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Ecological adaptation to rapid climate change requires information about which species might establish, persist, or disappear
from plant communities. While range shift projections are available for selected individual species, these analyses are rarely
focused on the plant community. Here, we leverage plant community surveys across the United States to identify potential shifts
in silver maple community assemblages across a temperature gradient (hardiness zones). We analyzed 1,052 vegetation survey
plots using multivariate techniques and found marginally significant community-level differences in silver maple community
assemblages across U.S. Department of Agriculture hardiness zones. We identified species associated with silver maple commu-
nities across both broad and narrow ranges of hardiness zones. We illustrate how this approach can be used for climate-
informed management. Taxa associated with a narrow range of hardiness zones may be candidates for assisted migration,
the relocation of species outside of their historical native range in anticipation of climate change. In contrast, taxa associated
with a broad range of hardiness zones may be able to adapt to climate change, particularly if the population is genetically
diverse or if restoration includes assisted gene flow, where seeds or individuals are sourced from populations in the direction
of projected climate change within their native ranges. Our study demonstrates how macroscale community analysis can lever-
age existing datasets to identify taxa for future climate-informed conservation and restoration.
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Implications for Practice

e Climate-informed restoration would benefit from infor-
mation about how plant assemblages, not just individual
species, are likely to shift with climate change.

e Plant species with broad climatic tolerances may be able
to maintain populations with climate change, but could
benefit from strategies that add individuals from popula-
tions in the direction of projected climate change (assisted
gene flow).

e Plant species with narrow climatic tolerances may require
the movement of individuals outside of their historic range
to keep up with climate change (assisted migration).

e Candidate species lists presented here can inform the test-
ing of seed sourcing for locally sourced versus warm-
adapted provenance in silver maple communities.

e The approach illustrated here can be applied to other com-
munities and ecosystems to help identify taxa to prioritize
for management and research.

Introduction

Climate change poses an unprecedented threat to global biodi-
versity (Parmesan et al. 2022; IPCC 2023), in part because many
species are unlikely to shift their ranges rapidly enough to keep
up with climate change (Corlett & Westcott 2013; Bradley
et al. 2024). Maintaining diverse, functional plant communities
with the ability to adapt to future climate change is critical for
building climate resilience. Under climate change, many species
are projected to be locally extirpated, potentially disrupting

ecosystem function (Harrison et al. 2014). Adding diversity
and functional redundancy with native species adapted to pro-
jected future climate makes it more likely that if currently estab-
lished species decline or become locally extinct under changing
conditions, other species can fill their niche (Reich et al. 2012;
Prober et al. 2015; Gann et al. 2019).

Conservation and restoration strategies aimed at enhancing
the climate resilience of species and communities can include
assisted migration, here defined as the relocation of species out-
side of their historical native range in anticipation of climate
change (Hoegh-Guldberg et al. 2008; Hof et al. 2017). Strategies
may also include assisted gene flow, or the introduction of seeds
or individuals within a species’ current range that are sourced
from populations in the direction of projected climate change
(e.g. Aitken & Whitlock 2013; Prober et al. 2015; Gann
et al. 2019). Climate-informed adaptive management
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Identifying plants for climate-informed management

approaches may also include “prestoration” (maintaining
warm-adapted species currently present at the site, Butterfield
et al. 2017) as well as approaches aimed at increasing functional
redundancy and genetic diversity (Richardson et al. 2009).
While these are useful and intuitive concepts, they remain rarely
implemented (e.g. Twardek et al. 2023), perhaps stemming from
a lack of scientific guidance about which species are particularly
vulnerable to climate change (and therefore would be candidates
for assisted migration, Fig. 1 A) versus which species have popu-
lations across climatic gradients (and therefore would be candi-
dates for assisted gene flow, Fig. 1B).

Species distribution models are often used in climate-
informed conservation practice to predict how suitable habitats
for particular target species may change under climate change
(e.g. Pearson & Dawson 2003; Forester et al. 2013; Willis
et al. 2015). However, species distribution modeling studies
often focus on a subset of taxa (e.g. trees, Iverson et al. 2008)
and typically lack information about the surrounding commu-
nity. While this approach can be effective for informing in-
dividual species management (e.g. by identifying current and
future areas with suitable habitat for focal species, Iverson
etal. 2008; Gray et al. 2011; Etterson et al. 2020), it is less appli-
cable for community-level restoration, which would optimally
consider all species within a focal community. As a result, there
is an ongoing need for analyses that support climate-informed
conservation and restoration efforts based on species associated
with similar plant communities.

Development of climate-informed management strategies is
especially urgent for ecological communities that are already
threatened. An example is floodplain forest communities, which
are among the most threatened ecosystem types in the eastern
United States due to extensive habitat loss driven primarily by
expanding agriculture, urbanization, and industrial development
(Brown et al. 2005; Vogler & Vukomanovic 2021). Floodplain
forests support high levels of plant biodiversity and act as key
contributors to hydrologic and climate regulation (Havrdova
et al. 2023), making their conservation a high priority. Flood-
plain forest communities typically experience periodic flooding
along with temperature and humidity gradients that influence
the vegetative community composition (Havrdova et al. 2023).
Floodplain forests of the eastern United States are characterized
by the presence of silver maple trees (Acer saccharinum), which
are resilient to flooding events (Marks & Atia 2020). Recently,
there has been growing concern about the potential effects of cli-
mate change on these fragile ecosystems (Marks et al. 2021;
Havrdova et al. 2023). By mid-century, the eastern United
States is projected to become wetter and to warm between 1.5
and 4.5°C (Karmalkar et al. 2019), which could affect plant
community assembly. While the broad geographic distribution
of silver maple trees, ranging from Mississippi to southern
Quebec (Gabriel 1990), may confer climate resilience to this
characteristic riparian species, less is known about the potential
climate resilience of other plants that are part of floodplain forest
communities.
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Figure 1. Conceptual comparison of restoration approaches for a hypothetical restoration site in Ohio (star). (A) Assisted migration, where a species is relocated
outside of its historical native range in anticipation of climate change, could be a viable approach for this candidate species, which has a relatively narrow range
(dark orange) and is not yet present at the restoration site. (B) Assisted gene flow, where seeds from warm-adapted populations are included in restoration

plantings in anticipation of climate change, could be a viable approach for this candidate species, which has a broader range (light orange) and is present at or near

the restoration site.
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Here, we use silver maple communities as a case study to
illustrate an approach for informing community conservation
and restoration under climate change. Using a comprehensive
dataset of vegetation surveys across the eastern United States,
we evaluate silver maple communities across a large-scale tem-
perature gradient. We hypothesize that species assemblages will
differ across the temperature gradient, given that not all species
are likely to have the same broad climatic tolerance as silver
maple trees. Considering projected increases in temperature,
we identify plant assemblages associated with broad climatic
gradients that may be more resilient to climate change, serving
as candidates for assisted gene flow. We also identify taxa with
close ties to specific temperature regimes, which may require
assisted migration to persist in silver maple communities under
future climatic conditions.

Methods

We used the Standardized Plant Community with Introduced
Status (SPCIS) database (Petri et al. 2023), which consists of
standardized and georeferenced plant community survey data
from across the United States (85,455 total plots) measuring
plant presence and percent cover within plots or transects
encompassing ~20 x 20 m. SPCIS data include multiple state
and federal survey campaigns, such as the National Park Ser-
vice’s Inventory and Monitoring Dataset and state natural heri-
tage surveys, largely collected between 2000 and 2020. To
focus on silver maple communities in the eastern United States,
we subset the data to plots containing any records of silver
maple that were located east of 100°W longitude
(Gabriel 1990), resulting in a total of 1,137 plots containing sil-
ver maple (hereafter, silver maple plots)We also restricted the
dataset to records of species designated as native in the contigu-
ous United States by the U.S. Department of Agriculture
(USDA) Plants Database because native species support greater
abundance and diversity of birds, insects, and other native ani-
mals, making them better candidates for conservation
(Burghardt et al. 2010; Narango et al. 2018). To exclude rare
species, which are generally not good candidates for restoration,
we retained species that occurred in 3% or more of the silver
maple plots (after Alonso et al. 2016). SPCIS plots measure per-
cent cover, so all subsequent analyses were performed on
percent cover estimates for “common’ species. We define com-
mon species as those that are found in 3% or more of the SPCIS
plots that also contain silver maple.

We then extracted the relevant environmental variables for
each plot. This could be done with any spatial environmental
variables; in this case, we focused on temperature gradients
using USDA hardiness zones. Hardiness zones, which are based
on annual minimum temperature, are commonly used by land
managers to generate planting recommendations (e.g. Widrlech-
ner et al. 2012) and can be important for delineating vegetative
communities as minimum temperatures often limit plant distri-
butions (Parker & Abatzoglou 2016). Additionally, hardiness
zones are projected to shift by at least one zone throughout over
80% of the contiguous U.S. land area by 2070-2099 (Hanberry
& Fraser 2019), making them a useful proxy for evaluating

potential shifts in communities with climate change. We
extracted current (1990-2020) hardiness zones created by the
PRISM climate group (PRISM Climate Group 2021) for each
silver maple plot.

SPCIS plots are often spatially clustered due to data collec-
tion focused within relatively undisturbed parks, forests, and
natural areas. To reduce potential spatial autocorrelation, we
created a 10 x 10 km grid based on findings from Negret et al.
(2020) and randomly sampled one plot from each grid cell.
Additionally, SPCIS plots oversample hardiness zones 5-6
due to higher sampling in Illinois and West Virginia. Uneven
sampling could mask the effect of temperature on community
composition. To account for uneven sampling between zones
(Table 1), we limited samples to 36 randomly selected plots
from zones 4 to 7 (the maximum available in zone 4 after
accounting for spatial autocorrelation). Zones 3 and 8 include
far fewer plots—therefore, we include all spatially thinned plots
present in these zones (n = 12 and 13 plots, respectively),
resulting in a total of 169 plots sampled per iteration. Zones
1 and 2 were not included because no records of silver maple
were found in these zones from the SPCIS database (Fig. 2).

We randomly sampled plots with replacement for 100 itera-
tions (i.e. all 1,137 plots were available to select from in each
iteration) to create a representative sample of each hardiness
zone for analysis. We chose this method to incorporate the
diversity of plots within each hardiness zone while accounting
for variation in community assemblages between plots within
a single hardiness zone. From a total of 1,137 plots containing
silver maple, 1,052 plots were randomly sampled in at least
one iteration of our analysis. For each iteration, we visualized
the variation of silver maple community composition across har-
diness zones using non-metric multidimensional scaling
(NMDS) through the metaMDS function in the vegan package
(version 2.5.7, Oksanen et al. 2021) in R (R Core Team 2022).
NMDS is a statistical method used to visualize how similar eco-
logical communities are to each other (Crowther et al. 2013;
Lemieux-Labonté et al. 2016; Addo-Fordjour et al. 2021). The
initial input to the function consists of a data frame containing
species names, plot IDs, and percent cover for each of the ran-
domly sampled points in the model iteration. From here, the
metaMDS function calculates a Bray—Curtis dissimilarity index

Table 1. Summary of dataset showing included and total (in parentheses)
number of plots, species, and plant observations for native species in hardi-
ness zones 3-8 (range of silver maple) included across 100 model iterations.
Some plots were excluded by random chance due to the 10 km fishnet sam-
pling method used to account for oversampling. Zones 1 and 2 are not
included because no plots containing silver maple were found in these zones
in our database.

May 2025 Restoration Ecology

Zone Plots Species Observations
3 20 (20) 51 (51) 167 (167)
4 74 (74) 127 (127) 807 (807)
5 236 (237) 163 (163) 3,468 (3479)
6 477 (559) 186 (186) 7,859 (9312)
7 196 (198) 177 (177) 3,740 (3809)
8 49 (49) 101 (101) 1,031 (1031)
30of9
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Figure 2. Geographic distribution of study sites (n = 1,137) superimposed on U.S. Department of Agriculture (USDA) hardiness zones. Study sites are
represented by points. Points are color-coded based on whether they are (black) or are not (white) included in the analysis. White plots are not included by chance
due to the 10 km fishnet sampling method used to prevent oversampling, meaning that these plots are close to several other silver maple plots included in the
study. Zones 1 and 2 are not included because no plots containing silver maple were found in these zones in our database.

for each of the plots and plots them into multidimensional space
to show how similar or different the communities are. The
Bray—Curtis dissimilarity index compares pairs of plots and
ranks them based on their similarity on a scale from O to 1, with
combinations scoring 0 being identical and combinations scor-
ing 1 being entirely different. Points that are closer together
indicate similar communities, while points that are distant are
different from each other. We constructed each NMDS
plot using the metaMDS function (k= 3; trymax = 50;
noshare = TRUE; maximum number of iterations = 1e6; con-
vergence criterion = 1e-9 to reduce stress and encourage model
convergence). We conducted a PROTEST analysis to test
whether the NMDS outputs among iterations were significantly
correlated with each other. The null hypothesis of this test is that
concurrences between NMDS plots are due to chance, while the
alternative hypothesis indicates that NMDS outputs are highly
similar between iterations. The R script is appended as
Supplement S1.

To test whether the silver maple community composition dif-
fered significantly overall across hardiness zones, we used the

analysis of similarities (ANOSIM) test using a Bray—Curtis dis-
similarity matrix (Oksanen et al. 2021). This is the same dissim-
ilarity matrix used in the NMDS, but it includes hardiness zone
values to group outputs. To test for pairwise differences between
hardiness zones, we used permutational multivariate analysis of
variance (PERMANOVA) tests based on 999 permutations
(Martinez 2020). Because PERMANOVA can be sensitive to
unequal variance between groups, we also conducted a PERM-
DISP test for homogeneity of variance between hardiness zones.
We aggregated the PERMANOVA and PERMDISP outputs by
calculating the averages across model iterations. To determine
whether particular zones were contributing to the heterogeneity
of variance between hardiness zones, we ran a post hoc Tukey
honestly significant difference (HSD) test for every combination
of hardiness zones for each model iteration. We averaged the p-
values for each hardiness zone combination to identify any zone
combinations responsible for the heterogeneity of variance.

To determine which species are associated with each hardiness
zone, we conducted an indicator species analysis using the multi-
patt test in the indicspecies package (version 1.7.9, De Caceres &
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Legendre 2009). This tool characterizes the composition of a
community in order to inform and prioritize species for conser-
vation monitoring and ecological management (De Céceres &
Legendre 2009; Urban et al. 2012; De Caceres 2013). Indicator
species are highly characteristic of a particular group (in this
case, hardiness zone). Indicator species analysis uses indicator
values to identify the association strength between a single spe-
cies and a community assemblage (De Caceres 2013). Indicator
values are calculated based on a species’ fidelity (probability of
finding a species at a site associated with a particular hardiness
zone) and specificity (probability a site belongs to a particular
hardiness zone based on the presence of a species). Therefore,
a species may be present but not an indicator species if it does
not occur in a high proportion of sites within a group (low fidel-
ity) or if it occurs across many groups (low specificity). We con-
ducted the indicator analysis for each sampling plot iteration
(n = 100) and corrected for multiple tests using a false discov-
ery rate p-value correction, which can maintain statistical power
over large numbers of trials (Salas-Lopez et al. 2022). Species
were identified as indicators of a hardiness zone when the multi-
patt indicator value met the significance threshold (p < 0.05) in
at least one iteration. The proportion of iterations in which a spe-
cies was significantly associated with the hardiness zone can be
found in Table S1.

Results

The SPCIS database had 1,137 silver maple plots east of 100°W
longitude that contained a total of 27,939 records of 1,659 native
species (Table 1). After plots were randomly subsampled to
account for oversampling and spatial autocorrelation and only
species present in 3% or more plots were retained, our final data-
set included 1,052 plots containing 17,072 records of 189 spe-
cies (11% of total native species) ranging from hardiness
zones 3-8 (Table S1; Fig. 2). While our sampling method
reduced the number of plots included in densely sampled areas,
none of the 189 common species were lost.

Our analyses showed marginally significant differences
between silver maple communities across hardiness
zones (ANOSIM, R = 0.047, p = 0.080). Pairwise ADONIS
(PERMANOVA) results indicated that most hardiness zones
had significantly different community assemblages from one
another (Table S2), but the overall effect sizes were small, with
the greatest difference occurring between the coolest and warm-
est zones 3 and 8 (R2 = 0.144, Table S2). These patterns are
reflected in the overlap of zones in our NMDS output (Fig. 3).
We observed overall consistency in NMDS outputs among the
100 iterations (PROTEST analysis; p = 0.090). We found evi-
dence for heterogeneity of dispersion among hardiness zones,
indicating higher variability in community composition within
some hardiness zones (PERMDISP, F = 6.414 4+ 1.205 [95%
CI], p = 0.001). Post hoc Tukey HSD tests revealed that this
could be attributed to significant differences in dispersion
between zone 3 and all other zones, and between zones 5 and
8, but no significant differences between any other zone combi-
nations were found (Table S3). This parallels the NMDS output,

which shows smaller polygons (reduced community variance)
for zones 3 and 8 (Fig. 3).

The strong overlap in the ordination results was reflected in
the broad climate tolerance of many of the species. The majority
of common species (n = 145/189) were found in at least four
different hardiness zones (Table S1; Fig. 4A). However, the
breadth of species distribution does not necessarily reflect
the status of species as indicators of their community. Across
the 189 common species included in our analyses, 87 were iden-
tified as indicator species. Of these, most were associated with
one hardiness zone (36 species) or 2 adjacent hardiness zones
(29 species) (Table S1; Fig. 4B & 4C). Most of these species
with narrow hardiness zone associations were associated with
the warmer hardiness zones (Table S1). Across growth forms,
herbaceous indicator species (forbs) were most likely to be asso-
ciated with a single hardiness zone, whereas indicator species
from other growth forms tended to be associated with two or
more hardiness zones (Fig. 4D).

Discussion

Climatic conditions exert a strong influence over the geographic
distribution of plant communities (Whittaker 1970), and climate
change is projected to drive shifts in plant communities, partic-
ularly toward higher latitudes or altitudes (IPCC 2023). Unfortu-
nately, few native plant species are likely to keep up with the
rapid pace of climate change due to their slow dispersal rates
(Bradley et al. 2024). As a result, climate-informed conservation
of plant communities will likely need to leverage management
strategies such as assisted gene-flow (Aitken & Whitlock 2013)
or assisted migration (Hof et al. 2017) to enhance species or
community resilience (e.g. Millar et al. 2007). For silver maple
communities, our results suggest there are only minor differ-
ences in community composition across hardiness zones, indi-
cating that these community assemblages share many of the
same common plant species across a broad latitudinal gradient.
Given the broad climatic distribution of these species, large-
scale assisted migration of taxa across hardiness zones may be
unnecessary to maintain the biodiversity of silver maple com-
munities as temperatures rise. Instead, focusing on conservation
strategies that preserve or enhance the adaptive potential of cur-
rently established populations, such as reducing stressors on
existing populations or via assisted gene flow, may be sufficient
for promoting climate resilience in silver maple communities
across the eastern United States.

Conservation and restoration practices often focus on com-
mon species within a community because they play a key role
in maintaining ecosystem function under stress (Smith &
Knapp 2003) and are able to establish across a wide range of
habitats (Mazaris et al. 2008), potentially improving overall
establishment success. While the distributions of species based
on occurrences are useful initial measures of climatic tolerance,
an indicator species assessment identifies species that are partic-
ularly abundant and associated with hardiness zones and might
be a better metric of climatic tolerance of a population. Out of
our 87 indicator species, we identified 51 that are indicators in
silver maple communities across more than one hardiness zone.

May 2025 Restoration Ecology
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Figure 3. Non-metric multidimensional scaling ordination plot comparing native plant community composition from vegetation plots across

U.S. Department of Agriculture (USDA) hardiness zones 3-8 from silver maple communities in the eastern United States (Stress value = 0.231). Plots
are generated using species names, plot IDs, and percent cover data. Plots are grouped by hardiness zone. Larger polygons indicate greater variability in
community composition for a particular hardiness zone. Greater overlap in polygons represents increased similarity in community composition between
hardiness zones.
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Figure 4. Histograms of hardiness zone breadth for common and indicator species. (A) Distribution of hardiness zone breadth for all 189 common species.
(B) Hardiness zone breadth over which the 87 indicator species were counted as indicators. (C) Hardiness zone breadth over which the 87 indicator species were
present. (D) Hardiness zone breadth of indicator species presence (blue) versus indicator status (pink) grouped by growth habit. A wider column indicates a
greater number of species.
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These broadly distributed taxa, such as the forb false nettle
(Boehmeria cylindrica) or the grass Virginia wildrye (Elymus
virginicus), could be ideal candidates to explore the benefits of
assisted gene flow. Likewise, assisted gene flow may also be a
beneficial management strategy for long-lived species, such as
red maple (Acer rubrum), where long generation times make it
more challenging for populations to adapt to rapidly changing
environmental conditions (Neilson et al. 2005). Assisted gene
flow may help increase the genetic diversity of these focal taxa,
particularly given that the trailing edges of populations are
thought to have the highest genetic diversity (Hampe &
Petit 2005), which in turn may confer adaptive resilience to cur-
rent and future climate change (Aitken & Whitlock 2013). While
our analytical approach illustrates one way to identify potential
assemblages of species that could be candidates for assisted
gene flow, the potential benefits must be balanced against poten-
tial risks for small or isolated populations. These include the risk
of introducing novel deleterious alleles to populations adapted
to current climatic conditions, which may disrupt existing com-
munity and population dynamics (Bucharova et al. 2017; Grum-
mer et al. 2022). Moreover, potential fitness benefits associated
with assisted gene flow may not be realized quickly enough to
help with rapid climate change, particularly in long-lived spe-
cies such as trees (Grummer et al. 2022).

Although some indicator species were associated with multi-
ple hardiness zones, the majority (65) were associated with one
or two zones, suggesting these taxa will likely need to shift their
distributions to track suitable climatic conditions in the future.
Many of these indicator species are associated with warmer har-
diness zones, making them good candidates for assisted migra-
tion into cooler silver maple communities across the east coast.
For example, the tree bald cypress (Taxodium distichum), the
vine supplejack (Berchemia scandens), and shrub meadow holly
(Ilex decidua) are indicator species in hardiness zones 7-8 and
are rarely present outside of these warmer climates. The narrow
indicator species association suggests that these populations are
important components of silver maple communities in warmer
climates. For species like these with narrow climate tolerances,
assisted migration may be an effective approach for building cli-
mate resilience, especially given that rates of native plant range
expansion are already lagging far behind estimated rates
required to track suitable climatic conditions (Bradley et al.
2024). While human-mediated interventions such as assisted
migration can help species keep pace with rapid climate change,
managers should weigh the potential benefits of introducing spe-
cies against potential negative interactions that might harm a
recipient community. For example, Wallingford et al. (2020)
suggest avoiding species that are fast-growing and aggressive
in their native range or reported as invasive outside of their
native range. Similarly, genetic consequences, such as outbreed-
ing depression or disruption of nonclimatic adaptive gene com-
plexes, should also be considered when proposing assisted
migration as a community restoration strategy (Hoffmann
et al. 2021).

Lastly, our analyses identified some taxa, such as the forb
Canada mayflower (Maianthemum canadense) and the tree
Bur oak (Quercus macrocarpa), that are indicators of silver

maple communities only at their coldest range margin (hardiness
zone 3) in the eastern United States. Given the lack of existing
silver maple plots in colder zones, these species do not have
any clear-cut communities into which they could move. Instead,
practitioners could target these species by managing cooler
microsites that act as climate refugia, for example, in areas with
sufficient canopy cover and soil moisture (Ashcroft &
Gollan 2013).

Selecting species assemblages based solely on associations
with temperature should be weighed against climate-driven
shifts in other environmental variables, such as precipitation,
which can also influence the composition, dynamics, and
selection regimes of plant communities (USGCRP
etal. 2017). For example, climate change is projected to influ-
ence abiotic conditions such as the frequency and magnitude
of flood events (Demaria et al. 2016), which are known to
influence community assemblages of floodplain forests
(Havrdova et al. 2023). Thus, while our results are useful
for identifying candidate suites of species to consider for
regional restoration, practitioners should also consider local
site characteristics when determining which species assem-
blages to target for climate-informed management.

Climate-informed conservation requires developing manage-
ment strategies that consider and allow for future environmental
changes (Millar et al. 2007; Stein et al. 2014; Gann et al. 2019).
Yet, identifying candidate species for climate-informed man-
agement of a given plant community remains a challenge given
the scarcity of tools to identify potential climate impacts on plant
populations within a community context. New datasets such as
SPCIS in the United States (Petri et al. 2023) enable scientists
and practitioners to consider full plant communities and provide
an important advance for assessing community associations.
While spatially extensive, this dataset still suffers from spatial
biases due to variation in sampling effort and may undersample
some important restoration target species and communities. Our
analysis of silver maple communities illustrates an important
first step toward identifying appropriate assemblages of candi-
date species for climate-informed conservation and restoration.
A similar approach could be applied to other species representa-
tive of different plant communities to identify candidate species
lists for climate-informed restoration. Candidate species lists
can inform the testing of the appropriateness of using seeds from
local versus warm-adapted provenances (e.g. Bucharova
et al. 2017) in silver maple communities, and a similar approach
can be applied in other threatened ecosystems. Leveraging
macroscale plant community datasets allows us to generate
regionally applicable recommendations for climate-informed
planting by identifying plants that are likely more (or less) resil-
ient to future climatic changes at restoration sites.
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