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Supplementary Tables 

Supplementary Table 1 | Statistical summary tables from multiple linear regression models used for beta diversity in 
relation to the Human Footprint Index and its components while also considering environmental variables (principal 
components). Type III tests were used to estimate the two-sided significance of each independent variable, n = 116 
regions. Before each model output, information is provided about the spatial range of human influence that produced the 
best model according to the Akaike Information Criterion (the smallest scale where delta AIC < 2). Variance Inflation 
Factors and model R² values are shown. 

Beta diversity - Human Footprint Index 
Human impact had significant effects (p < 0.05) at scales 50, 100, 200, 300, 400 km 
Delta AIC values across scales: 
      10 km: 14.5, 50 km: 7.4, 100 km: 1.2, 200 km: 0, 300 km: 1.7, 400 km: 2.6 
The best model (the smallest scale where delta AIC < 2) was from the scale of 100 km 
Max VIF value for the best model: 1.78 
R² of the best model: 0.21 
                                Sum Sq  Df F value Pr(>F)      St.coef 
PC1                               0.20   1    3.78  0.054         0.17 
PC2                               0.00   1    0.00  0.963         0.00 
PC3                               0.04   1    0.71  0.400        -0.07 
PC4                               0.06   1    1.05  0.308         0.10 
Human Footprint Index             0.93   1   17.34 <0.001         0.47 
Residuals                         5.92 110                             
 
Beta diversity - Human population 
Human impact had significant (p < 0.05) effects at all studied scales 
Delta AIC values across scales: 
      10 km: 9.9, 50 km: 5, 100 km: 2.8, 200 km: 1.9, 300 km: 1.5, 400 km: 0 
The best model (the smallest scale where delta AIC < 2) was from the scale of 200 km 
Max VIF value for the best model: 1.45 
R² of the best model: 0.18 
                                Sum Sq   Df F value Pr(>F)      St.coef 
PC1                               0.09   1    1.57  0.213         0.11 
PC2                               0.06   1    1.07  0.304         0.10 
PC3                               0.01   1    0.24  0.622         0.04 
PC4                               0.00   1    0.01  0.929         0.01 
Human population                  0.70   1   12.48  0.001         0.37 
Residuals                         6.15 110                             
 
Beta diversity - Electric infrastructure            
Human impact had significant effects (p < 0.05) at scales 100, 200, 300, 400 km 
Delta AIC values across scales: 
      10 km: 9.5, 50 km: 8.1, 100 km: 5.4, 200 km: 3.4, 300 km: 1.6, 400 km: 0 
The best model (the smallest scale where delta AIC < 2) was from the scale of 300 km 
Max VIF value for the best model: 1.41 
R² of the best model: 0.15 
                                Sum Sq  Df F value Pr(>F)      St.coef 
PC1                               0.04   1    0.62  0.432         0.07 
PC2                               0.07   1    1.21  0.273         0.11 
PC3                               0.00   1    0.00  0.978         0.00 
PC4                               0.02   1    0.36  0.552        -0.05 
Electric infrastructure           0.46   1    7.86  0.006         0.29 
Residuals                         6.36 109                             
 
Beta diversity - Railways                           
Human impact had significant effects (p < 0.05) at scales 50, 100, 200, 300, 400 km 
Delta AIC values across scales: 
      10 km: 18.1, 50 km: 7.4, 100 km: 0, 200 km: 3.1, 300 km: 4.9, 400 km: 6.2 
The best model (the smallest scale where delta AIC < 2) was from the scale of 100 km 
Max VIF value for the best model: 1.33 
R² of the best model: 0.24 
                                Sum Sq  Df F value Pr(>F)      St.coef 
PC1                               0.05   1    0.98  0.325         0.08 
PC2                               0.08   1    1.55  0.216         0.11 
PC3                               0.07   1    1.36  0.245        -0.10 
PC4                               0.04   1    0.70  0.404         0.08 
Railways                          1.18   1   22.99 <0.001         0.46 
Residuals                         5.67 110                             
 
Beta diversity - Roads                              

Human impact had significant (p < 0.05) effects at all studied scales 
Delta AIC values across scales: 
      10 km: 9, 50 km: 2, 100 km: 0, 200 km: 0.8, 300 km: 1.2, 400 km: 1.6 
The best model (the smallest scale where delta AIC < 2) was from the scale of 100 km 
Max VIF value for the best model: 1.73 
R² of the best model: 0.19 
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                                Sum Sq  Df F value Pr(>F)      St.coef 
PC1                               0.05   1    0.89  0.349         0.08 
PC2                               0.00   1    0.01  0.924         0.01 
PC3                               0.10   1    1.90  0.171        -0.12 
PC4                               0.02   1    0.38  0.537         0.06 
Roads                             0.84   1   15.32 <0.001         0.44 
Residuals                         6.01 110                             
 
Beta diversity - Navigable waterways                
Human impact had significant effects (p < 0.05) at scales 50, 300 km 
Delta AIC values across scales: 
      10 km: 3.1, 50 km: 0, 100 km: 3, 200 km: 1.1, 300 km: 0.1, 400 km: 2.7 
The best model (the smallest scale where delta AIC < 2) was from the scale of 50 km 
Max VIF value for the best model: 1.2 
R² of the best model: 0.12 
                                Sum Sq  Df F value Pr(>F)      St.coef 
PC1                               0.28   1    4.69  0.032         0.21 
PC2                               0.41   1    6.91  0.010         0.24 
PC3                               0.00   1    0.00  0.960        -0.00 
PC4                               0.09   1    1.51  0.222        -0.11 
Navigable waterways               0.29   1    4.83  0.030        -0.22 
Residuals                         6.56 110                             
 
Beta diversity - Built environment                  
Human impact had significant effects (p < 0.05) at scales 100, 200, 300, 400 km 
Delta AIC values across scales: 
      10 km: 9.7, 50 km: 8.2, 100 km: 4.3, 200 km: 2.2, 300 km: 0.8, 400 km: 0 
The best model (the smallest scale where delta AIC < 2) was from the scale of 300 km 
Max VIF value for the best model: 1.38 
R² of the best model: 0.16 
                                Sum Sq  Df F value Pr(>F)      St.coef 
PC1                               0.06   1    1.04  0.309         0.09 
PC2                               0.09   1    1.57  0.213         0.12 
PC3                               0.00   1    0.05  0.819        -0.02 
PC4                               0.00   1    0.03  0.854         0.02 
Built environment                 0.61   1   10.82  0.001         0.34 
Residuals                         6.24 110                             
 
Beta diversity - Pasture                            
Human impact had significant effects (p < 0.05) at scales 50, 100, 200, 300, 400 km 
Delta AIC values across scales: 
      10 km: 5.7, 50 km: 3.6, 100 km: 2.4, 200 km: 1.1, 300 km: 0.5, 400 km: 0 
The best model (the smallest scale where delta AIC < 2) was from the scale of 200 km 
Max VIF value for the best model: 1.49 
R² of the best model: 0.14 
                                Sum Sq  Df F value Pr(>F)      St.coef 
PC1                               0.00   1    0.01  0.935        -0.01 
PC2                               0.44   1    7.54  0.007         0.24 
PC3                               0.03   1    0.47  0.493        -0.06 
PC4                               0.00   1    0.01  0.909        -0.01 
Pasture                           0.45   1    7.66  0.007        -0.30 
Residuals                         6.40 110                             
 
Beta diversity - Cropland                           
Human impact had significant effects (p < 0.05) at scales 50, 100, 200, 300, 400 km 
Delta AIC values across scales: 
      10 km: 21.5, 50 km: 12.9, 100 km: 4.9, 200 km: 0, 300 km: 5, 400 km: 7.4 
The best model (the smallest scale where delta AIC < 2) was from the scale of 200 km 
Max VIF value for the best model: 1.84 
R² of the best model: 0.25 
                                Sum Sq   Df F value Pr(>F)      St.coef 
PC1                               0.44   1    8.64  0.004         0.25 
PC2                               0.06   1    1.20  0.275         0.10 
PC3                               0.03   1    0.51  0.479        -0.06 
PC4                               0.21   1    4.11  0.045         0.21 
Cropland                          1.23   1   24.14 <0.001         0.55 
Residuals                         5.62 110   
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Supplementary Table 2 | List of all sample regions with information about their location, forest percentage, number of 
sampled sites and whether all vascular plant species were recorded or just woody species.  

Code Latitude Longitude Ecoregion Continent 
Forest 
percent 

Number 
of sites 

Recorded 
plant 
species 

D001 -24.8 147.77 Brigalow tropical savanna Australia 87 30 all 

D003 -29.21 145.08 Eastern Australia mulga shrublands Australia 51 59 all 

D004 -30.35 150.91 Eastern Australian temperate forests Australia 83 77 all 

D007 -30.02 151.92 Eastern Australian temperate forests Australia 81 58 all 

D009 39.76 -0.52 
Northeastern Spain and Southern France Mediterranean 
forests Europe 0 31 all 

D010 47.06 19.3 Pannonian mixed forests Europe 0 32 all 

D016 40.18 -3.61 Iberian sclerophyllous and semi-deciduous forests Europe 16 31 all 

D017 43.16 -4.79 Cantabrian mixed forests Europe 35 31 all 

D018 58.23 26.4 Sarmatic mixed forests Europe 57 93 all 

D019 69 20.97 Scandinavian Montane Birch forest and grasslands Europe 0 31 all 

D020 43.84 11.79 Appenine deciduous montane forests Europe 97 30 all 

D022 -22.37 -48.49 Cerrado South America 22 32 all 

D026 37.77 15.05 South Appenine mixed montane forests Europe 69 64 all 

D030 51.38 4.43 Atlantic mixed forests Europe 53 38 all 

D031 68.39 18.67 Scandinavian Montane Birch forest and grasslands Europe 23 30 all 

D032 78.68 16.61 Arctic desert Europe 0 37 all 

D033 48.9 13.84 Western European broadleaf forests Europe 61 31 all 

D037 33.67 101.88 Southeast Tibet shrublands and meadows Asia 0 46 all 

D038 50.77 -120.43 Okanagan dry forests North America 0 62 all 

D039 50.89 -111.93 Northern short grasslands North America 3 34 all 

D040 53.09 -111.56 Canadian Aspen forests and parklands North America 12 33 all 

D047 -29.91 115.27 Southwest Australia savanna Australia 0 88 all 

D051 -31.13 -64.35 Dry Chaco South America 41 51 all 

D054 47.41 -79.8 Eastern forest-boreal transition North America 100 31 all 

D055 43.09 106.88 Eastern Gobi desert steppe Asia 0 62 all 

D056 -20.87 17.9 Kalahari xeric savanna Africa 0 31 all 

D058 -0.06 114.01 Borneo lowland rain forests Asia 100 37 woody 

D060 38.5 27.46 Anatolian conifer and deciduous mixed forests Asia 100 33 all 

D061 47.54 20.95 Pannonian mixed forests Europe 0 31 all 

D062 47.19 21.5 Pannonian mixed forests Europe 0 31 all 

D063 47.53 21.95 Pannonian mixed forests Europe 8 36 all 

D064 46.53 19.5 Pannonian mixed forests Europe 0 31 all 

D067 69.28 -53.45 Kalaallit Nunaat low arctic tundra North America 0 91 all 

D068 43.45 41.69 Caucasus mixed forests Europe 25 88 all 

D072 58.31 22.2 Sarmatic mixed forests Europe 53 60 all 

D076 36.92 -2.67 Iberian conifer forests Europe 0 31 all 

D077 39.34 -4.41 Iberian sclerophyllous and semi-deciduous forests Europe 46 37 all 

D081 36.69 58.6 Central Persian desert basins Asia 0 31 all 

D084 48.67 14.63 Western European broadleaf forests Europe 71 93 all 

D085 40.29 -8.41 
Southwest Iberian Mediterranean sclerophyllous and mixed 
forests Europe 46 35 all 

D086 48.85 15.87 Central European mixed forests Europe 90 31 all 
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D087 6.17 10.45 Cameroonian Highlands forests Africa 100 122 woody 

D088 47.7 -83.62 Eastern forest-boreal transition North America 89 35 all 

D089 46.48 -83.88 Eastern forest-boreal transition North America 100 46 all 

D090 36.46 102.36 Southeast Tibet shrublands and meadows Asia 0 30 all 

D091 -18.61 146.49 Queensland tropical rain forests Australia 100 33 all 

D092 34.93 -85.38 Appalachian mixed mesophytic forests North America 84 43 all 

D093 50.75 15.52 Western European broadleaf forests Europe 40 94 all 

D094 50.59 14.69 Western European broadleaf forests Europe 96 93 all 

D095 46.57 9.77 Alps conifer and mixed forests Europe 39 31 all 

D096 49.84 11.34 Western European broadleaf forests Europe 45 31 all 

D097 -51.45 -69.33 Patagonian steppe South America 0 31 all 

D098 41.31 -4.19 Iberian sclerophyllous and semi-deciduous forests Europe 84 31 all 

D099 4.83 -75.37 Northern Andean páramo South America 2 64 all 

D100 36.82 -2.23 Southeastern Iberian shrubs and woodlands Europe 0 93 all 

D103 44.31 10.26 Appenine deciduous montane forests Europe 78 32 all 

D104 46.36 10.49 Alps conifer and mixed forests Europe 23 31 all 

D106 53.3 13.78 Baltic mixed forests Europe 35 37 all 

D107 36.22 28.09 
Aegean and Western Turkey sclerophyllous and mixed 
forests Europe 31 39 all 

D108 -38.39 144.15 Southeast Australia temperate forests Australia 100 33 all 

D109 44.76 -0.38 Atlantic mixed forests Europe 89 89 all 

D110 54.13 12.34 Baltic mixed forests Europe 39 41 all 

D112 45.29 6.95 Alps conifer and mixed forests Europe 66 32 all 

D113 28.7 -17.83 Canary Islands dry woodlands and forests Africa 62 92 all 

D117 50.84 4.67 Atlantic mixed forests Europe 55 67 all 

D118 45.45 32.58 Pontic steppe Europe 0 32 all 

D119 48.18 25.47 Carpathian montane forests Europe 56 34 all 

D121 42.57 23.21 Rodope montane mixed forests Europe 74 31 all 

D122 48.24 16.2 Pannonian mixed forests Europe 78 32 all 

D123 45.89 8.79 Alps conifer and mixed forests Europe 87 47 all 

D124 40.4 69.68 Gissaro-Alai open woodlands Asia 0 31 all 

D125 38.7 70.47 Gissaro-Alai open woodlands Asia 0 31 all 

D126 38.86 71.35 Gissaro-Alai open woodlands Asia 0 31 all 

D127 37.66 72.52 Pamir alpine desert and tundra Asia 0 31 all 

D128 37.54 72.93 Pamir alpine desert and tundra Asia 0 31 all 

D129 50.49 17.31 Central European mixed forests Europe 0 31 all 

D130 44.68 -109.02 Wyoming Basin shrub steppe North America 0 61 all 

D131 51.5 11.92 Central European mixed forests Europe 59 32 all 

D132 50.99 5.59 Atlantic mixed forests Europe 50 72 all 

D136 67.62 33.67 Scandinavian and Russian taiga Europe 66 95 all 

D137 -35.7 143.63 Southeast Australia temperate savanna Australia 22 32 all 

D138 45.54 12.75 Po Basin mixed forests Europe 45 31 all 

D139 39.09 8.87 Tyrrhenian-Adriatic Sclerophyllous and mixed forests Europe 84 31 all 

D140 48.49 -2.35 Atlantic mixed forests Europe 1 88 all 

D141 39.37 -1.5 Iberian sclerophyllous and semi-deciduous forests Europe 53 38 all 

D143 56.52 16.51 Sarmatic mixed forests Europe 3 31 all 

D145 42.71 -1.21 Pyrenees conifer and mixed forests Europe 44 93 all 
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D146 43.03 -2.79 Cantabrian mixed forests Europe 43 53 all 

D147 36.2 -6.08 
Southwest Iberian Mediterranean sclerophyllous and mixed 
forests Europe 25 36 all 

D149 46.99 142.81 Sakhalin Island taiga Asia 72 46 all 

D150 40.7 -3.88 Iberian sclerophyllous and semi-deciduous forests Europe 35 31 all 

D153 45.27 11.7 Po Basin mixed forests Europe 52 31 all 

D154 52.99 9.84 Atlantic mixed forests Europe 81 31 all 

D155 55.79 52.3 Sarmatic mixed forests Europe 85 62 all 

D156 -23.05 -48.64 Cerrado South America 100 32 woody 

D157 42.12 1.41 Pyrenees conifer and mixed forests Europe 53 36 all 

D158 48.4 9.42 Western European broadleaf forests Europe 63 49 all 

D160 42.7 0.79 Pyrenees conifer and mixed forests Europe 23 62 all 

D161 47.96 5.05 Western European broadleaf forests Europe 100 33 all 

D163 57.59 10.16 Baltic mixed forests Europe 23 35 all 

D166 58.93 17.12 Sarmatic mixed forests Europe 48 31 all 

D168 30.14 51.55 Zagros Mountains forest steppe Asia 0 51 all 

D169 61.17 -45.39 Kalaallit Nunaat low arctic tundra North America 0 31 all 

D171 40.87 38.13 Euxine-Colchic broadleaf forests Asia 87 31 all 

D173 36.78 59.46 Kopet Dag woodlands and forest steppe Asia 0 31 all 

D176 33.59 75.5 Western Himalayan broadleaf forests Asia 47 62 all 

D182 60.69 5.09 Scandinavian coastal conifer forests Europe 59 58 all 

D184 54.05 53.35 East European forest steppe Europe 3 31 all 

D185 39.99 115.44 Central China loess plateau mixed forests Asia 3 31 all 

D186 48.49 19.21 Pannonian mixed forests Europe 81 31 all 

D190 53.88 23.34 Central European mixed forests Europe 59 32 all 

D191 61.02 8.15 Scandinavian Montane Birch forest and grasslands Europe 0 31 all 

D192 60.95 6.49 Scandinavian Montane Birch forest and grasslands Europe 3 31 all 

D193 -30.16 17.54 Succulent Karoo Africa 0 71 all 

D194 47.05 33.62 Pontic steppe Europe 0 35 all 

D196 36.85 50.45 Caspian Hyrcanian mixed forests Asia 0 31 all 

D199 39.83 110.34 Ordos Plateau steppe Asia 0 91 all 

D200 44.54 123.37 Mongolian-Manchurian grassland Asia 0 32 all 

D201 42.61 0.02 Pyrenees conifer and mixed forests Europe 26 31 all 
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Supplementary Methods 

 

Species Distribution Modelling. We explored how suitability of absent species might be estimated using an alternative 
technique – Joint Species Distribution Modelling (JSDM)1. For this we only used species co-occurrences and no 
environmental data, which was not uniformly available at the sample scale (100 m²). We used the R package Hmsc2 with 
the environmental favourability function3 and the following parameters: nChains = 3, thin = 10, transient = 10. We used 30 
sites in each region to maintain constant sampling intensity.  

We found that, for this particular data set, the hypergeometric method outperformed the JSDM approach in the two 
independent tests. In contrast to the hypergeometric method (Extended Data Figure 2), JSDM did not record higher 
suitability for absent species found in the vicinity of a site (two-sided t-test: t114 = 1.4, P = 0.173, n = 115 regions), or those 
assessed as suitable for the site by experts (two-sided t75 = 1.5, P = 0.132, n=76 regions), when compared with the 
remaining absent species. 

 

Testing the robustness of the relationship between community completeness and the Human Footprint Index. We 
performed a series of robustness tests. 

(1) Interactions between the Human Footprint Index and environmental principal components in models of community 
completeness. To test whether the effect of the Human Footprint Index is modified by an interaction with an 
environmental axis, we examined the AIC of models incorporating these interactions. Models with interactions did not 
have Akaike Information Criterion values 2 units lower than the AIC value from the model without interactions (111.8 vs. 
111.2, 113.1, 112.1, 113.8). Consequently, interactions did not improve the model, nor was any interaction significant. 
 

Human impact had significant effects (p < 0.05) at scales 50, 100, 200, 300, 400 km 
Delta AIC values across scales: 
      10 km: 11.7, 50 km: 6.9, 100 km: 2.6, 200 km: 0, 300 km: 0, 400 km: 0.8 
The best model (the smallest scale where delta AIC < 2) was from the scale of 200 km 
R² of the best model: 0.31 
                                Sum Sq  Df F value Pr(>F)      St.coef 
PC1                               0.00   1    0.01  0.905        -0.45 
PC2                               0.04   1    0.27  0.604        -0.00 
PC3                               0.47   1    3.28  0.073        -0.10 
PC4                               0.09   1    0.63  0.428        -0.15 
Human Footprint Index             1.81   1   12.69  0.001        -0.43 
PC1:Human Footprint Index         0.56   1    3.91  0.051        -0.19 
PC2:Human Footprint Index         0.03   1    0.21  0.650        -0.04 
PC3:Human Footprint Index         0.26   1    1.84  0.178         0.13 
PC4:Human Footprint Index         0.01   1    0.06  0.803         0.02 
Residuals                        15.13 106 

 

(2) Direct and indirect effects of human impact on community completeness. Since beta diversity is expected to be 
correlated with human influence but might also affect community completeness, we examined the direct and indirect 
effects of the Human Footprint Index on community completeness using Structural Equation Modelling (SEM) from the R 
package lavaan4, n = 116 regions. In our model, environmental variables (the four principal components derived from 
environmental data) potentially affected the Human Footprint Index, beta diversity and community completeness. The 
Human Footprint Index and beta diversity were allowed to covary, and both potentially affected community completeness. 
Model performance was assessed through the Comparative Fit Index (CFI), the Root Mean Square Error of Approximation 
(RMSEA) and the Standardised Root Mean Square Residual (SRMR). 

Structural Equation Modelling, where the Human Footprint Index and beta diversity, defined as covarying, potentially 
influenced community completeness, confirmed that the direct link from human influence remained significant. The model 
performed well (CFI = 1.0, RMSEA < 0.001, SRMR < 0.001) and described 44% of variation of community completeness. 

 
Regressions: 
                      Estimate  Std.Err  z-value  P(>|z|)   Std.lv  Std.all 
  Comm.completeness ~                                                       
    PC1                 -0.070    0.020   -3.547   <0.001   -0.070   -0.249 
    PC2                 -0.023    0.033   -0.686    0.493   -0.023   -0.056 
    PC3                 -0.052    0.027   -1.959    0.050   -0.052   -0.136 
    PC4                 -0.056    0.041   -1.382    0.167   -0.056   -0.108 
    Beta.diversity      -0.780    0.133   -5.873   <0.001   -0.780   -0.456 
    Human.Footprnt      -0.023    0.010   -2.301    0.021   -0.023   -0.220 
  Human.Footprint ~                                                         
    PC1                  0.087    0.190    0.459    0.646    0.087    0.033 
    PC2                  1.829    0.278    6.591   <0.001    1.829    0.478 
    PC3                 -0.069    0.262   -0.264    0.792   -0.069   -0.019 
    PC4                 -1.962    0.355   -5.531   <0.001   -1.962   -0.399 
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  Beta.diversity ~                                                          
    PC1                  0.022    0.015    1.484    0.138    0.022    0.132 
    PC2                  0.055    0.021    2.581    0.010    0.055    0.231 
    PC3                 -0.012    0.020   -0.579    0.563   -0.012   -0.052 
    PC4                 -0.032    0.027   -1.182    0.237   -0.032   -0.105 
 
Covariances: 
                     Estimate  Std.Err  z-value  P(>|z|)   Std.lv  Std.all 
 .Human.Footprint ~~                                                       
   .Beta.diversity      0.280    0.076    3.676   <0.001    0.280    0.363 
 
Variances: 
                   Estimate  Std.Err  z-value  P(>|z|)   Std.lv  Std.all 
   .Comm.compltnss    0.105    0.014    7.616   <0.001    0.105    0.558 
   .Human.Footprnt   10.038    1.318    7.616   <0.001   10.038    0.604 
   .Beta.diversity    0.059    0.008    7.616   <0.001    0.059    0.917 
 
R-Square: 
                   Estimate 
    Comm.compltnss    0.442 
    Human.Footprnt    0.396 
    Beta.diversity    0.083 

 

(3) Sampling scale and replication in models relating community completeness to the Human Footprint Index. We 
repeated the analyses using community completeness calculated from 2500 m² or from regions where 60 sites were 
available to estimate species co-occurrence. Compared with the standard sampled area 100 m², which was replicated at 
least 30 times in each region, we had 1-3 replicates of 2500 m² areas and 26 regions where at least 60 sites were sampled. 
Therefore, the power of these analyses was lower, but comparison of the coefficients was still informative. 

Analyses using community completeness calculated from 2500 m² (n = 113 regions) showed similar results to those derived 
from sampling within 100 m². 

Human impact had significant effects (p < 0.05) at scales 50, 100, 200, 300, 400 km 
Delta AIC values across scales: 
      10 km: 20.3, 50 km: 19.2, 100 km: 15.6, 200 km: 5.5, 300 km: 2.3, 400 km: 0 
The best model (the smallest scale where delta AIC < 2) was from the scale of 400 km 
Max VIF value for the best model: 1.65 
R² of the best model: 0.27 
                                Sum Sq  Df F value Pr(>F)      St.coef 
PC1                               4.04   1    9.88  0.002        -0.26 
PC2                               0.45   1    1.10  0.296         0.10 
PC3                               0.22   1    0.54  0.462        -0.06 
PC4                               1.88   1    4.60  0.034        -0.20 
Human Footprint Index            10.20   1   24.97 <0.001        -0.53 
Residuals                        43.70 107                            
 

When community completeness was calculated from 60 sample sites (n = 27 regions), the main results remained 
significant: 

Human impact had significant effects (p < 0.05) at scales 200, 300, 400 km 
Delta AIC values across scales: 
      10 km: 14, 50 km: 13, 100 km: 10.1, 200 km: 4.7, 300 km: 2.7, 400 km: 0 
The best model (the smallest scale where delta AIC < 2) was from the scale of 400 km 
Max VIF value for the best model: 2.73 
R² of the best model: 0.54 
                                Sum Sq Df F value Pr(>F)      St.coef 
PC1                               0.83  1    3.33  0.083        -0.32 
PC2                               0.97  1    3.88  0.063         0.44 
PC3                               0.05  1    0.18  0.673        -0.07 
PC4                               0.30  1    1.20  0.287        -0.24 
Human Footprint Index             3.69  1   14.76  0.001        -0.96 
Residuals                         5.00 20       

 

(4) Excluding alien species from models relating community completeness to the Human Footprint Index. Alien and 
native species might exhibit contrasting diversity relationships. Our sampling targeted natural vegetation, and native 
species prevailed, but we nonetheless repeated the analyses excluding alien species from the biodiversity calculations. 
Without alien species the results were very similar: 
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Human impact had significant effects (p < 0.05) at scales 50, 100, 200, 300, 400 km 
Delta AIC values across scales: 
      10 km: 12.7, 50 km: 9.9, 100 km: 6.7, 200 km: 2.7, 300 km: 1.1, 400 km: 0 
The best model (the smallest scale where delta AIC < 2) was from the scale of 300 km 
Max VIF value for the best model: 1.66 
R² of the best model: 0.24 
                                Sum Sq  Df F value Pr(>F)      St.coef 
PC1                               1.62   1   10.59  0.002        -0.27 
PC2                               0.03   1    0.21  0.647        -0.04 
PC3                               0.17   1    1.14  0.288        -0.09 
PC4                               0.36   1    2.32  0.130        -0.14 
Human Footprint Index             2.35   1   15.29 <0.001        -0.42 
Residuals                        16.87 110  
  

(5) Excluding rare species from models relating community completeness to the Human Footprint Index. There is greater 
uncertainty in co-occurrence estimates involving very rare species. We therefore repeated our analyses excluding species 
found at only a single site within the region (ca 1/3 of species per region). This analysis omitting singletons gave similar 
results: 

Human impact had significant effects (p < 0.05) at scales 50, 100, 200, 300, 400 km 
Delta AIC values across scales: 
      10 km: 7.5, 50 km: 6.2, 100 km: 4.5, 200 km: 1.1, 300 km: 0, 400 km: 0.1 
The best model (the smallest scale where delta AIC < 2) was from the scale of 200 km 
Max VIF value for the best model: 1.75 
R² of the best model: 0.24 
                                Sum Sq  Df F value Pr(>F)      St.coef 
PC1                               2.34   1   15.45 <0.001        -0.33 
PC2                               0.17   1    1.11  0.295        -0.11 
PC3                               0.31   1    2.04  0.156        -0.12 
PC4                               0.29   1    1.94  0.167        -0.13 
Human Footprint Index             1.39   1    9.21  0.003        -0.33 
Residuals                        16.65 110       

 

(6) Analyses including three regions where only woody species were sampled (i.e, n = 119 regions in total), revealed a 
similar significant negative relationship between community completeness and the Human Footprint Index. 

Human impact had significant effects (p < 0.05) at scales 100, 200, 300, 400 km 
Delta AIC values across scales: 
      10 km: 10.4, 50 km: 8.7, 100 km: 5.8, 200 km: 2.7, 300 km: 1.2, 400 km: 0 
The best model (the smallest scale where delta AIC < 2) was from the scale of 300 km 
Max VIF value for the best model: 1.44 
R² of the best model: 0.29 
                                Sum Sq  Df F value Pr(>F)      St.coef 
PC1                               2.62   1   17.27 <0.001        -0.33 
PC2                               0.75   1    4.94  0.028        -0.19 
PC3                               0.46   1    3.05  0.084        -0.14 
PC4                               0.22   1    1.43  0.234        -0.11 
Human Footprint Index             1.72   1   11.33  0.001        -0.32 
Residuals                        17.12 113  

 

(7) Including forest cover in models relating community completeness to the Human Footprint Index. To examine 
whether the results were affected by the amount of forest among natural vegetation, a variable describing the percentage 
of forest habitat among sites in each region was included in the model. We found that forest percentage (logit 
transformed) did not influence the effect of human impact, but completeness values were slightly lower in more forested 
regions.  

Human impact had significant effects (p < 0.05) at scales 50, 100, 200, 300, 400 km 
Delta AIC values across scales: 
      10 km: 12.7, 50 km: 10.2, 100 km: 6.1, 200 km: 2.1, 300 km: 0.7, 400 km: 0 
The best model (the smallest scale where delta AIC < 2) was from the scale of 300 km 
Max VIF value for the best model: 1.67 
R² of the best model: 0.31 
                                Sum Sq  Df F value Pr(>F)      St.coef 
PC1                               0.90   1    6.55  0.012        -0.22 
PC2                               0.01   1    0.04  0.844         0.02 
PC3                               0.08   1    0.56  0.456        -0.06 
PC4                               0.35   1    2.58  0.111        -0.14 
Human Footprint Index             2.10   1   15.27 <0.001        -0.40 
Forest percentages                0.80   1    5.86  0.017        -0.23 
Residuals                        14.98 109   

 

(8) Considering geographically uneven sampling in models relating community completeness to the Human Footprint 
Index. We used three approaches.  
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(a) exploring the distribution of the slope of the relationship between community completeness and the Human Footprint 
Index – to determine whether it includes zero – when randomly selecting only a single region from all represented 
ecoregions5. Our samples originated from 64 ecoregions, and when we selected a single region from an ecoregion, the 
distribution of the slope between community completeness and the Human Footprint Index was always negative and 
excluded zero (median -0.02, min -0.03, max -0.01). 

(b) Including a continent factor (‘Europe’ or not) in the model to determine whether the relationship is modified by 
distinguishing the most frequently represented continent. The Human Footprint Index remained significant but slightly 
lower completeness values were found in Europe. 

Human impact had significant effects (p < 0.05) at scales 200, 300, 400 km 
Delta AIC values across scales: 
      10 km: 4.4, 50 km: 4.2, 100 km: 2.5, 200 km: 0.6, 300 km: 0.2, 400 km: 0 
The best model (the smallest scale where delta AIC < 2) was from the scale of 200 km 
Max VIF value for the best model: 2.23 
R² of the best model: 0.31 
                                Sum Sq  Df F value Pr(>F)      St.coef 
PC1                               0.92   1    6.66  0.011        -0.23 
PC2                               0.12   1    0.87  0.352        -0.09 
PC3                               0.25   1    1.84  0.178        -0.11 
PC4                               0.54   1    3.91  0.051        -0.18 
Human Footprint Index             0.73   1    5.28  0.024        -0.27 
Europe                            0.96   1    6.93  0.010        -0.56 
Residuals                        15.04 109    

 

(c) Analysing spatial autocorrelation of model residuals (spatial distances obtained using package sf6 and further 
calculations conducted with the function Moran.I in package ape7). Moran’s I for model residuals was 0.02, p = 0.257, 
indicating that the negative relationship between community completeness and the Human Footprint Index is globally 
consistent. 
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