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Extended Data Fig. 3 | Presence of grazers modulates the trait space of 
global dryland rangelands. We show how trait covariation changes with 
increasing grazing pressure using Principal Component analysis (High Grazing 
n = 382; Medium Grazing n = 410; Low Grazing n = 389; Ungrazed n = 166). The 
arrow length is proportional to the loadings of the traits considered. In a-i, five 

principal components were significantly selected in low, medium, and high 
grazing pressures. In j-k, four principal components were significantly 
selected in ungrazed plots. See Extended Data Fig. 1 for trait abbreviations and 
Supplementary Table 6 for detailed results. Low = low grazing pressure, Med = 
medium grazing pressure, and High = high grazing pressure.



Extended Data Fig. 4 | Representation of the trait hypervolume before and 
after crossing the ~ 0.7 aridity threshold. We show the 2D projection of the 
hypervolume for each pair of PCA dimensions shown in Extended Data Fig. 1 
(n-dimensions = 5, from PC1 to PC5). Colored dots represent the locations of 

each measured species within the trait space. The blue and the red large bright 
dots represented 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 
confidence intervals of the hypervolume before and after this aridity value.
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Extended Data Fig. 5 | Response of elemental concentration in soils (the soil 
elementome) to aridity. Soil elements covary across the 326 sampled plots 
along a unique Principal Component axis (PC1) that account for 65.8 % of soil 
total variation (see Methods). a shows responses of the soil elementome, 
illustrated using the soil PC 1, to aridity. PC1 shows a quadratic response to 
aridity with non-linear decrease occurring only in the most arid areas, i.e., 
those with aridity values > 0.8. Grazing did not modify this response. b shows 
how the soil elementome responded to aridity using a sliding windows analysis 
(see methods). We first ordered the 326 plots according to their aridity level. 

We then defined an aridity window that represented 10% of the global aridity 
gradient and selected all plots within this aridity range (n > 30 plots in each 
window). We finally examined how the bootstrapped covariation of soil elements 
across plots changed as aridity increased. We found that aridity further increased 
the covariation of soil elements in the most arid rangelands surveyed. See 
Supplementary Table 7 for detailed results of model selections evaluating the 
response of the soil elementome to aridity. Error band shows the 0.95 confidence 
interval in a and b.



Extended Data Fig. 6 | Global decrease in plant cover driven by aridity and 
grazing. a shows the 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 
dotted line. Aridity and grazing were the main drivers of plant cover. b illustrates 
the effects of aridity on plant cover. Vertical dashed and dotted lines represent 
the mean location of the threshold and its 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 Grazing n = 88; 
Ungrazed n = 43). Data are represented as boxplots where the middle line is the 

median, the lower and upper hinges correspond to the first and third quartiles, 
the upper and lower lines show the 0.95 confidence interval. Data beyond the 
confidence interval are outlying points that are plotted individually. We tested 
whether different grazing pressure levels showed significant differences using 
a generalized least squares model (p < 0.001). Letters show results of a post- 
hoc test based on bootstrapped pairwise comparisons between grazing 
pressure levels. Different letters indicate significant differences among 
grazing pressure levels. Plant cover decreased non-linearly at aridity ~0.7 and 
was the lowest under high grazing pressure.
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Extended Data Fig. 7 | Plant cover mediates the effect of aridity and grazing 
pressure on trait diversity across global dryland rangelands. a-b show the 
response of trait diversity (hypervolume and trait covariation respectively)  
to plant cover using a sliding window procedure (see Methods). Increasing 
plant cover decreased hypervolume and increased trait covariations, with a 

significant threshold value occurring at a plant cover value close to 50% ± CI 
(vertical dashed lines, the dotted lines show its 0.95 percentile Confidence 
Interval, CI). See Supplementary Table 8 for detailed results of model selection 
evaluating the response of the plant elementome to plant cover. Error band 
shows the 0.95 confidence interval in a and b.












