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1. Predictive maps and geographic overlap of habitat suitability 
using combined models of ENFA, MaxEnt and Multidimensional 
Envelopes (MDE) 

To assess to which extent ENFA models (see main text) are robust regarding 

inter-model variability, we compared predictive maps obtained by ENFA with 

maps obtained from combined models of three different modelling techniques: 

ENFA, MaxEnt and Multidimensional Envelope (MDE). 

MaxEnt is a widely used method based on maximum entropy to generate 

outputs of area favourability for a given attribute [1]. MDE is the simplest 

method for characterizing niches and estimates the environmental range (the 

hypervolume encompassed by the minima and maxima) of the recorded 

presences  [2]. The use of MDE is recommended when characterizing the 

fundamental rather than the realized niche [3]. It is important to realize that all 

methodologies suffer from shortcomings when characterizing the fundamental 

niche using occurrence data [3-5]. Since MDE gives equal weights to all 

predictors we used a previously developed protocol to obtain the most relevant 

predictors with ENFA and include them in the MDE models [6]. Thus, we 

included in MDE models those predictors that fell within the three upper 

quartiles of the most relevant predictors in ENFA models, which also fell within 

the three upper quartiles of predictor importance in MaxEnt. 

All continuous predictive maps derived from ENFA and MaxEnt were 

transformed to binary maps using as a threshold the minimum training 

presence. Ensemble forecasting has been suggested to reduce inter-model 

uncertainty [7]. Therefore, we overlaid predictive maps derived from ENFA, 

MDE, and MaxEnt and generated predictive maps, where only cells predicted to 

be favourable by at least two models were considered. Thereafter, we 

generated pairwise spatial projections of niche overlap between lineage pairs. 



 Figures S1a, S1b, and S1c showed that lineage specific ensemble 

forecasts were similar to those produced by ENFA (Figures 8a, 8b, and 8c of 

the main text). Moreover, the spatial projection of niche overlap between 

lineage pairs (Figures S1d, S1e, and S1f) showed that the spatial patterns were 

proportional to those obtained by ENFA (Figures 8d, 8e, and 8f of the main 

text). 

 

 

 

      
Figure S1. Predictive maps of P. hispanicus lineages derived from lineage 

specific ensemble forecasts. Shown are habitat suitability maps for (a) 

edwardsianus lineage, (b) Central lineage, and (c) Western lineage. Color 

intensity denotes coincidence of two or three model predictions. Sampled 

localities are indicated in blue (edwardsianus lineage), red (Central lineage), 

and green (Western lineage). Spatial projections of niche overlap between 

lineage pairs are given in the right panels (d, e, f).  



To examine whether spatial overlap estimated by ENFA was proportional to 

different types of ensembles we calculated the relative extent of spatial overlap 

based on predictions generated by: 

1) ensembles based on MDE that included the three upper quartiles of 

predictors (ten predictors), whose relevance was estimated using ENFA, 

and including suitable habitat predicted in at least two models (MDE, 

Maxent, or ENFA). 

2) ensembles based on MDE that included the first half of predictor (seven 

predictors), whose relevance was estimated using ENFA, and including 

suitable habitat predicted in at least two models. 

3) ensembles based on MDE that included the three upper quartiles of 

predictors (ten predictors), whose relevance was estimated using ENFA, 

and including suitable habitat predicted in all three models (MDE, 

Maxent, or ENFA). 

4) ensembles based on MDE that included the first half of predictor (seven 

predictors), whose relevance was estimated using ENFA, and including 

suitable habitat predicted in all three models. 

 

Table S2 showed that the Western and the edwardsianus lineage had the 

highest overlap in all ensembles and ENFA, followed by the edwardsianus and 

Central lineage. Spatial overlap was smallest for the Central and the Western 

lineage. For ENFA and ensembles including suitable habitat predicted by two 

models, overlaps including the Central lineage overlapped on average in 9.4% 

of the predicted cells, while overlaps between the edwardsianus and the 

Western lineage overlapped in 23.1%. 



Table S2. Percentage of spatial niche overlap (N overlapping 
cells*100/sum of suitable cells for both lineages) estimated by different 
types of ensembles: a) 2 or 3 models, b) 3 models, or c) by ENFA (see also 
main text)  

 

 

 

 

 

 

 

 

 

 

 

For each type of ensembles we varied the number of predictors and used either 

the upper three quartiles of the best predicting predictors estimated by ENFA 

(MDE10) or the first half of predictors (MDE7) for MDE analyses. All ensembles 

were obtained combining models of ENFA, MaxEnt and MDE. 

 

 

 

 

 

a)    
 MDE10 Central lineage Western lineage 
 edwardsianus 16.04% 21.65% 
 Central lineage - 4.45% 
    
 MDE7   
 edwardsianus 16.67% 24.15% 
 Central lineage - 7.12% 
    
b)    
 MDE10   
 edwardsianus 0.84% 0.96% 
 Central lineage - 0% 
    
 MDE7   
 edwardsianus 1.39% 8.16% 
 Central lineage - 0.55% 
c)    
 edwardsianus 9.4% 23.4% 
 Central lineage - 2.8% 



2. Interpredictivity among MaxEnt models 

For each lineage we used one-way ANOVAs to compare habitat suitability 

predicted by MaxEnt models for the sampled populations (N = 22) among 

lineages (Figure S2), and thus identical methodology used as for HS scores 

obtained by ENFA (see main text, Figure 9).  

HS scores significantly differed between lineages in models predicting 

the edwardsianus lineage (F2,19 = 3.45, P = 0.05, Figure S2a). Post-hoc 

comparisons showed that HS scores of sampled edwardsianus populations 

tended to be higher than those of the other two clades (Tukey range tests: Padj 

= 0.09 in both cases), and no significant differences were present between the 

Central and the Western lineage (Padj = 0.95). HS scores were significantly 

different between lineages (F2,19 = 4.35, P = 0.02, Figure S2b) in models 

derived for the Central lineage (Figure 2Sb). Post-hoc comparisons showed that 

the scores of the Central lineage were higher than for those of the Western 

lineage (Padj = 0.02) and tended to be higher than those of the edwardsianus 

lineage (Padj = 0.14). No significant differences were present between the 

Western and the edwardsianus lineage (Padj = 0.48). HS scores derived for the 

Western lineage significantly differed between lineages (F2,19 = 10.50, P < 0.01, 

Figure S2c), and post-hoc test showed that HS scores of the Western lineage 

were significantly higher than those of the other two lineages (Padj < 0.01, in 

both cases). No significant differences existed between the Central and the 

edwardsianus lineage (Padj = 0.50).  

In summary, results from MaxEnt and ENFA predictions were 

qualitatively similar. 



                         

Figure S2. Differences in habitat suitability (of sampled populations) between P. 

hispanicus lineages, predicted by MaxEnt. Average (±SE) HS scores derived 

from models for a) edwardsianus lineage, b) Central lineage, and c) Western 

lineage are shown. 
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