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Introduction

Salazar-Bravo, J., Pardifas, U. F. J., D’Elia, G.. A phylogenetic appraisal of Sigmodontinae
(Rodentia, Cricetidae) with emphasis on phyllotine genera: systematics and biogeography.
— Zoologica Scripta, 00, 000-000.

Here, we present a comprehensive phylogenetic analysis based on nuclear and mitochon-
drial DNA sequences of rodents of the subfamily Sigmodontinae. The emphasis is placed
on the large tribe Phyllotini; sampling includes for the first time in any molecular-based
phylogenetic analysis representatives of several genera traditionally considered to be phyllo-
tines. Given the broad taxonomic sampling, results provide substantial improvements in our
knowledge on both the structure of the sigmodontine radiation and of phyllotine phyloge-
netic relationships. For instance, the tribe Ichthyomyini was not recovered monophyletic.
Similarly, in a novel hypothesis on the contents of the tribe Phyllotini, it is shown that
unlike Galenomys, the genera Chinchillula, Neotomys and Punomys are not phyllotines. The
later genera together with Andinomys, Euneomys, Irenomys and Fuliomys form part of novel
generic clades of mostly Andean sigmodontine rodents. More in general, results strongly
suggest the occurrence of several instances of putative morphological convergence among
distinct sigmodontine lineages (e.g. among now considered to be ichthyomyines; between
Phyllotini and some Andean taxa; among Euneomys-Neotomys and Reithrodon). Finally, we
suggest that the historical biogeography of the sigmodontine rodents is far more complex
than earlier envisioned.
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the impressive morphological heterogeneity of the group

Rodents of the subfamily Sigmodontinae (Myomorpha:
Cricetidae) compose one of the most diverse and widely
distributed group of mammals of the Western Hemisphere
(ca. 400 living species in some 85 genera). The monophyly
of the subfamily Sigmodontinae is strongly supported by
the analysis of molecular data (Sarich 1985; Catzeflis ez al.
1992, 1993; Dickerman 1992; Engel et al. 1998; Steppan
et al. 2004), although the few attempts at diagnosing it
based on morphological characters have been hindered by
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(but see Pacheco 2003).

Traditionally, sigmodontine genera have been united in
groups, most of which are properly recognized at the tribal
level (D’Elia et al. 2007); one of the largest components of
the Sigmodontinae is the tribe Phyllotini (sensu Steppan
1995), with about 50 living species grouped into 12 genera.
Phyllotines are ubiquitous in pastoral habitats of the Andes,
from central Ecuador to the northern margin of the Strait
of Magellan and from the Pacific coast of Peru and Chile
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east through Patagonia to southeastern Brazil and to north-
western Venezuela, Curacao and Trinidad and Tobago.
They reach their maximum species diversity in the Puna
habitats (Reig 1986). Species boundaries, relationships
among species and the content of the tribe have been stud-
ied by several authors (Pearson 1958; Hershkovitz 1962;
Pearson & Patton 1976; Olds & Anderson 1989; Braun
1993; Steppan 1993, 1995), yet over 50 years of systematic
work has not converged on a fully established taxonomy
and classification for the tribe. In fact, three major issues
still remain to be resolved: (i) the content of the tribe, (ii)
the relationships among species members and (iii) the rela-
tionship of the phyllotines to other sigmodontine rodents.
Although various authors had commented on its con-
tents, Olds & Anderson (1989) were the first authors to
provide a formal diagnosis for the Phyllotini where they
included the following 14 genera: Andalgalomys, Andinomys,
Auliscomys, Calomys, Chinchillula, Eligmodontia, Euneomys,
Galenomys, Graomys, Irenomys, Neotomys, Phyllotis, Punomys
and Reithrodon. In addition, these authors suggested a ‘Re-
ithrodon-group’ composed of Euneomys, Neotomys and Re-
ithrodon, which was later enlarged with the description of
several extinct genera (Steppan & Pardinas 1998; Ortiz
et al. 2000). Adding to the diversity of the tribe, two new
genera of living phyllotines were described in the last two
decades, Salinomys (Braun & Mares 1995) and Tapecomys
(Anderson & Yates 2000). Also, some important contribu-
tions to our understanding of the composition of the
Phyllotini include the finding that Andinomys, Euneomys,
Irenomys, Neotomys and Reithrodon do not belong to the
tribe (Engel er al. 1998; Smith & Patton 1999; D’Elia
2003; Martinez et al. 2012) and that the ‘Reithrodon-group’
is polyphyletic (D’Elia 2003). Finally, the analysis of mor-
phological characters allowed removing Punomys from the
content of the tribe (Steppan 1993, 1995). Given these
results, in the last formal classification of Sigmodontinae
(D’Elia et al. 2007), the tribe Phyllotini is thought to
include only 10 living genera; while, among others, Andino-
mys, Chinchillula, Euneomys, Irenomys, Neotomys and Punomys
are considered as Sigmodontinae incertae sedis.
Understanding the evolution of the Phyllotini is impor-
tant in the context of South American landscapes and
fauna: for one, the large majority of members of the
Phyllotini are central Andean in distribution, and thus, a
robust phylogeny may shed light on the complex and still
poorly understood biogeographic history of this region. In
addition, the Phyllotini has the distinction of including
some of the oldest cricetid fossils in the continent with ele-
ments dated to the Lower Pliocene of Argentina (Pardinas
& Tonni 1998; Prevosti & Pardinas 2009); therefore,
developing strong hypotheses of relationships is important
to understand the timeframe of the radiation. Thus, the

objectives of this work are threefold. First, we test with
molecular data the composition and structure of the tribe
Phyllotini including for the first time several taxa for which
no nuclear data were available previously or for which no
molecular data existed. In addition, we include several
endemic taxa to the high Andes (Chinchillula and Punomys),
currently considered as incertae sedis but that earlier were
considered as phyllotines, as well as an undescribed genus
from southeastern Brazil to provide a more inclusive view
to the structure of the Sigmodontinae. Finally, we provide
a nuclear DNA-based phylogenetic hypothesis for the
genus Calomys, one of the most diverse of the Phyllotini.

Methods

Taxonomic sampling

We analysed two data sets, one including 86 taxa (82
belonging to the ingroup), each represented by DNA
sequences of the interphotoreceptor retinoid-binding pro-
tein (IRBP) nuclear gene and another covering 72 taxa (68
belonging to the ingroup), each represented by mitochon-
drial (cytochrome b gene sequences) and nuclear (IRBP)
data. For the later matrix, mitochondrial and nuclear
sequences were obtained from the same specimen, in most
cases. In both data sets, the outgroup was formed by repre-
sentatives of the remainder subfamilies of the Cricetidae:
Arvicolinae (Arvicola terrestris), Cricetinae (Cricetus cricetus),
Neotominae (Neotorna albigula) and Tylomyinae (Tylomys
nudicaudatus). Differences in taxonomic sampling among
data sets referred to the ingroup; none of the 12 missing
taxa from the second data set belonged to the Phyllotini
(see supporting information). Our sampling includes repre-
sentatives of all sigmodontine tribes; additionally, and for
the first ime in any molecular phylogeny, we include data
for the genera Chinchillula, Galenomys, Punomys and Phyllo-
tini n. gen. and nuclear data for the genus Andinomys.

DNA extraction, PCR amplification and Sequencing

Sequences gathered in this study were obtained from speci-
mens (see supporting information) housed at the following
collections: American Museum of Natural History, New
York, USA (AMNH), Field Museum of Natural History,
Chicago, USA (FMNH), Museo de Historia Nacional de la
Universidad de San Marcos, Lima, Peru (VPT), Museo de la
Estacién Biol6gica de Rancho Grande, El Limén, Venezuela
(AMV), Museu de Ciéncias Naturais da Pontificia Universid-
ade Catdlica de Minas Gerais, Belo Horizonte, Brazil (DG),
Museum of Southwestern Biology, University of New Mex-
ico, Albuquerque, USA (MSB and RE), Museum of Texas
Tech University, Lubbock, USA (T'TU), and Sam Noble
Oklahoma Museum of Natural History, Norman, USA
(OMNH). Total genomic DNA was extracted from either
frozen or alcohol-preserved tissues with standard methods
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(e.g. Salazar-Bravo et al. 2001). Double-stranded symmetri-
cal amplification of the loci of interest was accomplished
following the methods of Anderson & Yates (2000) for
cytochrome 4 and D’Elia (2003) for the IRBP.

Prior to sequencing, amplified products were cleaned
using the QIAquick PCR Purification Kit protocol (QIA-
GEN, Inc., Valencia, CA, USA) or ExoSAP-IT (USB Cor-
Cleveland, OH, USA), with methods
recommended by the manufacturers and visualized on 1%

poration,

agarose gels. Amplicons were cycle-sequenced with the
amplification primers and Big Dye® Terminator v3.1
chemistry (Applied Biosystems, Inc., Foster City, CA,
USA) at either Macrogen USA Corp. (Rockville, MD,
USA) or at the Center for Biotechnology and Genomics of
Texas Tech University (Lubbock, TX). In all cases, both
heavy and light DNA strands were sequenced and com-
pared. Sequences were visualized, reconciled and translated
to proteins to proof for stop codons using SeqMan
(DNASTAR 2003). All sequences were deposited in
GenBank (accession numbers JQ434398-JQ434426).

Phylogenetic analyses

As we used protein-coding genes, alignment was non-
problematic and was done with Opal (Wheeler & Kece-
cioglu 2007) in Mesquite v2.74 (Maddison & Maddison
2010) using the default values for all alignment parame-
ters.

For the first analysis (only IRBP sequences), aligned
sequences were subjected to maximum-parsimony (MP;
Farris  1982), likelihood (ML; Felsenstein 1981) and
Bayesian (BA; Rannala & Yang 1996) analyses. In the MP
analysis, characters were treated as unordered and equally
weighted. PAUP* (Swofford 2002) was used to perform
5000 replicates of heuristic searches with 10 random addi-
tion of sequences each, tree bisection-reconnection branch
swapping and a time limit of 5s per addition-sequence
replicate. One thousand bootstrap (BP) replications with 3
addition-sequence replicate each and MAXTREE set to
3000 were performed using PAUP*. ML analysis was
conducted in Treefinder (Jobb et 2l 2004; Jobb 2008).
The best-fitting model of nucleotide substitution per
codon position (Ist  J3(Optimum,Empirical):G(Opti-
mum):5; 2nd TN[Optimum,Empirical):G[Optimum):5; 3rd
TVM(Optimum,Empirical):G(Optimum):5; see Jobb 2008)
was selected with the Akaike information criterion in
Treefinder using the ‘propose model’ routine. We esti-
mated the best tree under the model of nucleotide substi-
tution previously selected using the search algorithm 2 as
implemented in Treefinder version March 2011; nodal
support was estimated with 1000 Bootstrap pseudorepli-
cates (BL). Bayesian analysis was conducted in MrBayes
3.1.2 (Ronquist & Huelsenbeck 2003) by means of two
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independent runs with three heated and one cold Markov
chains each. The best-fitting model of sequence evolution
was selected using MrModeltest2 (Nylander 2004) and the
Akaike Information Criterion (AIC). A model with equal
base frequencies, six categories of base substitution, a pro-
portion of invariant sites and a gamma-distributed rate
parameter (SYM + I+ G) was specified with all model
parameters estimated in MrBayes; data were partitioned
attending to codon position. Runs were allowed to pro-
ceed for 10 million generations, and trees were sampled
every 1000 generations. Log-likelihood values were plot-
ted against generation time to check that the runs con-
verged on a stable log-likelihood value. The first 25% of
the sampled trees were discarded as burn-in; the remain-
ing trees were used to compute a 50% majority rule con-
sensus tree and obtain posterior probability (PP) estimates
for each clade.

For the second matrix (smaller data set, but including
IRBP and cytochrome b), we concatenated data partitions
using SequenceMatrix (Meier et 2. 2011) and analysed it
with model-based methods. ML analysis was conducted in
Treefinder with the same protocol used for the IRBP solo
matrix specifying for the cyt & partidon the following
models also selected in Treefinder: 1st GTR(Optimum,
Empirical):G(Optimum):5, 2nd TVM(Optimum, Empirical):
G(Optimum):5, 3rd TVM(Optimum,Empirical):GI(Opti-
mum):5; see Jobb 2008). Similarly, Bayesian analysis was
conducted in MrBayes 3.1.2 with the same search strategy
used for the IBRP solo matrix using the best-fitting models
selected using MrModeltest2: GTR +1+ G and
SYM +1+ G for the cytochrome 4 and IRBP gene,
respectively.

Results

Analyses of the IRBP data set

Phylogenetic analyses of this data set using parsimony
(27 446 trees of 1235 steps, consistency index = 0.543 and
Retention index = 0.652), likelihood (InL = —8724.4407),
and Bayesian inference produced three topologies with sev-
eral areas of congruence (Figs 1 and 2). For example, anal-
yses recovered a monophyletic Sigmodontinae (BP = 100;
BL = 100; PP =1), showed the lack of monophyly of
Ichthyomyini, and a monophyletic Oryzomyalia (BP = 55;
BL = 61; PP = 0.99). In general, there was agreement on
the major grouping within the latter: the clade
corresponding to Oryzomyini (BP = 90; BL = 91; PP = 1);
a clade (BP = 77; BL = 82; PP = 1) formed by Phyllotini
(BP =88; BL =84; PP=1) and Delomys; the clade of
Abrotrichini (BP = 98; BL = 100; PP = 1); Wiedomyini;
the clade of the tribe Akodontini (BP = 84; BL = 88;
PP =1); that of Thomasomyini (BP <50; BL =57;
PP = 1); a clade (BP = 50; BL < 50; PP = 0.76) formed by
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Melanomys caliginosus
Sigmodontomys alfari
Aegiolamys xanthaeolus
Amphinectomys savamis
Nectomys squamipes
Cerradomys subflavus
Oryzom}/s palustris
Holochilus chacarius
Pseudoryzomys simplex
Lundomys molitor
Sooretamys angouya
Drymoreomys albimaculatus
Eremoryzomys polius
Microryzomys minutus
Oreoryzomys balneator
Neacomys spinosus
Microakodontomys transitorius
Oligoryzomys fulvescens
Euryoryzomys macconnelli
Transandinomys talamancae
Handleyomys intectus
Wlaeamys megace halus
lephelomys albigularis
Oecomys bicolor
Scolomys ucayalensis
Zy?odontomxs brevicauda
Auliscomys pictus
Auliscomys sublimis
Auliscomys boliviensis
Graomys griseoflavus
Graomys domorum
Eligmodontia typus
Phyllotis xanthopygus
Andalgalomys pearsoni
Galenomys garleppi
Loxodontomys micropus
Salinomys delicatus
Tapecomys primus
Calomys hummelincki
Calomys tener
Calomys laucha
Calomys callosus
Calomys venustus
Phyllotini new genus
Calomys lepidus
Calomys musculinus
Calomys sorellus
Delomys sublineatus
Necromys lasiurus
Thalpomys cerradensis
Akodon azarae
Deltamys kempi
Thaptomys nigrita
Blarinomys breviceps
Brucepattersonius soricinus
Lenoxus apicalis
Juscelinomys huanchacae
Oxymycterus nasutus
Bibimys chacoensis
Kunsia tomentosus
Scapteromys aquaticus
Abrothrix longipilis
Chelemys macronyx
Geoxus valdivianus
Notiomys edwardsii
Pearsonomys annectens
Wiedomys pyrrhorhinos
Rhagomys longilingua
Thomasomys aureus
Aepeomys lugens
Rhipidomys macconelli
Euneomys chinchilloides
Irenomys tarsalis
Neotomys ebriosus
Juliomys pictipes
Andinomys edax
Punomys kofordi
Chinchillula sahamae
Reithrodon auritus
Rheomdys raptor
Sigmodon hispidus
Neusticomys monticolus

Oryzomyini

Phyllotini

Akodontini

Abrotrichini

Wiedomyini

Thomasomyi

Reithrodontini
Sigmodonti

Ichthyomyini

Fig. 1 Strict consensus tree obtained in the maximum-parsimony analysis of IRBP gene sequences of sigmodontine rodents. The topology
is the strict consensus of 27 446 shortest trees of 1235 steps, consistency index = 0.543 and Retention index = 0.652. Numbers indicate
Bootstrap support values of the adjacent nodes. Only Bootstrap values above 50% are shown.

Fuliomys and a strongly supported clade (BP = 95; BL = 97;
PP = 1) formed by the hypsodont and incisor-grooved taxa
Euneomys, Neotomys and Irenomys; another clade composed

of the mostly high Andean Puna Andinomys and Punomys
(BP = 100; BL = 100; PP = 1); and finally Chinchillula that
in the MP analysis falls to a polytomy at the base of

© 2013 The Norwegian Academy of Science and Letters
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Oryzomyalia and in the ML and Bayesian analyses forms
part of a weakly supported clade (BL < 50; PP = 0.85)
together with the clade formed by Euneomys, Neotomys,
Irenomys and Fuliomys and the clade formed by Andinomys
and Punomys.

In addition, differences between the topologies recovered
in these analyses are noteworthy: in the ML and Bayesian
analyses, Neusticomys is sister (BL > 50; PP = 0.96) to
Oryzomyalia, whereas in the MP is sister in a weakly sup-
ported relationship (BP = 53) to a clade (BP = 74) formed
by Rbeomys and Sigmodon. Other differences are found in
the structure of the tribe Phyllotini; for example, in the
MP analysis Phyllotini n. gen. is embedded within Calomzys
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indicates that the signalled node was not recovered in the most likely tree (In = —8724.4407)

(BP < 50), whereas in the ML and Bayesian analyses, it is
resolved as the sister group (BL = 71; PP=0.93) to Calomys
(BL = 50; PP = 0.56). Similarly, relationships among phyl-
lotine genera are less resolved in the MP tree than in the
ML and BA topologies.

Analysis of the concatenated data set

The results of the concatenated analysis were, for the
most part, congruent with those of the previous analyses
(Fig. 3). Sigmodontinae appears strongly supported
(BL = 100; PP = 1); the dichotomy at its base leads in
one hand to a clade formed by Sigmodon and in the other
to the large clade of Oryzomyalia (BL < 50; PP =1).
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Within the latter, most of the main groups seen in the
IRBP solo analyses are also recovered: Abrotrichini
(BL. = 96; PP = 1); the clade (BL = 66; PP = 0.99) formed
by Phyllotini (BL = 85; PP = 1) and Delomys; Oryzomyini
(BL = 97; PP =1); Akodontini (BL =93; PP =1); the
clade (BL=100; PP=1) formed by Punomys and Andinomys;
and the clade (BL = 99; PP = 1) formed by Euneomys, Ne-
otomys and Irenomys. In addition, Calomys is recovered
monophyletic (BL = 100; PP = 1), and Phyllotini n. gen.
is recovered as sister to the remaining Phyllotini
(BL =91; PP=1). A difference between the combined
and IRBP solo topologies is that in the former Fuliomys
does not appears related to the clade Irenomys, Neotomys
and Euneomys but to Wiedomys in the Bayesian analysis
(PP =0.8) or as sister to Chinchillula in the ML analysis
(BL < 50); as such in the combined analyses Abrotrichini
does not appear sister to Wiedomys.

Discussion

This study includes for the first time sequence data for
four sigmodontine genera (i.e. Chinchillula, Galenomys,
Punomys, Phyllotini n. gen.) and nuclear data for the major-
ity of the phyllotine genera. In consequence, several aspects
of the results of this study represent novel hypotheses of
relationships and corroborate hypotheses presented in
other studies. Below, we discuss our results in the light of
the main objectives of our analyses.

The general structure of the radiation of the
Sigmodontinae

Our analyses support, for the most part, previous claims
about the overall phylogenetic structure of the sigmodon-
tine, with some important differences. In particular, like
Weksler (2003) and Steppan ez al. (2004), our analyses sug-
gest that the basal cladogenetic split within Sigmodontinae
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separated the ancestor of Sigmwodon and Rhbeomys, in one
branch, from the ancestor of the rest of the sigmodontines
in the other. Given that Sigmodon and Rheomys, respec-
tively, belong to the tribes Sigmodontini and Ichthyomyini,
it was then derived that these two tribes were sister to each
other and together sister to Oryzomyalia (e.g. D’Elia ez al.
2006a). However, the inclusion of a second representative
of the tribe Ichthyomyini, Neusticomys, in the IRBP-based
analyses performed here, portrays this tribe as non-mono-
phyletic because Neusticomys and Rbeomys are not sister to
each other (see also Martinez et al. 2012). The nature of
the non-monophyly of Ichthyomyini varies depending on
the phylogenetic method, but is always found. The ML
and Bayesian analyses recover (BL < 50; PP = 0.96) Neusti-
comys sister to Oryzomyalia, while the MP analysis places
Neusticomys sister (BP = 53) to the clade formed by Rbeomys
and Sigmodon (BP = 74; BL = 57; PP = 0.78).

The Ichthyomyini was the first tribe of sigmodontine
rodents to receive a modern and thorough systematic revi-
sion (Voss 1988). The monophyly of the tribe is supported
by a number of morphological characters (e.g. the disposi-
tion of the mystacial vibrissae, well-developed masseteric
tubercles, the contents of the infraorbital foramen and the
attachment of the nuchal ligament to the third thoracic
vertebra), which were considered uniquely derived among
the Sigmodontinae. Our results intimate that depending on
the topology considered, it is equally parsimonious to sug-
gest that these features would have independently evolved
more than once (i.e. in the lines leading to Neusticomys and
Rbeomys either in the Bayesian or MP analyses) or that
while appearing in a single line (ie. the last common
ancestor or the clade (Newusticomys (Rheomys, Sigmodon)) in
the MP analysis) would have been lost in the line leading
to Sigmodon. We summit that these alternatives and the
polyphyly of Ichthyomyini must be tested with further
data, especially with a broader ichthyomyine sampling (i.e.
Anotomys, Chibchanomys, Ichthyomys) and the analyses of
additional loci.

Like in other published studies (Weksler 2003, 2006;
D’Elia er al. 2006a), we also recovered a strongly supported
monophyletic Oryzomyalia (sensu Steppan er al. 2004),
formed by 11 main lineages: seven corresponding to named
tribes (Abrotrichini, Akodontini, Oryzomyini, Phyllotini
5.5, Reithrodontini, Thomasomyini and Wiedomyini), one
leading to a clade formed by the Andean genera Andinomys
and Punomys, another corresponding to a clade composed
by the genera Fuliomys, Irenomys, Euneomys and Neotomys,
and the last two corresponding to the genera Chinchillula
and Delomys. Relationships among these 11 main lineages
are incompletely resolved, and for the most part lack any
appreciable level of support (except in the case of the clade
Delomys — Phyllotini s.s.). This pattern of incomplete reso-
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lution involving most main lineages of Oryzomyalia has
been uncovered in previous phylogenetic studies of sigm-
odontine relationships characterized by narrower taxonomic
coverage than the one used here (mitochondrial: Smith &
Patton 1999; D’Elia 2003; IRBP: Weksler 2003; mitochon-
drial and IRBP: D’Elia 2003; and growth hormone recep-
tor, breast cancer gene 1, recombination activating gene 1
and the protooncogene c-myc: Steppan er al. 2004). The
lack, or at least paucity, of synapomorphies relating most
of these 11 lineages may be indicative of the rapid burst of
diversification of the Oryzomyalia, which would have
occurred with 7.68 and 13.67 Ma (Parada et 4l. 2013). The
fact that relationships were not resolved by the analyses of
the above-mentioned loci is suggestive that this is in fact a
hard polytomy. The analysis of additional loci may help
resolve this polytomy as happened with the basal polytomy
found in the first molecular-based phylogenetic analyses of
Echimyidae (Galewski ez /. 2005).

Phyllotine Systematics
Our analyses were designed to test the structure of the
Phyllotini and the position of several taxa previously associ-
ated to this tribe. We corroborated previous results (e.g.
Steppan 1995; Smith & Patton 1999; D’Elia 2003) showing
that Andinomys, Euneomys, Irenomys, Punomys and Reithrodon
are not part of the tribe Phyllotini; similarly, we expanded
these results to Chinchillula and Neotomys, while showing
that Galenomys is a phyllotine. According to the topologies
recovered in our analyses, the tribe Phyllotini is composed
by the following living genera: Auliscomys, Andalgalomys,
Galenomys, Salinomys, Graomys, Loxodontomys, Phyllotis, Tap-
ecomys, Eligmodontia, Calomys and Phyllotini n. gen. In addi-
tion, the genus Delomys is the sister taxon to the Phyllotini.
Within the Phyllotini, Calomys with 13 species is one of
the two most diverse members of Phyllotini, and certainly,
the one with the broadest geographic and ecological distri-
bution. Despite renovated interest (Salazar-Bravo et al.
2001; Almeida et al. 2007; Cordeiro-Estrela et al. 2008,
Bonvicino et al. 2010), two issues still deserve attention
with regard to the systematics of the genus: its monophy-
letic status and the species limits among its constituent spe-
cies. Our data somehow diminish support for the
monophyly of Calomys. MP and ML recovered a paraphy-
letic Calomys respect to Phyllotini n. gen.; while the BA
topology shows a monophyletic Calomys, but lacking signif-
icant support. Removing Phyllotini n.gen. from the analy-
ses increases the support for the monophyly of Calomys
(results not shown). In the combined analysis of both IRBP
and cytochrome b gene data, Phyllotini n.gen. is resolved
as the sister group to all the remaining phyllotines (PP = I;
BL = 91) and the monophyly of Calomys is strongly sup-
ported (PP = 1; BL = 100). The morphological characters
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of Phyllotini n. gen. clearly indicate that it represents an
heretofore unknown phyllotine, but molecular data at hand
do not adequately resolve its position with respect to Calo-
mys or the remaining phyllotines, and thus, further discus-
sion with regard to this issue would require new molecular
characters. The nature of the incongruence between IRBP
solo-based topologies and that including cytochrome &
gene characters (e.g. Feijoo et al. 2010) is unclear, but it
may have several causes. We discard this incongruence is
due to the presence of nuclear insertions of mitochondrial
sequences (i.e. NuMts; Lopez et al. 1994) or pseudogenes
in our data set given that there were no shifts in the read-
ing frame and translation of DNA sequences resulted in
protein sequences without internal stop codons. The acqui-
sition of sequences of additional loci will hopefully clarify
this issue.

Our data show that relationships within the clade com-
posed by all phyllotines except Calormys and Phyllotini n.
gen. are in general unresolved. Steppan ez 4l (2007) using
cytochrome » and RAGI DNA gene sequences data
recovered a Phyllotis group composed of Auliscomys, Loxod-
ontomys, Phyllotis, Tapecomys, and —they suggested— possibly
the Andalgalomys/Salinomys clade. Our results do not agree
with this hypothesis; our BA analyses recovers (IRBP
solo, PP = 0.93; combined data set, PP = 0.90) the clade
composed by Andalgalomys, Auliscomys, Galenomys and Sal-
inomys. All other genera have ambiguous relationships.
Therefore, our analyses did not support an Andalgalomys
and Graomys clade, contrary to the morphological results
of Braun (1993) and Steppan (1993, 1995) nor a
restricted Auliscomys group (semsu Steppan 1993) composed
of Auliscomys and Galenomys. Clearly, there is a need to
reassess the patterns of morphological variation within
the phyllotine and to incorporate additional sequences to
the analysis.

The non-phyllotine condition of some Andean taxa

Analyses recovered two well-supported clades of taxa with
marked Andean distributions that, at some point in taxo-
nomic history, were considered to be phyllotines (e.g. Cab-
rera 1961; Hershkovitz 1962; Olds & Anderson 1989;
Steppan 1995); Euneomys, Neotomys and Irenomys form a
strongly supported clade (IRBP: BP =95; BL =97,
PP = 1; combined: PP = 1; BL = 99) at the time that Andi-
nomys and Punomys are always recovered in a separate
strongly supported clade (IRBP: BP = 100; BL = 100;
PP = 1; combined: PP = 1; BL = 100). These two clades
are never recovered as sister to each other; more impor-
tant, they do not form part of the phyllotine radiation and
neither are sister to it. As stated above, Phyllotini is sister
to Delomys. Similarly, the Euneomys-Neotomys-Irenomys clade
appears in the IRBP analyses, although with low support,

sister to the non-Andean genus Fuliomys. The clade Andino-
mys-Punomys falls to a polytomy at the base of the oryz-
omyalid clade in the IRBP MP analysis, or form a clade
with the
clade and Chinchillula (considered a phyllotine previously)
in the model-based analyses of both data sets,

Punomys is an enigmatic taxon with poorly understood

together Euneomys-Neotonys-Irenomys-fuliomys

phylogenetic relationships; Vorontsov (1979) referred it
without justification to the Phyllotini, disregarding the
observation of the original describer of the genus (Osgood
1943), who had refrained from allying Punomys to any of
the then known groups of sigmodontine genera. Based on
its peculiar skull and dental morphology, some authors
have assigned an incertae sedis status to Punomys (Reig
1980), while others followed Vorontsov (1979) in including
it within the Phyllotini (Olds & Anderson 1989; Braun
1993). Steppan (1993) conducting a comprehensive analysis
of the phylogenetic relationships of ca. 50 taxa of phyllo-
tine rodents and outgroup taxa, recovered Pumomys as a
Sigmodontinae with uncertain phylogenetic position as in
most of his most fundamental trees, Punonzys was recovered
outside the Phyllotini. Remarkably, in 32 of the 121 most
parsimonious trees recovered, Punomys formed a clade with
other Andean taxa (i.e. Irenomys and Andinomys), and thus,
at least in part, some of these trees mirrored the set of
relationships depicted by the IRBP solo and the combined
analyses. As noted above, in all of our analyses, Andinomys
and Punomys are sister to each other (IRBP: BP = 100;
BL = 100; PP = I; combined: PP = 1; BL = 100). These
two genera are only superficially similar; in fact, only 59%
of 96 morphological characters surveyed by Steppan (1995)
showed character states shared by Andinomys and Punomys,
and most were symplesiomorphies shared with other taxa
either in the Phyllotini or more generally within Sig-
modontinae (Steppan 1993). A reassessment of the mor-
phology of Andinomys and Punomys is much needed to test
the topology found in this study.

The robust clade formed by Andean Euneomys, Neotonys
and Irenomys (IRBP: BP = 95; BL = 97; PP = 1; combined:
PP = 1; BL = 99; see also Martinez et al. 2012) is charac-
terized by the presence of highly hypsodont molars and
grooved upper incisors. These and other characters (e.g.
the shape and position of the premaxillo-maxillary suture)
led various authors (Olds & Anderson 1989; Steppan 1995)
to suggest a close phylogenetic relationship between Euneo-
mys, Neotorys and Reithrodon; this assemblage was then
informally referred to as to the ‘Reithrodon-group’. In con-
trast, the phylogenetic scenario proposed by all our analy-
ses suggests that highly hypsodont molars (and likely other
craniodental characters) evolved independently at least
twice among the taxa studied. Our analyses resolved a
strongly supported clade composed by ((Euneomys, Neoto-
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mys) Irenomys) distantly related to Reithrodon, which is
another sigmodontine genus with highly hypsodont molars,
sigmoidal molars, etc. Climatic fluctuations of the late
Cenozoic, associated with the rise of the Andes (e.g. Klein
et al. 1999; Baker et al. 2001; Garzione et al. 2008) favored
the development of Puna grasslands, which could have in
turn selected for an increment of hypsodonty in unrelated
sigmodontines inhabiting these open, more arid habitats.
Whether the evolution of hypsodonty is correlated with
other characters observed in these lineages, such as the
shape and position of the premaxillo-maxillary suture and
the shape of the zygomatic plate, is a matter that requires
further study. It is also important to note that several
extinct sigmodontine taxa sharing some characters with Re-
ithrodon and similar forms have been described (e.g.
Pardinas 1997; Ortiz et al. 2000). None of these fossils
have been included in dense phylogenetic analyses.

Biogeographic considerations

The evolution of the Phyllotini s.s. is thought to be
strongly associated with the Andean Altiplano and, there-
fore, to the landscape evolution of Andean ranges (e.g.
Reig 1984, 1986; Smith & Patton 1993, 1999). As such, the
distribution of phyllotines in non-Andean areas was
thought to be the result of dispersal events from the An-
dean highlands (e.g. Reig 1984; Almeida ez a/. 2007). These
simplistic scenarios were swayed by the influental concept
of areas of original differentiation (AOD) advanced for the
Sigmodontinae (Reig 1984, 1986). Briefly, ‘an AOD is the
geographic space within which a given taxon experienced
the main differentiation of its component taxa of subordi-
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nate rank’ (Reig 1986:411). As most genera considered to
be phyllotines by Reig (1986) distribute in the South Cen-
tral Andes, he suggested the tribal AOD to be located in
that area (Fig. 4A) and that latter phyllotines spread
towards the northern and southern Andes and the eastern
lowlands. Available evidence indicates that the historical
biogeography of Phyllotini is much more complex than
early envisioned. The analysis of the known distributions
of extant phyllotines shows (Fig. 4A-B) that only six of 11
genera (Auliscomys, Calomys, Galenomys, Loxodontomys, Phyll-
otis and Eligmodontia) distribute in high Andean areas, that
only two of these (Auliscomys and Galenomys) are restricted
to the Andean highlands, while the other four are also
widely distributed—or even richer in species-—at intermedi-
ate and/or low elevations. In addition, two genera, Tupeco-
mys and Graomys, inhabit intermediate elevations, although
the latter mostly ranges below 1000 m (Hershkovitz 1962).
Finally, three genera, Andalgalomys, Salinomys and Phyllo-
tini n. gen. are restricted to lowland areas (Braun & Mares
1995). Therefore, phyllotines are not a clear highland
group, as previously considered. Another remarkable fact is
that in all our analysis, the Phyllotini s.s. is sister to the
Atlantic forest genus Delomys (Fig. 4A); all of these lines of
evidence suggest that the ancestor to the crown group
Phyllotini ranged mostly outside the Andes. The fossil
record supports this scenario given that the oldest known
phyllotine, Auliscomys formosus, comes from the Atlantic
coast of Buenos Aires province, Argentina (Fig. 4A). Stud-
ies including all phyllotine species, in particular for those
genera with large range of altitudinal distribution, are
needed to assess with certainty the place of the basal phyl-

Fig. 4 Geographic distributions of selected sigmodontine taxa. —A) Current distribution of the tribe Phyllotini (except Calomzys and
Phyllotini new genus) as delimited in this study. The geographic location of the tribal Area of Original Differentiation as suggested by Reig
(1984, 1986) and that of the sister group of the tribe Phyllotini, the genus Delomys, are also indicated. —B) Distributions of the phyllotine
genera Calomys and Phyllotini new genus, and recording locality of the oldest known phyllotine, Aulisconys formosus. —C) Distribution of
Fuliomys and genera previously considered as belonging to the tribe Phyllotini and that at the light of phylogenetic results are now regarded

as Sigmodontinae incertae sedis (see text).
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lotine radiation. Recently, Parada et a/. (2013) estimated for
the phyllotine crown group an age of 5.75-7.75 Ma. The
global-scale glacial event of the late Miocene resulted in
southern South America in an arid and cold pulse (Shackl-
eton 1995), which may have been amplified by the fact that
the Andes achieved at that time their present morphology
and for the most part their current elevation (Rabassa
2008). The subsequent vegetational changes, including the
rapid replacement of Miocene subtropical savannas by drier
steppes (Rabassa 2008; see also Ortiz-Jaureguizar &
Cladera 2006), may have triggered, among other faunal
changes, the basal diversification of the phyllotines, a group
of mostly herbivorous rodents inhabiting arid and semiarid
areas of South America.

Further, our study suggests a closer relationship between
taxa who currently occur in the Atlantic Rainforest and the
Andes. This pattern is found in different sigmodontine
clades identified in this and other analyses: for example
(Fig. 4C), Fuliomys and the clade formed by Euneomys, Neot-
omys and Irenomys, the sister relationship between Wiedomys
and Abrotrichini (D’Elia er al. 2006b), the clade formed by
Brucepattersonius and Lenoxus (D’Elia 2003), and the sister
group relationship between Drymoreomys and Eremoryzonys
(Percequillo e al. 2011a). These paired examples of groups
of Andean and Atlantic Forest endemics suggest historical
connections between these distant South American biomes.
Interestingly, Nores (1992; but see Da Silva 1994), sug-
gested historical connections between the Yungas forest of
the eastern flanks of the Andes and the Atlantic forests,
which are now separated by the ca. 700 km of xerophytic
Chaco. These past connections, likely driven by Quaternary
climatic changes, may explain the observed pattern of sister
bird species presently distributed at both forests. Even when
some of the sigmodontine disjunctions here listed may be
artefacts of deficient sampling efforts (see below), the fact
that the pattern emerges in different parts of the sigmodon-
tine tree invites to further explore its causes.

A caveat that requires consideration is that some of these
currently disjunct distributions may be artefacts of poor
sampling; for example, Percequillo et 4. (2011a) recently
reported Rhagomys in the middle of Amazonia, which was
previously known only from the Atlantic forest and in the
Andes.

In conclusion, the phylogenetic analyses presented herein
provide substantial improvements in our knowledge of
phyllotine phylogenetic relationships and on the structure
of the sigmodontine radiation, by providing a hypothesis
on the contents of the tribe Phyllotini as well as identifying
novel generic clades of sigmodontine rodents. Similarly,
the study suggests the occurrence of several instances of
putative morphological convergence among distinct sigm-
odontine lineages (e.g. among now considered to be ich-
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thyomyines; between Phyllotini and some Andean taxa;
among Euneomys-Neotomys and  Reithrodon). Finally, as
expected, this study emphatically shows that much work
(e.g. broader taxonomic sampling, analysis of new loci,
integration of morphological evidence) still remains to be
conducted before a deeper understanding of the evolution-
ary history of this important integrant of the South Ameri-
can fauna can be reached.
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