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?/@;11#>A!36!.)14)$!%!`,YbYa!C)&)$#1(P)4!1(&)#$!E04)12Z!*&4Z!G4Z!RD@D2/'?E4!D@!0&'&-0&-60!'@:!'??(-%:!UDT!
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! O+!

?/3A)$20&!%6!%)=P!^!`*++_a!GFF)/=2!0F!2")/()2w!)/010>H!0&!=A)!#//;$#/H!0F!4(2=$(<;=(0&!E04)12Z!N6D2/'?E4!UU+!
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4(2=$(<;=(0&2Z!N6D2/'?E4W&0-&0Z!UUD!

?)&k&4)P!S!)=!#1Z!`*++_a!:($)/=!#&4!(&4($)/=!)FF)/=2!0F!/1(E#=)!#&4!A#<(=#=!F#/=0$2!0&!<;==)$F1H!4(')$2(=HZ!UUU!

N6D(D24!bbWT+M-,,Z!!UUM!

?)$$(11!S?!)=!#1Z!`*++ba!@0E<(&)4!)FF)/=2!0F!/1(E#=)!#&4!<(0=(/!(&=)$#/=(0&2!0&!=A)!)1)'#=(0&#1!$#&>)!0F!#!UUT!
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! OK!

Figures UYD!
!UYU!
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!UYT!

!UY_!

UYb!



! OL!
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!M+,!

!M+*!
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! "P!

8*92&%' <]! 8/-@6-?'(! 6D>?D@%@&! '@'(40-0! D@! &E%! 0?%6-%0! &/'-&0;! @'>%(4! &/D?E-6! 0?%6-'(-C'&-D@! `FAb;!M+D!
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'//DT0! -@:-6'&%! 0?%6-%0! T-&E! @3>%/D30! ED0&! ?('@&0! BD/! FA;! 0%5%/'(! E'.-&'&0! BD/! HA! '@:! '! 2/%'&!M+M!

:-0?%/0'(!BD/!,<)!!!M+T!

!M+_!

!M+b!

M+Y!



! "O!

8*92&%'=]!<DU-@%/&-'!'@'(40-0!D@!&E%!8<70)!'b!<DU-@%/&-'!'@'(40-0f!.b!X@%/&-'!DB!&E%!g!'=-0!B/D>!&E%!8<70;!M+Y!

7=O!/%?/%0%@&0!&E%!8<7!D@!&E%!>D:%(-@2!5'/-'.(%0;!7="!/%?/%0%@&0!&E%!8<7!D@!&E%!&/'-&0!f!6b!X@%/&-'!DB!M,+!

&E%!a!'=-0!DB!&E%!&TD!8<70;!7=O!/%?/%0%@&0!&E%!>D:%(-@2!5'/-'.(%0!'@:!7="!&E%!&/'-&0f!:b!X@%/&-'!DB!&E%!M,,!

0?%6-%0! &/'-&0f! &E%! '//DT0! -@:-6'&%! &E%! 0?%6-%0! T-&E! >D/%! 5'/-'@6%! %=?('-@%:! .4! &E%! Q<;! <Q! D/! GXc!M,*!

5'/-'.(%0f! %b! X@%/&-'!DB! &E%! 5'/-'.(%0f! &E%!'//DT0! -@:-6'&%! 0?%6-%0!T-&E!@3>%/D30!ED0&!?('@&0! BD/!FA;!M,D!

0%5%/'(!E'.-&'&0!BD/!HA!'@:!'!2/%'&!:-0?%/0'(!BD/!,<)!M,U!

!M,M!

4a!

)a!

#a!

<a!

/a!



! ! !

Tables "#$!
!"#%!

!"#$%&'&!'())*+,!-.!/01!+12(3/2!.-+!/01!$!2415612!)-2/!6)4+-718!69!/016+!:;<!7*3(12!=,!/01!3*98!(21!7*+6*=312!>*?@!*98!$!2415612!)-2/!6)4+-718!=,!"#A!

/01!=6-/65!7*+6*=312!>=?B!C-/B!DE!*98!:;<!+14+1219/2!/01!/-/*3!.6/!*98!:;<!-.!/01!)-8132!.-+!/01!/0+11!.*5/-+2@!DE!+14+1219/2!/01!4*+/6/6-918!7*+6*951!"EF!

.-+!/01!=6-/65@!3*98!(21@!536)*/65@!20*+18!*98!(91G43*6918!.*5/-+2B!!"E#!

a) 
Species R2 BIO R2 LU R2 CL R2 Sh. R2 Un. 

Tot. 
R2 TC 

Tot. 
R2 LC 

Tot. 
R2 BIO 

R2 Imp. 
LU (%) 

R2 Imp. LO 
(%) 

AUC 
TC 

AUC 
TCLC 

AUC 
TCBIO 

AUC Imp. 
LC (%) 

AUC Imp. 
BIO (%) 

Boloria euphrosyne 0.022 0.076 0.089 0.047 0.652 0.245 0.293 0.257 19.469 4.888 0.709 0.751 0.728 5.924 2.680 
Polyommatus  
                 coridon 0.061 0.063 0.143 0.034 0.682 0.180 0.265 0.198 47.420 10.340 0.699 0.744 0.721 6.438 3.147 

Papilio machaon 0.020 0.106 0.042 0.098 0.722 0.141 0.229 0.152 62.507 7.880 0.652 0.697 0.612 6.902 -6.135 
Lasiommata maera 0.020 0.074 0.049 0.022 0.798 0.102 0.177 0.093 73.429 -9.366 0.620 0.693 0.633 11.774 2.097 
Zygaena transalpina 0.065 0.085 0.068 0.025 0.710 0.129 0.228 0.126 76.423 -2.868 0.648 0.727 0.659 12.191 1.698 
Vanessa cardui 0.027 0.078 0.038 -0.022 0.825 0.065 0.122 0.109 87.759 67.397 0.568 0.65 0.649 14.437 14.261 
Polyommatus eros 0.038 0.046 0.102 -0.001 0.811 0.088 0.156 0.083 77.145 -5.990 0.582 0.684 0.612 17.526 5.155 

                
b) 
Species R2 BIO R2 LU R2 CL R2 Sh. R2 Un. 

Tot. 
R2 TC 

Tot. 
R2 LC 

Tot. 
R2 BIO 

R2 Imp. 
LU (%) 

R2 Imp. LO 
(%) 

AUC 
TC 

AUC 
TCLC 

AUC 
TCBIO 

AUC Imp. 
LC (%) 

AUC Imp. 
BIO (%) 

Pieris brassicae 0.039 -0.011 0.076 0.046 0.796 0.160 0.169 0.172 5.791 7.948 0.655 0.641 0.675 -2.14 3.053 
Adscita geryon 0.074 0.018 0.107 -0.012 0.721 0.194 0.204 0.260 5.475 34.511 0.711 0.728 0.733 2.39 3.094 
Polyommatus 
                coridon 0.061 0.063 0.143 0.034 0.682 0.180 0.265 0.198 47.420 10.340 0.699 0.744 0.721 6.44 3.147 
Pyrgus serratulae 0.246 0.051 0.116 0.014 0.475 0.227 0.258 0.277 13.629 22.054 0.739 0.751 0.764 1.62 3.383 
Polyommatus eros 0.038 0.046 0.102 -0.001 0.811 0.088 0.156 0.083 77.145 -5.990 0.582 0.684 0.612 17.53 5.155 
Colias crocea 0.044 0.046 0.035 -0.001 0.757 0.127 0.182 0.192 43.238 51.177 0.700 0.733 0.750 4.71 7.143 
Vanessa cardui 0.027 0.078 0.038 -0.022 0.825 0.065 0.122 0.109 87.759 67.397 0.568 0.650 0.649 14.44 14.217 
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Supplementary material  !"#$
$!"%$

!"#$%&'&$'()*$+,$*-.$)/.0(.)$1(*-$*-.(2$3442.5(3*(+6)$367$*-.$532(360.$/32*(*(+6(689$:+*9$;"$367$<=>$2./2.).6*)$*-.$*+*3?$,(*$367$<=>$+,$*-.$@+7.?)$,+2$*-.$!"!$
*-2..$532(34?.)$A>'B$'=B$CDEFB$;"$2./2.).6*)$*-.$/32*(*(+6.7$532(360.$,+2$*-.$4(+*(0$ACDEFB$?367$G).$A'=FB$0?(@3*(0$A>'FB$)-32.7$367$G6.H/?3(6.7$,30*+2)9$!"I$

Species Abbr. R2 BIO R2 LU 
R2 
CL R2 Sh. 

R2 
Un. 

Tot. R2 
TC 

Tot. R2 
LC 

Tot. R2 
BIO 

R2 Imp. LU 
(%) 

R2 Imp. LO 
(%) 

AUC 
TC 

AUC 
TCLC 

AUC 
TCBIO 

AUC Imp. LC 
(%) 

AUC Imp. BIO 
(%) 

Adscita geryon Ager 0.0742 0.0177 0.107 -0.0118 0.721 0.194 0.204 0.260 5.475 34.511 0.711 0.728 0.733 2.391 3.094 

Aglais urticae Aurt 0.0285 0.0458 0.054 0.009 0.826 0.117 0.112 0.111 -4.645 -5.836 0.642 0.619 0.632 -3.583 -1.558 

Anthocharis cardamines Acar 0.0096 0.0900 0.110 0.060 0.561 0.330 0.407 0.339 23.276 2.507 0.786 0.81 0.777 3.053 -1.145 

Aphantopus hyperantus Ahyp 0.0186 0.0022 0.250 0.097 0.347 0.634 0.632 0.656 -0.307 3.398 0.911 0.898 0.91 -1.427 -0.110 

Aporia crataegi Acra 0.0172 0.0421 0.172 0.063 0.546 0.385 0.377 0.418 -2.148 8.696 0.807 0.792 0.818 -1.859 1.363 

Argynnis aglaja Aagl 0.0412 0.0103 0.194 0.093 0.537 0.417 0.422 0.423 1.060 1.260 0.805 0.809 0.813 0.497 0.994 

Argynnis niobe Anio 0.0815 0.0564 0.098 0.010 0.715 0.144 0.168 0.165 16.642 14.478 0.661 0.656 0.645 -0.756 -2.421 

Aricia (eumedionia) eumedon Aeum 0.0298 0.0111 0.027 0.058 0.816 0.120 0.154 0.143 27.940 18.482 0.668 0.671 0.645 0.449 -3.443 

Aricia artaxerxes Aart 0.0304 0.0313 0.118 0.031 0.771 0.151 0.195 0.151 29.615 0.054 0.674 0.691 0.642 2.522 -4.748 

Boloria euphrosyne Beup 0.0218 0.0761 0.089 0.047 0.652 0.245 0.293 0.257 19.469 4.888 0.709 0.751 0.728 5.924 2.680 

Boloria napaea Bnap 0.0753 0.0079 0.138 0.044 0.646 0.276 0.278 0.271 0.485 -1.840 0.775 0.731 0.748 -5.677 -3.484 

Boloria pales Bpal 0.0169 -0.0004 0.335 0.094 0.322 0.664 0.662 0.679 -0.243 2.293 0.911 0.9 0.922 -1.207 1.207 

Boloria titania Btit 0.0369 0.0270 0.162 0.122 0.499 0.435 0.436 0.463 0.148 6.406 0.827 0.816 0.838 -1.330 1.330 

Callophrys rubi Crub 0.0278 0.0352 0.112 0.00712 0.727 0.186 0.235 0.203 26.738 9.082 0.736 0.752 0.747 2.174 1.495 

Coenonmypha pamphilus Cpam 0.0224 0.0168 0.217 0.101 0.448 0.508 0.526 0.527 3.586 3.760 0.877 0.876 0.878 -0.114 0.114 

Coenonympha gardetta Cgar 0.0391 0.0765 0.203 0.0521 0.462 0.412 0.495 0.423 20.174 2.703 0.813 0.844 0.805 3.813 -0.984 

Colias alfacariensis/hyale Calf 0.0104 -0.0158 0.186 0.0101 0.816 0.186 0.182 0.197 -1.848 6.033 0.726 0.725 0.742 -0.138 2.204 

Colias crocea Ccro 0.0437 0.0463 0.035 
-

0.00065 0.757 0.127 0.182 0.192 43.238 51.177 0.7 0.733 0.75 4.714 7.143 

Colias phicomone Cphi 0.0442 0.0289 0.224 0.0391 0.466 0.449 0.484 0.445 7.804 -0.949 0.817 0.817 0.816 0.000 -0.122 

Cupido minimus Cmin 0.0007 0.0305 0.195 0.0572 0.638 0.330 0.347 0.325 5.409 -1.478 0.766 0.783 0.752 2.219 -1.828 

Erebia aethiops Eaet 0.0506 0.0148 0.176 0.0528 0.640 0.292 0.297 0.296 1.736 1.510 0.744 0.717 0.73 -3.629 -1.882 

Erebia epiphron Eepi 0.0582 0.0031 0.250 0.0333 0.512 0.397 0.419 0.418 5.708 5.391 0.826 0.832 0.838 0.726 1.453 

Erebia euryale Eeur 0.0272 0.0993 0.115 
-

0.00902 0.635 0.245 0.257 0.239 4.920 -2.240 0.759 0.745 0.739 -1.845 -2.635 

Erebia gorge Egor 0.0725 0.0429 0.115 0.286 0.229 0.586 0.701 0.696 19.720 18.838 0.937 0.956 0.941 2.028 0.427 

Erebia ligea Elig 0.0366 0.0190 0.146 0.0419 0.507 0.441 0.444 0.448 0.747 1.560 0.832 0.842 0.845 1.202 1.563 

Erebia manto Eman 0.0619 -0.00589 0.226 0.0477 0.589 0.352 0.355 0.375 0.778 6.532 0.784 0.785 0.793 0.128 1.148 

Erebia melampus Emel 0.0548 -0.0113 0.140 0.0418 0.671 0.284 0.280 0.283 -1.358 -0.283 0.771 0.748 0.749 -2.983 -2.853 

Erebia oeme Eoem 0.0199 0.0489 0.222 0.0657 0.604 0.333 0.349 0.336 4.675 0.639 0.747 0.75 0.733 0.402 -1.874 

Erebia pandrose Epan 0.0165 0.0555 0.248 0.0587 0.455 0.466 0.507 0.461 8.600 -1.238 0.847 0.868 0.842 2.479 -0.590 



! !

Erebia pharte Epha 0.0650 0.0432 0.291 
-

0.00087 0.519 0.367 0.383 0.409 4.495 11.617 0.811 0.801 0.817 -1.233 0.740 

Erebia pronoe Epro 0.0231 -0.0032 0.149 0.0337 0.716 0.233 0.267 0.260 14.769 11.745 0.78 0.767 0.757 -1.667 -2.949 

Erebia tyndarus Etyn 0.0987 0.0418 0.219 0.0273 0.499 0.348 0.384 0.354 10.264 1.593 0.827 0.824 0.769 -0.363 -7.013 

Erynnis tages Etag 0.0551 0.0368 0.079 0.0333 0.734 0.175 0.208 0.181 19.349 3.839 0.673 0.683 0.671 1.486 -0.297 

Euphydrias aurinia Eaur 0.0343 0.0175 0.324 0.0265 0.574 0.376 0.388 0.367 3.216 -2.351 0.795 0.799 0.79 0.503 -0.629 

Hesperia comma Hcom 0.0035 -0.0015 0.258 0.0380 0.545 0.450 0.455 0.460 1.090 2.167 0.858 0.846 0.864 -1.399 0.699 

Lasiommata maera Lmae 0.0201 0.0739 0.0492 0.0221 0.798 0.102 0.177 0.093 73.429 -9.366 0.62 0.693 0.633 11.774 2.097 

Lasiommata petropolitana Lpet 0.0646 0.0469 0.089 
-

0.00785 0.742 0.148 0.201 0.182 35.864 22.834 0.672 0.702 0.685 4.464 1.935 

Leptidea sinapis/reali Lrea 0.0121 0.0192 0.143 0.0708 0.569 0.384 0.404 0.394 5.263 2.566 0.819 0.824 0.815 0.611 -0.488 

Lycaena hippothoe Lhip 0.0722 0.0484 0.177 0.0114 0.499 0.371 0.389 0.380 4.885 2.462 0.821 0.84 0.813 2.314 -0.974 

Lycaena tityrus Ltit 0.0006 0.0444 0.135 0.0444 0.752 0.214 0.250 0.208 16.857 -2.573 0.748 0.736 0.709 -1.604 -5.214 

Maculinea arion Mari 0.0144 0.0281 0.0473 0.0387 0.807 0.137 0.149 0.162 8.490 17.689 0.669 0.66 0.675 -1.345 0.897 

Maniola jurtina Mjur 0.0111 0.0175 0.314 0.0994 0.326 0.634 0.650 0.650 2.538 2.407 0.927 0.927 0.913 0.000 -1.510 

Melanargia galathea Mgal 0.0018 0.0182 0.445 0.0478 0.388 0.592 0.598 0.596 0.922 0.569 0.893 0.886 0.892 -0.784 -0.112 

Melitaea diamina Mdia 0.0382 0.0867 0.157 0.0664 0.544 0.349 0.353 0.357 1.178 2.283 0.782 0.766 0.772 -2.046 -1.279 

Mellicta athalia Math 0.0183 0.0034 0.189 0.0723 0.552 0.419 0.422 0.427 0.637 2.007 0.841 0.838 0.844 -0.357 0.357 

Ochlodes venatus Oven 0.00264 0.0342 0.179 0.0114 0.574 0.367 0.397 0.384 8.311 4.716 0.839 0.853 0.83 1.669 -1.073 

Papilo machaon Pmac 0.0204 0.1062 0.042 0.0975 0.722 0.141 0.229 0.152 62.507 7.880 0.652 0.697 0.612 6.902 -6.135 

Pieris brassicae Pbra 0.0393 -0.0111 0.076 0.0457 0.796 0.160 0.169 0.172 5.791 7.948 0.655 0.641 0.675 -2.137 3.053 

Pieris bryoniae Pbry 0.0126 0.0179 0.092 0.0233 0.774 0.181 0.208 0.203 15.020 12.009 0.681 0.704 0.688 3.377 1.028 

Pieris napi Pnap -0.00223 0.0309 0.278 0.00942 0.654 0.312 0.326 0.314 4.394 0.578 0.769 0.76 0.759 -1.170 -1.300 

Pieris rapae Prap -0.0147 -0.0073 0.049 
-

0.00359 0.973 0.037 0.039 0.039 3.142 4.376 0.573 0.526 0.548 -8.202 -4.363 

Plebejus argus Parg 0.103 0.0057 0.097 -0.0195 0.749 0.147 0.144 0.185 -2.242 25.595 0.667 0.656 0.647 -1.649 -2.999 
Polyommatus (Cyaniris) 
semiargus Psem 0.0352 0.0086 0.173 0.0770 0.613 0.349 0.347 0.349 -0.547 0.079 0.772 0.773 0.781 0.130 1.166 
Polyommatus (Lysandra) 
bellargus Pbel 0.0711 0.0266 0.142 0.00438 0.692 0.193 0.239 0.226 24.034 17.538 0.731 0.729 0.742 -0.274 1.505 
Polyommatus (Lysandra) 
coridon Pcor 0.0610 0.0630 0.143 0.0335 0.682 0.180 0.265 0.198 47.420 10.340 0.699 0.744 0.721 6.438 3.147 

Polyommatus damon Pdam 0.0461 0.0133 0.133 
-

0.00328 0.776 0.157 0.187 0.176 19.208 12.401 0.699 0.724 0.704 3.577 0.715 

Polyommatus eros Pero 0.0383 0.0460 0.102 
-

0.00131 0.811 0.088 0.156 0.083 77.145 -5.990 0.582 0.684 0.612 17.526 5.155 

Polyommatus icarus Pica -0.00163 0.000887 0.197 0.0559 0.642 0.354 0.352 0.362 -0.620 2.084 0.801 0.804 0.808 0.375 0.874 

Pyrgus alveus Palv 
-

0.000728 0.0187 0.062 0.0146 0.882 0.095 0.119 0.095 26.019 0.237 0.626 0.64 0.584 2.236 -6.709 

Pyrgus malvae Pmal 0.0316 -0.0116 0.129 0.0261 0.785 0.199 0.188 0.194 -5.547 -2.237 0.709 0.69 0.682 -2.680 -3.808 

Pyrgus serratulae Pser 0.2464 0.0511 0.116 0.0142 0.475 0.227 0.258 0.277 13.629 22.054 0.739 0.751 0.764 1.624 3.383 

Thymelicus lineola Tlin 0.0339 -0.0018 0.284 0.120 0.349 0.618 0.614 0.624 -0.582 0.982 0.892 0.883 0.888 -1.009 -0.448 

Thymelicus sylvestris Tsyl 0.0254 0.0127 0.255 0.0969 0.400 0.551 0.559 0.588 1.340 6.650 0.905 0.905 0.906 0.000 0.110 

Vanessa cardui Vcar 0.0271 0.0776 0.038 -0.0220 0.825 0.065 0.122 0.109 87.759 67.397 0.568 0.65 0.649 14.437 14.261 



! !

Zygaena exulans Zexu -0.0029 0.0576 0.044 0.142 0.634 0.302 0.351 0.307 16.226 1.475 0.825 0.828 0.808 0.364 -2.061 

Zygaena filipendulae Zfil 0.00699 0.0161 0.207 0.0386 0.719 0.240 0.258 0.260 7.346 8.199 0.751 0.735 0.748 -2.130 -0.399 

Zygaena lonicerae Zlon 0.0517 0.0428 0.194 0.0100 0.577 0.317 0.334 0.341 5.263 7.298 0.822 0.798 0.789 -2.920 -4.015 

Zygaena transalpina Ztra 0.0646 0.0851 0.068 0.0246 0.710 0.129 0.228 0.126 76.423 -2.868 0.648 0.727 0.659 12.191 1.698 

$!"J$




