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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
package® 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 package®; all vari-
anceinflation factors were <1.8, indicating low correlation®, 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 package®.

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, mgg™), mean annual precipitation (Precipitation, mm), rooting
depth (m), root diameter (mm), mass-based root nitrogen content (Root N, mg
g™, root mass fraction (RMF, g g™), root tissue density (RTD, g cm ), specific leaf
area (SLA, m*kg™), and specific root length (SRL,mg™).
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intervals. Opaque gray points are observed data points where darker points
indicate overlap among points. Values on the x-axes are back-transformed.

Nature Ecology & Evolution


http://www.nature.com/natecolevol

Article

https://doi.org/10.1038/s41559-026-02989-4

20 : ° 20 4 .' 20 . ® 201 ¢ °
° o o L ] o L ] o o
- a = H o o
& ) < g 10 . ..:. .«
@ (] e 9] 'y °
e g g 2 s, ot
© © < S 4 — gum ggm—
8 5 5 5 | NS T,
: : : P
§ S 3 S -10 b ol .
° L] ° .
L]
-20 ) -20 ° °
000 025 050 075 100 125 10 20 30 40 0 5 10 15 20
Height (m) Leaf N (mg/g) Root N (mg/g)
20 ® . 20 ¢ - 20 o ° 20 * .
L] L L] L] LI LY
_~ —~ o e e o 10 o .o % _~ ¢ oo, .,
& o & 10 gy & i—; ofe %o % o £ 101 50, %% e
) ° o) o o0 o8y o ° 8 ool g0 8f o
g oo § > adenll 'lt—'. ) g 0 ] 8:‘% y " F’ o .
B F — .
A == -3 5 O ‘&:.,-vp. O 3 5 U e~ - o b 5 © : ...w:: —0gg?
[ [ b3 L] [
g o0 : g e :.Q $ ° g i ’.0‘ L g o. ) 0.. o°
®° ° e 8 -10 ° o o4 L4
o o -10 L4 K ° ° LI o -10 o o °
o . "~ o« e S
o
L] L] L]
-20 o o -20 ) ~20 L d -20 .
0 1 2 0.25 0.50 0.75 0.0 %8 04 30'6 0 100 200 300
Rooting Depth (m) Root Diameter (mm) Root Tissue Density (g/cm”) Specific Root Length (m/g)
20 Qe 20 % 20 o
L] L) L) L] L] L]
9 ® 104 *° of o ¥ 10{° 'i o
< 3 o ofe .o < o o B30
& o § o o 003 © , o & S0 oo 8 o
8 s 8 N i. 8 o i_i.- H
o 0 © 0 — e
£ pil, & oot dbfipadie o 5 o lanpbi |
® e & % NS00 o ] e, . .
3 (§ o0 s 3 .’ of
o ° -101 % o * ° O -10 ..‘. ° ¢
o® 00 © . ®
L] L]
-201 ° ° =20 ®
02 03 04 05 06 075 -050 -025 0.00 500 1000 1500 2000
Root Mass Fraction (g/g) Drought Severity Index Mean Annual Precipitation (mm)

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, R?> = 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 solid lines are significant relationships, colored envelopes represent 95% credible
variables on change in population cover for the perennial forb species group intervals. Opaque gray points are observed data points where darker points
(n = 257 populations, species =169, R* = 15%). Trend lines represent median 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%
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credibleintervals. Filled points indicate significant predictors of cover change
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models were annual (lifespan model), forb (growth form model), and annual

forb (lifespan*growth form model). Traits include height (m), mass-based leaf
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|X| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
N Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
|X| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Give P values as exact values whenever suitable.

|X| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|X| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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|X| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  No software was used to collect the data. All data is available at https://doi.org/10.5281/zenodo.17724111.

Data analysis All custom code is available https://doi.org/10.5281/zenodo.17724111. All analyses were completed in R version 4.2.3. Packages used to for
data formatting, analyses, and plotting: tidyverse version 2.0.0, Taxonstand version 2.4, stringr version 1.5.1, corrplot version 0.94, devtools
version 2.4.5, BHPMF version 1.1, abind version 1.4.8, ggpubr version 0.6.0, cowplot version 1.1.1, brms version 2.21.0, emmeans version
1.8.7, performance version 0.15.0, pRecipe version 3.0.2, giscoR version 0.6.1, raster version 3.6.26, terra version 1.7.65, rayshader version
0.35.7, classInt version 0.4.10, austraits package version 2.2.3

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All data used in this study are openly available from Zenodo at https://doi.org/10.5281/zenodo.1772411186. Source data are provided with this paper.

Research involving human participants, their data, or biological material
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Reporting on sex and gender NA

Reporting on race, ethnicity, or NA
other socially relevant

groupings

Population characteristics NA
Recruitment NA
Ethics oversight NA

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Ecological, evolutionary & environmental sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description We measured changes in plant species cover in response to experimentally-imposed, short-term drought in Drought-Net’s
International Drought Experiment (IDE). We assessed how of nine above- and belowground traits, site mean annual precipitation and
drought severity, and selected trait-trait and trait-environment interactions affected cover change across growth forms (graminoids
and forbs), lifespans (annuals and perennials), and all populations. The IDE is a coordinated, distributed experiment, where
precipitation inputs are reduced passively across a range of grassland and shrubland sites in order to target a common level of
statistical extremeness by allowing the proportional reduction in precipitation across sites to vary. Precipitation reductions were
determined individually for each site in order to impose statistically extreme levels (comparable to a 1-in-100 year drought at each
site) based on historical precipitation records from the site or by using the Terrestrial Precipitation Analysis Tool. Precipitation levels
were reduced with passive rain-out shelters (with v-shaped or corrugated polycarbonate roofs), which work especially well in
ecosystems with small-statured plants. Percentage aerial cover was estimated for each species separately within a 1 x 1 m subplot
located within each plot at each site. As such, total absolute cover estimates could be greater than 100% for a plot and were used to
calculate the change in cover. All sites participating in the IDE are required to use the same Drought-Net experimental protocols
(https://droughtnet.weebly.com).

Research sample We used a BACI (before, after, control, impact) design to determine the relative change in cover for each species at each site
following ~ one year of drought. We quantified the change in cover due to drought effects by subtracting the change in cover (%)
within control plots from the change in cover (%) in droughted plots [(DroughtAFTER — DroughtBEFORE) — (ControlAFTER —
ControlBEFORE)]. If a population was absent at one time point, before or after the drought, but present at the other, its cover was
set at zero when absent. Input percent cover values were means of each species across all replicated plots within each site. Outlier
values of cover change (+ 3 SD from mean) were removed to prevent their skew on model interpretation (2.5% of values). We
evaluated the effects of nine above- and belowground traits, site mean annual precipitation and drought severity, and selected trait-
trait and trait-environment interactions on cover change for 661 populations, from 421 species, across 63 IDE sites. We were also
interested in understanding how these effects differed depending on lifespan (annuals: n = 178; perennials: n = 462), and growth
form (graminoids: n = 251; forbs: n = 410). ). Thus, we analyzed responses for eight plant groups: Annuals, Perennials, Graminoids,
Forbs, Annual Forbs, Perennial Graminoids, Perennial Forbs, and All species ((Supplemental Tables 2 and 4-7). The annual group
consisted of graminoids (n = 44), forbs (n = 124), and legumes (n = 10), while the larger perennial group included graminoids (n =




205), forbs (n = 224), and legumes (n = 33). Populations classified as biennial (10) or uncertain lifespan (11) were excluded from
strictly annual or perennial plant groups. Analysis of the annual graminoids (n = 44) was not completed due to limited sample size.

Sampling strategy All sites participating in the IDE are required to use the same Drought-Net experimental protocols (https://droughtnet.weebly.com).
While there are over 140 sites participating in the IDE, we chose a subset of the sites (n = 63 sites) owing to a combination of
availability of pre- and post-treatment plant cover data, complete identification of plant species, and trait data. We excluded plant
cover and trait data for woody species in this research as cover change of woody species can be difficult to measure and their traits
vary greatly across different life stages; we could not ascertain the life stage associated with traits from trait databases. In our full
dataset, which included woody species, 53% of populations excluded by outlier trait analysis were woody populations, suggesting
that woody species have more extreme trait values. Further, due to their larger size and stored energy, woody species may be
buffered from drought-induced effects in a single year.

Data collection Percentage aerial cover was estimated for each species separately within a 1 x 1 m subplot located within each plot at each site. As
such, total absolute cover estimates could be greater than 100% for a plot and were used to calculate the change in cover. All sites
participating in the IDE are required to use the same Drought-Net experimental protocols (https://droughtnet.weebly.com). Trait
data were gathered for species in a stepwise manner (Supplemental Table 3). First, IDE principal investigators were queried for trait
data that corresponded to species at their local site; measurements were made according to. Second, trait databases were queried
including TRY, AusTraits, Global Root Traits (GRooT), and observed values from CoRRE. Approximately, 52% of all trait data was
sourced from IDE investigators (14%) or trait databases (38%). TRY, GRooT and CoRRE are global databases, while AusTraits only
includes data for Australian plant species. CoRRE focuses on grassland species and combines data from various databases, including
TRY, BIEN, AusTraits, TiP Leaf, and the China Plant Trait Database. From AusTraits and GRooT, we used database-supplied mean
values for each species. For TRY and CoRRE, we calculated mean values when multiple database submissions were available for a
given trait of a species. More specifically, for TRY, we first calculated the mean within each dataset and then within each species.
Lastly, we conducted comprehensive literature searches to populate remaining missing trait data for species when possible
(Supplemental Table 3). We only included trait data for species from studies without experimental manipulations and those coming
from mature individuals, omitting traits from seedlings. Mean annual precipitation (MAP) was reported by site Pls for each of their sit
es. Following Smith et al. (2024), we calculated the amount of precipitation each site received in the year prior to plant cover
collection, corrected for the number of days during which drought shelters were in place. We then multiplied this value by the site-
reported percent reduction in precipitation imposed by the drought treatment to estimate the total amount of precipitation received
at each site (PrecipitationDROUGHT). We then compared the estimated precipitation received to MAP and calculated the deviation
from this number: Drought Severity Index (DSI) = (PrecipitationDROUGHT — MAP)/MAP.
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Timing and spatial scale  All sites included in this study experienced approximately one year of experimental drought treatment and had both pre- and post-
drought species cover data available. These sites are distributed globally in grasslands and shrublands. A map is included in the
manuscript and country information of each site is included in the supplement.

Data exclusions While there are over 140 sites participating in the IDE, we chose a subset of the sites (n = 63 sites) owing to a combination of
availability of pre- and post-treatment plant cover data, complete identification of plant species, and trait data. We excluded plant
cover and trait data for woody species in this research as cover change of woody species can be difficult to measure and their traits
vary greatly across different life stages; we could not ascertain the life stage associated with traits from trait databases. In our full
dataset, which included woody species, 53% of populations excluded by outlier trait analysis were woody populations, suggesting
that woody species have more extreme trait values. Further, due to their larger size and stored energy, woody species may be
buffered from drought-induced effects in a single year. All sites included in this study experienced approximately one year of
experimental drought treatment and had both pre- and post-drought species cover data available. We only included trait data for
species from studies without experimental manipulations and those coming from mature individuals, omitting traits from seedlings.
Outlier values of cover change (+ 3 SD from the mean) were removed to prevent their skewing of model interpretation (2.5% of
values). Finally, we removed outlier trait values (+ 3 SD from the mean). Overall, few trait data were removed, with 2.5% of rooting
depth values being the highest percentage of data removed for any trait.

Reproducibility All sites participating in the IDE are required to use the same Drought-Net experimental protocols (https://droughtnet.weebly.com).
All code and data used in this study are publicly available at https://doi.org/10.5281/zenodo.17724111

Randomization We evaluated the effects of the nine traits, site MAP and DS, and selected trait-trait and trait-environment interactions on cover
change for 661 populations, from 421 species, across 63 IDE sites. We were also interested in understanding how these effects
differed depending on lifespan (annuals: n = 178; perennials: n = 462), and growth form (graminoids: n = 251; forbs n = 410). Thus,
we analyzed responses for eight plant groups: Annuals, Perennials, Graminoids, Forbs, Annual Forbs, Perennial Graminoids, Perennial
Forbs, and All species ((Supplemental Tables 2 and 4-7). The annual group consisted of graminoids (n = 44), forbs (n = 124), and
legumes (n = 10), while the larger perennial group included graminoids (n = 205), forbs (n = 224), and legumes (n = 33). Populations
classified as biennial (10) or uncertain lifespan (11) were excluded from strictly annual or perennial plant groups. Analysis of the
annual graminoids (n = 44) was not completed due to limited sample size.

Blinding Blinding was not relevant to this research as we analyzed the data in groups based on plant lifespan and growth form and were
specifically trying to understand the impacts of the drought treatment versus control.

Did the study involve field work? Yes D No

Field work, collection and transport

Field conditions Mean annual precipitation values and drought severity values for each site are reported in the manuscript.

Location The 63 sites included are distributed globally. A map is included in the manuscript and country information of each site is included in




Location the supplement.
Access & import/export  Plant samples were not imported or exported. All data were collected at each site and only these values were reported.

Disturbance Limited disturbance was caused by the experiment.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods

n/a | Involved in the study n/a | Involved in the study
Antibodies |:| ChIP-seq
Eukaryotic cell lines g |:| Flow cytometry
Palaeontology and archaeology g |:| MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern

L1X XX X X X
XOOOoood

Plants

Dual use research of concern

Policy information about dual use research of concern

Hazards

Could the accidental, deliberate or reckless misuse of agents or technologies generated in the work, or the application of information presented
in the manuscript, pose a threat to:

Yes
[ ] Public health

[] National security
[] crops and/or livestock
|:| Ecosystems

XX XX X &

|:| Any other significant area

Experiments of concern

Does the work involve any of these experiments of concern:
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Yes

X

|:| Demonstrate how to render a vaccine ineffective

Confer resistance to therapeutically useful antibiotics or antiviral agents
Enhance the virulence of a pathogen or render a nonpathogen virulent
Increase transmissibility of a pathogen

Alter the host range of a pathogen

Enable evasion of diagnostic/detection modalities

Enable the weaponization of a biological agent or toxin

X X X X X X X
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Any other potentially harmful combination of experiments and agents




Plants

Seed stocks No seed stocks were used. The study only includes naturally occurring plants.

Novel plant genotypes  No novel plant genotypes were produced.

Authentication No seed stocks were used so no authentication procedures were used.
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