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Supplementary material 1. Table s1. Evaluation metrics for all environmental parameter’s 

combinations. White cells correspond to algorithms with a CBI<0.5. Cells with “x” correspond to 

algorithms with a CBI>0.5 with a relevant response curve. Grey cells indicate that only one model 

resulted in a relevant response curve.  

GLM GBM GAM ANN RF FDA MARS NPPEN CBI AUC TSS SorensenJaccard

SST_mean. SST_range. Salinity x x x 0.75 0.816 0.514 0.786 0.847

SST_mean. SST_var. Salinity x x x 0.722 0.854 0.877 0.797 0.862

SST_mean. SST_range. log_PP x x 0.7945 0.71 0.746 0.774 0.872

SST_mean. SST_var.  log_PP x x 0.749 0.886 0.695 0.741 0.85

SBT_mean. SBT_range. Salinity x x x 0.759 0.952 0.533 0.861 0.852

SBT_mean. SBT_var. Salinity x x x 0.777 0.952 0.706 0.776 0.874

SBT_mean. SBT_range. log_PP x x x x 0.816 0.958 0.716 0.796 0.668

SBT_mean. SBT_var. log_PP x x x 0.736 0.964 0.723 0.832 0.785

SBT_max. SBT_range. salinity x x x 0.802 0.923 0.726 0.801 0.885

SBT_max. SBT_var. salinity x x 0.7735 0.935 0.848 0.87 0.878

SBT_min. SBT_range. salinity x x x 0.666 0.949 0.723 0.814 0.894

SBT_min. SBT_var. salinity x x x 0.7646666666666670.953 0.827 0.701 0.843

SBT_max. SBT_range. log_PP x

SBT_max. SBT_var. log_PP x x 0.8115 0.952 0.706 0.776 0.874

SBT_min. SBT_range. log_PP x x x 0.777 0.896 0.832 0.853 0.952

SBT_min. SBT_var. Log_PP x x x 0.6866666666666670.958 0.716 0.796 0.668

SBT_mean. Salinity. log_PP x x 0.641 0.964 0.723 0.832 0.785

SST_mean. SST_range. Salinity x x x x 0.76525 0.98 0.85 0.93 0.87

SST_mean. SST_var. Salinity x x x x 0.7235 0.98 0.86 0.93 0.88

SST_min. SST_range. Salinity x x x 0.6873333333333330.97 0.84 0.93 0.86

SST_min. SST_var. Salinity x x x x 0.7615 0.98 0.84 0.92 0.86

SST_max. SST_range. Salinity x x x 0.7263333333333330.97 0.85 0.93 0.87

SST_max. SST_var. Salinity x x x 0.7183333333333330.98 0.88 0.94 0.89

SST_mean. SST_range. log_PP x x x 0.8356666666666670.964 0.723 0.832 0.785

SST_mean. SST_var.  log_PP x x 0.7675 0.98 0.85 0.93 0.87

SST_min. SST_range. log_PP x x 0.791 0.98 0.86 0.93 0.88

SST_min. SST_var.  log_PP x x 0.764 0.97 0.84 0.93 0.86

SST_max. SST_range.  log_PP x x 0.725 0.98 0.84 0.92 0.86

SST_max. SST_var.  log_PP x x 0.6325 0.97 0.85 0.93 0.87

SBT_mean. SBT_range. Salinity x x x 0.7416666666666670.98 0.88 0.94 0.89

SBT_mean. SBT_var. Salinity x x x 0.8186666666666670.97 0.84 0.93 0.86

SBT_mean. SBT_range. log_PP x x x 0.8796666666666670.98 0.84 0.92 0.86

SBT_mean. SBT_var. log_PP x x 0.7635 0.97 0.85 0.93 0.87

SBT_max. SBT_range. salinity x x x 0.657 0.935 0.848 0.87 0.878

SBT_max. SBT_var. salinity x x x 0.652 0.949 0.723 0.814 0.894

SBT_min. SBT_range. salinity x x x 0.6523333333333330.953 0.827 0.701 0.843

SBT_min. SBT_var. salinity x x x 0.737 0.959 0.695 0.771 0.864

SBT_max. SBT_range. log_PP x x x 0.6923333333333330.952 0.706 0.776 0.874

SBT_max. SBT_var. log_PP x x x 0.646 0.951 0.832 0.85 0.915

SBT_min. SBT_range. log_PP x x x 0.8286666666666670.958 0.716 0.796 0.668

SBT_min. SBT_var. Log_PP x x 0.7605 0.911 0.585 0.676 0.706

SBT_mean. Salinity. log_PP x x 0.661 0.854 0.359 0.748 0.508
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GLM GBM GAM ANN RF FDA MARS NPPEN CBI AUC TSS SorensenJaccard

SST_mean. SST_range. Salinity x x x 0.7646666666666670.956 0.726 0.625 0.895

SST_mean. SST_var. Salinity x x x x 0.77675 0.816 0.514 0.786 0.847

SST_mean. SST_range. log_PP x x x 0.745 0.854 0.877 0.797 0.862

SST_mean. SST_var.  log_PP x x x x 0.7375 0.71 0.746 0.774 0.872

SBT_mean. SBT_range. Salinity x x x 0.7193333333333330.886 0.695 0.741 0.85

SBT_mean. SBT_var. Salinity x x 0.743 0.911 0.585 0.676 0.706

SBT_mean. SBT_range. log_PP x x x x 0.83575 0.854 0.359 0.748 0.508

SBT_mean. SBT_var. log_PP x x x 0.8276666666666670.956 0.726 0.625 0.895

SBT_max. SBT_range. salinity x x x 0.726 0.816 0.514 0.786 0.847

SBT_max. SBT_var. salinity x x x 0.7923333333333330.854 0.877 0.797 0.862

SBT_min. SBT_range. salinity x x 0.6795 0.71 0.746 0.774 0.872

SBT_min. SBT_var. salinity x x 0.796 0.886 0.695 0.741 0.85

SBT_max. SBT_range. log_PP x x 0.7923333333333330.854 0.877 0.797 0.862

SBT_max. SBT_var. log_PP x

SBT_min. SBT_range. log_PP x x 0.796 0.886 0.695 0.741 0.85

SBT_min. SBT_var. Log_PP x x x 0.7746666666666670.796 0.716 0.796 0.915

SBT_mean. Salinity. log_PP x x 0.691 0.98 0.84 0.92 0.86

SST_mean. SST_range. Salinity x x x 0.7043333333333330.97 0.85 0.93 0.87

SST_mean. SST_var. Salinity x x x x 0.72125 0.935 0.848 0.87 0.878

SST_mean. SST_range. log_PP x x x 0.7783333333333330.949 0.723 0.814 0.894

SST_mean. SST_var.  log_PP x x x x 0.75825 0.953 0.827 0.701 0.843

SST_mean. Salinity. log_PP x x x x 0.754 0.959 0.695 0.771 0.864

SBT_mean. SBT_range. Salinity x x x 0.7483333333333330.952 0.706 0.776 0.874

SBT_mean. SBT_var. Salinity x x x 0.718 0.98 0.84 0.92 0.86

SBT_mean. SBT_range. log_PP x x x 0.8226666666666670.97 0.85 0.93 0.87

SBT_mean. SBT_var. log_PP x x x 0.6763333333333330.935 0.848 0.87 0.878

SBT_max. SBT_range. salinity x x x 0.7926666666666670.949 0.723 0.814 0.894

SBT_max. SBT_var. salinity x x x x 0.60775 0.953 0.827 0.701 0.843

SBT_min. SBT_range. salinity x x x 0.8033333333333330.959 0.695 0.771 0.864

SBT_min. SBT_var. salinity x x x 0.6936666666666670.952 0.706 0.776 0.874

SBT_max. SBT_range. log_PP x x x 0.816 0.854 0.832 0.85 0.915

SBT_max. SBT_var. log_PP x x x 0.7533333333333330.958 0.716 0.796 0.668

SBT_min. SBT_range. log_PP x x x 0.7833333333333330.949 0.723 0.814 0.894

SBT_min. SBT_var. Log_PP x x x 0.7353333333333330.953 0.827 0.701 0.843

SBT_mean. Salinity. log_PP x x 0.7115 0.959 0.695 0.771 0.864

SST_mean. SST_range. Salinity x x x 0.8076666666666670.952 0.706 0.776 0.874

SST_mean. SST_var. Salinity x x x 0.8026666666666670.949 0.723 0.814 0.894

SST_mean, SST_range, log_PP x x 0.7285 0.953 0.827 0.701 0.843

SST_mean, SST_var,  log_PP x x 0.6725 0.959 0.695 0.771 0.864

SST_mean, Salinity, log_PP x x x x 0.6595 0.952 0.706 0.776 0.874

SBT_mean, SBT_range, Salinity x x x 0.802 0.956 0.726 0.625 0.895

SBT_mean, SBT_var, Salinity x x x 0.7776666666666670.816 0.514 0.786 0.847

SBT_mean, SBT_range, log_PP x x x x 0.82375 0.854 0.877 0.797 0.862

SBT_mean, SBT_var, log_PP x x 0.7195 0.71 0.746 0.774 0.872

SBT_max, SBT_range, salinity x x 0.7925 0.886 0.695 0.741 0.85

SBT_max, SBT_var, salinity x x x 0.785 0.953 0.827 0.701 0.843

SBT_min, SBT_range, salinity x x x 0.7776666666666670.959 0.695 0.771 0.864

SBT_min, SBT_var, salinity x x x 0.7536666666666670.952 0.706 0.776 0.874

SBT_max, SBT_range, log_PP x x x x 0.785 0.953 0.827 0.701 0.843

SBT_max, SBT_var, log_PP x x x 0.7776666666666670.959 0.695 0.771 0.864

SBT_min, SBT_range, log_PP x x x 0.8086666666666670.951 0.832 0.865 0.941

SBT_min. SBT_var. Log_PP x x 0.7885 0.964 0.723 0.832 0.785

SBT_mean. Salinity. log_PP x x x 0.675 0.923 0.726 0.801 0.885
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GLM GBM GAM ANN RF FDA MARS NPPEN CBI AUC TSS SorensenJaccard

SST_mean. SST_range. Salinity x x x 0.8676666666666670.952 0.706 0.776 0.874

SST_mean. SST_var. Salinity x x x 0.847 0.949 0.723 0.814 0.894

SST_min. SST_range. Salinity x x x 0.834 0.953 0.827 0.701 0.843

SST_min. SST_var. Salinity x x x 0.8653333333333330.959 0.695 0.771 0.864

SST_max. SST_range. Salinity x x x x 0.8215 0.953 0.857 0.759 0.877

SST_max. SST_var. Salinity x x x 0.8216666666666670.911 0.828 0.845 0.915

SST_mean. SST_range. log_PP x x 0.897 0.952 0.706 0.776 0.874

SST_mean. SST_var.  log_PP x x 0.716 0.911 0.585 0.676 0.706

SST_min. SST_range. log_PP x x x 0.773 0.854 0.359 0.748 0.508

SST_min. SST_var.  log_PP x x x 0.8106666666666670.956 0.726 0.625 0.895

SST_max. SST_range.  log_PP x x 0.855 0.816 0.514 0.786 0.847

SST_max. SST_var.  log_PP x x 0.8595 0.854 0.877 0.797 0.862

SBT_mean. SBT_range. Salinity x x x 0.8336666666666670.71 0.746 0.774 0.872

SBT_mean. SBT_var. Salinity x x x x 0.839 0.886 0.695 0.741 0.85

SBT_mean. SBT_range. log_PP x x x x 0.868 0.816 0.514 0.786 0.847

SBT_mean. SBT_var. log_PP x x x x 0.84025 0.854 0.877 0.797 0.862

SBT_max. SBT_range. salinity x x x 0.8103333333333330.71 0.746 0.774 0.872

SBT_max. SBT_var. salinity x x x 0.8236666666666670.886 0.695 0.741 0.85

SBT_min. SBT_range. salinity x x x 0.7973333333333330.911 0.828 0.845 0.915

SBT_min. SBT_var. salinity x x x 0.7473333333333330.952 0.706 0.776 0.874

SBT_max. SBT_range. log_PP x x 0.862 0.958 0.716 0.796 0.668

SBT_max. SBT_var. log_PP x x x 0.779 0.964 0.723 0.832 0.785

SBT_min. SBT_range. log_PP x x x 0.8353333333333330.923 0.726 0.801 0.885

SBT_min. SBT_var. Log_PP x x x 0.8243333333333330.935 0.848 0.87 0.878

SBT_mean. Salinity. log_PP x x 0.6845 0.958 0.716 0.796 0.668

SST_mean. SST_range. Salinity x x 0.917 0.911 0.585 0.676 0.706

SST_mean. SST_var. Salinity x x x x 0.831 0.854 0.359 0.748 0.508

SST_min. SST_range. Salinity x x x x 0.8365 0.956 0.726 0.625 0.895

SST_min. SST_var. Salinity x x 0.813 0.816 0.514 0.786 0.847

SST_max. SST_range. Salinity x x x 0.8756666666666670.854 0.877 0.797 0.862

SST_max. SST_var. Salinity x x 0.9035 0.71 0.746 0.774 0.872

SST_mean. SST_range. log_PP x

SST_mean. SST_var.  log_PP x x 0.859 0.816 0.514 0.786 0.847

SST_min. SST_range. log_PP x x 0.8345 0.854 0.877 0.797 0.862

SST_min. SST_var.  log_PP x x 0.848 0.71 0.746 0.774 0.872

SST_max. SST_range.  log_PP x x 0.713 0.886 0.695 0.741 0.85

SST_max. SST_var.  log_PP x x 0.7995 0.911 0.828 0.845 0.915

SBT_mean. SBT_range. Salinity x x x 0.812 0.952 0.706 0.776 0.874

SBT_mean. SBT_var. Salinity x x x 0.8196666666666670.958 0.716 0.796 0.668

SBT_mean. SBT_range. log_PP x x x x 0.8565 0.964 0.723 0.832 0.785

SBT_mean. SBT_var. log_PP x x 0.7995 0.923 0.726 0.801 0.885

SBT_max. SBT_range. salinity x x x 0.7856666666666670.935 0.848 0.87 0.878

SBT_max. SBT_var. salinity x x x x 0.77825 0.816 0.514 0.786 0.847

SBT_min. SBT_range. salinity x x x x 0.7915 0.854 0.877 0.797 0.862

SBT_min. SBT_var. salinity x x 0.77825 0.71 0.746 0.774 0.872

SBT_max. SBT_range. log_PP x x x 0.7826666666666670.886 0.695 0.741 0.85

SBT_max. SBT_var. log_PP x x x 0.8203333333333330.911 0.828 0.845 0.915

SBT_min. SBT_range. log_PP x x x 0.7276666666666670.952 0.706 0.776 0.874

SBT_min. SBT_var. Log_PP x x 0.718 0.958 0.716 0.796 0.668

SBT_mean. Salinity. log_PP x x 0.7225 0.964 0.723 0.832 0.785

SST_mean. SST_range. Salinity x x 0.7075 0.923 0.726 0.801 0.885

SST_mean. SST_var. Salinity x x x 0.7466666666666670.935 0.848 0.87 0.878

SST_mean. SST_range. log_PP x x x 0.6883333333333330.949 0.723 0.814 0.894

SST_mean. SST_var.  log_PP x x x 0.6103333333333330.953 0.827 0.701 0.843

SBT_mean. SBT_range. Salinity x x x 0.762 0.959 0.695 0.771 0.864

SBT_mean. SBT_var. Salinity x x x 0.74 0.953 0.857 0.759 0.877

SBT_mean. SBT_range. log_PP x x x x 0.82775 0.911 0.828 0.845 0.915

SBT_mean. SBT_var. log_PP x x x x 0.78825 0.952 0.706 0.776 0.874

SBT_max. SBT_range. salinity x x 0.74 0.954 0.851 0.862 0.9254

SBT_max. SBT_var. salinity x x x x 0.72025 0.958 0.716 0.796 0.668

SBT_min. SBT_range. salinity x x x 0.763 0.964 0.723 0.832 0.785

SBT_min. SBT_var. salinity x x x 0.7066666666666670.923 0.726 0.801 0.885

SBT_max. SBT_range. log_PP x

SBT_max. SBT_var. log_PP x x x 0.735 0.71 0.746 0.774 0.872

SBT_min. SBT_range. log_PP x x 0.7715 0.933 0.861 0.692 0.811

SBT_min. SBT_var. Log_PP x x 0.761 0.939 0.842 0.77 0.921

SBT_mean. Salinity. log_PP x x x 0.7346666666666670.858 0.921 0.827 0.865
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Supplementary material 2. 

 

Figure s1. Species response to environmental variables. For each species, the black line represents 

the average ESI response to environmental variables, including all considered algorithms and cross-

validation runs. The red area represents the corresponding standard deviation. 

 

 

 



Supplementary material 3. Environmental data tests 

 

 

 

 

 

 

 

 

 

 

Figure s2. environmental parameter pre-selection process with groups of intercorrelated variables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure s3 .  Variable importance respectively for (a) Anglerfish, (b) European hake, (c) Common sole, 

(d) uropean seabass, (e) Gilthead seabream, (f) Surmullet, (g) Red mullet and (h) Common pandora. 

The methodological details concerning the variable pre-selection process presented here are adapted 

from Leroy et al. (2014) and Bellard et al. (2016) as both studies were used as a baseline for our 

modelling framework. 
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Figure s4.  Differences in Environmental Suitability Index (ESI) values calculated between the current 

period (1990-2017) and the decade 2030-2039, 2050-2059 and 2090-2099 under scenario RCP2.6.  



 

 

Figure s5. Differences in Environmental Suitability Index (ESI) values calculated between the current 

period (1990-2017) and the decade 2030-2039, 2050-2059 and 2090-2099 under scenario RCP4.5. 
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Figure s6. (A) Contemporary (1990- 2017) mean catch (in log) for the studied speciesin the 

Mediterranean Sea. (B-C-D) Projected changes in the Environmental Suitability Index (ESI) per Exclusive 

Economic Zone (EEZ) for each species, for the end of the century (2030-2039) under RCP 2.6 (B; bottom 

left), RCP 4.5 (C; top right) and RCP 8.5 (D; bottom right) scenarios. Bar plots for ESI are scaled from 0 

to 1, the full black line corresponds to the ESI values for the current period (1990–2017) and colored 

bar correspond to the ESI values projected for 2090-2099. Countries with catches under 1000 tons per 

year are not shown. Countries are: MAR: Morocco, DZA: Algeria, TUN: Tunisia, LBY: Libya, EGY: Egypt, 

LBN: Lebanon, ISR: Israel; TUR: Turkey, GRC: Greece, MNE: Montenegro, HRV: Croatia; ITA: Italy, FRA: 

France, ESP: Spain, UK: United Kingdom, BEL: Belgium, DEU: Germany, IRL: Ireland, DNK: Denmark, 

SWE: Sweden, NLD: Netherlands, NOR: Norway  



 

 

Figure s7. (A) Contemporary (1990- 2017) mean catch (in log) for the studied speciesin the 

Mediterranean Sea. (B-C-D) Projected changes in the Environmental Suitability Index (ESI) per Exclusive 

Economic Zone (EEZ) for each species, for the end of the century (2050-2059) under RCP 2.6 (B; bottom 

left), RCP 4.5 (C; top right) and RCP 8.5 (D; bottom right) scenarios. Bar plots for ESI are scaled from 0 

to 1, the full black line corresponds to the ESI values for the current period (1990–2017) and colored 

bar correspond to the ESI values projected for 2090-2099. Countries with catches under 1000 tons per 

year are not shown. Countries are: MAR: Morocco, DZA: Algeria, TUN: Tunisia, LBY: Libya, EGY: Egypt, 

LBN: Lebanon, ISR: Israel; TUR: Turkey, GRC: Greece, MNE: Montenegro, HRV: Croatia; ITA: Italy, FRA: 

France, ESP: Spain, UK: United Kingdom, BEL: Belgium, DEU: Germany, IRL: Ireland, DNK: Denmark, 

SWE: Sweden, NLD: Netherlands, NOR: Norway  

 

 



Supplementary material 6. Table s2. Detailed references used to complete the observations datasets 

Species References relative to observation data 

Anglerfishes Duarte et al., 2001; Barcala et al., 2020 

European hake Giani et al., 2019; Uzer et al., 2019 

Common sole Lepape et al., 2007; Vinagre et al., 2009 

European seabass Souche et al., 2015; Beraud et al., 2018 

Gilthead seabream Mercier et al., 2012;  Žužul et al., 2019 

Surmullet Fabi et al., 2002; Pulleiro-Potel et al., 2015 

Red mullet Esposito et al., 2014 ; Giani et al., 2019  

Common pandora Diaz et al., 1994; Özbilgin et al., 2012 
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Supplementary material 7. Consistency between current and future climate data  

 

Figure S7. Taylor diagrams quantifying the difference between observation-based contemporary data 

(grey circle on the bottom of each diagram) and GCM-based (General Circulation Model) future climate 

conditions. for mean Sea Bottom Temperature (SBT), annual range of SBT, and monthly variance of 

SBT. 

 


