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Appendix S1: Editing of databases. 

Editing of databases was necessary because of different taxonomic classifications in Brock et al. 

(2003, colouration data, ref. 47) and Scott (1997, distribution data, ref. 55). 

a) Seven contour maps that contained distribution data of two or more subspecies that are 

classified as species in colouration data were split. 

Split distribution maps  Assigned colouration data 

  
Aneae troglodyta ssp. aidea, floridalis 

Aneae aidea 

Aneae troglodyta 

  

Anthanassa frisia ssp. frisia, tulcis 
Anthanassa frisia 

Anthanassa tulcis 

  

Colias scudderi ssp. gigantea, scudderi 
Colias gigantea 

Colias scudderi 

  

Erora laeta 
Erora laeta 

Erora quaderna 

  

Fixenia favonius ssp. ontario, autolycus, ilavia 
Satyrium favonius (part) 

Satyrium ilavia 

  

Papilio glaucus ssp. canadensis, glaucus 
Papilio canadensis 

Papilio glaucus 

  

Plebejus glandon 
Plebejus glandon 

Plebejus podarce 
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b) Contour maps of species or subspecies that were combined to assign colouration data of one 

species. 

Combined contour maps  Assigned colouration data 

  
Chlosyne acastus ssp. neumogeni, sabina 

Chlosyne acastus 
Chlosyne acastus ssp. acastus, vallismortis, dorothyi 

  
Chlosyne gryneus ssp. gryneus, sweadneri 

Chlosyne gryneus 
Chlosyne gryneus ssp. siva 

Chlosyne gryneus three ssp. with brown US of HW 

Chlosyne gryneus ssp. thornei, loki 

  
Euphydryas chalcedona long-valva-prong ssp. 

Euphydryas chalcedona 
Euphydryas chalcedona short-valva-prong ssp. 

  
Fixenia favonius ssp. favonius 

Satyrium favonius Fixenia favonius ssp. ontario, autolycus (ilavia 

excluded) 

  
Papilio machaon northern ssp. 

Papilio machaon 
Papilio machaon southern ssp. 

  
Polygonia gracilis ssp. gracilis 

Polygonia gracilis 
Polygonia gracilis ssp. zephyrus 
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c) Colouration that were averaged to be assigned to the distribution data of a species complex: 

Species complex  Assigned colouration data 

  

Apodemia mormo complex 

Apodemia mormo 

Apodemia mejicanus 

Apodemia virgulti 

Apodemia duryi 

  

Callophrys affinis complex 
Callophrys affinis 

Callophrys perplexa 

  

Celastrina ladon complex 

Celastrina ladon 

Celastrina neglecta 

Celastrina idella 

Celastrina neglectamajor 

  

Colias alexandra complex 
Colias alexandra 

Colias christina 

  

Colias hecla complex 
Colias hecla 

Colias canadiensis 

  

Colias nastes complex 
Colias nastes 

Colias tyche 

  

Erebia disa complex 
Erebia disa 

Erebia mancinus 

  

Erebia mackinleyensis complex 
Erebia mackinleyensis 

Erebia magdalena 

  

Euphilotes battoides complex 

Euphilotes battoides 

Euphilotes baueri 

Euphilotes bernadino 

Euphilotes ellisi 

Euphilotes glaucon 

  

Euphilotes enoptes complex 

Euphilotes enoptes 

Euphilotes mojave 

Euphilotes ancilla 

  

Neonympha aerolata complex 
Neonympha aerolata 

Neonympha helicta 

  

Pieris oleracea complex 
Pieris oleracea 

Pieris marginalis 

  

Speyeria atlantis complex 
Speyeria atlantis 

Speyeria hesperis 
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Appendix S2: List of butterfly species of North America. 

Lyc a e nida e P lebe jus  ica rio ides Caria  ino Nymphalis  antio pa P apilio  tro ilus
Atlide s  ha les us P lebe jus  idas Ce rc yo nis  meadii Nymphalis  ca lifo rnica P apilio  ze licao n
Callo phrys  affinis P lebe jus  lupinus Ce rc yo nis  o e tus Nymphalis  vaua lbum P arnas s ius  s mintheus
Callo phrys  augus tinus P lebe jus  melis s a Ce rc yo nis  pegala Oeneis  a lberta
Callo phrys  erypho n P lebe jus  neuro na Ce rc yo nis  s thenele Oeneis  bo re P ie rida e
Callo phrys  fo tis P lebe jus  o ptile te Chlo s yne  acas tus Oeneis  chryxus Abae is  nic ippe
Callo phrys  gryneus P lebe jus  po darce Chlo s yne  ca lifo rnica Oeneis  jutta Anteo s  c lo rinde
Callo phrys  he nric i P lebe jus  s ae pio lus Chlo s yne  cynea s Oeneis  maco unii Anteo s  ma erula
Callo phrys  he s s e li P lebe jus  s ha s ta Chlo s yne  definita Oeneis  melis s a Antho charis  c e thura
Callo phrys  irus Satyrium aca dic a Chlo s yne  fulvia Oeneis  ne vadens is Antho charis  lanc eo la ta
Callo phrys  jo hns o ni Satyrium aure to rum Chlo s yne  gabbii Oeneis  po lixenes Antho charis  midea
Callo phrys  lano ra ieens is Satyrium behrii Chlo s yne  go rgo ne Oeneis  uhleri Antho charis  s ara
Callo phrys  mcfarlandi Satyrium calanus Chlo s yne  harris ii P arama cera  a llyni Aphris s a  s ta tira
Callo phrys  mo s s ii Satyrium califo rnica Chlo s yne  ho ffmanni P hyc io des  ba tes ii As cia  mo nus te
Callo phrys  nipho n Satyrium caryae vo rus Chlo s yne  janais P hyc io des  co cyta Co lia s  a lexa ndra
Callo phrys  pe rplexa Satyrium edwards ii Chlo s yne  lac inia P hyc io des  graphica Co lia s  behrii
Callo phrys  po lio s Satyrium favo nius Chlo s yne  lea nira P hyc io des  mylitta Co lia s  canadiens is
Callo phrys  s herdanii Satyrium fuligino s a Chlo s yne  nycte is P hyc io des  o rs e is Co lia s  chris tina
Callo phrys  s pine to rum Satyrium ilavia Chlo s yne  pa lla P hyc io des  pa llida Co lia s  eurytheme
Callo phrys  xami Satyrium kingi Chlo s yne  theo na P hyc io des  phao n Co lia s  giga ntea
Calyco pis  cec ro ps Satyrium liparo ps Chlo s yne  whitneyi P hyc io des  pic ta Co lia s  harfo rdii
Calyco pis  is o beo n Satyrium po lingi Co eno nympha  ha ydenii P hyc io des  pulchella Co lia s  hec la
Celas trina  ide lla Satyrium s ae pium Co eno nympha  tullia P hyc io des  tharo s Co lia s  inte rio r
Celas trina  lado n Satyrium s ylvinus Cyllo ps is  gemma P o ladrya s  a rachne Co lia s  me adiii
Celas trina  neglec ta Satyrium te tra Cyllo ps is  perte pida P o ladrya s  minuta Co lia s  nas tes
Celas trina  neglec tamajo r Satyrium titus Da naus  e res imus P o lygo nia  co mma Co lia s  pa la eno
Cupido  amyntula Strymo n a lea Da naus  gilippus P o lygo nia  faunus Co lia s  pe lidne
Cupido  co myntas Strymo n avalo na Da naus  plexippus P o lygo nia  grac ilis Co lia s  philo dice
Echina rgus  is o la Strymo n is tapa Dryas  iulia P o lygo nia  interro gatio nis Co lia s  tyche
Elec tro s trymo n ange lia Strymo n martia lis Dyma s ia  dymas P o lygo nia  o reas Euchlo e  aus o nides
Ero ra  lae ta Strymo n melinus Emes is  a res P o lygo nia  pro gne Euchlo e  creus a
Ero ra  quaderna Zizula  cyna Emes is  ze la P o lygo nia  s a tyrus Euchlo e  lo tta
Euma eus  a ta la Eno dia  anthedo n Sa tyro de s  appalachia Euchlo e  o lympia
Euphilo tes  ancilla Nympha lida e Eno dia  po rtlandia Satyro de s  e urydice Eurema bo is duvaliana
Euphilo tes  ba tto ides Adelpha  bredo wii Erebia  ca llia s S ipro eta  s te lenes Eurema da ira
Euphilo tes  ba ueri Agla is  milberti Erebia  dis a Speye ria  adias te Eurema mexic ana
Euphilo tes  be rnadino Agraulis  vanillae Erebia  dis co idalis Speye ria  aphro dite Eurema s a lo me
Euphilo tes  e llis i Anartia  ja tro phae Erebia  fa s c ia ta Speye ria  a tlantis Ganyra  jo s ephina
Euphilo tes  eno ptes Aneae  a idea Erebia  la fo nta ine i Speye ria  ca llippe Krico go nia  lys ide
Euphilo tes  glauco n Aneae  andria Erebia  mackinle yens is Speye ria  co ro nis Nathalis  io le
Euphilo tes  mo jave Anthanas s a  fris ia Erebia  magdalena Speye ria  cybele Neo phas ia  te rlo o ii
Euphilo tes  rita Anthanas s a  texana Erebia  mancinus Speye ria  diana P ho ebis  a garithe
Euphilo tes  s pa ldingi Anthanas s a  tulc is Erebia  o cculta Speye ria  edwards ii P ho ebis  philea
Fenis e ca  ta rquinius Apo demia  duryi Erebia  pawlo s kii Speye ria  egle is P ho ebis  s ennae
Glauc o ps yche  lygdamus Apo demia  hepburni Erebia  ro s s ii Speye ria  hes peris P ie ris  margina lis
Habro da is  grunus Apo demia  mejicanus Erebia  vidleri Speye ria  hydas pe P ie ris  o leracea
Hemiargus  c eraunus Apo demia  mo rmo Erebia  yo ungi Speye ria  ida lia P ie ris  rapae
Hypo s trymo n crito la Apo demia  na is Eunica  mo nima Speye ria  mo rmo nia P ie ris  virginiens is
Lepto tes  c as s ius Apo demia  pa lmeri Eunica  ta tila Speye ria  no ko mis P o ntia  beckerii
Lepto tes  ma rina Apo demia  virgulti Euphydryas  chalcedo na Speye ria  zerene P o ntia  o cc ide nta lis
Lycae na  aro ta As te ro campa  ce ltis Euphydryas  editha Texo la  e lada P o ntia  pro to dice
Lycae na  cupreus As te ro campa  c lyto n Euphydryas  gille ttii Vanes s a  annabella P o ntia  s is ymbrii
Lycae na  dio ne As te ro campa  le ilia Euphydryas  phae to n Vanes s a  a ta lanta P yris itia  dina
Lycae na  do rca s Biblis  hyperia Eupto ie ta  c laudia Vanes s a  cardui P yris itia  lis a
Lycae na  editha Bo lo ria  a la s kens is Eupto ie ta  heges ia Vanes s a  virginiens is P yris itia  nis e
Lycae na  go rgo n Bo lo ria  a lberta Gyro cheilus  pa tro bas P yris itia  pro te rpia
Lycae na  he llo ides Bo lo ria  a s tarte He lico nius  cha ritho nia P a pilio n ida e Zerene  ces o nia
Lycae na  hermes Bo lo ria  be llo na He rmeuptychia  s o s ybius Battus  phileno r Zerene  eurydice
Lycae na  he tero nea i Bo lo ria  charic le a J uno nia  c o enia Battus  po lydamas
Lycae na  hyllus Bo lo ria  epitho re J uno nia  e vare te Eurythides  marc e llus
Lycae na  maripo s a Bo lo ria  euno mia J uno nia  geno veva P apilio  andraemo n
Lycae na  niva lis Bo lo ria  fre ija Libytheana  carinenta P apilio  andro geus
Lycae na  phlaeas Bo lo ria  frigga Lime nitis  a rchippus P apilio  aris to demus
Lycae na  rubidus Bo lo ria  impro ba Lime nitis  a rthemis P apilio  brevicauda
Lycae na  xantho ides Bo lo ria  kriemhild Lime nitis  lo rquini P apilio  ca nadens is
Minis trymo n azia Bo lo ria  na tazha ti Lime nitis  weidemeyerii P apilio  cres pho nte s
Minis trymo n c lytie Bo lo ria  po laris Marpes ia  pe treus P apilio  eurymedo n
Minis trymo n leda Bo lo ria  s e lene Megis to  cymela P apilio  glauc us
P arrha s ius  m-album Ca lephelis  a rizo nens is Megis to  rubrica ta P apilio  indra
P haeo s trymo n a lces tis Ca lephelis  bo rea lis Memphis  glycerium P apilio  machao n
P hilo tes  s o no rens is Ca lephelis  muticum Mes tra  amymo ne P apilio  multicaudata
P hilo tie lla  s pecio s a Ca lephelis  nemes is Ne o mino is  ridings ii P apilio  o rnythio n
P lebe jus  acmo n Ca lephelis  perdita lis Ne o nympha a re o la ta P apilio  pa lamedes
P lebe jus  emigdio nis Ca lephelis  virginiens is Ne o nympha helic ta P apilio  po lyxenes
P lebe jus  glando n Ca lephelis  wrighti Ne o nympha mitche llii P apilio  rutulus  
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Appendix S3: List of butterfly species of Europe. 

Lyc a e nida e P s eudaric ia  nic ias Erebia  a lbe rganus Melanargia  a rge Arto geia  krueperi
Agriades  glando n P s eudo philo tes  abencerragusErebia  ca lc aria Melanargia  ga la thea Arto geia  mannii
Agro diae tus  a dme tus P s eudo philo tes  barbagia e Erebia  cas s io ides Melanargia  ines Arto geia  na pi
Agro diae tus  a ins ae P s eudo philo tes  ba to n Erebia  chris ti Melanargia  laches is Arto geia  rapae
Agro diae tus  a manda P s eudo philo tes  bavius Erebia  c laudina Melanargia  la ris s a Co lias  a lfacariens is
Agro diae tus  a ro aniens is P s eudo philo tes  pano ptes Erebia  dis a Melanargia  o cc itanica Co lias  auro rina
Agro diae tus  damo n P s eudo philo tes  vic rama Erebia  embla Melanargia  rus s iae Co lias  ca ucas ia
Agro diae tus  do lus  do lus Quercus ia  querc us Erebia  epiphro n Melita ea  ae the ric a Co lias  chrys o theme
Agro diae tus  e s cheri Satyrium acac iae Erebia  epis tygne Melita ea  a rduinna Co lias  cro c ea
Agro diae tus  fabres s e i Satyrium es culi Erebia  e riphyle Melita ea  c inxia Co lias  era te
Agro diae tus  ga llo i Satyrium ilic is Erebia  eurya le Melita ea  diamina Co lias  he c la
Agro diae tus  hume das ae Satyrium pruni Erebia  flavo fas c ia ta Melita ea  didyma Co lias  hyale
Agro diae tus  iphigenia Satyrium s pini Erebia  go rge Melita ea  pho ebe Co lias  myrmido ne
Agro diae tus  nepho hiptame no sSatyrium w-a lbum Erebia  go rgo ne Melita ea  trivia Co lia s  na s tes
Agro diae tus  pyrenaicus Sco litantide s  o rio n Erebia  his pania Mellic ta  as te ria Co lias  pa laeno
Agro diae tus  ripartii ripa rtii Tarucus  ba lca nicus Erebia  le febvre i Mellic ta  a tha lia Co lias  phico mo ne
Agro diae tus  the rs ite s Tarucus  the o phras tus Erebia  ligea Mellic ta  aure lia Co lo tis  eva go re
Agro diae tus  vio le ta Thec la  be tulae Erebia  manto Mellic ta  brito martis Elphins to nia  penia
Albulina  o rbitulus To mares  ba llus Erebia  medus a Mellic ta  de io ne Euchlo e  aus o nia
Aric ia  ages tis To mares  no gelii Erebia  me lampus Mellic ta  pa rtheno ides Euchlo e  be lemia
Aric ia  a rtaxe rxes Turanana  endymio n Erebia  me las Mellic ta  va ria Euchlo e  ins ularis
Aric ia  mo rro nens is Ultraaric ia  antero s Erebia  meo la ns Mino is  dryas Euchlo e  tagis
Cacyreus  mars halli Vacc iniina  o ptile te Erebia  mnes tra Ne o hipparchia  fa tua Go nepteryx c leo patra
Callo phrys  avis Zizee ria  knys na Erebia  mo ntana Ne o hipparchia  s ta tilinus Go nepteryx fa rino s a
Callo phrys  rubi Erebia  neo ridas Ne ptis  rivula ris Go nepteryx rhamni
Celas trina  a rgio lus Nympha lida e Erebia  niva lis Ne ptis  s appho Leptide a  dupo nche li
Chilades  tro chylus Agla is  urticae Erebia  o eme Nympha lis  antio pa Leptide a  mo rs e i
Cupido  ca rs welli Apatura  ilia Erebia  o rienta lis Nympha lis  po lychlo rus Leptide a  s inapis -rea li
Cupido  lo rquinii Apatura  iris Erebia  o tto mana Nympha lis  vaualbum P ie ris  bra s s icae
Cupido  minimus Apatura  metis Erebia  pa la rica Nympha lis  xantho melas P o ntia  ca llidice
Cupido  o s iris Apha nto pus  hyperantus Erebia  pandro s e Oe neis  bo re P o ntia  chlo ridice
Cyaniris  s emia rgus Aras chnia  levana Erebia  pharte Oe neis  glac ia lis P o ntia  daplidice -edus a
Eumedo nia  eumedo n Are thus ana  are thus a Erebia  pluto Oe neis  jutta Zegris  eupheme
Everes  a lce tas Argynnis  adippe Erebia  po laris Oe neis  no rna
Everes  a rgiades Argynnis  agla ja Erebia  pro no e P a rarge  aegeria
Everes  deco lo ra tus Argynnis  e lis a Erebia  rho do pe ns is P o lygo nia  c-a lbum
Glauco ps yc he  a lexis Argynnis  lao dice Erebia  s c ipio P o lygo nia  egea
Glauco ps yc he  melano ps Argynnis  nio be Erebia  s thennyo P ro clo s s iana  euno mia
Io lana  io las Argynnis  pando ra Erebia  s tirius P ro terebia  a fra
Kretania  eurypilus Argynnis  paphia Erebia  s tyx P s eudo chazara  anthelea
Kretania  ps ylo rita Bo lo ria  aquilo naris Erebia  s ude tica P s eudo chazara  c ingo vs kii
Laeo ps is  ro bo ris Bo lo ria  graeca Erebia  tria ria P s eudo chazara  geyeri
Lampides  bo e ticus Bo lo ria  napae a Erebia  tyndarus P s eudo chazara  gra eca
Lepto tes  piritho us Bo lo ria  pa les Erebia  zapa teri P s eudo chazara  o res tes
Lycaena  a lc iphro n Brenthis  daphne Euro dryas  aurinia P s eudo tergumia  fidia
Lycaena  candens Brenthis  hecate Euro dryas  de s fo nta inii P yro nia  ba ths e ba
Lycaena  dis pa r Brenthis  ino Hipparchia  a lcyo ne P yro nia  ce c ilia
Lycaena  he lle Charaxes  jas ius Hipparchia  aris taeus P yro nia  titho nus
Lycaena  hippo tho e Chazara  bris e is Hipparchia  cre tica Satyrus  ac taea
Lycaena  o tto ma na Chazara  prieuri Hipparchia  fa gi Satyrus  ferula
Lycaena  phlae as Clo s s iana  c haric le a Hipparchia  neo miris Vanes s a  a ta lanta
Lycaena  the rs amo n Clo s s iana  dia Hipparchia  s emele Vanes s a  cardui
Lycaena  the tis Clo s s iana  e upho rys ne Hipparchia  s yriaca Vanes s a  virginiens is
Lycaena  tityrus Clo s s iana  fre ija Hipparchia  vo lgenis
Lycaena  virgaureae Clo s s iana  frigga Hypo dryas  cynthia P apilio nida e
Lys andra  a lbic ans Clo s s iana  po la ris Hypo dryas  iduna Archo n apo llinus
Lys andra  be lla rgus Clo s s iana  s e lene Hypo dryas  intermedia Iphic lides  po da lirius
Lys andra  co rido n Clo s s iana  tho re Hypo dryas  ma turna P a pilio  a lexano r
Lys andra  his pana Clo s s iana  titania Hypo nephe le  lupina P a pilio  ho s pito n
Maculinea  a lco n Co eno nympha arc ania Hypo nephe le  lyca o n P a pilio  ma chao n
Maculinea  ario n Co eno nympha co rinna Inachis  io P a rnas s ius  apo llo
Maculinea  naus itho us Co eno nympha do rus Is s o ria  la tho nia P a rnas s ius  mnemo s yne
Maculinea  te le jus Co eno nympha ga rdetta Kane tis a  c irce P a rnas s ius  pho ebus
Meleageria  da phnis Co eno nympha glycerio n Kirinia  c limene Zerynthia  ceris y
Neo lys andra  co eles tina Co eno nympha he ro Kirinia  ro xe lana Zerynthia  po lyxena
P lebejus  a rgus Co eno nympha leander Las io mmata  mae ra Zerynthia  rumina
P lebejus  a rgyro gno mo n Co eno nympha o edippus Las io mmata  megera
P lebejus  idas Co eno nympha pamphilus Las io mmata  pe tro po lita naP ie rida e
P lebejus  pylao n Co eno nympha rho do pens is Libythea  ce ltis Antho charis  be lia
P lebicula  do rylas Co eno nympha thyrs is Limenitis  camilla Antho charis  ca rdamines
P lebicula  go lgus Co eno nympha tullia Limenitis  po puli Antho charis  damo ne
P lebicula  nives c ens Dana us  chrys ippus Limenitis  reduc ta Antho charis  gruneri
P o lyo mmatus  e ro ides Dana us  plexippus Lo pinga  ac hine Apo ria  c ra taegi
P o lyo mmatus  e ro s Erebia  ae thio pe lla Manio la  jurtina Arto geia  bryo niae
P o lyo mmatus  icarus Erebia  ae thio ps Manio la  nura g Arto geia  e rgane
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Appendix S4: Correlation of colour lightness data of North America and Europe. 

Dorsal and ventral images of 16 butterfly species were depicted in both Brock et al. (2003, ref. 47) 

and Tolman & Lewington (2009, ref. 48). Colour lightness values of the two sources were highly 

correlated (major axis regression: dorsal r² = 0.96, ventral r² = 0.98, p < 0.001) and the slopes did 

not differ from 1 (lines forced through the origin, p > 0.05, R package smatr). 

Species: Coenonympha tullia, Colias hecla, Colias nastes, Colias palaeno, Danaus plexippus, 

Erebia disa, Lycaena phlaeas, Nymphalis antiopa, Nymphalis vaualbum, Oeneis bore, Oeneis jutta, 

Papilio machaon, Plebejus idas, Vanessa atalanta, Vanessa cardui, Vanessa virginiensis. 
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Appendix S5: Number of species and grid cells (butterfly assemblages) in North America and 

Europe. The number of grid cells with at least five species, which were used in the statistical 

analysis, are also given. Number of species does not differ between datasets containing grids cells 

with all species and at least five species, except for European Papilionids where one species 

(Papilio hospiton) dropped out. 

Family 

North America  Europe 

Species 
 Grid cells 

Species 
 Grid cells 

All species ≥ 5 species All species ≥ 5 species 

All 330 9,220 8,499 326 1,939 1,840 

Lycaenidae 96 8,686 6,526 98 1,870 1,546 

Nymphalidae 164 9,160 8,274 177 1,899 1,757 

Papilionidae 21 6,824 2,364 11 1,418 169 

Pieridae 49 9,128 5,971 40 1,856 1,465 
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Appendix S6: Maps of environmental variables. 
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Appendix S7: The effect of the environmental variables insolation, temperature and humidity on 

the colour lightness of butterfly families. Shown are scatterplots and regressions. 
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Appendix S8: Statistics of linear and quadratic generalized least-squares regressions between the 

colour lightness of butterfly assemblages across North America and Europe and the three potential 

environmental drivers temperature, insolation and humidity. Models were fitted with a Gaussian 

spatial correlation structure of geographical coordinates to account for spatial autocorrelation. 

Models were computed for the complete datasets of each continent and separately for the major 

butterfly families. Direction of the effects (+/−) and r² values are given for each model. If Δr² 

(quadratic r² − linear r²) was > 0.1, a quadratic shape (U- or hump-shaped) of the relationship was 

assumed; otherwise a linear shape was assumed, as also indicated by the inserted pictograms. Only 

assemblages with at least five species were included in this analysis. Level of significance was set 

to 0.001 (n.s. = not significant). Highest r² values for the assumed relationship in each family and 

continent are highlighted in bold. Different shapes of the relationships compared with the results 

presented in Table 1 of the main text are highlighted in grey. 
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   North America  Europe 

Variable Family Side 
Linear 

r² 

Quadratic 

r² 

Δ 

r² 
Shape  

Linear

r² 

Quadratic 

r² 

Δ 

r² 
Shape 

IN
S

O
L

A
T

IO
N

 

All 
Dorsal + 0.00 + 0.07 

 
0.07 

 
 + 0.15 + 0.17 

 
0.01 

 

Ventral + 0.42 − 0.43 
 

0.01 
 

 + 0.29 − 0.29 
 

0.00 
 

Lycaenidae 
Dorsal + 0.02 + 0.15 

 
0.13 

 
 + 0.08 + 0.09 

 
0.01 

 

Ventral − 0.00 + 0.03 
 

0.03 
 

 + 0.05 − 0.07 
 

0.02 
 

Nymphalidae 
Dorsal + 0.05 + 0.09 

 
0.04 

 
 + 0.27 + 0.27 

 
0.00 

 

Ventral + 0.68 − 0.71 
 

0.03 
 

 + 0.36 − 0.37 
 

0.01 
 

Papilionidae 
Dorsal − 0.01 + 0.03 

 
0.02 

 
 − 0.11 + 0.11 

 
0.00 

 

Ventral − 0.00 + 0.05 
 

0.05 
 

 − 0.09 − 0.09 
 

0.00 
 

Pieridae 
Dorsal + 0.00 − 0.25 

 
0.25 

 
 n.s. + 0.04 

 
0.04  

Ventral + 0.17 − 0.44 
 

0.27 
 

 n.s. + 0.06 
 

0.05  

T
E

M
P

E
R

A
T

U
R

E
 

All 
Dorsal + 0.01 + 0.03 

 
0.02 

 
 + 0.17 + 0.22 

 
0.04 

 

Ventral + 0.34 − 0.34 
 

0.00 
 

 + 0.29 + 0.29 
 

0.01 
 

Lycaenidae 
Dorsal + 0.02 + 0.16 

 
0.14 

 
 + 0.07 + 0.11 

 
0.04 

 

Ventral − 0.01 + 0.01 
 

0.00 
 

 + 0.03 − 0.03 
 

0.00 
 

Nymphalidae 
Dorsal + 0.04 + 0.10 

 
0.06 

 
 + 0.29 + 0.33 

 
0.04 

 

Ventral + 0.57 − 0.57 
 

0.00 
 

 + 0.33 + 0.34 
 

0.01 
 

Papilionidae 
Dorsal − 0.24 + 0.24 

 
0.00 

 
 − 0.15 − 0.16 

 
0.01 

 

Ventral − 0.19 + 0.19 
 

0.00 
 

 − 0.15 n.s. 
 

0.00 
 

Pieridae 
Dorsal + 0.00 − 0.21 

 
0.21 

 
 n.s. + 0.01 

 
0.01  

Ventral + 0.19 − 0.35 
 

0.16 
 

 + 0.01 + 0.02 
 

0.01 
 

H
U

M
ID

IT
Y

 

All 
Dorsal − 0.01 + 0.02 

 
0.01 

 
 − 0.10 + 0.14 

 
0.04 

 

Ventral − 0.19 − 0.20 
 

0.01 
 

 − 0.14 + 0.15 
 

0.01 
 

Lycaenidae 
Dorsal − 0.02 + 0.05 

 
0.03 

 
 − 0.06 + 0.07 

 
0.00 

 

Ventral − 0.01 + 0.01 
 

0.00 
 

 − 0.04 − 0.05 
 

0.01 
 

Nymphalidae 
Dorsal − 0.02 + 0.02 

 
0.00 

 
 − 0.15 + 0.18 

 
0.02 

 

Ventral − 0.24 − 0.25 
 

0.01 
 

 − 0.17 + 0.17 
 

0.00 
 

Papilionidae 
Dorsal − 0.10 − 0.14 

 
0.04 

 
 + 0.10 + 0.11 

 
0.01 

 

Ventral − 0.11 − 0.13 
 

0.02 
 

 + 0.07 + 0.09 
 

0.01 
 

Pieridae 
Dorsal + 0.00 − 0.01 

 
0.01 

 
 n.s. n.s. 

 
0.00  

Ventral − 0.00 − 0.01 
 

0.01 
 

 n.s. + 0.02 
 

0.02  
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Appendix S9: Comparisons between dorsal and ventral colour lightness. 

Family Study region  Dorsal Ventral df t p 

       
 All 

 North America 98.12 127.55 657.89 -10.61 < 0.001 
 Europe 89.22 130.95 647.38 -14.40 < 0.001 

       
 Lycaenidae 

 North America 99.21 140.57 156.82 -11.03 < 0.001 
 Europe 78.92 159.11 184.64 -25.30 < 0.001 

       
 Nymphalidae 

 North America 79.44 109.84 265.19 -10.66 < 0.001 
 Europe 76.85 108.08 351.72 -10.83 < 0.001 

       
 Papilionidae 

 North America 80.86 104.86 38.08 -2.37 < 0.05 
 Europe 100.82 123.68 19.85 -3.63 < 0.01 

       
 Pieridae 

 North America 165.35 163.03 95.42 0.51 0.608 
 Europe 166.05 165.20 71.79 0.16 0.88 
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Appendix S10: Histograms of colour lightness values. 

Distribution of colour lightness values separated according to study region, dorsal and ventral side, 

and butterfly families. 


