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Study description

Research sample

Sampling strategy

Data collection

Timing and spatial scale

Data exclusions

Reproducibility

Randomization

Blinding

were acquired from the WorldClim 2.1 [https://www.worldclim.org/data/index.html] and CRU TS4.03 [https://crudata.uea.ac.uk/cru/data/hrg/] datasets.
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We investigated differences in phenological sensitivity between understory wildflowers and canopy tree species across three
continents using hierarchical Bayesian models. Models were fit using information from 5,522 herbarium specimens. The models
presented in this manuscript were selected from a model selection process and included fixed effects of spring temperature and
elevation and species-level random effects. Models were run separately by continent and stratum (tree vs. wildflower).

The research sample included 5,522 herbarium specimens from across eastern North America, Europe, and eastern Asia. We chose
six native wildflower species and six native canopy tree species from each continent (with the exception of China, which included 10
native tree species). Our rationale for species choice was all species are deciduous and all wildflower species are spring ephemerals,
which was used as a control to ensure that flowering of these species was a good approximation of spring emergence. Further, we
species were chosen based on greatest data availability from the years 1901-2020, when climate approximations were available.

Herbarium specimens were selected first by species (as described above). We downloaded digitized images of all individuals of each
species from within its native continent. Specimens were then removed if they were missing location data needed for geolocation, if
they did not exhibit the desired phenophase (i.e., if wildflowers were not yet or were past flowering), or if they were collected before
1901. We used all data that met this criterion.

No sample size calculation was performed during this analysis. We used the data available to us, limited in extent by historical
collection availability. We considered this to be sufficient given the wide temporal and geographic range exemplified in our dataset.

Data collection was led by TK Miller, C Rosche, and Y Yang for herbarium data originating from North America, Europe, and Asia,
respectively. Data were recorded either using pen and paper or were directly electronically entered into spreadsheets.

Herbarium collections were identified and specimen-level data were extracted between January and April 2021. Specimens on each
continent were accessed at a single data per continent. Specimens were also scored and georeferenced in 2021, but herbarium
specimens ranged in date from 1901-2020. Earlier specimens were available, but we chose not to include them because we were
only able to access historical climate approximations dating to 1901. We accessed all available (i.e., fully digitized) specimens from
each of the chosen species (see Sampling strategy). The specimens were collected across three continents (North America, Asia, and
Europe), spanning latitudes 21.4-64.9 degrees and longitudes -96.4 to 132.9 degrees.

Specimens were then removed if they were missing location data needed for geolocation, if they did not exhibit the desired
phenophase (i.e., if wildflowers were not yet or were past flowering), or if they were collected before 1901. This criteria were
preestablished and are consistent with previously published and validated methods.

Data reproducibility is accounted for by thorough documentation of the herbarium specimens used in the analysis. These data sets
will also be published upon acceptance for publication. Analysis reproducibility is accounted for by publication of R code used to fit
the models upon acceptance for publication.

Observations were grouped by species and models include species-level random effects to account for possible differences in
phenological sensitivity.

Blinding was not relevant to our study as the identifying information of each specimen (e.g., species) was integral to the study and




