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Molecular systematics of Lycaena F., 1807 (Lepidoptera: 
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The molecular systematics of the Copper Butterflies (Lepidoptera: Lycaenidae: Lycaena Fabricius, 
1807) were studied for a better understanding of their intriguing and highly disjunct distribution 
(Holarctic with an offshoot reaching South Africa; New Zealand). The relationships within the 
genus in the broadest sense, as well as with the supposed sister tribe Heliophorini were analysed 
using sequences of parts of the Cytochrome Oxydase gene (mitochondrial DNA) of taxa from all 
major groups. Parsimony searches in PAUP* and Bayesian analysis revealed phylogenies with a 
'Nearctic' and a 'Palearctic' species group, but two Nearctic species cluster within the 'Palearctic' 
group. L. phlaeas is not the closest relative to the South African Coppers; their position is unclear. 
The New Zealand Coppers analysed are monophyletic and basal in the tree. Two included 
representatives of the tribe Heliophorini are not monophyletic. 
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The genus Lycaena F. belongs to the subfamily Lycaeninae in the family Lycaenidae: small, 
active, sun-loving butterflies (Gibbs 1980a). The subfamily is divided into two tribes, Lycaenini 
Leach, 1815 and Heliophorini Geyer, 1832; the genus Lycaena is placed into the former. Species 
of Lycaena, or True Coppers, are in most cases easily recognized by one of their diagnostic 
features: the ground colour of the male upperside is usually orange. Apart from the ‘coppery’ 
colour, adults can be yellow, gray, blue, or brown above, and the underside of the hindwing is 
sometimes white (Scott 1986). In both sexes the wing markings generally consist of small black 
spots in a pattern, which is constant throughout the subfamily (Lycaeninae), but in males the 
upperside markings are often reduced or absent; the underside of the forewings always has two 
black spots in cell (Higgins 1975). 

Distributions of Coppers vary from narrow (e.g., L. bleusi – Central Spain) to very wide (e.g., 
L. helle – Central and Northern Europe, Russia, Siberia). Ranges are within the Holarctic region, 
with some exceptions: the Small or Common Copper, L. phlaeas, occurs not only throughout the 
whole of the Holarctis, but also in the mountain regions of East Africa (ssp. abbotii). South Africa 
has two closely related species of Coppers; L. orus (Cape Region) and L. clarki (eastern part of the 
coastal region of South Africa). The most striking exception in the Holarctic Copper distribution is 
the occurrence of several species of Lycaena in New Zealand (Gibbs 1980b). Their presence in 
New Zealand seems to be a mystery. As Stempffer (1967) pointed out: ‘One can easily understand 
how, during the colder geographical periods, the genus Lycaena managed to reach South Africa by 
way of the mountains of Abyssinia and East Africa. It is much more difficult to explain how it 
reached New Zealand, since in Asia it extends no further than the Himalayas and Sze Chuan, being 
effectively replaced by Heliophorus in further Asia.’ 

Current classifications and problems 
There are widely different views on the subdivision of the Lycaenini and the bounderies of the 
genus Lycaena. Many attempts have been made to split the genus, but it is so homogeneous that 
none has been successful (Larsen 1991). In Sibatani's scheme (1974), three species of New 
Zealand Coppers are placed in the genus Helleia Verity, 1943 and a generic name is required for 
'Lycaena' boldenarum. L. salustius, feredayi and rauparaha are associated with L. helle and some 
western China species (li, pang, tseng, ouang). Zhdanko (1995) introduced a new genus for L. 
boldenarum (Boldenaria) and placed L. salustius in the subgenus Lycaena F. (Lycaenidae; 
Lycaena). Gibbs (1980a) claimed that the arrangement by Sibatani makes biogeographic sense, but 
that it lacks sufficient positive evidence. He used the genus Lycaena in a broad sense and placed 
four Lycaena species for New Zealand in it: 'Lycaena' boldenarum and the species complex L. 
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salustius – L. rauparaha – L. feredayi. Bozano & Weidenhoffer (2001) roughly followed 
Zhdanko's (1995) classification of the New Zealand species: L. salustius is mentioned in the 
checklist of Lycaena species not found in the Palearctic Region. The monotypic genus Boldenaria 
Zhdanko, 1995 is still recognized. The most recent ideas about the New Zealand taxa therefore 
claim that the species are not congeneric. In this project an attempt was made to unravel the 
relationships within Lycaena, with a special focus on the relationship between Nearctic and 
Palearctic species, the position of the South African Coppers, and in particular the identification of 
the closest relatives of the New Zealand Coppers. Molecular characters from the Cytochrome 
Oxidase gene (mtDNA) were used to reconstruct the evolutionary history of the genus. 

MATERIAL AND METHODS 

Species sampling and choice of outgroups 
A complete list of specimens used for this study, with particulars of collector + sample codes, 
collection dates and localities, and voucher specimens is available upon request. Representatives of 
all Palearctic species groups (Bozano & Weidenhoffer 2001) were sampled. Nine species from 
North America were available, as well as the Afrotropical taxa (L. abbotii, L. orus and L. clarki) 
and two species from New Zealand (L. salustius and L. boldenarum). It is believed that these 
species represent the genus Lycaena F. well, and that the non-included rare species will have little 
influence on the general topology of the trees that will be generated. Starting from the supposed 
monophyly of the Lycaenini the best choice for outgroups were taxa of the supposed sistergroup 
Heliophorini. Two more distantly related species, Lucia limbaria (Swainson [1833]) and 
Acrodipsas myrmecophila (Waterhouse & Lyell, 1913) (Lycaenidae: Theclinae: Luciini), were 
added to check whether Heliophorini indeed formed the sistergroup of the Lycaenini. 

Sequencing 
Cytochrome Oxidase has proved to be informative in several studies on lepidopteran phylogeny 
(Pierce & Nash 1999, Rand et al. 2000, Megens 2002, Caterino & Sperling 1998). The used 
primers were published in Monteiro & Pierce 2001 and are listed in Table 1. The region is 
subdivided into three parts – COI (coding), tRNA leucine (non-coding) and COII (coding) – and 
covers approximately 2000bp. Two legs or four anterior segments of the abdomen were used for 
DNA extraction. The segments were homogenized in buffer and digested with proteinase K at 
60°C for at least one hour. 

Technical details on the protocols used are available upon request. Sequences were edited and 
aligned against the COI-tRNA-COII sequence of Drosophila melanogaster in Sequencher 4.1.4. 
Sequences were checked for stopcodons and correct reading frame. A consensus alignment was 
exported as a.txt file to MacClade 4.04 (PPC). There was variation in length present in the non-
coding tRNA region. This ~70bp fragment was excluded from further analysis. After exclusion of 
tRNA, all sequenced fragments were of the same length, except the COII sequences of L. tityrus, 
L. virgaureae, M. altimontana, L. alciphron and L. gordius, that missed a triplet at position 1713-
1715. The MacClade file was exported as a.nxs file for phylogenetic analysis. To test for 
homogeneity between COI and COII, the Incongruence Length Difference (ILD) Test (Farris et al. 
1994), or Partition Homogeneity Test in PAUP*, was carried out under parsimony with simple 
taxa addition and 1000 replicates. 

RESULTS 
According to the Partition Homogeneity Test it was allowed to combine COI and COII for 
phylogenetic analysis (P value=(445/1000)=0.445). Table 2 shows the number of parsimony-
informative characters in COI, COII and the complete dataset, broken down by codon position. 

The ratio of transitions to transversions (ti/tv) was 1.3, reflecting a slightly faster overall 
accumulation of transitions than transversions across all positions. A clear AT-bias is present, 
which agrees with the model of insect mitochondrial genome evolution: in insect mtDNA there is a 
strong nucleotide bias, which results in non-random distribution of third-base positions. In insects 
and crustaceans, 95% of these bases are A or T (Hillis et al. 1996). 
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Table 1. Primers (1=external, 2=internal). R=A+G, Y= T+C, I=Inosine (=A+T+G+C). 

COI COII 
Name Sequence (‘5-‘3) Name Sequence (‘5-‘3) 
1.Ron GGATCACCTGATATAGCATTCCC 1.George ATACCTCGACGTTATTCAGA 
2.Nancy CCCGGTAAAATTAAAATATAAACTTC 2.Phyllis GTAATAGCIGGTAARATAGTTCA 
2.Tonya GAAGTTTATATTTTAATTTTACCGGG 2.Strom TAATTTGAACTATYTTACCIGC 
1.Hobbes AAATGTTGNGGRAAAAATGTTA 1.Eva ATTACTTGCTTTCAGTCATCT 

 
 
 

Table 2. Numbers of sites and informative characters CO 

Gene #sites # inf. chars. (1st) # inf. chars. (2nd) # inf. chars. (3rd) #inf. chars. (total) % inf. sites 
COI 1261 35 7 196 238 18.9 
COII 674 27 6 109 142 21.9 
COI+II 1935 62 13 305 380 19.6 

 
 

 
Figure 1. Saturation plot. 

 
 

 

Saturation 
Saturation is visualized in Fig. 1 by plotting the uncorrected 'P' value for the among-site rate 
variation against the uncorrected 'P' value for transitions only and transversions only. The overall 
number of transitions reaches a saturation level relative to transversions, which is mostly 
pronounced in the 3rd codon position. This is not sursprising, since at 3rd codon positions only a 
small percentage of transitions cause amino acid replacements compared to transversions (Crozier 
& Crozier 1993). 

In Fig. 2 a 50% majority rule consensus tree (hsearch PAUP*, 1000 reps with simple taxa 
addition) is presented. A general description of the overall topology would be that the sampled 
species form two major groups – a Palearctic species group and a Nearctic species group. This was 
already recognized by authors who examined the morphological systematics of Lycaena. 
Focussing on the North American Coppers, the phylogeny suggests that there are three groups 
instead of one monophyly for the Nearctic species. The three groups are 1) a monophyletic group 
consisting of nivalis, mariposa, florus (dorcas), helloides, heteronea, xanthoides, and rubidus, 2) 
phlaeas, which is nested in the Palearctic group, and 3) cupreus, clustered with L. alciphron within 
the Palearctic group. 
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Figure 2. 50% majority rule consensus tree created in PAUP* after a heuristic search (1000 reps, simple taxa 
addition). Values on branches represent bootstrap support. 

 
 
The basal position of the South African species clarki and orus is possibly due to the choice of 

the outgroups. In analyses (including Mr. Bayes) without these outgroups there is strong support 
for a relationship of these species with the Palearctic hippothoe. Whatever their exact relationship, 
their closest relative is not phlaeas, and the occurrence of Lycaena in South Africa cannot be 
easily explained anymore by the occurrence of phlaeas and abbotii in the highlands of eastern 
Africa, as has been done before by Larsen (1991). 

The two New Zealand Copper species analysed are monophyletic, which contradicts the most 
recent ideas about these species, and they seem to be basal to the remainder of the genus Lycaena 
in the phylogeny. Surprisingly, the two representatives of the Heliophorini are not monophyletic, 
suggesting that the tribe is based on symplesiomorphies. 

DISCUSSION AND PROSPECTS 
Apart from limited samples of DNA, from which sampling errors can occur (homoplasy in a 
dataset causes support for different trees by different nucleotide sites), limited sampling of taxa 
can cause unreliable results. Relationships among sequences can change if additional sequences 
are added (Page & Holmes 1998). To obtain an accurate view of speciation in a higher group, such 
as the genus Lycaena, nearly all species from that group should be sampled. Missing species 
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reduce the sample size of reconstructed speciation events available, and can introduce bias, for 
example by tending to remove the most recent speciation events or those involving rare species. 

Even though the species used for this study are supposed to represent the genus Lycaena F. 
well, and that the non-included rare species would not have had great influence on the general 
topology of the trees, a mistake could have been made in doing so. Several species could have 
been important in reconstructing the evolutionary history. For example, it would be interesting to 
see what the closest relatives of Lycaena phoebus (distribution limited to Morocco) are; and would 
its inclusion make a difference for L. phlaeas/L. abbotii and the South African Lycaena's – a 
missing link between these species? Of interest is also the helle-group (Bozano & Weidenhoffer 
2001), of which only L. helle was sampled. The group consists of several Central-Asian species 
with small ranges and helle, with a distribution that extends from Scandinavia to China. Since the 
taxonomic position of L. helle was not solved unambiguously, it may help to include more species 
from this group. 

No single gene can be informative at all taxonomic levels because of rate differences in 
character evolution and cladogenesis. Rapidly evolving genes and nucleotide sites are useful for 
comparisons of closely related taxa; slowly evolving genes and nucleotide sites are useful for 
comparisons of distantly related taxa (Kocher et al. 1989). Choosing the correct gene for a given 
level of divergence is a form of weighting. Genes are favored whose level of variability will 
minimize the problem of multiple hits while maximizing the number of nonhomoplasious shared 
character states. For closely related species, few nucleotide positions are likely to vary; therefore, 
genes or regions that contain the highest proportion of unconstrained sites should be chosen. For 
distantly related species, the opposite reasoning would apply. 

Other markers need to be investigated for their ability to provide more information on the 
molecular systematics of Lycaena. There are already primers on the market for the popular nuclear 
gene Elongation Factor-1α. The gene already proved to contain information about lower-level 
taxonomic relationships in several studies, e.g. in the subfamily Heliothinae (Lepidoptera: 
Noctuoidea) (Mitchell et al. 1997, Cho et al. 1995). Primers for EF-1α were used to sequence two 
Lycaena species (L. thersamon & L. helloides) and Melanolycaena altimontana, and worked very 
well. Another option would be Dopa Decarboxylase, that also proved to be informative in a study 
of Heliothinae systematics by Fang et al. (1997), who concluded that 'DDC is likely to be useful 
for the phylogenetic analysis of insects and other animals' (see also Friedlander et al. 2000). 
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