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ABSTRACT

Glena mielkeiVargas, 2010 (Lepidoptera: Geometridae: Ennominae: Boarmiini)is a Neotropical geometrid
moth native to the Atacama Desert of northern Chile whose larvae are folivorous on the shrub Trixis
cacalioides (Asteraecae). The last instar and pupa are described and illustrated, and DNA barcode
sequences are provided for the first time for G. mielkei. Descriptions are made based on larvae collected
in the type locality. Comparisons with the available descriptions of congeneric species suggest that the
chaetotaxy of the SV group of the abdominal segment and the morphology of the cremaster could be use-
ful tools to species identification based on last instar and pupa, respectively. A search in BOLD (Barcode of
Life Data System) showed that the only DNA barcode haplotype found in the two specimens sequenced
was closest to Physocleora Warren, 1897 than Glena Hulst, 1896. These results coincide with the morpho-
logical peculiarities of the genitalia highlighted in the original description of G. mielkei, suggesting that a
definitive assessment of the generic status of this geometrid moth deserves further integrative studies.

© 2018 Sociedade Brasileira de Entomologia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Species of the family Geometridae tend to exhibit a close rela-
tionship with the vegetation (Scoble, 1995; Brehm and Fiedler,
2005; Brehm et al., 2005; Bolte, 1990). Records of the Geometri-
dae fauna in Chile show more than 450 species for the central and
southern areas of the country, with most of the described species
represented by the subfamilies Ennominae and Larentiinae (Parra,
1995). Records for the north area of Chile, however, remain scarce,
with only few species having been described (Vargas, 2010).

Glena Hulst, 1896 is a New World genus of Boarmiini (Lepi-
doptera: Geometridae: Ennominae) that comprises more than 40
species described so far, of which over 30 occur in the Neotropics
(Pitkin, 2002). Natural history and external morphology of imma-
ture stages of Glena still remain poorly studied (Rindge, 1965, 1967).
Plants of the Aceraceae, Ericaceae, Pinaceae, Rosaceae, Salicaceae
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and Tamaricaceae families are recorded as hosts for Nearctic repre-
sentatives of Glena, while the host records for the Neotropical fauna
include plants of the Asteraceae, Clusiaceae, Cupressaceae, Ery-
throxylaceae, Fabaceae, Myrtaceae and Pinaceae families (Osorio,
2005; Marconato et al., 2008; Robinson et al., 2010; Méndez-Abarca
et al., 2014). However, these records are mostly based on a few
polyphagous species, whereas many others have never been reared
from larvae.

Glena mielkei Vargas, 2010 is the only species of the genus cur-
rently described for Chile. To date, the literature on G. mielkei
includes a description based on the adult stages plus information
about its distributional range, which has so far been restricted to
the province of Arica (Northern Chile) (Fig. 1A). Although in the
laboratory, larvae of G. mielkei are able to feed on three species
of Asteraceae, namely Trixis cacalioides (Kunth), Pluchea chingollo
(Kunth) and Tessaria absinthioides (Hook. & Arn.), the only host plant
recorded in the field has been T. cacalioides (Vargas, 2010; Méndez-
Abarcaetal.,, 2014)(Fig. 1B). We describe and illustrate the external
morphology of the last instar larva and pupa of G. mielkei for the
first time based on specimens collected in the type locality with the
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Figure 1. Details of the natural history of G. mielkei in the Atacama Desert of northern Chile. (A) Type locality in the Azapa Valley, Arica Province, northern Chile. (B) Host
plant T. cacalioides (Asteraceae) at the type locality. (C) Last instar larva of G. mielkei feeding of T. cacalioides at the type locality.

aim of contributing to further comparative studies on morphology
of immature stages of Boarmiini. In addition, the first DNA barcode
(sensu Hebert et al., 2003) sequences of G. mielkei are provided.

Materials and methods

Larvae of G. mielkei were collected on T. cacalioides in the Azapa
Valley (type locality) in June 2017. Larvae were placed in plastic
vials with leaves of the host plant and towel paper at the bottom and
brought to the laboratory. The vials were cleaned and leaves of T.
cacalioides were provided periodically until larvae finished feeding.
Eight larvae (last instar) and six pupae were kept in ethanol 70% to
carry out the morphological analysis. The integument of the larvae
was cleaned in hot KOH 10% for a few minutes and structures were
slide mounted either on glycerine or Euparal to observe morpholog-
ical details using a Leica M125 stereomicroscope and an Olympus®
BX51 optical microscope. Two pupae were kept in ethanol 95% at
—20°C until DNA extraction. Four pupae were kept in the plastic
vials to obtain adults to confirm the taxonomic identification based
on the morphology of the genitalia.

Genomic DNA was extracted from two pupae of G. mielkei
following the procedures described in Huanca-Mamani et al.
(2015). Amplification and sequencing of the DNA barcode region
(sensu Hebert et al.,, 2003) were undertaken at Macrogen, Inc.
(South Korea) with the primers LCO-1490 and HCO-2198 (Folmer
et al.,, 1994) following the amplification programme described by
Escobar-Suarez et al. (2017). The sequence alignment was per-
formed by the Clustal W method in the software MEGAG (Tamura
et al., 2013), and a search for close sequences was performed in
BOLD (Ratnasingham and Hebert, 2007).

Results

Last instar larva (Figs. 1C, 2A-E, 3A-F).

Head well-developed, hypognathous, brown-greyish with irreg-
ular darker stains; thorax and abdomen brown-greenish, with two
tuberiform dorsolateral projections on A2; prolegs present on A6
and A10 (Fig. 1C).

Head. Two groups of six subcircular stemmata located dorsally
from the antennal socket (Fig. 2A and B). Antennae trisegmented:
first segment ring-like; second segment cylindrical, width similar
to first segment, length about twice the width, pore and sensil-
lum on lateral surface, four sensilla on distal surface; third segment
cylindrical, length about one-third that of second segment, width
slightly smaller than length. Mouthparts adapted to chew. Labrum
bilobulated with straight dorsal margin. Sides slightly convex. Ven-
tral margin with a central cleft. External surface sclerotized, slightly
convex with 12 setae and 4 pores. Internal surface slightly concave,
membranous with two pores located in the central area and six
sclerotized flattened projections by the ventral margin (Fig. 3B and
C). Mandibles (Fig. 3D) strongly sclerotized with a pair of bristles
nearby the basal area on the external surface (M1, M2), apical mar-
gin serrated with seven teeth-like projections. Maxilla (Fig. 3E) with
galea and palp well-differentiated; maxillary palp trisegmented;
third segment with digitiform sensillum and two pores laterally,
distal surface with eight sensilla; galea with six sensilla on distal
surface. Labium (Fig. 3F) with cylindrical spinneret located on the
apex; labial palpi approximately half the spinneret length.

Thorax (Fig. 2C). Three segments clearly differentiated. Protho-
rax with a dorsal plate slightly sclerotized and divided along the
medial line. Two ellipsoidal spiracles present laterally on prothorax,
with conspicuous filtering structures.

Legs (Fig. 2E). Coxa wide, mainly membranous, with eight bris-
tles, three of them very reduced and the remaining five elongated.
Trochanter reduced to a slim strip compressed between the coxa
and the femur, with three pores and only one highly reduced
bristle. Femur cylindrical, with most of its surface highly sclero-
tized, membranous towards its medial area, with two bristles.
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Figure 2. Chaetotaxy of the last instar larva of G. mielkei. (A) Head—frontal view. Scale bar=0.5 mm. (B) Head—lateral view. Scale bar=0.5 mm. (C) Thorax and anterior
segments of the abdomen; circle on A2 indicates the tuberiform dorsolateral projections. (D) Posterior segments of the abdomen. (E) Prothoracic leg. Scale bar=0.3 mm.

Tibia cylindrical, highly sclerotized, with six bristles and one pore.
Tarsus conical, highly sclerotized with four bristles. Tarsus with
its base widened becoming pointed towards the apex. Tarsal claw
curve with a slightly expanded base, with pointy apex.

Abdomen (Fig. 2C and D). Ten clearly differentiated segments
(A1-A10), with a pair of dorsolateral tuberiform projections on A2.
A pair of prolegs associated to segments A6 and A10. Prolegs with
crochets curved towards their apex. A pair of ellipsoidal spiracles
associated to segments A1-A8. Chaetotaxy of the last instar larva
as shown in Fig. 2.

Pupa (Fig. 4A-E)

Obtecta type. Dark brown coloured.

Head. Tegument smooth. Anterior margin rounded. Antennae
flat extended from the posterior margin of the compound eye to
the posterior margin of the abdominal segment A4; limited at the
medial area by the legs and laterally delimited by the mesotho-
racic wings (Fig. 4A and B). Frontoclypeus limited in its posterior
area by the labrum, and laterally flanked by both compound eyes.
Compound eyes surrounded by the antennae in the dorsal area, the
galea in the ventral-front and prothoracic legs in the laterofrontal
area (Fig. 4A and B). Galeae located in the central ventral area of the
pupa.

Thorax. Covered with smooth tegument. Prothorax visible from
a laterodorsal perspective. Dorsal area with a narrow transversal
band with acute lateral projections. Prothoracic spiracles visible,
from dorsal and lateral perspectives, on both sides of the prothorax.

Mesothorax larger than the prothorax and metathorax. Mesotho-
racic wings covering most of the thorax and abdomen.

Abdomen (Fig. 4B). With 10 abdominal segments clearly visible.
Segments A1-A7 subtriangular when observed dorsally (Fig. 4C). A1
spiracles not visible, hidden behind the wings. A2—-A8 spiracles vis-
ible. Final end of A10 modified as a cremaster, with an inverted “Y”
shape, slightly expanded laterally in its basis. Male’s genital pore
located on the ventral area of A9, with two small lobules on its side
(Fig.4D). Female’s genital pore ventrally located between segments
A8 and A9 (Fig. 4E). A1-A8 segments show an indented tegument
with a number of structures similar to small craters or concavi-
ties randomly distributed on all the tegument of the abdominal
segments, except for the last two.

DNA barcodes

Two identical sequences of 658 base pairs of DNA barcodes
were obtained and deposited in GenBank (accession number:
MH025796; MH025797). A search in BOLD unveiled the closest
match (92.75% similarity) with a sequence of Physocleora Warren,
1897 not identified at the species level.

Discussion

Biological and ecological interactions of geometrid moths with
their environment are important in natural and human-modified
environments of the Neotropics, as their larvae are mostly host-
specialist phytophagous with a narrow range of host plants and can
be a food source of many insectivorous organisms (Méndez-Abarca
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Figure 3. Cephalic appendages of the last instar larva of G. mielkei. (A) Antenna. Scale bar=0.1 mm. (B) External view of the labrum. (C) Internal view (epipharynx) of
the labrum. Scale bar=0.1 mm. (D) Left mandible—mesial view. Scale bar=0.05 mm. (E) Left maxilla in ventral view. Scale bar=0.05 mm. (F) Labium—ventral view. Scale

bar=0.05mm.

et al., 2012; De Sousa-Lopes et al., 2016; Vargas, 2016). In spite
of their importance, however, studies on the natural history and
morphology of the immature stages of the Neotropical geometrid
species are, generally speaking, scarce (Vargas et al., 2017).

In the case of the Neotropical representatives of the genus Glena,
McGuffin (1967) provides descriptions and illustrations of the larva
and pupa of the species G. interpunctata interpunctata (Barnes and
McDunnough, 1917) based on specimens collected in Durango,
Mexico. A close comparison between the results of that study with
ours suggest that the chaetotaxy of the SV group of A1-A3 and the
morphology of the cremaster could be useful tools for species iden-
tification based on last instar larva and pupa, respectively. At the
larval stage, the SV group has two setae in A1 and three setae in A2
and A3 in G. interpunctata interpunctata, whereas in G. mielkei this
group exhibits three setae in A1 and four setae in A2 and A3 (Fig. 2C).
On the other hand, at the pupal stage, the cremaster of G. interpunc-
tata interpunctata is triangular with the apex slightly cleft, whereas
the cremaster of G. mielkei is basally widened with the apex widely
cleft.In addition, in the case of these two species, the presence of the
tuberiform dorsolateral projections of A2 also makes it possible to
recognize G. mielkei as these structures are absent in G. inerpunctata
interpunctata. Similar projections, although variable in number and
shape, have been described for other representatives of Boarmiini
(Vargas and Parra, 2013).

Itis known that the morphological attributes ofimmature stages
can be either conserved or variable between congeneric species
of Geometridae (e.g., Bolte, 1990). Accordingly, the usefulness of
morphological characters, either for species identification or for
systematic studies, must be assessed for each genus separately. In
the case of the Neotropical fauna, this is a difficult task, mainly due

to the lack of knowledge of the host plants used by many geometrid
species, which makes it difficult to collect larval stages. In this sce-
nario, the comparisons provided in the present study have to be
considered as preliminary results, as the external morphology of
the immature stages of Glena and other Boarmiini genera are still
poorly known. In this regard, the description of additional mor-
phological characters of immature stages should be considered a
priority when advancing our knowledge of the host plants.

In general, the analysis of DNA barcodes provides a good approx-
imation to the generic status of species of Geometridae (Hausmann
etal.,2011). Thus, it was surprising to find that although sequences
of species of both Nearctic and Neotropical Glena are deposited in
BOLD, the closest match was found to be with a representative of
Physocleora, a genus that also belongs to the tribe Boarmiini (Pitkin,
2002). Interestingly, a few morphological features of the male and
female genitalia of G. mielkei were already mentioned as atypical for
the genus Glena in the original description of this species (Vargas,
2010). Hence, the absence of a close match of the DNA barcode of
G. mielkei with any representative of Glena highlights the need of
further integrative studies to assess the generic placement of this
species of the Atacama Desert.
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Figure 4. Pupa of G. mielkei. (A) Ventral view. (B) Lateral view. (C) Dorsal view. (E) Male terminalia—ventral view. (F) Female terminalia—ventral view. Scale bar=0.5 cm.

Project 9711-11) for providing financial support. We would also
like to thank Dr. Mariana Lazzaro-Salazar for proofreading this
manuscript.

References

Bolte, K.B., 1990. Guide to the Geometridae of Canada (Lepidoptera) VI Subfamily
Larentiinae. 1. Revision of the genus Eupithecia. Mem. Entomol. Soc. Can. 151,
1-253.

Brehm, G., Fiedler, K., 2005. Diversity and community structure of geometrid moths
of disturbed habitat in a montane area in the Ecuadorian Andes. J. Res. Lepid. 38,
1-14.

Brehm, G., Pitkin, L.M., Hilt, N., Fiedler, K., 2005. Montane Andean rain forests are a
global diversity hotspot of geometrid moths. ]. Biogeogr. 32, 1621-1627.

De Sousa-Lopes, B., Bichtold, A., Del-Claro, K., 2016. Biology, natural history and
temporal fluctuation of the geometrid Oospila pallidaria associated with host
plant phenology. Stud. Neotrop. Fauna E 51, 135-143.

Escobar-Sudrez, S., Huanca-Mamani, W., Vargas, H.A., 2017. Genetic divergence of
a newly documented population of the cecidogenous micromoth Eugnosta aza-
paensis Vargas & Moreira (Lepidoptera: Tortricidae) in the Atacama Desert of
northern Chile. Rev. Bras. Entomol. 61, 266-270.

Folmer, O., Black, M., Hoeh, W., Lutz, R., Vrijenhoek, R., 1994. DNA primers for
ampli-fication of mitochondrial cytochrome c oxidase subunit I from diverse
metazoaninvertebrates. Mol. Mar. Biol. Biotechnol. 3, 294-299.

Hausmann, A., Haszprunar, G., Hebert, P.D.N., 2011. DNA barcoding the geometrid-
fauna of Bavaria (Lepidoptera): successes, surprises, and questions. PLoS ONE 6,
el7134.

Hebert, P.D.N., Cywinska, A., Ball, S.L., deWaard, J.R., 2003. Biological identification
through DNA barcode. Proc. R. Soc. B 270, 313-321.

Huanca-Mamani, W., Rivera-Cabello, D., Maita-Maita, J., 2015. A simple, fast, and
inexpensive CTAB-PVP-Silica based method for genomic DNA isolation from
single, small insect larvae and pupae. Gen. Mol. Res. 14, 7990-8000.

Marconato, G., Dias, M.M., Penteado-Dias, M.A., 2008. Larvas de Geometridae (Lepi-
doptera) e seus parasitoides, associadas a Erythroxylum microphyllum St.-Hilaire
(Erythroxylaceae). Rev. Bras. Entomol. 52, 296-299.

McGuffin, W.C., 1967. Immature stages of some Lepidoptera of Durango. Mexico.
Can. Entomol. 99, 1215-1229.

Méndez-Abarca, F., Méndez, C.F., Mundaca, E.A., 2014. Host plant specificity of the
moth species Glena mielkei (Lepidoptera Geometridae) in northern Chile. Rev.
Chil. Hist. Nat. 87, 1-4.

Méndez-Abarca, F., Mundaca, E.A., Vargas, H.A., 2012. First remarks on the nesting
biology of Hypodynerus andeus (Packard) (Hymenoptera, Vespidae Eumeninae)
in the Azapa valley, northern Chile. Rev. Bras. Entomol. 56, 240-243.

Osorio, T.C., 2005. (Ms thesis) Estagios imaturos de Geometridae (Lepidoptera) asso-
ciados a Stryphnodendron spp. (Mimosaceae) em area de cerrado no municipio
de. Dissertacdo de Mestrado, Universidade Federal de Sdo Carlos, Sdo Carlos, Sdao
Carlos, SP.

Parra, L.E., 1995. Lepidoptera. In: Simoneti, J.A., Arroyo, M.T.K., Spotorno, A.E., Lozada,
E. (Eds.), Diversidad Bioldgica de Chile. Comité Nacional de Diversidad Bioldgica.
CONICYT, Santiago, pp. 269-279.

Pitkin, L.M., 2002. Neotropical Ennominae moths: a review of the genera. Zool. J.
Linn. Soc. 135, 121-401.

Ratnasingham, S., Hebert, P.D.N., 2007. BOLD: the barcode of life data system. Mol.
Ecol. Notes 7, 355-367, http://www.barcodinglife.org.

Rindge, F.H., 1965. A revision of the Nearctic species of the genus Glena (Lepidoptera,
Geometridae). Bulletin of the AMNH; v. 129, article 3. Bull. Am. Mus. Nat. Hist.
129, 265-306.


http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0080
http://www.barcodinglife.org/
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0090

248 F. Méndez-Abarca et al. / Revista Brasileira de Entomologia 62 (2018) 243-248

Rindge, F.H. 1967. A revision of the Neotropical species of the moth
genus Glena. (Lepidoptera, Geometridae). Bull. Am. Mus. Nat. Hist. 135,
107-172.

Robinson, G.S., Ackery, P.R,, Kitching, L]., Beccaloni, G.W., Hernandez, L.M., 2010.
HOSTS—a Database of the World’s Lepidopteran Hostplants. Natural History
Museum, London.

Scoble, MJ., 1995. Lepidoptera. Form, Function and Diversity. The Natural History
Museum & Oxford University Press, London.

Tamura, K., Stecher, G., Peterson, D., Filipski, A., Kumar, S., 2013. MEGA6: molecular
evolutionary genetics analysis version 6.*0. Mol. Biol. Evol. 30, 2725-2729.

Vargas, H.A,, 2010. A new species of Glena Hulst (Lepidoptera, Geometridae) from
northern Chile. Rev. Bras. Entomol. 54, 42-44.

Vargas, H.A., Parra, L.E., 2013. Immature stages of Iridopsis parrai (Lepidoptera:
Geometridae). Rev. Colomb. Entomol. 39, 105-112.

Vargas, H.A., 2016. First notes on the life history of Eupithecia tarapaca Rindge
(Geometridae) on the western slopes of the Andes of northern Chile. ]. Lepid.
Soc. 70, 167-169.

Vargas, H.A., Oyarzin, F.X,, Parra, L.E., 2017. Egg and first instar of the Neotropical
geometrid moth Pero obtusaria Prout (Geometridae: Ennominae: Azelinini). J.
Lepid. Soc. 71, 50-56.


http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0105
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0105
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0105
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0105
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0105
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0105
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0105
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0105
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0105
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0105
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0105
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0105
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0105
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0105
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0110
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0110
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0110
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0110
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0110
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0110
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0110
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0110
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0110
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0110
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0110
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0110
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0110
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0110
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0115
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0120
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0120
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0120
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0120
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0120
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0120
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0120
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0120
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0120
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0120
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0120
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0120
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0120
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0120
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0125
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130
http://refhub.elsevier.com/S0085-5626(18)30031-1/sbref0130

	Larva, pupa and DNA barcodes of the Neotropical geometrid moth Glena mielkei (Lepidoptera: Geometridae: Ennominae: Boarmiini)
	Introduction
	Materials and methods
	Results
	Discussion
	Conflicts of interest
	Acknowledgements
	References


