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Study description

Research sample

Brown (https://doi.org/10.1002/ajb2.1019). Source data are provided with this paper.

Using plant distributions from the newly developed species database, GreenMaps, in combination with comprehensive published
phylogeny, we quantify how species introductions and recent extinctions have impacted local (!) and between community (") plant
diversity across spatial scales. We then explore differences in biotic homogenization under varying future scenarios of increasing
extinction intensity. We map the distribution of each species using distribution models fitted to carefully curated species occurrence
records, and contrast ‘Holocene’ and ‘Anthropocene’ species diversities around the globe. We define species composition in the
Holocene as the native species’ assemblages in each region before widespread migration by humans as initiated by the Columbian
Exchange circa 1492. We quantify changes in plant community diversity (!-diversity) between the Holocene and Anthropocene
epochs, and examine the signature of increasing homogenization (lower "-diversity) at regional and global scales. We then evaluate
the relative contribution of introductions vs extirpations in restructuring global plant diversity, and the macroecological correlates of
changes in floristic composition.

We used the newly developed species database, GreenMaps, to estimate native plant species’ distributions. GreenMaps includes
global distribution maps for ~230,000 vascular plant species. Because this is a global study, the rationale for the choice of sample size
is to aim to sample all the vascular plant species of the world (estimated at 300,000 species). Maps were generated using species
distribution models – the statistical estimation of species geographic distributions based on only some known occurrences and
environmental conditions – derived from carefully curated species occurrence records. Occurrence records were obtained from a
variety of sources, including herbarium specimens, primary literature, personal observation, and online data repositories including
the Global Biodiversity Information Facility, and Integrated Digitized Biocollections (https://www.idigbio.org/). These records were
thoroughly cleaned to reconcile names to follow currently accepted taxonomies [e.g., World Flora Online
(www.worldfloraonline.org)], and to remove duplicates and records with doubtful or imprecise localities. Two stringent spatial filters
were employed to restrict species’ distributions to their known native ranges (i.e., realized niches) and to prevent erroneous records
and predictions in areas that contain suitable habitat but are unoccupied by the species (i.e., fundamental niche). First, we applied
the spatial constraint, APGfamilyGeo, which are expert drawn occurrence polygons (“expert maps”) of plant family distributions (see
Data availability) to restrict species to within these distributions. Second, we applied GeoEigenvectors, which are orthogonal variables
representing spatial relationships among cells in a grid, encompassing the geometry of the study region at various scales. For the
latter, we generated a pairwise geographical connectivity matrix among grid cells to establish a truncation distance for the
eigenvector-based spatial filtering, returning a total of 150 spatial filters. These filters were then resampled to the same resolution as
the input environmental variables, and were included with the bioclimatic variables in the species distribution modeling. Bioclimatic
variables were derived from WorldClim for a total of 19 variables (Supplementary Table 1). Species distribution models (SDMs) were
fitted using four different algorithms: generalized linear models (GLM), generalized boosted models (GBM), maximum entropy
(MaxEnt), and random forests (RF) with a binomial error distribution (with logit link). Model settings were chosen to yield
intermediately complex response surfaces. Model performance was evaluated using area under the receiver operating curve (AUC)
and true skill statistic (TSS) scores. AUC scores range from 0 to 1 and should be maximized whereas TSS scores range from -1 to 1.
Prior to model building, all predictor variables were standardized. Univariate variable importance for each predictor was assessed in a
5-fold spatial block cross-validation design. The ensemble predictions from species distribution models were derived using un-
weighted ensemble means. Predictive model performance was assessed using a 5-fold spatial block cross-validation. We generated a
total of 230,000 range maps, representing species within 382 families at a resolution of 50 × 50 km which was also resampled to 100
× 100 km, making it the largest and only global assessment of geographic distributions for plants at the species-level. Our approach of
modeling species distributions follows the guidelines of ODMAP (Overview, Data, Model, Assessment, Prediction), a comprehensive
framework of best practices for reporting species distribution models. These maps were stacked and converted to a community
matrix for downstream analyses. We also provide a new R function, sdm, for performing the SDMs across four algorithms (random
forest, generalized linear models, gradient boosted machines, and MaxEnt) tailored for SDMs of large datasets. The sdm function is
included in our R package phyloregion along with improved documentation and vignettes to show practical application of this
functionality under various modelling scenarios. The sdm function was designed with multiple checks such that any species that did
not meet one or more checks were filtered out. A feature of novelty of the sdm function is the addition of an algorithm that allows a
user to exclude records that occur within a certain distance to herbaria, museums or other infrastructure. By default, we used the
most updated version of Index Herbariorum, a global directory of herbaria, but a user has the option to specify their own
infrastructure to exclude.

We validated the output distribution maps against the Kew Plants of the World Online database (POWO; http://
www.plantsoftheworldonline.org/), which includes native distribution maps for all plants of the world within major biogeographically
defined areas recognized by the Biodiversity Information Standards (also known as the Taxonomic Databases Working Group
(TDWG)). Although the Kew’s distributions of native species are largely based on state/province level such that if a species was
observed in any location within a state the whole state is marked as its distribution range, our GreenMaps approach only used the
Kew distributions to restrict modeled species distributions within such biogeographic areas. The range map rasters were converted to
a community matrix using the function raster2comm in our new R package phyloregion for downstream analysis.

The full workflow is described in Daru (2020; https://doi.org/10.1101/2020.02.21.960161). The range map rasters were converted to
a community matrix using the function raster2comm in our new R package phyloregion (Daru et al. 2020; https://
doi.org/10.1111/2041-210X.13478) and available on DRYAD at https://datadryad.org/stash/share/




