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GLORIAGLORIA--Europe: Some resultsEurope: Some results
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Berge als Biodiversitäts hot spots (Barthlott karte)

Europe‘s area above timberline covers 3% of the continent but
hosts 20% of its vascular plant species (Väre et al., 2003)
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GLORIAGLORIA--Europe: Some resultsEurope: Some results

The evidence

Source:
Pauli, Gottfried & Grabherr, 2003

Source:
Pauli, Gottfried & Grabherr, 2003,



3

Study area of Grabherr et al. 1994, Nature

Study area of Grabherr et al. 1994, Nature
Ötztaler and Stubaier Alpen

Very stable slopes
(solid rock etc..)

Moderately stable slopes

Very unstable slopes
(highly erosive screes etc..)

GLORIAGLORIA--Europe: Some resultsEurope: Some results

The regional monitoring

Vicinity of Mount Schrankogel (Tyrol, Austria)

Camp 1850

1994

2004
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1994 Schrankogel, Tirol, Austria, 3497 m

nival

alpine

1994 Schrankogel, Tirol, Austria, 3497 m

nival

alpine

~ 1100 permanent plots (1m²) ~ 1100 permanent plots (1m²)
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Species list

Species cover

Abiotic factors
(freq. dist. of substrate
types like scree, solid rock, etc...)

Alpine and nival plant assemblages

alpine species pool

nival species pool

69 species found at the ecotone in 1994   (24 species in more than 10% of the plots)

Source: Pauli et al. 1999, Phytocoenolgia

Oreochloa distichaOreochloa disticha alpinealpine

Minuartia sedoidesMinuartia sedoides alpinealpine Ranunculus glacialisRanunculus glacialis nivalnival
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Poa laxaPoa laxa nivalnival Androsace alpinaAndrosace alpina nivalnival
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Modelling of current distribution patterns

Androsace alpina Carex curvula
Sources:
Gottfried et al. 1998 Antarctic, Arctic and Alpine Research
Gottfried et al., 1999 Diversity and Distributions

Climate change scenarios

Androsace alpina  Carex curvula

+5 K

+2. 5

+1.25

Sources:
Gottfried et al. 1998, Antarctic, Arctic and Alpine Research
Gottfried et al. 1999, Diversity and Distributions

Measuring Climatic GradientsMeasuring Climatic Gradients

•• Snow:Snow:
Number of days with Number of days with 
snowcoversnowcover MayMay--JulyJuly

•• T:T:
NighttimeNighttime temperature temperature 
JuneJune--JulyJuly

How do these climatic elements separate How do these climatic elements separate 
the alpine from the nival species pool?the alpine from the nival species pool?

Measuring Climatic Gradients / SnowMeasuring Climatic Gradients / Snow
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alpinealpine nivalnival

Measuring Climatic Gradients / Measuring Climatic Gradients / NighttimeNighttime TT

Mean nighttime temperature June-July [°C]
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Average response of nival (“high altitude”) and alpine (“low altitude”) species
to climate (T and snowcover duration):

Temperatur
time-series
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ecotone
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Gottfried et al. 2002,
Mountain Biodiversity - A Global
Assessment (ed. Körner)
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Measuring Climatic Gradients / ScenariosMeasuring Climatic Gradients / Scenarios
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GLORIAGLORIA--Europe: Some resultsEurope: Some results

The regional re-investigation

First investigation 1994:

c. 1000 quadrats

Re-investigation 2004:

374 quadrats, c. 40%

Increase in species number per quadrat 1994-2004

alpine quadrats nival quadrats
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species richness increase is BY FAR higher in 
NIVAL than in ALPINE habitats

Alpine species pool:
cover increase;
e.g., Silene exscapa 

Nival species pool:
cover decrease;
e.g., Cerastium uniflorum 

Veronica alpina
Leucanthemopsis alpina
Silene exscapa
Sibbaldia procumbens
Saxifraga seguieri
Pedicularis asplenifolia
Oreochloa disticha
Festuca intercedens
Erigeron uniflorus
Cerastium cerastoides

COVER            INCREASED

All nival species decrease, almost all alpine species increase in cover !

Saxifraga oppositifolia
Saxifraga bryoides
Ranunculus glacialis
Potentilla frigida
Poa laxa
Phyteuma hemisphaeric.
Luzula spicata
Cerastium uniflorum
Carex curvula
Androsace alpina

COVER           DECREASED

Alpine, alpine to nival, nival species

p=0.02
Source: Pauli, Gottfried, Grabherr et al. 2007, Global Change Biology
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GLORIA - Global Observation Research 
Initiative in Alpine Environments

GLORIA co-ordination
Dept. of Conservation Biology, Vegetation and Landscape Ecology
University of Vienna, Austria

www.gloria.ac.at

The purpose of GLORIA

Contents

The roots – a brief history

The Multi-Summit Approach

Site selection
Sampling design
Some results

GLORIA’s current extension

How the network operates

is to establish and maintain a long-term 
observation network for the comparative study 
of the effects of climate change on 
mountain biota

The purpose of GLORIA

High mountains, being controlled by low temperatures, 
are globally distributed from the tropics to the polar 
regions.

Comparatively low impacts from human land use.

Mountain environments host an outstandingly diverse 
and highly specialised flora.

1929 1999

Southern Ural

Source: Moiseev & Shiyatov 2003, Ecological Studies, Springer

Treeline advances observed, e.g., in the Scandes, 
Bulgaria, Urals, New Zealand, Alaska

The roots of GLORIA observed changes

Swiss Alps
Walther et al. 2005, Journal of Vegetation Science

S-Scandes, Norway
Klanderud & Birks 2003, The Holocene

1930-31
1998

The roots of GLORIA observed changes

Upward shifts of alpine plant species
1994: Schrankogel – permanent plot
study at the alpine-nival ecotone

1996: IGBP-meeting – Kathmandu – recognising the demand
for long-term monitoring sites in mountain regions

1997-2000: ALPNET – ESF-project on European mountain 
biodiversity - permanent plots largely lacking

1998-1999: first GLORIA test summit (NE-Alps/Sierra Nevada)

2001-2003: GLORIA-Europe (FP-5), continent-wide setup

SW
S SE

E

The roots of GLORIA brief history
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GLORIA: Global Observation Research Initiative in Alpine 
Environments

Start 2001 with GLORIA-Europe:

•EU FP5
•24 partners
•18 target regions

•Co-ordination:      
Grabherr et al., Vienna

GLORIAGLORIA’’ss basic sampling designbasic sampling design

- focus on summit sites

- vascular plants; cryptogams optional

- a fairly inexpensive standardised 
method for long-term monitoring 
above the treeline

-should be applicable on a
global level

available at 
www.gloria.ac.at

in English, Spanish,
and Chinese

The MultiThe Multi--Summit ApproachSummit Approach

Target region

The MultiThe Multi--Summit ApproachSummit Approach

Plot types
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10 m

W11 W13

W33
W31

E11E13
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N11

N13
N33

N31

S11

S13
S33

S31

16-quadrat area
5-m summit area
(upper summit area)

10-m summit area
(lower summit area)

4 temperature loggers
at 10cm below soil surface

The 
Multi-
Summit 
Approach
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The MultiThe Multi--Summit ApproachSummit Approach SpeciesSpecies recordingrecording

Frequency counts of species
in 100 cells per 1m²
(changes in spatial
species patterns)

Vegetation sampling
in the 1 x 1 m quadrats by 
visual %-cover estimation
of species
(changes in species 
composition and cover)

Boundary line of the
5-m summit area

S11

S31

S33

S13

Towards the summit
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Species sampling
in the summit area:
complete species list
plus species abundance / cover
(species invasions; 
comparison of species richness)

N-10m-SA

Photo documentation

SpeciesSpecies recordingrecording

Boundary line of the
5-m summit area

S11

S31

S33

S13

Towards the summit

The GLORIA target regions  (March 2007)The GLORIA target regions  (March 2007)

244085Interest 
expressed

024042
Planned or in 
setup 
2006/2007

0583327Active

AfricaSouth 
America

North 
America

Austral-
asiaAsiaEuropeTarget region

• Implementation of new target regions
• Planning of the European monitoring campaign 2008: model prove More information on GLORIA at:  www.gloria.ac.at

The GLORIA target regions (March 2007)


