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Abstract. We propose a revised higher classification for the genera of Hesperiidae
(skipper butterflies) of the world. We have augmented our published DNA data
matrix with 49 morphological characters in order to infer relationships for taxa not
sampled in the molecular study. We use the results of a combined analysis to
identify morphological synapomorphies of the suprageneric clades of Hesperiidae,
and to hypothesize a phylogenetic classification of the world’s genera of
Hesperiidae, the first of its kind for this diverse group. Monophyly of the family
Hesperiidae is strongly supported, as are some of the traditionally recognized
subfamilies. The results presented here largely corroborate those of our molecular
study, but differ in several details. The Australian endemic Euschemon rafflesia is
given subfamily status, as is Eudaminae. We recognize seven subfamilies of
Hesperiidae: Coeliadinae, Euschemoninae (confirmed status), Eudaminae (new
status), Pyrginae, Heteropterinae (confirmed status), Trapezitinae and Hesperiinae. We treat Pyrrhopygini, Tagiadini, Celaenorrhinini, Carcharodini, Achlyodidini, Erynnini and Pyrgini as tribes of Pyrginae. Circumscriptions of Achlyodidini
and Pyrgini require further elucidation. Tribes of Hesperiinae include Aeromachini, Baorini, Taractrocerini, Thymelicini, Calpodini (reinstated status), Anthoptini
(new tribe), Moncini and Hesperiini. The tribal placement of many Old World
hesperiine genera remains ambiguous.

Introduction
Butterflies, arguably the best-loved insects, have been the
subject of hundreds of taxonomic and ecological studies
(e.g. Shapiro, 1975; Pivnick & McNeil, 1985; Venables &
Barrows, 1986; Wooley et al., 1991; Boggs et al., 2003).
Despite this, skipper butterflies (the family Hesperiidae)
have been largely left behind as systematic research on other
families has proliferated (e.g. Brower, 2000a; Caterino et al.,
2001; Wahlberg et al., 2005a; Braby et al., 2006; Brower
et al., 2006; Peña et al., 2006). In an effort to help close this
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gap, we recently conducted an investigation into the higherlevel classification of the Hesperiidae (Warren et al., 2008a;
henceforth W2008), in the form of a phylogenetic analysis
using nucleotide data from DNA sequences from three
genes (COI-II, EF-1a and wingless), for 210 hesperiid taxa
and five butterfly outgroups. We determined that most
generic groupings for Hesperiidae currently in widespread
use, proposed at a regional level by Evans (1937, 1949, 1951,
1952, 1953, 1955), do not represent monophyletic groups.
Based on our results, we proposed a revised subfamilyand tribal-level classification for the family, although the
circumscription of certain taxa was incomplete.
Many authors have discussed the benefits of combining
morphological and molecular data in phylogenetic studies,
specifically in reference to Lepidoptera (e.g. Weller et al.,
1996, 2004; Miller et al., 1997; Wahlberg & Nylin, 2003;
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Wahlberg et al., 2005a, b; Ylla et al., 2005; Simonsen et al.,
2006). Although the practice of combining evidence from
different sources is not without its opponents (e.g. Scotland
et al., 2003; Tautz et al., 2003), proponents of this methodology have found that the addition of morphological
characters to molecular data sets generally has a synergistic
impact on the resulting cladograms. In addition, morphological characters can provide complementary evidence of
relationships in the absence of DNA (e.g. for fossils and old
museum specimens).
Here we test our prior hypothesis of relationships among
subfamilies and tribes of Hesperiidae (W2008) by the
addition and simultaneous analysis of morphological data.
We use our new results to refine the suprageneric classification of the Hesperiidae and employ the morphological
characters to incorporate all genera of Hesperiidae into
our proposed tribal classification. A comprehensive morphological study, evaluating observable features from all life
stages, is beyond the scope of the current work. However,
we have attempted to include characters discussed in the
literature on Hesperiidae, as well as in family-level studies of
butterflies in general, and have scored or discussed essentially all features traditionally employed to characterize the
family and subfamilies of Hesperiidae. In the course of
evaluating these, we have identified a few additional characters not previously mentioned. The resultant classification
of skipper genera represents the first attempt to provide
a comprehensive phylogenetic hypothesis for genera in this
family, superceding the longstanding scheme laid out in
Evans’ set of regional monographs. This publication is accompanied by Supporting Information (Appendices ST1–3,
below), which contain the list of study specimens, the
morphological data matrix, and support values for the tree.

Materials and methods
Taxon sampling
Exemplars from 210 species in 196 genera, representing
about 35% of the world’s skipper genera (sensu Ackery et al.,
1999; Mielke, 2001, 2004, 2005), as well as exemplars from
five outgroup families of Papilionoidea, were scored for
morphological and molecular characters. Selection of exemplars for morphological study was based on the 210 taxa used
by W2008. We endeavoured to sample taxa from all of Evans’
(1937, 1949, 1951, 1952, 1953, 1955) generic groupings, to test
their monophyly and to try to determine their relationships.
For details on ingroup taxon selection, see W2008.
Wahlberg et al. (2005a) showed that Hesperiidae and
Papilionoidea are sister taxa, so we selected representatives
from each of the five families of Papilionoidea as outgroup
taxa in order to test the monophyly of the ingroup (Nixon &
Carpenter, 1993). The monophyly of Hesperiidae is strongly
supported (de Jong et al., 1996, W2008), so we seek to
provide a robust and comprehensive hypothesis of relationships within the family, rather than to test the relationship of
Hesperiidae to other lepidopteran families. Our molecular

data (W2008) corroborate the prior hypothesis that Coeliadinae is sister to the remaining Hesperiidae (Ackery et al.,
1999; also recovered here), and the character polarities
imposed by our selection of outgroups do not skew the
branching pattern higher in the tree. Even if incorrect, the
precise position of the root in a large phylogenetic tree is of
relatively small consequence to most sister taxon hypotheses
(Brower, 2000b).
Pinned adult specimens of both sexes were obtained from
various institutional and private collections (Supporting
Information ST1). We examined all voucher specimens
from Voss’ (1952) study of subfamily-level relationships in
Hesperiidae, including pinned adults and corresponding
slide-mounted wings, legs and palpi. To provide continuity
between Voss’ study and ours, all of his specimens are listed
in Supporting Information ST1.
For a few taxa, we could examine only wings, legs and
terminalia from molecular voucher studies, but congeners
were sought (as indicated in Supporting Information ST1)
to score other characters, except when available literature
sources (e.g. Evans, 1949, 1951, 1953, 1955; Moulds &
Atkins, 1986) were used. If no ‘replacement congeners’ were
available, unobserved characters were scored as missing
data (Supporting Information ST2). As a result, femalespecific characters (14–16) are missing for twelve taxa.

Morphological character analysis
All 215 taxa were evaluated and scored for 46 morphological, two behavioural and one ecological character. With the
exception of character 47 (larval foodplants), all characters
relate to adults. For genitalic characters, we dissected and
examined abdomens following Burns (1997). In a few cases
for which we lacked study material, character information
was obtained from the literature. Genitalia and abdominal
pelts were preserved in glycerol in polyethylene vials. All
measurements were made with a handheld digital caliper. Our
data matrix was constructed using MACCLADE (Maddison &
Maddison, 2002). All multistate characters were treated as
unordered; transformation series should not be construed
from sequentially numbered states in the descriptions.
Adult head (characters 1–10).
1. Eye ring (Figs 1, 2). States: eyes without a complete
marginal ring of reduced ommatidial facets (0); or with such
a ring (1). This character was figured by Ehrlich (1960), and
discussed by Minet (1986, 1991), de Jong et al. (1996) and
Ackery et al. (1999), who noted that the ‘eye ring’ is
apomorphic for the family Hesperiidae. The eye ring is
a clearly defined region of reduced ommatidial facets
around the base of the eyes. This character is easily observed
in all species of Hesperiidae except in those with long, hairlike scales around the eyes (character 5). Some Papilionidae
have a partial ring of reduced ommatidial facets around the
eyes, but it is not clear if this condition is homologous with
that found in Hesperiidae (Ackery et al., 1999).
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Fig. 1. Head of female Clito aberrans in right lateral view. From:
COSTA RICA: Guanacaste: La Pacifica, 18-II-1971, Paul A. Opler.
ADW Genitalia vial #06-13. ChA, anterior chaetostomata; ChP,
posterior chaetostomata; EL, eyelash; ER, eye ring; Mo, moustache; P3, third segment of labial palp.

2. Hairy eyes. States: eyes apparently bare (0); or conspicuously and densely hairy (1). The surface of the eye in
most Lepidoptera is smooth, without interfacetal setae.
However, various species widely scattered throughout the
order possess setae, a condition that has been called ‘hairy
eyes’ (Hampson, 1903; Kitching, 1984; Miller, 1991).
Choaspes and some Hasora (Coeliadinae) are unique among
hesperiid species in having numerous long hairs protruding
from the surface of the eyes, an apparently derived condition
(Ackery et al., 1999: 272; R. de Jong, personal communication, 2008). This feature was not observed in any other
genus in our study.
Various crepuscular skippers exhibit red eyes in life
(de Jong, 1983b; Ackery et al., 1999). These include species
of Eudaminae (e.g. Bungalotis), Tagiadini (e.g. Capila), Old
World Hesperiinae (e.g. Matapa) and Calpodini (e.g.
Talides). Although this feature might be phylogenetically
informative, the colour often fades shortly after death
(although red is retained in dead specimens of some
Carystus species and others), and thus cannot be scored in
pinned museum specimens.
3. Anterior cephalic chaetostomata (Figs 1, 2). States:
head with anterior cephalic chaetostomata absent (0); or
present (1). Chaetostomata are small, paired, apparently
unscaled swellings on the dorsal tegument ornamented with
numerous thin bristles radiating in all directions. They are
thought to be sensory organs (Jordan, 1923), but their exact
function in Lepidoptera has not been investigated. Adults in
most families of Lepidoptera possess one pair of chaetostomata, dorsal to the eye, behind the antennae, but some
Hesperiidae have a second pair in front of the antennae
(Jordan, 1923). de Jong et al. (1996) and Ackery et al. (1999)
treated the anterior cephalic chaetostomata as a synapomorphy for Hesperiidae, excluding Coeliadinae. All species of
Hesperiidae included in our study have two pairs of
chaetostomata, except for Coeliadinae, which possess the
posterior pair only.

Fig. 2. Head of female Clito aberrans in dorsal view. From:
COSTA RICA: Guanacaste: La Pacifica, 18-II-1971, Paul A. Opler.
ADW Genitalia vial #06-13. ChA, anterior chaetostomata; ChP,
posterior chaetostomata; EL, eyelash; ER, eye ring; Mo, moustache; P3, third segment of labial palp.

4. Distance between antennae (Figs 1, 2). States: antennae at most 1.5 (0); or at least twice the width of the scape
apart (1). A number of authors have noted that adult
skippers have a wide head (e.g. Ehrlich, 1960; MacNeill,
1975), compared with other Lepidoptera, such that the bases
of the antennae are further apart than in other families.
de Jong et al. (1996) scored this condition as the distance
between the base of the antennae compared with the scape
width, and Ackery et al. (1999) considered antennae that
were at least twice as far apart as the width of the scape to be
an apomorphic condition for Hesperiidae.
5. Eyelash (Figs 1, 2). States: antennal base without
a lateral scale tuft (eyelash) extending over the eye (0); or
with such a structure (1). The eyelash consists of a tuft of
elongated scales (usually black in colour) originating from
the antennal base, near the border of the eye, extending
away from the head, and generally following the contour of
the eye. In some species, eyelashes extend a considerable
distance out over the eyes (e.g. Clito aberrans, Figs 1, 2).
This character was scored by de Jong et al. (1996: 74), and
Ackery et al. (1999: 272) considered it a synapomorphy for
Hesperiidae. However, it is apparently absent in all Coeliadinae. Ackery et al. (1999: 272) noted that the occurrence of
eyelashes in Pyrrhopygini is variable. Among pyrrhopygine
taxa examined here, eyelash length is variable but their
presence is constant. Eyelashes are highly reduced in
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Apyrrothrix araxes, Pyrrhopyge charybdis, P. zenodorus and
Jemadia hewitsonii, and vestigial in Yanguna cosyra, Elbella
scylla and Parelbella macleannani (scored as present). Eudaminae have eyelashes of various lengths, usually fairly
long (very long in Zestusa), but short in Astraptes, Narcosius, Proteides and Aguna. Eyelashes are long in most
Tagiadini examined (but somewhat shorter in Tagiades),
and very long in most Carcharodini, Erynnini and Pyrgini.
Most Heteropterinae have long eyelashes, but they are often
short in Trapezitinae. Within Hesperiinae, eyelash length is
highly variable. Genera of Hesperiini usually have long
eyelashes (although they are short in Xeniades orchamus),
whereas they are of intermediate length in most tribes. Some
Old World hesperiines have very short eyelashes (e.g.
Andronymus, Caenides, Erionota, Plastingia). Eyelashes are
vestigial in Hidari irava and Lotongus calathus (apparently
absent in males), and are completely absent in Orses cynisca,
Perichares philetes, Gretna waga, G. cylinda, Pteroteinon
laufella and P. caenira.
6. Antennal club. States: antennal club not bent, apiculus
absent (0); antennal club bent at its commencement, apiculus stout, blunt-tipped (1); antennal club bent just past
commencement, at beginning of nudum, apiculus stout,
sharp-tipped (2); as in (2), but apiculus slender (3); antennal
club bent well past its commencement (but not near distal
tip), apiculus lanceolate, tapering to sharp tip (4); antennal
club bent well past its commencement (but not near distal
tip), apiculus blunt-tipped, stout (5); antennal club bent at
or near distal tip of club, apiculus short (or essentially
absent), remainder of club stout, appearing swollen (6). The
shape of the antennal club has long been considered to be
taxonomically informative in Hesperiidae (e.g. Watson,
1893; Mabille, 1903–1904; Evans, 1937, 1949, 1951, 1953,
1955). The club shows considerable variation in Hesperiidae, and, although some forms appear to grade into others,
various shapes are consistent and easily defined. One feature
displayed in most Hesperiidae is the presence of an apiculus,
defined by Evans (1949) as the ‘bent-over’ portion of the
antennal club. Evaluation of the shape of the antennal club
is best done in living individuals, as the shape of the club is
frequently distorted in dead, dried specimens.
In our outgroup species, the club of the antenna either
lacks scales (e.g. Danaus plexippus) or is only partially scaled
(e.g. Lycaena helloides). Antennal clubs of Hesperiidae are
heavily scaled except for a small region on the anterior
surface, near the distal end of the club and onto the apiculus.
Evans (1943, 1949) called this region the ‘nudum’, a term
used by almost all subsequent authors, and considered the
number of nudum segments to be of great taxonomic
importance in Hesperiidae. Although this character is
sometimes useful at the genus- and species-level, where
dramatic differences in nudum number are sometimes seen
between closely related taxa, we faced various obstacles in
our attempts to score nudum segments. We counted the
number of nudum segments on our study taxa (data not
shown) and found the nudum number to be variable within
many species, with variation of up to 5 segments in some

(e.g. Badamia exclamationis; also see Burns, 1982). The
basalmost segment of the nudum is often partially scaled,
and the boundary of the nudum may be difficult to define in
worn specimens that have lost scales from their antennae
(nudum counts could not be performed on some of our
exemplars as a result). The apiculus is fragile in dried
specimens and is often missing in museum specimens.
Preservation problems aside, we could not objectively
delineate distinct character states. Therefore we have not
scored this character, but believe it deserves more attention.
In particular, nudum segments of many Hesperiidae are
ornamented with rows of small, fine sensory hairs, and these
should be examined in future morphological studies.
7. Shape of third palpal segment (see Figs 1, 2). States:
short or of moderate length (less than 4 as long as widest
point), blunt-ended (0); long (more than 4 as long as
widest point), slender, cylindrical, awl-like (1); usually long
(2.5–4 as long as widest point), inflated at the tip or
strongly club-shaped, situated perpendicular to the erect
second segment (2); long (more than 4 as long as widest
point), slender, lanceolate, ending in a sharp tip (3). This is
one of the characters traditionally employed to define
genera and subfamilies of Hesperiidae, and, as a result, it
has been described and figured by many authors (e.g.
Watson, 1893; Mabille 1903–1904; Evans, 1937, 1949,
1951, 1952, 1953, 1955). In most outgroup taxa, the third
segment of the labial palpus is short, less than 4 as long as
its widest point, and relatively blunt at its apex This general
form is also found in various other Lepidoptera families
(e.g. Miller, 1991). In Hesperiidae, several different forms of
the third palpal segment are found. State zero occurs in most
outgroup taxa. State one is found only in Coeliadinae.
Evans’ (1952) Augiades group was characterized by possessing state two (excluding Phocides, Hypocryptothrix and
Cabirus), which has not been observed elsewhere. State
three is displayed by many genera of Hesperiinae, as noted
in our discussion below. Our reference to the length of the
third palpal segment refers to the sclerotized part of that
structure, excluding any scales protruding from its distal tip.
These forward-projecting scales are common in Erynnini
(e.g. Helias, Camptopleura, Timochares and Theagenes),
Carcharodini (Staphylus, Pholisora, Hesperopsis) and
Pyrgini (Celotes). In these genera it was necessary to remove
scales from the tip of the palpi to determine the length of the
third segment. The length of the third palpal segment is
fairly consistent within species, but can differ considerably
among congeners (e.g. Suastus, Amblyscirtes).
8. Orientation of third palpal segment. States: erect (0);
or porrect (1). Evans (1937, 1949, 1951, 1952, 1953, 1955)
placed a great deal of taxonomic emphasis on the posture of
the third palpal segments, and employed the terms ‘erect’ (at
right-angles to the line of the body) and ‘porrect’ (in line
with the body) to describe them. However, he was somewhat
inconsistent in his use and application of these terms (Evans,
1951, 1952, 1953, 1955). The orientation of the palpi is best
observed in living individuals, as palpi may be preserved in
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unnatural positions in dried specimens. Our observations
are based entirely upon dead specimens, and some of them
may need to be confirmed in living individuals. In a number
of groups (e.g. some Eudaminae) the difference between
porrect and erect third segments is not entirely clear. For
now, questionable cases such as these have been scored as
porrect, although Evans did not specifically classify them as
such. Evans (1952, 1953) commented on the unusually long,
porrect third palpal segment of Zestusa. The orientation of
the third segment in Zestusa is similar to that in other
members of the Eudaminae, its only unusual aspect being its
greater length. In some genera, such as Spialia and Netrocoryne, the third segment is bent slightly downwards, out of
line with the horizontal axis of the body. This condition is
variably expressed in museum specimens, and for now is
scored as porrect. Eliot (1978) discussed the great variation
in this character, but did not apply it in his revised
classification of the Oriental Hesperiidae. Other families of
Lepidoptera show similar variation in the orientation of the
third palpal segments (e.g. Miller, 1991). Among our outgroup species, three have erect segments and two have
porrect segments (Supporting Information ST2).
9. Orientation of second palpal segment. States: erect (0);
porrect or sub-porrect (1). As with character 8, Evans (1937,
1949, 1951, 1952, 1953, 1955) placed considerable taxonomic
emphasis on the posture of the second segment of the labial
palpus, and applied the terms ‘erect’ and ‘porrect’ to describe
its orientation with respect to the horizontal axis of the body.
Eliot (1978) disregarded palpus orientation as a useful taxonomic character, citing many intermediate examples between
Evans’ character states. As with the third segment, the
posture of the second palpal segment is best observed in
living individuals. The distinction between erect and porrect is
not as well defined in second segments as in third segments.
Evans (1949) described the second palpal segment of various
genera in his Tagiades group as being ‘more or less porrect.’
Later, Evans (1953) described the second segments of his
Telemiades Group as being ‘sub-erect’. Indeed, only a few
genera of Hesperiidae exhibit truly porrect second palpal
segments (as noted below, also see Supporting Information
ST2). Therefore, we describe segments that are not obviously
erect, in the strict sense, as being sub-porrect or porrect. The
difficulties with character state delimitation discussed under
character 8 apply to this character as well.
Evans (1937, 1949, 1951, 1952, 1953, 1955) also placed
taxonomic importance on the shape and structure of the
second segment of the labial palpi. In particular, he (1955)
commented on the shape of this segment in various Hesperiinae, and applied the terms ‘quadrate’ or ‘quadrantic’ for
‘palpi of which the inner (median) edge of the second
segment, seen from above, is equal to or greater than the
transverse width against the head’. Although this condition is
prominent in some genera (e.g. Hesperia), it is poorly
developed and vague in many others. We were unable to
define discrete states that allow us to score variation in the
shape of this segment. Various genera of Pyrgini, Trapezitinae, all Heteropterinae and some Aeromachini have long,

porrect, ‘hairy’ second palpal segments, but this condition
represents only an extreme of a continuous range of variation.
10. Moustache (Figs 1, 2). States: first segment of labial
palpi on males without conspicuous tuft of scales forming
a ‘moustache’ bent upwards, following the contour of the
eye (0); or with such a structure (1). In a few genera we
studied, a conspicuous tuft of hair-like scales protrudes
from the distal end of the first palpal segment, near the base
of the eye. These scales, which may be sparsely or densely
packed, generally follow the contour of the eye and may be
of considerable length (Figs 1, 2). We have not found any
reference to this scale tuft in the literature on Lepidoptera.
The presence of a moustache among our study taxa is
limited to some Tagiadini and Celaenorrhinini (as discussed
below), plus Clito (Figs 1, 2, in Pyrgini), Quadrus and
Pythonides (Achlyodidini). The eudamine genus Cephise
also displays a moustache (B. Hermier, personal communication, 2006). The presence of a moustache is not always
a genus-level character. For example, Sarangesa bouvieri
lacks a moustache, but Sarangesa brigida atra has one
(although the monophyly of Sarangesa has been questioned,
see Larsen, 2005). In some species (e.g. Clito aberrans), the
moustache is equally developed in males and females.
However, in others the moustache is well developed in
males but reduced in females (e.g. Darpa hanira). In other
species whose males have a well-developed moustache,
females may completely lack it (e.g. Celaenorrhinus eligius).
If the moustache was present on males, it was scored as
present for that species.
Adult abdomen, thorax and legs (Characters 11–26).
11. Male abdomen length. States: shorter than or as long
as the hindwing dorsum (0); or longer than the hindwing
dorsum (1). In outgroup families, as well as in many
Hesperiidae, the abdomen is shorter than the length of
the hindwing. Evans (1937, 1949, 1951, 1952, 1953, 1955)
compared the length of the abdomen with that of the
hindwing dorsum (the distance from the base of the wing to
the end of the tornus), and described relative length in his
various subfamilial and generic diagnoses. Because it is
easily observed, abdominal length has subsequently been
used in keys (e.g. Eliot, 1978), as an abdomen longer than
the length of the hindwing is diagnostic of monocot-feeding
skipper lineages. Although in most cases this character can
be unambiguously scored from pinned museum specimens,
there are two complicating factors. Upon desiccation, the
abdomen of pinned specimens often shrinks, and is frequently preserved in unnatural positions that do not reflect
its actual length. In addition, the female abdomen of most
species is longer than that of males, and for species for
which the male abdominal length is close to the length of
the dorsum, the female may have an abdomen longer than
the dorsum. For consistency, abdominal length was scored
only in males.
The structural details of male genitalia have been widely
used to infer specific and generic relationships in the
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Hesperiidae since Godman & Salvin (1879–1901). Evans
(1937, 1949, 1951, 1952, 1953, 1955) figured male genitalia
in the form of crude caricatures showing basic valve shape,
and, in most cases, the shape of the uncus, gnathos, tegumen
and aedeagus from dorsal and lateral views. Subsequent
authors have provided more detailed figures of male genitalia. Despite this, only a few have scored these features for
phylogenetic analyses (e.g. de Jong, 1974b, 1978b, 1983b,
1986, 2004; Steinhauser, 1986; Shuey, 1987, 1994; Warren,
1996b; Mielke, 2001). Variation in genitalic structure is
often used to identify and characterize genera and species of
Hesperiidae, but recognition of homologous variation is
problematic at more inclusive levels. We have limited our
use of male genitalic characters to two: symmetry of the
valvae, and presence and absence of a gnathos, because the
states of these characters are usually unambiguous. We
discuss features of the male genitalia that appear to be useful
in characterizing certain higher-level taxa. Terminology for
genitalic structures of both sexes follows Evans (1937, 1949,
1951, 1952, 1953, 1955) and de Jong (1972, 1974b, 1978b).
12. Valve symmetry. States: symmetrical (0); or asymmetrical (1). Male genitalia of outgroup species have
symmetrical valvae, as do most species of Hesperiidae. We
scored this character (as well as character 13) by dissecting
male abdomens, except in cases for which detailed figures
are provided in the literature. Asymmetrical valvae are
found in a few Eudaminae, Pyrrhopygini, Aeromachini
and Hesperiinae and in many Erynnini. Asymmetry is
frequently variable within genera. For example, the eudamine Calliades zeutus has asymmetrical genitalia, whereas
C. oryx has symmetrical genitalia. Character coding here is
based on our exemplar species and may not reflect unobserved polymorphism in congeners.
13. Gnathos. States: present (0); absent (1). Among our
outgroup species, male genitalia of Lycaena helloides and
Emesis mandana possess a gnathos (usually called ‘falces’ in
literature on those families), whereas Papilio machaon,
Colias eurytheme and Danaus plexippus lack a gnathos. As
figured by Evans (1949), males in his Taractrocera group of
Hesperiinae lack a gnathos, but males of almost all other
Hesperiidae possess a gnathos. The absence of a gnathos in
the Taractrocera group was discussed and illustrated in
detail by Parsons (1999). The gnathos of various species of
Carcharodini (Pyrginae) is highly reduced or membranous
and unsclerotized (Steinhauser, 1989; but scored as present
in exemplars we examined). In addition, a few Old World
hesperiines not included in our study appear to lack
a gnathos (Evans, 1949; de Jong & Treadaway, 1993a).
The use of female genitalic characters has been much
more limited in Hesperiidae than that of male genitalic
characters, because the dissection of females is more timeconsuming, and also because females of many species are
less common in collections. We observed a tremendous
amount of variation in the sclerotized structures in female
genitalia, as well as in (normally) membranous structures
such as the corpus bursae, appendix bursae, ductus bursae

and accessory glands. Study of this variation will require
dissection of many genera unrepresented in our study, and
will therefore be the subject of a future investigation.
14. Appendix bursae. States: absent (0); or present (1).
Häuser (1993) studied the appendix bursae in particular
detail among species of Pieridae, and considered its development within the Hesperiidae to represent an apomorphic
condition. He noted that, within the Hesperiidae, the only
taxa studied that possessed the appendix bursae were
Carterocephalus palaemon, Heteropterus morpheus and
Metisella metis, a grouping he regarded as Heteropterini.
The appendix bursae is absent in Butleria species (Herrera
et al., 1991; A. D. Warren, personal observation), but is
present in other Heteropterinae in our study. The appendix
is present in Leptalina unicolor (Supporting Information
ST2), but absent in Tsitana tulbagha and Lepella lepeletier.
The appendix is also present in all Trapezitinae examined
(but see discussion under Trapezitinae, below), as well as in
the African hesperiines Ceratrichia clara and Meza meza, in
which the appendix is very large and irregularly shaped.
15. Paired reservoirs accompanying female accessory
glands. States: indistinct, vestigial or absent (0); or present,
large and prominent (1). A number of authors have figured
a pair of prominent paired reservoirs of the accessory glands
associated with the spermatheca and ductus bursae in some
Eudaminae (e.g. Steinhauser, 1974, 1981, 1983, 1986, 1989;
Austin et al., 1997) and Achlyodidini (Steinhauser, 1989).
These reserviors have not been noted in the outgroup taxa or
in the literature on those families. Details of these reserviors
merit further study, to determine if the enlargement of these
structures in Eudaminae and Achlyodidini is homologous.
Early authors relied heavily upon secondary sexual
characters in constructing classifications of the Hesperiidae
(e.g. Watson, 1893; Mabille, 1903–1904). However, we now
know much more about the distribution of the various
secondary sexual characters seen in skippers, and, although
they are often informative at the species-level, they are rarely
diagnostic of genera or higher groups (de Jong, 1975). We
have scored various secondary sexual characters that,
although often variable within genera, have traditionally
been employed in classifications of Hesperiidae.
16. Female abdominal pheromone gland at tergum
VII. States: absent (0); or present (1). The abdominal
pheromone gland found on tergum VII in various Hesperiidae, first noted by Reverdin (1914), was discussed by Burns
(1964), who observed that it is everted during courtship in
Erynnis propertius. Although female pheromone glands of
various types are known in other Lepidoptera (Miller, 1991,
Kristensen, 2003), no other family has a gland situated on
tergum VII. de Jong (1975) discussed this character for 15
New World pyrgine genera, and noted its potential phylogenetic significance at the tribal level. As detailed by de Jong
(1975), this gland is difficult or impossible to observe in
living or pinned specimens (unless everted), but is easily
observed upon dissection of the abdomen (standard KOH
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genitalia dissection). In addition to species studied by Burns
(1964), de Jong (1975), and those scored in this study that
possess this gland (all of which are in Erynnini, see below),
the presence of this character was also noted in Anastrus
luctuosa (material from Andrew D. Warren (ADW) collection,
not listed in Supporting Information ST1). This gland was not
observed in Anastrus obscurus, A. neaeris, A. virens (Erynnini),
Eantis tamenund, Ouleus riona (Achlyodidini), Carrhenes
calidius, C. canescens, Paches loxus gloriosus, P. gladiatus
(Pyrgini), Cyclosemia elelea, Noctuana lactifera bipuncta,
Pellicia trax, Polyctor polyctor, P. cleta, Bolla imbras,
B. phylo, B. boliviensis, Staphylus vincula, S. iguala,
S. ascalaphus or S. mazans (Carcharodini; all material from
ADW collection, not listed in Supporting Information ST1). de
Jong (1975) noted the presence of this gland in Staphylus
mazans, but our study of a female S. mazans from eastern
Mexico (Supporting Information ST1) did not reveal the gland.
17. Anal wool on female abdominal segment VIII. States:
absent (0); or with dense clothing of anal wool (1). Females
of some species in a few families of Lepidoptera possess an
anal scale tuft on the distal end of the abdomen (Miller,
1991; Larsen, 2005), called ‘anal wool’ in Hesperiidae
literature. Anal wool was not found in outgroup exemplars
and is restricted to a few species or genera in other
Lepidoptera families. In Hesperiidae, this ‘wool’ consists
of hair-like deciduous scales that are tightly wrinkled, and
packed tightly onto the terminal edge of the eighth abdominal segment. Often these scales are pasted to the surface of
eggs during the final phase of oviposition (Bell, 1920–1927;
Bascombe et al., 1999; Parsons, 1999; Larsen, 2005). Evans
used this character to group various genera in his African
(1937) Celaenorrhinus group and his (1949) Tagiades group.
In Hesperiidae this character appears to be confined to
genera in Tagiadini (Eliot, 1978), including the following
genera examined in this study: Daimio, Darpa, Eagris,
Odontoptilum (see W2008) and Tagiades. Anal wool is also
present on two species of the hesperiine Matapa (de Jong,
1983). Various Pyrrhopygini possess straight, stiff, usually
colourful scales at the distal end of the abdomen (e.g.
Mysoria). These scales are not homologous with anal wool
as they are straight, present in roughly equal density in males
and females, and are not known to be functionally deciduous.
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among some Celaenorrhinus (de Jong, 1982). It consists of
a pair of invaginated pouches on the second abdominal
sternum, enclosing large, dark hairs. These are presumed to
be scent organs, possibly used during courtship, but their
function has not been investigated. In our study, one of two
Celaenorrhinus species (C. eligius) was found to have this
organ.
de Jong et al. (1996) scored several characters of the
thoracic sclerites in Lepidoptera. These were subsequently
discussed by Ackery et al. (1999), who described two
characters as potential synapomorphies of the Hesperiidae
(mesoscutellum overhanging metanotum, and shape of third
axillary sclerite at base of forewing). We encountered several
problems in our efforts to score these characters. In the first
years of our molecular study, DNA was extracted from the
thorax, and all thoracic tissue was generally used. Thus, in
cases for which we did not locate pinned vouchers and relied
on the remains of our molecular vouchers to score characters,
we could not evaluate thoracic characters. Furthermore,
skippers and other butterflies are frequently dispatched in
the field by applying a gentle pinch, laterally to the thorax. If
the specimen is pinched too hard, irreversible damage is often
done to thoracic sclerites, distorting shapes and obscuring
views of important features. Future molecular workers are
urged to extract DNA from up to three legs of specimens
whenever possible (as we have done since 2002), in order to
preserve the rest of the voucher for detailed morphological
study.
20. Recumbent metatibial hair tuft. States: absent (0); or
present (1). Males of various Hesperiidae possess metatibial
scale tufts (absent in other Lepidoptera), which sometimes
occur together with abdominal pheromone glands. The two
basic types of metatibial tufts are ‘recumbent’ and ‘erectile’
(see character 21). Recumbent tufts are immobile, and are
not associated with modifications of the thoracic sternum
(see characters 21–22). Recumbent metatibial tufts are found
in many Coeliadinae, various Pyrginae (Passovina, Tagiadini,
Celaenorrhinini), as well as in one genus of Eudaminae
(Cephise, see below), but not in Trapezitinae, Heteropterinae
or Hesperiinae (Evans, 1949, 1951, 1952, 1953).

18. Inflated abdominal tergum I. States: more or less
inflated, oblique to almost horizontal (0); or compressed
between thorax and tergum II, vertical, more or less scalelike (1). This character was scored by de Jong et al. (1996)
and discussed by Ackery et al. (1999) and Mielke (2001),
who considered the vertical, scale-like first tergum, compressed between the thorax and second tergum, to represent
an apomorphic condition for Pyrrhopygini. In other groups
of Hesperiidae and in other families, the first abdominal
tergum is oblique to nearly horizontal and is inflated,
resembling other segments.

21. Erectile metatibial hair tuft. States: absent (0); or
present (1). As defined by Evans (1949, 1953), mobile
metatibial tufts are ‘erectile’ hair tufts. Like recumbent tufts
(character 20), these male scent-dispersing organs are
unique to Hesperiidae. These are usually but not always
associated with a pouch in the wall of the thorax (see
character 22) in which the tuft is concealed much of the
time. Erectile metatibial tufts are found in two genera of
Coeliadinae (Badamia, Choaspes), in Celaenorrhinus, and in
various Erynnini, Achlyodidini and Pyrgini. The eudamine
genus Entheus possesses erectile hair tufts, although it is
unclear if these are of similar structure to those of pyrgine
genera (B. Hermier, personal communication, 2006).

19. Male abdominal scent organ on abdominal sternite
II. States: absent (0); or present (1). This feature occurs only

22. Male thoracic pouch. States: absent (0); consisting of
large metepimeral scales (1); or naked, consisting of an
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elongated fold of the body wall (2). Thoracic pouches occur
almost exclusively in skipper species that have erectile
metatibial hair tufts (character 21), and are never present in
females. One species, Pyrgus communis, has a vestigial thoracic pouch despite lacking metatibial tufts. Because many
other Pyrgus possess tufts and pouches, it is presumed that
the tufts in P. communis have been lost, but the pouch that
accompanied it has not yet been completely lost. Thoracic
pouches may be lost in some species (e.g. Erynnis horatius)
belonging to genera in which they are otherwise present. de
Jong (1982) defined two types of thoracic pouches in
Hesperiidae. The most widespread type consists of an
elongated fold in the body wall. Thoracic tufts in Celaenorrhinus, however, consist of large, ‘fluffy’ metepimeral scales
(de Jong, 1982). The thoracic pouch (and associated metatibial tuft) of Pyrgus orcus was studied and figured by Barth
(1952), and that of Pyrgus malvae by Guillaumin (1963).
These authors showed that the walls of the pouch are lined
with scent glands that come into contact with the metatibial
tufts when the latter are folded into the pouches.
23. Foretibial epiphysis. States: absent (0); vestigial or
present as a short, very fine spur (1); or prominent and well
developed (2). The foretibial epiphyses is believed to aid in
cleaning the antenna (Kuznetsov, 1929; Jander, 1966). A
broad diversity of Lepidoptera possess a foretibial epiphysis, and it is a synapomorphy for Lepidoptera (Kristensen,
1984; Kristensen & Skalski, 1999). However, among butterfly families, only Papilionidae and Hesperiidae possess
a foretibial epiphysis, and because of differences in positioning, the epiphysis as expressed in the two families might
not be homologous (Robbins, 1990). The foretibial epiphysis is well developed in most Hesperiidae, being reduced or
absent only in a few taxa. Evans (1955) noted that the
epiphysis of Heteropterinae (his Carterocephalus group of
Hesperiinae) is ‘minute, seemingly deciduous, as it is
frequently absent’. Although all Heteropterinae examined
here (except Butleria bissexguttata) have a highly reduced
epiphysis, it was not absent. In Dardarina dardaris and
D. jonesi it is modified into a short, fine spur. The epiphysis
is absent in Alenia namaqua (Celaenorrhinini), and is highly
reduced in Eagris tetrastigma (Tagiadini), some African
Celaenorrhinus species (e.g. C. rutilans), Oarisma garita
(Thymelicini), Agathymus mariae, Megathymus streckeri
and Tsitana tulbagha.
Robbins (1990) proposed a ‘longitudinal groove on the
posterior surface of the foreleg tibial epiphysis’ to be an
autapomorphy for the Hesperiidae. Examination of this
character generally requires the removal of the epiphysis in
order to examine its posterior surface. This feature was not
visible on most of the bleached, slide-mounted legs prepared
for Voss’ (1952) study, and we found it difficult to observe,
even in the few cases for which we removed the epiphysis.
Therefore we opted not to score this character.
24. Mesotibial spines. States: present (0); or absent (1).
All outgroup exemplars have spines on the mesotibiae. As
noted by Evans (1949: xvii), spines on the mid-tibiae are

variable across the Hesperiidae, and they are absent in many
species. Mesotibial spines are absent in Coeliadinae (except
in Allora, see Evans 1949) and in most Eudaminae, Pyrginae
and Trapezitinae. They are present in most Heteropterinae
and Hesperiinae (except for various Old World genera in
which they tend to be absent), but there are many exceptions. In some taxa, only three or four short spines are
present, so legs must be examined carefully before concluding that spines are absent.
25. Metatibial spines. States: present (0); or absent (1). As
with mesotibial spines (character 24), all outgroup exemplars possess spines on the metatibiae. Although most
Hesperiidae with spined mesotibiae also have spined metatibiae, the two conditions are not strictly correlated, as
various taxa with spined metatibiae lack spines on the
mesotibiae (e.g. Urbanus simplicius). As described under
character 24, metatibiae must be examined carefully to
determine the presence or absence of spines, because in
some cases only a few spines are present.
26. Metatibial spurs. States: absent (0); with a distal pair
of spurs only (1); or with an upper pair of spurs in addition
to the distal pair of spurs (2). Among our exemplar taxa, we
did not observe variation in the distribution of spurs on
mesotibiae (which possess one pair). However, in Hesperiidae, as well as in various other Lepidoptera families
(Miller, 1991), there is variation in the number of metatibial
spurs. Among outgroup taxa, most species possess a single
distal pair of spurs, whereas Emesis mandana lacks metatibial spurs altogether. Most Hesperiidae possess two pairs of
spurs on the hind tibiae. Among the Coeliadinae, Eudaminae and Pyrginae examined, plus Euschemon, almost all
possess two pairs of metatibial spurs (although the upper
pair is highly reduced in Euschemon). Exceptions include
Pythonides jovianus, which has only the lower pair of spurs
(also see Evans, 1953), Alenia namaqua, which lacks both
pairs of spurs, and Ouleus species, which are variable in the
number of spurs. Most Trapezitinae have two pairs of spurs
(except for Mesodina aeluropis, which has only the distal
pair), but the upper pair of spurs is frequently absent in
Heteropterinae. The only Hesperiinae in our study that lack
the upper pair of spurs are Pseudocopaeodes eunus and
Notamblyscirtes simius (Hesperiini), as well as Megathymus
streckeri and Agathymus mariae. Except when reduced (e.g.
Euschemon), spurs are easily observed on pinned or living
specimens.
Secondary wing structures (characters 27–39). Easily
observed secondary wing structures have long been important in the classification of the Hesperiidae. A number of
authors (e.g. Ackery et al., 1999; Bascombe et al., 1999) have
commented upon the unique opaque or ‘hyaline’ spots
present on the wings of many Hesperiidae. Hyaline spots
are semi-opaque regions of the wing that are incompletely
scaled with low vertical scales. Hyaline spots are supposedly
not found in other Lepidoptera families (Ackery et al.,
1999), but are not present on all skipper species. In many
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species hyaline spots are present only on one sex (usually the
female), and the presence of hyaline spots in some species is
seasonally, geographically or individually variable. We have
not scored the presence of hyaline spots in our analysis.
27. Male forewing costal fold. States: absent (0); or
present (1). Males in only a few families of Lepidoptera
possess forewing costal folds, which enclose androconial
scales of various forms (de Jong, 1972). Within Hesperiidae,
the presence of a costal fold on the male forewing has been
considered to be of taxonomic importance (Scudder, 1875b;
Speyer, 1879; Watson, 1893; Mabille, 1903–1904). Although
expression of this character is variable within many genera,
the distribution of costal folds among skippers is limited to
species of Eudaminae and Pyrginae (excluding Pyrrhopygini
and Celaenorrhinini). Scores assigned in our study strictly
denote states observed in exemplars from W2008.
28. Stigmata on dorsal surface of male forewing. States:
absent (0); or present (1). Among our exemplars, forewing
stigmata, or patches of short, specialized androconial scales,
occur only in Hesperiidae (although they are present in some
species of Lycaenidae and Nymphalidae). In Coeliadinae,
Trapezitinae and Hesperiinae, which lack costal folds, forewing stigmata are the most conspicuous secondary sexual
characters. As with costal folds, forewing stigmata have long
been considered to be of taxonomic importance (e.g. Scudder,
1875b; Speyer, 1879; Watson, 1893), but their distribution is
also variable at the genus-level. Because of this variability, our
character scores strictly denote states observed in examplars
from W2008 (Supporting Information ST1). Stigmata may
consist of a small patch of modified scales, or may consist of
several patches of modified scales, frequently distributed
along wing veins. Despite considerable variation in the
position and structure of forewing stigmata, we follow previous authors in scoring the presence or absence of stigmata,
and consider all forewing stigmata of all types to be homologous. However, a detailed study of the structure of hesperiid
stigmata seems warranted, and is likely to identify additional
phylogenetically informative characters. For example, the
structure of scales in the stigmata of species of Aeromachini
may be unique among the Hesperiidae (see below).
29. Specialized scales covering basal part of hindwing
radial vein, dorsal surface. States: absent (0); or present (1).
This character was first mentioned by de Jong et al. (1996:
74) and later discussed by Ackery et al. (1999: 269), who
noted that it is apomorphic for Hesperiidae (it is present in
all the Hesperiidae we studied) and unknown from other
Lepidoptera families. These specialized scales are concentrated on the basal part of the hindwing radial vein (R), but
may extend onto the subcosta (Sc) if the two veins are
proximate. This area of modified scales on the dorsal
hindwing surface is apparently always accompanied by
a specialized patch of scales, of variable size and development, on the adjacent part of the ventral forewing surface.
Therefore, the ventral forewing scales are not scored as
a separate character.

30. Dorsal surface of male hindwing with a tuft of long,
hair-like scales, originating from (or near to) a single wing
vein. States: absent (0); or present (1). Males in a few genera
of Hesperiidae possess a tuft of specialized scales on the
dorsal hindwing surface (Godman & Salvin, 1879–1901;
Evans, 1937, 1952, 1953, 1955; Usher, 1980; Larsen, 2005).
These secondary sexual characters are not accompanied by
specialized structures on the ventral forewing surface, and
are not found along the hindwing costa. Although these
tufts often occupy different positions on the hindwing
surface in the various taxa in which they occur, we consider
all to be homologous.
31. Stigmata on dorsal surface of male hindwing. States:
absent (0); or present (1). Stigmata occur on the dorsal
hindwing surface of males in a few genera of Old World
hesperiines, including Osmodes, Prada, Taractrocerini (Pastria) and in Choaspes (Coeliadinae), but have not been
reported in other Lepidoptera. Hindwing stigmata on
Osmodes are bold and prominent, often brightly coloured
(see Miller, 1964; Larsen, 2005), whereas stigmata on Prada
and Pastria are similar in appearance to forewing stigmata
found in many taxa (see Parsons, 1999). As with forewing
stigmata, we tentatively consider these two rather different
types of hindwing stigmata found in Hesperiidae to be
homologous. The only species in our study with a dorsal
hindwing stigma is Osmodes lindseyi.
32. Patch of short, shiny, reduced scales on dorsal surface
of hindwing, accompanied by a stigma on the opposing
region of the ventral forewing surface. States: absent (0); or
present (1). A few Hesperiidae have a patch of short, shiny,
modified scales on the upper surface of each hindwing,
bordering the costa and surrounding regions, which is
accompanied by a stigma on the opposing region of each
ventral forewing surface. Evans (1937, 1949, 1953) noted the
presence of these features, and Eliot (1978) described them
in Idmon obliquans. Among our exemplars, they are found in
Eagris tetrastigma, Achlyodes busirus and Idmon obliquans.
These characters are sometimes accompanied by a tuft of hairlike scales on the ventral forewing surface (see character 33).
33. Prominent tuft of hair-like scales originating from
vental wing dorsum, near base. States: absent (0); or present
(1). Ventral forewing tufts are often found in combination
with specialized scales that occur on the dorsal hindwing
surface in Hesperiidae, corresponding to stigmata on the
ventral forewing surface (character 32). However, some
species (e.g. Iton semamora) possess ventral forewing tufts
but neither of the other characters, so we consider these tufts
to be an independent character. In this study, the only
species that possess tufts on the ventral forewing surface are
Eagris tetrastigma, Achlyodes busirus, Idmon obliquans and
Osmodes lindseyi, but they occur in additional taxa (Evans,
1937, 1949, 1953, 1955; Larsen, 2005).
34. Long brand with specialized, hair-like scales along the
first and second anal vein (1A þ 2A) of male ventral
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hindwing surface. States: absent (0); or present (1). Euschemon rafflesia possesses a brand, spanning most of the length
of the anal vein 1A þ 2A, ornamented with long, black,
hair-like scales (Voss, 1952). Secondary sexual characters on
the ventral hindwing surface have not been reported for any
other hesperiid.
35. Elongated fringes at hindwing tornus. States: absent
(0); or present (1). Among taxa we examined, Darpa
(Tagiadini) is unique in having elongated, hair-like fringes
at the hindwing tornus (Evans, 1949). In both sexes of Darpa
hanira, the elongated fringes are accompanied by hair-like
scales sparsely covering most of the dorsal hindwing surface
(also see character 36). The feature also occurs in Isma
(Hesperiinae; Evans, 1949; R. de Jong, personal communication, 2008).
36. Males with most of the dorsal hindwing surface and
basal third of the ventral forewing surface with long, erect,
densely packed hair-like scales. States: absent (0); or present (1). Other than Megathymus streckeri, no exemplar was
found to have such scales. As noted above (character 35),
both sexes of Darpa hanira have hair-like scales on the
dorsal hindwing surface, but these are sparsely packed, and
similar scales are not present on the ventral forewing
surface.
37. Frenulum and retinaculum on male wing
bases. States: absent (0); or present (1). Males of Euschemon
rafflesia are the only hesperiids that possess a frenulum and
retinaculum, which together serve as a wing-coupling
device. The structures are absent in females. No other
butterfly possesses these features, and for this reason,
various authors have considered Euschemon to be a ‘moth’
(e.g. Scudder, 1875b; Watson, 1893). However, Lepidoptera
families that normally possess a frenulum and retinaculum
exhibit them in both sexes (Parsons, 1999).
38. Tuft of long, hair-like scales at base of hindwing
costa. States: absent (0); or present (1). Evans (1949) and
Parsons (1999) commented on a tuft of hair-like scales at the
base of the hindwing costa in various Taractrocerini, as well
as in Koruthaialos rubecula, and suggested that it may serve
as a wing-coupling structure. This tuft is absent in outgroup
species, but widespread in Taractrocerini, Baorini, Thymelicini and all New World hesperiine tribes. The only nonhesperiine species in our study found to possess these tufts is
Eagris tetrastigma (Tagiadini). These hair-like scales are of
various colours and lengths in different species.
39. Angle of forewing apex. States: forewing essentially
flat, or evenly curved from base to apex (0); or forewing
apex obviously bent downwards beyond the end of the
discal cell (1). Various Pyrginae and Eudaminae have an
unusual forewing shape, with the apex bent slightly downwards, out of the horizontal axis of the wing. This condition
is best observed in living individuals, but is usually obvious
on pinned specimens as well. Among taxa included in our

study, most (but not all) Erynnini have a bent forewing
apex, as do Spathilepia clonius (Eudaminae), Achlyodes
busirus (Achlyodidini) and Antigonus erosus (Pyrgini).
Wing venation (Characters 40–46). The following characters of wing venation were scored by examining Voss’s
(1952) slide-mounted wings, and by removing scales from
molecular voucher wings. Terminology for wing venation
follows Wootton (1979).
40. Condition of forewing radial veins. States: at least
one pair of forewing radial veins branched (0); or all
forewing radial veins free to wing margin (1). Almost all
Hesperiidae exhibit state one (Brock, 1971; de Jong et al.,
1996: 80). R. de Jong (personal communication, 2008) notes
that there are exceptions, such as Metisella (Heteropterinae), in which the forewing R1 is fused to Sc before reaching
the costa. In our outgroup taxa, which are representative of
their respective families (Ackery et al., 1999), at least one
pair of forewing radial veins is branched.
41. Origin of second forewing medial vein (M2). States:
roughly equidistant between veins M1 and M3 (0); arising
much closer to M1 than to M3 (1); or arising much nearer
M3 than M1 (2). Speyer (1879) first noted the taxonomic
significance (for Hesperiidae) of the position of the origin of
forewing M2 (vein 5 of Evans and other early authors) in
relation to M3 and M1. Various authors have figured these
features in detail (e.g. Evans, 1949; Eliot, 1978; Godman &
Salvin, 1879–1901; Parsons, 1999). Evans (1951: 1) treated
character state (2) as a synapomorphy of the Pyrrhopygini.
In many species, M2 is obviously closer to M3 than to M1,
although in others (e.g. Creonpyge creon, Pyrrhopyge charybdis, P. zenodorus, Parelbella macleannani, Sarbia xanthippe, Myscelus belti, Passova gellias) its origin is
equidistant from the two veins, or just slightly closer to
M3 than to M1. Forewing vein M2 also arises obviously
closer to M3 than to M1 in a few Eudamini (e.g. Chioides
catillus, Narcosius colossus, Proteides mercurius, Spathilepia
clonius), and in most Hesperiinae. Although state (2) has
been widely cited as a synapomorphy of Hesperiinae (e.g.
Speyer, 1879; Watson, 1893; Mabille, 1903–1904; Evans,
1937, 1949, 1955), state (0) is clearly displayed in a few
species of Old World hesperiines (e.g. Gangara thyrsis,
Hyarotis adrastus, Iambrix salsala, Idmon obliquans, Koruthaialos rubecula, Suada swerga, Suastus minutus, Tsitana
tulbagha). The position of forewing vein M2 shows some
intraspecific variation (Parsons, 1999). For example, one
individual of Carterocephalus palaemon we examined had
M2 arising somewhat closer to M3, whereas all other specimens examined had M2 equidistant between M1 and M3.
42. Length of forewing discal cell. States: shorter than the
forewing dorsum (0); or as long as or longer than the
forewing dorsum (1). In most families of Lepidoptera,
including our outgroup taxa, the forewing discal cell is
shorter than the length of the forewing dorsum (distance
from the base of the wing to the tornus). Various authors
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have considered the length of the forewing discal cell, in
proportion to the length of the forewing dorsum, to be
a useful character in the higher-level classification of the
Hesperiidae (e.g. Watson, 1893; Mabille, 1903–1904; Evans,
1949, 1951, 1952, 1953; Eliot, 1978; Ackery et al., 1999). As
detailed below, taxa with a discal cell longer than the
forewing dorsum include some Coeliadinae, most Eudaminae, apparently all Pyrrhopygini and scattered species in
other groups.
43. Length of hindwing discal cell. States: shorter than
half the length of the wing (0); or as long as or longer than
half the length of the wing (1). All Heteropterinae have
a long hindwing discal cell, being longer than half the length
of the hindwing (Evans, 1955; Ackery et al., 1999). This
condition contrasts with the short hindwing discal cell found
in outgroup taxa and in most other Hesperiidae. Although
some other Hesperiidae have a long hindwing discal cell (e.g.
Euschemon, a few Eudaminae, some Tagiadini and Celaenorrhinini, various Pyrgini, some Achlyodidini, a few
Erynnini and some unplaced Old World hesperiines), this
condition is consistent in all Heteropterinae in our study.
One species we examined displays sexual dimorphism in
wing shape (Xeniades orchamus), in that the discal cell is
longer than half the length of the hindwing in males, but less
than half in females.
44. Hindwing discocellular veins. States: directed towards
costa or base of wing (0); or directed towards apex of wing (1).
The discocellular veins in Trapezitinae are oriented in a relatively straight line along the distal end of the cell, with the
upper end pointed at the apex of the wing, instead of pointing
towards the wing costa, as in most Hesperiidae and all
outgroup taxa (Evans, 1949). This condition has been treated
as a synapomorphy of Trapezitinae (Ackery et al., 1999).
45. Tubularity of second hindwing medial vein
(M2). States: well-developed, tubular, with clearly discernible interior trachea (0); reduced, interior trachea weakly
discernible (1); or solid, no indication of an interior trachea
(2). In many Hesperiidae (e.g. most Hesperiinae), M2 is
vestigial or even absent, and under magnification appears (if
present) to be solid, with no visible interior trachea (Evans,
1949; Voss, 1952). In most Eudaminae and Pyrginae,
hindwing vein M2 is better developed (yet reduced in
comparison to other hindwing medial veins), with or
without a narrow, weakly discernible interior trachea. In
larger coeliadines, as well as in Euschemon and all outgroup
species, hindwing vein M2 is as strongly developed as other
hindwing veins, with a wide interior trachea.
46. Venation surrounding hindwing humeral cell. States:
base of radial vein (R) discernible, closing the humeral cell,
or indiscernible if there is no humeral cell (0); or base of vein
R of hindwing touching subcosta (Sc) at a short distance
from base to form a narrow humeral cell, R being completely fused with Sc past the humeral vein (1). This
character was scored and discussed by de Jong et al.

(1996), and character state (1) was noted by Ackery et al.
(1999) to be a synapomorphy for Hesperiidae.
Larval ecology (character 47). Knowledge of larval foodplants and immature stages of Hesperiidae is rapidly
improving, but much work remains to be done. We compiled reported larval foodplants from the literature for the
majority of our study taxa, and scored larval foodplant
preferences, but other potentially valuable characters of
immature stages, such as shelters constructed by many
skipper larvae (e.g. Cock, 1981, 1986, 1992, 1996, 1998,
2000; Young, 1982, 1986, 1991, 1994; Parsons, 1999; Greeney & Jones, 2003), were not examined. Whether or not
extrinsic characters such as larval foodplant should be
included as primary evidence of relationship has been the
subject of debate (reviewed in Schuh & Brower, 2009). In
this instance, the division of major skipper lineages between
major plant lineages is quite simple and general, and we
have chosen to include it as a character.
47. Larval foodplants. States: dicotyledonous (0); or
monocotyledonous (1). With few exceptions, skipper subfamilies can be classified as dicot-feeders or monocotfeeders. Although there are some monocot-feeding taxa in
other families of Lepidoptera (e.g. Nymphalidae), all of our
outgroup exemplars are dicot-feeders. A list of recorded
larval foodplants is presented in Appendix 2.
Hesperiid immatures possess numerous features that
warrant inclusion in future phylogenetic studies. One widely
cited as a synapomorphy for Hesperiidae (e.g. de Jong et al.,
1996; Ackery et al., 1999; Bascombe et al., 1999) is the
constricted area (called the ‘neck’) behind the head of all
known skipper larvae (except those of giant skippers,
Megathymus and allies). We did not score this character
because we did not examine preserved immatures or images
of live immatures for most of our study species.
Adult posture (characters 48–49).
48. Resting posture. States: wings folded erect over the
thorax and abdomen (0); or wings open and held flat, or
folded over the abdomen (1) (see Erynnini). The position of
skipper wings when the butterflies are at rest has long been
considered important in higher classifications of the family
(e.g. Watson, 1893; Mabille, 1903–1904; Evans, 1937, 1949,
1951, 1952, 1953, 1955).
49. Basking posture. States: all wings equally spread (0);
hindwings spread and forewings only partly opened (1); or
wings closed, basking performed with ventral surface of wings
(2). The wing posture of active adults that are basking or
feeding has been treated separately from the resting posture
by various authors (Evans, 1949, 1955; de Jong et al., 1996;
Ackery et al., 1999), mainly owing to the peculiar basking
posture of most Hesperiinae and some Trapezitinae (e.g.
Trapezites symmomus, see Atkins, 1999a), in which hindwings
are spread nearly flat and forewings are only partially opened.
This character (as well as character 48) must be observed in
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Fig. 3. Strict consensus of 1584 most parsimonious trees from the combined molecular and morphological data set. Length
19 414 steps (CI ¼ 0.11, RI ¼ 0.44).
Clade numbers are indicated above each
branch. Corresponding branch support
values, partitioned branch support values
and partition congruence indices are presented in Supporting Information ST3.
Taxon names are listed in Supporting
Information ST1, together with voucher
information. OUT, outgroup taxa; COEL,
Coeliadinae; EUS, Euschemoninae; PYRRHO, Pyrrhopygini; TAG, Tagiadini; CELAENO, Celaenorrhinini; ACH,
Achlyodidini; CARCH, Carcharodini.

living individuals (e.g. Pyle, 1986, 2002; Stewart et al., 2001).
Pierids, including our outgroup species Colias eurytheme, and
some satyrines generally bask with the ventral surface of their
wings only, and keep all wings closed while basking or at rest.
Other outgroup species bask with wings equally spread.

Phylogenetic analysis
We combined morphological data with the molecular
dataset from W2008, comprising sequences of COI-COII,
Ef-1a and wingless. Data were concatenated and analysed
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as a single matrix under the parsimony criterion. Gaps
were scored as missing; all characters were weighted
equally and character state transformations were unordered. Trees were rooted with Papilio, and other nonhesperiid taxa were included to test the monophyly of
Hesperiidae. Parsimony analyses were performed in PAUP*
4.0b 10 (Swofford, 2002) using the parsimony ratchet
(Nixon, 1999) as implemented by PAUPRat (Sikes & Lewis,
2001). The general ratchet analysis conditions were as
follows: seed ¼ 0, nreps ¼ 200, wtmode ¼ uniform. The
percentage of characters perturbed during each iteration
(pct) varied between 5, 10 and 15%. The search was
repeated five times for each level of character perturbation,
yielding 15 independent ratchet searches. The maximum
parsimony (MP) tree length was corroborated in NONA 2.0
(Goloboff, 1999) using parameters similar to those in the
PAUP tree searches.
Character support and congruence among data partitions were evaluated for each clade present in the strict
consensus of the MP trees using branch support (BS:
Bremer, 1988, 1994) and partitioned branch support
(PBS: Baker & DeSalle, 1997; Gatesy et al., 1999). Bremer
scores were calculated in PAUP using modified PAUPatgenerated batch files that searched anticonstraint trees
generated from the MP tree set using TREEROT ver. 2
(Sorenson, 1999). Fractional PBS values were rounded to
two decimal places. We refer to support values as giving
weak (BS 1–2), moderate (BS 3–5), good (BS 6–10) or
strong (BS >11) support when discussing our results
(Wahlberg & Nylin, 2003; Wahlberg et al., 2003; Wahlberg
et al., 2005b). We report BS values because they are
a parameter of the data, rather than an estimate based on
a manipulated sub-set of the data, and because they have
no upper bound (Brower, 2006).

Results
Characteristics of the dataset

Fig. 4. Continuation of cladogram in Fig. 3. HETERO, Heteropterinae; AERO, Aeromachini; ANTH, Anthoptini; CALPO,
Calpodini; THYM, Thymelicini; TARACT, Taractrocerini;
BAOR, Baorini.

Our combined dataset contained 2134 characters, 932 of
which were parsimony-informative. Of the 49 morphological characters included, 42 were parsimony-informative.
Simultaneous analysis of our four data partitions resulted
in 1584 trees of 19 414 steps (CI ¼ 0.11, RI ¼ 0.44), the
strict consensus of which is shown in Figs 3 and 4. In
order to investigate incongruence among data partitions
(Mickevich & Farris, 1981; Farris et al., 1994), we conducted separate analyses of each of the four datasets, as
discussed above. The wingless, Ef-1a, and morphology
partitions contributed positively to the overall support for
the most parsimonious topology. Of 188 resolved branches
in the tree (Figs 3, 4), mtDNA supports 55 and contradicts
133, morphology supports 109 and contradicts 79, wingless
supports 134 and contradicts 54 (11 taxa are missing the
wingless sequence), and Ef-1a supports 169 and contradicts 19 (see Supporting Information ST3). Thirteen
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branches are supported by all four partitions, three are
supported by mtDNA only, eight are supported by Ef-1a,
but no branches are supported by the wingless or morphology partitions alone.

Cladistic results
The classification of the Hesperiidae discussed below is
based on the results of our current combined analysis, and is
compared with the family-level synonymy proposed by
W2008. As before, the nomenclatorial philosophy we
employ is that all taxa should be monophyletic. In the
following sections, numbers in parentheses after the names
of taxa refer to numbered clades in Figs 3 and 4, and
support for individual clades is indicated when BS values
are given (see Supporting Information ST3 for support
values for each clade).

Subfamily-level relationships
With a few noteworthy exceptions (discussed below), the
topology of our present cladogram (Figs 3, 4) corresponds
with that presented in W2008. The family Hesperiidae (3) is
monophyletic with strong support (BS 22). Coeliadinae (19)
is monophyletic, and is sister to the rest of the Hesperiidae
with strong support (BS 11), in agreement with other recent
studies (de Jong et al., 1996; Wahlberg et al., 2005b).
Some recent authors (e.g. de Jong et al., 1996; Ackery
et al., 1999; Larsen, 2005) have questioned the monophyly
of the Pyrginae as defined by Evans (1937, 1949, 1952,
1953). When our molecular data are analysed alone
(W2008), monophyly of the Pyrginae (sensu Evans) is
maintained (but including Pyrrhopygini). The addition of
morphological data has resolved Pyrginae into three distinct
clades. Two of these branches include the two ‘major clades’
of the Pyrginae identified in W2008 (24: BS 1; 46: BS 4),
whereas the third clade (4: BS 11) includes just Euschemon
rafflesia. These results suggest that Evans’ Pyrginae is
paraphyletic, and that three subfamily-level taxa should be
recognized.
Euschemoninae, confirmed status, is sister (4) to the
remaining clades of Hesperiidae. Its subfamily-level status
supports the views of various earlier authors (e.g. Mabille,
1903–1904; Lindsey et al., 1931; Voss, 1952; Forbes, 1960;
Minno, 1994; Atkins, 2005), although its phylogenetic
position with respect to the Coeliadinae (Fig. 3) has not
been widely suggested (but see below). Previous authors who
have employed Euschemoninae at the family- or subfamilylevel (Mabille, 1876, 1903–1904) generally have considered
the taxon to be sister to the rest of the Hesperiidae (including
Coeliadinae), mainly owing to the presence of a frenulum and
retinaculum (character 37). W2008 placed Euschemon within
the Eudamini, but its position there was weakly supported,
with considerable conflict among the three molecular data
partitions. Thus, the emergence of Euschemon as a subfamilylevel taxon here was not entirely unexpected.

The two major clades comprising Pyrginae in W2008 are
paraphyletic in the present study (Fig. 3), suggesting recognition of two subfamily-level entities. One of these includes
Eudamini (sensu W2008, minus Euschemon), and the other
includes the remaining tribes of Pyrginae (including Pyrrhopygini). Eudaminae, new status, is sister to Pyrginae þ
(Heteropterinae þ (Trapezitinae þ Hesperiinae)), although
its monophyly receives weak support (24: BS 1). Monophyly
of Pyrginae (46: BS 4) excluding Eudaminae receives
moderate support.
As in W2008, Heteropterinae (96: BS 14) is monophyletic
with strong support, and is sister to (Trapezitinae þ Hesperiinae), with moderate support (7: BS 5). Similarly,
Trapezitinae (100: BS 24) is monophyletic with strong
support, and is sister to Hesperiinae, with weak support
(8: BS 2). Monophyly of Hesperiinae (9) receives good
support (BS 6), and its tribal composition largely reflects
that inferred by W2008 (as detailed below), including the
nesting of giant skippers (‘Megathyminae’) among a paraphyletic grade of mostly Old World genera. These results
reinforce the idea (e.g. Scott & Wright, 1990; Ackery et al.,
1999) that the giant skippers are a clade of hesperiines, and
not a family- or subfamily-level entity. Thus, our current
results imply that seven subfamilies of the Hesperiidae should
be recognized: Coeliadinae, Euschemoninae, Eudaminae,
Pyrginae, Heteropterinae, Trapezitinae and Hesperiinae.

Discussion
This is the first comprehensive phylogenetic analysis of
relationships within the family Hesperiidae based on combined molecular and morphological data, and includes 35%
of the world’s genera (Appendix 1). The only other study to
combine molecular and morphological data from Hesperiidae was that of Wahlberg et al. (2005a), which included
just six skipper taxa from various subfamilies. In general,
the combination of morphological and molecular data
(W2008) has improved branch support values for congruent
clades (see Supporting Information ST3). Topological differences between the two studies are among clades with weak
or moderate support in W2008. All subfamily-level taxa
resolved in both studies receive equivalent or better branch
support values here, and all but two of them (Eudaminae,
with weak support; Pyrginae, with moderate support)
receive good or strong support. Current results largely
corroborate the tribal arrangements for the Pyrginae and
Hesperiinae proposed by W2008. We employ the current
results to modify our earlier suprageneric arrangement, to
diagnose morphological synapomorphies of suprageneric
groups, and to hypothesize the positions of all genera of
Hesperiidae into our revised classification scheme (Table 1).
Proposed classification of the Hesperiidae
HESPERIIDAE (3). Monophyly of the family is
strongly supported by our data (BS 22), corroborating the
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placement of Euschemon rafflesia and giant skippers within
the Hesperiidae. Thus, only one family (Hesperiidae) is
recognized in the superfamily Hesperioidea. Conspicuous
morphological synapomorphies that define Hesperiidae
include the presence of an ‘eye ring’ (character 1), a wide
head (character 4), an area of small, specialized scales on the
upper side of the hindwing base (character 29), and a large
thorax, resulting in the mesoscutellum overhanging the
metanotum (see discussion after character 19). Additional
putative synapomorphies of the Hesperiidae, although
much less conspicuous, include details of the development
of the hindwing humeral cell (character 46), and the
structure of the third axillary sclerite of the forewing base
(see discussion after character 19). Most skippers have
a distinctly ‘bent’ antennal club, in contrast to most other
Lepidoptera, although the details of antennal club morphology are highly variable (character 6). Skippers can also
be distinguished from other butterfly families by having all
forewing radial veins extending free to the wing margin (see
character 40). Most skippers possess a foretibial epiphysis
(character 23), used to clean the antennae (Jander, 1966),
a structure also found in Papilionidae and some moth
families. The foretibial epiphysis is absent or vestigial in
a few skippers, as detailed below. Most skippers possess two
pairs of spurs on the hind-tibiae, although the upper pair is
missing in a few species (as indicated below). In addition to
these adult characters, it is believed that the constricted
region of the larval thorax behind the head capsule, usually
called a ‘neck’, is a defining character of the family, but
immature stages of many species remain unknown (see
discussion after character 46). Larvae of giant skippers,
which unlike other Hesperiidae bore into plant tissues, lack
the constricted neck.
COELIADINAE (19). Monophyly of Coeliadinae and
its sister relationship to the rest of the Hesperiidae receive
good and strong support (BS 9 and 11, respectively). The
subfamily is defined by one morphological synapomorphy,

Table 1. Proposed suprageneric classification of the Hesperiidae.
Names preceded by a double dagger are unavailable.
HESPERIOIDEA Latreille, 1809
‡Netrocera Haase, 1891
‡Grypocera Karsch, 1893
‡Urbicolides Tutt, 1905
HESPERIIDAE Latreille, 1809
‡Diorthosia Rafinesque, 1815
‡Erynnidae Hampson, 1918
COELIADINAE Evans, 1937
‡Ismenini Mabille, 1878
‡Rhopalocamptinae Evans, 1934
EUSCHEMONINAE Kirby, 1897, confirmed status
EUDAMINAE Mabille, 1877, new status
¼Telegonidae Burmeister, 1878
¼Phocidinae Tutt, 1906
¼Achalarinae Swinhoe, 1912

Table 1. Continued.
¼Urbanini Orfila, 1949
PYRGINAE Burmeister, 1878
‡Hesperides Scudder, 1874
PYRRHOPYGINI Mabille, 1877
¼Tamyrididae Burmeister, 1878 (emended)
Pyrrhopygina Mabille, 1877
Oxynetrina Mielke, 2001
Passovina Mielke, 2001
Zoniina Mielke, 2001
TAGIADINI Mabille, 1878
¼Coladeniina Koc
xak & Seven, 1997
¼Odontoptilina Koc
xak & Seven, 1997
CELAENORRHININI Swinhoe, 1912
CARCHARODINI Verity, 1940
‡Erynnidi Tutt, 1906
ERYNNINI Brues & Carpenter, 1932
‡Thymelidae Burmeister, 1878
‡Nisoniadidi Tutt, 1906
ACHLYODIDINI Burmeister, 1878
PYRGINI Burmeister, 1878
¼Antigonini Mabille, 1878
‡Urbani Durrant, 1919
HETEROPTERINAE Aurivillius, 1925
‡Eumesiidae C. Felder & R. Felder, 1867
‡Cyclopidinae Speyer, 1879
¼Carterocephalini Orfila, 1949
TRAPEZITINAE Waterhouse & Lyell, 1914
¼Hesperillidi Voss, 1952
HESPERIINAE Latreille, 1809
‡Pamphilinae Butler, 1871
AEROMACHINI Tutt, 1906
¼Ampittiini Chou, 1994
¼Halpina Koc
xak & Seven, 1997
INCERTAE SEDIS
¼Erionotini Distant, 1886
¼Suastinae Doherty, 1886
¼Megathymini Comstock & Comstock, 1895
¼Astictopterinae Swinhoe, 1912
¼Matapinae Swinhoe, 1912
¼Notocryptinae Swinhoe, 1912
¼Plastingiinae Swinhoe, 1913
¼Aegialini Stallings & Turner, 1958
¼Agathymini Stallings & Turner, 1959
¼Ancistroidini Chou, 1994
¼Isoteinonini Chou, 1994
¼Eogenina Koc
xak & Seven, 1997
¼Unkanina Koc
xak & Seven, 1997
BAORINI Doherty, 1886
¼Gegenini Chou, 1994
¼Itonina Koc
xak & Seven, 1997
¼Parnarini Koc
xak & Seven, 1997
TARACTROCERINI Voss, 1952
THYMELICINI Tutt, 1905
‡Adopoeini Clark, 1948 (emended)
CALPODINI Clark, 1948, reinstated status
¼Carystini Mabille 1878, new status
ANTHOPTINI A. Warren, new tribe
MONCINI A. Warren, 2008
HESPERIINI Latreille, 1809
‡Erynninae Swinhoe, 1913
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the long, slender, cylindrical, ‘awl-like’ third segment of the
labial palpi (character 7). Despite great variation in the shape
and form of this segment in Hesperiidae, the awl-like
structure found in Coeliadinae is unique. As a result, the
vernacular names ‘awls’ and ‘awlets’ have been applied to
members of this group (e.g. Wynter-Blyth, 1957; VaneWright & de Jong, 2003). Three symplesiomorphies allowing
recognition of members of the subfamily include a single pair
of chaetostomata (other skippers have two pairs, outgroup
families have one pair, see character 3), no ‘eye-lash’ at the
base of the antenna, characteristic of other skippers, and their
resting posture with wings held erect (character 48; also see
Watson, 1893; Evans, 1949; Parsons, 1999). In addition, adult
coeliadines have long hindwings, with the dorsum length
greater than the length of the abdomen (character 11), and
male genitalia in apparently all species are symmetrical
(character 12). Meso- and metathoracic tibiae lack spines
(characters 24–25) in all species except Allora (Evans, 1949).
As reviewed by Evans (1949) and Ackery et al. (1999),
secondary sexual characters possessed by some Coeliadinae
include brands and stigmata on the dorsal forewing surface
(present in some species of Bibasis, Burara, Hasora and
Choaspes, see character 28), structures otherwise found in
Trapezitinae and Hesperiinae, brands on the dorsal hindwing surface in some species of Choaspes, and metatibial hair
tufts in some genera (including recumbent and/or erectile
tufts in Badamia, Bibasis, Burara, Coeliades and Choaspes,
see characters 20–21). Additional features that may characterize Coeliadinae include brightly coloured larvae (Evans,
1949; Parsons, 1999; Larsen, 2005), which feed on dicots (see
below). Some authors (Sourakov & Emmel, 1997; Parsons,
1999) have suggested that brightly coloured larvae of
Coeliadinae are aposematic and distasteful to predators.
Adults in many genera, especially Coeliades, Pyrrhiades,
Pyrrhochalcia, Choaspes, Bibasis and Burara, are partly or
largely crepuscular (Lindsey & Miller, 1965; Eliot, 1978;
Maruyama, 1991; Bascombe et al., 1999; Parsons, 1999,
Vane-Wright & de Jong, 2003; Larsen, 2005). Species of
Choaspes and some Hasora are unusual in having hairy eyes
(character 2, Ackery et al., 1999). Some coeliadine species,
including Badamia exclamationis (Braby, 2000, 2004) and
Coeliades libeon (Larsen, 1991), are seasonally migratory.
We examined six of the nine Old World coeliadine genera.
Unrepresented genera include Allora, from the Moluccas,
New Guinea and northern Australia, and the east African
genera Pyrrhiades and Pyrrhochalcia. Parsons (1999) indicated that Allora and Choaspes are closely related, based on
similarities of early stages. Lindsey & Miller (1965) and
Larsen (2005) suggested that Pyrrhochalcia and Pyrrhiades
are closely related to Coeliades, based on characters of the
adults and immatures. About 20 dicotyledonous plant
families have been recorded as larval foodplants for Coeliadinae (Appendix 2). The foodplant record of Arecaceae
for larvae of Pyrrhochalcia iphis (Bampton et al., 1991) is
likely to be in error (Larsen, 2005).
EUSCHEMONINAE. The eastern Australian endemic,
Euschemon rafflesia, is sister to all other skippers except

Coeliadinae. Its most well-known features are its wingcoupling structures, the frenulum and retinaculum (character
37), present in males only (Parsons, 1999), which otherwise
occur in various groups of moths. However, Euschemon is
unusual in other respects: the autapomorphic male ventral
hindwing brand (see character 34); the long antennae with
nudum count between 48 and 50 (see discussion after
character 6); the tubularity of hindwing vein M2 (character
45); and the vestigial upper pair of metatibial spurs (character 26). In contrast to most species of Pyrginae and
Eudaminae, meso- and metatibiae of Euschemon are spined
(characters 24–25), and the species has a long hindwing
discal cell (character 43).
According to Braby (2000, 2004), adults of E. rafflesia
bask and rest with wings held flat (characters 48–49), and
are most active in the late afternoon, although they may also
be active during the late morning, and until dusk. The
phylogenetic position of Euschemoninae implied by our
data was predicted by Forbes (1960), who noted that early
stages of Euschemon are ‘perfectly typical for the Ismeninae
(Coeliadinae) or Eudamus group of Pyrginae’.
EUDAMINAE (24). Monophyly of Eudaminae receives
weak support from our data (BS 1). Relationships among
most genera of Eudaminae are poorly resolved (Fig. 3), and
receive mainly weak or moderate support, with the exception of four clades that are strongly supported (EA3). One
of these clades (35: BS 12) is composed of ‘typical’ members
of the Eudaminae, including Urbanus, Astraptes, Narcosius,
Thorybes, Achalarus, Autochton, Cabares, Proteides,
Chioides and Spathilepia, and apparently related genera
(see below). The other strongly supported clades are Phocides þ Nascus (27: BS 15), Polygonus þ Telemiades (33: BS
21) and Typhedanus þ Codatractus (44: BS 21). Future
studies utilizing more taxa and characters will improve
our understanding of generic relationships within the
Eudaminae.
Eudaminae includes all genera in Evans’ (1952) Urbanus
and Augiades groups, as well as New World members of his
(1952) Celaenorrhinus group (excluding Celaenorrhinus),
and various genera from his (1953) Telemiades group (see
below). In addition, the Asian genus Lobocla, from Evans’
(1949) Celaenorrhinus group, is situated in the Eudaminae
(Fig. 3). This result is not surprising, because early authors
considered species of Lobocla to be congeneric with Achalarus (e.g. Watson, 1893; Swinhoe, 1912–1913). Lobocla is
the only genus of Eudaminae occurring outside the Neotropical and Nearctic regions. Our Eudaminae largely
agrees with Watson‘s (1893) ‘Section A’ of the Hesperiinae
(or Pyrginae sensu Evans, see Barnes & Lindsey, 1922;
Lindsey, 1928; Shepard, 1931), excluding Old World genera
(other than Lobocla).
We have found no morphological synapomorphy for the
Eudaminae, although it may be partly characterized by the
long forewing discal cell (see character 42). Among eudamines examined, only Udranomia kikkawai and Telemiades fides have forewing discal cells shorter than the
dorsum. Elsewhere in the Hesperiidae, the long forewing
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discal cell is seen in a few Coeliadinae (e.g. Badamia,
Choaspes, Coeliades), in apparently all Pyrrhopygini, and
in scattered genera in other tribes of Pyrginae (e.g. Grais, in
Erynnini). Furthermore, eudamines generally have long
hindwings (Hayward, 1933a, b), produced at the tornus
(often forming a ‘tail’), with the dorsum longer than the
abdomen (character 11). The majority of eudamines lack
meso- and metatibial spines (see characters 24–25), but
there are many exceptions (Narcosius, Bungalotis, etc.). In
addition, the composition and arrangement of forewing
hyaline spots, in species in which they are present (see
discussion under character 26), are similar across many
Eudaminae, especially in those in our strongly supported
clade 35 (e.g. Godman & Salvin, 1879–1901; Draudt, 1917–
1924; Howe, 1975), all of which (except Spathilepia) were
placed in Evans’ Urbanus group. This pattern is found in
many additional genera in the Urbanus group (all of which
we include in Eudaminae, see Appendix 1), including
Epargyreus, Polythrix, Cephise, Lobocla, Codatractus,
Chrysoplectrum and Typhedanus (spotting patterns are
somewhat aberrant in Heronia and Zestusa) (Godman &
Salvin, 1879–1901; Draudt, 1917–1924; Hayward, 1933a,
b; Freeman, 1969a; Howe, 1975; Mielke, 1979a; Chou,
1994; Warren, 1995; Burns, 1996; Mielke & Warren, 2004).
Males of most eudamines have symmetrical or nearly symmetrical valvae (character 12), which tend to be robust, elongate,
and often rough-textured, together with a broad, smooth,
laterally rounded tegumen and well-developed uncus and
gnathos (Godman & Salvin, 1879–1901; Skinner & Williams,
1922; Williams, 1926, 1927; Williams & Bell, 1931, 1933, 1934a,
b; Hayward 1933a; Evans, 1952; Steinhauser, 1972, 1974, 1981,
1983, 1986, 1989; Mielke, 1979a, b; Burns, 1984, 1996; Cock,
1988; Shuey, 1991; Roque et al., 1995; Warren, 1995; Burns &
Janzen, 1999, 2005a)’’. Evans (1952) called this particular type
of genitalia ‘Urbanus type’, in reference to Thorybes and Venada
(also see Burns & Janzen, 2005a).
Females of many Eudaminae possess large reservoirs
accompanying the accessory glands of the genitalia (character 15), including Aguna, Urbanus, Narcosius, Calliades,
Autochton, Achalarus, Thorybes, Cabares, Lobocla (as
scored herein, also see Steinhauser, 1981, 1986; Austin &
Mielke, 1997; Austin, 1998b), Ridens (Steinhauser, 1974,
1983; Austin, 1998b) and Thessia (Steinhauser, 1989).
Among the skippers examined, comparable (although possibly not homologous) reservoirs are seen only in a few
genera of Pyrginae (Quadrus, Pythonides, Milanion, Atarnes,
see Achlyodidini below). Male eudamines lack the metatibial hair tufts found on many pyrgines, with the exception of
Cephise, which possesses a recumbent metatibial tuft (character 20). However, Burns (1996) noted that the metatibial
tufts in Cephise probably are not homologous with those of
various Pyrginae. Eudamine males often possess forewing
costal folds (character 27), and some have tufts of elongated
scales on the dorsal hindwing surface (character 30).
Most unsampled genera from Evans’ Augiades group
(Tarsoctenus, Phanus, Augiades, Phareas, Entheus) share
a unique structure of the third segment of the labial palpi
(character 7, see Godman & Salvin, 1879–1901; Evans, 1952)

with Udranomia, Drephalys and Hyalothyrus (clade 186: BS
3). Because this feature is not seen elsewhere in Hesperiidae,
we follow Watson (1893) and Evans (1952) in considering all
of these genera to be closely related members of Eudaminae.
In addition, Phanus, Augiades, Phareas, Entheus and Cabrius
have similar antennal clubs (character 6), and most genera in
Evans’ Augiades group have a long hindwing discal cell
(character 43), otherwise not observed among eudamines. As
noted by Evans (1952), species of Phocides and Hypocryptothrix lack the characteristic third palpal segment found in
most other members of the group, and have different
antennal clubs. However, he believed (apparently following
Watson 1893) that a close relationship of these two genera
existed with Tarsoctenus, justifying their placement in the
Augiades group. We were unable to sample Hypocryptothrix,
but our results suggest that Phocides is closely related to
Nascus (also see Janzen et al., 2005).
We examined four of eight New World genera from
Evans’ (1952) Celaenorrhinus group (excluding Celaenorrhinus, see below), Bungalotis, Dyscophellus, Nascus and
Ocyba, which did not form a monophyletic group (Fig. 3).
Unsampled genera from Evans’ Celaenorrhinus group
include Salatis, Sarmientoia, Porphyrogenes and Oileides
(and, by implication, the recently described genera Nicephellus and Euriphellus, formerly part of Dyscophellus).
Most Bungalotis, Dyscophellus, Salatis and Sarmientoia
are superficially similar, show striking sexual dimorphism,
and were considered to be congeneric by early authors (e.g.
Watson, 1893). Despite our results (Fig. 3), a close relationship among all of these genera (including Nascus and
Phocides) seems likely (e.g. Janzen et al., 2005), and we
include all of them within Eudaminae. Porphyrogenes is
a genus of rarely encountered species, which may be paraphyletic with respect to Ocyba. The monotypic Ocyba is
characterized by its truncate forewing shape and unique
dorsal hindwing tuft (character 30), although it shares the
same distinctive, hook-like male valvae that Evans (1952)
used (in part) to characterize Porphyrogenes. Thus, a close
relationship between Ocyba calathana and Porphyrogenes
seems probable, and we include Porphyrogenes in Eudaminae, following Austin & Mielke (2008). Most adults of these
genera are crepuscular and/or nocturnal (Mielke, 1967;
Austin, 2008b; Austin & Mielke, 2008; A. D. Warren,
personal observation), and individuals (especially females)
of Bungalotis, Dyscophellus, Nascus and Porphyrogenes are
regularly collected at lights (de Jong, 1983a; Austin, 2008b;
Austin & Mielke, 2008; A. D. Warren, personal observation). Some Sarmientoia roost in caves during the day
(Mielke, 1967; Viloria, 1993). Adults in all of these genera
rest and bask with wings held flat against their perching
substrate, which is often the undersides of leaves (A. D.
Warren, personal observation). Little is known about the
genus Oileides (long known as Ablepsis), distributed mainly
from Guyana to the Amazon, and most species are rare in
collections (see discussion below). Watson (1893), Mabille
(1903–1904) and Evans (1952) placed this genus next to
Porphyrogenes, and, for lack of additional information, we
follow their arrangement (Appendix 1).
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Genera from Evans’ Telemiades group placed in Eudaminae in W2008 include Spathilepia (a monotypic genus),
Cogia and Telemiades, including Pyrdalus as a synonym
(Burns & Janzen, 2005b). Paracogia was described by
Mielke (1977), who suggested that it was ‘very closely
related’ to Cogia; therefore we include it in Eudaminae
(Appendix 1). According to Evans (1953), Oechydrus is
composed of one species and four subspecies, which show
considerable differences in details of male valvae (as discussed by Burns & Janzen, 2001). Oechydrus adults bear
a strong resemblance to Spathilepia and were placed there by
Butler (1870). Oechydrus, like Spathilepia, has a long forewing discal cell, typical of most eudamines (Evans, 1953). In
addition, Oechydrus males possess a tuft of specialized scales
on the dorsal hindwing surface, along vein 1A þ 2A
(character 30), similar to that found in Cogia. Thus, we
believe that Oechydrus belongs in Eudaminae, a placement
implied by Watson (1893) and Mabille (1903–1904). Most
authors have considered the monotypic Ectomis to be
related to Oechydrus (Mabille, 1903–1904; Bell, 1940;
Evans, 1953), but it has a short forewing discal cell, and
its male genitalia suggest a possible relationship with Telemiades (Evans, 1953; Burns & Janzen, 2005b). Thus,
although relationships between Ectomis and other eudamines remain conjectural, most characters of Ectomis
suggest that it belongs in Eudaminae (Appendix 1). Nerula
is composed of two species, which possess hair tufts on the
dorsal hindwing surface (character 30), similar to those of
Cogia and Oechydrus (Evans, 1953; B. Hermier, personal
communication, 2006). Based on this, as well as on similarities to Cogia in forewing spotting pattern (Draudt, 1917–
1924; Lewis, 1973; Mielke, 1979b) and male genitalia
(Evans, 1953), Nerula species are included in Eudaminae
as well. The genus Marela includes two or three species that
are similar in wing shape and markings to Spathilepia
(Felder & Felder, 1865–1875; Mabille, 1903–1904; Draudt,
1917–1924; Lewis, 1973; Austin et al., 1993) but possess
hindwing tufts (character 30) typical of Cogia, Oechydrus,
Nerula and Paracogia. Because of its apparent affinity with
these genera, we include Marela in Eudaminae, an arrangement implied by Butler (1870) and Mabille (1903–1904).
Much confusion has surrounded the taxonomic placement and geographic distribution of Aurina dida. Evans
(1937) described A. dida as a new genus and species in his
Celaenorrhinus group from a pair of specimens stated to be
from the Ivory Coast. Both of these specimens were noted to
be missing antennae, but to have palpi similar to those of
Celaenorrhinus. Lindsey & Miller (1965) commented on the
absence of A. dida from Liberia, despite its nearby type
locality, and Ackery et al. (1995) noted that the types
remained the only known specimens of the species. Larsen
(1999, 2005) briefly discussed A. dida, noted that the female
paratype may not be conspecific with the male holotype, and
concluded that both are mislabelled, and apparently related
to the South American Ablepsis (a subjective synonym of
Oileides). Mielke & Casagrande (2002) agreed that A. dida is
a Neotropical species (also see Mielke, 2004, 2005), occurring from French Guiana to Amapá, Brazil, and reiterated

that the type specimens were mislabelled. As noted by Olaf
Mielke and Bernard Hermier (A. D. Warren, personal
communication, 2006), Aurina is apparently related to but
distinct from Oileides. Based on this, we include Aurina in
Eudaminae, next to Oileides (Appendix 1).
Adults of most Eudaminae rest with wings folded erect
over the thorax, except for Evans’ (1952) Celaenorrhinus
group and the Augiades group, which rest with wings spread
flat (except for Drephalys). Larvae of many eudamines are
contrastingly coloured with bright bands or spots (e.g. Moss,
1949; Cock, 1984; Burns & Janzen, 1999; Hebert et al., 2004;
Janzen & Hallwachs, 2006). Larval foodplants reported for
Eudaminae include a wide variety of dicot families. However,
Urbanus teleus and U. procne feed on Poaceae (Appendix 2;
also see Dauphin, 2007), and Brown (1992) reported U. teleus
from Cyperaceae, making them the only species of Eudaminae thought to be monocot obligates, although U. teleus has
also, perhaps erroneously, been reported to feed on Fabaceae
(Moss, 1949; Silva et al., 1968; Biezanko et al., 1974).
PYRGINAE (46). Pyrginae is monophyletic with moderate support (BS 4). No morphological synapomorphies
are known for the subfamily, but males in most tribes
possess secondary sexual characters, including metatibial
tufts with associated abdominal modifications (see characters 20–22), also found in some Coeliadinae. Males of many
Tagiadini, Carcharodini, Erynnini and Pyrgini possess
costal folds (also found in some Eudaminae, character 27),
but they are absent in Pyrrhopygini, Celaenorrhinini and
Achlyodidini. Most Pyrginae (including all in our study)
lack meso- and metatibial spines (characters 24–25),
although there are several exceptions (e.g. Evans, 1949,
1951, 1952, 1953). In addition, most Pyrginae (in all tribes
but Pyrrhopygini) have porrect or sub-porrect second segments of the labial palpi, in contrast to Coeliadinae,
Euschemoninae and Eudaminae (character 9), and most
(except some Pyrrhopygini, such as Mysoria) have a long
hindwing (character 11). The vast majority of pyrgines have
a short forewing discal cell (character 42).
According to our results, Pyrginae is divided into seven
tribes. The composition of groups is largely congruent with
our prior hypothesis (W2008), and differences are discussed
below. Many relationships implied in our cladogram
(Fig. 3) are strongly supported, and we feel that the tribes
recognized here, with a few possible exceptions (e.g. Achlyodidini versus Pyrgini), represent natural groups.
Pyrrhopygini (49). Our data strongly support (BS 25) the
monophyly of Pyrrhopygini. Evans (1949, 1951) believed
that this New World group was sister to Old World
Coeliadinae, but our data suggest that Pyrrhopygini and
Tagiadini are sister taxa (48: BS 3), and that Coeliadinae is
sister to the rest of Hesperiidae. Essentially, all earlier
authors have considered members of Tagiadini and Celaenorrhinini to be more closely related to each other than
either is to Pyrrhopygini. Because a few unsampled genera
possess characters typical of two tribes (Pyrrhopygini and
Tagiadini, see below), we stress that further studies are
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needed to corroborate the phylogenetic position of Pyrrhopygini with respect to Tagiadini and Celaenorrhinini.
Mielke (1995, 2002) reviewed the genera of ‘Pyrrhopyginae’, named several new genera, and (2001) circumscribed
four tribal-level taxa, which were subsequently (W2008)
downgraded to subtribes. Our results strongly support the
monophyly of two of these subtribes, Pyrrhopygina (50: BS
21) and Passovina (54: BS 29). Zoniina (which we did not
study) is monotypic, and we were unable to sample either of
the genera of Oxynetrina (Oxynetra, Cyclopyge). Our
current arrangement of 35 genera and four subtribes of
Pyrrhopygini in Appendix 1 follows Mielke (2001, 2002).
Pyrrhopygini is defined by one putative synapomorphy,
compression of the first abdominal tergum (character 18).
Several additional characters partly characterize this tribe,
including the blunt-tipped, stout, antennal apiculus, bent at
its commencement (character 6), a condition also seen in
a few genera of Tagiadini, but often cited as a synapomorphy
for the group (e.g. Watson, 1893; Evans, 1951; Ackery et al.,
1999). The sister relationship between Tagiadini and Pyrrhopygini implied by our results suggests that this distinctive
form of the antennal club may be homologous. In addition,
apparently all Pyrrhopygini have a long forewing discal cell
(character 42), a condition shared with most Eudaminae and
a few Coeliadinae, and no species are known to have male
costal folds (character 27). Various Pyrrhopygini have
highly reduced or vestigial ‘eyelashes’ (character 5), which
are usually well developed in non-coeliadines (except for
a few Old World Hesperiinae). Male genitalia of most
Pyrrhopygini are symmetrical (character 12), although they
are asymmetrical in some taxa (e.g. Yanguna cosyra, Mimoniades montana).
Most pyrrhopygines are large, robust and brightly coloured, sometimes with a bright red or pink tip to the distal
end of the abdomen (e.g. many Pyrrhopyge and Mysoria).
All known larvae and pupae of Pyrrhopygini are covered in
long, fine hairs, a possible synapomorphy for the tribe
(Moss, 1949; Burns & Janzen, 2001), although some larvae
of Tagiadini and of various Old World Hesperiinae are also
hairy. Larvae of Pyrrhopygina are often contrastingly
coloured, with white, yellow or orange bands or spots against
a dark background (Moss, 1949; Cock, 1981; Burns &
Janzen, 2001). Known larvae of Passovina lack these bright
pattern elements, and, at least in Costa Rica, seem remarkably resistant to attack from parasitoids (Burns & Janzen,
2001). The close resemblance of wing patterns among many
genera of Pyrrhopygini (e.g. Elbella, Parelbella, Jemadia),
among these genera and eudamines (e.g. Phocides, Tarsoctenus), and among other pyrrhopygines and hesperiines (e.g.
Sarbia spp. versus Pseudosarbia phoenicola, Pyrrhopyge spp.
versus Pyrrhopygopsis spp.) strongly suggests that these
skippers are involved in mimetic relationships (Bell, 1932;
Evans, 1951, 1952; Ackery et al., 1999), although no author
has made a detailed investigation of these.
Resting posture (character 48) of adult pyrrhopygines is
variable. Most species rest with wings held flat, but some
(various Pyrrhopyge, Mysoria) rest with wings held erect
(A. D. Warren, personal observation). Larval foodplants of

Pyrrhopygini have been reported from a large number of
dicot families (Appendix 2).
Tagiadini (55). Monophyly of Tagiadini receives moderate support (55: BS 3), as does its sister relationship to
Pyrrhopygini (48: BS 3). Inferred relationships within
Tagiadini are the same in our two studies. The presence of
anal wool on females (character 17) apparently serves as
a synapomorphy for this entirely Old World tribe, although
it is absent in some genera and species. Included genera
whose females possess anal wool are Daimio, Darpa, Eagris,
Odontoptilum and Tagiades. Other genera known to include
at least one species with anal wool include Abraximorpha,
Coladenia, Seseria, Mooreana, Odina, Pintara, Chamunda,
Caprona, Netrobalane, Abantis, Leucochitonea and Capila
(Evans, 1937, 1949; Inoué & Kawazoé, 1964b; Pinratana &
Eliot, 1985; Maruyama, 1991; Chou, 1994; Tsukiyama &
Chiba, 1994; Devyatkin, 1996a; Larsen, 2005). Therefore we
associate these genera with the Tagiadini, along with those
included in this clade lacking anal wool, Netrocoryne (see
Fig. 3) and Gerosis (W2008).
In some Tagiadini, males possess forewing costal folds
(e.g. Netrocoryne, Capila, Eagris), a secondary sexual character shared with various Carcharodini, Erynnini and
Pyrgini and many Eudaminae (see character 27). Costal
folds on the monotypic African Procampta (see Larsen,
2005), similar to those found on some Eagris, suggest that it
should also be associated with Tagiadini (as opposed to
Celaenorrhinini). The presence of costal folds on males of
many Chaetocneme (Parsons, 1999), similar to those found
on Netrocoryne and some Capila species, suggests that
Chaetocneme may be situated within Tagiadini, although
Evans (1949, 1952) believed that Chaetocneme and Capila
(along with Euschemon) were closely related to New World
eudamines such as Dyscophellus, Nascus and Bungalotis.
However, valvae of Capila are considerably different from
those of Chaetocneme (Evans, 1949; Inoué & Kawazoé,
1964a; Devyatkin, 1996a; Devyatkin & Monastyrskii, 1999,
2002; Parsons, 1999). Thus, the placement of Chaetocneme
requires further study, and, although its affiliation with
Tagiadini seems likely, a relationship with Eudaminae (or
Euschemon) cannot yet be ruled out.
Males of various tagiadines have recumbent metatibial
tufts (see character 20), and some Eagris (e.g. E. tetrastigma,
which possesses all of these characters) have various suites
of secondary wing structures, including hair-like scales at
the base of the hindwing costa (character 38), hair tufts on
the ventral forewing surface (character 33), and stigmata on
the ventral forewing surface associated with specialized
scales on the opposing region of the hindwing (character
32). Foretibial epiphyses (character 23) are vestigial in some
Eagris (E. tetrastigma) and Abantis (see Watson, 1893;
Evans, 1953). Species in a few genera (e.g. Darpa, Gerosis)
have a moustache (character 10), although its development
in females of Darpa hanira is somewhat reduced, compared
with males. Darpa is noteworthy in having long, hair-like
wing fringes at the hindwing tornus (character 35). Male
genitalia of tagiadines are usually symmetrical (character
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12), except in some Seseria (S. scona) and Abraximorpha
(A. davidii), as well as in all Odontoptilum, Netrobalane,
Caprona, Leucochitonea and Abantis (see Evans, 1937, 1949).
A few Tagiadini (Abantis, Caprona, Netrobalane and
Leucochitonea) have antennal clubs strongly resembling
those of Pyrrhopygini (see character 6). If our association
of Abantis, Caprona, Netrobalane and Leucochitonea (which
we could not sample) with Tagiadini is correct, based on the
presence of anal wool, and if the condition of the antennal
club in these genera is homologous with that of Pyrrhopygini,
characters of these four genera appear to further support the
relationship between Tagiadini and Pyrrhopygini indicated
by our data. However, as figured by Clark (in Dickson &
Kroon, 1978), immature stages of Abantis are unusual, and
possess many characters that are likely to be phylogenetically
informative (see discussion after character 46). Thus, it is
possible that the group may represent a subtribal (or tribal)
entity. Further study of these four genera is needed.
Members of Tagiadini include some genera from Evans’
African (1937) and Old World (1949) Celaenorrhinus
groups, as well as most species from his (1949) Tagiades
group. As noted by Larsen (2005), the African Calleagris is
probably paraphyletic. Calleagris lacteus greatly resembles
various Eagris species in its pattern of forewing hyaline
spots, and, like some Eagris, has a scale tuft on the ventral
forewing surface (character 33). Remaining species of Calleagris strongly resemble the Asian Gerosis, which was united
with Tagiadini in our molecular study. Members of Satarupa, whose females lack anal wool, resemble Seseria spp.
(e.g. Pinratana & Eliot, 1985). Despite this, although males
in each genus share various genitalic characters, genitalia of
Satarupa consistently differ from those of Seseria (Evans,
1949; Inoué & Kawazoé, 1964b), and appear more similar to
those of Tagiades. For lack of additional information, we
maintain Satarupa within Tagiadini, following Chou (1994,
1998).
We include three other small, little-known genera (Tapena,
Ctenoptilum, Exometoeca) in Tagiadini. Males of the monotypic Tapena have irregularly shaped valvae, unlike those of
any other genus, although somewhat approaching the form
seen in Ctenoptilum. Ctenoptilum, a genus of two unusual
species with a jagged wing shape and numerous small
hyaline spots on the fore- and hindwings (e.g. Inoué &
Kawazoé, 1964b; Pinratana & Eliot, 1985), shares structural
characters with Odontoptilum, including wing shape and
venation (Watson, 1893), suggesting that the two genera
may be related (Evans, 1949; Inoué & Kawazoé, 1964b;
Eliot, 1978; Maruyama, 1991; Chou, 1994, 1998). The life
history and adult morphology of the southwestern Australian endemic, monotypic Exometoeca was recently described
by Atkins et al. (2002), who suggested a relationship with
Netrocoryne, Eagris or Celaenorrhinus, based on the structure of the female genitalia. Because males of Exometoeca
nycteris possess costal folds, which are unknown in Celaenorrhinini, and because Netrocoryne and Eagris are both in
Tagiadini, we feel confident that Exometoeca is situated in
Tagiadini (Appendix 1).

Adults of some Capila and Chaetocneme are largely or
entirely crepuscular (or even nocturnal, e.g. Eliot, 1978;
Pinratana & Eliot, 1985; Atkins, 1999a, 2000; Parsons, 1999;
Braby, 2000, 2004), although other Tagiadini are diurnal.
Adults of most genera bask and rest with wings held flat
(characters 48, 49), although those of Abantis, Caprona and
probably Netrobalane and Leucochitonea rest with wings
held erect (although bask with wings held flat, see Larsen,
2005), as in many species of Pyrrhopygini. As noted by
various authors (e.g. Larsen, 2005), males of many Abantis
species are known to perch on hilltops. Some Caprona have
strikingly different seasonal forms (see Pinratana & Eliot,
1985; Chou, 1994). As noted by Bascombe et al. (1999), late
instar larvae of Abraximorpha and Odontoptilum have
densely haired heads, and numerous abdominal hairs.
Larval foodplant families reported for Tagiadini include
various dicots, and some Tagiades (Maruyama, 1991;
Bascombe et al., 1999; Larsen, 2005) and Daimio tethys
(Fukuda et al., 1984; Chou, 1994) feed on the monocot
Dioscorea (Dioscoreaceae).
Celaenorrhinini (59). Monophyly of Celaenorrhinini is
strongly supported by our data (BS 11), and its position as
sister to Tagiadini þ Pyrrhopygini receives good support
(47: BS 6). Celaenorrhinini includes Celaenorrhinus, plus
some of Evans’ Tagiades group (Eretis, Sarangesa), Alenia
from Evans’ Pyrgus (Gomalia) group, and the supposedly
monotypic Pseudocoladenia (formerly in Coladenia). In the
current circumscription, Celaenorrhinini are African, other
than American and Asian members of the pantropical
Celaenorrhinus, two Asian species of Sarangesa (Evans,
1949) and the Asian Pseudocoladenia (Appendix 1). Most
authors have assumed a close relationship among the genera
we place in Tagiadini and Celaenorrhinini, and more
research is needed to elucidate their relationship to each
other.
We have not identified any morphological synapomorphy
for Celaenorrhinini. The arrangement of forewing hyaline
spots is similar in various species and genera, but also
confusingly similar to that in some species of Tagiadini
(Larsen, 2005). Although males of various genera display
a diversity of secondary sexual characters, including metatibial tufts and associated abdominal modifications (characters 20–22), and males of some Celaenorrhinus possess
abdominal scent organs (features otherwise unknown
among hesperiids, character 19), no Celaenorrhinini possess
costal folds on male forewings (character 27). Various
Celaenorrhinus, as well as Pseudocoladenia, have a moustache (character 10), although in some (e.g. C. eligius) it is
present in males only. Most Celaenorrhinini have fairly
rounded wings, and, in all species included in our analyses,
the length of the forewing discal cell is shorter than the
forewing dorsum (character 42). In addition, males of all
exemplar Celaenorrhinini possess symmetrical genitalia
(character 12). A few Celaenorrhinus (e.g. C. rutilans) have
vestigial foretibial epiphyses (character 23), and they are
totally absent in Alenia. Perhaps unlike any other skipper,
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Alenia species also lack both pairs of metatibial spurs
(character 26).
The placement of Pseudocoladenia in Celaenorrhinini, as
opposed to in Tagiadini, where Coladenia is situated, is in
agreement with Shirôzu & Saigusa (1962). Katreus appears
to be closely related to Celaenorrhinus (Evans, 1937; Larsen,
2005), and is therefore placed in Celaenorrhinini (Appendix 1).
Larsen (2005) resurrected Loxolexis, in which he placed
four species previously included in Katreus. Although
genitalia of Katreus and Loxolexis show some noteworthy
differences (Larsen, 2005), we have associated Loxolexis
with Celaenorrhinini, as implied by Evans (1937) and
Larsen (2005).
Celaenorrhinus is not monophyletic in our cladogram, but
we feel that our sample of two species is insufficient to draw
any conclusions about the group’s status. The placement of
Alenia in Celaenorrhinini is noteworthy, as both its species
are small, black and white ‘checkered skippers’, superficially
resembling species of Pyrgus (Pyrgini) and Spialia (Carcharodini). Alenia is endemic to dry regions in Namibia and
South Africa, where it co-occurs with various Spialia
species. However, similarities in wing facies between Alenia
and Spialia are probably the result of convergence, which
has been invoked to explain phenotypic similarities among
some checkered skippers in the New World (Shapiro, 1993).
Adults of a few Celaenorrhinus are crepuscular and/or
nocturnal, and roost diurnally in caves (e.g. Bailey, 1880; De
Vries et al., 1987) or under culverts (A. D. Warren, personal
observation), but most Celaenorrhinini are active during the
day (Larsen, 2005). In addition, adults of Celaenorrhinini
apparently always bask and rest with wings held flat,
parallel to their perching substrate (characters 48–49).
Celaenorrhinine larvae feed on dicots (Appendix 2).
Carcharodini (90). This strongly supported clade (90: BS
10) shifted from a position as sister to Achlyodidini in W2008,
to sister to Erynnini þ (Achlyodidini þ Pyrgini), with moderate support (62: BS 5). Carcharodini includes some genera
placed in Evans’ (1949) Pyrgus group, as well as many genera
from his New World (1953) Telemiades and Pyrgus groups.
Genera of Carcharodini included in our studies show
the following relationships: (Cyclosemia þ ((Carcharodus þ
Spialia) þ ((Pholisora þ Staphylus) þ (Viola þ Pachyneuria)))).
Monophyly of Carcharodus þ Spialia receives good support
(95: BS 9), and the sister relationship of these to ((Pholisora þ
Staphylus) þ (Viola þPachyneuria))
receives
moderate
support (91: BS 4). Because of the overall morphological
similarity of Carcharodus, Spialia, Gomalia and Muschampia
(Evans, 1949; de Jong, 1974a, b, 1978a, b; Devyatkin, 1988,
1990a, c; Gorbunov, 2001; Larsen, 2005), all of which were
placed in Evans’ Pyrgus group, there is little doubt that all
four genera are carcharodines, the only Old World members
of the tribe.
New World Carcharodini include Gorgopas, Bolla and
Staphylus. No authors have questioned the close relationship between Bolla and Staphylus (from Evans’ Staphylus
subgroup of his Telemiades group), although the boundaries
of the two genera remain undefined (Steinhauser, 1989;

Steinhauser & Austin, 1993). Gorgopas are structurally
like Bolla, with which they share similar male genitalia
(Godman & Salvin, 1894), but have metallic green scaling on
the head, palpi and/or thorax and wing bases (some species
of Staphylus also have green palpi; Evans, 1953; Miller,
1966). Although Evans (1953) placed Pholisora in his Pyrgus
group, our results indicate a strongly supported (94: BS 23)
relationship between Pholisora and Staphylus, corroborating the views of earlier authors (Lindsey, 1921; Skinner &
Williams, 1923a; Lindsey et al., 1931; Williams & Bell,
1940). Inclusion of Pholisora in Carcharodini implies that
the closely related Hesperopsis also belongs there (Evans,
1953; Stanford, 1981).
Our results indicate a strongly supported relationship
between Viola and Pachyneuria (93: BS 39), which are both
closely related to Nisoniades and Pellicia, as revealed
by their remarkably similar male genitalia (Evans, 1953;
Steinhauser, 1989). As figured by many authors (e.g. Godman & Salvin, 1894; Hayward, 1934, 1938, 1939a, b, 1940,
1948; Bell, 1937, 1942c, 1947; Williams & Bell, 1939, 1940;
Evans, 1953; Steinhauser, 1989; Cock, 1992; Austin &
Warren, 2002), males of these four genera have distinctive,
robust, and somewhat rounded valvae, which are often
dramatically asymmetrical (character 12), usually together
with a feebly developed gnathos. Evans (1953) referred to
such valvae as ‘Nisoniades type’, which are not found
elsewhere in Hesperiidae. Assuming that the presence of
Nisoniades-type valvae is an indicator of a tribal-level
relationship, Mimia, Mictris, Iliana, Sophista, Polyctor,
Noctuana and Ocella belong in Carcharodini. The monotypic Windia also possesses Nisoniades-type valvae (Freeman, 1969). In addition, Burca species (endemic to the
Greater Antilles) have valvae similar to those of Nisoniades
and allies (Williams, 1931; Bell & Comstock, 1948; contra
Evans 1953: 11). Males in Polyctor, Nisoniades, Viola,
Pachyneuria and Pellicia also have a small tuft of elongated
scales on the dorsal surface of each hindwing (character 30)
near the base of vein Sc þ R, which is structurally different
from hindwing tufts seen in other skippers.
Cyclosemia, situated at the base of Carcharodini in Fig. 3,
has elongate valvae, clearly different from the Nisoniades
type and more similar to those of Staphylus and Bolla
(Skinner & Williams, 1923a; Mielke, 1975; Steinhauser,
1989; Cock, 1996). Genera that share this type of valvae,
as well as the dorsal forewing ‘eyespot’ characteristic of
Cyclosemia, include Morvina (see Godman & Salvin, 1894;
Evans, 1953), Myrinia (see Bell, 1942a; Evans, 1953; Mielke,
1968; Freeman, 1979) and Xispia (Evans, 1953), although
valvae of Xispia are somewhat more robust and its forewing
eyespot is incompletely developed. We tentatively associate
all of these with Carcharodini. Jera tricuspidata is a bizarre
skipper with jagged wings and short hindwing ‘tails’, placed
in a monotypic genus endemic to the Andes of Ecuador and
Peru (Evans, 1953). Valvae of Jera appear to be of the
Nisoniades type (Evans, 1953; although apparently symmetrical), and the adults bear a superficial resemblance to
Noctuana, but are larger, and have forewing hyaline spots
reminiscent of many Eudaminae (Mabille, 1903–1904;
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Draudt, 1917–1924; Piñas & Manzano, 1997). Jera is
tentatively associated with Carcharodini (Appendix 1), as
implied by Mabille (1903–1904). Following the arrangements of Watson (1893), Mabille (1903–1904) and Evans
(1953), the monotypic Conognathus and Arteurotia are
placed in Carcharodini, although none possesses male
valvae of the Nisoniades type. The wing shape of Arteurotia
tractipennis is similar to that of Mictris and Sophista
(Godman & Salvin, 1879–1901), but Conognathus platon is
nearly as unusual in appearance as Jera tricuspidata
(Draudt, 1917–1924).
Although we have not identified any morphological
synapomorphy for Carcharodini, the ‘Nisoniades-type’
valvae are apparently found only in this tribe, but are not
present in all genera or species. Male secondary sexual
characters of carcharodines, other than the hindwing tufts
reviewed above, include costal folds (character 27) and
metatibial tufts (characters 20–21), with or without
associated abdominal modifications (character 22; Evans,
1953).
Adult Mimia, Morvina, Myrinia, Ocella, Cyclosemia and
Xispia possess an ‘eyespot’ in the discal cell on the dorsal
forewing surface (Godman & Salvin, 1894; Draudt, 1917–
1924; Mielke, 1968; Freeman, 1969a, 1979; Lewis, 1973;
Cock, 1992). All of these (together with most Carcharodini)
perch (character 48) with their wings held flat (Evans, 1953;
A. D. Warren, personal observation), exposing eyespots
while basking or at rest. Structural details of the eyespot
vary across these genera, but they resemble eyespots found
in species of Mesosemia (e.g. see D’Abrera, 1994), a large
genus of riodinid butterflies that also basks and rests with
open wings. Thus, these skippers may be involved in
a mimetic relationship with Mesosemia.
Larval foodplants of Carcharodini include a variety of
dicots (Appendix 2), whereas Cyclosemia herennius is the
only New World pyrgine known to feed on monocots
(Moss, 1949; Cock, 1992; Beccaloni et al., 2008).
Erynnini (64). Monophyly of Erynnini is strongly supported (BS 18). Our circumscription of Erynnini includes all
but four genera of Evans’ (1953) Erynnis group (Aethilla,
Achlyodes, Eantis, Doberes), as well as a few genera from his
(1953) Telemiades group (Gorgythion, Sostrata, Mylon,
Potamanaxas).
The female abdominal pheromone gland at tergum seven
(character 16) is a synapomorphy for Erynnini (Ackery
et al., 1999), although it is lacking in some species of
Cycloglypha and Anastrus, and in Grais (de Jong, 1975),
and its distribution in Potamanaxas and Tosta has not been
documented (Evans, 1953; Austin, 1998a; Steinhauser,
2007). All Erynnini included in our study possess this gland,
and it is also present in Anastrus sempiternus, A. luctuosa
(although absent in A. ulpianus, A. obscurus, A. neaeris and
A. virens), Chiomara asychis, Gesta gesta, Ephyriades arcas,
and all Erynnis species examined (Reverdin, 1914; Burns,
1964; de Jong, 1975; A. D. Warren, personal observation).
We include Cycloglypha in Erynnini, despite the fact that
de Jong (1975) did not report an abdominal gland in

Cycloglypha thrasibulus. Species of Cycloglypha and Camptopleura are confusingly similar (A. D. Warren, personal
observation), and Watson (1893) included Cycloglypha
(sensu Evans, 1953) within Camptopleura. Recently, Austin
(2008a) described the monotypic Speculum; only the male is
known. Austin hesitantly placed Speculum in Erynnini. We
maintain this placement until additional material, including
the female, becomes available.
Other characters that partly characterize Erynnini include
highly asymmetrical male and female genitalia (character
12), usually with elongated valvae (Godman & Salvin, 1879–
1901; Skinner, 1914; Skinner & Williams, 1923a, 1924c;
Williams & Bell, 1931; Evans, 1953; Burns, 1970; Devyatkin,
1996b; Austin & Warren, 2002), as well as long, porrect
palpi present in many species (characters 8–9). The forewing apical tips of many Erynnini are somewhat ‘bent’,
downwards, out of plane with the rest of the wing (character
39), although this condition is also seen in Spathilepia
(Eudaminae), a few Achlyodidini (Achlyodes, Eantis), and
some Pyrgini (e.g. Antigonus). Apparently all Erynnini have
a short forewing discal cell (character 42), with the exception
of Grais (Evans, 1953). In addition, male secondary sexual
characters include the variable distribution of metatibial
tufts and associated abdominal structures (characters 20–
22), and forewing costal folds are present in many species
(character 27). Adults of at least some Erynnini have
a peculiar resting posture (character 48), indicated by their
forewing shape. As noted by Evans (1953) for Old World
species, and figured by Burns (1969) for Erynnis brizo, when
at rest, adults of at least some Erynnini situate their forewing costa flat against the perching substrate, pulled close to
the abdomen, thereby giving them a somewhat ‘noctuoid’
appearance; Evans (1953) described this posture as ‘penthouse-wise’.
Species of Potamanaxas have wing venation and genitalia
similar to those of Mylon, but are distinguished from Mylon
by generally more rounded forewings and the absence of
secondary sexual characters (Godman & Salvin, 1894;
Evans, 1953; Austin, 2000). Although Evans (1953) listed
Grais between Achlyodes and Doberes, its male genitalia
(Godman & Salvin, 1879–1901, Skinner & Williams, 1923a,
Lindsey et al., 1931, Evans, 1953), although symmetrical,
are more similar to those of other Erynnini. Although we
place Grais in Erynnini, we note that it is abnormal in
respect to several characters typical of the tribe, and its
placement here requires further study.
Specimens (especially females) of Tosta are rare in
collections, and female genitalia have not been figured for
any of the eight described species. Evans (1953) and Nicolay
(1973) suggested that various species of Tosta are intermediate between those of Anastrus and Achlyodes. This is
problematic, because, according to our results, Anastrus and
Achlyodes are situated in separate tribes (Erynnini and
Achlyodidini, respectively). Indeed, genitalia of some species of Tosta appear similar to those of Anastrus (e.g.
T. platypterus, T. niger, see Evans, 1953), others appear closer
to Aethilla, Achlyodes or Eantis (e.g. T. tosta, see Evans, 1953;
Warren, 1996b), whereas other species have genitalia that
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don’t resemble those of either genus (see Nicolay, 1973;
Austin, 1998a). This suggests that Tosta may be a polyphyletic
assemblage of species belonging in separate tribes. For now
we place Tosta within Erynnini (Appendix 1).
Erynnini is entirely Neotropical, with the exception of the
genus Erynnis, which is also widely distributed in temperate
North America (where it is most diverse, see Burns, 1964),
and occurs in Europe and Asia (Devyatkin, 1996b; Tuzov
et al., 1997; Gorbunov, 2001). Larval foodplants reported
for Erynnini include representatives from many dicot families (Appendix 2).
Achlyodidini (85). Achlyodidini receives moderate support from our data (BS 3), consisting of six sampled genera:
Achlyodes, Aethilla, Atarnes, Milanion, Pythonides and
Quadrus. The clade Quadrus þ Pythonides is sister to Milanion þ Atarnes (86: BS 3). These four genera of showy
skippers are, in turn, sister to Achlyodes þ Aethilla (85: BS
3). In contrast to W2008, Eracon falls outside Achlyodidini
and is now situated at the base of Pyrgini (together with
Clito, see below).
Evans (1953) placed Quadrus, Pythonides, Milanion and
Atarnes in his Telemiades group, divided among three
subgroups, as follows: Quadrus subgroup (defined by
hindwing shape, including Gorgythion, Ouleus, Zera, Quadrus), Pythonides subgroup (defined by characters of the
palpi, antennae and hindwing shape, including Gindanes,
Pythonides, Sostrata, Paches), and Paramimus subgroup
(defined by characters of the palpi, antennae and male
genitalia, including Haemactis, Atarnes, Milanion, Paramimus, Charidia). Our analysis shows that Gorgythion and
Sostrata are in Erynnini. Our results strongly support the
sister relationships of Quadrus þ Pythonides (87: BS 18) and
Atarnes þ Milanion (88: BS 52); however, the larger clade
uniting all four of these receives moderate support (86: BS 3).
Based on the reservoirs accompanying the accessory glands
of the female genitalia (character 15), however, a close
relationship among all of them appears likely. Other noneudamine genera that possess these reservoirs include
Ouleus (Steinhauser, 1989) and Zera (A. D. Warren, personal observation), probably indicating close relationship
with clade 86, as implied by Evans (1953) based on wing
shape. The distribution of reservoirs in Gindanes, Paramimus
and Charidia requires further study, but they are absent in
Paches (Austin & Warren, 2002), which we place in Pyrgini
(see below). As figured by Austin (1994) and Anderson et al.
(2008), female genitalia of Haemactis bear a strong superficial
resemblance to those of Atarnes and Milanion (even though
they lack reservoirs), tentatively supporting its placement
with these genera, as proposed by Evans (1953) based on
similarities in male genitalia. In addition, male genitalia of
Charidia and Paramimus are quite similar to those of Atarnes
(Williams & Bell, 1931; Evans, 1953), indicating that these
three genera are probably related. Likewise, male genitalia of
Gindanes greatly resemble those of Quadrus and Pythonides
(Williams & Bell, 1931, 1934c; Evans, 1953).
Thus, with the exclusion of Gorgythion and Sostrata (to
Erynnini) and Paches (to Pyrgini), the eleven remaining

genera from Evans’ Quadrus, Pythonides and Paramimus
subgroups represent a clade (86). Males of many species in
these genera (although rarely in Quadrus) have metatibial
tufts and associated abdominal modifications (characters
20–22), although apparently none of them have costal folds
(Evans, 1953). In addition, the upper pair of metatibial
spurs (character 26) is absent in most Pythonides, and
a moustache is present in at least some Quadrus (e.g.
Q. lugubris) and Pythonides (e.g. P. jovianus). Adults in
these genera rest with wings held flat (A. D. Warren,
personal observation).
Although the nominotypical clade of Achlyodidini is
represented here by just two genera (Achlyodes and Aethilla), they are clearly related to Eantis and Doberes based on
shared genitalic similarities, especially the form of the valvae
and apical (or caudal) appendages on the uncus (Godman &
Salvin, 1879–1901; Skinner & Williams, 1923a; Evans, 1953;
Warren, 1996b). Males of Achlyodes busirus possess a scale
tuft on the ventral forewing surface (character 33) and
stigmata on the ventral forewing surface, together with
specialized scales on the opposing region of the hindwing
(character 32). Males in the nominotypical clade frequently
have metatibial tufts (characters 20–21) and associated
abdominal modifications (character 22), but lack costal
folds. Adults rest with wings perched flat (A. D. Warren,
personal observation).
Therefore, our Achlyodidini includes two major clades:
Aethilla þ Achlyodes þ Eantis þ Doberes (all of these from
Evans’ Erynnis group), and the eleven genera from Evans’
Telemiades group discussed above. Other than the absence
of costal folds (character 27) on males and the adult resting
posture with wings held flat (character 48), we have found
no morphological character uniting these two clades.
Because of this, Achlyodidini, as we have defined it, may
not be robust to the addition of data and characters.
Alternatively, because our current results indicate that
Achlyodidini is sister to Pyrgini, a more broadly circumscribed Pyrgini (75: BS 2) could include Achlyodidini (85) as
a subtribe. However, our data provide only weak support
for the monophyly of Achlyodidini þ Pyrgini. Furthermore, in W2008, elements of clade 75 did not form a monophyletic group. Because Pyrgini s.s. (76) is well supported,
we maintain Achlyodidini as a tribe, while noting its potential paraphyly. Several dicot families of larval foodplants
are reported for species of Achlyodidini (Appendix 2).
Pyrgini (76). The topology of the derived Pyrgini (77: BS 9)
is unchanged from that hypothesized by W2008, consisting of
a clade of six genera: (Antigonus þ ((Systasea þ Zopyrion) þ
(Celotes þ (Pyrgus ruralis þ Pyrgus scriptura) þ (Pyrgus
communis þ Heliopetes)))). In the present study, Clito (previously unplaced at the tribal level) is situated at the base of
the Pyrgini, in a weakly supported (84: BS 1) sister relationship
with Eracon (Fig. 3). Members of Pyrgini are mostly from the
Antigonus subgroup of Evans’ (1953) Telemiades group, and
from Evans’ (1949, 1953) Pyrgus group, but the clade also
includes some from Evans’ Staphylus (Plumbago, Trina, Diaeus)
and Pythonides (Paches) subgroups of the Telemiades group.
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Several unsampled genera are apparently related to those
in the nominotypical clade (77), based on morphological
similarities in wing shape and male genitalia. Male valvae of
Antigonus, Systasea, Zopyrion and Celotes are similar in
structure, generally with a well-developed harpe, protruding
dorsally or caudally away from the ampulla, and frequently
they are asymmetrical (Godman & Salvin, 1879–1901;
Skinner & Williams, 1923a; Lindsey et al., 1931; Evans,
1953, Burns, 1974, Austin, 2000; Austin & Warren, 2002;
Warren et al., 2008b; character 12). Evans (1953) called this
peculiar type of valvae the ‘Antigonus type’ in his diagnoses
for Plumbago, Trina, Diaeus and Paches (also see Godman
& Salvin, 1894; Austin & Warren, 2002). Putative Pyrgini
genera not represented in our study with Antigonus-type
valvae include Anisochoria, Timochreon, Onenses, Zobera
and Carrhenes (Godman & Salvin, 1894; Evans, 1953;
Freeman, 1970, 1979; Nicolay, 1980; Steinhauser, 1991b,
1989; Austin, 2000; Austin & Warren, 2002).
The taxonomic status of Heliopyrgus, Heliopetes and
Pyrgus was discussed by Austin & Warren (2001). Although
these three genera appear to be closely related, they differ
from genera in the nominotypical clade of Pyrgini in the
form of the male valvae, which lack the inflated harpes
(although harpes are well formed in Heliopyrgus, and generally lanceolate in boreal species of Pyrgus) (Godman &
Salvin, 1879–1901; Skinner & Williams, 1923a; Evans, 1953;
Herrera et al., 1957; Burns & Kendall, 1969; Burns, 2000;
Austin & Warren, 2001). Heliopyrgus and Heliopetes are
probably both monophyletic genera, but Pyrgus is not
(Fig. 3). As discussed in W2008, the Pyrgus communis
species group appears to be more closely related to Heliopetes (and presumably to Heliopyrgus) than it is to boreal
North American (e.g. P. ruralis, P. scriptura) or Old World
Pyrgus, which have considerably different male genitalia
(Reverdin, 1910, 1911; Warren, 1926; Verity, 1940; de Jong,
1972, 1979, 1987; Devyatkin, 1990b; de Prins & van der
Poorten, 1995; Gorbunov, 2001). Relationships of the southern Andean Pyrgus (P. notatus, P. bocchoris, P. fides,
P. limbata, P. barrosi) to the Pyrgus communis group require
elucidation. Male genitalia of these differ somewhat from
those of the P. communis group (Evans, 1953; Herrera et al.,
1957). The convergent black and white checkered wing pattern
seen in unrelated skippers such as Pyrgus (Pyrgini), Spialia
(Carcharodini) and Alenia (Celaenorrhinini) suggests that this
southern Andean group and the P. communis group (as well as
the Holarctic group) may also be superficially similar and not
sister taxa (also see Shapiro, 1993). The phylogenetic position
of Pyrgus crisia, endemic to the Greater Antilles, also requires
investigation. Male genitalia of P. crisia are divergent from
other American Pyrgus (Evans, 1953).
Austin (1997a) proposed the genus Cornuphallus for three
species (one new) placed by Evans (1953) in Eracon (in clade
84). Cornuphallus and Eracon appear to be closely related,
and similarities in hyaline spotting pattern, wing shape and
male genitalia shared among them and Spioniades suggest
a close relationship (Draudt, 1917–1924; Evans, 1953;
Austin, 1997a). In addition, many species of Clito share
similar wing shapes, spotting patterns and genitalia with

those of Cornuphallus (especially) and Eracon (Williams &
Bell, 1940; Evans, 1953; de Jong, 1983a; Austin, 1997a,
2000; Cock, 1998), further corroborating our cladogram
(Fig. 3), which places Clito and Eracon as sister taxa (84: BS
1). Further study is needed to enhance support for the
placement of Clito, Eracon and Spioniades. We note that
males of Clito aberrans have a prominent moustache
(character 10), which is not seen in other Pyrgini, but is
found in Quadrus and Pythonides (Achlyodidini).
Burns (1999) described Pseudodrephalys for three species
(one new) previously placed in Drephalys (Eudaminae). He
showed that the two genera are not closely related, and
suggested that Pseudodrephalys belongs in Evans’ (1953)
Telemiades group (a polyphyletic assemblage, with members
in the Eudaminae, Carcharodini, Erynnini, Achlyodidini and
Pyrgini). Based on its unique genitalia, secondary sexual
characters and external appearance, Pseudodrephalys does
not belong in Eudaminae, Carcharodini, Erynnini or Achlyodidini. The spotting pattern of adult Pseudodrephalys somewhat resembles that of Clito species, and male genitalia of
Pseudodrephalys and Eracon show similarities in the valvae,
gnathos and tegumen (Austin, 1997a; Burns, 1998). Pseudodrephalys might thus be related to Eracon and Clito (along
with Cornuphallus and Spioniades). Pseudodrephalys species
appear to be involved in a mimetic relationship with various
Drephalys species, which could partially account for their
divergent wing patterns (Burns, 1999).
We define Pyrgini as clade 76 (Fig. 3), together with presumably related genera identified above. Thus, like Achlyodidini, Pyrgini appears to include two major clades. Reciprocal
monophyly of Pyrgini and Achlyodidini remains poorly supported; both tribes may be paraphyletic, and corroboration of
the current hypothesis requires study of additional characters
and/or taxa to determine exact boundaries.
Males of many Pyrgini possess forewing costal folds
(character 27), and various species have metatibial tufts
and associated abdominal modifications (characters 20–22).
Adults of some Pyrgini rest (character 48) with wings held
flat (e.g. Xenophanes), whereas others rest with wings held
erect over the back (e.g. Zopyrion). See Appendix 2 for
larval foodplant records.
HETEROPTERINAE (96). As reviewed by Warren
(2001b) and W2008, the taxonomic status of this group
has long been uncertain, and only since Higgins (1975) has
Evans’ Carterocephalus group (of Hesperiinae) been widely
regarded as a subfamily-level taxon. Monophyly of Heteropterinae is strongly supported in our study (BS 14).
We have not identified any morphological synapomorphy
for Heteropterinae, although several homoplastic characters
separate it from Trapezitinae and Hesperiinae. Heteropterinae possess ‘hairy’, porrect second palpal segments (character 9), like those of various Pyrgini (e.g. Pyrgus), as well as
some Aeromachini (see below) and Trapezitinae (Evans,
1949; Ackery et al., 1999). Apparently all Heteropterinae
have a long hindwing discal cell (character 43), in contrast to
most Trapezitinae and Hesperiinae, although many Pyrginae and a few Old World Hesperiinae share this trait.

# 2009 The Authors
Journal compilation # 2009 The Royal Entomological Society, Systematic Entomology, 34, 467–523

Classification of Hesperiidae
However, Heteropterinae have a short forewing discal cell
(character 42), a condition shared with Trapezitinae and
Hesperiinae. In addition, the antennal apiculus in Heteropterinae is stout and more or less blunt-tipped (character 6),
as seen in various Pyrgini (e.g. Pyrgus), Thymelicini,
Taractrocera (Taractrocerini) and Alenia (Celaenorrhinini).
All heteropterines lack secondary sexual characters, but
have distinctly elongated abdomens, which are longer than
the length of the hindwing dorsum (character 11).
The fore-tibial epiphysis, characteristic of most skippers,
is reduced or lacking in many Heteropterinae (character 23;
Evans, 1949; Robbins, 1990; Ackery et al., 1999). However,
there is a great deal of variation in the size and shape of this
structure among genera. Species of Butleria have a large and
well-developed epiphysis, like that of most other skippers
(Herrera et al., 1991). Dardarina and Argopteron have a very
fine, hair-like fore-tibial epiphysis, whereas the epiphysis is
minute in all other Heteropterinae examined in this study
(Appendix 1). Heteropterinae also vary in the distribution of
spines on the meso- and metatibiae. Some species lack spines
on either pair of tibiae, some possess spines on the mesotibiae only, and others have spines on both pairs of tibiae
(see characters 24–25). Likewise, all Heteropterinae we
studied have the terminal pair of spurs on the metatibiae,
but some lack the upper pair of spurs typical of most
Hesperiidae (character 26). When at rest (character 48)
adult heteropterines fold their wings erect over their thorax,
and when basking (character 49) adults spread all wings
equally (unlike hesperiines, which bask with hindwings
spread and forewings only partly opened).
Female genitalia in most Heteropterinae have a distinct
and well-developed appendix bursae (character 14) projecting from the anterior end of the corpus bursae (de Jong &
Kielland, 1983; Steinhauser, 1991a, b; Häuser, 1993; Warren &
González, 1998). Häuser suggested that this feature might
define the Heteropterinae (which he treated as a tribe of
Hesperiinae), but species of Butleria and Argopteron lack the
appendix (see Herrera et al., 1991; also A. D. Warren,
personal observation), and Viette (1956) did not indicate the
presence of an appendix in Hovala (see below). Male
genitalia of Heteropterinae have a characteristic appearance: valvae are generally symmetrical (character 12) and
remarkably uniform (although somewhat divergent in Butleria), usually with a smooth, rounded harpe and hookshaped ampulla, which tends to be rough-textured at its
distal tip. The uncus and gnathos are often elongate, and
most species have a long aedeagus (Godman & Salvin,
1879–1901; Skinner & Williams, 1923b; Evans, 1937, 1949,
1955; Verity, 1940; Viette, 1956; Mielke, 1966; de Jong,
1976; de Jong & Kielland, 1983; Herrera et al., 1991;
Steinhauser, 1991a; Warren & González, 1996, 1998; Warren,
1997, 2001a; Viloria et al., 2008).
The composition of Heteropterinae remains speculative.
Although we were unable to sample the monotypic Heteropterus, H. morpheus exhibits all characters that diagnose the
group, and females possess an appendix bursae (Häuser,
1993). Therefore, we associate the five sampled genera
(Carterocephalus, Metisella, Piruna, Dardarina, Butleria)

with the type genus of Heteropterinae. W2008 removed
the South African Tsitana from Heteropterinae, which have
comparatively erect second palpal segments and a short
hindwing discal cell, in contrast to heteropterines. In
addition, females of Tsitana lack an appendix bursae
(Häuser, 1993; A. D. Warren, personal observation). However, the fore-tibial epiphysis of Tsitana is poorly developed
(but not absent as stated by Evans, 1937), as in many
Heteropterinae. The monotypic east Asian Leptalina and
African Lepella were considered to be close relatives of
Tsitana by Evans (1937), based on similar ventral hindwing
patterns (with two prominent white streaks). Both have
porrect palpi typical of heteropterines (Inomata, 1990;
Larsen, 2005). Leptalina has a long hindwing discal cell,
its male genitalia are typical of heteropterines (Evans, 1949),
and our dissection of a female Leptalina unicolor (Supporting Information ST1) revealed an appendix bursa, suggesting that Leptalina belongs in Heteropterinae (but see
character 14). In contrast, male and female genitalia of
Lepella lepeletier differ from those of Heteropterinae (A. D.
Warren, personal observation). Male valvae lack the hooklike ampulla and have a stubby gnathos, and female
genitalia lack the appendix bursae. Therefore we exclude
Lepella from Heteropterinae, and associate it and Tsitana
with unplaced Old World hesperiines (see below). Because
Leptalina is in a separate subfamily from Tsitana and
Lepella, their similar ventral hindwing patterns must be to
the result of convergence. The same pattern of two white (or
silvery) streaks against a dull ground colour is seen in
Heteropterinae (e.g. Metisella, Piruna) and Hesperiinae
(e.g. Vidius, Kedestes), all of which are known or believed
to feed on grasses. Thus, although Evans (1937) believed
that Tsitana, Lepella and Leptalina ‘clearly have a common
origin’, because of their similar ventral wing patterns, our
results suggest that this cryptic pattern has evolved several
times in unrelated genera of grass-feeding skippers.
Evans (1937) believed that the Madagascan endemic
Hovala was ‘[v]ery closely allied’ to Metisella, a mainland
African genus sister to Carterocephalus (98: BS 13, Fig. 4).
Although male genitalia of Hovala strongly suggest that
they are heteropterines (Evans, 1937; Viette, 1956), female
genitalia appear to lack an appendix bursae (Viette, 1956).
Despite this, Hovala exhibits other typical heteropterine
features (porrect palpi, long hindwing discal cell), and,
pending further study, we include it within Heteropterinae,
following Larsen (2005).
Argopteron, three species endemic to Chile and Argentina
whose males have metallic gold scales on the wings (Evans,
1955; Peña et al., 1996), shares heteropterine features such
as porrect palpi, a long hindwing discal cell and the typical
form of male genitalia (Evans, 1955). In addition, Argopteron
shares the uniquely shaped foretibial epiphyses with Butleria.
Thus, we associate it with Heteropterinae (Appendix 1).
Dalla is unusually diverse, with at least 96 species
distributed from northern Mexico to Bolivia (Evans, 1955;
Steinhauser, 1991b, 2002; Viloria et al., 2008). Many of
the 41 Dalla taxa treated as subspecies by Evans (1955)
may prove to be species (Steinhauser, 2002), and various
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undescribed species of Dalla are also known (A. D. Warren,
unpublished). Evans (1955) divided Dalla into seven species
groups, which are apparently not monophyletic (Steinhauser,
1991, 2002). However, Dalla exhibits a great diversity in
morphology, and several groups of closely related species
are recognized, suggesting that the genus might be worthy of
subdivision in the future (Steinhauser, 1991, 2002). The
majority of Dalla species occur in the Andes of Venezuela,
Colombia, Ecuador, Peru and Bolivia, usually above 1800 m
(A. D. Warren, personal observation), where several are
often present at any given locality. On the eastern slopes of
the Andes in Ecuador (near Cosanga, Napo Prov., 2150 m.),
several species of Dalla have recently been reared on Chusquea (fide Harold Greeney, unpublished data), and we
suspect that many Andean Dalla are also bamboo feeders.
More research is needed to determine if patterns of diversity
indicate elevational replacement of species, a phenomenon
seen in some satyrine butterflies whose larvae presumably
feed on the same Chusquea foodplants as Dalla (Pyrcz &
Wojtusiak, 2002). A comprehensive revision of Dalla and
related genera such as Freemaniana (see Warren, 2001a, b)
and Piruna (see Warren & González, 1998) is needed; even the
generic boundary between Piruna and Dalla remains ambiguous (Steinhauser, 2002). Most of the approximately 25
Piruna species occur in Mexico, and several undescribed
species are known (Warren, 2000; A. D. Warren, unpublished). Like Dalla, species of Piruna are predominantly
montane, but larvae feed on grasses (Brock & Kaufman,
2003; A. D. Warren, unpublished).
Evans’ (1949) included the monotypic Barca and Apostictopterus in his Carterocephalus group, noting that they ‘lead
over to the Astictopterus group and are perhaps more nearly
related thereto’. Barca bicolor is apparently endemic to China
and Vietnam, and Apostictopterus fuliginosus is known from
China and northeastern India (Evans, 1949; Monastyrskii &
Devyatkin, 2003). The single male of Barca bicolor we
examined has genitalia very different from those of Heteropterinae, with simple, undivided valvae and a very short
saccus. We have not examined specimens of Apostictopterus,
but, in Evans’ figure (1949), the form of the valvae, tegumen
and aedeagus are considerably different from those of all
heteropterines discussed above. Although Chou (1994, 1998)
associated Barca with Carterocephalus and Leptalina (Heteropterinae), and Apostictopterus with Astictopterus (Hesperiinae), we have placed both with Old World hesperiines.
Males of many species of Heteropterinae congregate at
damp ground, often in large numbers, where they probe the
substrate, presumably for minerals. Males tend to extrude
liquid from their anus onto the ground, presumably to
suspend dried mineral deposits, while simultaneously drinking the resulting cocktail (Warren & González, 1998; Steinhauser, 2002). Species of Heteropterinae feed on grasses
(Appendix 2). Although adults are associated with Chusquea
(Peña et al., 1996), native larval foodplants of Butleria and
Argopteron have apparently not been confirmed.
TRAPEZITINAE (100). Endemic to Australia, Tasmania and New Guinea, Trapezitinae (100) is monophyletic

with strong support (BS 24). With the exception of a few
primarily New Guinean genera (discussed below), the
circumscription of Trapezitinae (Appendix 1) and its status
as a subfamily-level taxon, related to Hesperiinae, are widely
agreed upon (Waterhouse, 1932; Voss, 1952; Atkins, 1973,
1984, 1994, 2005; Common & Waterhouse, 1981; Atkins &
Edwards, 1996; Ackery et al., 1999; Parsons, 1999; Braby,
2000, 2004). However, there is no consensus on genus-level
relationships within this subfamily, and some genera, as
currently defined, may not be monophyletic (W2008).
Some authors have suggested that a genus unrepresented
in our study, Rachelia, might occupy a ‘basal’ position
within Trapezitinae (e.g. Parsons, 1999; Atkins, 2005). The
two rare species of Rachelia (R. extrusus, R. icosia) are
endemic to the New Guinea region (Atkins, 1975b; Parsons,
1999; Braby, 2000, 2004). The relationship between Rachelia
and two Papuan genera of Hesperiinae (Prada and Tiacellia), placed by Evans’ (1949) in his Prada subgroup of the
Plastingia group, is unclear. For now, we follow Parsons
(1999) in placing Rachelia in Trapezitinae, and Prada and
Tiacellia in Hesperiinae (Appendix 1), but stress the need for
fresh study material of these three genera.
The orientation of the hindwing discocellular veins,
directed towards the apex of the wing (character 44), has
been treated as a synapomorphy for Trapezitinae (Evans,
1949; Ackery et al., 1999; Parsons, 1999). However, as
discussed by Parsons, there is a considerable amount of
variation in the orientation of these veins among trapezitines, and the condition seen in trapezitine genera is
approached in some hesperiine genera (e.g. Prada). Like
most Heteropterinae, females of all trapezitine taxa examined possess an appendix bursae (character 14; Atkins, 1984,
1994, 1997, 1999a; Moulds & Atkins, 1986; Mayo & Atkins,
1992; Williams et al., 1998). However, as illustrated by
Atkins (1994), females of Herimosa and Croitana appear to
lack an appendix bursae, and it is weakly developed in some
Antipodia (Atkins, 1984). It is also weakly developed or
absent in Proeidosa (Atkins, 1984, 1994), but present in
Rachelia (A. Atkins, personal communication, 2006; A. D.
Warren, personal observation). Males of apparently all
trapezitines except Rachelia (Atkins, 1975b) have symmetrical valvae (character 12), and apparently all have a short
forewing discal cell (character 42). The form of the second
palpal segment (character 9) is variable in Trapezitinae, but
in most it is ‘hairy’ and porrect, as in some Pyrginae (e.g.
Pyrgus) and Heteropterinae. As with Heteropterinae and
Hesperiinae, the abdomen of trapezitine adults tends to be
longer than the hindwings (character 11), and in females of
some (e.g. Oreisplanus), the abdomen may be very large and
prominently swollen. Meso- and metatibiae of almost all lack
spines (characters 24, 25), although Hesperilla donnysa has
spiny meso- and metatibiae. Adults of Mesodina and Motasingha lack the upper pair of metatibial spurs (character 26),
present in other trapezitines. Secondary sexual characters of
Trapezitinae include the variable presence of stigmata on
male forewings (character 28), as seen in various Coeliadinae
and Hesperiinae. However, stigmata are not present in all
genera, or in every species of genera in which they occur.

# 2009 The Authors
Journal compilation # 2009 The Royal Entomological Society, Systematic Entomology, 34, 467–523

Classification of Hesperiidae
Males of many trapezitines perch on hilltops (e.g. Atkins,
1975a, 1978, 1984, 1987, 1999b; Moulds & Atkins, 1986;
Braby, 2000, 2004). When at rest (character 48), Trapezitinae hold their wings erect over the thorax and abdomen;
however, basking posture varies (see character 49). Most
trapezitines bask with all four wings spread equally (but
usually only partially), although some (e.g. Trapezites,
Toxidia) bask with hindwings fully spread and forewings
partly open, as do most Hesperiinae (Atkins, 1999b). Trapezitinae, together with Heteropterinae and most Hesperiinae,
utilize monocots as larval foodplants (Appendix 2). Larval
foodplants of Hewitsoniella and Felicena remain unknown
(Parsons, 1999).
HESPERIINAE (9). Hesperiinae is monophyletic with
good support (BS 6, Fig. 4). Evans (1949, 1955) suggested
that Heteropterinae (96) and Trapezitinae (100) should be
considered tribes of Hesperiinae, because all three groups
rest with wings held erect over the thorax (character 48) and
utilize monocots, almost exclusively, as larval foodplants
(character 47). Although our cladogram suggests that these
three taxa form a monophyletic group (and could therefore
all be considered part of Hesperiinae), Hesperiinae as
defined in Fig. 4 (clade 9) receives good support from our
data. If one (8: BS 2) or both (7: BS 5) of the other clades are
included in Hesperiinae, monophyly of the clade receives
weak or moderate support, respectively. On the other hand,
the monophyly of Hesperiinae without Aeromachini (110) is
strongly supported (10: BS 11). Thus, if the boundaries of
Hesperiinae were to be further adjusted, our current data
would support removal of Aeromachini (to the subfamily
level), over inclusion of Heteropterinae and/or Trapezitinae.
No recent authors have suggested subfamily-level status for
Aeromachini, and no morphological synapomorphies are
known that separate Aeromachini from other Hesperiinae
(but see below).
We recognize eight tribes of Hesperiinae. Although the
position of Aeromachini as sister to remaining tribes
receives strong support, all other tribal relationships in the
subfamily are weakly supported, with the exception of
a clade of primarily New World genera (Thymelicini þ
(Calpodini þ (Anthoptini þ (Moncini þ Hesperiini)))) (16:
BS 4). Future research is likely to alter the topology of
hesperiine tribes suggested by our data (Fig. 4). As discussed
below, monophyly of the eight tribes is variably supported,
and a number of mainly Old World genera remain unplaced
at the tribal level.
We have identified no morphological synapomorphy for
Hesperiinae, although several characters partly characterize
the group. Forewing vein M2 originates closer to M3 than to
M1 in most Hesperiinae (character 41; Speyer, 1879;
Watson, 1893; Mabille, 1903–1904; Evans, 1949, 1955).
However, the origin of vein M2 is equidistant between M3
and M1 in various Old World hesperiines, many Pyrrhopygini and a few Eudaminae (character 41). In most Hesperiinae, the abdomen is longer than the hindwing dorsum
(character 11), although in a few Old World hesperiines and
some moncines the reverse is true. All Hesperiinae included

in our study have a short forewing discal cell (character 42).
Male secondary sexual characters include the variable
presence of forewing stigmata (character 28), although
a few genera have specialized scales on the ventral forewing
surface and corresponding region of the hindwing (characters 32–33), hindwing tufts (character 30), or a stigma on the
dorsal hindwing surface (character 31). Males of most
hesperiines tend to lack the ornate processes on the valvae
found in many Coeliadinae, Eudaminae and Pyrginae, and
valvae of most species are exactly or nearly symmetrical
(character 12), except for some Old World hesperiines and
scattered genera and species in various tribes (Evans, 1949).
The vast majority of hesperiines feed on monocots as larvae
(Appendix 2), although a few feed on dicots, as discussed
below. Adults of most Hesperiinae have a peculiar basking
posture (character 49), with hindwings completely spread
while forewings are held only partly open. This posture is
otherwise shared only with some Trapezitinae.
Aeromachini (110). Aeromachini is monophyletic with
strong support (BS 12), and is sister to the remaining tribes
of Hesperiinae (10: BS 11). Genera of Aeromachini included
in our study are from the Ampittia subgroup (Ampittia) and
the Halpe subgroup (Sovia, Thoressa and Halpe) of Evans’
(1949) Astictopterus group. Additional genera in the tribe
include all remaining genera of Evans’ Halpe subgroup
(Sebastonyma, Pedesta, Onryza and Pithauria), as well as all
Asian genera from the (1949) Ampittia subgroup (Ochus,
Baracus and Aeromachus). Other than Ampittia, which is
also widely distributed in Southeast Asia, African genera
placed in Evans’ (1937) Ampittia group (Prosopalpus,
Kedestes, Fulda, Galerga, Gorgyra (and Gyrogra)) are not
associated with Aeromachini (Appendix 1).
Males of some or all Aeromachus, Ampittia, Sovia, Thoressa, Halpe, Pedesta and Pithauria have distinctive forewing
stigmata, accompanied by a distortion of the hindwing veins
at the end of the discal cell (Evans 1949). Evans called this
type of stigma the ‘Halpe brand’, and used this term in his
generic and specific diagnoses of Ampittia, Aeromachus,
Sovia, Pedesta, Thoressa and Pithauria. Devyatkin (1996a)
noted a Halpe brand in the monotypic genus Parasovia
(which he believed to be related to Sebastonyma, Sovia and/
or Thoressa). In Evans’ (1949) words, a Halpe brand, and
associated modifications in hindwing venation, consists of ‘a
brand of large, loosely packed, scales from base of space 2
[Cu1-Cu2] upf to below vein 1 [1A þ 2A], where it curves
inwards; H cell shortened, veins 6 (M1) and 7 (Rs) hairpinned, lower end of cell upturned and veins 2 [Cu2], 3 [Cu1],
4 [M3] close together.’ Evans (1949) also noted that most
species in these genera have porrect palpi (as seen in Heteropterinae, etc., character 9), and that the male genitalia were
‘similar and somewhat peculiar’.
Inoué & Kawazoé (1966) reviewed South Vietnamese
Aeromachus, Ampittia, Sovia, Thoressa and Halpe, and
defined the ‘Halpe group’ to include these genera as well as
Ochus and Arnetta (the latter from Evans’ 1949 Astictopterus
subgroup). Their characterization was based primarily on
characters of the male genitalia. While placing Arnetta (which
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lacks a Halpe brand) with Halpe and relatives, they treated
Astictopterus (the only other genus in the Astictopterus
subgroup) as a member of Evans’ Isoteinon group (see below,
and Fig. 4). Eliot (1978) noted that Arnetta is probably not
monophyletic, and transferred it to Evans’ (1949) Plastingia
group, but otherwise followed Inoué & Kawazoé’s circumscription of the Halpe group. In our cladogram, Astictopterus
jama is associated with the Old World genera discussed below
(Fig. 4), so we follow Eliot (1978) and exclude Arnetta and
Astictopterus from Aeromachini.
The Halpe brand with associated modifications in hindwing venation is apparently a synapomorphy of Aeromachini, even though it is not present in all genera (Ochus,
Baracus, Sebastonyma and Onryza lack stigmata), or in all
species of genera in which it does occur. Male genitalia of
aeromachines have a distinctive appearance, as the tegumen
of most species is dramatically modified (Evans, 1949; Eliot,
1959; Inoué & Kawazoé, 1966; Maruyama, 1991; Tsukiyama & Chiba, 1991; de Jong & Treadaway, 1993b; Devyatkin,
1996a, 1997, 2002; Chiba, 1999; Gorbunov, 2001; Devyatkin
& Monastyrskii, 2002), bearing ‘a pair of lamellate expansions or arm-like processes on [the] hind margin’ (Inoué &
Kawazoé, 1966). Although various modifications of the
tegumen are seen elsewhere in Hesperiidae (de Jong, 1983b),
this feature is a potential synapomorphy of the tribe. Males
in two genera of aeromachines that lack dorsal forewing
stigmata, Sebastonyma and Onryza, possess other secondary
sexual characters: Sebastonyma have a tuft of specialized
scales on the forewing dorsum, against the ventral surface,
and some Onryza have a tuft of hair-like scales on the dorsal
hindwing surface. Adults of all Aeromachini, except
Ochus and Aeromachus, share a similar wing shape and
pattern elements (Wynter-Blyth, 1957; Pinratana & Eliot
1985; Maruyama, 1991; de Jong & Treadaway 1993b, c;
Devyatkin, 1996a).
With the exception of Ampittia, which also occurs in
Africa, all Aeromachini are Oriental. The genus Halpe is
unusually diverse, with about 35 known species (de Jong &
Treadaway, 1993b, c; Vane-Wright & de Jong, 2003), some
described only recently (e.g. Tsukiyama & Chiba, 1991; de
Jong & Treadaway, 1993b; Devyatkin, 1997, 2002; Chiba,
1999). Larval foodplants of Aeromachini apparently are all
in Poaceae (Appendix 2).
Clades (113, 117, 118, 134). In W2008, these four clades
were monophyletic (called ‘clade 110’), but were not given
tribal status because of the disparate mix of taxa included.
In our current study, members of the former ‘Clade 110’ are
distributed mainly among four clades, receiving weak (113:
BS 2), moderate (118: BS 3; 134: BS 4) and good (117: BS 6)
support (also see discussion under Baorini). We feel that the
unstable composition of these clades results largely from
insufficient taxon sampling (especially of Old World genera),
and defer associating tribal-level names with these clades.
However, several family-level names are available for clades
in this group (Table 1),
Genera in these four clades possess features characteristic
of various hesperiid groups. For example, adults of Tsitana

have a vestigial foretibial epiphysis (character 23), similar to
many Heteropterinae. Eyelashes at the base of the antennae
(character 5), a feature characteristic of skippers except
Coeliadinae, may be vestigial (Hidari, Lotongus) or completely absent (Perichares, Orses, Gretna, Pteroteinon) (they
are vestigial also in some species of Pyrrhopygini). In
Gangara thyrsis, Hyarotis adrastus, Iambrix salsala, Idmon
obliquans, Koruthaialos rubecula, Suada swerga, Suastus
minutus and Tsitana tulbagha, the origin of forewing vein
M2 (character 41) is equidistant between veins M3 and M1,
unlike the case for most Hesperiinae. Andronymus, Paracleros, Plastingia, Suada and Erionota have a long hindwing
discal cell (character 43), otherwise rare in Hesperiinae (but
characteristic of Heteropterinae). In contrast to other
Hesperiinae, Heteropterinae and Trapezitinae, some genera
in these clades (Ancistroides, Notocrypta, Gangara, Erionota,
Lotongus, Zela, Orses, Perichares) have long, rounded
hindwings, with the dorsum longer than the length of the
abdomen (character 11). Others, including Andronymus,
Idmon, Iambrix and Suada (at least S. swerga), have long,
slender, lanceolate third segments of the labial palpi, which
end in a sharp tip (character 7). Palpi like this are found also
in Thymelicini, some Taractrocerini and Moncini. In most
species of these clades, meso- and metatibiae lack spines
(characters 24–25), but there are exceptions (Perichares,
giant skippers). Some species (Plastingia naga, Pteroteinon
laufella) have asymmetrical male genitalia (character 12),
and males of Gorgyra, Semalea, Zographetus, Scobura, some
Suada, Cupitha, Oerane and Ge appear to lack a gnathos,
a condition seen otherwise only in Taractrocerini (Evans,
1949; Lindsey & Miller, 1965; Eliot, 1967; de Jong &
Treadaway, 1993a). Females of some species in these clades
have a distinct appendix bursae (character 14), including
Ceratrichia clara and Meza meza, a feature otherwise typical
of Trapezitinae and Heteropterinae. Finally, various species
and genera of these clades utilize dicots as larval foodplants, including some Udaspes, Cupitha (Eliot, 1978;
Maruyama, 1991), Gorgyra, Acleros, Meza, Andronymus,
Fresna, Platylesches, and probably Gyrogra, Osphantes,
Paracleros, Paronymus and Melphina (Larsen, 2005).
Secondary sexual characters on males in these clades
include forewing stigmata (character 28), hindwing tufts of
modified scales (character 30) in a few species (e.g. Andronymus evander, Caenides dacela), and stigmata on the dorsal
hindwing surface (character 31) in Osmodes species (Miller,
1964; Larsen, 2005), which differ from those found in Pastria
(Taractrocerini). In addition, Osmodes lindseyi and Idmon
obliquans have a scale tuft on the ventral forewing surface
(character 33). Idmon obliquans also has a stigma on the
ventral forewing surface associated with specialized scales on
the dorsal hindwing surface (character 32). Adults of various
species in these clades are largely or entirely crepuscular (e.g.
Caenides, Gretna, Pteroteinon, Matapa, Erionota, Gangara,
see Lindsey & Miller, 1965; de Jong, 1983; Maruyama, 1991;
Perichares, Orses, A. D. Warren, personal observation),
which is often reflected by their having red eyes in life
(de Jong, 1983). As noted by Bascombe et al. (1999), larvae
of Matapa are covered in abdominal hairs (which are
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otherwise characteristic of Pyrrhopygini). The diverse larval
foodplants of these clades are listed in Appendix 2.
Even though our results suggest that Evans’ (1937) groups
of African hesperiine genera and his (1949) Ancistroides and
Plastingia groups are not monophyletic (W2008), we lack
sufficient evidence to propose a more natural arrangement.
Therefore, with the addition of some genera from Evans’
(1949) Carterocephalus group, his (1937, 1949) Astictopterus group and his (1937) Gegenes group (as detailed
elsewhere in this discussion and in Appendix 1), our
arrangement of Old World hesperiine genera in these clades
follows Evans’ (1937) Ampittia (all genera except Ampittia),
Ceratrichia, Acleros, and Ploetzia groups, as well as his (1949)
Isoteinon, Ancistroides and Plastingia groups, with additional genera described by subsequent authors (Lindsey &
Miller, 1965; Eliot, 1978; Chiba & Tsukiyama, 1994;
Devyatkin, 2002; Larsen, 2005).
Although the inclusion of New World genera in this clade
may be an artifact resulting from insufficient data, especially
for the giant skippers (see below), the placement of two
genera from Evans’ (1955) Carystus group in clade 113,
Orses þ Perichares (116: BS 27), is supported by a few
morphological features shared with Old World genera.
These include absence of an eyelash, hindwing dorsum
longer than the abdomen, and partially crepuscular adult
behaviour. In addition, species sharing these features have
very long antennae, a similar pointed forewing shape, and
similar forewing opaque markings. Evans (1955) indicated
the Carystus group, characterized by its ‘quadrantic’ palpi
(a feature shared with genera in other tribes), as a ‘Neotropical group, corresponding with the Ploetzia group in Africa
and the Ancistroides group in Asia.’ However, our sampling
from the Carystus group is poor (just four of 33 genera),
and, because members of the Carystus group are distributed
between clade 113 and Calpodini (clade 151) in our cladogram (Fig. 4), the overall New World composition implied
by clade 113 is unclear. Alera and Lycas appear to be closely
related to Perichares and Orses, based on the characters
listed above, as well as on male genitalia. Valvae in these
four genera are remarkably simple, usually without prominent indication of a separation between the harpe and
ampulla. The tegumen in these four genera is broad (slightly
narrower in Lycas), and the aedeagus is simple (Godman,
1901 in Godman & Salvin, 1879–1901; Evans, 1955).
There has never been a consensus on the phylogenetic
position of giant skippers (Megathymus, Agathymus and
allies, formerly known as ‘Megathyminae’), and different
authors have treated them as ‘moths’, as a family within the
superfamily Hesperioidea, as a subfamily of Hesperiidae
(sometimes as sister to remaining skippers), or, recently, as
a tribe of the Hesperiinae (Pelham, 2008). The implied sister
relationship between giant skippers and small African
skippers (Meza þ Ceratrichia), although receiving moderate support (134: BS 4), is not supported by morphological
or biogeographical evidence, and probably is an artifact of
insufficient data. The placement of Megathymus and Agathymus in clade 134 reinforces the recent hypothesis (Ackery
et al., 1999; Opler & Warren, 2002; Pelham, 2008; W2008)

that giant skippers are a highly derived group of Hesperiinae. However, placement of giant skippers in the heterogeneous clade 134 does not improve our understanding of
their evolutionary history, other than suggesting that they
might be related to Old World groups of Hesperiinae.
In addition to the very large size of most adult ‘giant
skippers’, the females of which typically have swollen
abdomens, there are a few other features that set them apart
from most other Hesperiinae. Giant skippers have a reduced
foretibial epiphysis (character 23) and a highly reduced
antennal apiculus (character 6). Adults have a narrow head,
compared with the width of the thorax (Freeman, 1969b;
Ackery et al., 1999), and all tibiae are heavily spined
(characters 24–25). Males of some Megathymus (e.g. M.
streckeri) have long, dark hairs densely covering the dorsal
hindwing surface and most of the ventral forewing surface
(character 36). Other secondary sexual characters are
absent. Immature stages are just as unusual as adults, and
life-history details have been documented for species in all
five genera (Tinkham, 1954; Remington, 1958a, b; Stallings &
Turner, 1958; Roever, 1964; Stallings & Stallings, 1969,
1986; Wielgus et al., 1972; Wielgus & Wielgus, 1973, 1974;
Wielgus & Stallings, 1974; Preston, 2005). Eggs of giant
skippers are unusually large. Unlike the case for other
skippers, larvae of giant skippers bore into roots of Yucca
and Manfreda species (Liliaceae), as well as into the fleshy
leaves of Agave species. Larvae lack the constricted neck
that is characteristic of other Hesperiidae (see character 46),
and lack an anal comb (Scott & Wright, 1990; Ackery et al.,
1999). Pupation takes place in cavities created by larval
feeding, and pupae are able to move within their tunnels
with surprising speed. These morphological autapomorphies are apparently all associated with the boring habits
of larvae (Evans, 1955; Ackery et al., 1999).
Baorini (138). In W2008, Baorini was monophyletic with
strong support, but this entirely Old World clade was
situated in a seemingly odd and weakly supported sister
relationship with the tropical American Talides. In the
present study, the monophyly of Baorini remains strongly
supported (138: BS 22), although the clade is now situated in
an equally unlikely and weakly supported (137: BS 2) sister
relationship with the American Pyrrhopygopsis (see below).
All Baorini included in our study (Appendix 1) are from
Evans’ (1949) European, Asian and Australian Gegenes
group. Evans (1949) began his diagnosis of the Gegenes
group by saying, ‘[t]he first seven genera included herein
(Gegenes, Parnara, Borbo, Pelopidas, Polytremis, Baoris,
Caltoris) form a compact group. The last, Iton, has different
genitalia, but has the antennae characteristic of the group
and seems better placed next [to] Caltoris than in the
Plastingia group.’ Although Evans’ (1949) figures of Gegenes group male genitalia show many similarities in the
uncus, gnathos and valvae, there is little further mention of
genitalia in his generic diagnoses. However, Evans made two
earlier (1937) references to ‘Gegenes group’ genitalia in his
original descriptions of the African Brusa and Zenonia. Males
of Evans’ (1949) Gegenes group have a relatively broad,
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bi-lobed uncus, a well-developed gnathos, and the ampulla of
the valvae ends in an upward-pointing, serrate hook; this is in
contrast to Taractrocerini (which have a narrow uncus, lack
a gnathos and have simple valvae), as well as to various
unplaced Old World hesperiines (Evans, 1937, 1949; Chiba &
Eliot, 1991; Maruyama, 1991; Bascombe et al., 1999; Gorbunov, 2001). Evans (1949) characterized antennae in the
Gegenes group as being no greater than half the length of
the forewing costa. Antennae of most Asian genera tend to be
proportionally shorter than those of most Taractrocerini, but
antennae of most New Guinean Baorini are actually slightly
longer than half the length of the forewing costa (Parsons,
1999).
We found no morphological synapomorphy for Baorini,
although male genitalia are distinctive. Eliot (1978) cited ‘an
internal veinlet entering the cell from just above the origin of
vein 3’ on the forewing as a defining character of his
‘Pelopidas group’ (equivalent to Evans’ 1949 Gegenes
group). However, the expression of this character is variable
(Chou, 1998; Bascombe et al., 1999), and it is absent in all
Baorini (we did not score this character as it is often very
difficult to observe). This veinlet is present also in various
unplaced Old World hesperiines (e.g. Gangara; Eliot, 1978).
In Baorini, hindwing vein M2 originates much nearer to M3
than to M1 (character 41), a feature shared with most other
Hesperiinae. As with other tribes of Hesperiinae, the adults
of most (or all?) Baorini have a fairly prominent tuft of hairlike scales at the base of the hindwing costa (character 38).
The distribution of spines on meso- and metatibiae (characters 24–25) is variable across Baorini; most taxa lack
spines, although some (e.g. Gegenes, Borbo, Pelopidas,
Baoris) have spiny tibiae. Secondary sexual characters
found in some Baorini include forewing stigmata (character
28), a tuft of hair-like scales on the dorsum of the forewing
(character 33), or a brand on the ventral forewing surface
corresponding with a tuft of specialized scales on the dorsal
hindwing surface. However, the distribution of these characters is variable at the genus level, and several genera
completely lack secondary sexual characters. Adults of most
Baorini are brown with small opaque spots, and are
confusingly similar (Pinratana & Eliot, 1985; Maruyama,
1991; Bascombe et al., 1999). Prusiana and Zenonia adults
have extensive tawny markings, resembling those of Taractrocerini (Vane-Wright & de Jong, 2003; Larsen, 2005).
We include all of Evans’ (1949) European, Asian and
Australian Gegenes group in Baorini. Evans (1949) placed
Prusiana in his Taractrocera group, mainly because of its
predominantly black and orange wing pattern, but noted
that, ‘on genitalia, it belongs to the Gegenes group’. As
figured by Evans, males of Prusiana species have a welldeveloped gnathos, with uncus and valvae typical of Baorini, and Prusiana does not seem closely related to other
Taractrocerini (de Jong, 1990): we include Prusiana in
Baorini (Appendix 1). Lee (1966) moved Borbo bevani,
whose male genitalia differ from those of other Borbo but
share all the characteristics of Gegenes group genitalia, to
the monotypic genus Pseudoborbo. Because subsequent
authors (Parsons, 1999; Vane-Wright & de Jong, 2003) have

considered Pseudoborbo to be a synonym of Borbo, we have
not included the taxon in Appendix 1.
Evans (1937) also recognized a Gegenes group in his
treatment of African Hesperiidae, which included Melphina,
Fresna, Platylesches, Brusa, Zenonia, Baoris, Pelopidas,
Parnara and Gegenes. However, his diagnoses for the
African and Eurasian/Australian Gegenes groups have little
in common. In particular, Melphina, Fresna and Platylesches do not have Gegenes group genitalia (Evans, 1937),
and have antennae that are considerably longer than half the
length of the forewing costa (Larsen, 1991, 2005). Therefore,
we consign these three African genera to unplaced Old
World hesperiines (Appendix 1). Larvae of Melphina, Fresna
and Platylesches are thought to feed on dicots, in contrast to
those of all other Baorini, which feed on monocots (Larsen,
2005; Appendix 2), further supporting their removal from
a consequently monophyletic Baorini.
The Neotropical Pyrrhopygopsis is in a weakly supported
sister relationship with Baorini (137; BS 2). Male genitalia of
Pyrrhopygopsis are similar to those of various Calpodini
(Godman, 1901 in Godman & Salvin, 1879–1901; Evans,
1955), which are not too different from those of Perichares
and relatives. Because of this, we do not associate Pyrrhopygopsis and relatives (see below) with Baorini or with any
other tribal taxon (Appendix 1). Evans included Pyrrhopygopsis and Pseudosarbia in his Pseudosarbia subgroup of the
Calpodes group of Hesperiinae, on the basis of their
apparent mimicry of Pyrrhopygini (see discussion under
Pyrrhopygini), as well as of the shared linear tuft of hair-like
scales on the dorsal hindwing surface (character 30).
Immature stages of many Baorini have been described,
and larvae of some species are pests of rice (Li, 1985). Larval
foodplants include various wild and cultivated species of
Poaceae (Appendix 2; also see Davidson & Aitken, 1890)
Taractrocerini (141). With the removal of Prusiana to
Baorini, Evans’ (1949) Taractrocera group is monophyletic
(de Jong 1990, 2001, 2003) and strongly supported (BS: 13)
by our data. However, the position of Taractrocerini as
sister to Thymelicini þ New World tribes receives only
moderate support (16: BS 4). Taractrocerini includes 13
genera (Appendix 1; Tsukiyama, 1973; de Jong, 1990, 2001,
2003, 2004; W2008), ranging from the western Himalayas
(de Jong, 2004) to Japan and the southern Amur region
(Inomata, 1990; Gorbunov, 2001), and to Samoa and Fiji
(Evans 1949). Only Taractrocera has received a modern
phylogenetic review (de Jong, 2004). Mimene may be paraphyletic with respect to Sabera (Parsons, 1999), and additional genera (e.g. Potanthus, Telicota) are in need of
revisionary studies (Eliot, 1967; de Jong & Treadaway,
1993; Parsons, 1999). With the exception of the study by
de Jong (2004), female genitalia of taractrocerines have been
neglected in revisionary studies, resulting in some ‘unidentifiable’ females of Potanthus, including our exemplar.
Male genitalia of Taractrocerini lack a gnathos (character
13; Evans, 1949; Eliot, 1959, 1960, 1967; Parsons, 1986,
1989, 1999; de Jong, 1991, 2004; Gorbunov, 2001; Devyatkin,
2003). The gnathos is often feebly developed and sometimes
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unsclerotized in Carcharodini (Pyrginae), and is also absent
in various unplaced Old World hesperiines (Evans, 1949;
de Jong & Treadaway, 1993a). In addition, the structure of
the valvae of taractrocerines is remarkably simple, with no
clear distinction between the harpe and ampulla. In some,
such as Taractrocera, Ocybadistes and Suniana, the third
palpal segments are long, slender and lanceolate, ending in
a sharp tip (character 7). In all taractrocerines, forewing vein
M2 originates nearer to vein M3 than to M1 (character 41).
Evans (1949) and Parsons (1999) suggested that the tuft of
hair-like scales situated at the base of the hindwing costa
(character 38) might be unique (save Koruthaialos) to the
Taractrocera group. As discussed above, although these hairs
tend to be black and well developed in Taractrocerini, they are
apparently present in most Baorini, Thymelicini, Calpodini,
Anthoptini, Moncini and Hesperiini. Male secondary sexual
characters found in taractrocerines include forewing stigmata
(character 28; absent in some genera and in some species of
genera in which they are otherwise present), and a stigma on
the dorsal hindwing surface on Pastria (Parsons, 1999).
Adults of most Taractrocerini are confusingly similar
(Seitz, 1912–1927; Pinratana & Eliot, 1985; Maruyama,
1991; Parsons, 1999), generally being dark brown or black
above, with various tawny or (less often) whitish markings.
Known larval foodplants are monocots (Appendix 2), and
two species of Arrhenes are pests of sugar cane in Papua
New Guinea (Li, 1985).
Thymelicini (149). This is the first of five tribes of
Hesperiinae that are almost entirely endemic to the New
World. Monophyly of Thymelicini is weakly supported (BS
2) by our data, and it is one of only a few of Evans’ genus
groups that we have found to be monophyletic. Thymelicini
includes Ancyloxypha, Oarisma, Copaeodes, Adopaeoides
and Thymelicus, all of which occur in the Americas.
Thymelicus is a Eurasian genus (also present in north Africa;
Tennent, 1996), introduced to North America from Europe
(Opler & Krizek, 1984; Asou & Sekiguchi, 2002). The five
genera are ‘well defined by the short antennae without any
apiculus at all (character 6) and by the slender, hairy palpi
with a long thin third segment (character 7)’ (Evans, 1955).
In addition, the ductus bursae and ductus seminalis of
females are all similar (de Jong, 1984; de Prins et al., 1992;
Häuser, 1993; W2008). The male genitalia are also similar
(Godman, 1901 in Godman & Salvin, 1879–1901; Skinner &
Williams, 1923b; Evans, 1949, 1955; Smith et al., 1991;
Gorbunov, 2001), with slender and elongated valvae, as well
as a long uncus. Based on male genitalia, the tribe forms two
‘groups’: Thymelicus, Oarisma and Copaeodes have a very
long aedeagus and saccus, whereas Adopaeoides and Ancyloxypha have a shorter aedeagus and saccus. The genitalic
similarities between Copaeodes and Oarisma are not surprising, as their sister relationship in our cladogram (Fig. 4)
is strongly supported (150: BS 12), and because the generic
limits of the two taxa remain undefined (Smith et al., 1991).
Thymelicini are small or tiny skippers, and most have
partly or mostly tawny wings, above and below. Male
secondary sexual characters include a forewing stigma

(character 28) in some Thymelicus, Copaeodes and Oarisma.
The fore-tibial epiphysis is vestigial in some species, such as
Oarisma garita (character 23; Evans, 1955). Larval foodplants of Thymelicini are grasses (Appendix 2).
Calpodini, reinstated status (151). In W2008, Calpodes
(in Evans’ (1955) Calpodes group) was sister to Saliana (also
from the Calpodes group) with strong support; however,
Synapte silius, a seemingly unrelated species from Evans’
Vinius group, was sister to Calpodes þ Saliana, with weak
support. These three genera formed a weakly supported
sister group to Dubiella (from Evans’ Carystus group) þ
Thracides (from the Calpodes group). We suggested that
elements of this clade other than Synapte might represent
a tribe, but withheld from applying a family-level name until
morphology could be studied and the position of Synapte
could be further elucidated. Here (Fig. 4), Synapte groups
with Anthoptus þ Corticea (see below). The sister relationship
of Calpodes þ Saliana (155: BS 9) receives good support, and
these genera are sister to (Talides þ (Thracides þ Dubiella))
with moderate support (152: BS 3). These five genera are sister
to Panoquina, but monophyly of this clade is weakly supported
(151: BS 2). However, exclusion of Synapte, and inclusion of
Talides (from Evans’ Carystus group) and Panoquina (from
Evans’ Calpodes group), yields a clade supported by
morphology, although this delineation of Calpodini might
change with the inclusion of unplaced New World genera from
Evans’ Calpodes and Carystus groups.
Burns (1992a) hypothesized a close relationship between
Halotus (of Evans’ (1955) Hesperia group) and Niconiades
(of Evans’ Calpodes group), and polyphyly of the Calpodes
group. Calpodes group genera that belong in Calpodini
include Zenis, Aides, Neoxeniades, Aroma and the monotypic Chloeria. Zenis has the same elongated forewing shape
as Panoquina and Calpodes (Draudt, 1917–1924), and has
similar male genitalia (Godman, 1901 in Godman & Salvin,
1879–1901; Skinner & Williams, 1923b; Evans, 1955). Likewise, Aides, Neoxeniades, Aroma and Thracides have similar
genitalia (Godman, 1901 in Godman & Salvin, 1879–1901;
Evans, 1955), with relatively simple valvae bearing a weakly
developed ampulla. For now, we associate all of these with
Calpodini (Appendix 1). Chloeria psittacina is a very
unusual skipper (Draudt, 1917–1924; Lewis, 1973; cover
of Mielke, 2005); it is fairly large, with wings that are
extensively decorated with greenish and yellow markings
against a dark ground colour. Its genitalia are also unusual,
with a well-developed, broad, bilobed uncus (Evans, 1955).
We include it in Calpodini based upon the similarity of its
wing shape to that of Carystus, but its phylogenetic position
requires further study.
In addition to genera from Evans’ Calpodes group, our
clade 151 (Fig. 4) includes Dubiella and Talides from Evans’
Carystus group. Other genera from Evans’ Carystus group
(Orses, Perichares) are among unplaced Old World genera
in our cladogram, complicating assignment of unsampled
Carystus group genera to tribes. Based on the similarity of
male genitalia to those of Talides and Dubiella (especially
the rather simple valvae), and a similar arrangement of
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hyaline or pale forewing markings, we associate the following with Calpodini: Ebusus, Evansiella, Argon, Cobaloides,
Sacrator, Megaleas, Lychnuchus, Tromba, Nyctus, Turmada,
Synale, Carystus, Telles, Tisias, Moeros, Cobalus, Carystina,
Tellona, Damas, Orphe, Carystoides and Lychnuchoides
(Godman, 1901 in Godman & Salvin, 1879–1901; Draudt,
1917–1924; Evans, 1955; Freeman, 1969a; Nicolay, 1980;
Miller, 1985; Mielke & Casagrande, 2002; Salazar & Vargas,
2002). Some of these may belong elsewhere, if the implied
placement of Orses and Perichares among Old World
hesperiines is accurate.
Unfortunately, we were not able to sample Carystus, the
type genus of Carystini Mabille, 1878, which is the oldest
available family-level name in the synonymy of Hesperiinae
(W2008). Because members of Evans’ Calpodes and Carystus groups appear to be widely interrelated, and because
of the possibility that some genera in both of these groups
are related to Old World hesperiines, the application of
Carystini at the tribal level (International Commission on
Zoological Nomenclature, 1999, art. 35.3) cannot currently
be carried out without extensive guesswork. However,
Carystini has no history of use in the literature after 1878
(Mielke, 2005), and it was not included in the Lepidopterorum Catalogus for Hesperiidae by Shepard (1937). Clark
(1948) erected Calpodini as a tribe of Hesperiinae, for
Calpodes, Panoquina and Thespieus. Subsequently, Voss
(1952) employed Calpodini at the tribal level, to include
various African and American genera such as Calpodes and
Panoquina (as Prenes, Supporting Information ST1).
Because we were able to sample Calpodes and can associate
the name Calpodini with our cladogram in an unambiguous
manner (International Commission on Zoological Nomenclature, 1999, art. 35.3), and because the name has a much
more recent and more extensive history of use than Carystini
(and therefore is in ‘prevailing usage’ with respect to
Carystini, see International Commission on Zoological
Nomenclature, 1999, art. 35.5), we apply the name Calpodini to clade 151 (Fig. 4), and maintain Carystini in the
synonymy of Hesperiinae (Table 1).
Turesis, from the Vettius subgroup of Evans’ Apaustus
group, is included, also tentatively, in Calpodini. Adults of
Turesis strongly resemble various Calpodini in their forewing opaque spot patterns, and in the form of the male
genitalia (Godman, 1901 in Godman & Salvin, 1879–1901),
and differ from other members of Evans’ Vettius group,
which we have placed in Moncini.
Although we found no morphological synapomorphy for
the Neotropical Calpodini, most species are larger than
other Hesperiinae, with a robust thorax. Antennae in some
genera are short in proportion to the forewing length (e.g.
Calpodes, Panoquina), and most have a produced forewing
apex. As with most Hesperiinae, the forewing vein M2 on
Calpodini arises nearer to M3 than to M1 (character 41).
Most species have a prominent tuft of hair-like scales at the
base of the hindwing costa (character 28). The distribution
of meso- and metatibial spines is variable (characters 24–
25). Many calpodines are primarily or entirely crepuscular,
and most are found in shaded, forested habitats (A. D.

Warren, personal observation). Various Panoquina (Penn,
1955; Onore & Cevallos, 1998), as well as Calpodes ethlius
(Opler & Krizek, 1984), undergo sporadic population
explosions and mass movements. Calpodini larvae feed on
monocots (Appendix 2).
Anthoptini A. Warren, new tribe (157).
Type Genus:
Anthoptus Bell, 1942a. Evans (1955) diagnosed his Neotropical Vinius group simply by stating ‘[t]awny forms
extracted from the Apaustus group for convenience’. As
shown by Steinhauser (1991b), this artificial separation has
sometimes resulted in the placement of congeners in separate genus groups (e.g. Anthoptus epictetus and A. insignis).
Evans’ Vinius group is not monophyletic with respect to his
Apaustus group (Fig. 4; W2008). Nevertheless, three genera
in Evans’ Vinius group (excluding Vinius, which is in
Moncini) form a clade in our analyses (157: BS 3), with
moderate support, sister to Moncini þ Hesperiini with weak
support (16: BS 2). The implied sister relationship between
Corticea and Anthoptus is strongly supported (158: BS 16),
and the position of Synapte as sister to these two genera is
supported by morphology.
Valvae of Anthoptus, Corticea and Synapte, as well as of
Falga, Propapias, Mnaseas, Zalomes and Wahydra, are
similar, and differ from those of most Moncini and
Hesperiini. Valvae of these genera are stout, and possess an
obvious division between the harpe and ampulla, with the
harpe rounded on the ventral edge, with the distal end
generally up-turned, hook-shaped, and rough-textured or
dentate. The ampulla overlaps the harpe (in lateral view), and
is generally smooth-textured or dentate. In addition, the
saccus is rather short (Godman, 1900 in Godman & Salvin,
1879–1901; Williams, 1931; Bell, 1930, 1934, 1941, 1942a, b,
1959; Hayward, 1934, 1938, 1942, 1950; Evans, 1955; Freeman, 1969a; Mielke, 1969; Miller & Miller, 1972; Nicolay,
1980; Steinhauser, 1991b; Warren & Mielke, 2005). These
characters diagnose the tribe Anthoptini (Appendix 1).
Evans (1955) placed Mnaseas in his Apaustus group, but
noted that they possess ‘[g]enitalia like Cortice’.
In addition to the diagnostic characters, most Anthoptini
have a broad uncus and well-developed gnathos, long
antennae (longer than half the length of the forewing costa),
and lack hyaline spots (although semi-hyaline spots are
present in some male Zalomes), which are generally replaced
with creamy or tawny markings. Meso- and metatibiae are
unspined (characters 24–25) in all three genera of Anthoptini
sampled, but are spined in Zalomes, Wahydra and Mnaseas
(Evans, 1955). As with most American Hesperiinae, the origin
of forewing vein M2 is situated nearer to M3 than to M1 in all
examined Anthoptini, and these species have a prominent tuft
of hair-like scales at the base of the hindwing costa (character
28). Males of Falga, Mnaseas, Zalomes and Wahydra have
forewing stigmata (character 28), but these tend to be
inconspicuous (except in Wahydra). Larval foodplants are
grasses (Appendix 2).
Moncini (159). Moncini receives moderate support from
our data (BS 4), and is sister to Hesperiini (18: BS 2).
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Relationships within Moncini are largely unresolved
(Fig. 4). One genus included in Moncini by W2008, Panoquina, is now situated in Calpodini, a placement supported
by adult morphology. Implied relationships among genera
of Moncini receive weak or moderate support, although
Lucida þ Cumbre (174: BS 11) and Cymaenes þ Vidius
(168: BS 20) are strongly supported. We found no morphological synapomorphy that unites all genera of Moncini.
Mnasicles, Remella, Apaustus, Callimormus and Amblyscirtes,
as well as some Papias, have an unusually long saccus and
aedeagus compared with most other Hesperiidae (but see
Thymelicini) (Godman, 1901 in Godman & Salvin, 1879–1901;
Freeman, 1973, 1992; Burns, 1990; Warren, 1996a, 1998).
Clade 164, including Monca, Vehilius, Saturnus, Vettius,
Cymaenes, Vidius, Mnasilus, Papias and Morys, receives
moderate support from our data (BS 5). Other than
Saturnus, these are from Evans’ Apaustus group, implying
that additional genera from the Apaustus group belong in
Moncini. Although characters of the male genitalia indicate
that Mnaseas and Propapias belong in Anthoptini, we place
all remaining unsampled Apaustus group genera in Moncini
(Appendix 1). This includes almost all genera explicitly
placed in the Apaustus group by Evans (Eutocus, Eprius,
Ludens, Methionopsis, Panca, Gallio, Methion, Thargella,
Venas, Pamba, Repens, Phanes, Mnestheus, Artines, Flaccilla,
Nastra, Sucova, Mnasinous, Mnasitheus, Moeris, Molla,
Cobalopsis, Arita, Lerema, Adlerodea, Psoralis, Tigasis,
Parcarystus, Thoon, Justinia, Onophas, Lamponia and Naevolus), as well as genera whose placement there has been
implied by subsequent authors (Peba, Radiatus, Inglorius,
Igapophilus, Saniba, Crinifemur; see Mielke, 1968, 1980,
1992; Austin, 1997b; Mielke & Casagrande, 2003; Steinhauser, 2008). The only genus other than Mnaseas placed in
Evans’ Apaustus group that we do not include in Moncini is
Turesis (see Calpodini), although Naevolus might belong
with Hesperiini.
Halotus (from Evans’ Hesperia group, but see Burns,
1992a) and Niconiades (from Evans’ Calpodes group) are
also in Moncini (W2008), as are Lento, Vinius (Vinius
group), Saturnus, Mucia, Penicula (Phlebodes group) and
Lerodea (Lerodea group; W2008). Until data from these
genera can be obtained, we tentatively place in Moncini all
genera from Evans’ Vinius group not placed in Anthoptini
(Lento, Levina, Zariaspes, Cantha, Vinius, Vinpeius, Pheraeus), as well as genera from the Phlebodes group not placed
in Hesperiini, including Saturnus, Phlebodes, Joanna, Punta,
Bruna, Rhinthon, Mucia and Penicula. In addition, morphological similarities associate Miltomiges, Styriodes, Dion,
Enosis and Vertica from Evans’ Carystus group with
Moncini. With the addition of more characters and taxa,
this large assemblage of primarily Neotropical taxa may
warrant subdivision.
Most Moncini are the ‘little brown skippers’ abundant
throughout the Neotropics (together with Anthoptini and
some Hesperiini). Noteworthy exceptions include the brilliant
coloration on some Vettius (e.g. V. coryna group, with metallic
silver ventral coloration), Pheraeus, Artines and Onophas
(Draudt, 1917–1924; Lewis, 1973; Steinhauser, 1991b). The

meso- and metatibiae are spined (characters 24–25) in most
Moncini, and, as in most other New World Hesperiinae, the
origin of forewing vein M2 is located nearer to M3 than to M1
(character 41). All Moncini examined possess a small tuft of
hair-like scales at the base of the hindwing costa (character
28), and a few genera (e.g. Lento, Callimormus, Virga) have
long, slender, lanceolate labial palpi, which end in a sharp tip
(character 7), resembling those seen in some Taractrocerini
and Thymelicini. A few genera, such as Niconiades and
Halotus, have a long hindwing dorsum (character 11), and
males of some species (e.g. Vinius letis) have a tuft of hair-like
scales on the dorsal hindwing surface (character 30). Reported
larval foodplants are grasses (Appendix 2).
Hesperiini (175). Hesperiini is monophyletic with moderate support (BS 4). Most implied generic relationships
receive weak or moderate support, but a few clades,
including the one uniting Conga, Nyctelius, Pseudocopaeodes, Atalopedes, Hesperia, Hylephila, Appia, Pompeius,
Polites, Stinga, Ochlodes and Poanes, receive good support
(181: BS 9). Genera of Hesperiini in our study are mostly
from Evans’ Hesperia group (excluding Thymelicini), but
a few are from Evans’ Phlebodes (Decinea, Caligulana,
Conga), Lerodea (Notamblyscirtes simius) and Calpodes
(Nyctelius, Thespieus, Lindra, Xeniades) groups.
All genera of Evans’ Hesperia group, with the exception
of Halotus (Moncini), appear to be in Hesperiini, including
the unsampled Linka, Wallengrenia, Atrytone, Problema,
Neochlodes, Buzyges, Onespa, Paratrytone, Choranthus,
Parachoranthus, Quasimellana, Librita, Arotis, Chalcone,
Serdis, Metron, Propertius and Phemiades. Adults in all of
these genera are superficially similar, and share several
details of the male genitalia. The aedeagus tends to be
broad, often asymmetrical, and ornamented with spines and
projections, together with various types of cornuti on the
vesica (cornuti are also found in many other tribes and
subfamilies of Hesperiidae). Valvae tend to be rather robust,
usually with a clear division between the harpe and ampulla
(as in Anthoptini), and the distal ends of the ampulla and
harpe are frequently serrate or decorated with spines and/or
hairs (Godman, 1901 in Godman & Salvin, 1879–1901;
Skinner & Williams, 1924a, b, c; MacNeill, 1964, 2002;
Miller, 1965; Mielke, 1971, 1972, 1978; Steinhauser, 1974;
Burns, 1985, 1988, 1989, 1992b, 1994a, b; Shuey, 1987, 1994;
Steinhauser, 1996; MacNeill & Herrera, 1999).
Decinea, Caligulana and Conga share the male genitalic
features noted above with unsampled genera from Evans’
Phlebodes group (Quinta, Cynea, Oeonus, Cyclosma, Orthos,
Holguinia) (Godman, 1901 in Godman & Salvin, 1879–1901;
Hayward, 1934, 1950; Evans, 1955). We associate all of these
with Hesperiini (Appendix 1), together with the monotypic
Oligoria (from the Lerodea group), which exhibits male
genitalia similar to those of Decinea (Skinner & Williams,
1924a; Lindsey et al., 1931). Four genera from Evans’ Calpodes group are included within Hesperiini in our cladogram
(Fig. 4): Nyctelius (184, sister to Conga with good support,
BS 6), Thespieus (179, sister to Euphyes þ Notamblyscirtes
simius with moderate support, BS 3), Lindra (178, in a
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polytomy with Libra, Hansa and Caligulana, BS 5) and
Xeniades (see W2008). Males of these genera and a few others
from the Calpodes group (Tirynthoides, Tirynthia, Vacerra,
Jongiana, Oxynthes, Cravera) share the above genitalic
features (Godman, 1901 in Godman & Salvin, 1879–1901;
Evans, 1955; Steinhauser, 1974; Mielke, 1978; de Jong, 1983a)
and are here included in Hesperiini (Appendix 1).
Evans’ (1955) Lerodea group (comprising Lerodea, Amblyscirtes, Atrytonopsis and Oligoria) is polyphyletic: Lerodea
belongs in Moncini, together with Amblylscirtes species, but
Notamblyscirtes simius (placed in Amblyscirtes until 2006) and
Oligoria belong in Hesperiini (W2008). We did not sample
Atrytonopsis, but its superficial wing characters, as well as
features of the male genitalia (Godman, 1901 in Godman &
Salvin, 1879–1901; Evans, 1955; Burns, 1982, 1983), suggest
that it is related to Oligoria, Decinea and Vacerra. Therefore,
we include Atrytonopsis in Hesperiini (Appendix 1).
In addition, Misius, Molo, Racta and Pyrrhocalles are
placed in Hesperiini (Appendix 1). Evans (1955) placed
these genera in his Vinius group, because of the tawny
coloration of adults, but, based on adult size and male
genitalic features (see Evans, 1955), these four genera
apparently are not closely related to other genera in the
polyphyletic Vinius group. Misius, Molo and Racta are
distributed in Central and South America, whereas Pyrrhocalles is endemic to the Greater Antilles (Smith et al.,
1994). Male genitalia of Pyrrhocalles and Asbolis are similar
(Williams, 1931; Evans, 1955), so these four genera are
placed following Asbolis (Appendix 1). However, it is
unknown how closely related Misius, Molo and Racta may
be, or if they share a close relationship with Pyrrhocalles.
We found no morphological synapomorphy for Hesperiini,
although, in all species examined, forewing vein M2 originates nearer to M3 than to M1 (character 41), and the base
of the hindwing costa is furnished with a small tuft of hairlike scales (character 28). These features are shared with
most New World Hesperiinae. In most Hesperiini, mesoand metatibiae are spined (characters 24–25), and in some
the antennal apiculus (see character 6) is highly reduced (e.g.
Hylephila). Males of many Hesperiini possess stigmata on
the upper surface of the forewings, although they are
sometimes absent in certain species of genera in which they
widely occur (e.g. Polites, see MacNeill, 1993).
With the exception of Ochlodes, whose centre of diversity
is in China (Chiba & Tsukiyama, 1996), and Hesperia, with
a few species in Europe, north Africa and Asia (Chinery,
1989; Tennent, 1996; Chou, 1994, 1998), Hesperiini is an
entirely New World tribe. Adults in many genera are
superficially similar (e.g. Hesperia, Polites, Atalopedes,
etc.), and males of many species guard perches on hilltops
or ridgelines (e.g. some Hesperia species, see Warren, 2005).
Larvae feed on monocots (Appendix 2).
Evolution of larval foodplant use
Choice of larval foodplants is conservative in Hesperiidae, and most higher groups are uniformly associated with

either monocots or dicots. All known larval foodplants of
Coeliadinae, Euschemoninae, Eudaminae and Pyrginae are
in dicotyledonous families, with the exceptions of Urbanus
teleus and U. procne (Eudaminae), feeding on Poaceae,
Tagiades and Daimio (Tagiadini), feeding on Dioscoreaceae,
and Cyclosemia herennius (Carcharodini), feeding on Cannaceae and Zingiberaceae. In contrast, all Trapezitinae,
Heteropterinae and Hesperiinae larvae feed on monocotyledonous families, except for several African and Oriental
genera of Hesperiinae, which feed on dicots (Appendix 2).
Dicot-feeding lineages account for the basal clades of
Hesperiidae (Fig. 3), whereas the terminal branches in our
cladogram (Fig. 4) are represented by the monocot-feeding
lineages. Our tree implies a single major switch from dicot to
monocot feeding in Hesperiidae (presumably by the ancestor of Heteropterinae, Trapezitinae and Hesperiinae), which
was accompanied by considerable diversification, especially
in the New World Moncini and Hesperiini (somewhat
resembling patterns seen in Satyrinae, see Peña et al.,
2006). Under this scenario, there have been just a few
secondary gains of monocot feeding among dicot-feeding
lineages, and only a few reversals back to dicot feeding
among monocot-feeding lineages. It remains to be seen how
closely related the African dicot-feeding genera of Hesperiinae might be to each other, or if they form a monophyletic
group. Although de Jong (1999) found no evidence of
coevolution (sensu Ehrlich & Raven, 1964) between butterflies and their larval foodplants at higher taxonomic levels,
such a scenario should not yet be ruled out for the monocotfeeding lineages of Hesperiidae.
Historical and biogeographical patterns
Only three fossil skippers are known (which we were
unable to examine), dating to the upper Palaeocene
(Kristensen & Skalski, 1999) and early Oligocene (Scudder,
1875a; Leestmans, 1983). Because the taxonomic relationships of these taxa to modern subfamilies are unclear
(Scudder, 1875a), their phylogenetic position cannot be
inferred easily from our results. Therefore, we can say with
certainty only that Hesperiidae are at least 55 million years
old. Wahlberg and colleagues have estimated the age of two
subfamilies of Nymphalidae to be pre-Tertiary (Wahlberg,
2006; Peña & Wahlberg, 2008), and de Jong (2007) has
speculated, based on biogeographical considerations, that
the origin of Coeliadinae may have been 80 to 100 million
years ago. It is plausible to conjecture that skippers arose in
the mid-Cretaceous.
Within both the dicot- and monocot-feeding lineages of
Hesperiidae, the earliest branching clades are Old World in
distribution, suggesting a Laurasian origin for the group (de
Jong, 2007). The sister group to all other Hesperiidae is the
dicot-feeding Coeliadinae, which occurs only in Africa and
the Indo-Australian region (north to Japan and in the Amur
region of Russia; Gorbunov, 2001). Euschemoninae, another
dicot-feeder, is endemic to eastern Australia. The remaining
dicot-feeding subfamilies, Eudaminae and Pyrginae, are both
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derived with respect to Coeliadinae and Euschemoninae, and
are by far most diverse in the New World. Heteropterinae, the
most basal of monocot-feeding lineages, has a nearly cosmopolitan distribution. The subfamily is most diverse at the
genus and species level in South America, where five genera
and over 130 species occur, but it is also well represented in
Mexico by Piruna, whereas Carterocephalus occurs throughout the Holarctic region (Evans, 1949). Heteropterinae is
represented in Africa by Metisella and Hovala (in Madagascar), and in Asia by Leptalina and Heteropterus (which spans
west to Europe). Trapezitinae is Old World in distribution,
being endemic to Australia and the New Guinea region,
occurring in allopatry to Heteropterinae.
Within Hesperiinae, the earliest branching lineages are
Old World in distribution. Aeromachini is sister to other
Hesperiinae, and occurs in Africa (Ampittia), Southeast
Asia from India to Amur, and southeast to the Philippines
and Sulawesi. Thus, Aeromachini is allopatric with respect
to Trapezitinae (Australia and New Guinea), and overlaps
with Heteropterinae only in the Himalayas, China, Korea,
Japan and Amur. Our unplaced genera of Hesperiinae are
mainly Old World in distribution, with the exception of
Perichares, Orses, Pyrrhopygopsis, and the giant skippers.
Baorini and Taractrocerini (see Fig. 4) occur only in the Old
World. Diversification of Hesperiinae in the New World has
been explosive, with almost 200 genera represented by five
tribes, all derived with respect to the Old World hesperiines.
The most basal of these tribes, Thymelicini, includes one
genus whose centre of species-level diversity is in Eurasia
(Thymelicus), but it is otherwise a New World group. The
diverse Hesperiini is represented outside the Americas only
by the Holarctic Hesperia and Ochlodes. Anthoptini,
Moncini and apparently Calpodini are restricted to the
New World, and only barely penetrate the Nearctic region.

Conclusion
In this study, we have presented a revised, comprehensive
classification for the world’s genera of Hesperiidae, based
on a simultaneous cladistic analysis of morphological and
molecular characters, combined with a comparative study of
morphological features of genera unrepresented in our data
matrix (Appendix 1). Based on our results (Figs 3–4), we
have made a few changes to the tribal nomenclature we
previously proposed (W2008; see Table 1), including the
elevation of Euschemoninae and Eudaminae to the subfamily level. We believe that additional characters and taxa
will be required to corroborate hypotheses of relationships
suggested in this study, and have no doubt that future
studies will reveal that some of the unsampled genera we
have associated with certain tribes are misplaced. We are
continuing our studies on the higher classification of the
Hesperiidae, and welcome the opportunity to include additional genera in future analyses. We feel that our proposed
scheme represents a first step towards establishing a worldwide phylogenetic classification for the Hesperiidae, and

provides a more natural arrangement of genera than that
proposed by Evans or subsequent authors.
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Tosta, with descriptions of two new species (Lepidoptera: Hesperiidae: Pyrginae). Tropical Lepidoptera, 9 (suppl. 2), 19–25.
Austin, G.T. (1998b) Hesperiidae of Rondônia, Brazil: Ridens and
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new species (Lepidoptera: Hesperiidae: Pyrginae). Tropical Lepidoptera, 8, 5–18.
Austin, G.T. & Warren, A.D. (2001) Taxonomic notes on some
Neotropical skippers (Lepidoptera: Hesperiidae). Pyrgus, Heliopyrgus, and Heliopetes (Pyrginae). Dugesiana (University of
Guadalajara), 8, 1–15.
Austin, G.T. & Warren, A.D. (2002) Taxonomic notes on some
Neotropical skippers (Lepidoptera: Hesperiidae): Pyrrhopyginae
and Pyrginae. Dugesiana, 9, 15–49.
Bailey, J.S. (1880) Description of a new species of Pleusioneura from
Central America. Bulletin of the Brooklyn Entomological Society,
3, 62–63.
Baker, R.H. & DeSalle, R. (1997) Multiple sources of character
information and the phylogeny of Hawaiian Drosophila. Systematic Biology, 46, 654–673.

# 2009 The Authors
Journal compilation # 2009 The Royal Entomological Society, Systematic Entomology, 34, 467–523

Classification of Hesperiidae
Bampton, I., Collins, S.C. & Dowsett, R.J. (1991) Butterflies
(Lepidoptera) of the Mayombe and lower Kouilu (with a checklist
for Congo). Tauraco Research Report, 4, 57–108.
Barnes, W. & Lindsey, A.W. (1922) A review of some generic names
in the order Lepidoptera. Annals of the Entomological Society of
America, 15, 89–99.
Barth, R. (1952) Estudos sobre organos odorı́feros de algunos
Hesperiidae brasileiros. Memorias del Instituto de Oswaldo Cruz,
50, 423–503.
Bascombe, M.J., Johnston, G. & Bascombe, F.S. (1999) The
Butterflies of Hong Kong. Academic Press, London.
Beccaloni, G.W., Viloria, A.L., Hall, S.K. & Robinson, G.S. (2008)
Catalogue of the hostplants of the neotropical butterflies. Catálogo de las Plantas Huésped de las Mariposas Neotropicales.
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Natural da Serra do Japi, Ecologı´a e Preservac
xão de uma Área
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Inoué, S. & Kawazoé, A. (1964b) Hesperiid butterflies from South
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description of a new species from western Australia. Australian
Entomological Magazine, 19, 81–88.
Mickevich, M.F. & Farris, J.S. (1981) The implications of congruence in Menidia. Systematic Zoology, 30, 351–370.
Mielke, O.H.H. (1966) Uma espécie nova do género Dardarina
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Appendix 1. Subfamilies, tribes and genera of Hesperiidae of the
world. The arrangement proposed below is based on the classification of Warren et al. (2008), modified according to the results of the
present study (see text for discussions). Genera in boldface are
represented in our studies. Genera preceded with an asterisk were
represented in the molecular study only by partial data, and were
not included in our final analyses.
COELIADINAE
Badamia Moore, 1881
Bibasis Moore, 1881
Burara Swinhoe, 1893
Hasora Moore, 1881
Allora Waterhouse & Lyell, 1914
Choaspes Moore, 1881
Coeliades Hübner, [1818]
Pyrrhiades Lindsey & Miller, 1965
Pyrrhochalcia Mabille, 1904
EUSCHEMONINAE
Euschemon Doubleday, 1846
EUDAMINAE
Phocides Hübner, 1819
Hypocryptothrix Watson, 1893
Tarsoctenus Watson, 1893
Phanus Hübner, 1819
Udranomia Butler, 1870
Drephalys Watson, 1893
Augiades Hübner, 1819
Hyalothyrus Mabille, 1878
Phareas Westwood, 1852
Entheus Hübner, 1819
Cabirus Hübner, 1819
Proteides Hübner, 1819
Epargyreus Hübner, 1819
Polygonus Hübner, 1825
Chioides Lindsey, 1921
Aguna Williams, 1927
Typhedanus Butler, 1870
Polythrix Watson, 1893
Cephise Evans, 1952
Venada Evans, 1952
Heronia Mabille & Boullet, 1912
Chrysoplectrum Watson, 1893
Lobocla Moore, 1884
Zestusa Lindsey, 1925
Codatractus Lindsey, 1921
Ridens Evans, 1952
Urbanus Hübner, 1807
Astraptes Hübner, 1819
Narcosius Steinhauser, 1986
Calliades Mabille & Boullet, 1912
Autochton Hübner, 1823
Achalarus Scudder, 1872
Thessia Steinhauser, 1989
Thorybes Scudder, 1872
Cabares Godman & Salvin, 1894
Spathilepia Butler, 1870
Oechydrus Watson, 1893
Ectomis Mabille, 1878
Nerula Mabille, 1888
Marela Mabille, 1903
Cogia Butler, 1870

Appendix 1. Continued.
Paracogia Mielke, 1977
Telemiades Hübner, 1819
Bungalotis Watson, 1893
Salatis Evans, 1952
Sarmientoia Berg, 1897
Dyscophellus Godman & Salvin, 1893
Nicephallus Austin, 2008
Euriphellus Austin, 2008
Nascus Watson, 1893
Porphyrogenes Watson, 1893
Ocyba Lindsey, 1925
Oileides Hübner, 1825
Aurina Evans, 1937
PYRGINAE
PYRRHOPYGINI
Passovina
Azonax Godman & Salvin, 1893
Myscelus Hübner, 1819
Granila Mabille, 1903
Passova Evans, 1951
Aspitha Evans, 1951
Zoniina
Zonia Evans, 1951
Oxynetrina
Oxynetra C. Felder & R. Felder, 1862
Cyclopyge Mielke, 2002
Pyrrhopygina
Pyrrhopyge Hübner, 1819
*Yanguna Watson, 1893
Gunayan Mielke, 2002
Chalypyge Mielke, 2002
Ochropyge Mielke, 2002
Apyrrothrix Lindsey, 1921
Melanopyge Mielke, 2002
Jonaspyge Mielke, 2002
Creonpyge Mielke, 2002
Cyanopyge Mielke, 2002
Elbella Evans, 1951
Microceris Watson, 1893
Parelbella Mielke, 1995
Pseudocroniades Mielke, 1995
Protelbella Mielke, 1995
Nosphistia Mabille & Boullet, 1908
*Jemadia Watson, 1893
*Mimoniades Hübner, 1823
Mimardaris Mielke, 2002
Ardaris Watson, 1893
Amenis Watson, 1893
Sarbia Watson, 1893
Metardaris Mabille, 1903
Amysoria Mielke, 2002
Mysoria Watson, 1893
Mysarbia Mielke, 2002
Croniades Mabille, 1903
TAGIADINI
Capila Moore, 1866
Chaetocneme C. Felder, 1860
Netrocoryne C. Felder & R. Felder, 1867
Odina Mabille, 1891
Darpa Moore, 1866
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Appendix 1. Continued.

Tapena Moore, 1881
Coladenia Moore, 1881
Eagris Guénée, 1863
Procampta Holland, 1892
Calleagris Aurivillius, 1925
Satarupa Moore, 1866
Seseria Matsumura, 1919
Pintara Evans, 1932
Chamunda Evans, 1949
Daimio Murray, 1875
*Gerosis Mabille, 1903
Tagiades Hübner, 1819
Mooreana Evans, 1926
Abraximorpha Elwes & Edwards, 1897
Exometoeca Meyrick, 1888
Ctenoptilum de Nicéville, 1890
*Odontoptilum de Nicéville, 1890
Netrobalane Mabille, 1903
Caprona Wallengren, 1857
Leucochitonea Wallengren, 1857
Abantis Hopffer, 1885
CELAENORRHININI
Loxolexis Karsch, 1895
Katreus Watson, 1893
Celaenorrhinus Hübner, 1819
Pseudocoladenia Shirôzu & Saigusa, 1962
Eretis Mabille, 1891
Sarangesa Moore, 1881
Alenia Evans, 1935
CARCHARODINI
Gomalia Moore, 1879
Carcharodus Hübner, 1819
Spialia Swinhoe, 1912
Muschampia Tutt, 1906
Mimia Evans, 1953
Arteurotia Butler & H. Druce, 1872
Mictris Evans, 1955
Iliana Bell, 1937
Sophista Plötz, 1879
Polyctor Evans, 1953
Nisoniades Hübner, 1819
Viola Evans, 1953
Pachyneuria Mabille, 1888
Pellicia Herrich-Schäffer, 1870
Burca Bell & Comstock, 1948
Ocella Evans, 1953
Windia Freeman, 1969
Noctuana Bell, 1937
Jera Lindsey, 1925
Conognathus C. Felder & R. Felder, 1862
Morvina Evans, 1953
Myrinia Evans, 1953
Xispia Lindsey, 1925
Cyclosemia Mabille, 1878
Gorgopas
Godman & Salvin, 1894
Bolla Mabille, 1903
Staphylus Godman & Salvin, 1896
Pholisora Scudder, 1872
Hesperopsis Dyar, 1905

ERYNNINI
Gorgythion Godman & Salvin, 1896
Sostrata Godman & Salvin, 1895
Potamanaxas Lindsey, 1925
Mylon Godman & Salvin, 1894
Grais Godman & Salvin, 1894
Timochares Godman & Salvin, 1896
Anastrus Hübner, 1824
Tosta Evans, 1953
Speculum Austin, 2008
Ebrietas Godman & Salvin, 1896
Helias Fabricius, 1807
Camptopleura Mabille, 1877
Cycloglypha Mabille, 1903
Theagenes Godman & Salvin, 1896
Chiomara Godman & Salvin, 1899
Gesta Evans, 1953
Ephyriades Hübner, 1819
Erynnis Schrank, 1801
ACHLYODIDINI
Aethilla Hewitson, 1868
Achlyodes Hübner, 1819
Eantis Boisduval, 1836
Doberes Godman & Salvin, 1895
Ouleus Lindsey, 1925
Zera Evans, 1953
Quadrus Lindsey, 1925
Gindanes Godman & Salvin, 1895
Pythonides Hübner, 1819
Haemactis Mabille, 1903
Atarnes Godman & Salvin, 1897
Milanion Godman & Salvin, 1895
Paramimus Hübner, 1819
Charidia Mabille, 1903
PYRGINI
Pseudodrephalys Burns, 1999
Clito Evans, 1953
Eracon Godman & Salvin, 1894
Cornuphallus Austin, 1997
Spioniades Hübner, 1819
Plumbago Evans, 1953
Trina Evans, 1953
Paches Godman & Salvin, 1895
Carrhenes Godman & Salvin, 1895
Zobera Freeman, 1970
*Xenophanes Godman & Salvin, 1895
Diaeus Godman & Salvin, 1895
Onenses Godman & Salvin, 1895
Antigonus Hübner, 1819
Systasea Edwards, 1877
Celotes Godman & Salvin, 1899
Zopyrion Godman & Salvin, 1896
Timochreon Godman & Salvin, 1896
Anisochoria Mabille, 1876
Pyrgus Hübner, 1819
Heliopyrgus Herrera, 1957
Heliopetes Billberg, 1820
HETEROPTERINAE
Leptalina Mabille, 1904
Heteropterus Duméril, 1806
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Carterocephalus Lederer, 1852
Metisella Hemming, 1934
Hovala Evans, 1937
Freemaniana A. Warren, 2001
Dalla Mabille, 1904
Piruna Evans, 1955
Dardarina Evans, 1937
Butleria Kirby, 1871
Argopteron Watson, 1893
TRAPEZITINAE
Trapezites Hübner, 1819
*Anisynta Lower, 1911
*Pasma Waterhouse, 1932
Felicena Waterhouse, 1932
*Neohesperilla Waterhouse & Lyell, 1914
Dispar Waterhouse & Lyell, 1914
Toxidia Mabille, 1891
Signeta Waterhouse & Lyell, 1914
Oreisplanus Waterhouse & Lyell, 1914
Hesperilla Hewitson, 1868
Motasingha Watson, 1893
Proeidosa Atkins, 1973
Antipodia Atkins, 1984
Croitana Waterhouse, 1932
Herimosa Atkins, 1994
Mesodina Mayrick, 1901
Hewitsoniella Shepard, 1931
Rachelia Hemming, 1964
HESPERIINAE
AEROMACHINI
Ochus de Nicéville, 1894
Baracus Moore, 1881
Ampittia Moore, 1881
Aeromachus de Nicéville, 1890
Sebastonyma Watson, 1893
Sovia Evans, 1949
Parasovia Devyatkin, 1996
Pedesta Hemming, 1934
Onryza Watson, 1893
Thoressa Swinhoe, 1913
Halpe Moore, 1878
Pithauria Moore, 1878
INCERTAE SEDIS
(from 1949 Carterocephalus group)
Barca de Nicéville, 1902
Apostictopterus Leech, 1893
(from 1937, 1949 Astictopterus groups)
*Tsitana Evans, 1937
Lepella Evans, 1937
Astictopterus C. Felder & R. Felder, 1860
Arnetta Watson, 1893
(placed by Eliot in Plastingia group) [from 1937 Ampittia group]
Prosopalpus Holland, 1896
Kedestes Watson, 1893
Fulda Evans, 1937
Galerga Mabille, 1898
Gorgyra Holland, 1896
Gyrogra Lindsey & Miller, 1965
Isoteinon group (1949)
Isoteinon C. Felder & R. Felder, 1862

Actinor Watson, 1893
Eogenes Mabille, 1909
Ceratrichia group (1937)
Teniorhinus Holland, 1892
Ceratrichia Butler, 1870
Pardaleodes Butler, 1870
Ankola Evans, 1937
Xanthodisca Aurivillius, 1925
Acada Evans, 1937
Rhabdomantis Holland, 1896
Osmodes Holland, 1892
Parosmodes Holland, 1896
Osphantes Holland, 1896
Acleros group (1937)
Acleros Mabille, 1885
Paracleros Berger, 1896
Semalea Holland, 1896
Hypoleucis Mabille, 1891
Meza Hemming, 1939
Paronymus Aurivillius, 1925
Andronymus Holland, 1896
Ploetzia group (1937)
Malaza Mabille, 1904
Miraja Evans, 1937
Perrotia Oberthür, 1916
Ploetzia Saalmüller, 1884
Moltena Evans, 1937
Chondrolepis Mabille, 1904
Zophopetes Mabille, 1904
Gamia Holland, 1896
Artitropa Holland, 1896
Mopala Evans, 1937
*Gretna Evans, 1937
*Pteroteinon Watson, 1893
Leona Evans, 1937
Caenides Holland, 1896
Monza Evans, 1937
(from 1937 Gegenes group)
Melphina Evans, 1937
Fresna Evans, 1937
Platylesches Holland, 1896
Ancistroides group (1949)
Iambrix Watson, 1893
Idmon de Nicéville, 1895
*Koruthaialos Watson, 1893
Psolos Staudinger, 1889
Stimula de Nicéville, 1898
Ancistroides Butler, 1874
*Notocrypta de Nicéville, 1889
Udaspes Moore, 1881
Plastingia group (1949)
Praescobura Devyatkin, 2002
Scobura Elwes & Edwards, 1897
Suada de Nicéville, 1895
Suastus Moore, 1881
Cupitha Moore, 1884
Zographetus Watson, 1893
Oerane Elwes & Edwards, 1897
Hyarotis Moore, 1881
Quedara Swinhoe, 1919

2009 The Authors
Journal compilation # 2009 The Royal Entomological Society, Systematic Entomology, 34, 467–523

#

515

516 A. D. Warren et al.
Appendix 1. Continued.

Appendix 1. Continued.

Isma Distant, 1886
Xanthoneura Eliot, 1978
Plastingia Butler, 1870
Salanoemia Eliot, 1978
*Pemara Eliot, 1978
*Pyroneura Eliot, 1978
Pseudokerana Eliot, 1978
Lotongus Distant, 1886
Zela de Nicéville, 1895
Gangara Moore, 1881
Erionota Mabille, 1878
Ilma Swinhoe, 1905
Ge de Nicéville, 1895
Matapa Moore, 1881
Pudicitia de Nicéville, 1895
Unkana Distant, 1886
Hidari Distant, 1886
Eetion de Nicéville, 1895
Acerbas de Nicéville, 1895
Pirdana Distant, 1886
Pseudopirdana Chiba & Tsukiyama, 1994
Creteus de Nicéville, 1895
Prada Evans, 1949
Tiacellia Evans, 1949
(from 1955 Carystus group)
Perichares Scudder, 1872
Orses Godman, 1901
Alera Mabille, 1891
Lycas Godman, 1901
(from 1955 Calpodes group)
Pyrrhopygopsis Godman, 1901
Pseudosarbia Berg, 1897 (from ‘Megathyminae’)
Megathymus Scudder, 1872
Stallingsia Freeman, 1959
Aegiale C. Felder & R. Felder, 1860
Turnerina Freeman, 1959
Agathymus Freeman, 1959
BAORINI
Brusa Evans, 1937
Zenonia Evans, 1935
Gegenes Hübner, 1819
Parnara Moore, 1881
Borbo Evans, 1949
Pelopidas Walker, 1870
Polytremis Mabille, 1904
Baoris Moore, 1881
*Caltoris Swinhoe, 1893
Iton de Nicéville, 1895
Prusiana Evans, 1937
TARACTROCERINI
Taractrocera Butler, 1870
Ocybadistes Heron, 1894
Suniana Evans, 1934
Oriens Evans, 1932
Potanthus Scudder, 1872
Arrhenes Mabille, 1904
Telicota Moore, 1881
Cephrenes Waterhouse & Lyell, 1914
Pastria Evans, 1949
Banta Evans, 1949

Kobrona Evans, 1935
Sabera Swinhoe, 1908
Mimene Joicey & Talbot, 1917
THYMELICINI
Ancyloxypha C. Felder, [1863]
Oarisma Scudder, 1872
Copaeodes Speyer, 1877
Adopaeoides Godman, 1900
Thymelicus Hübner, 1819
CALPODINI
Turesis Godman, 1901
Ebusus Evans, 1955
Evansiella Hayward, 1948
Argon Evans, 1955
Cobaloides Hayward, 1939
Sacrator Evans, 1955
Megaleas Godman, 1901
Lychnuchus Hübner, 1831
Talides Hübner, 1819
Tromba Evans, 1955
Nyctus Mabille, 1891
Turmada Evans, 1955
Synale Mabille, 1904
Carystus Hübner, 1819
Telles Godman, 1900
Tisias Godman, 1901
Moeros Evans, 1955
Cobalus Hübner, 1819
Dubiella Evans, 1936
Carystina Evans, 1955
Tellona Evans, 1955
Damas Godman, 1901
Orphe Godman, 1901
Carystoides Godman, 1901
Lychnuchoides Godman, 1901
Calpodes Hübner, 1819
Panoquina Hemming, 1934
Zenis Godman, 1900
Saliana Evans, 1955
Thracides Hübner, 1819
Aides Billberg, 1820
Neoxeniades Hayward, 1938
Aroma Evans, 1955
Chloeria Mabille, 1904
ANTHOPTINI
Falga Mabille, 1898
Synapte Mabille, 1904
Propapias Mielke, 1992
Anthoptus Bell, 1942
Corticea Evans, 1955
Mnaseas Godman, 1901
Zalomes Bell, 1947
Wahydra Steinhauser, 1991
MONCINI
Lento Evans, 1955
Levina Evans, 1955
Zariaspes Godman, 1900
Cantha Evans, 1955
Vinius Godman, 1900
Vinpeius Austin, 1997
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Pheraeus Godman, 1900
Apaustus Hübner, 1819
Callimormus Scudder, 1872
Mnasicles Godman, 1901
Remella Hemming, 1939
Amblyscirtes Scudder, 1872
Radiatus Mielke, 1968
Peba Mielke, 1968
Eutocus Godman, 1901
Virga Evans, 1955
Eprius Godman, 1901
Ludens Evans, 1955
Methionopsis Godman, 1901
Panca Evans, 1955
Inglorius Austin, 1997
Gallio Evans, 1955
Methion Godman, 1900
Thargella Godman, 1900
Venas Evans, 1955
Pamba Evans, 1955
Saniba Mielke & Casagrande, 2003
Repens Evans, 1955
Lucida Evans, 1955
Phanes Godman, 1901
Sodalia Evans, 1955
Mnestheus Godman, 1901
Artines Godman, 1901
Flaccilla Godman, 1901
Vidius Evans, 1955
Igapophilus Mielke, 1980
Monca Evans, 1955
Nastra Evans, 1955
Cymaenes Scudder, 1872
Vehilius Godman, 1900
*Lerodea Scudder, 1872
Mnasilus Godman, 1900
Sucova Evans, 1955
Mnasinous Godman, 1900
Mnasitheus Godman, 1900
Moeris Godman, 1900
*Parphorus Godman, 1900
Molla Evans, 1955
Papias Godman, 1900
Cobalopsis Godman, 1900
Arita Evans, 1955
Lerema Scudder, 1872
Morys Godman, 1900
Cumbre Evans, 1955
Adlerodea Hayward, 1940
Psoralis Mabille, 1904
Tigasis Godman, 1900
*Halotus Godman, 1900
Niconiades Hübner, 1821
Vettius Godman, 1901
Paracarystus Godman, 1900
Thoon Godman, 1900
Justinia Evans, 1955
Eutychide Godman, 1900
Onophas Godman, 1900
Crinifemur Steinhauser, 2008

Appendix 1. Continued.
Lamponia Evans, 1955
Naevolus Hemming, 1939
Miltomiges Mabille, 1903
Styriodes Schaus, 1913
Dion Godman, 1901
Enosis Mabille, 1889
Vertica Evans, 1955
Saturnus Evans, 1955
Phlebodes Hübner, 1819
Joanna Evans, 1955
Punta Evans, 1955
Bruna Evans, 1955
Rhinthon Godman, 1900
*Mucia Godman, 1900
Penicula Evans, 1955
HESPERIINI
Hylephila Billberg, 1820
Pseudocopaeodes Skinner & Williams, 1923
Hesperia Fabricius, 1793
Appia Evans, 1955
Linka Evans, 1955
Polites Scudder, 1872
Wallengrenia Berg, 1897
Pompeius Evans, 1955
Atalopedes Scudder, 1872
Atrytone Scudder, 1872
Problema Skinner & Williams, 1924
Poanes Scudder, 1872
Stinga Evans, 1955
Ochlodes Scudder, 1872
Neochlodes Austin & DeVries, 2001
Buzyges Godman, 1900
Onespa Steinhauser, 1974
Paratrytone Godman, 1900
Choranthus Scudder, 1872
Parachoranthus Miller, 1965
Anatrytone Dyar, 1905
Quasimellana Burns, 1994
Librita Evans, 1955
Notamblyscirtes Scott, 2006
Euphyes Scudder, 1872
Arotis Mabille, 1904
Libra Evans, 1955
Hansa Evans, 1955
Chalcone Evans, 1955
Serdis Mabille, 1904
Metron Godman, 1900
Propertius Evans, 1955
Phemiades Hübner, 1819
Misius Evans, 1955
Molo Godman, 1900
Racta Evans, 1955
Pyrrhocalles Mabille, 1904
Asbolis Mabille, 1904
Quinta Evans, 1955
Cynea Evans, 1955
Oeonus Godman, 1900
Cyclosma Draudt, 1923
Caligulana Bell, 1942
Orthos Evans, 1955
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Conga Evans, 1955
Holguinia Evans, 1955
Decinea Evans, 1955
Oligoria Scudder, 1872
Atrytonopsis Godman, 1900
Tirynthoides Bell, 1940
Tirynthia Godman, 1900
Nyctelius Hayward, 1948
Thespieus Godman, 1900
Vacerra Godman, 1900
Jongiana Mielke & Casagrande, 2002
Lindra Evans,1955
Oxynthes Godman, 1900
*Xeniades Godman, 1900
Cravera de Jong, 1983
Fossil genera
Pamphilites Scudder, 1875
Thanatites Scudder, 1875
Appendix 2. Larval foodplants of taxa examined in this study. When records for species in Supporting Information ST1 could not be located,
records for congeners are reported.
Taxon
COELIADINAE
Badamia exclamationis
Bibasis sena
Burara aquilina
Burara jaina formosana
Hasora khoda
Choaspes stigmata
Choaspes benjamini
Coeliades forestan
Other taxa and references

EUSCHEMONINAE
Euschemon rafflesia
EUDAMINAE
Phocides lilea
Udranomia kikkawai
Drephalys kidonoi
Hyalothyrus mimicus
Hyalothyrus neleus
Proteides mercurius
Polygonus leo
Chioides catillus
Aguna asander
Typhedanus ampyx
Cephise aelius
Lobocla liliana
Lobocla bifasciata
Zestusa elwesi
Codatractus melon
Urbanus dorantes
Urbanus simplicius
Astraptes ‘fulgerator’
Narcosius colossus
Calliades zeutus
Autochton longipennis
Achalarus albociliatus

Larval foodplant(s)

Plant family (Monocot/Dicot) Referencesa

Combretum, Terminalia, Hiptage
Combretaceae, Malpighiaceae (D) 38, 48
Pisonia, Hiptage
Nyctaginacceae, Malpighiaceae (D) 40
Kalopanax
Araliaceae (D) 29
hiptage
Malpighiaceae (D) 17, 38
Millettia, Wisteria
Fabaceae (D) 11
Meliosma
Sabiaceae (D) 39
Sabia, Meliosma
Sabiaceae (D) 17, 29
highly polyphagous
12 dicot families 34, 49
Anacardiaceae, Asclepiadaceae, Bignoniaceae, Celastraceae, Combretaceae, Corynocarpaceae, Erythroxylaceae, Euphorbiaceae, Geraniaceae, Icacinaceae, Malvaceae, Melastomatacceae, Memispermaceae,
Myristicaceae, Rhizophoraceae, Rutaceae, Solanaceae,Sterculiaceae (D) 1, 2, 51, 56, 61
Tetrasynandra, Wilkiea

Monimiaceae (D) 10, 11

Psidium, Eugenia
Cespedesina, Ouratea
Roupala
unknown
Swartzia
Andria, Dalbergia, Lonchocarpus
Lonchocarpus
Rhynchosia
Bauhinia
Senna
Combretum, Heteropterys, etc.
unknown
Indigofera, Galactia
probably Quercus
Lonchocarpus
Desmodium
Calopogonium, Rhynchosia, etc.
various
Maytenus
Petrea
Desmodium
Galactia, Coursetia, etc.

Myrtaceae (D) 41
Ochnaceae (D) 41
Proteaceae (D) 41
unknown
Fabaceae (D) 41
Fabaceae (D) 41
Fabaceae (D) 41
Fabaceae (D) 41
Fabaceae (D) 41
Fabaceae (D) 41
Combretaceae, Malpighiaceae (D) 41
unknown
Fabaceae (D) 40
Fagaceae (D) 3
Fabaceae (D) 41
Fabaceae (D) 41
Fabaceae (D) 41
Various dicots 33
Celastraceae (D) 41
Verbenaceae (D) 41
Fabaceae (D) 41
Fabaceae (D) 41
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Plant family (Monocot/Dicot) Referencesa

Taxon

Larval foodplant(s)

Thorybes pylades
Cabares potrillo
Spathilepia clonius
Cogia calchas
Telemiades fides
Bungalotis erythus
Dyscophellus phraxanor
Nascus paulliniae
Ocyba calathana
Other taxa and references

various genera
Fabaceae (D) 54
Priva
Verbenaceae (D) 41
Pachyrhizus, Calopogonium, Vigna, etc.
Fabaceae (D) 41
Mimosa
Fabaceae (D) 41
Inga, Zygia
Fabaceae (D) 41
Dendropanax, Scheffleria
Araliaceae (D) 41
Virola, Otoba
Myristicaceae (D) 41
Paullinia, Serjania, etc.
Sapindaceae (D) 41
Dalbergia, Diphysa
Fabaceae (D) 41
Annonaceae, Asteraceae, Bignoniaceae, Bombaceae, Caesalpiniaceae, Capparidaceae, Cecropiaceae, Chrysobalanaceae, Costaceae, Cucurbitaceae, Cunoniaceae, Dichapetalaceae, Erythroxylaceae, Euphorbiaceae,
Flacourtiaceae, Hamamelidaceae, Hippocastanaceae, Juglandaceae, Lauraceae, Lecythidaceae, Magnoliaceae, Melastomataceae, Meliaceae, Moraceae, Myristicaeae, Myrtaceae, Ochnaceae, Papilionaceae, Polygonaceae, Proteaceae, Quiinaceae, Rhamnaceae, Rhizophoraceae, Rosaceae, Rubiaceae, Sabiaceae,
Simaroubaceae, Sterculiaceae, Styracaceae, Tiliaceae, Trigoniaceae, Ulmaceae, Urticaceae, and Vochysiaceae (D) Poaceae, Cyperaceae (M) 18B, 19, 20, 21, 44, 65

PYRGINAE
Pyrrhopygini
Passovina
Myscelus belti
Passova gellias
Pyrrhopygina
Pyrrhopyge charybdis
Pyrrhopyge zenodorus
Yanguna cosyra
Apyrrothrix araxes
Creonpyge creon
Elbella scylla
Parelbella macleannani
Jemadia hewitsonii
Jemadia pseudognetus
Mimoniades montana
Sarbia xanthippe
Mysoria ambigua
Other taxa and references
Tagiadini
Netrocoryne repanda
Darpa striata
Eagris tetrastigma
Eagris lucetia
Eagris nottoana
Daimio tethys
Gerosis phisara
Tagiades flesus
Odontoptilum angulata
Other taxa and references
Celaenorrhinini
Celaenorrhinus leona
Celaenorrhinus, various spp.
Celaenorrhinus eligius
Pseudocoladenia dan
Eretis plistonicus
Sarangesa bouvieri
Alenia namaqua
Alenia sandaster
Other taxa and references
Carcharodini
Carcharodus alceae

Guarea
Guarea

Meliaceae (D) 15
Meliaceae (D) 15

unknown
unknown
Vismia
Clusiaceae (D) 15
Clusia, Chrysochlamys
Clusiaceae (D) 15
Quercus
Fagaceae (D) 15
Dendropanax
Araliaceae (D) 15
Byrsonima, Hiraea, Combretum
Malpighiaceae, Combretaceae (D) 15
Eugenia, Myrcia, Miconia
Myrtaceae, Melastomataceae (D) 15
unknown
unknown
Nectandra, Ocotea, Persea
Lauraceae (D) 15
unknown
unknown
unknown
unknown
Casearia, Zuelania
Salicaceae, Flacourtiaceae (D) 15
Cecropiaceae, Fabaceae, Marcgraviaceae, Malvaceae, Musaceae, Myristicaceae, Myrsinaceae, Simaroubaceae, Tiliaceae (D) 15, 18, 52
Callicoma, Elaeocarpus, etc.
Cunoniaceae, Elaeocarpaceae (D) 11
Litsea, Lindera
Lauraceae (D) 40
unknown
unknown 49
Allophylus, Rhus
Sapindaceae, Anacardiaceae (D) 47
Tiliaceae, Sterculiaceae, Violaceae,
Erythroxylaceae, Rhamnaceae (D) 34
Dioscorea
Dioscoreaceae (M) 17, 29
Dalbergia
Papilionaceae (D) 5
Dioscorea, Grewia, Teclea
Dioscoreaceae (M), Tiliaceae, Rutaceae (D) 34, 49
Microcos, Hibiscus
Tiliaceae, Malvaceae (D) 5
Annonaceae, Euphorbiaceae, Fabaceae, Papilionaceae, Sterculiaceae (D) 1, 10, 32, 47, 51, 61
unknown
undetermined
Aphelandra
Achyranthes
undetermined
undetermined
unknown
Blepharis, Barleria
Apocynaceae (D) 1, 24, 32, 51, 61

unknown 49
Acanthaceae, Verbenaceae (D) 49
Acanthaceae (D) 41
Amaranthaceae (D) 48
Acanthaceae (D) 49
Acanthaceae (D) 49
unknown 34
Acanthaceae (D) 34

Althaea, Alcea, etc.

Malvaceae (D) 53
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Plant family (Monocot/Dicot) Referencesa

Taxon

Larval foodplant(s)

Spialia sertorius
Viola minor
Pachyneuria lineatopunctata
Pachyneuria licisca
Cyclosemia anastomosis
Staphylus ceos
Pholisora catullus
Other taxa and references

Sanguisorba
Rosaceae (D) 16
unknown
unknown
unknown
unknown
Byttneria
Sterculiaceae (D) 41
Conostegia
Melastomataceae (D) 41
Amaranthus
Amaranthaceae (D) 12
Amaranthus, Chenopodium
Amaranthaceae, Chenopodiaceae (D) 54
Acanthaceae, Asteraceae, Bombaceae, Cochlospermaceae, Convolvulaceae, Costaceae, Cyperaceae, Euphorbiaceae, Magnoliaceae, Marantaceae, Oleaceae, Rubiaceae, Rutaceae, Sapindaceae, Solanaceae,
Tiliaceae, Verbenaceae (D) 1, 6, 21, 31, 32, 44, 52, 61

Erynnini
Gorgythion begga pyralina
Sostrata nordica
Mylon pelopidas
Timochares trifasciata
Ebrietas anacreon
Ebrietas infanda
Helias phalaenoides
Helias cama
Camptopleura auxo
Theagenes dichrous
Gesta invisus
Erynnis afranius
Erynnis horatius
Other taxa and references
Achlyodidini
Aethilla lavochrea
Achlyodes busirus
Quadrus cerialis
Pythonides jovianus
Atarnes sallei
Milanion marciana
Other taxa and references
Pyrgini
Clito aberrans
Eracon lachesis
Xenophanes tryxus
Antigonus erosus
Systasea zampa
Celotes nessus
Zopyrion sandace
Pyrgus communis
Pyrgus ruralis
Pyrgus scriptura
Heliopetes alana
Other taxa and references
HETEROPTERINAE
Carterocephalus palaemon
Metisella metis
Piruna aea
Piruna pirus
Dardarina dardaris
Dardarina jonesi
Butleria bissexguttatus
Butleria flacomaculata
Other taxa and references
TRAPEZITINAE
Trapezites argenteoornatus

Banisteropsis, Hiraea, Stigmaphyllon
Malpighiaceae (D) 41
Bunchosia, Malpighia, Hiraea, etc.
Malpighiaceae (D) 41
Combretum
Combretaceae (D) 41
Hiraea, Stigmaphyllon, Heteropteres
Malpighiaceae (D) 41
Banisteriopsis, Stigmaphyllon
Malpighiaceae (D) 41
unknown
unknown
Citrus
Rutaceae (D) 52
Hiraea, Stigmaphyllon, etc.
Malpighiaceae (D) 41
Bunchosia
Malpighiaceae (D) 41
unknown
unknown
Indigofera
Fabaceae (D) 43
Thermopsis, Lotus, etc.
Fabaceae (D) 12
Quercus
Fagaceae (D) 54
Malvaceae, Marantaceae, Melastomataceae, Menispermaceae, Myrtaceae, Proteaceae, Stryracaceae, Verbenaceae, Vochysiaceae (D) 7, 8, 14, 22, 23, 27, 46, 59, 60
Amyris
Rutaceae (D) 41
Citrus, Zanthoxylum
Rutaceae (D) 41
Piper, Cecropia
Piperaceae, Cecropiaceae (D) 41
Siparuna, Rollinia
Monimiaceae, Annonaceae (D) 41
Annona, Rollinia, Sapranthus
Annonaceae (D) 41
Annona, Rollinia
Annonaceae (D) 41
Amaranthaceae, Bombaceae, Caricaceae, Lauraceae, Magnoliaceae (D) 7, 9, 22, 30, 52, 62
Licania, Couepia
Chrysobalanaceae (D) 41
Pachira, Spirotheca
Bombaceae (D) 41
Malachra, Pavonia, Malvaviscus, etc.
Malvaceae (D) 41
Guazuma
Sterculiaceae (D) 41
various
Malvaceae (D) 12
various
Malvaceae (D) 12
undetermined
possibly Malvaceae (D) 41
various
Malvaceae (D) 54
Fragaria, Potentila, etc.
Rosaceae (D) 12
various
Malvaceae (D) 12
Malvaviscus
Malvaceae (D) 41
Anacardiaceae, Caricaceae, Rubiaceae, Tiliaceae (D) 7, 9, 42, 45, 46
Calamagrostis
Stenotaphrum, Panicum, Ehrharta, etc.
Bouteloua
various
Leersia, Olyra, Oryza, Rottboellia
unknown
unknown
Phragmites
Chusquea (M) 32, 50

Poaceae (M) 29
Poaceae (M) 34
Poaceae (M) 12
Poaceae (M) 12
Poaceae (M) 41
unknown
unknown
Poaceae (M) 35

Acanthocarpus

Xanthorrhoeaceae (M) 11
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Taxon

Larval foodplant(s)

Plant family (Monocot/Dicot) Referencesa

Trapezites symmomus
Anisynta dominula
Pasma tasmanicus
Neohesperilla xanthomera
Dispar compacta
Toxidia doubledayi
Toxidia peron
Signeta flammeata
Oreisplanus perornata
Hesperilla donnysa
Hesperilla ornata
Motasingha trimaculata
Antipodia atralba
Mesodina aeluropis
Other taxa and references
HESPERIINAE
Aeromachini
Ampittia discorides
Sovia albipectus
Sovia hyrtacus
Thoressa varia
Halpe porus
Other taxa and references
Incertae Sedis
Tsitana tulbagha
Astictopterus jama
Kedestes barberae
Isoteinon lamprospilus
Ceratrichia clara
Ceratrichia semlikensis
Xanthodisca astrape
Osmodes lindseyi
Osmodes adosus
Paracleros biguttulus
Meza meza
Andronymus evander
Andronymus various spp.
Gamia shelleyi
Gretna waga
Gretna cylinda
Pteroteinon laufella
Caenides dacela
Iambrix salsala
Idmon obliquans
Koruthaialos rubecula
Koruthaialos sindu
Ancistroides nigrita
Notocrypta curvifasciata
Suada swerga
Suastus minutus
Suastus gremius
Hyarotis adrastus
Pyroneura latoia
Plastingia naga
Pemara pugnans
Lotongus calathus
Zela excellens
Gangara thyrsis

Lomandra
Poa
Poa, Microlaena
Heteropogon
Poa, Gahnia, Lomandra
Oplismenus, Microlaena
Stenotaphrum, Gahnia, Dianella, etc.
Poa, Tetrarrhena
Gahnia
Gahnia
Gahnia, Carex
Lepidosperma, Phlebocarya
Gahnia
Patersonia
Flagellariaceae (M) 11

Xanthorrhoeaceae (M) 11
Poaceae (M) 11
Poaceae (M) 11
Poaceae (M) 11
Poaceae, Cyperaceae (M) 11
Poaceae (M) 11
Poaceae, Cyperaceae (M) 11
Poaceae (M) 11
Cyperaceae (M) 11
Cyperaceae (M) 11
Cyperaceae (M) 11
Cyperaceae (M) 11
Cyperaceae (M) 11
Iridaceae (M) 11

Oryza, Leersia
unknown
‘Bamboo’
Sasa, Pleioblastus, Pseudosasa, etc.
Bambusa
Poaceae (M) 5, 17, 29, 51

Poaceae (M) 17, 38

Merxmuellera
Miscanthus, Digitatia, Neyraudia
Imperata
Imperata, Miscauthus, Arnudo, etc.
unknown
Isachne
Trachyphrynium
unknown
Maranthochloa?
unknown
Paspalum
unknown
Sapindaceae, Combretaceae
Dracaena
Elaeis
Trachyphrynium, Thalia, Marantochloa
Elaeis, Cocos
Phoenix, Raphia
Bambusa
unknown
unknown
Musa
Zingiber, Curcuma
Alpinia, Curcuma, Costus, Zingiber, etc.
Dendrocalamus
Calamus
Phoenix, Rhapis, Caryota, Cocos, etc.
Calamus, Phoenix, Chrysalidocarpus
unknown
Caryota
unknown
undetermined
Calamus
Cocos, Calamus, Caryota, Phoenix, etc.

Poaceae (M) 57
Poaceae (M) 29
Poaceae (M) 5

Poaceae (M) 34
Poaceae (M) 5, 17
Poaceae (M) 34
Poaceae (M) 17, 38
unknown 49
Poaceae (M) 49
Marantaceae (M) 49, 61
unknown 49
Marantaceae (M) 49
unknown 49
Poaceae (M) 61
unknown 49
Fabaceae, Malpighiaceae (D) 49
Dracaenaceae (M) 49
Arecaceae (M) 61
Marantaceae (M) 61
Arecaceae (M) 61
Arecaceae (M) 32, 49
Poaceae (M) 17, 48
unknown
unknown
Musaceae (M) 40
Zingiberaceae (M) 28
Zingiberaceae (M) 38, 48
Poaceae (M) 57
Arecaceae (M) 57
Arecaceae (M) 17, 48
Arecaceae (M) 5
unknown
Arecaceae (M) 40
unknown
Arecaceae (M) 40
Arecaceae (M) 57
Arecaceae (M) 48
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Appendix 2. Continued.
Taxon

Larval foodplant(s)

Plant family (Monocot/Dicot) Referencesa

Unkana mytheca
Hidari irava
Perichares philetes
Orses cynisca
Pyrrhopygopsis crates
Megathymus streckeri
Agathymus mariae
Baorini
Pelopidas mathias
Pelopidas thrax
Polytremis pellucida
Caltoris malaya
Caltoris brunnea
Iton watsonii
Other taxa and references
Taractrocerini
Taroctrocera papyria
Ocybadistes walkeri
Suniana sunias
Potanthus flava
Arrhenes dschilus
Telicota argeus
Cephrenes augiades
Sabera caesina
Other taxa and references
Thymelicini
Ancyloxypha numitor
Oarisma garita
Copaeodes aurantiaca
Other taxa and references
Calpodini
Talides sinois
Dubiella belpa
Calpodes ethlius
Panoquina hecebolus
Panoquina ocola
Saliana esperi
Thracides phidon
Other taxa and references
Anthoptini
Synapte silius
Anthoptus epictetus
Corticea corticea
Other taxa and references
Moncini
Lento xanthina
Vinius letis
Callimormus radiola
Callimormus saturnus
Mnasicles hicetaon
Remella rita
Amblyscirtes exoteria
Virga austrinus
Lucida ranesus
Sodalia coler
Vidius catarinae
Monca crispinus
Cymaenes alumna

Pandanus
‘Coconut palm and bamboo’
Prestoea, Guadua, etc.
Oryza, Megathyrsus, Lasiacis, Scleria
‘Palms’
Yucca
Agave

Pandanaceae (M) 40
Arecaceae, Poaceae (M) 28
Arecaceae, Poaceae (M) 41
Poaceae, Cyperaceae (M) 41
Arecaceae (M) 52
Liliaceae (M) 3
Agavaceae (M)

Panicum, Zea, Oryza, Ehrharta, etc.
Oryza, Ehrharta, Imperata, etc.
Pleioblastus, Sasa, Imperata, Oryza
unknown
Bambusa, Imperata
unknown
5, 10, 11, 25, 26, 37, 38B, 39, 40, 49, 55, 56, 58

Poaceae (M) 49
Poaceae (M) 49
Poaceae (M) 29
unknown
Poaceae (M) 28
unknown

various grasses and Carex
various grasses
Leersia, Panicum, Paspalum, Sorghum
various grasses and bamboos
Imperata, Panicum, Saccharum
Chrysopogon, Ophiuros, Miscanthus
various palms
Calamus, Achontophoenix, etc.
5, 10, 11, 26, 28, 39, 40, 51, 56

Poaceae, Cyperaceae (M) 11
Poaceae (M) 11
Poaceae (M) 11
Poaceae (M) 29
Poaceae (M) 11
Poaceae (M) 11
Arecaceae (M) 11
Arecaceae (M) 11

Poa, Leersia, Zizaniopsis, etc.
various grasses
Cynodon, etc.
36

Poaceae (M) 54
Poaceae (M) 12
Poaceae (M) 12

Heliconia, Canna
Asterogyne, Euterpe, Prestoea, etc.
Canna
unknown
various grasses
Costus
Heliconia, Musa
41

Heliconiaceae, Cannaceae (M) 41
Arecaceae (M) 41
Cannaceae (M) 12
unknown
Poaceae (M) 54
Costaceae (M) 41
Heliconiaceae, Musaceae (M) 41

Pharus
undetermined
Paspalum, Oryza, Rottboellia, etc.
41

Poaceae (M) 41
Poaceae (M) 64
Poaceae (M) 41

Rhipidocladum
probably Chusquea
unknown
Oplismenus, Rottboellia
Oryza
Paspalum
Muhlenbergia
unknown
unknown
unknown
unknown
undetermined
unknown

Poaceae (M) 41
Poaceae (M) 3
unknown
Poaceae (M) 41
Poaceae (M) 41
Poaceae (M) 41
Poaceae (M) 12
unknown
unknown
unknown
unknown
Poaceae (M) 41
unknown
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Appendix 2. Continued.
Taxon

Larval foodplant(s)

Plant family (Monocot/Dicot) Referencesa

Cymaenes spp.
Vehilius putus
Vehilius inca
Lerodea eufala
Mnasilus allubita
Parphorus fartuga
Parphorus decora
Papias phainis
Papias spp.
Morys valda
Morys micythus
Cumbre belli
Halotus jonaveriorum
Niconiades xanthaphes
Vettius artona
Vettius fantasos
Eutychide olympia
Eutychide paria
Saturnus metonidia
Saturnus saturnus
Mucia gulala
Penicula roppai
Other taxa and references
Hesperiini
Decinea decinea
Caligulana caligula
Conga chydaea
Conga zela
Hylephila phyleus
Pseudocopaeodes eunus
Hesperia leonardus
Appia appia
Polites themistocles
Pompeius pompeius
Atalopedes campestris
Poanes taxiles
Stinga morrisoni
Ochlodes ochracea
Ochlodes sylvanoides
Anatrytone logan
Quasimellana eulogius
Notamblyscirtes simius
Euphyes vestris
Libra aligula
Hansa devergens
Nyctelius nyctelius
Thespieus macareus
Lindra brasus
Xeniades orchamus
Other taxa and references

undetermined
unknown
Rottboellia
various grasses
Oryza
unknown
Chusquea, Olyra, Setaria, Zacate, etc.
unknown
Setaria
undetermined
unknown
unknown
unknown
Olyra, Chusquea, Setaria
unknown
Lasiacis, Olyra, Oplismenus
unknown
undetermined
unknown
Oplismenus, Rottboellia
unknown
unknown
12, 41

Poaceae (M) 41
unknown
Poaceae (M) 41
Poaceae (M) 54
Poaceae (M) 41
unknown
Poaceae (M) 41
unknown
Poaceae (M) 41
Poaceae (M) 13
unknown
unknown
unknown
Poaceae (M) 41
unknown
Poaceae (M) 41
unknown
Poaceae (M) 41
unknown
Poaceae (M) 41
unknown
unknown

‘Cane’
unknown
Oplismenus, Zacate, Ichnanthus
unknown
various grasses
Distichlis
Bouteloua
unknown
various grasses
undetermined
various grasses
various grasses
grasses
various grasses and Carex
various grasses
Andropogon, Panicum, Erianthus
Megathyrsus
Bouteloua
various sedges
unknown
unknown
Oryza, Panicum, etc.
unknown
unknown
Chusquea
12, 41

Poaceae (M) 52
unknown
Poaceae (M) 41
unknown
Poaceae (M) 54
Poaceae (M) 12
Poaceae (M) 3
unknown
Poaceae (M) 54
Poaceae (M) 41
Poaceae (M) 54
Poaceae (M) 12
Poaceae (M) 12
Poaceae, Cyperaceae (M) 29
Poaceae (M) 63
Poaceae (M) 54
Poaceae (M) 41
Poaceae (M) 12
Cyperaceae (M) 54
unknown
unknown
Poaceae (M) 41
unknown
unknown
Poaceae (M) 64

a
References: 1. Ackery et al., 1995; 2. Ackery et al., 1999; 3. A. D. Warren, personal observation; 4. Aitken,1890; 5. Bascombe et al., 1999; 6. Beccaloni et al., 2008;
7. Biezanko,1963; 8. Biezanko & Mielke, 1973; 9.Biezanko & Mielke, 1973; 10. Braby, 2000; 11. Braby, 2004; 12. Brock & Kaufman, 2003; 13. Brock personal
communication, 2006; 14. Brown & Heineman, 1972; 15. Burns & Janzen, 2001; 16. Chinery, 1989; 17. Chou, 1994; 18. Cock, 1981; 18B. Cock, 1984; 19. Cock,
1986; 20. Cock, 1988; 21. Cock, 1992; 22. Cock, 1998; 23. Cock, 2000; 24. Cock & Alston-Smith, 1990; 25. Common & Waterhouse,1981; 26. Davidson et al., 1895;
27. Diniz & Morais, 1995; 28. Eliot, 1978; 29. Fukuda et al., 1984; 30. Greeney & Warren, 2003; 31. Greeney & Warren, 2005; 32. Heath et al., 2002; 33. Hebert
et al., 2004; 34. Henning et al., 1997; 35. Herrera et al., 1991; 36. Hesselbarth et al., 1995; 37. Hill et al., 1978; 38. Hsu, 1999; 38B. Hsu, 2002; 39. Igarashi & Fukuda,
1997; 40. Igarashi & Fukuda, 2000; 41. Janzen & Hallwachs, 2006; 42. Kaye, 1921;43. Kendall,1965; 44. Kendall, 1976; 45. Kendall & McGuire, 1975; 46. Kendall
& Rickard, 1976; 47. Kielland,1990; 48.Kunte, 2000; 49. Larsen,2005; 50. MacNeill, 1975; 51. Maruyama,1991; 52. Moss, 1949; 53. Nazari, 2003; 54. Opler &
Krizek, 1984; 55. Pant & Chatterjee, 1949; 56. Parsons, 1999. 57. Robinson et al., 2001; 58. Sevastopulo, 1973; 59. Steinhauser, 1975; 60. Tamburo & Butcher, 1955;
61. Vuattoux, 1999; 62. Warren,1996b; 63. Warren, 2005; 64. www.tulane.edu/ldyer; 65. Young, 1986.
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