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We give the chromosome numbers of about 80 species or subspecies of Biblidinae as well as of numbers of neotropical
Libytheinae (one species), Cyrestinae (4) Apaturinae (7), Nymphalinae (about 40), Limenitidinae (16) and Heliconiinae (11).
Libytheana has about n =32, the Biblidinae, Apaturinae and Nymphalinae have in general n =31, the Limenitidinae have
n =30, the few Argynnini n =31 and the few species of Acraeni studied have also mostly n =31. The results agree with earlier
data from the Afrotropical species of these taxa. We supplement these data with our earlier observations on Heliconiini,
Danainae and the Neotropical Satyroid taxa. The lepidopteran modal n =29-31 represents clearly the ancestral condition
among the Nymphalidae, from which taxa with various chromosome numbers have differentiated. The overall results show
that Neotropical taxa have a tendency to evolve karyotype instability, which is in stark contrast to the otherwise stable
chromosome numbers that characterize both Lepidoptera and Trichoptera.

Anssi Saura, Department of Molecular Biology, Umed University, SE-901 87 Umed, Sweden. E-mail: anssi.saura@

molbiol.umu.se

The lepidopterans are characterized by stable chromo-
some numbers. The majority of butterflies and moths
have a haploid chromosome number ranging from
n =29 to 31, with n =31 found as the most common
number across Lepidoptera from the Micropterygoi-
dea all the way to butterflies (RoBiNsON 1971; WHITE
1973; WERNER 1975). The lepidopteran chromosomes
are small and have a nearly holokinetic structure. This
should make fragmentation and translocations easy,
since spindle fibers can always attach to a kinetochore
(BAUER 1967). Nevertheless, stability prevails. Lycae-
nidae is the only family known to have a modal
number (n=24) of its own. Some lycaenids and
representatives of the Palearctic satyrine genus Erebia
have a series of allopatric species differing in karyo-
type (WHITE 1978; Lorkovi¢ 1990). Different chro-
mosome numbers have been shown to reinforce a
process of speciation that may originally have evolved
through isolating mechanisms other than chromosome
number (WIEMERS 2003; LukHTANOV et al. 2005).
Nymphalidae is the largest family of butterflies
with some 6500 species worldwide (VANE-WRIGHT
2003). Their diversity is highest in the Neotropics with
some 3000 species, but they range to the Arctic and to
all parts of world habitable to butterflies. In the surge
of interest to elucidate the phylogeny and evolution of

nymphalids, morphological and molecular ap-
proaches have been used in combination (FREITAS
and BrRowN 2004; WAHLBERG et al. 2005b; JIGGINS
et al. 2006; PENA et al. 2006; SIMONSEN et al. 2006;
WaHLBERG 2006). This paper adds a chromosomal
dimension: it is the final part of a series on the
chromosomal evolution in neotropical Nymphalidae.
The earlier papers in this series have covered the
chromosomes of the tribe Heliconiini (SUOMALAINEN
and BRownN 1984; BRowN et al. 1992), the subfamilies
Danainae and Ithomiinae (Brown et al. 2004) and
Charaxinae, Morphinae and Satyrinae (BRowN et al.
2007). We cover here observations on the chromosome
numbers of neotropical representatives of the subfa-
milies Libytheinae, Biblidinae, Apaturinae, Nympha-
linae, Limenitidinae and the tribes Argynnini and
Acreaini of the Heliconiinae. FREITAS and BROwN
(2004) and WAHLBERG et al. (2003, 2005b) have
revised the overall taxonomy of the above groups.

The butterflies

Libytheinae is a small subfamily, represented by the
genus Libytheana in the New World, while the
subfamily Biblidinae comprises more than 300 species
placed in 30 genera. The monophyly of Biblidinae
is well supported (FreEiTas and Brown 2004;
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WAHLBERG et al. 2005a, 2005b), but the internal
relationships within this subfamily are not completely
resolved yet. Most of the tribes of Biblidinae are
exclusively neotropical, while the Biblidini and Epica-
lini have paleotropical representatives as well. The
larvae of most tribes feed on Euphorbiaceae (in
particular on Dalechampia vines) but larvae of the
Epiphilini and Callicorini feed on Sapindaceae
(ARMBRUSTER 1997) and the genus Eunica (Epiphi-
lini) is known to feed on a variety of different plant
families (DEVRIES 1987; FREITAS and OLIVEIRA 1992;
FrEITAS et al. 1997). The larvae of many species of
Biblidinae are known to construct frass chains that
protect them against “walking” predators (DEVRIES
1987; FrEITAS and OLIVEIRA 1996). The adults are
medium to large butterflies that tend to be concen-
trated in small areas around the larval host plants
(DEVRIES and WAaLLA 2001). The males perch; they
may either have a cryptic color pattern that mimics
tree bark (MoNGE-NAJERA et al. 1998) or a conspic-
uous color pattern that suggests both aposematic
coloration and/or mimicry. They are attracted to
rotting fruit, fermented sap and dung (DEVRIES 1987).

DarwIN (1839) described the cracking sound of
Hamadryas (Papilio) feronia. In contrast to the
stridulatory sounds of most insects, the sound of
Hamadryas is percussive. The butterflies use it as a
means of communicating with conspecifics. Only the
males have a forewing hearing organ, which is well
developed in the Biblidinae and Satyrinae (YACK et al.
2000).

While the Apaturinae are a rather little known,
mainly Asian group, represented in the Neotropics by
two genera, the Nymphalinae are a diverse group
indeed. The adults feed on nectar, some on rotting
fruits and dung; many males “puddle” on moist soil.
The larvae live on a variety of host plants, and adults
of several species (e.g. Siproeta stelenes and Eresia
spp.) are Batesian mimics of Ithomiini, Acraeini and
Heliconiini.

Among the Nymphalinae, the Neotropical species
of Melitaeini are related to Holarctic Euphydryas and
Melitaea, the population structure of which has been
extensively studied elsewhere (EHRLICH and HANSKI
2004). The larvae of neotropical species feed mainly
on Asteraceac and Acanthaceae (FrREITas 1991;
WAHLBERG 2001); the adults feed on nectar and moist
soil.

The Limenitidinae are represented in South Amer-
ica only by the large and diverse genus Adelpha
(WiLLmotT 2003). The Heliconiinae are represented
by three tribes in South America. BROwN et al. (1992)
have published the chromosome numbers of Helico-
niini. The Acraeini are entirely tropical, but even if

they are quite diverse in South America, their diversity
is greatest in Africa. The distasteful adults are
extensively involved in Miillerian and Batesian mimi-
cry complexes. Larvae feed on Asteraceae in the New
World, and all life stages are cyanogenic. In a like
fashion, the main distribution of the tribe Argynnini is
outside of South America, with two genera, Euptoieta
and Yramea, present in South America.

There is growing evidence that nymphalids origi-
nated in the Neotropics (PENA et al. 2006; WAHLBERG
2006), although more detailed analyses of the entire
family are needed. The hypothesis that new modal
numbers (BRownN et al. 1992, 2004, 2007) seen in
Heliconiini, Ithomiini and the satyroid groups are
derived from the lepidopteran modal numbers
n=29-31 has been based on the assumption that
the Libytheinae, the basal group of nymphalids
(FrEITAS and BRownN 2004; PENA et al. 2006), basal
Heliconiinae (BRown et al. 1992), and several other
groups like Biblidinae, Apaturinae, Nymphalinae and
Limenitidinae will have the lepidopteran modal n =31
as the most common chromosome number. We here
test this hypothesis and report on the chromosome
numbers of these groups, with a strong emphasis on
Biblidinae. The overall aim is to throw light on the
evolution of the Nymphalidae.

MATERIAL AND METHODS

Keith Brown has collected the butterflies in different
parts of South America mainly during the 1970s and
1980s. The collection localities are given in the table in
the Results section; often several collection sites are
grouped together to give an overall area.

The gonads of butterflies were prepared as de-
scribed in detail by BRownN et al. (1992) and stored
for variable lengths of time until subjected to section-
ing, staining and microscopy. Barbara von Schoultz
did the practical laboratory work in the 1980s up to
the year 1994. Dr. Esko Suomalainen of the Depart-
ment of Genetics of the University of Helsinki, Fin-
land, checked the chromosome number counts.
A protracted illness and finally the death of Dr.
Esko Suomalainen caused a break in the project so
that the material was left unpublished. Anja O. Saura
and Anssi Saura have, together with Keith Brown,
Niklas Wahlberg and André Freitas, put the material
together.

The exact collecting localities, dates, voucher speci-
mens and references to microscopy are stored at
the Museu de Historia Natural of the Universi-
dade Estadual de Campinas, SP, Brazil, while the
original laboratory notebooks and chromosome slides
are at the Finnish Museum of Natural History,
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University of Helsinki, Finland. We have also included
earlier chromosome counts reported by MAEk1 and
ReEMINGTON (1960), DE LESSE (1967a, 1970a, 1970),
DE LEsse and BrownN (1971), WESLEY and EMMEL
(1975) and Francint (1989). The nomenclature
follows the checklist of Lamas (2004), updated with
phylogenetic results from FREITAS and BRowN (2004),
WAHLBERG et al. (2003, 2005b) and PENA et al.
(2006).

RESULTS

Table 1 gives the chromosome numbers for two taxa of
neotropical Libytheinae, 80 of Biblidinae, 7 of Apatur-
inae, 40 of Nymphalinae, 4 of Cyrestinae, 16 of Lime-
nitidinae and 11 of Heliconiinae. The Libytheinae have
either n =31 or a slightly higher number. The few
Cyrestinae studied have n =32. Within the Biblidinae,
many samples of a single Biblis species all have n =28;
while the other species in Biblidini have n =31 but there
are exceptions with numbers one half of 30-31, i.e.
n =14-15 even within a single species. The Ageroniini
are characterized by n =31 and so are the Epiphilini;
again there are numbers half that (n =12—14) and one
(Temenis sp.) with half of n =14, namely n=7. The
Eubagini have numbers slightly lower than n =31, i.e.
n =28-30, while the Callicorini have n =31 or numbers
close to this.

The Apaturinae and Nymphalinae have in general
numbers about n =31. Two species of Baeotus are an
exception: they have n =14 and 15. Limenitidinae have
n=30 as the most common number, again with
occasional n =15 and once as low as n=11. Within
the Heliconiinae, the few Argynnini all have n =31,
and so have the five species of Acraeini studied by
Francini (chromosomes are clearly visible only for a
few hours just before pupation); the two other counts,
n =14 and n =ca 150, have been made on adult males.

DISCUSSION
Patterns in chromosome numbers

The main result is that all the Nymphalidae studied
here have the lepidopteran modal of n =29-31 as the
most common chromosome numbers. This strength-
ens the hypothesis put forward in the earlier papers
of this series that the n =21 of the genus Heliconius
(Brown et al. 1992), n =28 of Morphini, n =29 of
Brassolini, n =29 of other Satyrinac (BRowN et al.
2007) and the variable numbers with n =14 as the
modal one of the Ithomiini (BRowN et al. 2004), the
quite divergent numbers of the tribes Anaeini and
Preponini of Charaxinae and the multitude seen in

the satyrines (BRowN et al. 2007) are all derived from
the lepidopteran modal of n =29-31.

WHITE (1978, p. 74) pointed out that the mechan-
isms for reducing the chromosome number below
n=29-31 have been far more efficient than ones
leading to increases above it. There will, however, be a
problem with telomeres, which have to be silenced lest
they interfere with the achiasmatic meiosis of lepi-
dopteran females. DE LESSE (1967a), SUOMALAINEN
and BrownN (1984), BrownN et al. (2007), and
Lorkovi¢ (1990) have pointed out that there seems
to be a process of concerted fusion that involves all
chromosomes. It would explain why chromosome
numbers that are about one half of the modal
number are frequently seen among nymphalids.
NORDENSKIOLD (1951) has observed a similar con-
certed halving of chromosome numbers in the plant
genus Luzula that has a diffuse kinetochore structure
resembling that of lepidopterans. In fact, the Ithomiini
have a strong modal at n =14-16 and very few forms
with n=29-31 (BrowN et al. 2004). Tellervo and
Danainae represent evidently the plesiomorphic con-
dition. Accordingly, Ithomiini descend from forms
that already have had their chromosome set halved.
Our results show that n =14-15 has evidently arisen
repeatedly from n=29-31 in different branches of
nymphalid phylogeny, often without apparent inter-
mediates. Temenis sp. shows, in addition, that n =14
may experience one more round of concerted fusion
with n =7 as a result. The chromosome numbers of
neotropical Nymphalidae show both stable numbers
in certain taxa and apparently irregular numbers in
others. Low, again stable or unstable, numbers may
characterize entire subfamilies, while numbers higher
than n =31 are relatively infrequent.

Numbers between the modal numbers and even
fractions or multiples of them are harder to explain.
SEILER (1925) observed that fragmentation gives rise
to different numbers. The nearly holocentric nature of
lepidopteran chromosomes that makes fragmentation
feasible was not known then and he was unable to give
an adequate explanation to what he saw.

In the list given by RoBinson (1971, p. 589) all
groups of lepidopterans other than lycaenids have a
modal number of n =29-31. We have here observed a
set of exceptions. If we project the chromosome
numbers of Neotropical Nymphalids onto the phylo-
geny of WAHLBERG et al. (2003) we observe the
pattern seen in Fig. 1.

Libytheinae, the proposed sister group of all other
Nymphalidae, have n =31-32 (this study); Danaini
have n =30 as the modal number (BRowN et al. 2004)
and their sister group Ithomiini has numbers ranging
from n =5 to 120 with a peak at n =14 (BRowN et al.
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Table 1. Haploid chromosome numbers for South American Nymphalidae. The taxon name used in the original
reference is in parentheses. A comma between chromosome numbers shows that the numbers come from different
individuals. Localities are grouped by region; a number at the end of locality codes indicates the number of
populations sampled within a region. A lower case letter in parentheses indicates previous work (a =pE LESSE 1967a,
b=pE LESSE 1970a, ¢ =pE LESSE 1970b, d =pE LESSE and BrRown 1971, e = Francint 1989, f=M4EkT and
ReEMmINGTON 1960, g = WESLEY and EMMEL 1975, h = EMMEL and EL14ZAR, unpubl.). Locality codes: AC = Acre
(extreme western Brazil), AM = Amazonas (northwestern Brazil), AN = Andes of north-central Colombia, AV =
Amazonas (southern Venezuela), BA = Bahia (eastern Brazil), BO = Bolivar (southern Venezuela), CC = Choco
(western Colombia), DF = Brasilia (central Brazil), DR =Dominican Republic, EE =eastern Ecuador, ES =
Espirito Santo (eastern Brazil), MG = Minas Gerais (central Brazil), MT = Mato Grosso (central Brazil),
OX = Oaxaca (southern Mexico), PA = Para (northern Brazil), RJ = Rio de Janeiro (southeastern Brazil), RO =
Rondonia (western Brazil), TV =Tachira (southwestern Venezuela), VC =Valle de Cauca (western Colombia),
VV =Villavicencio, Meta (eastern Colombia).

Genus Species, subspecies n= No. studied Locality
pop./ind.

Family NYMPHALIDAE

Subfamily LIBYTHEINAE
Libytheana carinenta 31+2 small 1/1 Mexico(b)
Libytheana carinenta bachmanii (L. b.) 31 1/7 Mexico(f)

Subfamily DANAINAE; Brown et al. (2004)

Tribe Danaini; BRowN et al. (2004) ~30

Tribe Ithomiini; BROwN et al. (2004) ~14—15-variable

Subfamily CHARAXINAE; BrowN et al. (2007) variable

Subfamily SATYRINAE; Brown et al. (2007) ~29-variable

Subfamily CYRESTINAE
Marpesia berania 32 171 Colombia(a)
Marpesia corinna 33 1/2 Bolivia(a)
Marpesia petreus 32 12 Argentina(a)
Marpesia zerynthia (coresia) 32 1/2, 11 Bolivia(a), Ecuador(a)

Subfamily BIBLIDINAE

Tribe Biblidini
Biblis hyperia 28 1/2, 1/5 Argentina(a), Mexico(f)
Mestra dorcas apicalis (M. a.) 31 171 Bolivia(a)
Mestra dorcas hersilia 31 1/1 Tobago(g)

(M. hypermestra cana)

Mestra dorcas semifulva (M. s.) 33 1/1 Colombia(a)
Vila sp. 15 1/1 RO

Tribe Epicaliini
Catonephele antinoe 14 12 Guyane(c)
Catonephele chromis 15 1/1 TV
Catonephele numilia 15 171 Mexico(b)
Catonephele nyctimus 23 1/1 (0):¢
Catonephele orites 21 171 TV
Catonephele salambria 15 1/1 TV
Cybdelis phaesyla (phaesila) 23 172 Bolivia(a)
Eunica alemena flora 30 12
Eunica bechina 28 1/1 DF(d)
Eunica ( Libythina) cuvierii 31 1/1 DF(d)
FEunica ( Evonyme) eburnea 30 172 Argentina(a)
Eunica ingens 30 2/4 MT, RO(h)
Eunica macris 16 171 RO(h)
Eunica malvina 14, 31 1/1, 1/1 MT2
Eunica monima 31 2/2 MT, RO
Eunica mygdonia 31 1/3 MT
Eunica nr eurota 30 1/1 TV
Eunica nr orphise 29 1/1 ES
FEunica ( Evonyme) tatila 26 1/3 Argentina(a)
Eunica sp. 15 1/1 RO(h)
Eunica sp. 29-30 1/1 MT
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Table 1 (Continued)

Genus Species, subspecies n= No. studied Locality
pop./ind.

Eunica sp. 31 1/1 AN
FEunica sp. 31 171 RO(h)
Myscelia orsis 24 1/1 RIJ(d)
Nessaea batesii 11 171 Guyane(c)
Nessaea hewitsonii 7 1/1 La Macarena, Colombia(h)
Nessaea obrinus 7 172 AM(h)
Nessaea obrinus 8 1/1 BO

Tribe Ageroniini
Ectima lirides 16 1/1 AM
Hamadryas amphinome 31 1/1 Colombia(a)
Hamadryas arinome 31 171 Colombia(a)
Hamadryas epinome 31 1/2 Argentina(a)
Hamadryas feronia 31 1/1 Guyane(c)
Hamadryas glauconome 31 12 Mexico(f)
Hamadryas guatemalena 31 171 Mexico(b)
Hamadryas laodamia ( Peridroma 31 1/2 Guatemala(b)

arethusa)

Hamadryas sp. 30 1/1 RO
Panacea procilla 31 1/1 vC
Panacea sp. 31 1/3 CC

Tribe Epiphilini
Asterope sp. nr markii 10 1/1 AC
Asterope sp. 10 171 AV
Epiphile adrasta 29 2/2 Guatemala(b), Mexico(b)
Epiphile hubneri (huebneri) 32 171 MG(d)
Epiphile orea 32 1/1 DF
Epiphile orea 32, 34 172 Argentina(a)
Nica (Pseudonica) Slavilla 54 171 Guatemala(b)
Peria lamis 23 1/1 EE
Pyrrhogyra neaerea ophni 29 1/1 ES
Pyrrhogyra neaerea ophni 31 1/1 BA
Pyrrhogyra otolais (nasica) 30 1/1 Colombia(a)
Pyrrhogyra sp. 30 171 EE
Temenis laothoe 11 1/1 MT(h)
Temenis laothoe 12 2/3 DF, RO
Temenis laothoe 13 3/5 Argentina(a), MG, PA
Temenis laothoe (dark) 14 171 EE
Temenis laothoe 14 1/1 \'AY
Temenis laothoe bahiana 13 (2 small) 1/3 BA
Temenis pulchra 27 2/3 VC, VV
Temenis sp. nr huebneri 7 1/1 EE

Tribe Eubagini
Dynamine agacles ca 29 171 Argentina(a)
Dynamine arene 30 1/1 Tobago(g)
Dynamine athemon 29 1/4 Argentina(a)
Dynamine coenus 30 1/1 Argentina(a)
Dynamine myrrhina 29 11 Argentina(a)
Dynamine postverta (myllita) 28 172 Guatemala(b)
Dynamine postverta (myllita) 29 2/4 Argentina(a), Guatemala(b)
Dynamine tithia 30 1/1 Argentina(a)
Dynamine tithia salpensa (D. s.) 30 172 Bolivia(a)

Tribe Callicorini
Callicore hydaspes 30 12 Argentina(a)
Callicore hydaspes 30-31 171 Argentina(a)
Callicore lyca 31 1/1 Ecuador(a)
Callicore tolima 21 171 Ecuador(a)
Diaethria anna (annua) 31 1/1 Mexico(b)
Diaethria candrena 31 1/5 Argentina(a)
Diaethria clymena 31 2/2 Argentina(a), Ecuador(a)
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Table 1 (Continued)

Genus Species, subspecies n= No. studied Locality
pop./ind.
Diaethria clymena marchalii (D. m.) 31 1/3 Colombia(a)
Haematera ( Callidula) pyrame 30 172 Argentina(a)
Haematera pyrame 30-31 1/1 RI(h)
Mesotaenia ( Perisama) vaninka 31 1/3 Bolivia(a)
Orophila ( Perisama) cardases 31 1/1 Ecuador(a)
Perisama bomplandii 31 1/3 Ecuador(a)
Perisama humboldtii 31 1/1 Ecuador(a)
Perisama lebasii hilara (P. h.) 31-32 171 Bolivia(a)
Perisama morona 31 1/2 Bolivia(a)
Perisama oppelii 31 1/1 Ecuador(a)
Subfamily APATURINAE
Asterocampa leilia 31 1/1 Mexico(f)
Doxocopa cyane 32-33 1/1 Ecuador(a)
Doxocopa elis 31 1/1 Bolivia(a)
Doxocopa laurentia (seraphina) 31 171 Argentina(a)
Doxocopa linda 32 1/1 Argentina(a)
Doxocopa pavon 33-34 1/1 Mexico(b)
Doxocopa sp. nr agathina 31 11 EE
Subfamily NYMPHALINAE
Tribe Coeini
Baeotus deucalion 15 2/2 EE, RO(h)
Baeotus sp. 14 1/1 CC
Historis (Coea) acheronta 31 171 Ecuador(a)
Tribe Nymphalini
Colobura dirce 31 1/2 RIJ(d)
Hypanartia bella 31 1/3 Argentina(a)
Hypanartia dione 31 1/1 Bolivia(a)
Hypanartia kefersteini 31 1/1 Bolivia(a)
Hypanartia lethe 31 2/3 Argentina(a), Ecuador(a)
Smyrna blomfildia 31 172 MG
Tigridia acesta latifascia 30 1/1 DF(d)
Vanessa carye 31 1/1 Argentina(a)
Vanessa virginiensis 31 1/1 Argentina(a)
Tribe Victorinini
Anartia amathea 30-31 171 Argentina(a)
Anartia amathea 31 3/10 Argentina(a), Trinidad2(g)
Anartia amathea 32 171 Argentina(a)
Anartia fatima 31 1/2 Mexico(f)
Anartia Jatrophae 31 6/8 Bolivia(a), Colombia(a),
Guyane(c), Mexico(f),
Trinidad2(g)
Metamorpha elissa (sulpicia) 31 1/3 Ecuador(a)
Siproeta epaphus 31 1/3 Ecuador(a)
Siproeta ( Metamorpha) stelenes 31 3/4 Colombia(a), Ecuador(a),
Mexico(f)
Tribe Junoniini
Junonia coenia 31 171 Mexico(f)
Junonia evarete 31 2/4 Ecuador(a), RJ
Junonia ( Precis) evarete zonalis (lavina z.) 31 3/3 Mexico(f), Trinidad2(g)
Junonia vestina 31 1/1 Argentina(a)
Junonia vestina livia 31 171 Ecuador(a)
Tribe Melitaeini
Anthanassa ( Phyciodes)  frisia hermas 31 1/1 Argentina(a)
Castilia ( Phyciodes) eranites 31 171 Colombia(a)
Chlosyne gaudialis 31 1/1 Mexico(b)
Chlosyne hippodrome 31 1/1 Mexico(b)
Chlosyne Jjanais 31 2/4 Mexico2(b)
Chlosyne lacinia adjutrix 31 171 Mexico(b)
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Table 1 (Continued)

Genus Species, subspecies n= No. studied Locality
pop./ind.
Chlosyne lacinia lacinia 31 1/1 Mexico(b)
Chlosyne narva ca 31 171 Colombia(a)
Eresia datis moesta ( Phyciodes m.) 32 1/3 Ecuador(a)
Eresia datis moesta ( Phyciodes m.) 33, 33-34 172 Ecuador(a)
Eresia datis margaretha ca 34-35 1/1 Colombia(a)
(Phyciodes m.)
Eresia (Phyciodes) emerantia 31 1/1 Colombia(a)
Eresia ( Phyciodes) lansdorfi 31 2/2 Argentina(a), MG(d)
Ortilia ( Phyciodes) ithra 31 1/1 Argentina(a)
Telenassa ( Phyciodes) teletusa 31 171 Argentina(a)
Subfamily LIMENITIDINAE
Adelpha alala 42, 45 1/2 Bolivia(a)
Adelpha cocala 27 171 Ecuador(a)
Adelpha ¢. cocala (¢ urraca) 15, 16 12 MT
Adelpha cocala didia (c. riola) 30 1/1 RJ(d)
Adelpha cytherea 30 1/2 Colombia(a)
Adelpha epione 33 1/1 vC
Adelpha epione ssp. 32-33 11 EE
Adelpha Justina valentina (A. v.) 30 171 Ecuador(a)
Adelpha Iycorias lara (A. lara) 30 1/1 Ecuador(a)
Adelpha malea goyama (A. g.) 30 171 Argentina(a)
Adelpha mesentina 30 172 AM
Adelpha mythra 30 1/1 RIJ(d)
Adelpha saundersii 30 1/1 Bolivia(a)
Adelpha serpa 11 12
Adelpha syma 29 11 MG(d)
Adelpha thessalia indefecta 30 12 Argentina(a)
(A. mincia)
Subfamily HELICONIINAE
Tribe Argynnini
Euptoieta hegesia 31 2/3 Bolivia(a), Mexico(f)
Euptoieta hortensia 31 1/2 Argentina(a)
Yramea cytheris 31 2/4 Argentina(a), Chile(a)
Yramea lathonioides 31 1/1 Chile(a)
Tribe Acraeini
Abananote (Actinote) erinome ca 150 171 Bolivia(a)
Actinote carycina 31 several SP(e)
Actinote melanisans 31 several SP(e)
Actinote parapheles 31 several SP(e)
Actinote pellenea 31 several SP(e)
Actinote thalia pyrrha (A. p.) 31 several SP(e)
Altinote (Actinote) alcione corduba 14 171 Bolivia(a)
Tribe Heliconiini; SUOMALAINEN and BrRownN (1984), 3121

BrownN et al. (1992)

2004). The two tribes of Charaxinae have quite
different distributions of numbers (BrRowN et al.
2007). The Anaeini have a peak at n =31, followed
by a descending series with many numbers in n =26
through 30 and a minor peak at n =21, all the way to
n =6, while the Preponini have a peak at n =12 with a
single number above n =19.

Among Satyrinae (BRown et al. 2007), the Mor-
phini have a peak at n =28, while the Brassolini have
an equally distinctive peak at n =29. The other tribes
of Satyrinae have a weak modal of n =29 (BrowN

et al. 2007), starting with the basal groups with n =29
relatively common, followed with the first clade of
Pronophilina (PENA et al. 2006) which has n =29
fixed, followed by the second clade that has an uneven
distribution resembling the one of Euptychiina that
has all numbers between n =6 and n =31 present at
least once, with n =13 as the most common one but
without any clear modal number.

The next clade is made up of Heliconiinae (includ-
ing Argynnini, Heliconiini and Acraeini) and Lime-
nitidinae. The samples for Argynnini and Acraeini are
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Libytheinae 32
Danaini 30
Danainae—[
Ithomiini 32?7 — 14
Anaeini  31-29
—Charaxinae—[
Preponini 12
—Melanitini 28
—Haeterini 30 — 12
Satyrinae—_[glorphini 28
rassolini 29
—Satyrini 29 — 13
- Argynnini 31
‘—Heliconiinae—EHeIiconiini 31—-21
-Acraeini 31
Limenitidinae 30
— r——Nymphalinae 31
——————Apaturinae 31
Cyrestinae 32
Biblidinae 31

Fig. 1. The chromosome numbers of Neotropical Nympha-
lids projected onto the phylogeny of FrREiTAs and BRownN
(2004) or WAHLBERG et al. (2003). The most common
chromosome number within each taxon is given; the arrows
indicate the direction of change from primitive to derived
forms.

small but they seem to be almost fixed for n =31,
while the Heliconiini show an evolution away from
n=29-31 to a new modal number (SUOMALAINEN
and BrowN 1984; BrownN et al. 1992). The basal
genus, Philaethria, is made up of species with n =12
up to n =88. Two of the species have n =29, which is
also found in the other primitive genus, Podotricha,
which again has a species with n =9. The next clades
are genera with n =31, followed through a series
(Neruda, Laparus) that go down from n=32 to
n=19-21. The large genus Heliconius is, with the
exception of the most derived, pupal mating clade,
stabilized into n=21. With the exception of H.
hewitsoni that has n =21, the pupal mating species
represent an ascending series up to n =62.

The Limenitidinae have a strong modal n =30 (this
study) and the Nymphalinae an even stronger n =31
and this is also the case in the small sample of
Apaturinae that we have in this study. Finally the
Biblidinae have a strong modal number of n =31 (31
out of 80 taxa) followed with n =30 and n =29. We
may also note that numbers about half that are
relatively common with a total of 13 counts between
n=13 and n=16.

WAHLBERG (2006) has estimated that the basal
groups of Nymphalinae diverged at about the K/T
boundary, i.e. about 65 million years ago and the age
of Nymphalidae is older than 70 million years. This

gives us a handle to assess whether the modal number
represents a primitive condition rather than an equili-
brium karyotype in the sense of WHITE (1973) to
which the chromosome number will return after
having been perturbed. These two concepts need, of
course, not be mutually exclusive. Many of the basal
subfamilies and tribes of nymphalids have the modal
n =29-31. Again, BRown et al. (2004) argued that the
Ithomiini evidently descend from an ancestor that has
already had the chromosome number halved to about
n =14-15. The minor peak seen at about n =7-8 seen
among them results from further concerted fusion of
all chromosomes. Given that the nymphalid subfami-
lies and tribes have diverged from each other tens of
millions of years ago (WAHLBERG 2006), it is unlikely
that there is selection that will restore n =31 once it
has been perturbed. Evidently n =29-31 represents
the ancestral condition of Nymphalidae.

Chromosomes in speciation

The pairing and segregation of chromosomes at
meiosis is a component of fertility selection, a
constituent of postzygotic isolation and speciation
(DoBzHANSKY 1968). Chromosome number changes
have been shown to give rise to reinforcement in
satyrine speciation (Lorkovic 1958). The factors
underlying reinforcement are being studied with
molecular methods: LukHTaANOV and DANTCHENKO
(2002) and LukHTANOV et al. (2005) have studied the
behavior at meiosis of the chromosomes of Lycaeni-
dae, in particular species with extremely high chromo-
some numbers, again, WoLF et al. (1997) have
observed meiosis in lepidopterans with low chromo-
some numbers. We have here an acraeine that may
have an extremely high chromosome number (n =150)
and we have reported both very low and as high or
higher numbers also in other Nymphalids (BRownN
et al. 1992, 2004, 2007).

DE LESSE (1966, 1967b, 1968) and DE LESSE and
Condamin (1962, 1965) have published chromosome
numbers of African representatives of the neotropical
Nymphalid groups that we report here. In general the
African Nymphalinae have n =31, the Limenitidinae
have a peak at n =30, like in South America; the few
Biblidinae at n =31 and the single Libythea species
n =31. The sample of 18 species of African Acraeinae
has a peak at n =31 but nine species have numbers
higher than that and one species has n =137, compar-
able to Abananote erinome of Bolivia (this paper).
FraNcINT (1989) has, in our opinion convincingly,
demonstrated that in the study of chromosome
numbers of Acraeini one should only look at early
prepupae; all other stages of development yield
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nonreproducible results. Nevertheless, given the ex-
pertise and perspicuity of de Lesse, we think that his
two similar sets of observations carry weight and
should not be disregarded without rechecking.

RoginsoN (1971) has made an extensive compila-
tion of worldwide chromosome numbers of lepidop-
terans. Virtually every group of Nymphalids from
North America, Europe, Asia and Australia has a
modal number at n =30—31. The only exceptions are
the African Charaxines that have a peak at n =25-26
and the African Satyrines that have a modal of n =28
(BrRowN et al. 2007). With these two exceptions, all
other Nymphalid groups with modal chromosome
numbers different from the general lepidopteran
modal of n=29-31 are Neotropical. Lorkovic
(1990) pointed out, on the basis of a limited material,
that the tropical Satyrinae tend to have lower chromo-
some numbers than the n =29 that characterizes them
in the rest of the world. Given that there is no crossing
over in the females, chromosome numbers may
represent a way to adapt to tropical conditions
through adjusting recombination. We doubt that the
hypothesis of Lorkovi¢C (1990) needs to be discussed
further; e.g. most tropical and temperate Drosophila
species lack recombination in the heterogametic sex
but all have low chromosome numbers.

Modes of selection

DoBzHANSKY (1950) argued that in the physically
mild environments of the tropics the interrelationships
between competing and symbiotic species or biotic
interactions in general are the agents of natural
selection, while in the harsher environments of the
temperate zone and beyond physical factors drive
evolution. JANz et al. (2006) have shown that host
plant diversification drives evolution in Nymphalidae.
Mimicry is another obvious case point. Among the
groups discussed here, Danainae, several Charaxinae
and Satyrinae, Heliconiinae, many Nymphalinae and
some Biblidinae are involved in mimicry rings either as
movers or followers. Ithomiini, Charaxinae, Satyrinae
and some Heliconiini are characterized through chro-
mosomal instability. The large genus Heliconius stands
out among these mimetic forms, as it is almost fixed
for the new modal n =21. GILBERT (2003) shows that
there is extensive between species mating that explains
the striking convergence of Miillerian mimetic pat-
terns across the genus.

Hybridization is a potential mechanism that could
give rise to chromosomal changes within and among
closely related species (MALLET 2007). Our material
(BrRowN et al. 1992) examined includes certain
Heliconius hybrids found in nature. Some of them

are hybrids between different morphs of one helico-
niine species (Eueides tales tales x E. tales pythagoras,
Heliconius clysonymus clysonymus x H.  clysonymus
hygiana, H. sapho sapho x H. sapho chocoensis). One
of them (H. cydnox H. melpomene) is a species
hybrid. In all these cases the parentals of the hybrid
have the same chromosome number (even though the
chromosome number of E. tales pythagoras is un-
known). The chromosomes seem to pair in general in
the normal fashion in the hybrid meiosis, indicating
that the hybrids may well be fertile. In only one of the
hybrids studied by us (E. tales tales xE. tales
pythagoras) all chromosomes do not pair in a part
of the cells. The subspecies (morphs) and closely
related species of Heliconius in general have the same
chromosome number. Consequently their hybrids lack
the obstacle for fertility conferred by different chro-
mosome numbers of parent species. There is, indeed,
good evidence for homoploid speciation in Helico-
nius: H. heurippa has originated as a hybrid between
H. melpomene and H. cydno (MAVAREZ et al. 2006).
Here the hybrid phenotype isolates the hybrids from
the parent species. Consequently, between species
hybridization would be a force that stabilizes the
chromosome numbers. As mentioned in the introduc-
tion, chromosome number change is in general
expected to give rise to reproductive isolation and
reinforcement (LukHTANOV et al. 2005, KaNpuUL
et al. 2007).

Another case in point is sexual selection. The males
of the pupal mating clade of Heliconius mate with the
female before she has eclosed from the pupa and
consequently sexual selection is relaxed. GILBERT
(2003) has suggested that sexual selection is a con-
servative force in the evolution of Heliconius. Our
chromosomal results show that once sexual selection is
removed, chromosome numbers become unstable,
which is certainly compatible with GILBERT's (2003)
suggestion.

WAHLBERG et al. (2005b) and WAHLBERG (2006)
have reconstructed the historical biogeography of the
Nymphalinae. They conclude that the major clades
have three centres of diversification, from which they
have spread to the areas they now occupy. The pattern
of chromosomal evolution that we have observed
agrees with their conclusions: there have been several
dispersal events from South America to other con-
tinents; again South America has received many taxa
in particular from the Afrotropical and Nearctic
regions. Interestingly, groups that may have invaded
to the Neotropics from elsewhere (e.g. Argynnini and
Melitaeini) seem to have retained the lepidopteran
modal n =31, while at least some clades of Satyrinae,
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a putative Neotropical subfamily, have retained chro-
mosomal instability and make use of it in speciation
(Lorkovic 1958).

Conclusions

In conclusion, we have found that many Neotropical
groups of Nymphalidae show extensive variation in
their chromosome numbers, while chromosome num-
bers appear to be much more stable in the Holarctic
region. Karyotypic instability characterizes entire
subfamilies like Charaxinae or tribes or subtribes,
like Ithomiini among danaines and Euptychiina
among satyrines. We suggest that this instability is
associated with speciation and it is driven through
biotic interactions such as mimicry. Nymphalids are a
well-studied group that could be an ideal material to
solve the role of chromosomal change vs. stability
in evolution. We call for studies on historical biogeo-
graphy (WAHLBERG 2006) and molecular studies
tied to cytology (LUKHTANOV et al. 2005; MAVAREZ
et al. 2006; GoMPERT et al. 2006; KANDUL et al. 2007)
to re-establish through modern means the once
flourishing but long neglected field of chromosome
evolution.
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