[bookmark: _GoBack]Gastauer et al. XXXX.
Integrating environmental variables by multivariate ordination enables the reliable estimation of mineland rehabilitation status. Journal of Environmental Management, XXX, XXX_XXX.

Supplementary Material 1
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Observed (markers), interpolated (continuous lines) and extrapolated species richness (dashed lines) for the woody (A) and the herbaceous community (B) from rehabilitating study sites surveyed in the Urucum Massif, Mato Grosso do Sul, Brazil.


Supplementary Material 2 
Methodological details to obtain environmental variables
Field surveys
In each 10x10m plot, two different soil samples were collected. For that, litter layers were removed from five evenly distributed sampling points in each plot. For metagenomics analysis, superficial soil samples (depth 0-2 cm) were mixed and stored in a fridge until arrival at the laboratory, where they were transferred to a freezer (-80° C). For the determination of organic carbon contents and the determination of biochemical soil attributes, a 10x10x10 cm block was removed from each sampling point with a hoe and mixed, before about 1 kg of the mixture was stored in a plastic bag and cooled until analysis.
Additionally, two vegetation surveys were carried out in each plot. First, all shrubs (woody community) within plots with a diameter at soil level equal to or larger than 3 cm were tagged and identified to species level. Second, herbaceous vegetation was sampled in four subplots of 1x1m situated at the vertices of each 10x10m plot. All species within subplots were identified to species level. Additionally, the vegetation cover was estimated as the horizontal projection of vegetation on the soil surface. 
Species not recognized during field campaign were collected and identified by consultation of herbarium material. From these sampling, we retrieved different variables regarding ecological processes, vegetation structure, and diversity of reinstated communities to estimate the status of environmental rehabilitation for the seven rehabilitating sites. 

Biochemical soil attributes
[bookmark: __Fieldmark__590_2580851028][bookmark: __Fieldmark__269_3437287712][bookmark: __Fieldmark__2756_2885770120][bookmark: __Fieldmark__9629_2364063745][bookmark: __Fieldmark__613_2580851028][bookmark: __Fieldmark__284_3437287712][bookmark: __Fieldmark__2771_2885770120][bookmark: __Fieldmark__9645_2364063745][bookmark: __Fieldmark__628_2580851028][bookmark: __Fieldmark__295_3437287712][bookmark: __Fieldmark__2778_2885770120][bookmark: __Fieldmark__9658_2364063745][bookmark: __Fieldmark__643_2580851028][bookmark: __Fieldmark__306_3437287712][bookmark: __Fieldmark__2785_2885770120][bookmark: __Fieldmark__9664_2364063745][bookmark: __Fieldmark__662_2580851028][bookmark: __Fieldmark__317_3437287712][bookmark: __Fieldmark__2796_2885770120][bookmark: __Fieldmark__9686_2364063745][bookmark: __Fieldmark__677_2580851028][bookmark: __Fieldmark__328_3437287712][bookmark: __Fieldmark__2803_2885770120][bookmark: __Fieldmark__9695_2364063745][bookmark: __Fieldmark__696_2580851028][bookmark: __Fieldmark__339_3437287712][bookmark: __Fieldmark__2812_2885770120][bookmark: __Fieldmark__9709_2364063745]Soil organic carbon content (Corg) was determined by the potassium dichromate (K2Cr2O7) method (Silva 2009). Soil basal respiration (Respiration) was estimated by CO2 release from soil samples incubated with 0.05 mol L-1 NaOH for three days (Alef & Nannipieri 1995). Carbon (C-BM) and microbial nitrogen biomass (N-BM) were determined by the fumigation-extraction method (Vance et al. 1987). The metabolic quotient (qCO2) was obtained by the ratio between basal respiration and microbial biomass carbon (Anderson & Domsch 1993). Two glomalin fractions, easily extractable (EEG) and total glomalin (TG), were quantified (Wright & Upadhyaya 1998). The urease activity was quantified by the amount of ammonia released after incubation of the soil with a urea solution for 2 h at 37°C (Tabatabai & Bremner 1972). The activity of the phosphatase, β-glucosidase, and the hydrolysis of the fluorescein diacetate (FDA) were quantified by spectrophotometry with a wavelength of 490 and 410 nm (Dick et al. 1996). 

Variables from vegetation surveys
For measures of vegetation structure, tree density was the number of sampled trees per plot. Basal area is the sum of basal area of all trees and shrubs within each plot. Vegetation cover is the mean cover value from all four 1x1m subplots (herbaceous community). 
[bookmark: __Fieldmark__713_2580851028][bookmark: __Fieldmark__352_3437287712][bookmark: __Fieldmark__2821_2885770120][bookmark: __Fieldmark__9724_2364063745]Dispersal syndromes and fruit characteristics (fleshy and dry) for each species were gathered from literature and by herbarium comparison. AGB was computed from basal areas of all trees and shrubs surveyed in the woody community following Chave et al. (2003).
[bookmark: __Fieldmark__733_2580851028][bookmark: __Fieldmark__368_3437287712][bookmark: __Fieldmark__2835_2885770120][bookmark: __Fieldmark__9759_2364063745][bookmark: __Fieldmark__748_2580851028][bookmark: __Fieldmark__379_3437287712][bookmark: __Fieldmark__2842_2885770120][bookmark: __Fieldmark__9764_2364063745][bookmark: __Fieldmark__765_2580851028][bookmark: __Fieldmark__390_3437287712][bookmark: __Fieldmark__2851_2885770120][bookmark: __Fieldmark__9774_2364063745]As surrogates for the diversity of restituted plant communities, we used observed species richness (S), Chao’s richness estimator (Chao, Colwell et al., 2012) and Faith’s index of phylogenetic diversity (PD, Faith, 1992) for woody, herbaceous and entire community. Observed species richness is the number of registered species per plot; for the entire community, we pooled species from the woody and the herbaceous community for each plot. To estimate true species richness, we divided each plot into 4 subplots of 5x5 m (woody community) or considered each 1x1 m subplot (herbaceous community) as an independent sample, before we computed Chao’s richness estimator using the ‘specpool’ function from the vegan package (Oksanen et al. 2017). For each plot, we additionally computed mean Sørensen dissimilarities (1-Sørensen similarity) to all nine reference plots as a measure for community composition (Dissimilarity).
[bookmark: __Fieldmark__803_2580851028][bookmark: __Fieldmark__427_3437287712][bookmark: __Fieldmark__2880_2885770120][bookmark: __Fieldmark__9804_2364063745][bookmark: __Fieldmark__818_2580851028][bookmark: __Fieldmark__438_3437287712][bookmark: __Fieldmark__2887_2885770120][bookmark: __Fieldmark__9809_2364063745]For the computation of phylogenetic diversity, all species sampled in this survey were inserted in the megatree R20160415.new using ComTreeOpt function (Gastauer et al., 2018a). The resulting community tree was dated using age estimates from Magallón et al. (2015). After that, phylogenetic diversity was computed for each 10x10m plot (woody community), pooling the four subplots from the herbaceous community together (herbaceous community) or to the 10x10m plot (entire community). 
[bookmark: __Fieldmark__846_2580851028][bookmark: __Fieldmark__451_3437287712][bookmark: __Fieldmark__2908_2885770120][bookmark: __Fieldmark__9838_2364063745][bookmark: __Fieldmark__861_2580851028][bookmark: __Fieldmark__462_3437287712][bookmark: __Fieldmark__2916_2885770120][bookmark: __Fieldmark__9853_2364063745][bookmark: __Fieldmark__884_2580851028][bookmark: __Fieldmark__473_3437287712][bookmark: __Fieldmark__2934_2885770120][bookmark: __Fieldmark__9861_2364063745]Furthermore, functional diversity was computed as functional richness (FRich), functional dispersion (FDis), functional evenness (FEve) as well as Rao’s quadratic entropy (RaoQ), as proposed by Mouchet et al. (2010). For that, we classified each species regarding life and growth form (Pérez-Harguindeguy et al. 2013), dispersion syndrome (zoochoric, anemochoric and autochoric species), fruit type (dry dehiscent, dry indehiscent, drupe, berry, pome, aggregate, and multiple fruits) and fruit size. Fruit sizes for species not found in fruiting stages during the field mission were gathered from herbarium exsiccates (VIC, MG, online FMNH collection), before fruits were categorized in a way that each category shows approximately the same number of species (very small: < 0.4 cm, small 0.4-1.0 cm, medium: 1.0-2.5 cm, large: 2.5-7 cm and very large: > 7cm). Then, indices of functional diversity were calculated using ‘dbFD’ function from FD package (Villéger et al. 2008).

Metagenomic analysis
[bookmark: __Fieldmark__923_2580851028][bookmark: __Fieldmark__493_3437287712][bookmark: __Fieldmark__2961_2885770120][bookmark: __Fieldmark__9905_2364063745]Additionally, richness (S-MO) and Shannon diversity (DIV-MO) of soil microorganisms derived from the metagenomic analysis were computed. For that, total DNA was extracted from 250 mg of superficial soil (depth 0-2 cm) from each plot using the PowerSoil DNA Isolation Kits (Mobio Laboratories, USA) following the manufacturer’s instructions. Shotgun metagenomic paired-end libraries were then constructed from 50 ng of pure DNA as described in Gastauer et al. (2019). The sequencing was performed in the NextSeq 500 Illumina platform, and the Illumina paired-end reads were assembled using MEGAHIT v1.1.236. Subsequently, taxonomic classification was performed on protein-coding sequences using Kaiju v.1.4.4 (running mode: greedy, with up to 5 substitutions; minimum match: 12; minimum match score: 70) (Menzel et al. 2016). As a reference database, we used the non-redundant NCBI BLAST protein sequences (access on December, 8th, 2016), containing 81M protein sequences from Bacteria, Archaea, and Viruses. From microorganisms identified up to the genus level, we computed per plot richness and Shannon diversity.
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[bookmark: __Fieldmark__1109_2580851028][bookmark: __Fieldmark__555_3437287712][bookmark: __Fieldmark__3115_2885770120][bookmark: __Fieldmark__10117_2364063745]Correlogram based on the Spearman correlation coefficient among all of the analyzed variables grouped by the attributes proposed by Ruiz-Jaen and Aide (2005). The larger the points are, the higher the correlation between both variables. Empty quadrats indicate that the correlation is not significant at p = 0.05. For abbreviations of the variables, see Table 1.
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Principal coordinate analysis of different subsets of environmental variables from non-rehabilitated (NR), rehabilitating (Reh) and reference study sites (Ref) from iron ore mines from Corumbá, Mato Grosso do Sul, Brazil. Red quadrats represent plots from non-rehabilitated sites, blue circles are plots from rehabilitating sites, and green diamonds represent reference sites covered by natural vegetation. 
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PERMANOVA results for significance levels between non-rehabilitated, rehabilitating and reference study sites by ordination via principal coordinate analysis.
	Variable set
	Df
	F-values
	R-values
	p-values

	Ecological processes
	2
	24.388
	0.575
	< 0.001

	Vegetation structure
	2
	31.481
	0.636
	< 0.001

	Diversity
	2
	52.755
	0.746
	< 0.001

	Entire variable set
	2
	34.652
	0.658
	< 0.001
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Influence of single variables on the outcomes of the estimation of rehabilitation status. Shown are the percent residual variances (lines) and the correlation coefficients (circles) fitting the complete estimation by the estimations computed from a smaller variable set. 
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Histogram of the estimated rehabilitation status and correlations between predictor variables and estimated rehabilitation status. Despite missing values between 1 and ~40 (vegetation cover) and 0.01 and ~0.08, the graphs show that the dependent variable is not truncated. For model numeration, please refer to Table 2 in the main text. 
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Correlations between predictor variables and residuals of both models (for the model denomination, please refer to Table 2 from the main text), indicating that no endogeneity is in the data structure.
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