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Appendix 2: performance of the four ENM techniques in the native range of C. 

introflexus, O. lineare and L. semiteres 

 

The models generated by each of the four techniques were calibrated with 70% of the 

data and their performance in the native range assessed with the remaining 30%. The 

procedure was replicated 10 times, randomly partitioning the data into a training set 

and a test set, respectively. The performance of each technique in the native range 

was assessed by the area under the ROC curve (AUC) (Fielding & Bell, 1997). Each 

technique returned high average AUC (Table S2), indicating their high predictive 

performance in the native range.  

 

Table A1. Mean value and standard deviation of the area under the ROC curve 

(AUC) for each of four techniques (GLM, GBM, RF and Maxent) employed to model 

the macroclimatic niche of the mosses Campylopus introflexus and Orthodontium 

lineare and the liverwort Lophocolea semiteres in their native range. The mean and 

standard deviation were computed from 10 replicates including each a random sample 

of 70% of the datapoints sampled in the native range. 

 

Background SPECIES AUC - mean AUC - SD 

Ecoregions Campylopus 0.843 0.099 

Biomes Campylopus 0.906 0.064 

Hemispheres Campylopus 0.960 0.029 

Ecoregions Lophocolea 0.869 0.084 

Biomes Lophocolea 0.938 0.043 

Hemispheres Lophocolea 0.974 0.019 



Ecoregions Orthodontium 0.859 0.094 

Biomes Orthodontium 0.962 0.029 

Hemispheres Orthodontium 0.985 0.012 

  

 

 



Appendix 3: performance of the consensus models of four ENM techniques in C. 

introflexus, O. lineare and L. semiteres in their native and invaded range 

 

For each species, consensus models of the four employed techniques were generated 

from either (i) all 40 replicates; (ii) only replicates with an AUC>0.8; (iii) only 

replicates with a true skill statistic (TSS) > 0.7; and (iv) the four models calibrated on 

the total number of observations in the native range. The contribution of each model 

to the final ensemble model was proportional to its goodness-of-fit statistics. The 

predictive performance of the consensus models in the native range was evaluated 

with the AUC. The performance of the different consensus models from the four 

employed techniques was high (AUC values from 0.89 to 0.99) in the native range, 

whatever the strategy employed to produce them (Table S3).  

The performance of the models in the invasion range, i.e., their capacity to predict 

invasions, was measured with the Boyce index. The consensus model built from the 

total number of available datapoints in the native range displayed a higher Boyce 

index than the ones built from the replicates including a random sample of 70% of the 

datapoints (Table S4), and was hence used for subsequent analyses.  

The models were projected into the invaded range in areas with analogous climates as 

defined by a MESS analyses, contrasting three different threshold (0, -10 and -20), 

and in the entire potential range under both analogous and non-analogous climates 

(MESS <-20).  

 

Table A2. Predictive performance of the consensus models of four ENMs used to 

model the macroclimatic niche of C. introflexus, O. lineare and L. semiteres in their 

native range. 10 replicates of random sampling of 70% of the data were run for each 



technique. The consensuses were built from either (i) the four techniques calibrated 

on the total number of available datapoints in the native range (A); (ii) all 40 

replicates (B); (iii) only replicates with an AUC>0.8 (C); and (iv) only replicates with 

a true skill statistic (TSS) > 0.7 (D). 

 

BACKGROUND SPECIES A B C D 

Ecoregions Campylopus 0.971 0.899 0.977 0.988 

Biomes Campylopus 0.979 0.951 0.944 0.998 

Hemispheres Campylopus 0.990 0.981 0.980 0.981 

Ecoregions Lophocolea 0.976 0.918 0.916 0.988 

Biomes Lophocolea 0.985 0.968 0.968 0.967 

Hemispheres Lophocolea 0.994 0.989 0.988 0.989 

Ecoregions Orthodontium 0.978 0.908 0.981 0.988 

Biomes Orthodontium 0.992 0.983 0.982 0.976 

Hemispheres Orthodontium 0.997 0.994 0.994 0.994 



Table A3. Predictive capacity to predict invasion (Boyce index) of the consensus models of four ENMs calibrated in the native range of C. 

introflexus, O. lineare and L. semiteres and projected in their invaded range. See Table S3 for the computation of the consensus models using 

four distinct strategies (A, B, C, D). The consensus models were projected into the potential invaded range under analogous climate conditions to 

those observed in the native range as defined by a MESS analysis with three different thresholds (0, -10 and -20) and under analogous+non-

analogous climate conditions (column No).  

 

Background  Species A B C D 

  No 0 -10 -20 No 0 -10 -20 No 0 -10 -20 No 0 -10 -20 

Ecoregions Campylopus 0.94 0.97 0.98 0.98 0.95 0.99 0.99 0.99 0.85 0.94 0.94 0.94 0.43 0.35 0.57 0.57 

Biomes Campylopus 0.78 0.70 0.61 0.61 0.77 0.81 0.72 0.72 0.76 0.82 0.72 0.71 0.82 0.60 0.75 0.74 

Hemispheres Campylopus 0.99 0.91 0.95 0.95 0.92 0.90 0.92 0.92 0.94 0.91 0.93 0.93 0.94 0.91 0.93 0.93 

Ecoregions Lophocolea 0.72 0.88 0.93 0.93 0.91 0.75 0.92 0.92 0.88 0.80 0.91 0.91 -0.56 0.49 0.34 0.34 

Biomes Lophocolea 0.91 0.91 0.91 0.91 0.89 0.89 0.89 0.89 0.88 0.87 0.87 0.87 0.81 0.81 0.81 0.81 

Hemisphere Lophocolea 0.74 0.73 0.73 0.73 0.67 0.66 0.67 0.67 0.67 0.66 0.67 0.67 0.67 0.66 0.67 0.67 



Ecoregions Orthodontium 0.03 -0.58 -0.21 -0.21 -0.46 -0.53 -0.28 -0.28 0.25 -0.15 0.11 0.11 0.21 0.04 0.14 0.14 

Biomes Orthodontium 0.95 0.90 0.95 0.94 0.90 0.88 0.89 0.90 0.92 0.92 0.92 0.92 0.93 0.89 0.93 0.93 

Hemisphere Orthodontium 0.84 0.80 0.79 0.79 0.83 0.75 0.75 0.83 0.83 0.75 0.75 0.83 0.83 0.75 0.75 0.83 

 

 

 

	  



Appendix 4: definition of the threshold to generate binary models from continuous models, optimizing either the ROC or TSS statistics, 

and performance (specificity and sensitivity) of the binary models in the invaded range of C. introflexus, O. lineare and L. semiteres.  

 

To assess the effects of the threshold selected to generate binary models, we generated models either optimizing the ROC or the TSS statistics in 

the native range of C. introflexus, O. lineare and L. semiteres. The predictive performance of those binary models was measured by their 

specificity and sensitivity (Table S5). The mean value of specificity was always higher for models generated with the ROC threshold criterion, 

whereas sensitivity was higher for models generated with the TSS threshold criterion. This suggests that the TSS criterion generates models that 

overpredict the distribution of the species, leading us to rely on models optimizing the ROC criterion. 

 

Table A4. Predictive performance, as measured by their specificity and sensitivity, of the binary models generated optimizing either the AUC or 

the TSS criteria.  

 
 
 
 
 
 
	  



	   TSS	   ROC	  

Background	   SPECIES	  
Sensitivity	  
mean	  

Sensitivity	  	  
SD	  

Specificity	  	  
mean	  

Specificity	  
	  SD	  

Sensitivity	  
	  mean	  

Sensitivity	  
	  SD	  

Specificity	  
	  mean	  

Specificity	  
	  SD	  

Ecoregions	   Campylopus	   0.759	   0.062	   0.620	   0.064	   0.663	   0.067	   0.693	   0.019	  
Biomes	   Campylopus	   0.849	   0.053	   0.738	   0.050	   0.786	   0.020	   0.780	   0.022	  
Hemisphere	   Campylopus	   0.928	   0.033	   0.840	   0.033	   0.871	   0.013	   0.872	   0.014	  
Ecoregions	   Lophocolea	   0.785	   0.133	   0.638	   0.064	   0.684	   0.056	   0.704	   0.022	  
Biomes	   Lophocolea	   0.882	   0.053	   0.794	   0.045	   0.827	   0.026	   0.826	   0.028	  
Hemisphere	   Lophocolea	   0.928	   0.032	   0.890	   0.033	   0.899	   0.015	   0.899	   0.015	  
Ecoregions	   Orthodontium	   0.759	   0.165	   0.607	   0.092	   0.649	   0.076	   0.676	   0.032	  
Biomes	   Orthodontium	   0.917	   0.086	   0.851	   0.028	   0.855	   0.052	   0.874	   0.016	  

Hemisphere	   Orthodontium	  
0.955	   0.050	   0.904	   0.141	   0.924	   0.036	   0.927	   0.018	  

	  



Appendix 5 

Table A5. Pearson correlation (left) coefficient and percentage overlap (right) between 

the potential range of the Southern hemisphere invasive bryophyte species C. 

introflexus, O. lineare and L. semiteres as inferred from the continuous and binary 

consensus models of four ENM techniques calibrated on all the available data in the 

area of origin depending on the extent of the geographic background employed to 

calibrate the models in the native range.  

 

 

 

 

 

 

 

 

 

 

 

 

	  

 Campylopus Lophocolea Orthodontium 

Ecoregions Vs. Biomes 0.66 / 10.23 0.78 / 37.56 0.53 / 18.74 

World Vs. Biomes 0.83 / 19.94 0.95 / 69.49 0.94 / 33. 55 

Ecoregions Vs. Hemispheres 0.78 / 33.21 0.82 / 49.48 0.46 / 16.97 



	   1	  

Appendix 6 

Table A6. Partitioning of the macroclimatic niche of Campylopus introflexus, 

Lophocolea semiteres, and Orthodontium lineare in their area of origin (Southern 

hemisphere) and are of invasion (Europe) into (i) stability (i.e., proportion of the 

niche in the invasive range shared with the native range), (ii) unfilling (i.e., proportion 

of the niche occupied in the area of origin but not in the area of invasion), and (iii) 

expansion (i.e., proportion of the niche occupied in the area of invasion but not in the 

area of origin, or 1-stability) depending on the level of spatial extension (ecoregions, 

biomes and hemispheres) used to sample the background points.  

 

  Ecoregion Biome Southern 

hemisphere 

Campylopus Expansion 0.00 0.03 0.00 

introflexus Stability 1.00 0.96 0.99 

 Unfilling 0.41 0.37 0.69 

Lophocolea Expansion 0.00 0.00 0.00 

semiteres Stability 1.00 1.00 1.00 

 Unfilling 0.67 0.68 0.91 

Orthodontium Expansion 0.07 0.02 0.00 

lineare Stability 0.93 0.98 1.00 

 Unfilling 0.14 0.35 0.73 

 

	  



Appendix 7 

Table A7. Number (and %) of observed occurrences in the invasion range that are in analogous climate conditions to those observed in the native 

range, as determined by a MESS analysis using three thresholds (0, -10 and -20). 

 

 
 Campylopus Lophocolea Orthodontium 
 Number of 

presences 
Percentage Number of 

presences 
Percentage Number of 

presences 
Percentage 

MESS 0 1573 70.1 188 98.4 906 74.1 
MESS -10 627 27.9 3 1.6 224 18.3 
MESS -20 38 1.7  0.00 12 1.00 
Total 2244 100 191 100 1222 100 


