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default Student-t priors. For each model, we ran four independent 
chains with random initial values for 2,000 iterations and a warm-up 
period of 1,000 iterations. All parameters were assessed for conver-
gence (Rhat = 1) and were considered significant if their 95% credible 
interval did not overlap zero. In models evaluating the relationships 
among lifespans, growth forms or their combinations, the emmeans 
package81 was used to estimate and compare marginal means among 
the sets of species. For each of the plant groups, we checked whether 
predictor variables were correlated with all correlations between −0.47 
and 0.39 (Supplementary Table 8). We also checked for multicollinear-
ity among model predictors using the performance package82; all vari-
ance inflation factors were <1.8, indicating low correlation83. For each 
model, we also visually inspected the residuals to ensure that model 
assumptions of normality of residuals and homogeneity of variance 
were met. We further tested for homogeneity of variance using the 
performance package82.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
All data used in this study are openly available via Zenodo at https://
doi.org/10.5281/zenodo.17724111 (ref. 84). Source data are provided 
with this paper.

Code availability
Analyses in this study were conducted using customized scripts in 
R. The scripts are available via Zenodo at https://doi.org/10.5281/
zenodo.17724111 (ref. 84).
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Extended Data Fig. 1 | Model parameter estimates for each of the eight plant 
groups. Points represent the mean of the posterior distribution and lines 
represent the 95% credible intervals. Filled points indicate significant predictors 
of cover change where the 95% credible interval does not overlap zero. Traits 
include drought severity index (DSI), height (m), mass-based leaf nitrogen 

content (Leaf N, mg g−1), mean annual precipitation (Precipitation, mm), rooting 
depth (m), root diameter (mm), mass-based root nitrogen content (Root N, mg 
g−1), root mass fraction (RMF, g g−1), root tissue density (RTD, g cm−3), specific leaf 
area (SLA, m2 kg−1), and specific root length (SRL, m g−1).
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Extended Data Fig. 2 | Plots displaying the effects of traits and environmental 
variables on change in population cover for the all-species group (n = 661 
populations, species = 421, R2 = 6%). Trend lines represent median conditional 
effects of the trait, dashed lines are nonsignificant relationships and solid lines 

are significant relationships, colored envelopes represent 95% credible intervals. 
Opaque gray points are observed data points where darker points indicate 
overlap among points. Values on the x-axes are back-transformed.
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Extended Data Fig. 3 | Plots displaying the effects of traits and environmental 
variables on change in population cover for the annual species group (n = 178 
populations, species = 121, R2 = 15%). Trend lines represent median conditional 
effects of the trait, dashed lines are nonsignificant relationships and solid lines 

are significant relationships, colored envelopes represent 95% credible intervals. 
Opaque gray points are observed data points where darker points indicate 
overlap among points. Values on the x-axes are back-transformed.
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Extended Data Fig. 4 | Plots displaying the effects of traits and environmental 
variables on change in population cover for the perennial species group 
(n = 462 populations, species = 292, R2 = 8%). Trend lines represent median 
conditional effects of the trait, dashed lines are nonsignificant relationships and 

solid lines are significant relationships, colored envelopes represent 95% credible 
intervals. Opaque gray points are observed data points where darker points 
indicate overlap among points. Values on the x-axes are back-transformed.
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Extended Data Fig. 5 | Plots displaying the effects of traits and environmental 
variables on change in population cover for the graminoid species group 
(n = 251 populations, species = 151, R2 = 11%). Trend lines represent median 
conditional effects of the trait, dashed lines are nonsignificant relationships and 

solid lines are significant relationships, colored envelopes represent 95% credible 
intervals. Opaque gray points are observed data points where darker points 
indicate overlap among points. Values on the x-axes are back-transformed.
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Extended Data Fig. 6 | Plots displaying the effects of traits and environmental 
variables on change in population cover for the forb species group (n = 410 
populations, species = 270, R2 = 11%). Trend lines represent median conditional 
effects of the trait, dashed lines are nonsignificant relationships and solid lines 

are significant relationships, colored envelopes represent 95% credible intervals. 
Opaque gray points are observed data points where darker points indicate 
overlap among points. Values on the x-axes are back-transformed.
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Extended Data Fig. 7 | Plots displaying the effects of traits and environmental 
variables on change in population cover for the annual forb species group 
(n = 134 populations, species = 95, R2 = 23%). Trend lines represent median 
conditional effects of the trait, dashed lines are nonsignificant relationships and 

solid lines are significant relationships, colored envelopes represent 95% credible 
intervals. Opaque gray points are observed data points where darker points 
indicate overlap among points. Values on the x-axes are back-transformed.
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Extended Data Fig. 8 | Plots displaying the effects of traits and environmental 
variables on change in population cover for the perennial graminoid species 
group (n = 205 populations, species = 123, R2 = 15%). Trend lines represent 
median conditional effects of the trait, dashed lines are nonsignificant 

relationships and solid lines are significant relationships, colored envelopes 
represent 95% credible intervals. Opaque gray points are observed data points 
where darker points indicate overlap among points. Values on the x-axes are 
back-transformed.
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Extended Data Fig. 9 | Plots displaying the effects of traits and environmental 
variables on change in population cover for the perennial forb species group 
(n = 257 populations, species = 169, R2 = 15%). Trend lines represent median 
conditional effects of the trait, dashed lines are nonsignificant relationships and 

solid lines are significant relationships, colored envelopes represent 95% credible 
intervals. Opaque gray points are observed data points where darker points 
indicate overlap among points. Values on the x-axes are back-transformed.
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Extended Data Fig. 10 | Parameter estimates for models comparing 
relationships between trait or environment variables and cover change 
among lifespans, growth forms, or the combinations of lifespans and growth 
forms. These models were only fitted with predictors that were previously 
noted as significant in the group specific models (Extended Data Fig. 1). Points 
represent the mean of the posterior distribution and lines represent the 95% 

credible intervals. Filled points indicate significant predictors of cover change 
where the 95% credible interval does not overlap zero. Reference groups for the 
models were annual (lifespan model), forb (growth form model), and annual 
forb (lifespan*growth form model). Traits include height (m), mass-based leaf 
nitrogen content (Leaf N, mg g−1), mean annual precipitation (MAP, mm), and root 
tissue density (RTD, g cm−3).
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