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Table S1: List of the literature review with the author(s), publication year, title, journal, and location of the
study.

Author Year Title Journal Location
S O oSO e et St
Haselberger et al. 2021 - . - - Processes and
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Modelling of Vegetation Dynamics from
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Evolution P
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Environment
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French Alps
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Park, Montana, USA Science
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. interactions in glacier forelands Geomorphology  European
Eichel 2019 of Proglacial Alps
Systems
. Vegetation dynamics in Alpine glacier nature/scentific  European
Fischer et al. 2019 forelands tackled from space reports Alps
Rapid plant colonization of the forelands of a  Arctic,
Franzén et al. 2019  vanishing glacier is strongly associated with  Antarctic, and Scandinavia
species traits Alpine Research
Impact of parent material, vegetation cover,
and site wetness on variability of soil
Szymanski et al. 2019 properties in proglacial areas of small Catena Scandinavia
glaciers along the northeastern coast of
Sarkappland (SE Spitsbergen)
High-speed colonization of bare ground—
i ; i Land
. . Permanent plot studies on primary succession . European
Fickert & Griininger 2018  of plants in recently deglaciated glacier Degradation & Alps

forelands

Development



Author Year Title Journal Location
The relationships between soil chemical
properties and vegetation succession in the
Wietrzyk et al. 2018 aspect of changes of distance from the glacier  pjant soil Scandinavia
forehead and time elapsed after glacier retreat
in the Irenebreen foreland (NW Svalbard)
An Analysis of Glacial Retreat and Resultant . .
Shahid & Mirza 2019 Vegetation Expansion in the Karakorum: A Biologia Asia
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The last 50 years of climate-induced melting
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Russia) revealed in a primary ecological Evolution
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Unravelling community assemblages through
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Primary vegetation succession and the
R serpentine syndrome: the proglacial area of . European
D"Amico et al. 2017 the Verra Grande glacier, North-Western Plant soil Alps
Italian Alps
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. for the study of primary succession of plants ~ Evolution in a European
Fickert 2017 Changing World  Alps
(book)
Klebelsberg revisited: did primary succession
) : - . European
Fickert et al. 2017 of plants in glacier forelands a century ago Alpine Botany
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Sitzia et al. 2017 LandsF:ape metrics as functlonal_ traits in Peer] European
plants: perspectives from a glacier foreland Alps
Nitrogen and phosphorus availability at early
Gérannsson et al. 2016 Stages of soil development in The Damma Plant soil European
glacier forefield, Switzerland; implications Alps
for establishment of N2-fixing plants
Erschbamer & 2016 Glacier forelands: Lessons of plant Progress in European
Caccianiga population and community development Botany Alps
Factors affecting primary succession of European
Schuhmann et al. 2016 glacier foreland vegetation in the European Alpine Botany Alpsp
Alps
. Plant and arthropod colonisation of a glacier o European
Tampuccini et al. 2015 toreland in a peripheral mountain range Biodiversity Alps
Accounting for tree line shift, glacier retreat .
Carlson et al. 2014 and primary succession in mountain plant Diversity and European
distribution models Distributions Alps
Vegetation influence on soil formation rate in
D’ Amico et al. 2014 a proglacial chronosequence (Lys Glacier, Catena European
NW Italian Alps) Alps
Long-term glacier monitoring at the LTER
test sites Hintereisferner, Kesselwandferner Plant Ecoloav &  European
Fischer 2013 and Jamtalferner and other glaciers in Tyrol: ant =cology P
: . - Diversity Alps
a source of ancillary information for
biological succession studies
Plant succession and soil development on the
foreland of the Morteratsch glacier European
Burga et al. 2010 (Pontresina, Switzerland): Straight forward or Flora Alps
chaotic?
Regional variation in successional trajectories  Arctic,
Robbins & Matthews 2010 and rates of vegetation change on glacier Antarctic, and Scandinavia
forelands in south-central Norway Alpine Research
Dispersal and establishment both limit
Jones & Del Moral 2009 colonization during primary succession on a Plant Ecology N-America

glacier foreland
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Primary succession following deglaciation at  Arctic,
Dolezal et al. 2008 Koryto Glacier valley, Kamchatka Antarctic, and Asia
Alpine Research
Vegetation succession pattern and diversity Acrctic, European
Raffl et al. 2006 changes in a glacier valley, Central Alps, Antarctic, and Al P
A - ps
Austria Alpine Research
Glacial fluctuation and vegetation succession ~ Mountain
Mizuno 2005 on Tyndall Glacier, Mt Kenya Research and Africa
Development
L . Pioneer herbaceous vegetation on glacier Phytocoenologi European
Caccianiga & Andreis 2004 forelands in the Italian Alps a Y ’ A||osp
Comparative vegetation analyses of two .
Raffl & Erschbamer 2004 transects crossing a characteristic glacier Phytocoenologi  European
valley in the Central Alps a Alps
Diversity in primary succession: the Global
chronosequence of a glacier foreland Mountain
Kaufmann & Raffl 2002 Biodiversity: A European
Global Alps
Assessment
(book)
Vegetation and environmental factors during  Plant
primary succession on glacier forelands: Biosystems - An
Andreis et al. o001 Some outlines from the Italian Alps International_ European
Journal Dealing  Alps
with all Aspects
of Plant Biology
Vegetation development on the glacier Applied European
Burga 1999 forefield Morteratsch (Switzerland) Vegetation Al Sp
Science P
Primary succession on glacier forelands in Journal of
Frenot et al. 1998 the subantarctic Kerguelen Islands Vegetation Antarctic
Science
Succession processes of alpine vegetation in .
Mizuno 1998 response to glacial fluctuations of Tyndall Avrctic and Africa
Glacier, Mt. Kenya, Kenya Alpine Research
Primary succession of plant assemblages on a Journal of
Vetaas 1994  glacier foreland-Bodalsbreen, southern Bi h Scandinavia
Norway iogeography
Vegetation succession on the Storbreen Arctic and
Matthews & Whittaker 1987 glacier foreland, Jotunheimen, Norway: a Scandinavia

review

Alpine Research

Table S2: Meteorological and snow observation stations. Measured variables: P = Precipitation, T = Temperature,
WS = Wind speed, H = Humidity, R = Radiation, SD = Snow depth (1 Autonomous Province of Bozen/Bolzano -
South Tyrol; 2 Institute of Atmospheric and Cryospheric Sciences, University of Innsbruck).

Elevation Measured Temporal

Station Acronym  [mas.l.] Latitude  Longitude variables Resolution  coverage Valley  Provider
P, T, WS,

Madtrisch - 2825 46.4938 10.6144 H, R, SD 10-min 2000-2020  Sulden 1
T, H, WS,

Rossbénke - 2255 46.46935  10.81944 SD 10-min 2015-2020  Ulten 1

Weekly

Zufall - 2265 46.48129  10.67802 SD (manual) 2004-2020 Martell 1

Zufritt - 1851 46.50906  10.72507 P, T,SD Daily 1980-2020 Martell 1
P, T, WS,

Hintermartell HI 1720 46.5169 10.7269 H R 10-min 2009-2020 Martell 1

Langenferner- P, T, WS,

Felskopfl LA 2967 46.47245  10.61391 H, R 10-min 2012-2020 Martell 2



Elevation Measured Temporal
Station Acronym  [mas.l.] Latitude Longitude variables Resolution  coverage Valley  Provider
Schontaufspitze SC 3328 46.5029 10.6286 , WS 10-min 1998-2020 Martell 1
P, T, WS,
Sulden SuU 1907 46.5159 10.5953 H,R 10-min 1987-2020  Sulden 1
Ulten Weibrunn UL 1900 46.4868 10.8318 P,T,H R 10-min 1987-2020  Ulten 1
Weillbrunnspitze WE 3252 46.494 10.774 T, H, WS 10-min 2012-2020  Ulten 1

Table S3: Overview of data sources considered for the reconstruction of the glacier terminus
position, necessary for the determination of the time of deglaciation of the vegetation plots, in the
Martell valley (Firkeleferner f, ZF: Zufallferner #, Langenferner 'f). The years refer to the time of the
glacier survey/illustration in the respective data source.

Martell valley

Year Data source

LIA FF ZF Morphological mapping: based on field observations, ALS-DTM (2019) and orthophotos

1870/71 F- % Map: 3" Federal survey, 5445/2; 1:25.000, KuK Military Geographical Institute (Austrian
Federal Office of Surveying and Metrology - BEV, Austria)

1887 . #F Map: 3" Federal survey (reamb.), 5445/2; 1:25.000. KuK Military Geographical Institute
(Austrian Federal Office of Surveying and Metrology - BEV, Austria)

1897 R 2F Morphological mapping: based on field observations, ALS-DTM (2019) and literature study
(Richter 1889; Finsterwalder 1890; N.N 1891; Finsterwalder 1896; Fritzsch 1900)

1911 FR 2R LF Map: 4% Federal survey, 5445/2; 1:25.000, KuK Military Geographical Institute (Austrian

1945 FF 26, LF
1954-56 . 7

1959_62FF,ZF, LF

1969 FF 2 LF
1985 FF ZF LF
1992-97fF24FLF
1999 FF, 2F, LF
2003 FF 26 LF
2005 FF 2 LF
2006 FF 2F LF
2008 FF ZF LF
2011 FF 2 LF

2013 FF, ZF, LF

2017 FF, ZF, LF

2019 FF. 2R LF

Federal Office of Surveying and Metrology - BEV, Austria)
Aerial image (Italian Military Geographic Institute - IGMI, Italy)

Aerial image (Autonomous Province of Bozen/Bolzano, South Tyrol, Italy)

Map: Carta d’Italia, Monte Cevetale F°9 Il N.E., 1:25.000 Istituto Geografico Militare
Italiano (1963) (Archive: Department of Geography, University of Innsbruck)
Aerial image (Italian Military Geographic Institute - IGMI, Italy)

Aerial image (Autonomous Province of Bozen/Bolzano, South Tyrol, Italy)

Aerial image (Autonomous Province of Bozen/Bolzano, South Tyrol, Italy)

Aerial image (Autonomous Province of Bozen/Bolzano, South Tyrol, Italy)

Aerial image (Autonomous Province of Bozen/Bolzano, South Tyrol, Italy)

ALS-DTM (Autonomous Province of Bozen/Bolzano, South Tyrol, Italy)

Aerial image (Autonomous Province of Bozen/Bolzano, South Tyrol, Italy)

Aerial image (Autonomous Province of Bozen/Bolzano, South Tyrol, Italy)

ALS-DTM (Autonomous Province of Bozen/Bolzano, South Tyrol funded project MALS)

ALS-DTM (Department of Atmospheric and Cryospheric Sciences, University of Innsbruck;
Galos et al. 2015)
Aerial image (Google Earth)

ALS-DTM (Department of Physical Geography, Catholic University of Eichstdtt-Ingolstadt;
DFG & FWF-funded project SEHAG)
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Figure S1: Boxplot of the Stream power index (SP1) (log-transformed for better visibility) for disturbed (red) and more
stable (yellow) plots. Wilcox rank tests are performed for analysis of significance of difference between disturbance
groups.



Table S4: Correlation of soil parameters and community weighted means of Landolt indicator values
(Cmic = microbial carbon; gs = growing season).

mw H m_w_N m w R m w_F
Soil organic matter (SOM) 0.93
Chic 0.84
Plant available NH4 0.47
pH CaCl: 0.85
pH H20 0.79
Soil water potential (gs) 0.6

Table S5: Result of the varimax rotated PCA with the results for the different components (RC) with the SS
loadings (eigenvalues), proportion variance (how much of the overall variance the component accounts for),
proportion explained (relative amount of variance explained) and the cumulative values for the proportion variance
and proportion explained, sorted concerning the proportion of variance explained.

RC1 RC2 RC5 RC4 RC3
SS loadings 12.03 4.25 2.15 1.64 1.62
Proportion Variance 0.46 0.16 0.08 0.06 0.06
Cumulative Variance 0.42 0.63 0.71 0.77 0.83




