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Supplementary material Appendix 1 

 

Distribution of permanent occurrence areas in the year 2040 for the three large carnivore 

species studied 

According to Fig. 2, a wide distribution of permanent occurrence areas of the Scandinavian 

brown bear are likely to occur in southern Sweden but not in Norway in 2040, while those of 

the Karelian population will probably be similar to the actual sporadic and permanent 

occurrences. The permanent occurrence areas of the Baltic population could be large in 2040 

in Estonia and Latvia, and this population might also colonize areas in Lithuania and Northern 

Poland (Fig. 2; areas that currently do not have permanent or sporadic occurrences; Chapron 

et al. 2014). This population would then be connected with the expanding Carpathian 

population. The latter is likely to also occur in the Czech Republic and in Hungary, while the 

Eastern Balkans and Dinaric-Pindos populations could occupy the actual sporadic and 

permanent occurrences, also in the Peloponnese in Greece as well as areas in Austria (Fig. 2). 

These three populations will probably be connected in Serbia in the future. In Italy, all the 

actual sporadic occurrences of the Apennine population might turn into permanent ones, and 

in the Alps the permanent areas are likely to be extended in 2040, mostly in Austria, France 

and north-western Italy (Fig. 2). Similarly, the distribution of the Pyrenean population could 

spread in France and Spain and thus become connected to the Cantabrian population, which 

may also colonize Portugal (Fig. 2; an area currently lacking both permanent and sporadic 

occurrences; Chapron et al. 2014). 	

The distribution of permanent occurrence areas of Eurasian lynx, according to Fig. 2, 

might be limited to the Alpine as well as the Scandinavian and Karelian populations in 2040, 

especially in Northern Sweden, Norway and north-central Finland. The permanent occurrence 

areas for the Eurasian lynx are likely to be limited in Latvia and Estonia, but extended into 

Lithuania and Poland, in 2040, in which case the Baltic population would be connected with 
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the Carpathian and Harz Mountain populations in the future (Fig. 2). In 2040, the Balkan 

population could be widespread in its permanent range in Greece, but not in Bosnia, Albania 

and Macedonia, while the Dinaric population might be limited mainly to areas near or 

coincident with actual permanent and sporadic occurrences (Fig. 2). The Harz Mountain 

population is likely to extend its permanent range and, in Central Germany, this population 

would then be connected with the Baltic and Bohemian-Bavarian populations. The 

occurrences of Eurasian lynx would spread from the Jura and Vosges-Palatinian populations 

to new areas in west-central France. According to the four different scenarios for 2040, 

permanent occurrences of the Eurasian lynx could also arise in regions where the species is 

currently absent (Portugal, Spain, Apennine, central and south-west France, and Hungary). 

Figure 2 shows that the distribution of permanent areas for the grey wolf might be large 

in Sweden, but not in Norway, and only few actual sporadic occurrences are likely to turn into 

permanent occurrences by 2040. Occurrences of the Alpine population could be limited at the 

border between France and Italy. The permanent distribution of all the other populations of 

grey wolf might spread according to the four scenarios for 2040. Thus, all populations should 

become connected in the future. 
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Table A1. Areas (km2) of predicted permanent occurrences (full model), refuges (i.e.sub-

optimal habitat in the environmental model, good habitat in the human disturbance model) 

and ecological traps (i.e. good habitat in the environmental model, sub-optimal habitat in the 

human disturbance model) in the year 2040 under four different land-use change scenarios 

(A1, A2, B1, B2; see main text for details) for the three large carnivore species studied. 

 

    A1 A2 B1 B2 

B
ro

w
n 

be
ar

 Full model 1,447,900 1,416,100 1,452,500 1,433,700 

Refuges 2,399,100 2,384,800 2,379,400 2,399,100 

Ecological traps 400,900 450,900 407,200 439,300 

Eu
ra

si
an

 ly
nx

 Full model 1,365,400 1,353,800 1,383,600 1,363,300 

Refuges 2,245,700 2,452,500 2,423,500 2,450,800 

Ecological traps 489,200 513,400 482,700 477,500 

G
re

y 
w

ol
f 

Full model 1,850,300 1,824,500 1,845,500 1,809,300 

Refuges 2,083,800 2,096,300 2,092,800 2,117,800 

Ecological traps 339,900 348,100 340,200 333,300 
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Table A2. Average values of predictor variables of actual permanent and sporadic occurrences 

(± standard errors) for three large carnivore species studied. See Table 1for parametrization of 

predictor variables. 

 

 Predictors Permanent occurrence Sporadic occurrence 

B
ro

w
n 

be
ar

 

Altitude 608.74 ± 6.418 403.29 ± 4.382 
Slope 6.754 ± 0.104 4.039 ± 0.061 
Roughness 0.685 ± 0.004 0.567 ± 0.003 
Grasslands 7.357 ± 0.209 2.638 ± 0.114 
Forest cover 28.25 ± 12.19 25.41 ± 12.93 
Water courses 9.809 ± 0.256 13.857 ± 0.246 
Habitat diversity Index 3.031 ± 0.004 2.984 ± 0.003 
Human density 56.492 ± 0.659 44.232 ± 0.519 
Human settlements 1.306 ± 0.724  1.431 ± 0.814 
Distance to human settlements 5.770 ± 0.107 5.513 ± 0.091 

Eu
ra

si
an

 ly
nx

 

Altitude 413.94 ± 3.925 359.92 ± 4.881 
Slope 4.524 ± 0.058 3.564 ± 0.067 
Roughness 0.607 ± 0.002 0.515 ± 0.003 
Grasslands 4.684 ± 0.135 3.719 ± 0.142 
Forest cover 27.18 ± 12.54 24.51 ± 13.51 
Water courses 10.893 ± 0.206 12.525 ± 0.263 
Habitat diversity Index 2.989 ± 0.003 2.978 ± 0.004 
Human density 52.368 ± 0.267 56.541 ± 0.501 
Human settlements 1.658 ± 0.746 1.929 ± 0.626 
Distance to human settlements 5.05 ± 0.077 4.89 ± 0.098 

G
re

y 
w

ol
f 

Altitude 634.84 ± 5.154 366.87 ± 5.697 
Slope 7.662 ± 0.081 4.344 ± 0.083 
Roughness 0.713 ± 0.003 0.572 ± 0.004 
Grasslands 10.581 ± 0.179 5.401 ± 0.201 
Forest cover 23.01 ± 13.06 22.07 ± 13.56 
Water courses 2.648 ± 0.104 9.667 ± 0.272 
Habitat diversity Index 3.032 ± 0.004 2.982 ± 0.005 
Human settlements 2.161 ± 0.111 2.178 ± 0.079 
Distance to human settlements 3.29 ± 0.041 3.86 ± 0.091 
Human density 86.017 ± 0.401 65.488 ± 0.713 

 


