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Abstract
Background: Lepidopterans constitute one of the most diverse groups of insects with a total estimated diversity of nearly half a million species. Most of this diversity is yet to be described
and corresponds to species of moths, which represent around 80% of all known species of lepidopterans. In Argentina, there is no official count of moth species and taxonomic knowledge
of this group is scarce. We used DNA barcodes to explore moth diversity in the southernmost region of the Atlantic Forest, a biodiversity hotspot. Results: We sampled 1,655 specimens
representing 622 taxa (Linnaean species or morphospecies determined by us based on external morphology) from 27 families of moths collected in Misiones province. Nearly half of the taxa
(305) corresponded to morphospecies as we were not able to identify the specimens to the species level. All the clustering algorithms implemented (ABGD, TCS, RESL) evidenced the
existence of cryptic diversity, with MOTU counts (632-655) always exceeding the number of reference taxa (611). More precisely, we found a great correspondence (97%) between already
described Linnaean species and MOTU boundaries, but not between MOTUs and morphospecies (86%). This was because the algorithms merged and split many more morphospecies than
Linnaean species. This appears to be a consequence of incorrect morphospecies assignment due to unknown intraspecific polymorphism and sexual dimorphism, and the existence of
cryptic species. Significance: This study shows that DNA barcodes performed better than the morphospecies approach when dealing with unknown entities. Furthermore, this tool can be
used to rapidly delimit putative species that could serve as the foundation for subsequent, more detailed taxonomic studies. At the same time, DNA barcodes are useful for accelerating
biodiversity census and uncovering of cryptic diversity, even in poorly known groups, like the moths of Argentina.

Introduction

Results

Lepidopterans constitute one of the most speciose and best studied
groups of insects (1,2). The latter is true specially for the butterflies,
which are model organisms in numerous research areas. On the
other hand, less is known about the moths, which comprise the
majority of Lepidoptera diversity (2,3). Argentina is not the
exception, with an overall poor knowledge of this group and no
official count of moth species.

We collected 1,655 specimens of moths from Misiones province,
representing 622 taxa from 27 families (Fig. 2A). A sequence was obtained
for 99% (1,635) of the samples analyzed. After discarding low quality
sequences and contamination cases, the final dataset used for the analyses
consisted of 1,623 sequences from 611 species/morphospecies. On
average, 2.6 sequences were analyzed per taxa (range 1–18). Singletons
(286) represented 47% of the species/morphospecies. Almost half of the
taxa (48%) corresponded to morphospecies (294).

In 2010, the Museo Argentino de Ciencias Naturales entered the
All-Leps campaign with the objective of assembling a DNA barcode
reference library for the Lepidoptera of Argentina. We have recently
published our first assessment of the Argentinian butterfly fauna
using DNA barcodes (4), and now we are aiming at exploring the
mostly unknown moth diversity in order to advance our
understanding of this group. To do so, we coupled DNA barcoding
with different species delimitation algorithms (4,5,6) and studied the
moths of the southern Atlantic Forest, a biodiversity hotspot.

All clustering algorithms delivered MOTU counts that were greater than the
number of reference taxa (Fig. 2B), evidencing the existence of cryptic
diversity. Mean maximum genetic distance within MOTUs (0.17%) was
remarkably lower than the mean distance to the nearest MOTU (7.35%). The
incidicence of taxa splits and merges was higher among morphospecies
(19% and 8%, respectively) than Linnaean species (7% and 0.3%). As a
result, the correspondence between taxa and MOTU boundaries was
higher for Linnaean species (97%) than for morphospecies (86%).

Materials and methods

A)

Collection took place in Misiones province (Fig. 1) between 2010 and
2013 . Specimens were deposited at the MACN and identified based
on external morphology. Nearly half of these were assigned to
morphospecies because we were not able to identify them to the
species level.
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We applied three clustering algorithms commonly used for species
delimitation in order to partition the DNA barcode alignment into
Molecular Operational Taxonomic Units (MOTUs): ABGD (K2P, X =
1.5), TCS (90% and 95% cut-off values) and RESL. The latter was
applied both exclusively to our data set and considering all other COI
sequences available on BOLD (i.e. standard BIN assignments). We
then compared MOTU counts to the number of reference taxa
(species/morphospecies), and assessed the correspondence
between species/morphospecies and MOTU boundaries.
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Fig. 2 A) Taxonomy breakdown of the 1,655 specimens collected. B) MOTU counts
for 7 partitioning schemes from the three clustering algorithms implemented.
The red dashed line indicates the numer of reference species (611).
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Fig. 1 Map of northeastern Argentina showing Misiones province and the
three sampling localities within it from where the 1,655 records came from.
INP = Iguazú National Park. Photos illustrate some of the species present at
Misiones province.

References
(1) van Nieukerken et al. 2011. Zootaxa 3148: 212–221.
(2) Kristensen et al. 2007. Zootaxa1668: 699–747.
(3) Roe et al. 2010. In: Goldsmith MR, Marec F, editors. Boca Raton, FL: CRC Press. pp. 1–24.
(4) Lavinia et al. 2017. PLoS ONE 12(10): e0186845.
(5) Kekkonen & Hebert. 2014. Molecular Ecology Resources 14: 706–715.
(6) Zenker et al. 2016. PLoS ONE 11: e0148423
(7) Hanisch et al. 2017. Ecology and Evolution 10.1002/ece3.3549

Discussion and main conclusions
1) DNA barcodes performed better than morphospecies assignment
based on external morphology when delineating putative species. This
seems the be the consequence of unknown intraspecific polymorphism
and sexual dimorphism, and the existence of cryptic diversity (5,6).
2) DNA barcodes are a useful tool for accelerating biodiversity census,
establishing taxonomic workflows, and uncovering cryptic diversity, even
in poorly known groups like the moths of Argentina.
3) Our results are in agreement with recent diversity assesments of the
butterflies (3), tiger moths (5), and ants (7) of southern Atlantic Forest.
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