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ABSTRACT

Motivation: The database initiated by the Mountain Invasion Research Network (MIREN) is one of the few globally imple-
mented standardized vegetation surveys in mountains. The focus is on collecting plant species occurrences at 5-year intervals
along and adjacent to mountain roads spanning elevational gradients, with the goal of providing critical information about the
ongoing spread of non-native plants and the potential impacts of climate and human-caused disturbance in the form of road
infrastructure on mountain vegetation.

Main Types of Variables Contained: To date, the database contains almost 170,000 georeferenced records of plant species.
Overall, 6854 vascular plant species were observed in 3364 plots across 25 regions, with many of these plots being revisited every
5years. Each plot is identified by its coordinates, elevation and distance to the road. The status of each individual species (native,
non-native or unknown) is determined in accordance with regional databases.

Spatial Location and Grain: Plant species were surveyed at 20 sample sites, placed at regular elevational intervals along each
mountain road, with typically three roads selected per region. Each sample site is subdivided into three 2m X 50m plots, one
parallel to the road and two perpendicular to it, extending into adjacent vegetation. The 25 studied regions cover all continents
except Antarctica.

Sylvia Haider and Jonas J. Lembrechts contributed equally to this work.

For affiliations refer to page 6.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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Time Period and Grain: Data were collected between 2007 and 2023, with surveys being repeated at 5-year intervals in a subset

of regions. Three regions include four time-steps, while seven and three regions were sampled three times or twice, respectively.

In most regions, long-term monitoring is ongoing.

Major Taxa and Level of Measurement: All vascular plant species.
Software Format: Data are available through a .csv file on Zenodo (https://doi.org/10.5281/zenodo.15749536).

1 | Introduction

Mountain areas exhibit disproportionately high biodiversity rel-
ative to their size, contain large portions of the globe's biodiver-
sity (Chape et al. 2008; Payne et al. 2017) and sustain a broad
range of ecosystem functions and nature's contributions to peo-
ple (Martin-Lopez et al. 2019; Mengist et al. 2020). However,
these ecosystems are especially vulnerable to a range of global
change drivers. For instance, there is a consensus that anthropo-
genically caused warming rates are elevation-dependent, with
faster warming occurring at higher elevations (Gobiet et al. 2014;
Pepin et al. 2022). Besides climate, human influence in moun-
tain regions is significantly changing, mainly towards increas-
ing land-use intensity resulting from, for example, expanding
tourism (Pickering and Barros 2012). Whilst the negative con-
sequences of intensified land use for natural plant communities
and their diversity are well-known from other ecosystems (e.g.,
Allan et al. 2015; Felipe-Lucia et al. 2020), the rapid upward
shift of many species following their climatic niche is a phenom-
enon unique to mountain systems (Elsen et al. 2020; Morueta-
Holme et al. 2015; Rumpf et al. 2019; Vitasse et al. 2021). For
example, understorey species in French mountain forests were
reported to move upwards at a speed of 38 m per decade (Lenoir
et al. 2008), and a study from Mt. Gongga in China documented
significant upslope shifts since the 1950s of almost two thirds of
plant species studied, including both herbaceous and woody life
forms (Zu et al. 2021).

A specific consequence of the growing human influence on
mountains is that formerly remote areas are increasingly pen-
etrated by an expanding network of roads. Such infrastruc-
ture not only results in direct disturbance of mountain plant
communities but also provides conduits for native and non-
native plant species movements (Barros et al. 2022; Geppert
et al. 2021; Lembrechts et al. 2017). Hence, species elevational
range shifts might be visible first along mountain roads, mak-
ing these shifts a potential harbinger of future changes in
mountain environments. Moreover, non-native plants likely
benefit from the altered microclimatic and hydrological condi-
tions and increased soil nutrients along roadsides (Miillerova
et al. 2011). This altered disturbance regime is ideal for species
that possess weedy ruderal characteristics (Serd 2010), which
are often associated with non-native species (Baker 1974;
Zhang et al. 2024).

Here, we present a unique empirical dataset based on stan-
dardized, repeated monitoring of vascular plant communities
in and adjacent to roadsides in globally distributed mountain
regions, each covering at least 500m in elevation (Table 1).

The survey protocol has been developed by the Mountain
Invasion Research Network (MIREN, www.mountaininvasio
ns.org; Haider et al. 2022; Kueffer et al. 2014). When founded in
2005, MIREN's main objective was to study patterns and pro-
cesses of non-native plant invasions in mountains (Alexander
et al. 2011; Seipel et al. 2012). Subsequently, MIREN expanded
itsscope to all vascular plant species to more broadly understand
the effects of global change on mountain plant biodiversity and
the elevational distribution of species (Haider et al. 2018). By
2023, the survey protocol had been implemented in 25 moun-
tain regions across the globe, over a period of 16 years (Figure 1,
Table 1). MIREN is an open network, with new regions join-
ing and implementing the mountain road survey protocol.
Sampling is conducted in permanent plots, which cover a broad
range of climates and plant community types along the eleva-
tion gradients. The protocol targets parallel elevation gradients
in anthropogenically disturbed sites next to the roads and in
close-by (semi)natural vegetation. The survey is repeated every
Syears to support the detection of possible plant community
changes and their drivers over time (Buhaly et al. 2025; Iseli
et al. 2023).

2 | Methods
2.1 | Data Acquisition and Compilation

Data collection occurred in 25 different mountain regions across
the globe, with each region aiming to survey three roads (ele-
vational transects). Roads are generally spaced no more than
150km apart within a region. Regions encompass most biomes
and the majority of the global climatic niche occupied by moun-
tains (Whittaker 1970; Figure 2). Road selection was based
on elevation extent and public access. Ideally roads begin at
the lowest elevation in the area and extend to the highest ele-
vation possible. Further, roads must be open to vehicle traffic
for at least parts of the year. Along each road, 20 sample sites
are selected at evenly spaced elevational intervals. At each site,
three 2mx 50m plots are arranged in a “T’, one parallel to the
road and two perpendicular to the road, from the midpoint of
the roadside plot, thus capturing the roadside vegetation and ex-
tending to the more natural area away from the road (Figure 3).
Thereby, each region aims for a total of 180 plots (60 plotsx3
roads). Resampling occurs at 5-year intervals. To aid in resam-
pling, GPS coordinates and photographs of each plot are cap-
tured at first sampling. Data collection includes the presence of
all vascular plants, though earlier sampling years mostly cover
only non-native species (Table 1). The standardized road sur-
vey protocol is detailed in Haider et al. (2022). Environmental
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TABLE 1 |

species. Footnotes indicate specific aspects of sampling which occurred in three regions for individual years.

Overview of the 25 study regions, including their elevational range and year(s) of sampling of either non-native species only or all

Non-native

Elevational range species only All species
Continent Country Region Abbr. and extent (years) (years)
Africa South Africa Maloti-Drakensberg ZAD 597m (1945-2542ma.s.l.) 2022
Africa South Africa Matroosberg ZAM 770m (1185-1955ma.s.l.) 2022
Americas USA Blue Mountains, Oregon ORE 1363 m (902-2265ma.s.l.) 2007 2012
Americas USA Rocky Mountains, MTN 1512m (1803-3315ma.s.l.) 2007, 2017 2012, 20222
Montana
Americas Ecuador Ecuadorian Andes ECU 2850m (1150-4000ma.s.l.) 2012
Americas Chile Central Chilean Andes CLC 1690m (1895-3585ma.s.l.) 2007, 2012,
2017
Americas Chile Chilean Andes, CLM 1699 m (903-2602ma.s.l.) 2019
Maule region
Americas Chile Southern Chilean Andes CLS 1412m (274-1686ma.s.l.) 2007,2012,
2017°
Americas Chile Chilean Andes, CLA 754m (346-1100ma.s.l.) 2019
Aysen region
Americas Chile Chilean Andes, Patagonia CLP 587m (33-620ma.s.l.) 2019
Americas Argentina Central Argentine Andes ARC 2164m (1755-3919ma.s.1.) 2017, 2022
Americas Argentina South Argentine Andes ARS 821m (857-1678 ma.s.l.) 2015
Australia Australia Australian Alps, AUN 1745m (380-2125ma.s.l.) 2007 2012, 2017¢,
New South Wales 2022
Australia Australia Australian Alps, Victoria AUV 1643 m (205-1848 ma.s.l.) 2012, 2017,
2022
Europe Norway Northern Scandes NOR 691 m (13-704ma.s.l.) 2012, 2017,
2022
Europe Czech Republic Krkonose Mountains CZE 972m (430-1402ma.s.l.) 2022
Europe Austria European Alps AUT 1439m (682-2121ma.s.l.) 2018
Europe Switzerland European Alps CHE 1391 m (411-1802ma.s.l.) 2007 2012, 2017,
2022
Europe Italy Central Apennine ITA 1706 m (419-2125ma.s.1.) 2022
Europe Armenia Caucasus Mountains ARM 2040m (1110-3150ma.s.l.) 2017
Asia China Changbai Mountains CNN 1537m (1073-2610ma.s.l.) 2018
Asia India Himalayas IND 2064m (1585-3649ma.s.l.) 2012, 2017,
2022
Islands USA Hawaii HWI 4145m (30-4175ma.s.l.) 2007, 2012
Islands Spain La Palma ESL 2123m (159-2282ma.s.l.) 2013, 2019,
2023
Islands Spain Tenerife ESP 2372m (5-2377ma.s.l.) 2008, 2018,
2022

Note: Abbr. = region abbreviations used in Figure 1. In most regions, in 2007, only data on non-native species were available since the original scope of MIREN was to

study non-native plant invasions in mountains. Continents are sorted alphabetically; countries and regions within countries go from North to South.

2Note that one road (BP) had to be resurveyed 1year later, in 2023, because of time constraints.
bNote that a fourth road (LL) was added in 2019.
“Note that in 2019, two roads (AS, AT) were expanded and six additional sites were added that reached beyond the previous maximum elevation (i.e., additional sites
with numbers from 21 to 26). Further, a new road (AW) was established in 2019.
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FIGURE1 | Location of the regions that have implemented the standardized road survey protocol of the Mountain Invasion Research Network

(MIREN). Pie charts are scaled by species richness, with colours indicating the proportion of native and non-native plant species.
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FIGURE 2 | Whittaker biome plot showing the mean annual tem-
perature and precipitation of all 3364 plots in the database, as obtained
from WorldClim 2.0 at a 1km? resolution. Small grey dots in the back-
ground represent the mean annual precipitation and temperature of all
mountain regions globally (except Antarctica), with ‘mountain’ defined
following Korner et al. (2017). Dotted lines delineate Whittaker biomes:
(1) Tundra, rocks and ice, (2) boreal forest, (3) temperate seasonal forest,
(4) temperate rainforest, (5) tropical rainforest, (6) tropical savanna, (7)
subtropical desert, (8) temperate grassland and (9) temperate woodland.
Hexagon colours indicate the frequency of plots sampled per climate bin.

parameters such as disturbance intensity and forest cover were
collected inconsistently between regions and sampling years
and are therefore not included in this compilation (see also
Haider et al. 2022).

Sample site with three plots leading
from the disturbed road verge into
more natural vegetation

[ 1$2m
50m 50m

" A\R\‘:_N Road SurveyJ

FIGURE 3 | [Illustration of the sampling design. Along each moun-

tain road, twenty sample sites are placed along the elevation gradient.
Each sample site consists of one plot with the long side parallel to the
road and two more plots leading perpendicularly from the road into
more natural vegetation.
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TABLE 2 | Dataset structure.

Column name Variable description dwcTerm dwcClass
Plot_id Unique ID for each plot recorded in the eventID Event
form Region.Road.Site.Plot (e.g., MTN.
BP.06.2). ‘Region’ is a three-letter code (e.g.,
MTN =Montana), and ‘Road’ a two-letter code
(e.g., BP=Beartooth Pass Road). ‘Site’ is a
number from 1 (lowest elevational point along
the road) to 20 (highest elevational point). ‘Plot’
is a number from 1 to 3, with 1 the roadside plot,
2 the intermediate plot and 3 the interior plot
Region ID of the region higherGeography Location
Road A two-letter code (e.g., BP =Beartooth Pass Road) locality Location
Site A number from 1 (lowest elevational point along locationRemarks Location
the road) to 20 (highest elevational point)?
Plot ‘Plot’ is a number from 1 to 3, with 1 being locationRemarks Location
the roadside plot, 2 the intermediate plot
(2-52m from the road) and 3 the interior
plot (52-102m from the road)®
Year Year in which observation was made year Event
Elevation Elevation of the observation in minimumElevationInMeters Location
metres above sea level
Latitude Latitude of the observation in decimal degrees decimalLatitude Location
Longitude Longitude of the observation in decimal degrees decimalLongitude Location
Accepted.Name.MIREN Final species name after the taxonomic scientificName Taxon
checking and harmonization procedure
Abundance Abundance of the recorded species organismQuantity Occurrence
(ranging from 1 to 3)° [organismQuantityType:
abundance class]
Cover Percentage cover of the recorded species (ranging organismQuantity Occurrence
from 1 to 8). Cover was not recorded in the first [organismQuantityType:
survey year in 2007 and 2008, respectively! cover class]
Status Native or non-native status of the species within establishmentMeans Occurrence
the region, based on regional sources. If no status
could be assigned, an ‘unknown’ status was listed
Protocol Version of the protocol used for the survey® samplingProtocol Event

Note: Data are provided as a .csv file and consist of a single data table, with a separate line for each species observation in a plot. Here, we additionally provide for all
columns a Darwin Core term (dwcTerm) and the corresponding Darwin Core class (dwcClass) to enhance data interoperability.
2Note that there are three regions which established more than the 20 required sites per road. CHE started with site 0 in the first year of sampling, CZE established
additionally site 21, and AUN expanded two of its roads (AS and AT) during the re-survey and added sites 21 to 26 in 2019.
bNote that in some locations, plots were destroyed, for example, through widening of the road or other construction works. In such cases, the original plot had to be

abandoned, and a new plot was established instead, located as close as possible to the original plot. New plots are indicated by the letter ‘A’ after the plot number (e.g.,

IA).

“Note that for the additional road AW, which was established in 2019 in AUN, only plant species cover was recorded, not abundance. Any additional NAs for
abundance in the database result from missing data for some records.

9ECU did the first survey only in 2012 and recorded only abundance then, not cover. Any additional NAs for cover in the database result from missing data of some
records.
°The main difference between protocol versions is the refinement of the cover classes. To compare cover values across years, classes of later protocol versions can be

translated to earlier protocol versions.

2.2 | Data Curation and Quality Control

Regional teams conduct the surveying, clean and synthesize their
data and submit them to MIREN data curators, who then perform
further quality control. Geolocations are verified, species names

are checked, and taxonomy is harmonized. Specifically, using
the R-packages ‘taxize’ (Chamberlain et al. 2012; Chamberlain
and Szdcs 2013) and ‘WorldFlora’ (Kindt 2020), species names
are checked to remove synonyms and typological errors. Species
without accepted names in the World Flora Online database
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are manually checked using the Taxonomic Name Resolution
Service (Boyle et al. 2013) giving priority to the Tropicos data-
base from Missouri Botanical Garden (https://tropicos.org) and
the PLANTS database from the US Department of Agriculture
(https://plants.usda.gov/). Nativity is assigned by the data col-
lectors based on regional floras (see Appendix S1).

2.3 | Data-Use Guidelines

Detailed guidelines for data contribution and use are available on
the MIREN website (Wwww.mountaininvasions.org). Authorship
is governed by the MIREN data-sharing agreement that is pub-
licly available on the MIREN website. Upon publication, data
become available open access, yet users are encouraged to in-
form the MIREN Steering Committee of their planned analyses
to avoid overlap with ongoing projects and to involve regional
data contributors in their paper if the database is a significant
part of their analyses.

New regional datasets and resurveys not yet included in this
publication are available upon request from the MIREN Steering
Committee.

2.4 | Description of the Data
The data are provided as a single table .csv-file in long format,

with a separate line for each observed species in a plot (Table 2).
For each plot, the GPS coordinates and elevation are provided.

Affiliations

nstitute of Ecology, School of Sustainability, Leuphana University
of Liineburg, Liineburg, Germany | *Ecology & Biodiversity,
Utrecht University, Utrecht, the Netherlands | 3Research group
Plants and Ecosystems (PLECO), University of Antwerp, Wilrijk,
Belgium | “Institute of Integrative Biology, ETH Zurich, Ziirich,
Switzerland | SAfromontane Research Unit and Department
of Geography, University of the Free State: Qwaqwa Campus,
Phuthaditjhaba, South Africa | ®Department of Land Resources
and Environmental Sciences, Montana State University, Bozeman,
Montana, USA | “Institute of Biology/Geobotany and Botanical
Garden, Martin Luther University Halle-Wittenberg, Halle (Saale),
Germany | ®Institute of Botany after A. Takhtajyan, Yerevan,
Armenia | °International Scientific Educational Center of NAS
Armenia, Yerevan, Armenia | °Instituto Argentino de Nivologia,
Glaciologia y Ciencias Ambientales, CONICET, Mendoza,
Argentina | "nstitute for the study of Anthropic impacts and
Sustainability in the marine environment, National Research Council,
Rome, Italy | 2Department of Botany, Ecology and Plant Physiology,
University of La Laguna, La Laguna, Tenerife, Spain | 3Eastern
Oregon Agricultural Research Center - Union Experiment Station,
Oregon State University, Oregon, USA | #Climate Futures, School
of Geography, Planning and Spatial Sciences, University of Tasmania,
Hobart, Australia | *Instituto Argentino de Investigaciones de Zonas
Aridas, CONICET Mendoza, Mendoza, Argentina | Dipartimento
di Scienze, Universita degli Studi Roma Tre Viale G., Roma,
Ttaly | YScientific Services, Ezemvelo KZN Wildlife, Pietermaritzburg,
South Africa | ¥School of Agriculture and Science, University of
KwaZulu-Natal, Pietermaritzburg, South Africa | *Departamento
de Botdnica, Facultad de Ciencias Naturales y Oceanogréficas,
Universidad de Concepcion, Concepcion, Chile | 2°Institute of
Ecology and Biodiversity (IEB), Santiago, Chile | 2?'USDA Forest

Service, PNW Research Station, La Grande, Oregon, USA | 2School
of Life Sciences, University of Hawai’'i at Manoa, Honolulu, Hawaii,
USA | ?*Department of Botany, University of Kashmir, Srinagar,
Jammu & Kashmir, India | 2*Govt. Degree College, Sopore, Jammu &
Kashmir, India | 2Department of Earth and Environmental Sciences,
KU Leuven, Leuven, Belgium | 2*Division of Bioinvasions, Global
Change and Macroecology, Department of Botany and Biodiversity
Research, University of Vienna, Vienna, Austria | ?’Laboratorio
de Invasiones Biologicas (LIB), Facultad de Ciencias Forestales,
Universidad de Concepcion, Concepcion, Chile | 2German Centre for
Integrative Biodiversity Research Halle-Jena-Leipzig — iDiv, Leipzig,
Germany | 2°USDA Forest Service, Wallowa Whitman National Forest,
Oregon, USA | 3%Department of Invasion Ecology, Institute of Botany,
Czech Academy of Sciences, Pruhonice, Czech Republic | 3'Department
of Disturbance Ecology and Vegetation Dynamics, Bayreuth Center
of Ecology and Environmental Research (BayCEER), University of
Bayreuth, Bayreuth, Germany | 32Department Green Belt, BUND
Friends of the Earth Germany, Nuremberg, Germany | 3*Department of
Applied Ecology, Faculty of Environmental Sciences, Czech University
of Life Sciences Prague, Praha-Suchdol, Czech Republic | **Research
Centre for Applied Alpine Ecology, Department of Ecological, Plant
and Animal Sciences, La Trobe University, Bundoora, Victoria,
Australia | *Research Institute for Nature and Forest - INBO, Brussels,
Belgium | 3Department of Ecological, Plant and Animal Sciences,
La Trobe University, Bundoora, Victoria, Australia | *’Department
of Civil and Environmental Engineering, University of the Andes,
Bogotd, Colombia | 3#Swiss Federal Institute for Forest, Snow and
Landscape Research WSL, Birmensdorf, Switzerland | *°Institute of
Terrestrial Ecosystems, ETH Zurich, Ziirich, Switzerland | *°School
of Life Sciences and Biotechnology, Yachay Tech University, Urcuqui,
Ecuador | #'EnviXLab, Department of Biosciences and Territory,
University of Molise, Pesche, Termoli, Italy | “Institute of Landscape
and Plant Ecology, Department of Plant Ecology, University of
Hohenheim, Stuttgart, Germany | **Laboratorio Ecotono, INIBIOMA
(CONICET-UNCOMA), Bariloche, Argentina | KU Leuven Plant
Institute, KU Leuven, Leuven, Belgium | 4Centre for Statistics in
Ecology, Environment and Conservation (SEEC), Department of
Statistical Sciences, University of Cape Town, Rondebosch, South
Africa | “°People in Nature and Climate Lab, African Climate
and Development Initiative, University of Cape Town, Cape Town,
South Africa | “’Department of Applied Geoinformatics and
Cartography, Faculty of Science, Charles University, Prague, Czech
Republic | *¥School of BioSciences, University of Melbourne, Parkville,
Victoria, Australia | ’Royal Botanic Gardens Victoria, Melbourne,
Victoria, Australia

Acknowledgements

Data collection across the years has been supported by many people,
funding agencies and institutions. Comparatively more recent financial
contributions are listed herein. Several regions benefitted from funding
by the 2019-2020 BiodivERSA joint call for research proposals, under
the BiodivClim ERA-Net COFUND programme (project ‘RangeX’), and
with the funding organizations German Research Foundation (DFG;
grant no. 451375662 to S.H.), Innovation Fund Denmark, Department
of Science, Technology and Innovation Republic of South Africa, the
Research Council of Norway, the Swiss National Science Foundation,
and the Swedish Research Council for Environment, Agricultural
Sciences and Spatial Planning. Several others collected data thanks to
project ‘ASICS’, funded under the same call. S.H. and A.R.B. acknowl-
edge funding from the Martin Luther University Halle-Wittenberg
Support Fund for Integrative Biodiversity Research in Saxony-Anhalt
(MLU|BioDivFund). A.P,, E.F. and A.J. were funded by Fondecyt
grants 1231616 and 1211197, ANID PIA/ACT 210038 and ANID/
BASAL FB210006. L.J.R. acknowledges support from NIFA-USDA
Hatch MONBO00363. G.L.B. and M.C. acknowledge support by the proj-
ect ‘National Biodiversity Future Center—NBFC’ to the University of
Roma Tre, Department of Sciences (CUP: F83C22000730006), funded
by the Italian Ministry of University and Research, PNRR, Project
CN00000033, and by the Grant of Excellence Departments 2023-2026,

6 of 8

Global Ecology and Biogeography, 2026

5U80 17 SUOWILIOD) BATTER.D) 3o e 3 Aq poLBA0B .2 SOILE YO ‘98N J0 SaINI 10} ARG IT3UNIUO AB]IM UO (SUOIPUOD-PUE-SWLLBHLICO"AB | 1w ARe.q 1B |uo//SdL) SUOTIPUOD) PUE SULB | aU) 95 *[9202/80/vZ] U AReiqr auliuo Aa|In ‘Uoideouod 8 pepsioAIUN AQ #8202 GRB/TTTT 0T/10p/w00 Ao v AReidpulu0//SdNY W01 Papeolumoq ‘g ‘9207 ‘8EZ899+T


https://tropicos.org
https://plants.usda.gov/
http://www.mountaininvasions.org

MIUR Italy. A.B., V.A., A.A. and L.B. were funded by Universidad
Nacional de Cuyo (SECTYP M022, SIIP M062), Neotropical Grassland
Conservancy and Fundacion Villavicencio. M.V., J.K., H.S., A.L., B.H.
and V.V. were supported by Technology Agency of the Czech Republic
(projects SS70010001, SS07020317, SS06010402 and SS02030018)
and long-term research development project RVO 67985939 (Czech
Academy of Sciences). The Norwegian team acknowledges funding
from several INTERACT Travel grants, as well as from the Research
Foundation Flanders (G018919N, 12P1819N, WO001919N). The
Italian team of University of Molise was supported by the 2023-2024
BiodivNBS joint call for research proposals, project PRESINMED
(CUP:H43C25000280001). O.G. was supported by a University of
the Free State post-doctoral fellowship, and M.A. was supported by
a Masters abroad internship through the University of Bologna; field
work for the Maloti-Drakensberg transect was financially supported
by the Afromontane Research Unit, University of the Free State; field
work in Armenia was supported by the Higher Education and Science
Committee of MESCS RA (Research project No. 21AG-1F004). B.L. ac-
knowledges funding by the Austrian Science Foundation FWF (grant
doi: 10.55776/16809). Open Access funding enabled and organized by
Projekt DEAL.

Funding

This work was supported by Deutsche Forschungsgemeinschaft
(451375662), Biodiversa+, Department of Science, Technology and
Innovation Republic of South Africa, Schweizerischer Nationalfonds zur
Forderung der Wissenschaftlichen Forschung, Norges Forskningsrad,
German Centre for Integrative Biodiversity Research Halle-Jena-Leipzig
- iDiv, Leipzig, Germany, Fondo Nacional de Desarrollo Cientifico y
Tecnoldgico (1231616, 1211197), Agencia Nacional de Investigacion y
Desarrollo (PIA/ACT 210038, BASAL FB210006), National Institute of
Food and Agriculture (Hatch MONBO00363), Technology Agency of the
Czech Republic (SS70010001, SS07020317, SS06010402, SS02030018).
Austrian Science Foundation FWF (10.55776/16809).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The MIREN road survey data can be downloaded from Zenodo (https://
doi.org/10.5281/zenodo.15749536). New versions will be published
at least every 5years, since the monitoring is occurring every 5Syears.
There is no code associated with this data paper.

References

Alexander, J. M., C. Kueffer, C. C. Daehler, et al. 2011. “Assembly of
Nonnative Floras Along Elevational Gradients Explained by Directional
Ecological Filtering.” Proceedings of the National Academy of Sciences of
the United States of America 108: 656-661. https://doi.org/10.1073/pnas.
1013136108.

Allan, E., P. Manning, F. Alt, et al. 2015. “Land Use Intensification Alters
Ecosystem Multifunctionality via Loss of Biodiversity and Changes to
Functional Composition.” Ecology Letters 18: 834-843. https://doi.org/
10.1111/ele.12469.

Baker, H. G. 1974. “The Evolution of Weeds.” Annual Review of Ecology
and Systematics 5: 1-24. http://www.jstor.org/stable/2096877.

Barros, A., S. Haider, J. Miillerova, et al. 2022. “The Role of Roads
and Trails for Facilitating Mountain Plant Invasions.” In Tourism,
Recreation and Biological Invasions, edited by A. Barros, L. J. Rew, R.
Shackleton, C. Pizarro, and A. Pauchard, 14-26. CAB International.
https://doi.org/10.1079/9781800620544.0003.

Boyle, B., N. Hopkins, Z. Lu, et al. 2013. “The Taxonomic Name
Resolution Service: An Online Tool for Automated Standardization

of Plant Names.” BMC Bioinformatics 14: 16. https://doi.org/10.1186/
1471-2105-14-16.

Buhaly, M., A. Ratier Backes, J. R. Arévalo, and S. Haider. 2025.
“Temporal Variability in Native Plant Composition Clouds Impact
of Increasing Non-Native Richness Along Elevational Gradients in
Tenerife.” Perspectives in Plant Ecology, Evolution and Systematics 66:
125845. https://doi.org/10.1016/j.ppees.2024.125845.

Chamberlain, S. A., S. M. Hovick, C. J. Dibble, et al. 2012. “Does
Phylogeny Matter? Assessing the Impact of Phylogenetic Information in
Ecological Meta-Analysis.” Ecology Letters 15: 627-636. https://doi.org/
10.1111/j.1461-0248.2012.01776.x.

Chamberlain, S. A., and E. Szdcs. 2013. “Taxize: Taxonomic Search and
Retrieval in R.” FI000Research 2: 191. https://doi.org/10.12688/f1000
research.2-191.v2.

Chape, S., M. Spalding, and M. Jenkins, eds. 2008. The World's Protected
Areas UNEP World Conservation Monitoring Centre. University of
California Press.

Elsen, P.R., W. B. Monahan, and A. M. Merenlender. 2020. “Topography
and Human Pressure in Mountain Ranges Alter Expected Species
Responses to Climate Change.” Nature Communications 11: 1974.
https://doi.org/10.1038/s41467-020-15881-x.

Felipe-Lucia, M. R., S. Soliveres, C. Penone, et al. 2020. “Land-Use
Intensity Alters Networks Between Biodiversity, Ecosystem Functions,
and Services.” Proceedings of the National Academy of Sciences 117:
28140-28149. https://doi.org/10.1073/pnas.2016210117.

Geppert, C., F. Boscutti, G. La Bella, et al. 2021. “Contrasting Response
of Native and Non-Native Plants to Disturbance and Herbivory in
Mountain Environments.” Journal of Biogeography 48: 1594-1605.
https://doi.org/10.1111/jbi.14097.

Gobiet, A., S. Kotlarski, M. Beniston, G. Heinrich, J. Rajczak, and M.
Stoffel. 2014. “21st Century Climate Change in the European Alps—A
Review.” Science of the Total Environment 493: 1138-1151. https://doi.
org/10.1016/j.scitotenv.2013.07.050.

Haider, S., C. Kueffer, H. Bruelheide, et al. 2018. “Mountain Roads and
Non-Native Species Modify Elevational Patterns of Plant Diversity.”
Global Ecology and Biogeography 27: 667-678. https://doi.org/10.1111/
geb.12727.

Haider, S., J. J. Lembrechts, K. McDougall, et al. 2022. “Think Globally,
Measure Locally: The MIREN Standardized Protocol for Monitoring
Plant Species Distributions Along Elevation Gradients.” Ecology and
Evolution 12: €8590. https://doi.org/10.1002/ece3.8590.

Iseli, E., C. Chisholm, J. Lenoir, et al. 2023. “Rapid Upwards Spread of
Non-Native Plants in Mountains Across Continents.” Nature Ecology &
Evolution 7: 405-413. https://doi.org/10.1038/s41559-022-01979-6.

Kindt, R. 2020. “WorldFlora: An R Package for Exact and Fuzzy
Matching of Plant Names Against the World Flora Online Taxonomic
Backbone Data.” Applications in Plant Sciences 8: €11388. https://doi.
0rg/10.1002/aps3.11388.

Korner, C., W. Jetz, J. Paulsen, D. Payne, K. Rudmann-Maurer, and E.
M. Spehn. 2017. “A Global Inventory of Mountains for Bio-Geographical
Applications.” Alpine Botany 127: 1-15. https://doi.org/10.1007/s0003
5-016-0182-6.

Kueffer, C., C. Daehler, H. Dietz, et al. 2014. “The Mountain Invasion
Research Network (MIREN). Linking Local and Global Scales for
Addressing an Ecological Consequence of Global Change.” Gaia-
Ecological Perspectives for Science and Society 23: 263-265. https://doi.
org/10.14512/gaia.23.3.11.

Lembrechts, J. J., J. M. Alexander, L. A. Cavieres, et al. 2017. “Mountain
Roads Shift Native and Non-Native Plant Species’ Ranges.” Ecography
40: 353-364. https://doi.org/10.1111/ecog.02200.

Lenoir, J., J. C. Gégout, P. A. Marquet, P. de Ruffray, and H. Brisse.
2008. “A Significant Upward Shift in Plant Species Optimum Elevation

Global Ecology and Biogeography, 2026

7 of 8

5U80 17 SUOWILIOD) BATTER.D) 3o e 3 Aq poLBA0B .2 SOILE YO ‘98N J0 SaINI 10} ARG IT3UNIUO AB]IM UO (SUOIPUOD-PUE-SWLLBHLICO"AB | 1w ARe.q 1B |uo//SdL) SUOTIPUOD) PUE SULB | aU) 95 *[9202/80/vZ] U AReiqr auliuo Aa|In ‘Uoideouod 8 pepsioAIUN AQ #8202 GRB/TTTT 0T/10p/w00 Ao v AReidpulu0//SdNY W01 Papeolumoq ‘g ‘9207 ‘8EZ899+T


https://doi.org/10.5281/zenodo.15749536
https://doi.org/10.5281/zenodo.15749536
https://doi.org/10.1073/pnas.1013136108
https://doi.org/10.1073/pnas.1013136108
https://doi.org/10.1111/ele.12469
https://doi.org/10.1111/ele.12469
http://www.jstor.org/stable/2096877
https://doi.org/10.1079/9781800620544.0003
https://doi.org/10.1186/1471-2105-14-16
https://doi.org/10.1186/1471-2105-14-16
https://doi.org/10.1016/j.ppees.2024.125845
https://doi.org/10.1111/j.1461-0248.2012.01776.x
https://doi.org/10.1111/j.1461-0248.2012.01776.x
https://doi.org/10.12688/f1000research.2-191.v2
https://doi.org/10.12688/f1000research.2-191.v2
https://doi.org/10.1038/s41467-020-15881-x
https://doi.org/10.1073/pnas.2016210117
https://doi.org/10.1111/jbi.14097
https://doi.org/10.1016/j.scitotenv.2013.07.050
https://doi.org/10.1016/j.scitotenv.2013.07.050
https://doi.org/10.1111/geb.12727
https://doi.org/10.1111/geb.12727
https://doi.org/10.1002/ece3.8590
https://doi.org/10.1038/s41559-022-01979-6
https://doi.org/10.1002/aps3.11388
https://doi.org/10.1002/aps3.11388
https://doi.org/10.1007/s00035-016-0182-6
https://doi.org/10.1007/s00035-016-0182-6
https://doi.org/10.14512/gaia.23.3.11
https://doi.org/10.14512/gaia.23.3.11
https://doi.org/10.1111/ecog.02200

During the 20th Century.” Science 320: 1768-1771. https://doi.org/10.
1126/science.1156831.

Martin-Lopez, B., 1. Leister, P. Lorenzo Cruz, et al. 2019. “Nature's
Contributions to People in Mountains: A Review.” PLoS One 14:
€0217847. https://doi.org/10.1371/journal.pone.0217847.

Mengist, W., T. Soromessa, and G. Legese. 2020. “Ecosystem Services
Research in Mountainous Regions: A Systematic Literature Review
on Current Knowledge and Research Gaps.” Science of the Total
Environment 702: 134581. https://doi.org/10.1016/j.scitotenv.2019.
134581.

Morueta-Holme, N., K. Engemann, P. Sandoval-Acuna, J. D. Jonas,
R. M. Segnitz, and J. C. Svenning. 2015. “Strong Upslope Shifts in
Chimborazo's Vegetation Over Two Centuries Since Humboldt.”
Proceedings of the National Academy of Sciences 112: 12741-12745.
https://doi.org/10.1073/pnas.1509938112.

Miillerova, J., M. Vitkovda, and O. Vitek. 2011. “The Impacts of Road
and Walking Trails Upon Adjacent Vegetation: Effects of Road Building
Materials on Species Composition in a Nutrient Poor Environment.”
Science of the Total Environment 409: 3839-3849. https://doi.org/10.
1016/j.scitotenv.2011.06.056.

Payne, D., E. M. Spehn, M. Snethlage, and M. Fischer. 2017.
“Opportunities for Research on Mountain Biodiversity Under Global
Change.” Current Opinion in Environmental Sustainability 29: 40-47.
https://doi.org/10.1016/j.cosust.2017.11.001.

Pepin, N. C., E. Arnone, A. Gobiet, et al. 2022. “Climate Changes and
Their Elevational Patterns in the Mountains of the World.” Reviews
of Geophysics 60: €2020RG000730. https://doi.org/10.1029/2020R
G000730.

Pickering, C., and A. Barros. 2012. “Mountain Environments and
Tourism.” In The Routledge Handbook of Tourism and the Environment,
edited by A. Holden and D. Fennell, 183-191. Routledge. https://doi.org/
10.4324/9780203121108.ch17.

Rumpf, S. B., K. Hiilber, N. E. Zimmermann, and S. Dullinger. 2019.
“Elevational Rear Edges Shifted at Least as Much as Leading Edges
Over the Last Century.” Global Ecology and Biogeography 28: 533-543.
https://doi.org/10.1111/geb.12865.

Seipel, T., C. Kueffer, L. J. Rew, et al. 2012. “Processes at Multiple
Scales Affect Richness and Similarity of Non-Native Plant Species in
Mountains Around the World.” Global Ecology and Biogeography 21:
236-246. https://doi.org/10.1111/j.1466-8238.2011.00664.x.

Sera, B. 2010. “Road-Side Herbaceous Vegetation: Life History and
Habitat Preferences.” Polish Journal of Ecology 58: 69-79.

Vitasse, Y., S. Ursenbacher, G. Klein, et al. 2021. “Phenological and
Elevational Shifts of Plants, Animals and Fungi Under Climate Change
in the European Alps.” Biological Reviews 96: 1816-1835. https://doi.
org/10.1111/brv.12727.

Whittaker, R. 1970. Communities and Ecosystems. Macmillan.

Zhang, Y.-s., S. J. Meiners, Y. Meng, et al. 2024. “Temporal Dynamics
of Grime's CSR Strategies in Plant Communities During 60 Years of
Succession.” Ecology Letters 27: el4446. https://doi.org/10.1111/ele.
14446.

Zu, K., Z. Wang, X. Zhu, et al. 2021. “Upward Shift and Elevational
Range Contractions of Subtropical Mountain Plants in Response to
Climate Change.” Science of the Total Environment 783: 146896. https://
doi.org/10.1016/j.scitotenv.2021.146896.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Appendix S1: Regional references
used to determine species status (native or non-native). For region ab-
breviations see Table 1 in the main text.

8 of 8

Global Ecology and Biogeography, 2026

5U80 17 SUOWILIOD) BATTER.D) 3o e 3 Aq poLBA0B .2 SOILE YO ‘98N J0 SaINI 10} ARG IT3UNIUO AB]IM UO (SUOIPUOD-PUE-SWLLBHLICO"AB | 1w ARe.q 1B |uo//SdL) SUOTIPUOD) PUE SULB | aU) 95 *[9202/80/vZ] U AReiqr auliuo Aa|In ‘Uoideouod 8 pepsioAIUN AQ #8202 GRB/TTTT 0T/10p/w00 Ao v AReidpulu0//SdNY W01 Papeolumoq ‘g ‘9207 ‘8EZ899+T


https://doi.org/10.1126/science.1156831
https://doi.org/10.1126/science.1156831
https://doi.org/10.1371/journal.pone.0217847
https://doi.org/10.1016/j.scitotenv.2019.134581
https://doi.org/10.1016/j.scitotenv.2019.134581
https://doi.org/10.1073/pnas.1509938112
https://doi.org/10.1016/j.scitotenv.2011.06.056
https://doi.org/10.1016/j.scitotenv.2011.06.056
https://doi.org/10.1016/j.cosust.2017.11.001
https://doi.org/10.1029/2020RG000730
https://doi.org/10.1029/2020RG000730
https://doi.org/10.4324/9780203121108.ch17
https://doi.org/10.4324/9780203121108.ch17
https://doi.org/10.1111/geb.12865
https://doi.org/10.1111/j.1466-8238.2011.00664.x
https://doi.org/10.1111/brv.12727
https://doi.org/10.1111/brv.12727
https://doi.org/10.1111/ele.14446
https://doi.org/10.1111/ele.14446
https://doi.org/10.1016/j.scitotenv.2021.146896
https://doi.org/10.1016/j.scitotenv.2021.146896

	The MIREN Road Survey Database: Standardized Vegetation Sampling to Advance Our Understanding of Biodiversity Responses in Mountain Systems Across the Globe
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Data Acquisition and Compilation
	2.2   |   Data Curation and Quality Control
	2.3   |   Data-Use Guidelines
	2.4   |   Description of the Data

	Acknowledgements
	Funding
	Conflicts of Interest
	Data Availability Statement
	References


