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Data collection
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Data exclusions

was extracted from the supplementary information of Tyler et al.13. Climate data are free to access from ftp://ftp.smhi.se/; contact kundtjanst@smhi.se for log-in
details. Historical land-cover data are published at https://doi.org/10.17045/sthlmuni.4649854.v266, while modern land cover is published by the Swedish
Environmental Protection Agency at https://metadatakatalogen.naturvardsverket.se/metadatakatalogen/GetMetaDataById?id=8853721d-a466-4c01-
afcc-9eae57b17b39. The Swedish taxonomic database used for species name harmonisation is found at https://www.dyntaxa.se.
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We used historical and modern observations of plant species from plant atlases from four provinces in Sweden, covering 1232 5x5
km grid squares, to study how changes in species distributions over time are related to their climate and habitat associations, and
how the climate and habitat changes that have occurred in each grid square affected the turnover that occurred over time. Our
analysis was split into three stages: [1] Correlates of distribution changes of 1431 species for which distribution change could be
calculated and for which climate and habitat associations were available; [2] Shifts in climatic space for 1680 species in 813 grid
squares, and correlates of shifts for 1391 species for which climate and habitat associations were available; [3] Turnover (extirpations
and presences) in all 1232 grid squares and for all 1701 species, related to the environmental changes that had taken place in that
grid square over time.

We aimed to analyse the effects of climate and land use change on Swedish plant species over 60 years, with a view to represent
patterns of all species save those restricted to alpine and subalpine regions. For this reason we used data from four Swedish
provinces (Bohuslän, Öland, Uppland and Medelpad). These are the only provinces in Sweden for which a historical (early 1900s) and
a modern (early 2000s) plant atlas was published (for Öland publishing of the actual book is in process, but the data are complete),
and for which historical (1940s-1960s) maps are available. All atlases contain observation records derived from inventories carried
out with the objective of documenting the distributions of plant species within the province. Observations are assigned to the 5x5
Swedish national grid, and within these grids, we also calculated mean annual temperature for 1961-1970, 1961-1990, 2001-2010,
using the Swedish meteorological and hydrological institute's database of modelled daily values (resampled from the database's 4x4
km grid). Historical land cover was based on published digitalisations of the 1940s-1960s Economic map of Sweden, that uses the
same 5x5 km grid. Modern land cover was taken from the 2018 land cover map published by the Swedish Environmental Protection
Agency, with categories harmonised to match the historical maps. Species' habitat and climate associations were taken from
published studies. Full references and/or URLs are available in the main text.

We used observations for all species and all grid squares for which data were available, with the exception of analysis stage [2] see
'Data exclusions' below. With hundreds of 'sites' (grid squares), more than one thousand species, and four provinces, we consider
that our data are sufficient to study the effects of climate and land-use change on species distributions.

Observation data were largely collected by the authors of each plant atlas.

Historical observations were from the first half of the 20th century, with exact years of main inventories varying according to
province (1901-1920 in Medelpad, 1910-1940 in Uppland, 1920-1945 in Bohuslän, 1910-1940 on Öland). Modern observations were
based on inventories from 1975-2010, 1990-2010, 1990-2011, 2000-2020 in the four provinces, respectively. Together, the 1232 5x5
km grid squares cover 30800 square kilometres.

Approximately one-third of grid squares were excluded from analysis stage [2]. This is because it is important when quantifying range
shifts that the grid squares are all well-recorded (so that one can be more confident that a colonisation is a true colonisation).
Therefore, grid squares were included that contained observations of at least 10% of the province’s observed species and at least
25% of the species found in the eight adjacent grid cells in each time period. Similar cutoffs are used for existing studies, cited in the
main text.




