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Exoskeleton Morphology of Three Species of Preponini, with
Discussion of Morphological Similarities Among Neotropical
Charaxinae (Lepidoptera: Nymphalidae)—I. Head, Cephalic
Appendages, and Cervix

Dayana Bonfantti*, Mirna Martins Casagrande, and Olaf Hermann Hendrik Mielke

Departamento de Zoologia, Setor de Ciéncias Bioldgicas; Universidade Federal do Parana,
C. P.: 19020, 81531-980; Curitiba, Parand, Brazil

The present study compares the morphology of the head, appendages, and cervical region of three
species of the butterflies Archaeoprepona demophon demophon (Linnaeus, 1758), Archaeoprepona
licomedes licomedes (Cramer, 1777), and Prepona pylene pylene Hewitson, [1854], through descrip-
tions, illustrations, and scanning electron micrographs. The results are compared with Prepona
claudina annetta (Gray, 1832), Memphis moruus stheno Hiibner, [1819], and Zaretis itys itylus
(Westwood, 1850), showing unique characteristics for each species and/or genus, or characteristics
shared among the species analyzed. The detailed morphology of these three species was previ-

ously unknown.
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INTRODUCTION

Charaxinae, one of the many subfamilies of Nymphalidae,
contains approximately 400 species of butterflies in 28 gen-
era and five tribes distributed worldwide, although they
occur mostly in the tropics (Pefia and Wahlberg, 2008;
Aduse-Poku et al.,, 2009; Wahlberg et al., 2009). In the
Neotropical region are three tribes: Anaeini, Anaeomorphini,
and Preponini, with 109 species in 15 genera (Salazar and
Constantino, 2001; Lamas, 2004; Salazar, 2008; Ortiz-
Acevedo and Willmott, 2013). This group of butterflies
includes some of the largest and most beautiful species,
always among the favorites of collectors and curators (Miller
and Miller, 1976). Specimens are customarily treated with
great care, and any procedure that may damage the sam-
ples is generally avoided. Nonetheless, the detailed mor-
phology of members of Archaeoprepona Fruhstorfer, 1915,
a genus with quite common species, is completely unknown
to date. Due to marked differences in the morphology of
immatures and adults, and also in habitats, this subfamily
has been placed at different levels of classification, including
as a separate family (Rydon, 1971). Ehrlich (1958a) consid-
ered the morphological pattern of Charaxinae as anomalous
compared to other nymphalids, although the current classi-
fication as a subfamily of Nymphalidae is widely accepted
(Harvey, 1991; Freitas and Brown, 2004; Wahlberg et al.,
2005; Heikkila et al., 2011). This subfamily is supported by
several synapomorphies, such as: sclerotized parapatagia;
hindwing discal cell closed by a nontubular vein; veins Ra
and Rs larger than their common branch; and R4 curved
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downward (Ehrlich, 1958b; Ackery, 1984; Mielke et al.,
2004a, b, c).

Although the taxonomy of Preponini has been the focus
of many studies (Rydon, 1971; Descimon, 1977; Llorente-
Bousquets et al., 1992; Salazar, 1999), few have examined
the morphology of these butterflies in detail. One of the most
conclusive studies was the recent phylogenetic analysis
based on DNA sequences, by Ortiz-Acevedo and Willmott
(2013), which resulted in some important taxonomic
changes. In order to complement existing information for
understanding the morphological differentiation of the tribe,
we illustrated, described, and compared the detailed mor-
phology of three species. This is the first of three contribu-
tions; the next (second) will treat the thorax, and the third the
abdomen and genitalia. The general aim was to complement
recent studies that are based only on DNA sequences, and
to help to fill the lacuna of basic studies that can expand our
knowledge of the systematics of this group of butterflies.

MATERIALS AND METHODS

For the morphological studies we used specimens of both
sexes of Archaeoprepona demophon demophon (Linnaeus, 1758)
(Fig. 1), from Santa Isabel do Para, state of Para, Brazil
(01°18712”S, 48°09'04”W); Archaeoprepona licomedes licomedes
(Cramer, 1777) (Fig. 2) from the Reserva Experimental Catuaba,
Senador Guiomard, state of Acre, Brazil (10°04’41”S, 67°37'25”"W);
and Prepona pylene pylene Hewitson, [1854] (Fig. 3) from Britador,
Turvo, state of Parana, Brazil (25°02'11”S, 51°32'17”W). The
vouchers are deposited in the Colegdo Entomoldgica Padre Jesus
Santiago Moure, Departamento de Zoologia, Universidade Federal
do Parana, Curitiba, Brazil. These species were chosen because of
the adequate amount of material available in this collection, and for
this reason, different numbers of males and females were analyzed.

Head and appendages were boiled in a 10% potassium hydrox-
ide (KOH) solution to soften the structures and facilitate removal of
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Fig. 1. Archaeoprepona demophon demophon (Linnaeus, 1758). (A) Male, dor-
sal view; (B) male, ventral view; (C) female, dorsal view; (D) female, ventral view.

Scale bar: 1 cm.

¢

Fig. 2. Archaeoprepona licomedes licomedes (Cramer, 1777). (A) Male, dorsal
view; (B) male, ventral view; (C) female, dorsal view; (D) female, ventral view. Scale

bar: 1 cm.

Fig. 3. Prepona pylene pylene Hewitson, [1854]. (A) Male, dorsal view; (B) male,
ventral view; (C) female, dorsal view; (D) female, ventral view. Scale bar: 1 cm.

the scales. lllustrations were made with a stereoscopic microscope
coupled to a camera lucida. Further details of some structures were
obtained using scanning electron micrographs, following the stan-
dard procedures of Kaminski et al. (2008) and Leite et al. (2010).
The terminology used follows Ehrlich (1958a, b), Casagrande
(1979), Mielke et al. (2004a), and Kawahara et al. (2012).

The results are compared with those of other studies of the
same nature performed for the Preponini and Anaeini (Table 1),
using the morphological drawings and descriptions in those articles.
The species compared were: Prepona claudina annetta (Gray,
1832) (Mielke et al., 2004a), as a species of Preponini; and
Memphis moruus stheno Hibner, [1819] (Dias et al., 2010) and
Zaretis itys itylus (Westwood, 1850) (Mielke et al., 2004a), as rep-
resentatives of Anaeini.

RESULTS

Archaeoprepona demophon demophon (Linnaeus, 1758)

(Fig. 1)
In anterior view (Fig. 4A), head with compound eyes gla-
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brous and anterolaterally prominent, higher
than wide, ocelli absent. Paraocular area nar-
row between ocular margin and laterofacial
suture separating this area from frontoclypeal
region. Frontoclypeus quadrangular; transfron-
tal sulcus with slight dorsal projection; anterior
tentorial pit opening approximately at ventral
fourth of this sclerite, contiguous with an invagi-
nation of integument; transclypeal suture
absent. Labrum broad, twice as wide as high,
transverse, delimited by clypeolabral boundary.
Pilifers triangular, with setae directed toward
base of galeae. Epipharynx located internally
between galeae.

In dorsal view (Fig. 4B), antennal sclerite
occupying about 1/3 of antennal alveolus
space; chaetosemata inconspicuous.

In posterior view (Fig. 4C), postgena occu-
pying most of posterior area of head, covered
with short translucent setae. Occiput triangular,
four times wider than high. Postocciput sepa-
rated from occiput by postoccipital sulcus, this
sulcus surrounding dorsal occipital foramen,
forming small median flap. Dorsal occipital fora-
men medially divided by tentorial bridge into
two parts: dorsal foramen, ellipsoidal, dorsally
dentate; and ventral foramen, ellipsoidal and
with dorsal projection.

In lateral view (Fig. 6A), compound eye
prominent, frontoclypeus projected; occipital
area slightly projected.

Antenna (Figs. 7A, 9A) clubbed, tricarinate,
without sexual dimorphism, and with 60
flagellomeres. Scape dilated and with antennal
organ, other flagellomere slightly conical and
wider at apex. Club formed from 49th flagellom-
ere on; three carinae arising from 5th and
extending to last flagellomere.

Hypostomal bridge (Fig. 4D) triangular, little
sclerotized, posteriorly larger and narrowing
between stipes. Galeae (Fig. 6A) four times
longer than height of head; basiconic sensilla in
apical region. Stipes (Fig. 4D) elongated, with
different degrees of sclerotization, and with median folds.
Cardo (Fig. 4D) subcircular.

Labial palp (Figs. 8A, B, 9D, G) trisegmented, basal
segment robust, with sensory Reuter's organ on its inner
face, middle segment slightly sinuous and long, four times
longer than basal segment, distal segment 1/5 size of mid-
dle segment and with sensory vom Rath organ, as an
invagination of its apex.

Cervical sclerite (Fig. 8G) possibly of mixed origin,
mostly membranous, articulating anteriorly with head and
posteriorly with prothorax, having flat “T"-shape, with vertical
and horizontal portions of similar size and smooth angles.
Cervical organ on ventral face of sclerite covered with setae.

Archaeoprepona licomedes licomedes (Cramer, 1777)
(Fig. 2)

Head in anterior view with morphological pattern similar
to A. d. demophon (Fig. 5A), with the following differences:
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Table 1. Morphological differences among species of neotropical Charaxinae.
Archaeoprepona Archaeoprepona Prepona claudina  Memphis moruus .
Characters d. demophon I, licomedes Prepona p. pylene annetta stheno Zaretis itys itylus
Trapezoidal,
Frontoclypeus Quadrangular Quadrangular Rectangular Rectangular wider dorsally Quadrangular
Transfrontal suture S“gh.t dqrsal S“gh.t dqrsal Slight dorsal projection Truncated Lightly depressed Lightly depressed
projection projection

Transclypeal suture Absent Absent Present Present Present Present

Broad, twice as Narrow, four times

Labrum

Narrow and tiny,
three times as

Narrow, four times Narrow, four times Narrow, four times

wide as high as wide as high wide as high as wide as high as wide as high as wide as high
Pilifers Triangular Discoidal Triangular Rectangular Semioval Straight
Size of antennal
sclerite relative 1/3 1/4 1/5 1/4 1/3 1/3
to antennal alveolus
Postgenal setae Present Present Present Absent Absent Absent
Dorsal occipital Ellipsoidal, Ellipsoidal, .inte.rnal Triangular Ellipsoidal Trapezoidal, Pentagonal
foramen dorsally dentate  dorsal projection wider ventrally
Ventral occipital Ellipsoidal Semicircular Semicircular Ellipsoidal Trape20|dal, Pentagonal
foramen wider ventrally
Basiconic sensillae Present Present Present Present Present Present
on the galea
Number of
flagellomeres 60 59 54 60 46 46
(average)
Antennal organ Present Present Present Present Present Present
on the scape
Flagellomere where
the antennal 5 5 1 5 5 6

carinae begin
Flat T-shape, with
vertical and
horizontal portions
of similar size and
smooth angles

Flat T-shaped,
with sub-
triangular base

Cervical sclerite

Flat T-shaped,
with membranous
median portion

Flat T-shaped,

with dorsal and
ventral portion
of the same size

Flat “T” shaped,

FlatT-shaped i) smaller base

frontoclypeus quadrangular, labrum narrow, four times as
wide as high, and pilifers with discoidal appearance. In dor-
sal view (Fig. 5B), antennal sclerite occupying about 1/4 of
antennal alveolus. In posterior view (Fig. 5C), occiput trian-
gular, three times wider than high. Dorsal occipital foramen
ellipsoidal and with dorsal projection, ventral occipital
foramen semicircular. In lateral (Fig. 6B) and ventral view
(Fig. 5D), head with pattern similar to Archaeoprepona d.
demophon.

Antenna (Figs. 7B, 9B) similar to A. d. demophon, but
with 59 flagellomeres and club formed from 43rd flagellom-
ere on.

Labial palp (Figs. 8C, D, 9E, H) with middle segment
five times longer than basal segment.

Galeae (Fig. 6B) similar to A. d. demophon, four times
longer than height of head, with basiconic sensilla in apical
region.

Cervical sclerite (Fig. 8H) shaped as flat “T”, with subtri-
angular base. Cervical organ similar to A. d. demophon.

Prepona pylene pylene Hewitson, [1854] (Fig. 3)

Head in anterior view with morphological pattern similar
to A. d. demophon and A. I. licomedes (Fig. 5E), with the
following differences: frontoclypeus rectangular, transclypeal
suture present; labrum narrow and tiny, three times as wide
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as high, and pilifers triangular. In dorsal view (Fig. 5F),
antennal sclerite occupying about 1/5 of antennal alveolus
space. In posterior view (Fig. 5G), occiput triangular, three
times wider than high; dorsal foramen triangular and ventral
foramen semicircular. In lateral (Fig. 6C) and ventral view
(Fig. 5H), head with a pattern similar to A. d. demophon and
A. I. licomedes. Galeae (Fig. 6C) three times longer than
height of head.

Antenna (Figs. 7C, 9C) similar to that of A. I. icomedes
and A. d. demophon, with 54 flagellomeres; club formed
from 41st flagellomere on, with three carinae arising from
1st and extending until last flagellomere.

Labial palp (Figs. 8E, F, 9F, 1), middle segment three
times longer than basal segment, and apical segment 1/6
length of middle segment.

Galeae (Fig. 6C) similar to A. d. demophon.

Cervical sclerite (Fig. 8l) with flat “T” shape, right angles,
membranous median portion, and triangular base articulat-
ing with thorax. Cervical organ similar of A. I. licomedes and
A. d. demophon.

Intraspecific variation

Males and females showed very few differences, consist-
ing of variations in the size of the specimen, and in conse-
quence, the tagma. Naturally, all females were larger than the
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Fig. 4. Head of Archaeoprepona demophon demophon (Linnaeus,
1758). (A) Anterior view; (B) dorsal view; (C) posterior view; (D) ven-
tral view. Scale bars: 1 mm.

Fig. 5. Head; (A-D) Archaeoprepona licomedes licomedes
(Cramer, 1777); (E-H) Prepona pylene pylene Hewitson, [1854];
(A), (E) anterior view; (B), (F) dorsal view; (C), (G) posterior view;
(D), (H) ventral view. Scale bars: 1 mm.
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Fig. 6. Lateral view of head; (A) Archaeoprepona demophon
demophon (Linnaeus, 1758); (B) Archaeoprepona licomedes
licomedes (Cramer, 1777); (C) Prepona pylene pylene Hewitson,
[1854]. Scale bar: 1 mm.

carinae

Fig. 7. Antenna; (A) Archaeoprepona demophon demophon
(Linnaeus, 1758); (B) Archaeoprepona licomedes licomedes
(Cramer, 1777); (C) Prepona pylene pylene Hewitson, [1854]. Scale
bar: 1 mm.

distal segment
organ of vom Rath

~ =

Fig. 8. (A-F) Labial palp; (A), (C), (E) internal view; (B), (D), (F)
external view; (G-I) cervical sclerite; (A), (B), (G) Archaeoprepona
demophon demophon (Linnaeus, 1758); (C), (D), (H) Archaeopre-
pona licomedes licomedes (Cramer, 1777); (E), (F), (I) Prepona
pylene pylene Hewitson, [1854]. Scale bar: 1 mm.

males. Fifteen males and seven females of Archaeoprepona
d. demophon, 13 males and five females of Archaeoprepona
I. licomedes, and 15 males and five females of Prepona p.
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Fig. 9. (A-C) Antennal organ on the scape (AO); (D-F) Reuter’s
organ; (G-I) distal segment and organ of vom Rath. (A), (D), (G)
Archaeoprepona demophon demophon (Linnaeus, 1758); (B), (E),
(H) Archaeoprepona licomedes licomedes (Cramer, 1777); (C), (F),
(1) Prepona pylene pylene Hewitson, [1854].

pylene were examined.
DISCUSSION

The head and cephalic appendages showed a morpho-
logical pattern with minor differences among the species.
These observations demonstrate that the use of this tagma
by itself may be inappropriate for diagnoses of species, and
furthermore for a detailed analysis such as in this study,
because it requires extensive dissections that cause irre-
versible damage to the specimen.

The most characteristic morphological pattern among
the neotropical Charaxinae was found in Prepona p. pylene,
involving the antennal carinae originating from the basal
flagellomere and the shape of the cervical sclerite. These
characters also distinguish P. p. pylene from Prepona
claudina annetta.

However, some characters are shared among species,
suggesting that these characters can be used to diagnose
genera. In the case of Archaeoprepona, these are the quad-
rangular shape of the frontoclypeus and the absence of the
transclypeal suture. Similarly, in Prepona the rectangular
shape of the frontoclypeus is shared by P. p. pylene and P.
claudina annetta.

The species of Preponini examined here bear translu-
cent setae on the postgena. However, P. claudina annetta
does not have these setae, or perhaps because of their
diminutive size these setae were not illustrated or included
in the original descriptions. Even so, the shape of the labial
palps easily distinguishes between species of Anaeini and
Preponini, as described by Rydon (1971); straight palps are
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common among the species of Preponini and “S”-shaped
palps are common among the species of Anaeini. All spe-
cies of Preponini analyzed herein showed the characteristic
palp of the tribe. However, Mielke et al. (2004a) illustrated a
straight palp for Zaretis itys itylus, even describing it as S-
shaped. Therefore, an S-shaped palp cannot be assumed
for all species of Anaeini, and therefore the shape of the
palps is not a reliable character to distinguish these two
tribes.

Based on the present results, Anaeini and Preponini
have few characteristics in common, although the synapo-
morphies of the subfamily are very clear and well supported.
Within Anaeini, the species analyzed often show the same
morphological pattern, for example, 46 flagellomeres in the
antenna, which in Preponini is a widely varying character.
However, only two species were analyzed, and thus we can-
not assert whether this is a case of simple coincidence or if
Anaeini has a very stable morphological pattern of the head
with only minor variations, leaving this question as a sug-
gestion for future studies.

The presence of basiconic sensilla on the apical portion
of the galea and the antennal organ on the scape are com-
mon characters among the species of neotropical Charaxinae
analyzed herein. These morphological differences can be
compared with other Nymphalidae, such as Biblidinae,
Morphinae, Danainae, Heliconiinae, and Ithominae, which
do not exhibit any of these characteristics (Leite et al.,
2013). Unfortunately, comparisons with the third tribe of
neotropical Charaxinae, Anaeomorphini, cannot be made,
because the morphology of members of this tribe has not
been studied.

The other two tagmata, the thorax and abdomen of
Charaxinae and Preponini, are better studied, because they
concentrate the most important characters for taxonomy.
The importance of this is indicated by the number of
characters or character sets that are synapomorphies of
Charaxinae (Ehrlich, 1958b; Ackery, 1984), or the character
set that diagnoses species of this subfamily (Mielke et al.,
2004a, b, c; Dias et al., 2012; Bonfantti et al., 2013). In any
event, this is the first study focused on analyzing a poorly
known part of the body, and also indicated some potentially
useful characteristics for taxonomy, phylogeny or meriting
further exploration in other kinds of studies. The two subse-
quent contributions on the morphology of the thorax and
abdomen of Preponini will define more efficient or more eas-
ily observed characters for use in the diagnosis of the spe-
cies, and will complement these results and extend our
knowledge of the unique morphology of these spectacular
butterflies.

ACKNOWLEDGMENTS

We thank the “Coordenacédo de Aperfeicoamento de Pessoal
de Nivel Superior” (Capes) and the Brazilian Research Council-
CNPq for financial support. We are grateful to the technicians of the
Taxon Line Project and of the “Centro de Microscopia Eletronica da
Universidade Federal do Parana” for taking the photographs, and to
the anonymous reviewers whose comments led to substantial
improvements in this article. Dr. Janet W. Reid edited the English
text.



Morphology of three species of Preponini-I 283

REFERENCES

Ackery PR (1984) Systematic and faunistic studies on butterflies. In
“The Biology of Butterflies” Ed by Rl Vane-Wright, PR Ackery,
Academic Press, London, pp 9-21

Aduse-Poku K, Vingerhoedt E, Wahlberg N (2009) Out-of-Africa again:
a phylogenetic hypothesis of the genus Charaxes (Lepidoptera:
Nymphalidae) based on five gene regions. Mol Phylogenet Evol
53: 463-478

Bonfantti D, Casagrande MM, Mielke OHH (2013) Male genitalia of
neotropical Charaxinae: a comparative analysis of character
variation. J Insect Sci 35: 1-54

Casagrande MM (1979) Sobre Caligo beltrao (llliger). Morfologia
externa da cabega do adulto (Lepidoptera, Satyridae, Brassolinae).
Rev Bras Biol 39: 223-227

Descimon H (1977) Biogeographie, mimetisme et speciation dans le
genre Agrias Doubleday (Lep. Nymphalidae Charaxinae). Pub
Lab Zool E N S 9: 307-344

Dias FMS, Casagrande MM, Mielke OHH (2010) Morfologia do
exoesqueleto de adultos de Memphis moruus stheno (Pritwittz)
(Lepidoptera, Nymphalidae, Charaxinae). Rev Bras Entomol
54: 376-398

Dias FMS, Casagrande MM, Mielke OHH (2012) Description of a
new species of the genus Zaretis Hibner, [1819], with taxo-
nomic notes on Z. itys and Z. itylus, stat. nov. (Lepidoptera:
Nymphalidae: Charaxinae) and illustrations of a gynandro-
morph. Zootaxa 3382: 29-40

Ehrlich PR (1958a) The comparative morphology, phylogeny and
higher classification of the butterflies (Lepidoptera: Papilionoidea).
Kans Univ Sci Bull 39: 305-369

Ehrlich PR (1958b) The integumental anatomy of the monarch but-
terfly Danaus plexippus L. (Lepidoptera: Danaidae). Kans Univ
Sci Bull 38: 1315-1349

Freitas AVL, Brown K Jr (2004) Phylogeny of the Nymphalidae
(Lepidoptera). Syst Biol 53: 363—-383

Harvey DJ (1991) Higher classification of the Nymphalidae. Appen-
dix B. In “The Development and Evolution of Butterfly Wing Pat-
terns” Ed by HF Nijhout, Smithsonian Institution Press,
Washington DC, p 273

Heikkila M, Kaila L, Mutanen M, Pefa C, Wahlberg N (2011) Creta-
ceous origin and repeated Tertiary diversification of the rede-
fined butterflies. Proc R Soc Lond B 279: 1093—-1099

Kaminski LA, Dell’Erba R, Moreira GRP (2008) Morfologia externa dos
estagios imaturos de heliconineos neotropicais: VI. Dione moneta
moneta Hubner (Lepidoptera, Nymphalidae, Heliconiinae). Rev
Bras Entomol 52: 13-23

Kawahara AY, Ortiz-Acevedo E, Marshall CJ (2012) External
morphology of adult Libythea celtis (Laicharting [1782])
(Lepidoptera: Nymphalidae). Zool Sci 29: 463-476

Lamas G (2004) Checklist: part 4A. Hesperioidea—Papilionoidea. In
“Atlas of Neotropical Lepidoptera, Vol 5A” Ed by JB Heppner,
Association for Tropical Lepidoptera, Scientific Publishers,
Gainesville, p 474

Leite LAR, Casagrande MM, Mielke OHH (2010) External morphol-
ogy of the adult of Heraclides anchisiades capys (Hubner,
[1809]) (Lepidoptera—Papilionidae). |. Head, cephalic append-

Downloaded From: https://bioone.org/journals/Zoological-Science on 03 Aug 2024
Terms of Use: https://bioone.org/terms-of-use

ages and cervical region. Braz Arch Biol Technol 53: 1119-
1126

Leite LAR, Casagrande MM, Mielke OHH (2013) External morphol-
ogy of the adult of Dynamine postverta (Cramer) (Lepidoptera,
Nymphalidae, Biblidinae) and patterns of morphological similar-
ity among species from eight tribes of Nymphalidae. Rev Bras
Entomol 57: 133—-148

Llorente-Bousquets J, Luis-Martinez A, Gonzales-Cota L (1992)
Diferenciacion de Prepona deiphile en Mesoamérica y descrip-
cién de subspecies nuevas (Lepidoptera: Nymphalidae). Trop
Lep 3: 109-114

Mielke CGC, Mielke OHH, Casagrande MM (2004a) Estudo com-
parado de morfologia externa de Zaretis itys itylus (Westwood)
e Agrias claudina annetta (Gray) (Lepidoptera, Nymphalidae,
Charaxinae). |. Cabeca, apéndices e regiao cervical. Rev Bras
Zool 21: 357-369

Mielke CGC, Mielke OHH, Casagrande MM (2004b) Estudo com-
parado da morfologia externa de Zaretis itys itylus (Westwood)
e Agrias claudina annetta (Gray) (Lepidoptera, Nymphalidae,
Charaxinae). Il. Térax e apéndices. Rev Bras Zool 21: 421-433

Mielke CGC, Mielke OHH, Casagrande MM (2004c) Estudo com-
parado de morfologia externa de Zaretis itys itylus (Westwood)
e Agrias claudina annetta (Gray) (Lepidoptera, Nymphalidae,
Charaxinae) Ill. Abdome. Rev Bras Zool 21: 905-912

Miller LD, Miller JY (1976) Notes and descriptions on Mexican
Charaxinae (Nymphalidae). Bull Allyn Mus Ent 1: 1-13

Ortiz-Acevedo E, Willmott KR (2013) Molecular systematics of the
butterfly tribe Preponini (Nymphalidae: Charaxinae). Syst Ento-
mol 38: 440-449

Pena C, Wahlberg N (2008) Prehistorical climate change increased
diversification of a group of butterflies. Biol Lett 4: 274-278

Rydon AHB (1971) The systematics of the Charaxidae (Lepidoptera:
Nymphaloidea). Entomologist’'s Rec 83: 219-233, 311-316,
336-341, 384-388

Salazar JA (1999) Habitat e ilustracion del sintipo de Anaeomorpha
splendida Columbiana Niepelt, 1928 (Lepidoptera: Nymphalidae:
Charaxinae) para Colombia. Bol Cient Mus Hist Nat 3: 29-32

Salazar EJA (2008) Some studies on palpi belonging to Neotropical
Charaxids and notes on the wing pattern and behavior of sev-
eral genera (Lepidoptera: Nymphalidae: Charaxidae). Bol Cient
Mus Hist Nat 12: 171-205

Salazar EJA, Constantino LM (2001) Synthesis of the description of
new genera for South America: Rydonia, Annagrapha,
Pseudocharaxes, = Muyshondtia, Zikania  (Lepidoptera,
Nymphalidae). Lambillionea (supplement 2) 3: 344-370

Wahlberg N, Braby MF, Brower AVZ, de Jong R, Lee M, Nylin S, et
al. (2005) Synergistic effects of combining morphological and
molecular data in resolving the phylogeny of butterflies and
skippers. Proc R Soc Lond B 272: 15771586

Wahlberg N, Leneveu J, Kodandaramaiah U, Pefia C, Nylin S, Freitas
AVL, et al. (2009) Nymphalid butterflies diversify following near
demise at the Cretaceous/Tertiary boundary. Proc R Soc Lond
B 276: 4295-4302

(Received August 27, 2014 / Accepted February 9, 2015)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50222
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [596.130 795.120]
>> setpagedevice




