Unmasking hidden butterfly diversity with DNA barcodes:
Fifteen putative species of Nymphalidae
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INTRODUCTION

Butterflies are among the most conspicuous
invertebrates in terrestrial ecosystems and represent a
benchmark group for the assembly of an ‘encyclopedia
of life’. The Nymphalidae make an abundant and
attractive component of this diversity, comprising the
majority of the Costa Rican butterfly fauna (figure 1).
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DNA barcode sequence (COI mtDNA) patterns have
flagged numerous records of potential species
unrecognized by science (figure 2). Distinctive barcode
clusters, often supported by ecological or
morphological characters, can be used as the basis of
‘primary’ species hypotheses (figure 5). We are
currently testing fifteen of these hypotheses through
genealogical concordance with novel molecular
sequences (figure 6).
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If these clusters represent phylogenetic species and
not tokogenetic structure, then this should be
corroborated by diagnostic characters in sequences
from the nuclear genome.

DATA COLLECTION

Specimens reared from wild-collected caterpillars by
DHJ, WH and a parataxonomist team during 27 years
of biodiversity inventory in the ACG are sent to CCBD
for molecular analysis (figure 3).
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Figure 3: Production of a DNA barcode following Hajibabaei et
al. (2006). We intend to recover nuclear sequences from the
same extracts.

In initial testing in Saturnidae the wingless gene
showed very similar patterns of divergence as COI
barcodes (figure 4).
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Figure 4: Mitochondrial and nuclear concordance in Eacles.
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Figure 5: One of 200 most parsimonius cladograms inferred
from barcode sequences showing 15 potential new
Nymphalidae species. Converted to a phylogram to visualize
number of nucleotide changes supporting the branches.
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Figure 6: Testing species hypotheses using a genealogical
concordance approach. Monophyletic clades in the consensus tree
represent corroborated species. Adapted from Sites & Marshall
(2004).

DISCUSSION

This study has important implications:

1) It could reveal hidden diversity within a relatively
well-known group. This has large implications for
our estimates of species diversity within the
Lepidoptera.
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Alternatively this study could demonstrate cases
where the barcode sequences do not conform to
the pattern we normally see, raising new questions
about COI and mtDNA evolution.

g

It provides empirical measures of the correlation
between the barcode sequence and various
nuclear gene regions, providing insights into how
species limits are captured by a range of different
markers.

4) It aims to provide an explicit and logical scientific
framework for testing species hypotheses
generated through DNA barcoding. This could
subsequently be applied to other groups within the
Lepidoptera and extended to other insects, the
most diverse animal group on earth.
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