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Resumen

Una zona de transicibn muestra una superposicion entre dos 0 mas regiones y
representa un evento de hibridacion bi6tica, en el cual diferentes cenocrones se
ensamblaron debido a procesos histéricos y ecoldgicos. La zona de transicidon
mexicana es el &rea donde las regiones Neartica y Neotropical se superponen y que
incluyen cinco provincias biogeograficas que son: la Sierra Madre Occidental, Sierra
Madre Oriental, Sierra Madre del Sur, Faja Volcanica Transmexicana y los Altos de
Chiapas. Dentro de esta zona de transicion se han identificado cinco cenocrones:
Paleoamericano, Altiplano Mexicano, Mesoamericano de Montafia, Neértico y
Neotropical Tipico. Se llevaron a cabo tres analisis biogeogréficos cladisticos
basados en 49 cladogramas de taxones terrestres de plantas y animales,
repartiéndolos en tres rebanadas temporales: Mioceno (Cenocron Mesoamericano
de Montafa), Plioceno (suma del cenocron Mesoamericano de Montafia con el
Neartico) y Pleistoceno (suma de los cenocrones Mesoamericano de Montafia,
Neartico y Neotropical Tipico). Para la rebanada temporal del Mioceno, observamos
una relacion cercana de la Faja Volcanica Transmexicana con la region Neotropical,
pero para las rebanadas temporales del Plioceno y Pleistoceno, la relacion mas
estrecha fue para con la regién Neartica. Llegamos a la conclusién de que la Faja
Volcénica Transmexicana pudo haber jugado un diferente papel dependiendo el
cenocrén analizado, y que la zona de transicibn Mexicana difiere en cuanto a su
delimitacién, esto, dependiendo de los taxones analizados, reforzando asi la idea

de que es un area muy compleja.



Abstract

A transition zone shows the overlap between two or more regions and represents an
event of biotic hybridization, where different cenocrons assembled due to historical
and ecological processes. The Mexican transition zone, the area where the Nearctic
and Neotropical regions overlap, includes five biogeographical provinces: Sierra
Madre Occidental, Sierra Madre Oriental, Sierra Madre del Sur, Transmexican
Volcanic Belt and Chiapas Highlands. Within this transition zone, five cenocrons
have been already recognized: Paleoamerican, Mexican Plateau, Mountain
Mesoamerican, Nearctic and Typical Neotropical. We undertook three cladistic
biogeographic analyses based on 49 cladograms of terrestrial taxa, partitioning them
into three time-slices: Miocene (Mountain Mesoamerican cenocron), Pliocene
(Mountain Mesoamerican plus Nearctic cenocrons) and Pleistocene (Mountain
Mesoamerican, Nearctic and Typical Neotropical cenocrons). For the Miocene time-
slice, we observed a close relationship of the Transmexican Volcanic Belt with the
Neotropical region, but for the Pliocene and Pleistocene time-slices, the closer
relationship of the Transmexican Volcanic Belt was with the Nearctic region. We
conclude that the Transmexican Volcanic Belt may have played a different role
according to the cenocron analyzed, and that the Mexican transition zone differs in
its delimitation depending on the taxa analyzed, strengthening the idea that it is a

complex area.



INTRODUCCION

La biogeografia es la disciplina de la biologia comparada encargada de estudiar y
de analizar la distribucion espacio-temporal de los seres vivos (Morrone & Crisci,
1995a), proponiendo hipotesis de los procesos que han generado patrones
espaciales de biodiversidad (Escalante & Morrone, 2008). Se tienen dos vertientes
dentro de la biogeografia: la biogeografia historica o evolutiva y la biogeografia
ecologica (Morrone & Crisci, 1995b, Morrone 2007). La primera trata de analizar los
patrones de distribucion de especies y taxones en una gran escala espacio-
temporal, asi como los procesos y patrones de evolucion de los taxones
supraespecificos y las biotas, mientras que la segunda analiza los patrones de
distribucion poblacional a una escala menor (Morrone, 2004a; Llorente & Espinosa,
1995).

La biogeografia cladistica es un enfoque de la biogeografia histérica que
reposa sobre una analogia entre la biogeografia y la sistematica, ya que analiza la
distribucion de los seres vivos buscando patrones de relaciones entre areas de
endemismo basados en las relaciones filogenéticas de los taxones que habitan
estas areas (Crisci & Morrone, 1992; Espinosa & Llorente, 1993; Contreras-Medina
et al. 2007). Dicho de otro modo, existe una correspondencia en las relaciones entre
los taxones y las &reas que habitan, y si muchos de estos taxones muestran
patrones de distribucion similares, entonces es evidencia que tienen una historia
comun (Morrone, 2009). Diversos autores enfocados en la biogeografia cladistica
mantienen la idea que las distribuciones de los diferentes taxones estan
relacionados histéricamente, y que muestran patrones comunes como resultado de
amplios eventos orogénicos y ecoldgicos (Marshall & Liebherr, 2000). Apoyando
estas ideas, Ebach & Humphries (2002) mencionan que el objetivo de la
biogeografia cladistica es extraer las evidencias de una congruencia geografica y
que ésta, a su vez, es explicada por la evolucién. Asimismo, Goyenechea y
colaboradores (2001), mencionan que los métodos de la biogeografia cladistica
estudian grupos cuya monofilia sea demostrable a través de un cladograma
taxondmico, estudiando grupos con diferentes capacidades de dispersion
(vagilidad) para asi encontrar congruencia entre los diferentes patrones de
distribucién. La biogeografia cladistica, como su nombre lo dice, parte de los
cladogramas de diferentes taxones, reemplazando los taxones terminales por sus
areas de distribucion (Morrone & Crisci, 1995b), pudiendo ser éstas continentes,
regiones o provincias biogeograficas, areas de endemismo, entre otras, y asi
obtener cladogramas taxonémicos de areas. En los cladogramas también se puede
encontrar congruencia entre los grupos, ya que si los taxones estudiados comparten
un mismo patrén, es evidencia de homologia, y esta a su vez es prueba de la
evolucion (Ebach & Humphries, 2002).

Existen diferentes métodos de la biogeografia cladistica como la reduccion
de cladogramas de éareas (Rosen, 1978), analisis de componentes (Nelson &
Platnick, 1981), analisis de subarboles libres de paralogia (Nelson & Ladiges,1996),
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biogeografia filogenética cuantitativa (Mickevich, 1981), analisis de parsimonia de
Brooks (Brooks, 1990), arboles reconciliados (Page, 1994), mapas de especies
ancestrales (Wiley, 1980, 1981), enunciados de tres areas (Nelson & Ladiges, 1991)
y analisis de dispersion-vicarianza (DIVA) (Ronquist, 1997), entre otros.

A grandes rasgos, estos métodos aplican tres pasos béasicos (Morrone,
1997): 1) remplazar el nombre del taxdn terminal por el area de endemismo donde
éste se distribuye, lo que nos da un cladograma taxonémico de areas (CTA), 2) si
los cladogramas de areas que estan siendo estudiados se enfrentan a
complicaciones debido a que poseen taxones ampliamente distribuidos, con
distribuciones redundantes o areas ausentes, lo cual nos genera ambigledad o
incongruencia (Ebach & Humphries, 2002), entonces los CTA deberan ser
convertidos en cladogramas resueltos de areas (CRA) para asi poder descubrir una
congruencia geografica (cuando el método asi lo exija), o bien, resolverlos mediante
otros métodos como el analisis de parsimonia de Brooks (BPA) o el andlisis de
subarboles libres de paralogia; y 3) cladogramas generales de areas (CGA)
basados en la informacién de los CTA y CGA, los cuales expresan la historia comun
de todos los taxones.

El método del andlisis de subarboles libres de paralogia propuesto por Nelson
& Ladiges (1996), obtiene CGA mediante el andlisis de una matriz de componentes
derivados de la reduccién de los CTA, partiendo del nodo no paralogo mas terminal
hacia la raiz del cladograma, es decir, que no existan areas duplicadas o
redundantes en cada nodo y asi generar los subarboles que son analizados
individualmente en un programa de parsimonia. Los autores del método
consideraron que la paralogia geografica puede tener relaciones contradictorias,
debido a eventos de especiacion simpatrida, falta de dispersion, extincion, etc., por
lo que pueden no proporcionar alguna informacién biogeogréfica, por lo que ellos
propusieron este método, que en un principio fue implementado en el programa
TASS (Espinosa et al. 2002; Morrone, 2004b). De esta manera, la informacion sobre
relaciones cladisticas entre los organismos y su distribucién geogréafica permite
proponer hipétesis sobre relaciones entre areas de endemismo (Llorente &
Morrone, 2001).

La regionalizacion biogeogréfica a nivel global se hizo presente desde hace
aproximadamente 150 afios y desde entonces, las zonas de transicién fueron
evidenciadas. Una zona de transicion es aquella area donde dos o mas regiones
biogeograficas se superponen y representan eventos de hibridacion bidtica,
derivada de diferentes cambios tanto histéricos como ecoldgicos que han permitido
la mezcla de diferentes cenocrones (Morrone, 2009, 2010). En el mundo se han
reconocido cinco zonas de transicion biogeograficas principales (Morrone, 2015a):
Saharo-Arabiga, China, Indo-Malaya, Sudamericana y Mexicana, esta ultima
constituye una zona de especial importancia en nuestro pais, ya que en su territorio
convergen las regiones Neartica y Neotropical, y ésta confluencia ha producido un
gran nivel de biodiversidad en diversos habitats (Arbelaez-Cortés et al. 2010).



La zona de transicion Mexicana, es definida por primera vez por Halffter
(1987) como un area compleja y variada en la cual las faunas neotropicales y
nedrticas se sobreponen, en la cual se incluye parte del sudoeste de Estados
Unidos, México y una gran parte de América Central llegando hasta el norte del lago
Nicaragua. Desde la perspectiva de su regionalizacion segun Morrone (2014a), la
ZTM abarca cinco provincias biogeogréficas: Sierra Madre Occidental, Sierra Madre
Oriental, Sierra Madre del Sur, Faja Volcanica Transmexicana y los Altos de
Chiapas. Teniendo en cuenta que éstos son los principales sistemas montafiosos
de México, la ZTM se encuentra también dentro del Componente Mexicano de
Montafia (Escalante et al. 2005).

Halffter (p. ej, 1987) proveyo también una teoria que explica cobmo es que
grupos de taxones que evolucionaron en diferentes areas geograficas (cenocrones)
se superpusieron en la zona de transicion Mexicana (ZTM) (Morrone, 2015b). Un
cenocron se define como el conjunto de taxones que comparten una misma historia
biogeografica, constituyendo subconjuntos identificables dentro de una biota por su
origen comun e historia evolutiva (Morrone, 2009,2010, 2014b). En el analisis que
hace Morrone (2015b), con base en los trabajos de Halffter y otros autores,
menciona que para México son reconocibles al menos cinco cenocrones de acuerdo
con el desarrollo de la zona de transicion Mexicana, estos son: Paleoamericano, el
cual representa la biota original (holartica) y que contiene cuatro variantes que se
desarroll6 en el periodo Jurasico-Cretacico; Altiplano Mexicano, el cual menciona
que hubo un evento de dispersion desde Sudamérica en el Cretacico tardio-
Paleoceno; Mesoamericano de Montafia, establecido durante el Oligoceno-
Mioceno, que tuvo dispersion desde el Nacleo Centroamericano; Neértico, de
dispersion Norteamericana en el Mioceno-Plioceno, y el Neotropical Tipico, con
dispersién desde Sudamérica en el Plioceno-Pleistoceno.

Si cada componente bidtico consta de diferentes cenocrones que se han
integrado en diferentes tiempos geoldgicos, un time-slicing podria revelar el orden
en que se han establecido. El time-slicing o rebanado temporal se puede definir
como el analisis de datos distribucionales en biogeografia cladistica en el que se
divide a los diferentes taxones de acuerdo con su secuencia temporal, en donde los
intervalos estratigréaficos individuales se denominan rebanadas temporales (Cecca
et al. 2011).



OBJETIVOS
GENERAL

Identificar las afinidades bibticas de los taxones que comprenden los diferentes
cenocrones que habitan en la zona de transicion mexicana, mediante el analisis de
rebanadas temporales o time-slices

PARTICULARES

— Obtener cladogramas taxénomicos de areas basados en filogenias
publicadas con informacion de sus distribuciones (localidades) y asignarlos
a su cenocroén correspondiente.

— Obtener cladogramas generales de area con el fin de analizar los conjuntos
de taxones que se ubiquen dentro de un mismo cenocron.

— Analizar los resultados de las rebanadas temporales en conjunto en orden de
aparicion.
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Abstract.

A transition zone shows the overlap between two or more regions and represents an event ofbiotic hybridisation,

where different cenocrons assembled as a result of historical and ecological processes. The Mexican transition zone, the area
where the Nearctic and Neotropical regions overlap, includes the following five biogeographical provinees: Sierra Madre
Ocoidental, Sierra Madre Oriental, Sierra Madre del Sur, Transmexican Voleanie Belt and Chiapas Highlands. Within this
transition zone, the following five cenocrons have already been recognised: Paleoamerican, Mexican Plateau, Mountain
Mesoamerican, Nearctic and Typical Neotropical. We undertook three cladistic biogeographic analyses on the basis of 49
cladograms of terrestrial taxa, pattitioning them into three time-slices, namely, Miocene (Mountain Mesoamerican
cenocron), Pliocene (Mountain Mesoamerican plus Nearctic cenocrons) and Pleistocene (Mountain Mesoamerican,
Nearctic and Typical Neotropical cenocrons). For the Miocene time-slice, we observed a close relationship of the
Transmexican Voleanic Belt with the Neotropical region, whereas, for the Pliocene and Pleistocene time-shees, the
closest relationship of the Transmexican Volcanic Belt was with the Nearctic region. We conclude that the Transmexican
Volcanic Belt may have played a different role according to the cenocron analysed. and that the Mexican transition zone

differs in its delimitation depending on the taxa analysed, strengthening the idea that it is a complex area.
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Introduction

Several authors have postulated that the distributions of different
plant and amimal taxa are related historically and exhibit similar
patterns as a result of orogenmie and ecological events (Marshall
and Liebherr 2000). Cladistic biogeography analyses these
patterns on the basis of the phylogenetic hypotheses of different
co-distributed taxa (Parenti and Ebach 2009). Particularly complex
areas for cladistic biogeographic analyses are transitions zones,
the areas of overlap between different biogeographic regions that
represent events of biotic hybridisation or mixture of cenocrons
by historical and ecological events (Ferro and Morrone 2014).
Recently, Marrone (201523 reviewed the biogeographical
regionalisation of the world, recogmsing the following five
prineipal transition zones: Mexican (overlap of the Nearctic and
Neotropical regions), Saharo-Arabian (overlap of the Palearctic
and Bthiopian regions), Chinese (overlap of the Palearctic and
Oriental regions), Tndo-Malayan (overlap of the Oriental and

Journal compilation © CSIRO 2016

Australian regions) and  South  American (overlap of the
Neotropical and Andean regions).

The Mexican transition zone (MTZ), as defined by Halffter
(1987), is a complex area where the Neotropical and Nearctic
faunas overlap, in south-western United States, Mexico and a
great part of Central America, reaching the northern part
of Lake Nicaragua. From the perspective of biogeographic
regionalisation, the MTZ includes the following five
biogeographical provinces: Sierra Madre Occidental, Sierra
Madre Oriental, Sierra Madre del Sur, Transmexican Volcanic
Belt and Chiapas Highlands (Morrone 2014a). Some authors have
proposed that the Transmexican Volcanic Belt in fact represents
the limit between both regions (Devitt 2006; Contreras-Medina
et al. 2007; Miguez-Gutiérrez et al. 2013). These provinces
represent the main mountain systems of Mexico; their biota 18
alse known collectively as the Mexican Mountain component
{Escalante e al. 2005).
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In a series of contributions, Halffter (c.g. Halffter 1987)
explained how groups of taxa (cenocrons} evolved in different
geographical areas and assembled in the MTZ. A cenocron was
defined as the set of taxa that share the same biogeographical
history, which is recognised as a subset within a biota (Morrone
2009, 2010, 20145). By studying the patterns of distribution of
thetaxa and their phylogenetic relationships, it is possible to place
cenocrons in a spacio-temporal context. There are at least five
recognisable cenocrons in the MTZ, including the following:
Paleoamerican, which represents the original (Holarctic)
biota, that developed during the Jurassic—Cretaceous period;
Mexican Plateau, which dispersed from South America during
the late Cretaceous—Paleocene; Mountain Mesoamerican, which
dispersed from the Central American Nucleus during the
Oligocene Miocene; Nearctic, which dispersed from North
America during the Miocene Pliocene; and, finally, Typical
Neotropical, which dispersed from South America during the
Pliocene—Lleistocene (Morrone 20155).

What is the relevance of these cenocrens in relation to
cladistic biogeography? The possibility of using them to
undertake time-slicing has recently been explored by Gamez
et al. (2017) under a different approach. Cecca ef al. (2011)
defined time-slicing as the analysis of distributional data
in cladistic biogeography partitioning the taxa according to
a temporal sequence, where each individual stratigraphical
interval is known as a time-slice. It is interesting to note that
none of the already published cladistic biogeographic analyses
of the Mexican transition zone (e.g. Liebherr 1991, 1994;
Marshall and Licbherr 2060; Flores-Villela and Goyenechea
2001; Tspinosa et al. 2000; Contreras-Medina et al. 2007;
LCscalante et al. 2007; Floves-Villela and Martinez-Salazar
2009; Miguez-Gutierrez ef al. 2013) has undertook a time-
sliced analysis. These analyses have hypothesised different
biotic relationships of the areas of the MTZ, on the basis of
cladograms of different animal and plant taxa, and these
relationships have shown to differ and even centradict (Fig. 1),
We think that partitioning the taxa according to the cenocrons
to which they belong may be a way to approach time-slicing.
As different cenocrons accumulate successively in a biota, the
MTZ in this case, during specific time-slices, they may exhibit
different biotic relationships that only time-slicing may uncover.

In the present contribution, we elucidate the complexity of
the eladistic biogeography of the MTZ by time-slicing the taxa
analysed according to their successive incorporation to the biota.
‘We intend to show empirically that the different cenocrons that
accumulated at successive time-slices may show different biotic
affinities.

Materials and methods
Study area

Mexico belongs to two biogeographic regions, namely, Nearctic
and Neotropical. In the MTZ, simated in the area of overlap
between these regions, five biogeographic provinces have been
recognised (Morrone 2006, 2014«). The areas, considered as
units in the present study (Fig. 2), are as follows:

* Nearctic region (NEAY) cold-temperate areas of North
America, including Canada, USA and northern Mexico.

V. Corral-Rosas and 1. J. Morrone

Neotropical region (NEOY: tropics ofthe New World, including
most of South America, Central America, southern Mexico and
the Antilles.

Sierra Madre Occidental (SMO): western Mexico, ranging
from 200 to 2200 m in altitude, and is ~1200 km long and
200 400 km wide, extending from the limits of USA to the
Transmexican Voleanic Belt (Morrone 20144).

Sierra Madre Oriental (SME): narrow and elongated mountain
range in eastern Mexico, at an altitude above 2500 m, and with
a length of 800 km and a width between 80 and 100 km
(Eguiluz de Antunio er @/, 2000; Morrone 2006).

Sierra Madre del Sur (SMS): south central Mexico, limited by
the Transmexican Volcanic Belt in the north, and the [sthmus of
Tehuantepec and the Sierra de Juarez in the east (Moran-
Zenteno er al. 2005), at an altitude above 1000 m.
Transmexican Volcanic Belt (TVB): central Mexico, at an
altitude above 1800 m.

Chiapas Highlands (CHI): mountain areas in southem Mexico,
CGuatemala, Honduras, El Salvador and Nicaragua, with an
altitude from 500 to 2000 m. Tt corresponds basically to the
Sierra Madre de Chiapas.

Taxa analysed

After a scarch of published works that included phylogenetic
and distributional information, we sclected those ones with taxa
distributed in at least three provinces ofthe MTZ and that included
also the Nearctic or the Neotropical regions. We obtained 49
cladograms for terrestrial taxa, including genera and species of
mammals, birds, reptiles, invertebrates, amphibians and plants.
Then, we assigned each taxon to a4 given cenocron, by using any
of the following criteria: (1) optimising published phylogenies,
coding the distribution of every terminal species as a binary
character on the basis of the location of the species distribution
range; (2) considering their phylogenetic relationships and
the general distribution of the related taxa (e.g. Nearctic or
Neotropical); and (3) considering, when molecular dating
of the lineages was available, their probable minimum age.
We were able to identify representatives of the Nearetic,
Mesoamerican  and  Typical Neotropical —cenocrons;  no
Palcoamerican or Mexican Plateau taxa were found. The taxa
used in the present analysis are detailed in Table 1.

Analysis

A cladistic biogeographicanalysisis based onthe correspondence
between area and phylogenetic relationships (Parenti and Ebach
2009). Initially, the terminal taxa from each taxon cladogram are
replaced by the areas where they are distributed, resulting in
taxon—area cladograms. So as to obtain general area cladograms,
which represent hypotheses on the biogeographical history ofthe
taxa analysed and the arcas where they are distributed, we applied
a parsimony analysis of paralogy-firee subtrees (Morrone 2009,
20114¢). Tt eomprises the following four basic steps: (1} for each
taxon—area cladogram, areas duplicated or redundant of a node
are eliminated, and subtrees are obtained; (2) components are
identified on each subtree: (3) a data matrix is built, scoring ‘1 for
presence and 07 for absence of components in the arcas analysed;
and (4) a parsimany analysis of the data matrix is undertaken.
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Fig. 1. General area cladograms from previous studies. A. Marshall and Liebherr (2000). B. Contreras-Medina ef al.
(2007). C. Escalante ef al. (2007). D-F. Miguez-Gutietrez ¢ al. (2013). NEA, Nearclic region; SMO, Sierra Madre
Occidental provinee; SME, Sierra Madre Onental provimee; TVB, Transmexican Voleanie Bell provinee; SMS, Sierra
Madre del Sur provinee; CTIT, Chiapas TTighlands province: NTO, Neotropical region.

Of the initial 49 taxon-area cladograms (Appendix 1), we
identified 184 paralogy-free subwees and 301 informative
components were extracted from them. We constructed a data
matrix (Appendix 2) that was partitioned into three matrices
corresponding to successive time-slices, so as to represent the
successive incorporation of the cenocrons:
= Miocene time-slice: Mountain Mesoamerican cenocron.

» Pliocene time-slice: Mountain  Mesoamerican + Nearctic
cenocrons combined.

= Pleistocene time-slice: Mountain Mesoamerican + Nearctic +
Typical Neotropical cenoccrons combined.

A hypothetical area coded with all 0s was included to root
the cladograms. The matrices were analysed using TNT (ver. 1.1,
P. A.Goloboft, I. S. Tarris and K. C. Nixon, Willi TTennig Society,
see httpr/filogenetica.org/ TNT. htm), perfornung searches of
the most parsimonious c¢ladograms with a heuristic algorithm.

Results

Four most parsimonious cladograms were obtained by analysing
the matrices under equal weights: ene cladogram for the
Miocene time-slice, one for the Pliccene time-slice and two for
the Pleistocene time-slice,
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Fig. 2. Provinces of the Mexican transition zone and the Neavctic and Neotropical regions. NEA, Nearetic region;
SMO, Sierra Madre Occidental provinee; SME, Sierra Madre Oriental province; TVR, Transmexican Voleanic Belt
province; SMS, Sierra Madre del Sur province; CHI, Chiapas Highlands provinee; NEO, Neotropical region.

The general area cladogram for the Miocene time-slice (Fig. 3A.
B) corresponds to the Mountain Mesoamerican cenocron,
which is the oldest of the cenocrons analysed. It shows the
following sequence: Sierra Madre Oeccidental, Nearetic region,
Sierra Madre Oriental, Chiapas Highlands—Neotropical region
and Transmexican Voleanic Belt-Sierra Madre del Sur.

The general area cladogram for the Pliocene time-slice
(Fig. 3C, D) corresponds to the Mountain Mesoamerican and
Nearctic eenocrons combined. Tt shows a dichotomy between a
southern clade and a northern clade. The southern clade shows
the Chiapas Highlands as the sister area of the Neotropical region.
The northern clade separates the Sierra Madre Oriental and Sierra
Madre del Sur as sister areas, and the remaining areas in the
following sequence: Nearctic region, Sierra Madre Occidental
and Transmexican Volcanic Belt.

Two general area cladograms were obtained for the
Pleistocene  time-slice, which corresponds to  the three
cenocronsg combined. One corresponds to the same as obtained
for the Pliocene time-slice (Fig. 3C). The other (Fig. 3L, T)
shows a dichotomy between a northern clade and a southern
clade. The northern clade shows the following sequence:
Nearctic region, Sierra Madre Occidental and Transmexican
Volcanic Belt. The southern clade shows two dichotomies,
namely, Chiapas Highlands—Neotropical region and Siemra
Madre Oriental-Sierra Madre del Sur.

Some of the relationships shown by the different general area
cladograms are coincidental. The close relationship between
the Chiapas Highlands and the Neotropical region is shown
in the general area cladograms of the three time-slices: this
situation might be because the Chiapas highlands are situated
in the southernmost part of the MTZ, thus having a stronger
Neotropical influence. A close relationship between the Sierra
Madre Oriental and Sierra Madre del Suris shown by the Pliocene
and Pleistocene time-slices, as well as the following sequence:

Nearctic region, Sierra Madre Oceidental-Transmexican
Voleanic Belt.

Discussion

The MTZ has attracted the attention of several rescarchers that
have tried to understand the complexity and variety of its biota
(Morrone 2015b). They have contributed to the biological
knowledge on the MTZ by analysing different taxonomic
groups and by using different methods to try to elucidate its
history,

Some works have analysed the complex history of the MTZ
by using a cladistic biogeographic approach, analysing different
taxonomic groups in the same study. Marshall and Licbherr
(2000) analysed the relationship of the areas of endemism
recognised previously by Liebherr (1994) on the basis of 33
clades of insects, reptiles, plants and fishes, finding a basal
dichotomy between a northern clade and a southern clade,
with the Transmexican Volcanic Belt being the delimiting arca
between them, although showing more affinity to the southern
clade, which is the sister area to the Sierra Madre del Sur.
Escalante ef al. (2007) implemented a cladistic biogeographic
analysis of 40 different taxa distributed in Mexico, using
Morrone’s (20006) biogeographical provinces, and found two
main clades dividing Mexico in an east—west pattern, with the
provinees of Tamaulipas, Mexican Gulf and Yucatan Peninsula
constituting the eastern clade and the remaining provinces
constituting the western clade. They considered that these
results did not contradict the currently recognised north south
“division” of Mexico, but may correspond to the collision of
the Caribbean migrating plate 60 millicn years ago, predating the
north—south American plate convergence that triggered the
Great American biotic interchange during the Oligocene
Miocene, Contreras-Medina er al. (2007) undertook a cladistic
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Tahle 1. Taxa analysed, and classified according to the cenocrans to which they belong

Cenocron Group Taxon References
Mountain Mesoamerican Birds Amazitia violiceps Rodriguez-Gomez and Omelas 2015
Buarremon Navarro-Siglienza et af. 2008
Campylorhyachus rufinucha Vazquez-Miranda ef al. 2009
Lamparmis Garcia-Moreno et al. 2006
Tnvertebrates Pantomorus-Naupactus Rosas ef al. 2011
Platynus degallieri group Liehherr 1994
Plants Ceralozamia Gonzalez and Vovides 2002
Moussonia deppeana Ornelas and Gonzalez 2014
Nearctic Amphibians Bolitoglossa macrinii Parra-Olea er al. 2002
Pseudoerycea Parra-Olea er al. 2010
Pseudoerycea bellii Parra-Olea ef al. 20035
Rana herlandieri Zaldivar-Riverdn ef al. 2004
Birds Melanerpes {carolinus group) Garcia-Trejo ef af. 2009
Melanerpes formicivorus Honey-Escandon er af. 2008
Inverlebrates Calligrapha Montelongo and Gomez-Zurita 2014
Dendroctonus pseudotsugae Ruiz ef al. 2010
D. approximates Sanchez-Sanchez ef af. 2012
Erpobdella Qeeguera-Figueroa ef af. 2005
Fahrenhaoizia Light and TTafner 2008
Mammals Glaucomys volans Kerhoulas and Arbogast 2010
Habromys Ledn-Paniagua ef af, 2007
TTeteromyidae Light and Hafher 2008
Neotoma mexicana Ordofiez-Garza et al. 2014
Peranyscus firvus Avila-Valle ¢t of. 2012
Reithrodontanrys Arellano et af. 2003
Reithradontontys sumichrasti Hardy ef af. 2013
Thomomys atrovarius Hafner et al. 2011
Plants Abies Aguirre-Planter ef af. 2012
Nofina parviflora Ruiz-8anchez and Specht 2013
Pinus scet. Trifolive Teméandez-Ledn ef al. 2013
Pinus subsect. Cembroides Gernandt ef af. 2003
Reptiles Barisia Bryson and Riddle 2012

Typical Neotropical Amphibians

Birds

Inverlebrates
Mammals
Plants
Reptles

Crotalus intermedius
Lamprompeltis mexicana
Phevnosoma orbiculare
Plestiodon

Sceloporus

Eleutherodactyius

Chlorospingus ophthalmicus
Lepidocolaptes affinis

Triatome dimidiaia

Artibeus jamaicensis

Dioon

Boa constrictor imperator

Crotalinae (Afropaides, Cerrophidion)

Bryson er al. 2011
Bryson et afl. 2007
Bryson ef al. 2012
Feria-Ortiz et af. 2011
Tlores-Villela er al. 2000

Crawford and Smith 2005
Bonaccorso ef af. 2008
Arbeldez-Cortés ef af. 2010
Monteiro et al. 2013
Guerrero et al. 2004
Morctti ef al. 1993
Sudrez-Atlano ef al. 2014
Castoe ef al. 2009

biogeographic analysis of gymnosperms, which highlighted
the complexity of the Transmexican Volcanic Belt, which has
elements of both biogeographic regions. In the most recent study,
Miguez-Gutiérrez ef al. (2013), through an analysis of reconeiled
trees with three different regionalisations and the cladograms
of 10 genera of insects, reptiles and plants, concluded that the
Transmexican Volecanic Belt has a stronger relationship to the
Neotropical region.

The Mexican transition zone is difficult to delimit because the
boundaries between regions are not static, and the taxa inhabiting
this arca arc in continuous interaction and evolution. Analysing
the cenocrons separately by time-slices may have consequences

in determining biogeographical affinities. For example, several
authors have assigned the Transmexican Volcanic Belt to the
Neotropical region; however, in our study, we found that it may
play a different role according to the cenocrons analysed. In the
case of the Nearctic cenocron, the Transmexican Volcanic Belt
may act as dispersal route from north to south, whereas for the
Mountain Mesoamerican cenocron, it may act as a dispersal route
from south to north along the Chiapas Highlands and the Sierra
Madre del Sur. In contrast, for the Typical Neotropical cenocron,
the Transmexican Voleanic Belt may have acted as a barrier. For
the Miocene time-slice, which corresponds to the Mountain
Mesoamerican cenocron, the Transmexican Volcanie Belt and
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Fig. 3. General area cladograms obtained. and corresponding maps. A, B. Miocene time-slice.
C, D. Pliocene lime-slice. E, F. Pleistocene time-slice. NEA, Nearclic tegion; SMO, Sierra Madre
Occidental province: SME, Sierra Madre Oriental province: TVB. Transmexican Volcanic Belt
provinee; SMS, Sierra Madre del Sur province; CHI, Chiapas Highlands province: NEO, Neotropical
region. Diflerent grey shades represent clades from the general area cladograms.

the Sierra Madre del Sur are sister areas, having an affinity to
the Neotropical region, as Marshall and Liebherr (2000) and
Miguez-Gutiérrez er al. (2012) concluded. Tor the Pliocene
and Pleistocene time-slices, the Transmexican Volcanic Belt
15 related to the Nearctic region and the Sierra Madre Orental,
showing a Nearctic affinity. A strong relationship between the
Sierra Madre Oceidental and the Nearctic region is evident
in most of the general-area cladograms compared herein
(Marshall and Liebherr 2000; Contreras-Medina et al. 2007;
Escalante er al. 2007; Miguez-Gutiérrez ef al. 2013), as well
as the Chiapas Highlands and the Neotropical region. As
concluded by Contreras-Medina et al. (2007), it would be
iappropriate to relate the Transmexican Voleanic Belt to any
of the two regions that overlap in the MTZ, because of its

complexity. It should be considered the most transitional
province of the MTZ.

We conclude that the MTZ is a complex area that differs in its
delimitation from one analysis to another. The present study
showed that the results may depend on the assemblage of the
taxa analysed, with time-slicing being an adequate strategy for
deconstructing complex patterns in cladistic biogeography.

Acknowledgements

V. Comal-Rosas thanks the Posgrado en Ciencias Bioldgicas of the
Trniversidad Nacional Autdnoma de México (ITNAM) and a scholarship
from CONACyT. This paper comstitutes a partial fulfilment of the
requirements to abtain her Masters degree from the Posgrado en Ciencias

13



Cenocrons and time-slices

Biologicas. Support from project PAPIT IN203716 (DGAPA, UNAM) is
acknowledged.

References

Aguirre-Planter E, Jaramillo-Correa J, Gémez-Acevedo S, Khasa D,
Bousquet J, Eguiarte L {2012) Phylogeny, diversification rates and
species boundaries of Mesoamerican (irs (Abies, Pinaceac) in a genus-
wide context. Molecilar Phylogenetics and Evolution 62, 263-274.
doi:10.101 mpev.2011.09.021

Arbelacz-Cortes E, Nyar AS, Navarro-Sigiienza A (2010) The differential
effect of lowlands on the phylogeagraphic pattern of a Mesoamerican
montane species (Lepidocolaptes affinis, Aves: Tumariidae). Molecilar
Phyiagenetics and Evolution 57, 658-668.
doi:10.1016/.ympev.2010.06.013

Arellano E, Rogers D, Cervantes F (2003) Genetic differentiation and
phylogenetic  relationships ~ among  tropical  harvest  mice
{(Resthrodontomys: subgenus Aporodon). Jouwrnal of Mammalogy 84,
129-143. doi:10.1644/1545-1542(2003)084<0129:GDAPRA>2 0.CO:2

Avila-Valle Z, Castro-Campillo A, Tedn-Paniagua L, Salgado-Ugalde T,
Navarro-Siglienza A, Hemandez-Baiios B, Ramirez-Pulido J (2012)
Geographic variation and molecular evidence of the hlackish deer
mouse complex (Peromyscus furvus, Rodeutia: Muridae). Mammalian
Biolegy 77, 166-177. doi:10.1016/j. mambio.2011.09.008

Bonaccorso E, Navarro-Sigiienza A, Sanchez-Gonzalez L, Peterson AT,
Garcia-Moreno J {2008) Genetic differentation of the Chiforospingus
ophthaliicus complex in Mexico and Central America. Jowrnal of
Avian Biology 3%, 311-321. doi:10.1111/.0908-8857.2008.04233 x

Buysou R, Riddle B (2012) Tiacing tie otigins of widespread highlaud
species: a case of Neogene diversification across the Mexican sicrras
m an endemic lizard. Biological Journal of the Linnean Society.
Linnean Society of London 105, 382-394.
doi: 1O L1095-8312.2011.01798 x

Bryson R, Pastorini I, Burbrink F, Forstner M (2007) A phylogeny of the
Lampropeltis mexicana complex (Serpentes: Colubridae) based on
mitochondrial INA sequences suggests evidence for species-level
polyphyly within  Lampropeltis. Molecular  Phylogenetics  and
Fvolution 43, 674-684. doi:10.1016/{.vimpev 2006.11.025

Bryson R, Murphy R, Graham M, Lathrop A, Lazcano D (2011) Ephemeral
Pleistocene woodlands conneet the dots for highland ratilesnakes of the
Crotalus intermedius gruop. Journal of Brogeography 38, 2299-2314.
doi: 10.11114.1365-2699.2011.02565.x

Bryson R, Garcia-Vazquez U, Riddle B (2012) Diversification in the Mexican
homed lizard Phrynosoma orbiculare across a dynamic landscape.
Molecudar Phylogenefics and Evolution 62, 87-96.
doi: 10,1016/ ympev.2011.09.007

Castoe TA, Daza JM. Smith EN, Sasa MM. Kuch U, Campbell JA,
Chippindale PT, Parkinson CL (2009) Comparative phylogeography of
pitvipers suggests a consensus of ancient Middle American highland
biogeography. Journal of Biogeography 36, 88—103.
doi: 10T 1] 1365-2699.2008.01991 x

Cecea F, Morrone JJ, Ehach MC (2011} Biogeographical convergence and
time-slicing: concepts and methods in cladistic biogeography. In

‘Palacogeography and Palacobiogeography: Biodiversity in Space and
Time’. (Eds P Upchurch, A McGowan, C Slater) Systematics Association
Special Volume, pp. 1-12. (CRC Press: Boca Raton, FIL, USA)

Comreras-Medina R, Luna Vega |, Morrone 1) (2007} Gymmosperms and
cladistic biogeography of the Mexican transition zone. ITuxen 56,
905-915. doi:10.2307/25065872

Crawlord A, Smith E (2005} Cenozoic biogeography and evolution in direct-
devcloping frogs of Central America (Leptodactylidac: Elewtherodactyhusy
asinlerred from a phylogeneticanalysis of nuclear and mitochondrial genes.
Molecular Phylogenetics and FEvolution 35, 536-553.
doi:190.1016/.ympev.2005.03.006

Austrafian Systematic Botany 495

Devitt T (2006) Phylogeography of the western lyre snake (Trimorphodon
hiscutatus): testing aridland biogeographical hypotheses across the
Nearctic-Neotropical transition. Molecular Ecology 15, 4387-4407.
doi:10.1111/.1365-294X.2006.03015.x

Eguiliz de Antuiio S. Aranda M. Marret R (2000} Tectonica de la Sierra
Madre Oriental, México. Bofetin de lu Sociedad Geoldgica Mexicana 53,
1-26.

Escalanie T, Rodriguez G, Morrone JJ (2005} Las provineias biogeogrificas
del Componente Mexicano de Montafia desde la perspectiva de los
mamifcros continentales. Revista Mexicana de Biodiversidad 76,
199-205.

Fscalante T, Rodriguez G. Cao N, Fbach M., Morrane IT (2007} Cladistic
hiogeography analysis suggests an early Caribbean diversification in
Mexico. Naturwissenschaften 94, 561-565.
doi:10.1007/5001 14-007-0228-0

Espinosa D, Llorente J. Morrone JJ (2006} Historical biogeographic patterns
of the species of Bursera (Burseraceae) and their taxonomical
imphications. Journal of Biogeography 33, 1945-1958.
doi:10.1111/.1365-2699.2006.01566.x

Teria-Ortiz M, Manriquez-Moran N, Nicto-Montes de Gea A (2011)
Species limits based on MTDNA and morphological data in the
polytypic species Plestiodon  brevirosiris  (S8quamarta:  Scincidae).
Herpetolagical Monagraph 25, 25-51.
doi:10.1655/ HERPMONOGRAPHS-D-10-00010.1

Ferra 1, Morrone J1 {2014) Biogeographical transition zones: a search for
conceptual synthesis. Biological Journal of the Linnean Society. Linnean
Society of London 113, 1-12. doi:10.1111/bij.12333

Flores-Villela O, Govenechea | (2001) A comparison of hypotheses of
Listorical biogeogtaply for Mexivo and Centtal Auerica, ot in scarch
for the lost patern. In “Mesoamerican ITerpetology: Systematics,
Zoogeography, and Conservation’. (Eds JD Johnson, RG Webb, O
Flores Villela) pp. 171-181. (The Universily of Texas at El Paso:
Til Paso. TX, UUSA)

Tlores-Villela O, Martinez-Salazar TA (2009) Historical explanation of the
arigin ofthe herpetofauna of Mexico. Revisia Mexicana de Biodiversidad
80, 817-833.

Flores-Villela O. Kjer K, Benabib M, Sites J {2000) Multiple data sets,
congruence, and hypothesis testing for the phylogeny of basal groups
althe lizard genus Sceloporus (Squamala, Phrynosomatidae). Systemaric
Biclogy 49, 713-739. doi:10.1080/106351500750049798

Gémez N, Nihei 88, Scheinvar E, Morrone JT (2017) A temporally dynamic
approach for cladiste biogeography and the processes underlying the
hiogengraphic patterns of North American deserts. Jowsaa! of Zoological
Systematics and Evolutionary Research 55(1), 11-18.
doi:10.1111/jzs.12142

Garcia-Moreno I, Cortés N, Garcia-Deras G, Herndndez-Bafios B (2006)
Local origin and diversification among Lampornis hummingbirds:
a Mesoamerican taxon. Molecular Phylogenetics and Evolution 38,
488498, doi:10.1016/.ympev.2005.08.015

Garela-Trejo E. Espinosa de los Monteros A, Del Coro Atizmendi M,
Navarro-Siglienza A {2009) Molecular systematies of the red-bellied
and golden-fronted woodpeckers. Candor 111, 442452,

ond.2009.080017

Gernandt Ty, Liston A, Pifiero T) (2003) Phylogenctics of Pinus subsections
Cembroides and Nelsonice inferred from cpDNA sequences. Sysfematic
Batary 28, 657673,

Gonzilez D, Vovides A (2002) Low intralineage divergence in Ceratozamia
{Zamiaceae) detected with nuclear ribosomal DNA I8 and chloroplast
DNA rrul-F-non-coding region. Systematic Botany 27, 654661,

Guerrero J. De Luna E. Gonzilez D (2004) Taxonomic status of drtibens
Jamaicensis triomylus inferred from molecular and morphometric data.
Journal of Mammalogy 85, 866-874. doi:10.1644/BRB-213

Hafiier M, Gates A, Mathis V, Demastes I, TTafner I (201 1) Redescription
of the packet gopher Thomaniys atravarfus from the Pacific coast of

14



496 Australian Systemaiic Boiany

mainland Mexico. Journe! of Mammalogy 92, 13671382,
doi:10.1644/1 0-MAMM-A-285.1

Talftter G (1987) Biogeography of the montane entomofauna of Mexico and
Central America. Amiwal Review of Entomology 32, 95-114.
doi:10.1 146/anmirev.en.32 0101 87.000523

Hardy D. Gonzilez-Cdzall F, Arellano E, Rogers D (2013) Molecular
phylogenetics and phylogeographic structure of  Sumichrast’s
harvest mouse (Reithrodontomys swmichrasii: Criceudae) based on
mitochondrial and nuclear DNA sequences. Molecular Phylogenetics
and Fvolution 68, 282-292. doi:10.1016/.ympev.2013.03.028

Hemdandez-Leon S, Gemnandt D, Pérez de la Rosa J, Jardon-Barbolla L. (2013)
Phylogenetic relationships and species delimitation in Pinus section
Trifolive inferred from plastid DNA. PLoS One 8, 70501
doi: 10.1371/journal.pone.0070501

Honey-Fseandén M, Hernindez-Bafios E, Navarro-Siglienza A. Benitez-
Diaz H, Townsend Peterson A (2008) Phylogeographic patterns of
differentiation in the acom woodpecker. The Wilson Jowrnal of
Ormithology 120, 478493, doi:10.1676/07-019.1

Kerhoulas N, Arbogast B (2010} Molecular sysiematics and Pleistocene
biogeography of Mesoamenican  flymg  squirrels.  Jowrnal  of
Meammalogy 91, 654—667. doi: 10.1644/09-MAMM-A-260. 1

Teén-Paniagua T.. Navarro-Sigiienza A. Tlernandez-Bafios B, Morales T
(2007} Diversification of the arboreal mice of the genus [Tabromys
(Rodentia: Cricetidae: Neotominae) in the Mesoamerican highlands.
Molecular Phyviogeneiics and Fvolution 42, 653-604.
doi:10.1016/j.ympev.2006.08.019

Liebherr JK (1991} A general area cladogram for montane Mexico based on
distributions in the Platynine genera Elfiprolens and  Calathus
(Coleaptera. Carabidas). Proceedings of the Entomological Suciety of
Washington 93. 390406,

Licbherr JK (1994} Biogeographic patiemns of montane Mexican and
Ceniral American Carabidae (Coleoplera). Canedian Entomologist
126, 84 1-860). doi:10.4039/Tint1 2684 1-3

Light I, TTafner M (2008) Codivergence in Ieteromyid rodents (Rodentia:
Heteromyidae) and their sucking lice of the gemus Fulvenliolzia
(Phthiraptera: Anoplhura). Systematic Biology 57, 449465,
doi:10.1080/10635150802169610

Marshall CJ. Liebherr JK (2000) Cladistic biogeography of the Mexican
transition vone. Journal of Biogeography 27, 203-216.
doi:10.1046/5.1365-2699.2000.00388 x

Migucz-Gutiérrez. A, Castillo J. Marquez J, Goyenechea 1 (2013)

logeografia de la zona de transicion Mexicana con base en un

s de arboles reconciliados. Revista Mexicana de Biodiversidad
84, 215-224. doi:10.7550/rmb 32119

Monteiro F, Peretolchina T, Lazoski C, Harris K, Dotson E, Abad-Franch F,
Tamayo E. Pennington P, Monroy C. Cordon-Rosales C. Salazar-
Schettino P, Gomez-Palacio A, Grijalva M, Beard C, Marcet P (2013)
Phylogeographic pattern and extensive mitochondrial DNA divergence
disclose a species complex within the Chagas disease vector Triatoma
dimidiata. PLoS One 8, ¢70974. doi:10.137 1/journal. pone. 0070974

Montelongo T, Gomez-Zurita J (2014) Multilocus molecular systematics
and evoluton in ume and space of Calfigrapha (Coleoplera:
Chrysomelidae, Chrysomelinae). Zoologica Scripia 43, 605-628.
doi:10.1111/zse.12073

Moran-Zenteno [, Cerca M, Duncan Keppie 1 (2005) Laevolucion tectonica y
magmatica cenozoica del suroeste de México: avances y problemas de
imterpretacion. Boletin de fa Socieded Geolégica Mexicana 57(3),
319-341.

Moretd A, Capulo P, Cozzolimo S, de Luca P, Gaudio L, Smuscaleo G,
Stevenson D (1993) A phylogenetic analysis of Dioon (Zamiaceac).
American Jowrnal of Botairy 80, 204-214. doi:10.2307/2445041

Marrone T (2006) Biogeographic areas and transition zones of Latin America
and the Caribbean Tslands based on panbiogeographic and cladistic

V. Corral-Rosas and 1. J. Morrone

analyses of the entomofauna. dnnual Review of Entomology 51,467-494.
doi: 10.1146/anmurev_ento 5(.071803.130447

Marrone JT (2009) ‘Tvolutionary Biogeography: an Integrative Approach
with Case Studies.” (Columbia University Press: New York, NY, USA)

Morrone IT (2010) Fundamental biogeographic patterns across the Mexican
transition zone: an evolutionary approach. Ecograply 33, 335-301.

Morrone JJ (20142) Biogeographical regionalisation of the Neotropical
region. Zootaxa 3782, 1-110. doi:10.11646/z00taxa.3782.1.1

Meorrone JJ (20145) On biotas and their names. Svstemarics and Biodiversity
12, 386—392. doi:10.1080/14772000.2014.942717

Marrone JT (2014¢) Cladistic biogeography of the Neotropical region:
identifying the main events in the diversification of the terrestrial biota.
Cladistics 30, 202-214. doi:10.111 l/ela. 12039

Morrone J1 (2015a) Bic hical regionalisation of the world: a
reappraisal. dusiralian Systematic Botany 18, §1-90.
doi:10.1071/SB14042

Morrone JJ (2015h) Halffter's Mexican transition zone (1962-2014),
cenocrons and evolutionary  blogeography. Jowrnal of Zoological
Systematics and Evolutionary Research 53, 249257,
doi: 10111 1jzs. 12098

Navarro-Siglienza A, Peterson AT, Nyari A, Garcia-Deras G, Gareia Moreno T
(2008) Phylogeography of the Buarremean brush-finch complex (Aves,
Imberizidac) in Mesoamerica. Molecular Phylogenetics and Fvolution
47, 21-35. doi:10.1016/j. ympev.2007.11.030

QOceguera-Figueroa A, Ledon Regagnon V., Siddall M (2003) Phylogeny and
revision of Erpobdelliformes { Ammelida, Arhynchobdellida) rom Mexico
based on nuclear and mithochondrial gene sequences. Anafes del Instituto
de Bivlogia, Seri¢ Zoologia 76, 191-198.

Orddiice-Gacza N, Thompson C, Uikefer M, Edwards C, Owen J, Bradley R
(2014) Systematics of the Neoroma mexicana species group (Mammalia:
Rodentia: Cricetidae) in Mesoamerica: new molecular evidence on the
slatus and relationships ol N. ferruginea Tomes, 1862, Proceedings of the
Biological Sociely of Washington 127, 518-532.
doiz10.2988/0006-324X-127 3.518

Ornelas ), Gonzilez C (2014) Interglacial genetic diversification of
Moussoniu  deppeana  (Gesneriaceae), a  hummingbird-pollinated,
cloud forest shrub in northern Mesoamerica. Molecular Ecology 23,
4119-4136. doi:10.1111/mec 12841

Parenti LR, Ebach MC (2009} ‘Comparalive Biogeography: Discovering and
Classifying Biogeographical Patterns of a Dynamic Earth.” (University of
California Press: Los Angeles, CA, USA)

Parra-Olea G, Garcia-Paris M, Wake D (2002) Phylogenetic relatonships
amang the salamanders of the Bolitoglossa macrinii species group
(Amphibia: Plethodantidae), with descriptions of two new species
from Oaxaca (México). Jowrnal of Herpeiology 36, 356-366.
doi:10.1670/0022-151 1{2002)036[0356:PRATSO]2.0.C0O:2

Parra-Olea G, Garcia-Paris M, Papenfuss T1, Wake D (2005) Systematics of
the Pseudoetryeea bellii (Candata: Plethondontidae) species complex.
Herperologica 61, 145-158. doi:10.1655/03-02

Parra-Olea G, Rovito 8, Marquez-Valdelamar L, Cruz G, Murrieta-Galindo R,
Wake D (2010} A new species of Pseudoewryeea from the cloud forestin
Veracruz, México. Zootaxa 2725, 57-68.

Rodrignez-Gamez I, Oruelas JF (2015) Arthe passing gate: pastintrogression
in the process of species formation between Amazilie violiceps and
Awviridifrons hummingbirds along the Mexican Transition Zone.
Jovrnal of Biogeagraphy 42, 1305-1318. doi:10.1111/jbi. 12506

Rosas M, Marrone JJ, Del Rio MG, Lanteri AA (2011) Phylogenetic analysis
of the Panfomorus-Naupactus complex (Coleoptera: Curculionidae;
Enliminae) from North and Cenwral America. Zootaxa 2780, 1-19.

Ruiz E, Rinehart J. Hayes J, Zidiga G (2010) Historical demography and
phylogeography of a specialist heetle, Dendroctonus pseudatsugee
Hopkins (Curculionidae: Scolylinae). Environmental Entomology 39,
1685-1697.

15



Cenocrons and time-slices

Ruiz-Sinches E, Specht C (2013) Inlluence of the geological history of the
trans-Mexican voleanic belt on the diversfication of Nolina parviflora
{Asparagaccae: Nolinoideac). Journal of Biogeography 40, 1336-1347.
doi: 10.1111/jbi. 12073

Sanchez-Sanchez 11, Lopez-Barrera G, Peflaloza-Ramirez I, Rocha-Ramirez
V. Oyama K (2012) Phylogeography reveals routes of colonization of
the bark beetle Dendroctonus approximafes Dietzin Mexico. The Journal
of Heredity 103, 638—650. doi:10.1093/jhered/ess043

Sudrez-Atilano M, Burbrink F, Vdzquez-Dominguez E  (2014)
Phylogeographical structure within Boa constrictor inperator across
the lowlands and mountains of Central America and Mexico. Journa!
af Biogeagraphy 41, 2371-2384. doi:1 0,111 1/jhi. 12372

Austrafian Systematic Botany 497

Viézquez-Miranda H, Navarro-Sigiienza A, Omland K (2009} Phylogeography
of the rutous-naped wren (Campylorhvachus rufinucha); speciation and
hibridization in Mesoamerica. Auwk 126(4), 765-778.
doi:10.1525/auk.2009.07048

Zaldivar-Riverdn A, Ledn-Regagnon V. Nieto-Montes de Oca A (2004)
Phylogeny of the Mexican coastal leopard frogs of the Runa berlandieri
group based on mtDNA sequences. Molecular Phylog ics and
Evolution 30, 38-49. doi: 10.1016/S1055-7903(03)00141-6

HMandling editor: Malte Thach

16



498 Australian Systemaiic Boiany V. Corral-Rosas and 1. J. Morrone

Appendix 1. Taxon-area cladograms analysed and paralogy-free subtrees obtained for them, classified according to the cenncrons to which they have
heen assigned
Companents corresponding to the colurmms of Appendix 2 are mdicated between square brackets

Mesoamerican cenocron
Amazilia violiceps
Taxon-area cladogram: (({TVB, NEA_ SMS). TVB), (SMS, NEA), (TVB, SMO), TVB)). NEA), TVB). SMO), SMS}, TVB), SM8), TVB), (CHL, TVB,
SMS, TVB), (SMS, CHI))
Subtrees: [1-2] ((NEA. SMS), TVB): |3] (8MS, NEA): |4] (IVB, SMO); |5] (CHL TVB. SMS): 6] (SMS, CHIL}
Campylorhynchus rufinucha
Taxon-area cladogran:: (CHI, CHIL, NEO, CHI), (NEO, ({{SMS, CHI), SMS), SMS})
Subtrees: [7] (CHL, NEO}; [8-9] (NEO, (SMS, CHI};
Buarremon
Taxon-area cladogran: ((NEO, CHI, ((NEO, CHI, NEO, CHI}, NEO)). {(CHI, SMS}, (SME, NEO}, (SMS. TVB), SMS), NEO, (NEO, SMS)
Suhtrees: [10] (NTIQ, CITT); [11] (NEQ, CTITy; [12] (CHIT, SMS); [13] (SME, NTOY: [14] (SMS. TVB): [15] (NEQ, SMS)
Lampornis
Taxon-area cladogram: ({CHL NEO), CHL), ((SMS. TVB), TVB). (SMS, TVB}). SMS). SME), CHI}). TVB), NEO)
Subtrees: [16] (CHI, NEO); [17-19] ({({S8MS, TVB), SME), CHI}; [20-22] ((SMS. TVB), SME), CHI)
Ceratozamia
Taxon-area cladogram: ({((((1'VB-NEO, SME-NEA), TVB-NEO, SME-NEA, SME, SME-NEA, SME), TVB), ((CHL SMS, CHI), (SMS, CHI})), (NEO,
CHIy. (CHI, SMS), CHI)
Subtrees: [23-24] (TVB. SME). SME, NEA); [25] (CHL SMS}; [26] (CHL SMSY; [27] (NEO, CHI). [28] (CHI, SMS$)
Moussonia deppeana
Taxon-area cladogram: (SME, (CHI, NEOY), TVB)
Subirees: [29-31] (SME, (CHIL, NEO)), TVB}
Pantomorus-Naupactus
Taxon-area cladogram: (NEO, ({(NEA. ((NEO, CHI-NEO). (SMS-NEO, (NEO, (CHI-SMS-TVB, CHI-NEOW ), {CHI-NEO, (CHI-NEO, NEO), CHI-
NEO). ((CHIL (CHI-NEQ. CHIY, (CHI-SMS, CHI), NEO), CHI-SMS), CHI). CHI-NEO). (NEA-TVB-SMS, NEO))
Suhtrees: [32] (NFO, CTITY: [33-35] (SMS,(NTO, (TVR. CTIT)): [36] (CTT, NTOY: [37] (CTTT, NTEOY: [38] (SMS, CTITy, [39-42] (SMS, (CTIT, (NTIO), (NTA,
TVBRH
Platysus degallieri gronp
Taxon-area cladograms: clade A: (SME, (NEO, (CHL (SMS, TVB))))
Clade C: ((NEO-CHL), (TVB-SMS-CHI-NEA-NEO, (SME-TVB-8MS-CHL, TVB-SMS-CHD), ((NEO. (SMS, ((TVB-SMS-CHI-NEO, NEO). NEO)),
P. hamarus clade: ((CHI, NEO), (SMS-CHI, CHIYy)
Subtrees: [43—46] (SME, {(NEO, (CHL, (SMS, TVB)); [47] (NEO, CHI); [48—49] (SMS, (NEO, TVB-CHI)}; [50] (CHI, NEOY; [51] (SMS, CHI)

Nearctic cenocron

Melanerpes formicivoris

Taxon-area cladogram; (NEA, TVB), TVB, SMO, SMS, NEA, SME, TVB, NEA, SMS, NEA, TVB, SMO), (NEO, (CHI, NEA), CHI}, NEA}, SMS,
SMOY)

Subtrees: [$2-53] (NEA, TVB), SMO, SMS, SMT); [54-535] (NFO, (CTII, NTA))
Melanerpes (carolinus group)

Taxon-area cladogram: ((((((NT0, SMS), CHT. NE), CHT), NEO), CHT), NEO), CHTY, SMS), SME), CHT), (NEA,(SME, NTA, SME)), NT(), NTA),
(NTIQ. TVB), (NEOQ, CTIT), (NFO, (SMS, NEO)), ({(SMS, TVB), NEO)Y)

Subtrees: [56-58] (((NEO., SMS). CHI), SME); [59] (NEA, SMEY; [60] (NEO. TVB); [61] {NEO, CHIY, [62] (SMS. NEO}; [63] (SMS, TVB})
Frpobdella

Taxon-area cladogram: (((SMO, TVB), NEA), NEO). (TVB. NEA), (NEA, (NEA))

Subtrees: [64—66] (((SMO, TVB), NEA)., NEOY; [67] (TVB, NEA)}
Dendroctonus approximatus

Taxon-area cladogram: ((SMO, TVB), (SMO, TVB, SMO}), ((SME, SMS), CHI}

Subtrees: [68] (SMO, TVB); [69] (SMO, TVB); [70-71] {(SME, SMS), CHT)
Fahrenholzia

Taxon-areacladogram: (((NEA, (SMILNEAY), (NEA {((NTA. (TVB.SMO, (NEA, SME)) (((SMT, TVB), NEA), NEAWL ((SMO ((TVR,. SMO), TVE).
{TVB, NEOY), NEO)). (NTLA, (NEA, SMTY)

Subtrees: [72] (NEA, SMEY. [73-75] ((TVB, 8MO), (NEA, SME)); [76-77] ((SME. TVB), NEOY; [78-79] ((TVB. SMO). NEO); |80] {NEA. SME)
Dendrocionus psewdolsugae

Taxon-area cladogram: (SME, SMO), (SME, ((SMO, (SMO, ((SME, SMO), SMO}, SMOY), SME, (SMO, SME}, SMO), (SME, SMO))), SME)),
SME), SME), (((((SME, SMO), SME}. SMO), SME, MO}, SME)). (NEA, ((NEA, SME, NEA), NEA))

Subirees: [81] (SMO, SME); [82] (SME, SMOY: [83] (SMO, SME); [84] (SMO, SME); [85] (NEA, SME)
Calligraphu

Taxon-area cladogram: ({({(((NT A, (NEO, (NEO, CTIT), NEO), NEA). NEO), ((TVB, NEOYL NEO), ((TVE, SME), TVE)), NEO)), NEA), (TVB, NTO),
NEAY)

Subirees: [$6-87] (NEA, (NDO. CITI): [88] (TVE, NEOQY: [89] (TVB, SME); [90-91] (TVB, NEO), NEA)

(continted next page)
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Appendix 1. (continued )

Thomaontys atrovarius

Taxon-area cladogram: ((NEA, SMO), SMO, NEO), (SMO, NEA, {SMO, TVNB))

Subtrees; [92-93] ((NEA, SMO), NEOY; [94-95] (NEA, (SMO, TVB))
Habromys

Taxon-area cladogram: (((CHI, SMS), TVB), (SME, SMS})

Subrees: [96-97] (((CHI, SMS), TVB); [98] (SME. SMS)
Teteromyidae

Taxon-arca cladogram: (((((NTA, (SME, NEA)), NEA), (NEA, (TVB, SMOY), (NEA, SMEY, (((TVB, (NEA, (TVB, SMO)), (TVB, NEO))). NEY),
({{SME, (TVB, NEA}Y), NEA), NEAY, (NEA, (NEA, SME}})

Subtrees: [99] (SMIL. NTIA ). [100-101] (NEA_(TVB, SMO)x: [102] (NTA, SMTL: [103-104] (NEA_(TVB, SMO)); [105] (TVB, NEO): [106-107] (SMT,
(TVB, NTA)Y): [108] (NTA, SMT)
Peromyscus furvus

Taxon-area cladogram: (SME, (TVB, (SMS, {SME, (TVB, SMEN)

Subtrees: [109-110] (SMS, (SME, TVB}))
Glaucomys

Taxon-area cladogram: ((SME, CHI), (CHI, SMS)), SMS), NEA)

Subtrees: [111-112] ((SME, CHI), NEA), [113-114] ((CHL SMS), NEA)
Neatoma mexicana

Taxon-arca cladogram: (NOO, NEA, ((NEA, (SME, NEA)Y), (NEA, ((NEA, TVB), (SMO, TVB}), (SMS, CHIyY)

Subtrees: [115] (SME, NTA): [116] (NTA, TVB): [117] (SMO, TVBY; [118] (SMS, CII)
Reithrodontomys sumichrasti

Taxon-area cladogram: (({{SMS, ({(SMO, TVB), SMS)), SMS), SME), SMS), (CHL, NEO))

Subtrees: [119=121] (SMO, TVB), SMS). SME); [122] (CHI, NEO)
Reitfrodontonns

Taxon-area cladogram: ((({((CHL NEO), NEO), {SMS, SMEY). NEA), (NEA, TVB)), NEA)

Subtrees: [123—126] (((CHL, NEQ), (SMS, SMEW, NEA) [127] (NEA, TVB)
Lenmpropeftis mexicana

l'axon-area cladogram: (NLA, (NEA, (SMIE, NEAD}, ((NEQ. SMO), NEA, (SMS. (ML, NEA) TVB), (SMO, TVBY)

Subtrees: [128] (SME, NEA): [129] (NEQ, SMO); [130-132] {SMS, ((SME. NEA), TVB)): [133-134] (SMS, (SMO, TVB})
Barisia

Taxan-area cladagram: (SMO, ((SME, ((SME, NEA, SMT), (NFA, SMO), TVB))), (SMS, (TVB, (SME-TVB, TVE )

Subtrees: [135] (SME, NEA); [136-137] ((NEA, SMO), TVB); [138-139] (8MS, (ITVB, SME))
Crotalus intermedius group

Taxon-area cladogram: (TVB, ((SME, TVB), (8MS, TVB, SMSH. ((SMO, NEA), (SMO, SME))

Subtrees: [140] (SME, TVBY. [141] (SMS, TVB): [142] (SMO. NEA); [143] (SMO, SME)
Phrynosomu orbiculare

Taxon-area cladogram: (SMO, (SME-TVB, (TVB. (SME, (NEA, (NEA, SME, NEA W)

Subirees: [144—146] (SMO, (TVB, (NEA, SME))}
Pseudoenrycea bellii

Taxon-area cladogram: ((SMS. TVB), (({(SMS. SME), SMOJ, ({TVB, NEA), TVB)), TVB)»

Subtrees: [147] (SMS, TVB); [148-1517 (SMS, SMT), SMO), (TVB, NEA))
Sceloparus

Taxon-area cladogram: (NFA. ((SMS. NEA), ((SME, (NEA. NEO)}, (((NEO, TVB). NEA), (CHL SMS}), ((SMO, {TVB, SMS)), {({S8MS, SME), (NEA,
(SMO, (SMS. NEO)), (NEA. (NEO, SMS)). (NEA, ((NEA, TVB), (SMO, TVBINM)

Subtrees: [152] (SMS. NEA). [ 153154 (SME. (NEA. NEQ)). [ 155-158 | (({(NEOQ. TVE), NEA). (CHL SMS)); [159-160] (SMO, (TVB. SMS)}; [ 161-164]
(SME, (NEA, (SMO, (SMS, NEO)): [165-166] (NEA, (NEO, SMS)); [167-168] (NEA, (SMO, TVB))
Plestiodon brevirostris

Taxon-area cladogram: (SME, ({SMO, TVB), SMS), NEO, (TVB, ({SMS, (SME, SMS}), $MS), TVB))). SMO). SME), NEA)

Subtrees: [169-171] (NEO, ((SMO, TVB), SMS)); [172-174] (NEO, (SMFE, SMS), TVR))
Pseudoeurycea

Taxon-area cladogram: ((TVB, SMS. TVB), SMS), CITL {((((TVB. ((SMS. (NEO, SMI. SMT)). SMS), (SMT. (TVBE, NEOy, (SMS, (TVB. NEOW,
CHD)

Subtrees: [175-176] ((TVB, SMSy, CHLY; [177-179] (TVB. (SMS, (NEO, SME}): [180-181] (SME. (TVB, NEO)): [182-183] (SMS, (TVB, NEO)
Bolitoglossa macrinii

Taxon-area cladogram: (((NEO, SMS), (NEO, CHL)), NEQ)

Subtrees: [184] (NEO, SMS); [185] {NEO, CHI)
Rana beriandieri

Taxan-area cladogram: {(({{TVB. NEO, TVE), (N0, SMS), SMS. TVB), SMS). ({SMS, SMO), TVBY), (((NFO, CTTL, KTO), (SMS, NTO), SMTT, NFO),
(SMS, CTTIY, TVEY), (((NTO, CTIT, NEO), (SMS, NEO), SME, NEO), (SMS, CIT)), TVB). (TVB, NEA)), TVE)

Subtrees: [186-187] ((TVB. NEQ), SMS); [188-189] (NEQ, SMO), SMS): [190-191] ((SMS, SMO), TVB): [ 192-193] (NEO, CHI). SME); [ 194-195]
({SMS, NFO), SME}: [196] (SMS, CTTIY: [197] (TVB, NEA)

(continued next page)
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Appendix 1. (continued )

Pinus subsect. cembroides

Taxon-area cladogram: ((NEA, SME, (SME, NEA), (SME, (SME. TVB)), (SME. NEA, S$MO). SMS), SME, NEA)

Subtrees: [198-199] (SMS, (SME, NEA)): [200-201] ((SME, TVB), SMS). [202-203) ((SME, NEA, SMO), SMS)
Abies

Taxon-area cladogram: (({((((((SME, SMO). SME), (SME. NEAY, SMS}, TVB), CHI), $MS, CHI). (TVB. CHI)), CHI). TVB), (({TVB, CHI), SMO),
SMEY, ((CHIL, NEA), CHI}, TVB}), ((TVB, CHI}, SME}), NEA), (CHI, NEA)). TVB). SMS)

Suhtrees: [204-207] (({SMT, SMO}, SMS), TVB), CTITy; [208-211] (({SME, NTIA ), SMS), TVR), CITy: [212] (TVR, CTI): [213-215] (((TVB, CTTT),
SMQ), SME); [216-217] ((CH1, NEAY, TVB); [218-219] (TVB, CHI)., SME); [220] (CT11, NEA)Y
Nolina parviflova

Taxon-area cladogram: ((SME. TVB), (SMS, TVBY. (TVB. SMS. SME)), TVB, ((SMS. TVR). SMS), TVB, SMTl), ((TVB, SMO), (TVB, SMO})

Subtrees: [221] (SMT, TVR): [222] (SMS, TVB); [223] (TVR, SMS, SMT); [224] (SMS, TVR); [225] (TVB, SMO); [226] {TVE, SMO)
Pinus sect. Trifoliae

Taxon-area cladogram: ((((((NEA. SMO, CHL (TVB, SMO), (TVB, SMO), SMS, TVB, SMO, SME, TVB, SMS8), ({TVB, SM0), SMS), NEQ, NEA, SMO-
TVB,NEO, NEA, SMO-TVB, NEA, TVB)), ((SMO, NEA, SMO}, (SMO, NEA)Y), TVB). (TVB, SMO)). TVB}), NEA), ((NEA, SMO, NEA, SMO, NEA),
{8MO, TVB, SMO, 8M8), (I'VB, SMO, CHL SMO}, SMO, TVB, 8MO, NEA), ((SME, CHL TVB, NEA, CHL SMS, TVB, CHL), CHL), (TVB, SME, 8MS),
SME), TVB, NEA), NEA), NEA)

Sublrees: [227-228] ((TVEB. SMO), NEA, CHL SME); [229-230] ((TVB. $MQ), NEA, CHI, SME}; [231-233] ((TVB, SMO), SMS), NEO, NEA);
[234-235] ((SMO, NEA)Y, TVB ), [236-237] ((SMO, NTA), TVBY; [238] (TVB, SMOJ; [239] (NFA, SMO}: [240] (TVE, SMO, SMS); [241] (TVE, SMO.
CHTy; [242] (SME, NEA, SMS, TVB, CHI); [243] (TVB, SME)

Typical Neotropical cenocron

Lepidocolaptes affinis
Taxon-area cladogram: (NEO, (SME, (((SME, SMS), SME, SME-SMS, SME, SMS), ((SME, SMS}), SME, SMS}), NEQ, SMS, (CHI, NEQ), CHI)))
Subtrees: [244] (SME, SMS); [245] (SME, SMS); [246-247] (SMS, (CHI, NEO}))

Chlovospingus ophthalmicus
Taxon-area cladogram: (((({SMS, (NEO, (SMS. SME, SMS))), CHI}, SMS), NEO), (CHIL, NEO))
Subtrees: [248-250] (CHI, {(NEQ, {SMS. SMEW}: [251] (CHI. NEO}

Roa cansteictor imperaior

Taxon-area cladogram: (NEO, ((NEQ, CHIY, NEO), (CHL NEO), NEO, CHI), ((NEO, CHI), SME, NEO), SME), NEO, (CHL NEO3), NEO, NEA, NEO),
{NEO, CHI), (NEO, CHI), NEOY), ((({NEOQ, 8MS). ((NEQ, SMS), (SMS, NEOY), ({{((TVB. NEO). TVB}, NEO), TVB), NEO), (NEQ, SMO), TVB, (NEO.
SMS), (SMS. NEO), SMS}. SMS))

Subtrees: [252-253] (NEA, (NEQ, CHL): |254-255] (NEA, (CHL NEO)); [256-258| (NEA. (NEO. CHL). SME)); [259-260| (NEA. (CHL NEO)); [261]
{NEQ. CHI);[262](NEQ, CHI: [26 3] (NEO. SMS); [264] (NEQ, SMS ) [265](SMS. NEQ); [266]{ TVB.NEO); [26 T (NEQ, SMO); [268] (NEQ, SMS); [269]
(SMS, NEO)

Atropoides
Taxon-area cladogram: (NEQ, (CTIT, (SME, TVB), (CITI, (NEQ, (CIII, {NEO, SMSy)), (NEO, CTID
Subtrees: [270] (SME. TVB); [271-272] (CHI, (NEQ, SMS)); [273] (NEO, CHT)
Cerrophidion
Taxon-area cladogram: ((TVB, CHL)). ({CHL NEO), (CHL (CHL, (CHIL, SMS))
Subtrees: [274] (TVB, CHI): [275] (CHL NEO): [276] (CHL, SMS)
Eleutherodactvius

Taxon-area cladogram: (CHL, (NEO, (NEO, (CHI SMS¥)), (CHL (((SMS, NEA), CHI), (NEO, (CHL (NEO, CHI)), ((SMS, (CHL NEOY) (NEQ, CHL),
((CHT, SMS). NEO)I))

Sublrees: [277-278] (NEO. (CHI, SMS}): [279-280] ((SMS, NEA), CHI): [281] (NEO, CHI}: [282-283] (SMS, (CHI, NEOY); [284] (NEO, CHI); [285-286]
{(CHT, SMS), NTO)

Artibeus jamaicensis
Taxon-area cladogram: ((NEO, TVB), ((NEO, ({(NEO, CHI}, SME), NEOW, ((TVB, NEO), TVBR)
Subtrees: [287] (NFO, TVB): [288-289] ((NTO, CITI), SMT): [290] (TVB. NEO)
Triatoma dintidiate
Taxon-area cladogram: (((CHI, (NEO, (CHL NEOW), NEO), NEO, (((CHL (SME. TVB), SMS (SME, NEO, TVB). S8MS), SMS)). (CHL, NEO))
Subtrees: [291] (CHI, NEOY); [292-293] (SMS, CHL (SME, TVB)). [294-295] (SMS, CHIL, (SME, NEO, TVB)); [296] (CHI, NEC}
Divon
Taxon-arca cladogram: (((SMS, CHT}, SME, ((SME-NEA, SME}, SMO), NEO), SME), (CHI, SME})
Subtrees: [297-298] ((SMS, CHI). NEO): [299-301] (((NEA, SME), SMO), NEO)

19



Cenocrons and time-slices Austrafian Systematic Botany 501

Appendix 2. Data matrix analysed, with three partitions
Miocene time-shce: Columns 1-51: Pliocene time-slice: Columns 1-243: Pleistocene time-slice: all columms. NEA, Nearctic region: SMO, Sierra Madre
Occidental provinee; SME, Sierra Madre Oriental province; TVB, Transmexican Volcanic Belt provinee; SMS, Sierra Madre del Sur provinee: CHI, Chiapas
Highlands province; NEO, Neotropical region

Roat 000000000000000000000000000000000000000000000000000000000000000000000000000000 0000DNCONNNN000000000A0000000000000000000
00000000000000000000000000000000000000000000000000000000OC000COCONONC00CO000OV00ONHODOEOVNBBNNO0NCINNCOAO00AONO00AN00A0Y
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10000000001010100100000000000000000001 10000000000000000001 11
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110000000000000000000000 10001000100000000000010010111 LOOOOO0
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011110000000000000000000000000000010010000000000000000100000000010000001 10010000000100010001111111110000001010000000000011
0001T1O0TTTITTTTITEI0000000010T ITLTTIONTTLTTOT 101101011 1000
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DISCUSION

La zona de transicion Mexicana ha atraido la atencion de muchos investigadores
gue han tratado de entender la complejidad y variedad de su biota (Morrone, 2015b).
Estos investigadores han contribuido al conocimiento biolégico de la ZTM al analizar
diferentes grupos taxonémicos y recurriendo a diferentes métodos para tratar de
elucidar su historia. Algunos trabajos han estudiado la compleja historia de la ZTM
usando el enfoque de la biogeografia cladistica analizando diferentes grupos
taxonomicos en el mismo estudio. En el trabajo de Marshall y Liebherr (2000)
analizaron la relacion de éareas de endemismo reconocidas previamente por
Liebherr (1994) basadas en 33 cladogramas de insectos, reptiles, plantas y peces,
encontrando una dicotomia basal entre los clados norte y sur, siendo la faja
volcanica transmexicana el area delimitante entre ellos, a pesar de mostrar mas
afinidad al clado sur, siendo area hermana de la Sierra Madre del Sur. Escalante et
al. (2007) implementaron un analisis biogeogréafico cladistico de 40 diferentes
taxones distribuidos en México, usando las provincias biogeograficas identificadas
por Morrone (2006), encontrando dos clados principales que dividian México en un
patron este-oeste, teniendo que las provincias de Tamaulipas, el Golfo de México y
la peninsula de Yucatan constituian el clado este y las provincias restantes
constituian el clado oeste. Ellos consideraron que esos resultados no contradecian
la division reconocida de norte-sur en México, sino que podria corresponder a la
colision de la placa migratoria del caribe de hace 60 millones de afios, precediendo
la convergencia de las placas Americanas Norte-Sur que desencadenaron el Gran
Intercambio Biotico Americano durante el Oligoceno-Mioceno. Contreras-Medina et
al. (2007) emprendieron un analisis biogeogréfico cladistico de gimnospermas, el
cual resalté la complejidad de la Faja Volcanica Transmexicana, la cual tiene
elementos de ambas regiones. En un estudio mas reciente, Miguez-Gutiérrez et al.
(2013) concluyeron, a través de un analisis de arboles reconciliados con tres
diferentes regionalizaciones y los cladogramas de 10 géneros de insectos, reptiles
y plantas, que la Faja Volcanica Transmexicana tiene una fuerte relaciéon con la
region Neotropical.

La zona de transicion Mexicana es una zona dificil de delimitar debido a que sus
limites entre regiones no estan fijos, y que los taxones que habitan en esta area
estan en una continua interaccion y evolucién. Al analizar los cenocrones
separadamente por rebanadas temporales podria tener consecuencias en la
determinacion de afinidades biogeograficas. Por ejemplo, varios autores han
asignado a la Faja Volcanica Transmexicana a la region Neotropical, pero en
nuestro estudio encontramos que esta podria jugar diferentes roles dependiendo
del cenocrén analizado. En el caso del cenocron Neartico, la Faja Volcanica
Trasnmexicana podria actuar como una ruta de dispersion de norte a sur, mientras
gue para el cenocron Mesoamericano de montafa ésta podria actuar como una ruta
de dispersion de sur a norte a través de los altos de Chiapas y la Sierra Madre del
Sur. En contraste, para el cenocron Neotropical Tipico, la Faja podria haber actuado
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como una barrera. Para la rebanada temporal del Mioceno, que corresponde al
cenocron Mesoamericano de Montafia, la Faja Volcanica Transmexicanay la Sierra
Madre del Sur son areas hermanas, teniendo una afinidad a la region Neotropical,
tal como Marshall y Liebherr (2000) y Miguez-Gutiérrez et al. (2013) habian
concluido. Para las rebanadas temporales del Plioceno y Pleistoceno, la Faja
Volcanica Transmexicana esta relacionada con la region Neéartica y la Sierra Madre
Oriental, mostrando afinidad Neartica. Se muestra una fuerte relacion entre la Sierra
Madre Occidental y la region Neartica en la mayoria de los cladogramas generales
de area comparados aqui (Marshall y Liebherr 2000; Contreras-Medina et al. 2007;
Escalante et al. 2007; Miguez-Gutiérrez et al. 2013), asi como los Altos de Chiapas
con la region Neotropical. Asi como lo concluyé Contreras-Medina et al. (2007),
seria inapropiado relacionar la Faja Volcanica Transmexicana a alguna de las dos
regiones que se sobreponen en la ZTM debido a su complejidad, por lo que se le
deberia considerar como la provincia mas transicional de la zona de transicion
Mexicana.

CONCLUSIONES

La zona de transicion mexicana es un area compleja que difiere en su delimitacion
de un analisis a otro. Este estudio demostré que los resultados pueden depender
del tipo de analisis y el ensamble de los taxones analizados.

La Faja Volcanica Transmexicana se puede considerar como la provincia mas
transicional de la zona de transicion Mexicana debido a su itinerancia en los diversos
analisis que se han realizado, y también en este estudio, al mostrar afinidad por
ambas regiones dependiendo del cenocron analizado.

Concluimos también que el time-slicing o rebanado temporal podria ser una
estrategia adecuada para deconstruir los complejos patrones de la biogeografia
cladistica.

Cuando se cuente con informacion suficiente de los cenocrones del Paleoamericano
y Altiplano Mexicano, seria interesante comparar los resultados de este trabajo con
un andlisis que cuente con los elementos de los cinco cenocrones reconocidos para
México.
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