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Supplementary Text S1. Extended methodology on ecological niche modelling 
 
The maximum entropy algorithm implemented in MaxEnt v.3.4.1 (Phillips & al. 2006) 
was used to determine the potential distribution for Opuntia aurantiaca. For modelling 
we used all the occurrences detected (see Appendix); for some of them, more than one 
unique geographic coordinate has been considered to cover the total area where the 
species is found in that locality (e.g. Vilajuiga and Pau populations). As these occurrences 
were recent and accurate, the resolution used was 30 arc-sec (i.e. ca. 1 km). The 19 
bioclimatic variables and altitude, also at 30 arc-sec resolution, were downloaded from 
the WorldClim website (www.worldclim.org; Hijmans & al. 2005). The Human Footprint 
(HF) (Sanderson & al. 2002) was also chosen because the establishment and spread of O. 
aurantiaca is related to human disturbance. A small set of eight relatively uncorrelated 
variables (r < |0.8|) were selected after performing a pairwise Pearson correlation analysis 
using all cells of the study area, with the “SDM Toolbox” (Brown 2014), an extension for 
ArcGIS: bio2 (mean of the daytime temperature range); bio4 (seasonality of the 
temperature); bio8 (average temperature of the wettest quarter); bio11 (mean temperature 
of the coldest quarter); bio15 (precipitation seasonality); bio18 (precipitation of the 
warmest quarter); bio19 (precipitation of the coldest quarter); and altitude. These 
variables were selected on the basis of the shape of their response curves as well as their 
relative contribution (values of percent contribution, permutation importance, and 
jackknife) to a preliminary model run with all the 21 variables (Figs. S3-S5).  

Niche models have been developed for both current climatic conditions and 
different climate change scenarios for the year 2070. For the present conditions, we have 
built two models, one including the variable HF and the other excluding it. For the future, 
we used the three general circulation models with the best performance among those that 
participated in the 5th Coupled Model Inter-Comparison Project (CMIP5) experiment 
(McSweeney & al. 2015): (1) the Community Climate System Model v.4 (CCSM454; 
Gent & al. 2011); (2) the NOAA Geophysical Fluid Dynamics Laboratory Coupled 
Model 3 (GFDL-CM355; Donner & al. 2011); and (3) the New Earth System Model of 
the Max Planck Institute for Meteorology (MPI-ESM-P: 
www.mpimet.mpg.de/en/science/models/mpi-esm/). The three future projections were 
run in two different representative concentration pathways (RCPs) that were used in the 
Fifth Assessment IPCC report, RCP 2.6 and RCP 8.5 (Collins & al. 2013). All 2070-year 
variable datasets were also downloaded from the WorldClim website. The HF variable 
was not considered for the future models as it is not available for the year 2070. 
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Replicate runs (100) of MaxEnt using the “subsample” method were performed 
to ensure reliable results. Model performance was assessed using: (1) the area under the 
curve (AUC) of the receiver operating characteristic plot, with 25% of the localities 
randomly selected to test the model; and (2) the true skill statistic (TSS). According to 
Swets (1988), AUC values > 0.9 indicate high accuracy, whereas values with a TSS 
higher than 0.5 are considered as optimal results in terms of power prediction (Allouche 
& al. 2006). The maximum sensitivity plus specificity (MSS) logistic threshold, which is 
very robust with all types of data (Liu & al. 2016), was applied to obtain a map of 
absence/presence (with the probability of presence shown as continuous values from the 
threshold to 1). In order to see possible changes of the potential distribution under climate 
change conditions, the gained or lost areas in respect to the present distribution was 
geographically characterized by employing the function “gIntersection” from “rgeos” 
package (Bivand & al. 2017) in the RStudio platform (Racine 2012) run with R version 
3.6.3. All ENM predictions were visualized in ArcGIS 10.2 (ESRI, Redlands, CA, USA).  
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Fig. S1. Examples of human dispersion of Opuntia aurantiaca. (A) several cladodes 
adhered to a vehicle wheel Torreblanca (Castelló, 2015); (B) and (C), cladode adhered to 
the footwear and clothes of one of us in Collserola Mountain (Barcelona, 2017) and in 
Gavà (Barcelona, 2016), respectively. Photographs: (A), P. Pérez Rovira; (B) and (C), C. 
Gómez-Bellver. 
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Fig. S2. Geographic representation of the temporal evolution of occurrences recorded for 
Opuntia aurantiaca since 2002 to present in the Iberian Peninsula, with the indication of 
the cumulative percentage of occurrences for each time period considered. 
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Fig. S3. Response curves of the preliminary model run for Opuntia aurantiaca with all 
21 variables (bioclim variables plus altitude and Human Footprint). The curves show the 
mean response of the 20 replicate MaxEnt runs (red) and the mean ± one standard 
deviation (blue, two shades). 
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Fig. S4. Analysis of variable contributions (values of percent contribution, permutation 
importance) of the preliminary model run for Opuntia aurantiaca with all 21 variables 
(bioclim variables plus altitude and Human Footprint). 
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Fig. S5. Analysis of variable contributions (jackknife) of the preliminary model run for 
Opuntia aurantiaca with all 21 variables (bioclim variables plus altitude and Human 
Footprint).  
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Fig. S6. Response curves showing the effects of each variable in the present MaxEnt 
prediction for Opuntia aurantiaca. The curves show the mean response of the 100 
replicate MaxEnt runs (red) and the mean ± one standard deviation (blue, two shades). 
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Table S1. Parameters for present and future ecological niche models (ENM) performed 
for Opuntia aurantiaca. For each model is presented: the AUC scores ± standard 
deviation (sd), in which values higher than 0.9 are optimal results in terms of power 
prediction (Swets 1988); the sensitivity or percentage of occurrences used for modeling 
that are predicted inside suitable areas; the TSS (true skill statistics) ± standard deviation 
(sd), in which values higher than 0.5 are optimal results in terms of power prediction 
(Allouche & al. 2006); the maximum sensitivity plus specificity (MSS) logistic threshold 
(th); and the variables in order of importance according to the jackknife test, with values 
of percent contribution and permutation importance of each variable within parentheses.  
 
 

Model AUC 
± SD 

Sensitivity 
(%) 

TSS 
± SD 

MSS th Variables 

Present 
(without HF) 

0.991 
±0.002 

95 % 0.932 
±0.056 

0.1406 bio8 (48.6%, 3.2%) > alt (23.4%; 38.3%) > bio4 
(0.4%, 0.3%) > bio11 (2.6%; 7.1%) > bio19 
(4.3%, 41.5%) > bio2 (5.7%, 1.7%) > bio18 
(11.9%; 6.6%) > bio15 (3.1%; 1.2%) 

Present (with 
HF) 

0.992 
±0.002 

95 % 0.887 
±0.076 

0.2066 bio8 (43.3%; 3.2%) > alt (22.1%; 33.9%) > HF 
(8.1%; 0.1%) > bio11 (1.7%; 15.8%) > bio4 
(0.2%; 0.2%) > bio19 (2.8%; 34.8) > bio2 
(5.9%; 3.3%) > bio18 (12.6%; 8.2%) > bio15 
(3.2%; 0.2%) 

Future 2070 
CCSM (RCP 
2.6) 

0.992 
±0.002 

97.5 % 0.910 
±0.073 

0.1466 bio8 (46%, 6.7%) > alt (25.3%; 45.1%) > bio4 
(0.3%, 0.1%) > bio11 (1.6%; 9.5%) > bio19 
(3.3%, 31%) > bio2 (7.6%, 2.6%) > bio18 
(12.3%; 4.5%) > bio15 (3.5%; 0.5%) 

Future 2070 
CCSM (RCP 
8.5) 

0.993 
±0.002 

87.5 % 0.940 
±0.055 

0.1268 bio8 (46.8%, 4.9%) > alt (23.4%; 26.4%) > 
bio11 (2.3%; 17.2%) > bio4 (0.4%, 0.1%) > 
bio19 (3.5%, 44.2%) > bio2 (7%, 2.5%) > bio18 
(12.9%; 4.3%) > bio15 (3.6%; 0.4%) 

Future 2070 
GFDL (RCP 
2.6) 

0.992 
±0.002 

67.5 % 0.923 
±0.069 

0.2058 bio8 (47.7%, 3.8%) > alt (23.4%; 24.9%) > bio4 
(0.5%, 0.1%) > bio11 (3.2%; 31.3%) > bio19 
(3%, 22.7%) > bio2 (5.6%, 3.8%) > bio18 
(13.2%; 8.9%) > bio15 (3.4%; 4.5%) 

Future 2070 
GFDL (RCP 
8.5) 

0.992 
±0.002 

75 % 0.931 
±0.069 

0.2069 bio8 (50.6%, 20%) > alt (22.6%; 21.4%) > bio4 
(0.4%, 0.1%) > bio11 (3.4%; 26.5%) > bio19 
(2.8%, 15%) > bio2 (5.3%, 4.6%) > bio18 (12%; 
4.4%) > bio15 (2.9%; 8.2%) 

Future 2070 
MPI (RCP 
2.6) 

0.993 
±0.002 

100 % 0.927 
±0.06 

0.1669 bio8 (47.8%, 5.8%) > alt (23%; 31.11%) > bio11 
(2.2%; 29.4%) > bio4 (0.3%, 1%) > bio19 
(3.5%, 17.4%) > bio2 (7.7%, 3.3%) > bio18 
(11.8%; 9.8%) > bio15 (3.6%; 2.2%) 

Future 2070 
MPI (RCP 
8.5) 

0.993 
±0.002 

60 % 0.922 
±0.062 

0.1640 bio8 (49.5%, 15.1%) > alt (23%; 29.9%) > bio4 
(0.4%, 0.1%) > bio11 (2.8%; 31%) > bio19 
(3.2%, 11.8%) > bio2 (5.9%, 5.1%) > bio18 
(11.9%; 4%) > bio15 (3.3%; 3.1%) 
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