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ABSTRACT

We have studied the origin of the Charaxinae lepidopteran fauna of the Yucatan Peninsula
in a panbiogeographical analysis. The expectation was that this biota had a single origin
(one generalized track) from Central America. A database was generated with worldwide
distributional records of Charaxinae. The panbiogeographical analysis used the program
Trazos2004, an extension for ArcView. A total of 22,124 records and 304 species were ob-
tained, and 226 individual tracks were generated. Seventeen generalized tracks were ob-
tained for the Americas; 2 of these penetrate into the Yucatan Peninsula. We conclude that
the origin of the Yucatec Charaxinae fauna is tropical, following in America the Neotropical
pattern, the so-called Mexican biogeographic “Y”. This fauna originates from 2 putative Me-
soamerican invasions: an older one (perhaps Miocene), that penetrated across the “Sierrita
de Ticul” (a low mountain range); the other one more recent (Pliocene), which invaded along
the Caribbean coast.

Key Words: Charaxinae, lepidopterofauna, Neotropical, Panbiogeography, historical bioge-
ography, Yucatan

RESUMEN

Se identifica el origen de la lepidopterofauna de Charaxinae de la peninsula de Yucatdn me-
diante un anadlisis panbiogeografico, bajo la hipétesis de que esta biota tuvo un solo origen
(un solo trazo generalizado) desde Centroameérica. Se gener6 una base de datos con los regis-
tros de Charaxinae a nivel mundial. Para el anélisis panbiogeografico se utiliz6 el programa
Trazos2004, una extension para ArcView. Se obtuvieron 22,124 registros y 305 especies y se
generaron 226 trazos individuales. Se obtuvieron 17 trazos generalizados para el continente
americano; dos de ellos penetran en la peninsula de Yucatan. Se concluye que el origen de la
fauna yucateca de Charaxinae es tropical, siguiendo el patrén tipico neotropical llamado la
“Y” biogeografica mexicana. Esta fauna se originé de dos posibles invasiones mesoamerica-
nas: una mas antigua (tal vez mioceno), que penetré por la Sierrita de Ticul; la otra, més re-
ciente (plioceno), invadi6 a lo largo de la costa del Caribe. Los dos trazos obtenidos se anaden
a los cinco patrones neotropicales previamente establecidos para el México neotropical.

The biota of the Yucatan Peninsula (YP) is in-
fluenced by 2 Neotropical components (Morrone
& Marquez 2003; Morrone 2006): Central and
South American (Mesoamerican; Espejel 1987),
and Antillean, in addition to endemic elements
(Estrada-Loera 1991). Some authors have consid-
ered the Mesoamerican component to be domi-
nant, comprising approximately 60% of all spe-
cies (Estrada-Loera 1991), while others report
that the Antillean affinity could be the most im-
portant (Miller & Miller 2001). Some workers
consider that there were several invasions, at dif-
ferent times, and with more than 1 origin (e.g.,
Schmitter-Soto 2002; Schmitter-Soto & Salazar-

Vallejo 2003). Liebherr (1988) thought that the
relationship between the Antillean and the Me-
soamerican insect faunas depended on migration
events; however, other authors think that the An-
tillean component is secondary, albeit interesting
(Estrada-Loera 1991; Carnevali et al. 2003).

The oldest rocks in YP are Paleozoic; neverthe-
less, throughout its history, YP has been at times
completely covered by a shallow sea, for instance
during the Cretaceous, whereas in the Paleocene-
Eocene YP was partially emergent. During the
mid-Eocene the peninsula totally sank again, and
at the end of this period it rose again, leaving un-
derwater just parts of the northeast and the Car-
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ibbean littoral, which remained as a shallow sea
until the early Miocene. The sea advanced during
the rest of the Miocene and the early Pliocene,
pushing the eastern coast inland as far as Lake
Chichancanab, which today is close to the geo-
graphic center of YP. The main marine regression
occurred during the transition Pliocene-Pleis-
tocene (Beutelspacher 1984; Espejel 1987,
Suédrez-Morales 2003).

The Papilionoidea co-evolved with the dicotyle-
donous plants, about 110 million years ago (mya),
during the Cretaceous (Miller & Miller 2001);
however, the Nymphalidae evolved 70-65 mya
(transition Cretaceous-Tertiary), so the distribu-
tion of these butterflies was still under the influ-
ence of the “Gondwana effect”, because at that
time the last connections of this ancient continent
still remained (Ehrlich 1958; Grimaldi & Engel
2005). The distribution of the Rhopalocera in the
Americas became established during the
Pliocene, when the mountain ranges known as Si-
erra Madre Occidental and Sierra Madre Orien-
tal arose, resulting in the peculiar Y-shaped pat-
tern (the “Mexican biogeographic Y”) of Neotropi-
cal species (Morrone & Méarquez 2003; Vargas et
al. 2006).

The aim of this work is to examine the possible
origin of the diurnal lepidopteran fauna in YP, in
particular the subfamily Charaxinae as a focal
group, because these butterflies display high
abundance and richness in the region, compared
to other Lepidoptera groups; moreover, the
Charaxinae have been used previously as diag-
nostic species to classify biogeographic regions
(Vargas et al. 2006), as well as bioindicators of
conservation (Pozo et al. 2009).

We propose to determine whether more than 1
biotic component (more than 1 putative origin)
can be recognized within the Charaxinae fauna of
YP. Panbiogeography was the analytical tool of
choice, because this technique generates explicit
spatial hypotheses on the distributional patterns
of taxa rather than simple faunal similarity. This
analysis helps to establish spatial homologies,
that is, the historical biogeographic coherence of
faunal components (Croizat-Chaley 1982; Craw
1988; Morrone & Crisci 1995; Grehan 2003). Our
original hypothesis was that there might be only
1 component in YP, a generalized track coming in
from Central America, as suggested by Estrada-
Loera (1991) for plants.

MATERIALS AND METHODS

Focal Group

The Charaxinae are regionally abundant, com-
pared to other Lepidoptera (e.g., Papilioninae and
Libytheinae: Pozo et al. 2003; Maya et al. 2005)
and their taxonomy is well known (Vargas et al.
2006; Wahlberg & Brower 2008). Many of the spe-
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cies are tropical and most of their distributional
limits are in Mexico and the Amazon. Most
Charaxinae do not migrate, and they are rather
well-associated with particular types of vegeta-
tion (Ehrlich 1958; Ackery 1984; DeVries 1987,
Mielke et al. 2004; Vargas et al. 2006; Wahlberg &
Brower 2008). The detailed phylogeny is un-
known, but the subfamily is considered mono-
phyletic (Wahlberg & Brower 2008).

Study Area

The YP is a biogeographical province, with low
relief and conspicuous humidity gradient (dry in
the north, wet in the south), which correlates
with vegetation (Estrada-Loera 1991) that is
mainly subperennial rainforest, subdeciduous
rainforest, evergreen rainforest, low deciduous
forest, low floodable forest, and other plant as-
semblages including mangrove (Smith 1941; Es-
calante et al. 2003; Arita & Vazquez-Dominguez
2003; Carnevali et al. 2003; Orellana et al. 2003).

Sampling

American Charaxinae data came from docu-
mented records (Godman & Salvin 1879-1901;
Godman et al. 1887-1901; Comstock 1961;
d’Abrera 1988; de la Maza & Gutiérrez-Carbonell
1992; Llorente & Luis, 1992; Caldas 1994;
Llorente & Luis 1994; Bizuet-Flores et al. 2001;
Pozo et al. 2003; Maya et al. 2005; Maya et al.
2009, among others), scientific collections (Amer-
ican Museum of Natural History, Cleveland Mu-
seum of Natural History, Coleccién Nacional de
Insectos [CNIN], Museo de Zoologia de ECOSUR,
Museo de Zoologia de la Facultad de Ciencias de
la UNAM “Alfonso L. Herrera”, San Diego Natu-
ral History Museum, The McGuire Center for
Lepidoptera and Biodiversity) and electronic da-
tabases (CONABIO; Opler et al. 2006; Willmott &
Hall 2006; among others). Most records included
latitude and longitude; when the records did not
include latitude and longitude, we consulted at-
lases to estimate a geographical position for the
locality.

Track Analysis

For every American taxon of Charaxinae we
generated an individual track using ArcView
(ESRI, Redlands), with an extension named
Trazos2004 (Rojas 2007). We ignored species
known from only 1 locality. Extension Trazos2004
applied the method of the closest neighbor to gen-
erate the track (Rojas 2007). The generalized
tracks are the intersection of several individual
tracks, and are interpreted as biotas that share a
biogeographic history. Finally, maps showing gen-
eralized tracks that penetrate into YP were
drawn.
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RESULTS

The database included 22,124 records belonging
to 304 American Charaxinae species and yielded
226 individual tracks. Seventy eight records were
not taken into account to build the generalized
tracks (Appendix 1 in supplementary material on-
line), either because they had no intersection with
any other individual track, or because they repre-
sented species with limited distribution. The indi-
vidual tracks resulted in 17 Neotropical generalized
tracks (Table 1), 2 of which penetrate into YP (Figs.
1 and 2), a fact that called into question our hypoth-
esis that there might be a single origin for the
Charaxinae fauna of the Yucatan.

Generalized Track I consists of 6 genera (Pre-
pona, Memphis, Fountainea, Hypna, Zaretis, and
Siderone) and 33 species (Table 1; Fig. 1); it ex-
tends into South America (Bolivia, Peru, Ecuador,
and Colombia), with 1 branch towards Venezuela
and the other into Central America, across Nica-
ragua, El Salvador, and Guatemala. In Guate-
mala the track bifurcates, with a line towards
central Mexico (the base of the “Mexican Y” docu-
mented by Morrone 2006) and another line that
invades the YP, where it goes around the center of
the peninsula, along the Caribbean coast and the
north of Yucatan. Most of this track is located in
Pliocene-age terrain and indicates a Central
American-Caribbean coast origin for the Yucatec
Charaxinae.

Generalized Track II penetrates into the YP
across the “Sierrita de Ticul” (low mountain-
range), with 2 genera (Memphis and Fountainea)
and 4 species (Fig. 2). The track originates in Ec-
uador-Colombia-Venezuela (north of the Ama-
zon); at the base of the “Mexican Y” it bifurcates,

TABLE 1. GENERALIZED TRACKS OF CHARAXINAE.
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with a Yucatec branch over Eocenic terrains, indi-
cating a Central American-inland origin for the
fauna under study, and another branch along the
Gulf of Mexico and across the Balsas depression
to the Pacific coast. The species Fountainea halice
maya, endemic to the YP (Vargas et al. 2006), is
part of this track.

DiscussioN

The Mexican fauna of Charaxinae originated in
South and Central America, as already observed
by other authors (Miller & Miller 2001). Five sub-
patterns of distribution have been proposed for
the “Mexican Y”: Neotropical, Pacific, North Pa-
cific, South Pacific, Gulf of Mexico and Chiapas
(Luis-Martinez et al. 2006; Morrone 2006), but
none of these includes the YP, so a major contribu-
tion of the present investigation is to establish 2
additional subpatterns (Tracks I and II). Because
more than 1 of these generalized tracks pene-
trates into YP, our initial expectation of a homoge-
neous invasion of YP is not supported. Our inter-
pretation of these analyses is that 1 invasion fol-
lowed the Caribbean coast (Generalized Track I),
and the other went across the “Sierrita de Ticul”.
This fauna is purely Mesoamerican and not Anti-
llean. The fact that the biota in YP has multiple
origins and is not the result of a homogeneous in-
vasion has been proposed for other taxa (Schmit-
ter-Soto 2002; Yafiez-Ordoénez et al. 2008).

Generalized Track I represents a more recent
invasion into the YP, because its terrains are
younger (Pliocene). Schmitter-Soto (2002) de-
tected a similar pattern for species (or lineages) of
the fish genus Astyanax. Two invasions by Asty-
anax species were proposed (1 of them Pleistoce-

Track Location Number of species
I Central-South America-Mexico (Gulf and Pacific slopes) 33
1I Central-South America-Mexico (Gulf slope) 4
111 Central-South America 85
v Central-South America 27
\% South America 15
VI South America-Antilles 10
VII Central-South America 6
VIII South America (North of Amazon) 5
X South America 3
X Cuba-Antilles 4
X1 South America (Center of the Amazon) 11
XII South America 4
XIIT South America (South of Amazon) 2
XIV North America (Central USA) 3
XV South America (East of Amazon) 3
XVI Central-South America 2
XVII Mexico Gulf (Sierra Madre del Sur) 9
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Fig. 1. Generalized Track I of Charaxinae Fauna.

nic), both of them Central American in origin.
Similar generalized tracks have been suggested
before (Alvarez & Morrone 2004, birds; Yanez-Or-
déiez et al. 2008, bees).

Moreover, the extreme portion of this general-
ized track follows a largely east-to-west pattern,
which coincides with the trajectories of hurri-
canes that enter Yucatan peninsula, and might
indicate an influence of these meteorological phe-
nomena on butterfly dispersion.

Generalized Track II includes taxa that cross
over to the Pacific across the “Eje Neovolcanico”
and the Balsas depression. This generalized track
lies over the oldest terrain in YP. This biotic ex-
change between the Gulf and the Pacific accounts
in part for the diversity in both versants, but es-
pecially in the river Balsas basin (Hoffman 1940,
fauna; Pérez et al. 2001, vegetation). According to
Marshall (1998) and Morrone (2006), the evolu-
tion of the Neotropical biota, like that of mam-
mals, is marked by the vicariant events associ-
ated with the emersion of the isthmi of Tehuante-

pec and Panama, an event known as the Great
American (Biotic) Interchange. The corridor
formed by the Isthmus of Tehuantepec dates from
the Miocene (Lépez 2003).

The multiple origins of the fauna of Charaxi-
nae of the YP are mirrored by the biogeography of
the coastal vegetation of the YP (Espejel 1987),
possibly due to 6 genera that provide potential
habitat for these butterflies (Caesaria (Flacourti-
aceae), Croton (Euphorbiaceae), Inga (Fabaceae),
Piper (Piperaceae), Swartzia and Pithecellobium
(Leguminosae)). Estrada-Loera (1991) found a
similar distribution pattern for the plants that
provide food for larvae of Charaxinae (Caesaria
nitida, Piper yucatanense and Swartzia cubensis);
this author also argues that the coastal strip
along the north and northwest of YP is richer in
endemics, restricted to this strip because of lack
of suitable conditions elsewhere in the YP. It is in-
teresting to see that Generalized Track I neatly
follows this coastal strip, from the Caribbean to
northern Yucatan.
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Fig. 2. Generalized Track II of Charaxinae Fauna.

There is evidence for a relatively recent origin
of the group, based on molecular and morphologi-
cal cladograms that suggest that the Charaxinae
are among the most derived nymphalid subfami-
lies (Wahlberg et al. 2008). In that scenario, the
first Charaxinae must have dispersed between
South America and Africa (Wahlberg 2006), or al-
ternatively the family Nymphalidae must be
older than currently thought.

CONCLUSION

The origin of the Charaxinae fauna in the
Yucatan Peninsula (YP) is a mixture of at least 2
biotic components that followed 2 courses into the
peninsula, probably in different geological times:
1 track along the Caribbean coast, the other

across the “Sierrita de Ticul”. These generalized
tracks may be seen as 2 subpatterns of the gen-
eral Neotropical pattern in Mexico (the “Mexican
Y”).
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