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Extended DataFig. 3 | Presence of grazers modulates the trait space of principal components were significantly selected in low, medium, and high
global dryland rangelands. We show how trait covariation changes with grazing pressures. Inj-k, four principal components were significantly
increasing grazing pressure using Principal Component analysis (High Grazing  selectedinungrazed plots. See Extended DataFig.1for trait abbreviationsand
n=382;Medium Grazingn =410; Low Grazing n=389;Ungrazed n =166). The Supplementary Table 6 for detailed results. Low =low grazing pressure, Med =
arrow lengthis proportional to theloadings of the traits considered. In a-i, five medium grazing pressure, and High =high grazing pressure.
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eachmeasured species withinthe trait space. The blue and thered large bright
dotsrepresented the centroids of each hypervolume before and after an aridity
value of 0.7 (low aridity n=189; high aridity n = 696). Colored lines show the 0.95
confidenceintervals of the hypervolume before and after this aridity value.

Extended DataFig. 4 |Representation of the traithypervolume before and
after crossing the ~ 0.7 aridity threshold. We show the 2D projection of the
hypervolume for each pair of PCA dimensions shownin Extended Data Fig.1
(n-dimensions =5, from PC1to PC5). Colored dots represent the locations of
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Extended DataFig.5|Response of elemental concentrationinsoils (thesoil Wethendefinedanaridity window that represented 10% of the global aridity

elementome) to aridity. Soil elements covary across the 326 sampled plots gradientand selected all plots within this aridity range (n > 30 plotsin each
alongaunique Principal Componentaxis (PC1) thataccount for 65.8 % of soil window). We finally examined how the bootstrapped covariation of soil elements
total variation (see Methods). ashows responses of the soil elementome, across plotschanged as aridity increased. We found that aridity furtherincreased
illustrated using the soil PC1, to aridity. PC1shows a quadratic response to the covariation of soil elementsin the most arid rangelands surveyed. See
aridity withnon-linear decrease occurring onlyin the mostarid areas, i.e., Supplementary Table 7 for detailed results of model selections evaluating the
those with aridity values > 0.8. Grazing did not modify this response. b shows response of the soil elementome to aridity. Error band shows the 0.95 confidence

how the soil elementome responded to aridity using a sliding windows analysis intervalinaandb.
(seemethods). Wefirstordered the 326 plots according to their aridity level.
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Extended DataFig. 6 |Global decreasein plantcover drivenby aridity and
grazing.ashowsthe averaged model parameters (+ 0.95 confidence interval)
for different predictors (i.e. aridity, grazing, soil, and geographical variables)
on plant cover (n =326 plots). Significant predictors do not cross the vertical
dottedline. Aridity and grazing were the main drivers of plant cover. billustrates
the effects of aridity on plant cover. Vertical dashed and dotted lines represent
themeanlocation of the threshold andits 0.95 confidence interval, respectively.
Error band shows the 0.95 confidence interval. c shows grazing effect on plant

cover (High Grazing n = 98; Medium Grazing n=97; Low Grazingn = 88;

Ungrazed n=43).Dataare represented asboxplots where the middlelineis the
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median, thelower and upper hinges correspond to the first and third quartiles,
theupperand lower lines show the 0.95 confidence interval. Databeyond the
confidenceinterval are outlying points that are plotted individually. We tested
whether different grazing pressure levels showed significant differences using
ageneralizedleastsquares model (p < 0.001). Letters show results of a post-
hoctestbased onbootstrapped pairwise comparisons between grazing
pressure levels. Different letters indicate significant differences among
grazing pressure levels. Plant cover decreased non-linearly ataridity ~0.7 and
was the lowest under high grazing pressure.
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Extended DataFig.7|Plant cover mediates the effect ofaridity and grazing  significant threshold value occurringata plant cover value close to 50% + Cl

pressureontraitdiversity across global dryland rangelands. a-b show the (vertical dashed lines, the dotted lines showits 0.95 percentile Confidence
response of trait diversity (hypervolume and trait covariation respectively) Interval, CI). See Supplementary Table 8 for detailed results of model selection
to plant cover using aslidingwindow procedure (see Methods). Increasing evaluating the response of the plant elementome to plant cover. Error band

plant cover decreased hypervolume and increased trait covariations, witha shows the 0.95 confidenceintervalinaandb.
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|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.
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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 used

Data analysis Data were analyzed using the R software R version 4.3.2. Custom code are available publicly here: https://doi.org/10.57745/SFCX0O0
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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

Data availability
All processed datasets generated during the current study are available in the open source repository:

https://doi.org/10.57745/SFCX0O0
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Code availability
The custom R code used to analyze the data is available in the open source repository:

https://doi.org/10.57745/SFCX0O0
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Provide clear definitions of the relevant terms used, how they were provided (by the participants/respondents, the
researchers, or third parties), and the method(s) used to classify people into the different categories (e.qg. self-report, census or
administrative data, social media data, etc.)
Please provide details about how you controlled for confounding variables in your analyses.

Population characteristics Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic
information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study

design questions and have nothing to add here, write "See above."

Recruitment Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and
how these are likely to impact results.

Ethics oversight Identify the organization(s) that approved the study protocol.

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 Our study focused on drylands, areas where rainfall is < 65% of the evaporative demand. We surveyed 98 dryland sites located in 25
countries from six continents (Algeria, Argentina, Australia, Botswana, Brazil, Canada, Chile, China, Ecuador, Hungary, Iran, Israel,
Kazakhstan, Kenya, Mexico, Mongolia, Namibia, Niger, Palestine, Peru, Portugal, South Africa, Spain, Tunisia, and the United States of
America) (see Figure 1 main text). Site selection captured most of the aridity conditions, vegetation (shrublands, grasslands, open
woodlands, savannahs, and steppes) and soil types that can be found in drylands worldwide.

Research sample Vegetation surveys were carried out after the main rainfall season at each site to ensure surveying during (or just after) the main
peak biomass. This approach allowed us to standardize the sampling while accounting for differences in vegetation phenology among
contrasted biogeographical regions, continents, and hemispheres. We restricted our study to perennial plants because they
represent 94% of the plant species on earth and are instrumental in maintaining the functioning of drylands.

Sampling strategy We focused on 20 continuous traits related to the morphological and chemical diversity of plants, which were measured following
the most updated standardized protocols. These traits included: i) whole-plant and leaf size related traits1,59 (maximum plant height
[H, cm], plant lateral spread [LS, cm?], leaf length [LL, cm] and leaf area [LA, cm?]); ii) leaf traits related to carbon-economy and
herbivory27,32,40,60,61 (Specific leaf area [SLA, cm2.g-1], leaf dry matter content [LDMC, g.g-1]); and iii) the foliar concentration of
14 chemical elements that characterize the plant elementome28,29,32,62 (C, N, P, K, Mg, Ca, Zn, S, Na, Cu, Fe, Al, Mn, and Ba).

These traits were measured in situ within each of the 326 plots. To do so, four 45 m transects oriented downslope were established
within each plot, and spaced 10 m apart. We then placed 25 contiguous quadrats (1.5 m x 1.5 m) along each transect (100 quadrats
per plot). Trait measurements were performed on five quadrats randomly selected in each transect (i.e., five quadrats x four

>
QO
L
c
)
e,
o)
=
o
=
—
@
S,
o)
=
>
Q
wv
C
3
3
QO
<




transects = 20 quadrats per plot). In each quadrat, we selected the most developed individual of each perennial species present.
Our sampling protocol is highly suitable to account for both local trait abundances (because frequent species will have more samples
than rare species) and between-plot intraspecific trait variability65. See ref.52 for a detailed description of the sampling protocol
followed.

see more details in the Methods section.

Data collection Data were collected by all coauthors of the study.

Timing and spatial scale  Fieldwork was conducted between January 2016 and September 2019. Spatial scale global

Data exclusions We did not exclude data points

Reproducibility We used standardized protocles in each field location

Randomization Indivudal plants were sampled in quadrat that were randomly selected in each sampling location (see methods)
Blinding Our study is an observational study not a clinical research study. Blinding was not relevant in our case.

Did the study involve field work? Yes |:| No

Field work, collection and transport

Field conditions Our study focused on drylands, areas where rainfall is < 65% of the evaporative demand51. We surveyed 98 dryland sites located in
25 countries from six continents (Algeria, Argentina, Australia, Botswana, Brazil, Canada, Chile, China, Ecuador, Hungary, Iran, Israel,
Kazakhstan, Kenya, Mexico, Mongolia, Namibia, Niger, Palestine, Peru, Portugal, South Africa, Spain, Tunisia, and the United States of
America). Aridity ranged between 0.48 (wettest) to 0.99 (driest) across the surveyed drylands. This aridity range corresponds to a
gradient of mean annual precipitation between 891 and 29 mm/yr, and to a gradient of mean annual temperature between -1.2 and
29.2°C. Our survey also captured most of the variation in grazing pressure that can be found across dryland rangelands worldwide6.

Location (Algeria, Argentina, Australia, Botswana, Brazil, Canada, Chile, China, Ecuador, Hungary, Iran, Israel, Kazakhstan, Kenya, Mexico,
Mongolia, Namibia, Niger, Palestine, Peru, Portugal, South Africa, Spain, Tunisia, and the United States of America)

Access & import/export  These shipments were carried out according to national and international regulations; exporting permits were obtained for each
country (when required) and importing permits to Spain were obtained for every shipment by the Spanish Ministry of Agriculture,
Fisheries and Food.

Disturbance The sampling did not involved any distruibance

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.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |Z |:| ChIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
Clinical data
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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:
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Yes

[ ] Public health

|:| National security

|:| Crops and/or livestock

|:| Ecosystems
[] Any other significant area
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Demonstrate how to render a vaccine ineffective

Confer resistance to therapeutically useful antibiotics or antiviral agents
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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

Any other potentially harmful combination of experiments and agents

Plants

Seed stocks We samples leaves from plants in the fields. We measured plant height, i.e. the height of the selected individual from the ground to
the highest leaves belonging to the vegetative part of the plant; and the lateral spread using two perpendicular measurements of
plant width. On the same individual, we then sampled mature and undamaged leaves at the top of the plant to ensure a

Novel plant genotypes Hévelopment under full-light conditions (sampled leaf surface was always > 2 cm?).

Authentication NA






