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Appendix S2

Data curation. For each dataset, we removed the sites with less than two observed species, and the species with lower than three traits or trait groups. Trait data included ordered, categorical and continuous traits. Environmental variables were log-transformed (Log10) to approximate normality (except for e.g., temperature, pH and variables given as eigenvectors), and the environmental variables showing strong inter-correlations (pairwise rp < 0.7) were excluded from further analyses (Leathwick et al., 2006). The final set of environmental variables were standardized the environmental variables to µ = 0 and σ = 1. Spatial coordinates were converted to the World Geodetic System 1984 (WGS84) datum and geographic coordinate system and expressed in decimal degrees with an accuracy up to five decimals.

Partition of similarities. Traditionally, β-diversity has been measured by comparing the matching/mismatching components of pairs of communities (Legendre, 2014). For an occurrence-based β-diversity, these components are the number of features, e.g.  species, (a) shared by both communities, (b) present in the first community only, (c) present in the second community only and (d) absent in both communities but present elsewhere in the region. For an abundance-based β-diversity, we use the upper-case letter (A) to designate the sum of the abundances of the multiple features; (B) to represent the sum of abundances at the first community minus A; and (C) as the sum of abundances at the second community minus A. Therefore, the upper and lower-case components are analogous to each other and represent both the intersections and community-specific features of the studied sites. β-diversity can thus be calculated and partitioned into total, replacement, and richness differences components by applying some dissimilarity index (Baselga & Leprieur, 2015) such as Sørensen index (Sørensen, 1948) on occurrence data or equivalently the percentage differences index (Odum, 1950) on abundance data as shown in Table S1.
Table S1 Equations used for the estimation of total similarities and replacement and richness differences components using occurrence and abundance information.
	
	Ocurrence data
	Abundance data

	Total
	
	

	Replacement
	
	

	Richness differences
	
	



Boosted regression trees. BRT is a regression modelling technique able to fit nonlinear relationships between predictor and response variables, including interaction among variables by using a boosting strategy to combine results from a large number (usually thousands) of simple regression tree models (Friedman, 2001). Our BRT outputs included graphs of the shapes of relationships between predictors and the response variable (e.g., linear, curvilinear, and sigmoidal response shapes) and a relative importance of predictor variables. ﻿We also plotted a LOESS line on these plots to allow for easy visualization of the central tendency of the predicted values. Relative importance is constructed by counting the number of times a variable is selected for splitting in each tree, weighted by the squared improvement of the model because of each split, and averaged over all tree (Friedman, 2001; Elith et al., 2008; Hastie et al., 2009) .We performed a 50–50 cross-validation procedure and estimated the model performance () following Leathwick et al.(2006). 
While BRT can account for interactions by increasing the number of nodes (higher value in the tree complexity parameter), it does not directly provide information on the nature and magnitude of fitted interactions. Therefore, we used the function gbm.interaction that creates a temporary grid of variables representing combinations of values at fixed intervals along each of their ranges for each pair of predictors. Hence, predictions are formed on the linear predictor scale for the grid, while all other variables are set to their respective means. A linear model is used to relate these temporary predictions to the two marginal predictors, fitting the latter as factors. The residual variance in this linear model indicates the relative strength of interaction fitted by BRT, with a residual variance of zero indicating that no interaction effects are fitted (Elith et al., 2008).

Sensitivity analysis. 
Figure S2.1. Sensitivity analysis ran with 100%, 90%, 70%, 50% of the data on taxonomic similarities along spatial gradients. The models were run with all the predictors, but only a few predictors are shown for simplicity. The figure shows that while the magnitude of the effect reduces with the subsets of data, main patterns are robust to differences in sample size.
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Figure S2.2. Sensitivity analysis ran with 100%, 90%, 70%, 50% of the data on functional similarities along spatial gradients. The models were run with all the predictors, but only a few predictors are shown for simplicity. The figure shows that while the magnitude of the effect reduces with the subsets of data, main patterns are robust to differences in sample size.
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