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Europe's area above timberline covers 3% of the continent but
hosts 20% of its vascular plant species (Vare et al., 2003)

climate warming
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Hypothesis
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species distributions
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The Piz Linard (3411 m), the Grisons, Switzerland - Europe’s Oldest Mountain Vegetation Study Sitq]
Changes of species nchness at Pir Linard, presence and aburdance

P pevienL ¢ common, | iermediale abundaace, § e,
12 increased abundance

Source:
Pauli, Gottfried & Grabherr, 200}
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The evidence

Fig. 28.1. The uppermost 30-m ebevation of Piz Linard summit with the distributicn of
the vascular plent species which occurred in 1947 (alter Braun-Blanquet 1957
1992, 1992, the summit ares was divided into sectors, indicated by brok Z
0 aspect and geomorphologic structure, For each sector, species abundances
are given as: comman {dark grey) for comman or scatlered 1o comman oocurrences;
intermediate (medium grey) for scattered occurrence; and bow (light grey) for rare 1o
scattered, bocally scattered, rare, or very rare o<curmences

nival

subnival;
alpine-nival ecotone

alpine

subalpine;
treeline ecotone

montane
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Source:
Pauli, Gottfried & Grabherr, 2003,

udies, Vol. 167
. Kenar, ILBA. Thompeen (Ede)

Alpine Fodiversy
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| Climate effects on mountain plants

‘Georg Grabherr, Michael Gottfried, Harald Paull
NATURE - VOL 369 .- 9 JUNE 1994
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" Vicinity of Mount Schrankogel (Tyrol, Austria)*
i . :
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Schrankogel, Tirol, Austria, 3497 m

1994

Schrankogel, Tirol, Austria, 3497 m

~ 1100 permanent plots (1m?)

~ 1100 permanent plots (1m?)
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nival
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Androsace alpina

nival

e
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CCA axis 4
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axis 3 of environmental variables
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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

¥ ; _ ]
Androsace alpind@&#

Sources:
Gottfried et al. 1998, Antarctic, Arctic and Alpine Research
Gottfried et al. 1999, Diversity and Distributions
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* Snow:
Number of days with
snowcover May-July

T
Nighttime temperature
June-July

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

o wniversita
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presence

50 60 70 10 30 4 50

Number of snowcover (May-July) Number of days with snow May-July)
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Measuring Climatic Gradients / Nighttime T

Silene exscapa n unifioum nival

—— Tanacetum alpinum
—— Minuar

1 0 3

Mean nighttime temperature June-July [C] Mean nighttime temperature June-July [C]

Average response of nival (“high altitude”) and alpine (“low altitude”) species
to climate (T and snowcover duration):

S
Temperatur g
time-series g
from 32 5
measurement 2
points s
within the 5
alpine-nival il
ecotone

0 1 2 10 20 30 40 50 &0 VO
MNT [*C] Schneedeckendauer [d]

Source: Mean night-time Days with
Gottfried et al. 2002, temperature SNow cover
Mountain Biodiversity - A Global (June-July) (May-June)

Assessment (ed. Kérner)
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= Strong pressure
o on nival species

First investigation 1994:
c. 1000 quadrats

Re-investigation 2004:
374 quadrats, c. 40%
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Alpine species pool:
cover increase;
e.g., Silene exscapa

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

The regional re-investigation

Increase in species number per quadrat 1994-2004
12

114

Increase in n of species per quadrat
N W s g e N ® o

-

alpine quadrats nival quadrats

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

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

COVER T INCREASED COVER lDECREASED

Erigeron uniflorus

Luzula splcata

Pedicularis asplenifolia
Saxifraga seguieri
Potentilla frlglda

Leucanthemopsis alpina

Source: Pauli, Gottfried, Grabherr et al. 2007, Global Change Biology

p=0.02




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

The purpose of GLORIA

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

mountain biota

The roots of GLORIA

observed changes

Upward shifts of alpine plant species

— ~ 1930-31
— 1998

x = 1900s; 4 = 19805; @ = 2003
Swiss Alps

Walther et al. 2005, Journal of Vegetation Science

S-Scandes, Norway

Klanderud & Birks 2003. The Holocene

Contents

The purpose of GLORIA
The roots — a brief history

The Multi-Summit Approach

e Site selection
e Sampling design
e Some results

How the network operates

GLORIA’s current extension

The roots of GLORIA observed changes

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

Southern Ural

Source: Moiseev & Shiyatov 2003, Ecological Studies, Springer

The roots of GLORIA brief history

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
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GLORIA: Global Observation Research Initiative in Alpine

EINIEnt GLORIA’s basic sampling design

- focus on summit sites

*EU FP5
+24 partners - vascular plants; cryptogams optional

«18 target regions
A e T Ty - afairly inexpensive standardised
Grabherr et al., Vienna method for long-term monitoring
above the treeline :
available at
. in English, Spanish,
-should be applicable on a e e
global level

Plot types

5-m summit area
(upper summit area)

10-m summit area
(lower summit area)

Plot types @ Vegetation sampling
inthe 1 x 1 m quadrats by

visual %-cover estimation
of species

@ Frequency counts of species
in 100 cells per 1m?
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The GLORIA target regions (March 2007)

@ Species sampling
in.the summit area:
complete species list
Austral- - ‘North South

plus species abundance / cover Targetregion Europe  Asia N B e Africa

Active 720 3 8

Planned or in
setup
2006/2007

Interest
expressed

i e Wre

« Implementation of new target regions r e i ofe = i

« Planning of the European monitoring campaign 2008: model prove More information on GLORIA at: www.gloria.ac.at
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