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Supplementary Fig. 1 Relationship between the number of COI haplotypes (left - estimated, 19 

right - observed) and species range size (n = 385 species). 20 
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Supplementary Methods 25 

 26 

Specimens identified to genus level only 27 

Although many species of European butterflies can be readily identified based on external 28 

and/or internal morphology, a number of species are extremely difficult to determine using 29 

this methodology. This can be the case in both sexes, but is mostly confined to one gender. 30 

Sometimes, such instances involve species with a questionable taxonomic status where 31 

further research is required. Therefore, 232 specimens in our dataset (Supplementary Data 1) 32 

were identified only to genus level. 33 

The neighbor-joining tree provided in Supplementary Data 14 facilitates the visual inspection 34 

of COI patterns detected within European butterflies. 35 

 36 

Colias (family Pieridae): Nine specimens were not assigned to a particular species because 37 

they are suspected to represent hybrids. 38 

 39 

Pieris (family Pieridae): Twenty-five specimens with the morphology of Pieris napi or Pieris 40 

balcana were not assigned to either of the two taxa. The taxonomic status, relationship and 41 

distribution of balcana, with respect to napi, are not fully understood and require further 42 

studies. Because putative morphological differences are extremely subtle (e.g.1,2), we did not 43 

assign any of the specimens sampled from the Balkans to any one species, because the 44 

distribution of balcana supposedly encompasses parts of this region. 45 

 46 

Lysandra (family Lycaenidae): Three specimens were not assigned to a particular species 47 

because they are suspected to represent hybrids. 48 

 49 

Polyommatus (subgenus Agrodiaetus) (family Lycaenidae): Several European taxa of the 50 

subgenus Agrodiaetus of the genus Polyommatus have extremely similar morphology and 51 

their taxonomy is often based on karyotypes. The situation is particularly complex in the 52 

Balkans, where the distribution and status of several morphologically similar taxa may 53 

require further research. For these reasons, in our dataset we only designated to species level 54 

specimens included in the most recent revision of Balkan Agrodiaetus3. 55 

Boloria (family Nymphalidae): Seven specimens with the morphology of Boloria pales or 56 

Boloria napaea formed a clade differentiated from all other specimens of B. pales and B. 57 

napaea available. Given that these two species are very difficult to identify, especially in the 58 
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case of males, we preferred not to name the seven specimens until further research is 59 

undertaken. 60 

 61 

Hipparchia (family Nymphalidae): Sixty-one specimens were not assigned to a particular 62 

species. Some of the European Hipparchia are virtually indistinguishable based on wing 63 

morphology and sometimes display only subtle differences in genitalia4. The taxonomic 64 

status of some taxa is also not fully elucidated (e.g.5,6).  65 

To name specimens present in our dataset, we relied on genitalia examination and/or 66 

distribution patterns, the latter criterion being only applied in the case of allopatric species. 67 

As a result, 61 specimens, mostly from areas where several taxa could theoretically occur in 68 

sympatry and for which genitalia were not examined (or yielded inconclusive results), were 69 

named only to genus level. 70 

 71 

Melitaea (family Nymphalidae): Seventy-four specimens with the morphology of Melitaea 72 

phoebe or Melitaea ornata were not identified to species level. Melitaea phoebe and M. 73 

ornata are virtually indistinguishable based on external morphology of the adults and male 74 

genitalia structures show only subtle differences7,8. It has been shown that eastern European 75 

specimens (the Balkans) of M. ornata can be reliably separated based on COI9. However, the 76 

distribution of M. ornata may extend further into western Europe9,10 and it appears that only 77 

nuclear markers can reliably distinguish such specimens. Consequently, specimens with 78 

external morphology of M. phoebe or M. ornata originating from areas in central and western 79 

Europe (Supplementary Data 1) where M. ornata could potentially occur, were not assigned 80 

to either of the two species, given the lack of nuclear DNA. 81 

The two species appear to be separable based on larval morphology (9 and references therein) 82 

and we identified a few such barcoded specimens to species level because they have been 83 

bred, even if they originated from outside the Balkans. 84 

 85 

Pyrgus (family Hesperiidae): Five specimens with the external morphology of Pyrgus alveus 86 

or Pyrgus foulquieri were not assigned to either of the two taxa. Both taxa have extremely 87 

similar external morphology, but differences in the genitalia and in the number of 88 

chromosomes have been documented11. Five specimens have not been identified to species 89 

level because the genitalia were not available for examination and they originate from areas 90 

where both taxa could theoretically occur (Supplementary Data 1). 91 

 92 
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Analyses of DNA sequences 93 

For the dataset, we retained only COI sequences of at least 600 bp. 94 

Most DNA barcodes used in our dataset were generated at the Biodiversity Institute of 95 

Ontario, Canada following standard protocols for Lepidoptera12.  A 658-bp fragment of COI 96 

was targeted for amplification using the primers LepF1 (5´-97 

ATTCAACCAATCATAAAGATATTGG-3´) and LepR1 (5´-98 

TAAACTTCTGGATGTCCAAAAAATCA-3´). Samples that did not produce a PCR product 99 

with the primers LepF1 and LepR1 were amplified with the primers LepF1 and Enh_LepR1 100 

(5´-CTCCWCCAGCAGGATCAAAA-3´), which amplify a 609-bp fragment of COI. 101 

A number of sequences were generated in the Butterfly Diversity and Evolution Lab at the 102 

Institute of Evolutionary Biology (CSIC-UPF), Barcelona, Spain. In this case, total genomic 103 

DNA was extracted using Chelex 100 resin, 100–200 mesh, sodium form (Biorad), under the 104 

following protocol: one leg was removed and introduced into 100 μl of Chelex 10% and 5 μl 105 

of Proteinase K (20 mg/ml) were added. The samples were incubated overnight at 55ºC and 106 

were subsequently incubated at 100ºC for 15 minutes. Samples were then centrifuged for 10 s 107 

at 3000 rpm. A 658-bp fragment near the 5´ end of COI was amplified by polymerase chain 108 

reaction using the primers LepF1 and LepR1. Double-stranded DNA was amplified in 25-μL 109 

volume reactions containing: 14.4 μl autoclaved Milli-Q water, 5 μl 5x buffer, 2 μl 25 mM 110 

MgCl2, 0.5 μl 10 mM dNTPs, 0.5 μl of each primer (10 μM), 0.1 μl Taq DNA Polymerase 111 

(Promega, 5U/ μl) and 2 μl of extracted DNA. The typical thermal cycling profile followed 112 

this protocol: first denaturation at 92ºC for 60 s, followed by five cycles of 92ºC for 15 s, 113 

48ºC for 45 s and 62ºC for 150 s, and then by 35 cycles of 92ºC for 15 s, 52ºC for 45 s and 114 

62ºC for 150 s and a final extension at 62ºC for 420 s. PCR products were purified and 115 

sequenced by Macrogen Inc.  116 

To facilitate the visualisation of genetic distances, a neighbour-joining tree of the 22,306 COI 117 

sequences was built using BOLD, based on uncorrected p distances13,14. Other distance-based 118 

analyses (e.g. distances to nearest neighbour) were also run using BOLD. 119 

All sequences used in this study have been submitted to GenBank and, together with 120 

associated information, are publicly available in the dataset DS-EUGENMAP on BOLD at 121 

www.barcodinglife.org. 122 

 123 

 124 

 125 

 126 

http://www.barcodinglife.org.
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