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a  b  s  t  r  a  c  t

The  immature  stages  of  the  skipper  butterfly  Udranomia  kikkawai  from  Brazil  are  described,  including
information  on host  plant  use  in  cerrado  savanna,  shelter  building  behavior,  and  barcode  sequences.  The
caterpillars  feed  on  young  leaves  of  two host  food  plants,  Ouratea  spectabilis  and  Ouratea  hexasperma
(Ochnaceae).  The  duration  from  egg  hatching  to  adult  eclosion  averaged  30 days.  Immature  stages  of
U.  kikkawai  morphologically  resemble  those  of other  Hesperiidae  by  lacking  head  horns  and  complete
lack  of  body  scoli, and having  a fusiform  pupa  with  uniform  color  (except  for  mimetic  false  eye spots)
and  no  projections.  The  young-leaf  color  of  Udranomia  caterpillars  contrasts  with  that  observed  in the
sister genus  Drephalys,  whose  larvae  are  conspicuously  colored.  The  food  plant  of  Udranomia  is  also
iet breadth
NA barcodes
udaminae
ost plants

very  uniform:  all records  are  Ochnaceae  across  the  distribution  range  of Udranomia.  Based  on  molecular
data,  Brazilian  populations  correspond  to the true  U.  kikkawai,  which  is part  of  a species  complex  that
includes  at  least  two  additional  undescribed  species  from  Costa  Rica.  Our paper  shows  that  free access
to  exchangeable  database  platforms  can  raise  natural  history  studies  to an integrative  level  that  helps
clarify  patterns  of diversity  within  taxonomically  problematic  groups.

© 2016  Elsevier  GmbH.  All  rights  reserved.
. Introduction

Skipper butterflies (Lepidoptera: Hesperiidae) present remark-
ble diversity among the butterfly families, especially in the

eotropics (Beccaloni and Gaston, 1995). Many genera in this

amily have taxonomic problems, due to the homogeneity of exter-
al morphology and color patterns, coupled with great species

∗ Corresponding author at: Departamento de Zoologia, Instituto de Biociências,
niversidade Federal do Rio Grande do Sul (UFRGS), Av. Bento Gonç alves 9.500,
1501-970, Porto Alegre, RS, Brazil.

E-mail address: lucaskaminski@yahoo.com.br (L.A. Kaminski).

ttp://dx.doi.org/10.1016/j.jcz.2016.11.009
044-5231/© 2016 Elsevier GmbH. All rights reserved.
richness. However, in the past few years several cryptic species
complexes have been revealed based on integrative taxonomy (e.g.,
Hebert et al., 2004; Burns et al., 2008; Janzen et al., 2009, 2011;
Grishin et al., 2013; Bertrand et al., 2014). In addition, robust phylo-
genetic hypotheses have been proposed so that higher systematics
of Hesperiidae is now better understood (Warren et al., 2008, 2009).

The genus Udranomia Butler, 1870 is morphologically related
to Phanus Hübner, 1819, Drephalys Watson, 1893 and Augiades
Hübner, 1819, in the Augiades group of Evans (Evans, 1952), a rela-

tionship recently confirmed by molecular data (Warren et al., 2009).
Currently, four species are described in Udranomia (Mielke 2005):
Udranomia eurus (Mabille and Boullet, 1919), Udranomia kikkawai
(Weeks, 1906) Udranomia orcinus (C. Felder & R. Felder, 1867), all

dx.doi.org/10.1016/j.jcz.2016.11.009
http://www.sciencedirect.com/science/journal/00445231
http://www.elsevier.com/locate/jcz
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcz.2016.11.009&domain=pdf
mailto:lucaskaminski@yahoo.com.br
dx.doi.org/10.1016/j.jcz.2016.11.009
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Fig. 1. Unidentified species of Udranomia kikkawai species group in Tambopata
Research Center, Peru. Photo by Kim Garwood.
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kikkawai were found on O. spectabilis and three on O. hexasperma.
Both species of Ouratea are common in Cerrado in southeast Brazil;
idely distributed in the Neotropics, and Udranomia spitzi (Hay-
ard, 1942), endemic to the savanna formations of South America

Mielke, 2005). Recently, studies based on mitochondrial sequences
DNA barcodes) suggest that U. kikkawai (Fig. 1) forms a complex of
ryptic species with at least three sympatric and parapatric taxa in
osta Rica (Janzen et al., 2009, 2011). The barcode clusters named by
he authors Udranomia kikkawaiDHJ01, Udranomia kikkawaiDHJ02,
nd Udranomia kikkawaiDHJ03, respectively, do not show obvious
ifferences in larval and adult morphology (wings and genitalia),
ut differ in food plant use and occupy two different ecosystems
nd the intergrade between them as if it was a third ecosystem
Janzen et al., 2011; D.H. Janzen, unpubl. data).

The purpose of this study was to describe for the first time the
mmature stages of U. kikkawai, including information about natu-
al history and morphology for populations from southeast Brazil.

e  also evaluated the systematic position of Brazilian populations
n relation to other species of the genus and the U. kikkawai complex
n Costa Rica. Moreover, information about food plants is revised,

orphology and natural history are compared, and relations to
ther Eudaminae species are discussed.

. Materials and methods

.1. Study sites, collection and rearing

Eggs were collected from Ouratea spectabilis (Ochnaceae) new
nd expanding leaves during December 2011 in an area of Cerrado
ensu stricto in the “Reserva Ecológica do Clube Caç a e Pesca Itororó
e Uberlândia”, CCPIU (18◦59′S, 48◦18′W),  Uberlândia, Brazil (see
ssunç ão et al., 2014 for study site characterization). Caterpillars
ere reared from eggs collected in the field. Additional data on

mmature stages and behavior were obtained in three additional
errado areas in the municipalities of Itirapina and Mogi Guaç u
both in São Paulo state, SE Brazil) and in Brasilia (Federal District,
entral Brazil). All immatures were placed individually in 500 ml
lastic containers with young leaves of O. spectabilis that were
ffered ad libitum and larvae were checked daily to replace food
nd clean. Food plant use and behavior of U. kikkawai caterpillars
ere observed in the field. Head capsules were collected and kept

or measurements. The duration of instars and pupae development
as recorded. Adults, capsules and pupal skins have been deposited
n the entomological collection of the Universidade Estadual de
ampinas (Museu de Zoologia “Adão José Cardoso, ZUEC).
zeiger 266 (2017) 169–176

2.2. Morphology

Measurements were taken and general aspects of morphology
were observed using a stereomicroscope equipped with a micro-
metric scale. Egg ‘size’ is recorded as height and diameter. The total
length of larvae and pupae was  measured in dorsal view. The head
capsule width of larvae is the distance between the most exter-
nal parts (as in Bächtold et al., 2012). We  recorded the duration of
larval and pupal stages and also the days on which the head cap-
sule was changed. Color patterns of immature stages in vivo were
photographed with a digital camera. The terminology for descrip-
tions of early stages follows Hinton (1981) for eggs, Stehr (1987)
for general morphology of larvae, and Mosher (1916) for pupae.

2.3. Molecular systematics

Total genomic DNA was  isolated from eight individuals using
Invisorb

®
Spin Tissue Mini Kit (STRATEC Molecular, Germany),

including three individuals of U. spitzi (the only Udranomia species
not yet sequenced) and five individuals of U. kikkawai representing
three different Brazilian populations (Table 2). The barcode region
proposed by Hebert et al. (2003), which is the 5′ portion of the
mitochondrial DNA (mtDNA) gene cytochrome oxidase subunit
I (COI, 658 bp), was sequenced according to published protocols
(Wahlberg and Wheat, 2008). Sequences were aligned with those
of other Udranomia from GenBank (Table 2) and BOLD, comprising
all four described species within the genus Udranomia.

The mean genetic distances between and within groups were
calculated using MEGA v. 6.0 (Tamura et al., 2013), under Kimura-
two-Parameter (K2P) model of nucleotide substitution (Kimura,
1980). Each group was defined for each species of Udranomia and
four groups comprising U. kikkawai: three different groups corre-
sponding to the U. kikkawai complex found in Costa Rica and one
group matching with the specimens from Brazil.

The final matrix comprised 103 individuals of Udranomia and 32
outgroups (Table 2). Bayesian analyses (BI) were carried out using
the program MrBayes 3.2 (Ronquist and Huelsenbeck, 2003) on the
CIPRES portal (Miller et al., 2010). The model-jumping feature of
the program was utilized; therefore, all the possible GTR submod-
els were sampled according to their posterior probability (Ronquist
et al., 2012). The gamma  parameter was also included to allow
site rate variation. Four simultaneous chains were run for 10 × 106
generations for two  runs, sampling trees every 1000 cycles. The
first 2500 trees were discarded as “burn in” based on when the
runs had converged and reached equilibrium. The convergence of
the likelihood traces of the independent runs was assessed with
TRACER v1.5, and the ESS (effective sample size) values were ver-
ified to be above 300 for all parameters, which indicates that they
were sufficiently sampled to estimate their posterior distributions
(Drummond et al., 2006). The maximum-likelihood analyses (ML)
were run with RAXML (Stamatakis, 2014) modeled according to the
GTR+G model with 1000 bootstrap replicates and a search for the
maximum likelihood topology on the CIPRES portal.

3. Results

3.1. Natural history of Udranomia kikkawai

Two larval food plants occur in the study site: Ouratea hexas-
perma and Ouratea spectabilis (Ochnaceae). Eggs were found only on
young reddish newly expanding leaves. Eleven eggs of Udranomia
they bear extrafloral nectaries that attract a rich ant fauna (Oliveira
et al., 1995; Oliveira and Freitas, 2004; Byk and Del-Claro, 2010).
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Fig. 2. Immature stages of Udranomia kikkawai on Ouratea spectabilis in areas of cerrado savanna in southeast Brazil (A–H) and Area de Conservación Guanacaste, Costa Rica
(J).  A, egg; B, first instar; C, second instar; D, third instar; E, head capsule of third instar in lateral view; F, fifth (last) instar; G, head capsule of fifth instar in frontal view; H,
p ), vouc
a e refe

T
o
l
t
s
(
t
w
e

3

v
d

f
y
t
5

repupa; I, pupa; J, pupa in frontal view showing the false eyes (Janzen et al., 2010
nd  3.0 mm (F, H–J), respectively. Photo (J) by Daniel Janzen. (For interpretation of th

he larvae feed and build leaf shelters on young expanding leaves
f both species of plants, and each shelter is occupied by a single

arva. Two different types of shelters are built by the larvae (shelter
ypes sensu Greeney, 2009): (1) first and second instar larvae build
helters by rolling young leaves (type 1 or “no-cut shelter”), and
2) third to last instar larvae make two cuts on the leaves towards
he midrib, and then the two parts of the leaf are folded and glued
ith silk (shelter type 5). The duration from egg hatching to adult

closion averages 30 days.

.2. Immature-stage morphology of Udranomia kikkawai

Egg (Fig. 2A). Hemispheric, light yellow in color, with 8–10
ertical ribs enlarged near micropylar area; height 0.41–0.45 mm,
iameter 0.79–0.85 mm (N = 07).

First instar (Fig. 2B). Entirely yellowish after hatching; after

eeding, the body becomes light greenish and head capsule pale
ellow. Head and body tegument smooth, without scoli or projec-
ions. Head capsule width: 0.41–0.45 mm,  maximum body length
.1 mm.  Duration: 2 days (N = 07).
her code 07-SRNP-41327-DHJ422344. Scales = 0.5 mm (A and E), 1.5 mm (B–D, G),
rences to colour in the text, the reader is referred to the web version of this article.)

Second instar (Fig. 2C). Yellowish body, black head. Intestinal
contents dark green in color and visible. Head capsule width:
0.63–0.77 mm,  maximum body length 8.1 mm.  Duration: 2 days
(N = 07).

Third instar (Fig. 2D). Similar to second instar. Head capsule
width: 1.24–1.45 mm,  maximum body length 12.6 mm.  Duration:
1–2 days (N = 07).

Fourth instar (Fig. 2E). Yellow greenish body; black head
with mouth parts dark reddish brown. Head capsule width:
2.28–2.43 mm (N = 06), maximum length 20.5 mm.  Duration:
1–2 days (N = 07).

Fifth (last) instar (Fig. 2F–H). Very similar to previous instar, but
with dark brown head and diffusely black spots extended laterally
in the adfrontal area (Fig. 2G). Head capsule width: 4.16–4.5 mm
(N = 07), maximum length 31.1 mm.  Duration: 7–10 days (N = 06)
of which 2–3 days corresponded to the prepupal time (Fig. 2H)
(N = 06).

Pupa (Fig. 2I–J). General profile elongated, without spines or

appendages. General color light orange with black scattered spots,
mesothoracic spiracles colored as conspicuous black false eyes



172 A. Bächtold et al. / Zoologischer Anzeiger 266 (2017) 169–176

Fig. 3. Bayesian Inference tree for all Udranomia species and available Eudaminae as outgroup. Brazilian populations of U. kikkawai in bold. For voucher details and genetic
distances  see Tables 2 and 3.
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Table  1
Summary of food plant records for Udranomia species.

Host plant (Ochnaceae) Localities References

Udranomia eurus
Cespedesia spathulata Costa Rica Janzen and Hallwachs (2015)

Udranomia kikkawai
C. spathulata Costa Rica Janzen and Hallwachs (2015)
Ouratea lucens Costa Rica Janzen and Hallwachs (2015)
O. hexasperma Brazil (DF, MG,  SP) Diniz et al. (2001), Present study
O.  spectabilis Brazil (MG) Present study
Quiina amazonica Costa Rica Janzen and Hallwachs (2015)
Q. schippii Costa Rica Janzen and Hallwachs (2015)

Udranomia orcinus
Cespedesia spathulata Costa Rica Janzen and Hallwachs (2015)
Lacunaria panamensis Costa Rica Janzen and Hallwachs (2015)
O. lucens Costa Rica Janzen and Hallwachs (2015)
O. promines Costa Rica Janzen and Hallwachs (2015)
O. purdieana Trinidad Cock and Alston-Smith (2013)
O. subscens Brazil (PA) Moss (1949)
Q. amazonica Costa Rica Janzen and Hallwachs (2015)
Q. macrophylla Costa Rica Janzen and Hallwachs (2015)
Q. schippii Costa Rica Janzen and Hallwachs (2015)

Udranomia spitzi
O. hexasperma Brazil (DF, MG)  Diniz and Morais (1995), Diniz et al. (2001), Bächtold et al. (2012, 2014)
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O. spectabilis Brazil (MG) 

razilian States: DF, Distrito Federal; MG,  Minas Gerais; SP, São Paulo; PA, Pará.

Janzen et al., 2010) in frontal view. Maximum length 19.41 mm,
idth at A3 5.35 mm.  Duration: 12–14 days (N = 06).

.3. Systematic position

Based on the Bayesian tree (Fig. 3), the genus Udranomia is
onophyletic, with the Brazilian U. kikkawai nested within the

lade U. kikkawaiDHJ02, which corresponds to the true U. kikkawai
s based on the sequences of the type specimen (N. Grishin and D.H.
anzen, unpubl. data). The genus Udranomia is sister to Drephalys,
n a clade that also includes Augiades, Entheus Hübner, 1819 and
hanus,  all in the Augiades section of Evans (1952). Other two
enera of the Augiades section, namely Phareas Westwood, 1852
nd Hyalothyrus Mabille, 1878 grouped together with the Pyrginae
utgroups, making the subfamily Eudaminae appear to be non-
onophyletic if only these genes are considered.

. Discussion

In general, the immature stages of U. kikkawai morphologically
esemble those of other Hesperiidae by lacking head horns and
ompletely lacking body scoli, and by having a fusiform pupa with
niform color and without any type of projections (see Scoble,
995; Greeney and Warren, 2003, 2004; Silva et al., 2012; Moraes
t al., 2012). This uniformity is related to Hesperiidae caterpillars
nd pupae spending most of their lives inside leaf shelters, where
rojections are non-adaptive. Most of the reported variation is in
he body and head color pattern, or in species that are mimetic of
posematic caterpillars (e.g., Hebert et al., 2004; Janzen et al., 2009,
010; Janzen and Hallwachs 2015).

The immature stages of all known species of Udranomia are very
niform: Eggs are hemispherical with well-marked vertical ribs
nd a micropilar area centered on the top surface; the larval tegu-
ent is smooth with yellowish-green color pattern, without thorns

nd/or projections; the pupae are brownish and lack projections
see Bächtold et al., 2012; Cock and Alston-Smith, 2013; Janzen and

allwachs, 2015). There are some differences in head capsule color
nd shape between Udranomia species, but not within U. kikkawai
omplex. The conspicuous cases are that U. kikkawai species has

 dark brown head capsule in the second and third instar, while
Bächtold et al. (2012, 2014)

these are light brown in U. spitzi, and the U. kikkawai cephalodor-
sal area has two  acuminate ends (Fig. 2G) while these are rounded
in U. spitzi (Bächtold et al., 2012). The leaf-colored cryptic body of
Udranomia larvae contrasts with that of its sister genus Drephalys,
whose larvae are ringed black and white mimics of aposematic
caterpillars (Burns and Janzen, 1999; Janzen and Hallwachs, 2015).
In coloration, larvae and pupae of Udranomia are similar to those
of Phanus and Entheus (Janzen and Hallwachs, 2015), both of which
are specialists at feeding on very young and pale expanding leaves.

Food plant use by Udranomia is also very uniform; the food
plants are Ochnaceae across the distribution range of the hesperi-
ids (Table 1 ). The species of Ochnaceae vary geographically and
Udranomia species appear to feed only on Ochnaceae wherever the
butterfly occurs. In addition to this species-level oligophagy, the
larvae are also very specialized in that they eat only new leaves.
In the Cerrado savanna, which has two distinct seasons (dry and
wet), the availability of resources (new leaves) is markedly seasonal
(Muniz et al., 2012; Bächtold et al., 2014). Studies conducted in the
cerrado with U. spitzi have reported a relationship between pref-
erence and performance, with better larval development achieved
on the food plant most used, which is O. spectabilis (Bächtold et al.,
2014).

Our molecular results showed that populations of U. kikkawai
of cerrado savanna in southeastern Brazil are part of the same U.
kikkawai species complex as occurs in Costa Rica, and related to the
barcode cluster U. kikkawaiDHJ02, which is the true U. kikkawai
(D.H. Janzen, N. Grishin, and J. Burns, in prep.) (Fig. 3). It is clear
that sympatric and parapatric species of skipper butterflies may
differ by as few as 1–2 base pairs in their COI barcodes (e.g., Burns
et al., 2007; Janzen et al., 2011). Data available for all three clusters
in the “Dynamic database for the macrocaterpillar fauna in Costa
Rica” (Janzen and Hallwachs, 2015) show consistent differences in
food plant use and microgeographic distribution between all three
species (D.H. Janzen, unpubl. data).

In recent years, the use of the DNA barcode had a strong
impact on the way  species are revealed, thus uncovering a hith-

erto unknown biodiversity (Hebert et al., 2004; Silva-Brandão et al.,
2009; Janzen et al., 2009, 2011). Our paper shows that free access to
exchangeable database platforms can raise natural history studies
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Table 2
Specimens of sequenced Eudaminae for the evolutionary history inference of Udranomia kikkawai with code, sampling sites data, and GenBank accession numbers. Accession
numbers will be available after acceptance.

Species Individuals Locality Genbank codes

Augiades crinisus 1 Barro Colorado Is, Panama KP848660
Drephalys alcmon 1 Area de Conservación Guanacaste, Costa Rica JF752622
Drephalys kidonoi 1 Area de Conservación Guanacaste, Costa Rica GU155933
Drephalys oria 1 Area de Conservación Guanacaste, Costa Rica HQ934277
Drephalys Burns01 1 Area de Conservación Guanacaste, Costa Rica GU149637
Entheus Burns01 2 Area de Conservación Guanacaste, Costa Rica DQ292404, JF777900
Entheus Burns02 1 Area de Conservación Guanacaste, Costa Rica HM885842
Entheus Burns03 1 Area de Conservación Guanacaste, Costa Rica GU666452
Entheus huertasae 1 Barro Colorado Is, Panama KF921081
Entheus matho 2 Barro Colorado Is, Panama KP848878, KP848881
Hyalothyrus neleus 1 Area de Conservación Guanacaste, Costa Rica DQ292564
Hyalothyrus sp. 1YB 1 Barro Colorado Is, Panama KP849006
Phanus albiapicalis 1 Barro Colorado Is, Panama HM406627
Phanus ecitonorum 1 Barro Colorado Is, Panama KP849244
Phanus marshalliDHJ01 1 Barro Colorado Is, Panama KP849252
Phanus marshalliDHJ02 1 Barro Colorado Is, Panama KP849251
Phanus marshalliDHJ02 1 Area de Conservación Guanacaste, Costa Rica JQ578341
Phanus Janzen01 1 Area de Conservación Guanacaste, Costa Rica JQ529036
Phanus vitreusDHJ01 1 Area de Conservación Guanacaste, Costa Rica HQ933602
Phanus vitreusDHJ02 1 Area de Conservación Guanacaste, Costa Rica JF754062
Phanus vitreusDHJ03 1 Area de Conservación Guanacaste, Costa Rica JF753050
Phareas burnsi 4 Area de Conservación Guanacaste, Costa Rica GU149832–GU149834, GU161783
Polygonus leo 1 Area de Conservación Guanacaste, Costa Rica DQ293044
Pseudocoladenia dan 1 Trang: Khaobantot Mountains, Thailand HQ962331
Telemiades fides 3 Area de Conservación Guanacaste, Costa Rica DQ293541–DQ293543
Udranomia eurus 1 Area de Conservación Guanacaste, Costa Rica DQ293624
Udranomia kikkawai BLU-303 Pirassununga (SP), Brazil
Udranomia kikkawai BLU-304 Pirassununga (SP), Brazil
Udranomia kikkawai BLU-308 Uberlândia (MG), Brazil
Udranomia kikkawai BLU-309 Uberlândia (MG), Brazil
Udranomia kikkawai BLU-310 Três Lagoas (MS), Brazil
Udranomia kikkawaiDHJ01 30 Area de Conservación Guanacaste, Costa Rica GU151750, GU151752, GU151756–GU151758,

GU151761, GU151762, GU151769, GU151770,
GU151773–GU151775, GU155678, GU155679,
GU161915, GU666540, JF761227, JF761230, JF761233,
JF761235, JF761239, JF761241, JF761242, JF761244,
JF761246, JF763285, JF763288, JF778563, JF778564,
JF778567

Udranomia kikkawaiDHJ02 31 Area de Conservación Guanacaste, Costa Rica DQ293625–DQ293627, GU150945–GU150948,
GU150950, GU150951, GU151778, GU151780,
GU151781, GU151785, GU151787, GU151788,
GU155686, GU155687, GU155691, GU155692,
GU155694, GU156377, GU156378, GU161921,
GU161922, GU666538, GU666545, JF753211,
JF754336, JF761248, JF763290, JF778569

Udranomia kikkawaiDHJ03 12 Area de Conservación Guanacaste, Costa Rica GU151793, GU151794, GU151799, GU151800,
GU155695, JF754341, JF761249, JF761251, JF761252,
JF761254, JF763293, JF778572

Udranomia orcinus 21 Area de Conservación Guanacaste, Costa Rica DQ293628, DQ293629, GU150952,
GU150954–GU150956, GU151801, GU155696,
GU156379, GU161925–GU161927, GU161929,
GU666539, HM409482, JF753212, JF754347, JF754352,
JF761259, JF763294, JF763296

Udranomia spitzi BLU-302 Pirassununga (SP), Brazil
Udranomia spitzi BLU-311 Uberlândia (MG), Brazil
Udranomia spitzi BLU-312 Uberlândia (MG), Brazil

MG,  Minas Gerais; MS,  Mato Grosso do Sul; SP, São Paulo.

Table 3
Comparison of inter- and intraspecific divergences (%) for the DNA “barcodes” of Udranomia species (number of individuals in parentheses). Values of divergence below 2
percent  are in bold; (–) data not available.

U. orcinus U. erus U. kikkawaiDHJ01 U. kikkawaiDHJ02 U. kikkawaiDHJ03 U. kikkawai (Brazil) U. spitzi

U. orcinus (21) 0
U. eurus (1) 11.72 –
U. kikkawaiDHJ01 (30) 13.94 6.35 0.08
U.  kikkawaiDHJ02 (31) 14.64 6.98 1.28 0.31
U.  kikkawaiDHJ03 (12) 15.24 8.26 3.78 4.22 0.20
U.  kikkawai Brazil (5) 14.61 6.96 1.26 0.43 3.75 0
U.  spitzi (3) 8.52 7.83 6.76 7.40 8.05 7.38 0.40
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o an integrative level that helps clarify patterns of diversity within
axonomically problematic groups.
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