-September temperatures. Climatic effedtshe previous- year summer generally did not
significantly influence ring formation, whereasesélevation and frequency of growth variations (i.e
inter-annual and decadal) were significant varigbile explaining growth response to climate.
Response to precipitation increased with decreaslyation. Correlations between summer
temperatures and annual growth rates were lowetdoix deciduathan for Picea abies growth
responses to climate revealed by the 28 chrondogigpport common knowledge, such as
temperature sensitivity toward higher elevationsl anought-stress toward lower elevations, and
within species coherency

7.3 Apennin Mountains

Species richness changes due to climatic change amalysed along an altitudinal gradient
(2405 m versus 2730 m a.s.l.) in the Apennine Maastby Stanisci et al. (2005). Seventy per cent of
species do not reach the highest summit and orily dfithe overall flora are shared by all of thesthr
summits examined. They show that the slopes faesmt, which are the ones with great species
richness and vegetation cover, will be the firsbéoaffected by the immigration of subalpine specie
from below, whereas northward exposures will be ri@st conservative, showing greater inertia
towards the invasive process caused by climate imgrm

7.4 Mountain ranges of Spain
- SierraNevada

Mendoza et al. (2009) looked at climate changectffeon seedling establishment in the
Mediterranean mountain forests. They experimentsdiyed seeds of two Mediterrane&uércus
ilex andQ. pyrenaicd, two Sub-Mediterranea\¢er opalussubspgranatenseandSorbus arid, and
two boreo-alpine Finus sylvestrisand Taxus baccafaspecies into woodland, shrubland, and open
areas. Half of the seeds were irrigated simulatngainy summer in terms of Mediterranean
ecosystems. Seedling survival was strongly affebtethe type of habitat as well as irrigation, and
results indicate that the maintenance of curreetigg composition in Mediterranean mountain forests
is critically dependent on the periodic, scattesedurrence of wet summers. From a conservational
standpoint, the predictions of less rainy summadsgaeater aridity in the future imply a changé¢he
relative abundance of species in the mature fovesh, Mediterranean species becoming dominant
and boreo-alpine species becoming even rarer andequently, a serious threat for the persistefice o
boreo-alpine species at their southern distribuiroit.

Climatic warming promotes the distribution and dymzs of the pine processionary caterpillar
Thaumetopoea pityocampa Mediterranean pest causing severe defoliatiegatively affecting the
relict Andalusian Scots pifeinus sylvestris nevadensgisthe Sierra Nevada mountains (southeastern
Spain; Hbédar and Zamora, 2004, Hédar et al., 200@¥oliation intensity shows a significant
association with previous warm winters, implyingtticlimatic warming will intensify the interaction
between the pest and the Scots pine. The homogerstucture of the afforested pine woodlands
favours the outbreak capacity of the newcomer, ptorg this new interaction between a
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Mediterranean caterpillar pest and a boreal traes aouthern distribution limit. Hodar et al. (&)0
suggest mitigation actions based on managing Haitacture, in order to reduce or avoid such
negative impacts.

- Sierra de Guadarrama

Within 30 years, the lower elevation limits of 16tterfly species have risen on average by 212
m, coupled with a temperature increase of 1.3° Géan annual temperature (Wilson et al., 2005).
These elevation shifts signify an average redudtiohabitable area by one-third. Losses of 50-80%
are predicted for the coming century if the speni@mtain their thermal associations.

7.5 Scandes

In the southern Swedish Scandes, the tree linetheftree specie®etula pubescenssp.
czerepanovjiPicea abiesandPinus sylvestrisose at 95% of a large number of sites over an @frea
8,000 knf during the last century (Kullman and Oberg, 200%)e mean upshift observed was 70-90
m with maximums of 200 m for all three species.sTas in equilibrium with air temperature change
during this time. Maximum shifts could only be oh&sl in particular topographic situations showing
heterogeneous and site-dependent reactions. Tee steowed species specific reactions. Between
1975 and 2007 the tree linesRiteaandPinusadvanced more rapidly towards the alpine regiam th
that of Betula For nearly 10,000 years, tree lines have beeressmg in the Holocene driven by
average climate cooling. The maximum tree line big&200 m represents a unique trend break in the
long-term tree line regression (Kullman and Ob2af)9)

In the same region, saplings of the thermophilaas specie®Quercus robur Uimus glabra
Acer platanoidesAlnus glutinosaandBetula penduléhave dispersed around 50-300 km northwards
and 500-800 m upwards between 1988 and 2005 (Kn|I2@08).

7.6 Scottish Highlands

A re-survey of a long-term dataset in the Scottibbhlands provides evidence for vegetation
changes that are consistent with the predicteddtspat climate change. In an analysis across aerang
of habitats and a wide geographic spread, Scadtisine vegetation data collected 1963-1987 was
used to assess biodiversity changes over a 20-a8 yperiod (Britton et al., 2009) by calculating a
variety of metrics includingi- andp-diversity indices. Biodiversity changes were congplabetween
habitats and areas. Species richness increasedsnhabitats, while plant diversity at the plotleca
andp-diversity declined, reflecting an increased honmagiy of vegetation. The fact that this occurred
in closed alpine communities over a 20-40 yearso@gerimplies that these communities are
considerably more dynamic than previously thoughile lowland generalist species increased, key
northern and alpine species declined.

8. CLIMATE CHANGE PREDICTIONS FROM MODELLING FUTURE DISTRIBUTIONS
OF MOUNTAIN SPECIES

Using bioclimatic envelope models, Levinsky et @007) evaluated the potential impact of
climate change on the distributions and specidmess of 120 native terrestrial nonvolant European
mammals under two of IPCC’s future climatic scemsmriAssuming unlimited and no migration,
respectively, their model predicts that 1% or 5-@R&uropean mammals risk extinction, while 32—
46% or 70-78% may be severely threatened (lose% @Otheir current distribution). Under the no
migration assumption, endemic species were pratitiebe strongly negatively affected by future
climatic changes, while widely distributed speciesuld be more mildly affected. Changes in spatial
patterns of potential mammalian species richnegs baly been computed for the universal migration
assumption. Future potentially species-rich areaspeedicted to be found in montane and northern
regions, while southern, lowland regions are exgabtd lose a lot of mammalian species. The greatest
decreases are expected to occur in southern Euvdpere parts of the Iberian, Italic and Greek
peninsulas, as well as the majority of the Med#leean islands are conditionally expected to lose up
to 100% of current potential species richness.mhst pronounced increases are predicted to occur in
Fennoscandia, the Pyrenees and the Alps, with gdioser 200%. However, bioclimatic envelope
models do not account for non-climatic factors swsh land use, biotic interactions, human
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interference, dispersal or history, and these restlould therefore be seen as first approximatidns
the potential magnitude of future climatic changes.

In the Alps, upward shifts of the treeline ecotbage been documented since the end of the Little
Ice Age (e.g. Vittoz et al., 2008) and increasespacies richness in alpine and subnival vegetation
have been observed (e.g. Pauli et al., 2007). érduncrease of these changes is widely supposted b
a number of species distribution model (SDM) stadie.g. Engler et al., 2009). In this context,
Randin et al. (2010) carried out projections ofifatdistribution for 287 mountain plant specieshia
Western Swiss Alps, based on four different IPG@ate projections (Nakicenovic and Swart, 2000).
The authors showed that 77% of the species maybleseeen 80% and 100% of their suitable habitat
and therefore will risk disappearing from the studgion by the year 2100 under a scenario with an
average temperature increase of 7.6°C and 54%ed$ecies under a scenario with a 4.4°C increase.
The proportion of species losing colonisable habits particularly high for short dispersal species
alpine species, and for species with growth formas &re common at high elevations, such as cushion
plants, prostrate shrubs, and nanophanerophytes.

The future distribution of 1,200 European plantcépe was predicted by niche-based models
using seven climate variables known to have an ftapbrole in limiting plant species distributions
by Thuiller et al. (2005a). Ecological niche prapes were estimated using a multivariate analysis.
Species range changes were then related to speches properties using generalized linear models.
The relationship between niche position on the taijpre gradient and percentage of stable
climatically suitable habitat was almost linearpwing that species occurring in colder regions
(negative side) are expected to lose larger primpartof habitat than species from warmer regions
(positive side). The positive linear relationshgivieeen niche breadth on the temperature gradieht an
the remaining suitable habitat showed that spedisnarrow temperature tolerance were expected to
lose large proportions of habitats (40—-60%), wheraédity tolerant species were predicted to be the
most stable under future conditions. They conclutteat (1) Niche characteristics are powerful
indicators of species’ sensitivity to climate chan¢?) Boreo-alpine species, being marginal at the
cold end of the temperature gradient, with a namike breadth are predicted to be highly sensitive
as they occur in the most exposed regions to aimarming. (3) Alpine species, which are also
marginal at the cold end of the temperature gradi®r have a larger niche breadth than boreo-alpin
species, are under pressure by climate changephid also gain large amounts of suitable habigat b
upslope migration, a feature that was not captbsethe resolution of their models. In another study
Thuiller et al. (2005b) considered range respon$ds350 European plant species, including most of
the life forms and phytogeographic patterns foumerag plant species in Europe, to climate change.
They contrasted a "future climate" as the projeatedn for the period from 2051 to 2080 with today's
climate (averaged from 1961 to 1990). Under themigration assumption and the most severe
climate change scenario, 22% of the species becatmally endangered (>80% range loss), and 2%
extinct by 2080. Regional deviations from the inderrelationship (positive and negative residuals)
they interpreted as indications of particularlythigr low species vulnerability because of ecoldgica
and historical characteristics of the flora, andfeecific environmental conditions.

Severe climatic conditions have occurred in moustaiver evolutionary times, promoting highly
specialized species with strong adaptation to thetdd opportunities for growth and survival
(Korner, 1999). However, Scherrer and Koérner (20&Ohtradict the notion that narrow habitat
tolerances of the mountain flora, in conjunctiothwnarginal habitats for many species, are likely t
promote higher rates of species loss in Europeamtams. The topographic richness (geo-diversity)
offers opportunities for survival not accounted forspace for time projections, based on weather
station derived data (isotherms). Scherrer and &d(2010) documented large and persistent variation
in microhabitat temperatures (root zone and sujfameer large alpine terrain and systematic
deviations of plant temperature from air tempemgtwrith differences in microhabitat temperature
larger than the temperature change predicted b IfMzehl et al., 2007). The mosaic of temperature
offers refuges or stepping stones in a warming atiimand is likely to contribute to the patchy
vegetation in treeless alpine landscapes and exfiiai lack of clear species limits such as those fo
tree taxa at the tree line. Plants do not necégsered to climb several hundred meters in elewatbo
find suitable new habitats in case of warming, toaly find conditions matching their ‘thermal niche’
over very short distances. In the light of theseadhiodiversity of alpine landscapes may in faet b
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less endangered by climate change than is oftearmess although the abundance of certain habitat
types will become reduced and additional factochsas changes in precipitation regime (snow cover
duration, etc.) might influence the future planéaps distribution as well.

9. IMPROVE FORECASTING THE EFFECTS OF CLIMATE WARMING ON
MOUNTAIN BIODIVERSITY

In predictive models, mountains were shown to Isprdiportionately sensitive to climate change
(e.g. Schroter et al., 2005, Thuiller et al., 200Bkwiller et al., 2005a). However, predictive misdaf
climate change effects on biodiversity need to t@atéd with care unless all assumptions and
limitations of a given model are understood. Fossildence and recent ecological and genetic
research, along with specific problems with presergcasting methods, lead Botkin (2007) to believe
that current projections of extinction rates areregtimates. Commonly, the models simply correlate
present distribution of species with climate valéabobtained from weather stations, and only few
models that forecast the impacts of climate chamgbiodiversity are validated (Botkin et al., 2007)
Some more recent studies have shown that continerdale models may either overestimate (Randin
et al., 2009a; “local high-refuge” hypothesis )umderestimate (Trivedi et al., 2008; “species trap”
hypothesis) the rate of local extinction of spedieg to the coarse resolution of the climatic data,
reflecting the mean climatic conditions within tbells and thus providing imprecise values of the
probability of occurrence of species along thergratlients of mountain landscapes. As the sengitivit
of mountain ranges to climatic change mainly depeod the macro-topography, land cover and
human land use, high resolution predicting varigifie. 1m-resolution Digital Elevation Models) are
required for safer predictions of alpine speciesdriffiution at high elevation (Lassueur et al., 2006
Including geomorphic perturbations or informatianland-use practices in SDMs (in addition to only
topoclimatic variables), significantly changed poted suitable surfaces and connectivity between
predicted potential habitats of mountain specien¢i et al., 2009¢c, Randin et al., 2009b, Scherrer
and Korner, 2010). More importantly, the future garsize of the species will then determine the
sensitivity of these species to changing conditions

In addition, the full realized niche of species nimycaptured incompletely at local scale owing
to the limited geographic — and therefore enviromrale— extent considered. In this case, truncated
response curves for some species (especially lewatbn ones) may contribute to spurious
predictions of future species distributions. Thiggests a combination of regional and continental
geodatabases for safer projections of specieshdisan models (Randin et al., 2009a). The use of
topography driven “true” climatic conditions illuates that high mountains are in fact saver pléares
biota under climatic change than the lowlands (8eh@and Kérner, 2010), Fig. 1.

Fig 1: A schematic presentation of
migrations of organisms in response to
climatic warming. 1 lowland species,

-
?\\ \@ Species responses to lacking cIose_distance escapes from_ too
@ climatic warming at warm conditions, 2 foothill species
migrating upslope, 3 high elevation species
migrating toward summit regions, 4
summit species with no upslope escape,
but increasing competition from
immigrants from lower elevations, 5 short
distance escapes in highland taxa using
microhabitat diversity inrugged terrain,
changing community mosaics at a given
elevation.
Source: (Kérner, 2009a)

constant precipitation

Using weather station data (isotherms), Schroteale(2005) applied a statistical modelling
framework (‘Space for time’ modelling) to projedtet distribution of more than 2,000 plant and
animal species across Europe with conservativenatds, neglecting the (additional or interacting)
effects of habitat loss or landscape fragmentatimwever, projections using climatic data of weathe
stations may be relevant for tall trees, but reesmdence suggests great care when low staturésplan
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and animals associated with them come into playndBer and Korner, 2010). Such vegetation
decouples effectively from atmospheric conditiorl ahows mosaics of thermal life conditions that
offer both refuge and stepping stones for biota &a likely to prove isotherme based projectiars f
alpine life to be wrong. In addition, the trends Bummits reported in these works are likely to
overestimate the speed of current climatic warndrigen change, because much of the early 20th
century change was due to a relaxation from theanpf the “little ice age” (18th -19th century dol
period; Kammer et al., 2007). However, if changeshabitat diversity can be predicted (e.g. by
thermometry of whole alpine landscapes, Scherrdrkairner, 2010), they should predict changes in
species diversity more accurately than would chemgerea, the basis of prediction in models using
the species-area relationship (e.g. Thomas €2G4).

Botkin et al. (2007) suggest an integrated framé&wior forecasting the impacts of global
warming on biodiversity. Such a framework couldgider multiple causes of biodiversity change and
integrate models for species persistence, e.calitigy of species to survive in local ‘cryptic’ftagia,
that is, to exist in a patchy, disturbed environm&hose complexity allows faster migration than
predicted for a continuous landscape. Mountainrenwients are ‘by nature’ patchy and disturbed,
with a huge habitat complexity on a small scale, tmin reason for high mountain biodiversity.
Another reason why mountain species might be mersigient than predicted is their greater genetic
heterogeneity within species, including local ad#pnhs, which allows rapid evolution.

10. TOWARDSA DIGITAL CULTURE FOR EUROPEAN MOUNTAINS:. OBTAIN GOOD
INFO AND MAKE BETTER USE OF IT, E.G. TO SUPPORT ADAPTIVE
MANAGEMENT

Forecasting future ecological impacts requires datamodel parameterization, training and
assessment. Data that scientists and policy malesrd most, are usually inadequately available-and
available data are sparse, poorly collected, statlly insufficient, and biased. These includeibas
information on the abundance and geographic pat@Ermost species, as well as the data necessary to
estimate the probability of extinction for a spec{@otkin et al., 2007). As collecting new data is
costly, an alternative is to use the increasinghilable georeferenced species occurrence andahatur
history databases. Biological archives cover aagaistime periods far bigger than any researcher can
dream of surveying. The variety of environmentahditons covered by such archive data exceed
anything one can reasonably think of simulatingiowth chambers and laboratories. Mobilising the
millions of biodiversity records already in existenis critical to establishing baseline knowled§e o
species and ecosystems, against which changesdaacked and enabling forecasts of future trends.
This process of transforming data to knowledge \iitiprove decision-making around threat
mitigation, resilience and ecosystem restoratidre Global Biodiversity Information Facility (GBIF)
has catalysed agreements on the standards andcgeoteequired to make disparate datasets
compatible and accessible (King and Rogers, 2@®@r 195 million records from over 8000 datasets
from 260 institutions worldwide are now accessilbaline through the GBIF data portal
(http://data.gbif.org), creating a global biodiverssommons, as a ‘public good’. On top of thae th
Global Mountain Biodiversity Assessment (GMBA) ofMERSITAS recently launched a thematic
mountain portal (www.mountainbiodiversity.org) tBIlE data in mountains that allows analyses
which were previously impossible, improving undargting and informing new policy development
in mountain regions.

Forecasting methods must not only target key in&tiom gaps but also make the best possible
use of existing data. For example, models of spedestribution may combine available
environmental layers with data from museum coltewi compensating to some extent for the
weakness of either form of data on its own. Appi@ss using predictive modelling allow to show for
how these data can enter and support various nmimgjitand management schemes (e.g. GEOSS), and
can serve as powerful decision-support tools foalloregional and global scales. Once these data ar
served and linked with GBIF, they are freely acit#sdor the global village. Underlying data flows,
taxonomic compatibilities via ITIS (Integrated Tawwmnic Information System www.itis.org) and
WORMS (World Register of Marine Species; http://wanarinespecies.org/), georeferencing
(BioGeomancer), ISO compliant metadata creation applications of webportals and webservices
have been worked out and are further improved,waligp for an efficient data mining, data
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visualization, modeling and various in-time web vggss, e.g. connections with Genbank
(http://www.ncbi.nIm.nih.gov/Genbank/) and OpenMibele(http://openmodeller.sourceforge.net/).

11. How TO BEST MANAGE THESE IMPACTS AND HOW TO PLAN FOR THE
NECESSARY ADAPTATION MEASURES

Flexibility in management approaches will be cétito maintaining biodiversity and ecological
resilience in mountains in a changing climate. Bagbal. (2008, 2009) provide guidelines for hepin
natural resourced to adapt to climate change, basezhse studies from different case studies from
the US. We follow along their guidelines, add saju&lance from others (Chettri and Worboys, 2009,
Brooke, 2008), and specifically focus on biodiversis the natural resource and on mountain habitats

11.1 Identifying regionswith high biodiversity value- example of the European Alps

Areas with high biodiversity values have alreadgrbé@entified in the European Alps, e.g. by
Priority Conservation Areas PCA or NATURA 2000 eria. In addition, WWF, ALPARC, CIPRA
and ISCAR, four important conservation organisajomere working together to contribute to the
preservation of biodiversity in the European Al WWF European Alpine Programme (Mdrschel,
2004). They identified regions with high biodiveéysialue in the European Alps and provide a list of
24 priority areas for biodiversity conservation dn existing data on species and habitats and
expert evaluation, and a gap analysis with exisiingtected areas. They selected species and
ecosystems characteristic of the Alps accordintpéo importance with regard to biodiversity and th
availability of information about them. The WWF Bpean Alpine Programme collected data on
biodiversity, but also on socio-economic issueslabie for the entire Alps, and transferred themoin
a Geographic Information system. Based on thisriné&tion and expert knowledge from all Alpine
countries, areas most important for different spegjroups (flora, insects, reptiles and amphibians,
birds and mammals) and for freshwater ecosysteme wWewn on maps and then overlayed to
identify the areas with the greatest overlap, tovarat the 24 conservation priority areas in tHpsA
important for the largest number of animals, plarnd ecosystems (Mérschel, 2004). E.g. for flora,
some extraordinary groups of plants and vegetaypes unique and/or typical for the Alps were
chosen, such as centres of endemic species (350f @800 species in the Alps only occur there),
centres of rare species (e.g. the Bergamo regidn tve Engadine), large, continuous forest areas
(refuges for rare species and corridors for cajiiesa large herbivores and large carnivores)tis
dry areas with drought-tolerant vegetation (e.g@ssglands witfstipaor Festucain the dry valleys of
the central part of the Alps, such as Valais), hakitats harbouring particular ecological phenomena
special to the Alps, such as peat bogs or glaci@idnds. In the case of mammals, special attention
was given to the following groups: Large carnivofeach as wolf, lynx, and brown bear), large
herbivores (such as the Alpine ibex, Alpine chamaisd red deer, whose traditional migration
between winter and summer habitats mostly has beeoff by roads, settlements, etc. in the vallgys)
and small and medium mammals, especially endenaiciep (e.g. Alpine mouse, Bavarian yoleats
(vulnerable to disturbance) and ottedicating good habitat quality.

More information became available recently by théa#\ of the Alps (Tappeiner et al., 2008),
offering a suite of maps of key indicators on thelegy, economy and society of the Alps. The Atlas
of the Alps is the outcome of the EU-financed DIAMD project (Interreg llib, Alpine Space) and
serves as an example on how to create a monitanidgnformation system, which also can be used
for informed biodiversity conservation decisions.

11.2 Connecting regions with high biodiversity value- example of the Ecological
Continuum project in the European Alps

Biodiversity aspects should be considered in plagprdecisions, that appropriate and efficient
measures are taken to implement an ecological mketab protected areas and that areas outside
protected areas are managed in a sustainable s@agcially in the regions of high biodiversity vadue
where conservation efforts should be concentra#aintaining or restoring ecological connectivity
between important areas for nature conservatidghanAlps is the aim of the Ecological Continuum
Project started in 2007 by ALPARC (Alpine Network Protected Areas), CIPRA (International
Commission for the Protection of the Alps), ISCARtérnational Scientific Committee Alpine
Research) and the European Alpine Programme oWMbed Wide Fund for Nature (WWF). These
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four organisations started to implement the ecechlgcontinuum network (Scheurer et al., 2008,
Kohler and Heinrichs, 2009) in the Alps, in coopiem with local people, relevant authorities and
interest groups within the identified high biodisity value regions. The following type of regions
(defined by the Platform Ecological Network of thpine Convention) were given high priority.

*  Areas with high biodiversity values (Priority Consation Areas PCA, Natura 2000, etc.)

* Riverine systems as connectivity elements of trdemiandscape

* Densely populated areas in low altitudes

*  Areas with high pressure through intensive agnizelttourism, energy infrastructures, etc.
*  Border areas of the existing protected areas

»  Areas linked to large-scale European networks siscREEN, Alpine-Carpathian network, IBA
etc.

» Large scale forest areas
11.3 Adaptive management at multiple scales

There is a need for management plans that areynpghtautionary, rather than plans that assume
that specific management actions will have speatitcomes, due to the complexity of ecosystems
and their changes resulting from interactions dfired dynamics, anthropogenic change, and novel
climates. Adaptive management, which is a prodasssintegrates learning with management actions,
is applicable to circumstances, where there isitabtb influence an ecological process, but
uncertainty as to the best methods. It allows ke t&ction today using the best available infornmatio
while also providing the possibility of ongoing fiué refinements through an iterative learning
processScenario based planning provides a way of envisgai range of quantitative or qualitative
plausible futures. Adaptation responses can theteleloped for the range of plausible futures, Wwhic
is more robust than managing for any single praeaf the future.

11.4 Approachesin mountainsto adapt to climate change

Improve Protected Areas (PAs) in mountains. Re-evaluate management goals of protected
areas, ensure continued protection and appropriategement of existing PAs. Increase the effective
size of the protected area where and when pos@hde enlarged core protection zone and buffer
zone with nature-friendly land use) or create nawtgrted areas. Protect altitudinal gradients.
Cooperate to develop common approaches with adjacerearby protected areas.

Connect: The safeguard of latitudinal and altitudinal egptal continuums will be a crucial
element in adaptation to changing conditions fonyngpecies and populations, mainly in areas of
actual or potential treeline and in urbanised aiieathe Alps (Scheurer et al., 2008). However,
improving ecological connectivity also improves tthistribution of diseases, “pests” and invasive
plants along corridors. And it is not clear yet,endn connectivity is appropriate, for which taxagd an
how ecological connectivity improves biodiversitydaecological persistence.

Permeable landscapes. Enhance existing incentive schemes promoting toineensity land
management and the development of greater landdueteeogeneity. Retain as many patches of
“semi-natural habitats”, especially in urbanisednoensively used areas.

Reduce anthropogenic stresses. minimize localised human-cased disturbances (e.g.
fragmentation, nitrogen addition or other polludidhat hinder the ability of species or ecosystéms
withstand climatic events (Baron et al., 2008, 20@9can also mean to keep traditional land use in
regions where this has been the predominant mareadein order to preserve species diversity and
sensitive ecosystems (Theurillat and Guisan, 2001).

Protect key ecosystem features: manage to maintain structural characteristicgaoisms or
areas that support the overall system, such asdteysrganisms. Protect variant forms of a spemies
ecosystem so that, as climate changes, there mpyg#ations that survive and provide a source for
recovery. Maintain or establish more than one exanop each ecosystem or population within a
management systems, such that if one area is edfdxt disturbance, replicates in another area may
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reduce risk of extinction and provide a sourcerémolonisation (Baron et al., 2008, 2009). Susdiaén
slow variables (e.g., soil resources and the spepml) that accumulate slowly and provide buffers
Sustain both ecological legacies (e.g., old fogrsivth, woody debris) and cultural legacies (e.g.
people’s connection to land) (Chettri and Worb@&@)9).

Restore: rehabilitate ecosystems that have been lost onpoomised. Restore or facilitate
recovery of missing keystone species (e.g., weléver).

Identify refugia: use areas that are less affected by climate ehdran other areas as sources
for recovery or as destinations for climate sewsitnigrants and maximise populations of rare and
threatened species.

Relocate: transplant organisms from one location to anotheorder to bypass a barrier (e.g.
urban area). Translocation of genotypes, speciemibinvertebrates or microbes, Captive breeding
programs.

11.5 Theimportance of communication and scientist-manager -public partner ships

Preparing for and adapting to climate change m@ash a cultural and intellectual challenge as an
ecological challenge. Most conservation organiratideal with complex systems in which adaptation
to climate change involves making decisions onrijtigs for biodiversity conservation in the face of
dynamic risks and involving the public in theseidiens. Discursive methods have been shown to be
useful for integrating scientific knowledge withlghe perceptions and values, particularly whendarg
uncertainties and risks are involved (Brooke, 2008)

Boundary organizations—organizations or institutiohat bridge different scales or mediate the
relationship between science and policy—could prmseful for managing the transdisciplinary nature
of adaptation to climate change, providing commaitidn and brokerage services between scientists,
practitioners, and interested publics (Vogel et 2007, Brooke, 2008). The fact that some
nongovernmental organizations (NGOs) are activesscthe areas of science, policy, and practice
makes them well placed to fulfill this role in igrated assessments of biodiversity conservation and
adaptation to climate change.

The use of scenarios in conservation planningusedul way to build shared understanding at the
science—policy interface. For example Spangenb28®7) developed a scenario of the risks to
biodiversity to identify pressures and drivers, atod derive effective policy strategies by an
interdisciplinary team of economists, climatologjstand-use experts and modellers. Integrative
research that combines conservation planning, tdirohange, adaptive capacity, human livelihoods,
and implementation must become the rule rather titaexception.
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