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A MOLECULAR REAPPRAISAL OF THE SYSTEMATICS OF THE LEAF-EARED
MICE PHYLLOTIS AND THEIR RELATIVES

UNA RE-EVALUACIÓN MOLECULAR DE LA SISTEMÁTICA DEL GÉNERO
PHYLLOTIS Y SUS GRUPOS HERMANOS

é
Víctor

ABSTRACT

mice Phyllotis
the complete cytochrome b b

 Phyllotis,

among phyllotine genera, test monophyly of Phyllotis, resolve some relationships 
Phyllotis

b results, but in contrast to morphological hypotheses, 
that Graomys and Andalgalomys
of Phyllotini are poorly supported by cyt b

Graomys and Eligmodontia do not appear to be 
members of a clade that includes Phyllotis and Auliscomys  should be 
removed from Phyllotis and placed in Tapecomys
of Paralomys Phyllotis gerbillus) is closely related to 3 other 

andium, amicus Phyllotis
A second undescribed species, from Argentina, appears to be the sister species to P. 
osilae Phyllotis darwini

b
species P. xanthopygus is characterized by deep divergences, high genetic diversity, and 

limatus and bonariensis
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Phyllotis, cytochrome b
species

RESUMEN

La tribu Phyllotini incluye a los ecológicamente abundantes y bien estudiados ratones 
orejones del género Phyllotis

b
b

Phyllotis
hemos incluído nuevas secuencias y otras previamente publicadas para otras 19 

prueban la monofília de Phyllotis, resuelven algunas relaciones dentro de Phyllotis, y 

los resultados previos basados en secuencias del cyt b pero es incongruente con la 
hipótesis, basada en datos morfológicos, que Graomys y Andalgalomys no están 

pobremente soportadas por el cyt b
Graomys y Eligmodontia no parecen ser miembros del 

clado que incluye a Phyllotis y Auliscomys Phyllotis  debería ser removido de 
Phyllotis y ubicado en Tapecomys Paralomys

Phyllotis gerbillus) está cercanamente relacionada a otras 
andium, amicus, 

de Phyllotis
hermana de P. osilae, y juntas son el grupo hermano de todas las otras especies de 
Phyllotis darwini está soportado por los datos provenientes 
del cyt b, y dentro de este grupo, P. xanthopygus, la especie de más amplia distribución 

parafília con respecto a 2 especies morfológicas, limatus y bonaerensis

reloj molecular, nuestra aplicación de diferentes calibraciones y métodos sugiere que 

Phyllotis, citocromo b
crípticas

INTRODUCTION

The genus Phyllotis

Beagle
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them as the South American equivalent of Peromyscus

The primary objective of this study is to assess the monophyly of Phyllotis, its 

sequences of cytochrome b b
cyt b

P. darwini species group are very complex, and a detailed 

Phyllotis
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include here selected exemplars of the major clades in the darwini

P. bonariensis

Andalgalomys, Andinomys, Auliscomys, Calomys, Chinchillula, Eligmodontia, Euneomys, 
Galenomys, Graomys, Irenomys, Loxodontomys, Neotomys, and Phyllotis
recently described genera, Salinomys Tapecomys

Punomys) in Phyllotini has been much more 

Reithrodon
Reithrodon

Reithrodon group for Reithrodon, Euneomys, and 
Neotomys
and added some supporting characters, such that the Reithrodon

additional support to the Reithrodon group, presenting possible transitional forms 
Auliscomys/Loxodontomys-like ancestor and the extant members of the 

Reithrodon
phyllotines, arising from an unresolved basal radiation of sigmodontines, based on 

b
Euneomys has 

been found to be neither a phyllotine nor member of a Reithrodon

available for Neotomys, but given the results regarding the other 2 genera, it likely is 
Andinomys

2004a) and Irenomys

Auliscomys,
Andalgalomys, Calomys, Chinchillula, Eligmodontia, Galenomys, Graomys, Loxodontomys, 
Phyllotis, Salinomys, Tapecomys

Galenomys and Chinchillula

Reithrodon group and Graomys plus Andalgalomys
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bootstrap support and only the Reithrodon

about phyllotine phylogeny, other than to suggest that internal branches might be 

Similarly, morphological data have been equivocal regarding monophyly of 
Phyllotis Phyllotis
Paralomys for the grouping of amicus and gerbillus, although her Paralomys

Phyllotis
Phyllotis as then construed 
, and andium might all need 

Phyllotis
supported clade appeared, that of the darwini P. darwini, P. xanthopygus,
P. caprinus, and P. limatus P. magister and  might 

P. bonariensis

Molecular Studies

No published molecular studies have expressly targeted phyllotines although 

hybridization indicated that Phyllotis Loxodontomys than 
Calomys, Graomys, or Eligmodontia

agree that Calomys is the sister group to all other phyllotines, including mitochondrial 

Andalgalomys
Graomys

Within Phyllotis b
inclusion of Phyllotis andium and P. amicus appeared to be sister taxa and 

the validity of Paralomys darwini
including P. darwini and P. magister as sister species and a genetically diverse P. 
xanthopygus P. limatus

P. limatus P. xanthopygus

b P. amicus and P. gerbillus are sister species and are not members of a strict 
Phyllotis clade, 2) Phyllotis includes amicus, andium, and gerbillus, but not , 3) 
Phyllotis does not include , amicus, or gerbillus, 4) Phyllotis does not include 
those 3 plus andium, 5) the darwini species group comprises P. darwini, P. caprinus, P. 
xanthopygus, and P. limatus, to the exclusion of P. magister and 
more inclusive clade), 6) Graomys and Andalgalomys

In 1958, Pearson remarked that he preferred to focus on the taxonomic questions 
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the subject of this paper is the more tangible delimitation of phylogenetic relationships 
Phyllotis

Objectives

We assess the systematics of Phyllotis
b

b sequences available 

Specimens Sequenced

We sequenced 101 specimens for cytochrome b, including 65 specimens representing 
Phyllotis

including 5 species of the designated outgroup, Calomys

b

Calomys
Graomys centralis and  from 

Auliscomys boliviensis Andalgalomys
olrogi

species of Phyllotis
3 species of Calomys

b b) gene using polymerase chain 

cyt b Phyllotis osgoodi
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MgCl
2

entire cyt b

2

b

Phylogenetic Analyses

Calomys
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b

.

b than simpler 

estimated from the initial ML tree, and the process repeated until the topology of the 

and clade frequencies, examined in successive 200,000 generation bins, stabilized by 1 

b
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b

RESULTS

Phyllotine Phylogenetics

cyt b
Calomys, the basal split among the 

phyllotines sampled here, based on cyt b sequences, are the clade of Graomys and 
Eligmodontia

Graomys/Eligmodontia
paraphyletic because Eligmodontia

b data did not support a 
Graomys and Andalgalomys

supporting a Graomys/Andalgalomys
Eligmodontia and Salinomys, and their 

inclusion could easily break up the Graomys/Andalgalomys
support for a Phyllotis group that included Auliscomys, Loxodontomys, and 

than for cyt b
The cyt b Auliscomys

A. pictus and A. sublimis
b trees place Loxodontomys close 

to Auliscomys A. pictus

Tapecomys and b Tapecomys primus 

The placement of the 
Auliscomys/Loxodontomys b Andalgalomys/
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Salinomys b ,
, the remaining species of Phyllotis formed a 

b
in P. osilae and both individuals of P. gerbillus as evidenced by the presence of internal 

Phyllotis

b

Phyllotis

Phyllotis sensu stricto 3 major cyt b osilae group 
Phyllotis 2), an andium/

amicus group that includes P. gerbillus Phyllotis
1), and the darwini

values for the darwini P. osgoodi sequence 

Within the andium P. gerbillus  P. 
amicus and P. andium Phyllotis

Phyllotis amicus appears to be paraphyletic based on 
both cyt b P. amicus from Lima, Peru
10789) are much more closely related to P. gerbillus than to P. amicus

P. 
amicus (
the 2 Lima P. amicus specimens clearly are not P. gerbillus, although specimen MUSN
10789 has relatively small incisors more similar to P. gerbillus than typical amicus
optimal trees did not include a monophyletic andium group but all members of that 
group shared a single amino acid insertion that is the only insertion or deletion among 

Calomys
leading to Salinomys

excluding the short P. osgoodi
that sequence is indicated by the dashed branch leading to P. osgoodi
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The darwini b
b, it includes P. 

darwini, P. magister, P. osgoodi, P. xanthopygus, and 2 
peripheral species that are embedded in a xanthopygus complex, P. limatus and P. 
bonariensis

P. magister P. osgoodi) as the sister group 
to the xanthopygus P. darwini, as 

P. 
darwini P. 
magister

P. darwini Phyllotis
osgoodi b sequence, is closely related to either the 
xanthopygus P. magister

The xanthopygus
divergence for cyt b Phyllotis darwini and 
P. magister
sequence divergence respectively), and P. andium and P. osilae exhibited intermediate 

xanthopygus
P. xanthopygus posticalis, P. x. chilensis, and

some P. x. rupestris P. limatus, P. 
bonariensis, P. x. xanthopygus, P. x. vacarrum, and some P. x. rupestris

DISCUSSION

Phyllotine Systematics

Data from cytochrome b

cyt b

The balance of evidence suggests that there is a Phyllotis group that contains Auliscomys,
Loxodontomys, probably Tapecomys, and possibly the Andalgalomys/Salinomys
Previous molecular studies have clearly demonstrated that, contrary to morphological 

Reithrodon and Euneomys Neotomys

P. osgoodi
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Graomys does not appear to be a member of the Phyllotis group 
and may be most closely related to Eligmodontia
closely related to Andalgalomys

P. 
magister
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Perhaps the strongest conclusion from these results is that  should be 
removed from Phyllotis and placed in Tapecomys

Tapecomys primus,
Phyllotis

2 taxa are distinct species comes from their reciprocal monophyly, genetic distances 

Tapecomys primus species nova in Steppan, 

, Phyllotis
for Paralomys, either consisting of amicus and gerbillus
gerbillus Paralomys
andium from Phyllotis osilae

Systematics of Phyllotis

P. 
andium and the other closely related to P. osilae Phyllotis 1 from Peru 

P. andium
Phyllotis.

unique synapomorphies shared by all P. andium), providing evidence that this is not 
just a local population of P. andium , the number of 
species in Phyllotis increases to at least
in Phyllotis

P. amicus suggests one 
xanthopygus complex suggest 

P. gerbillus and 2 of the P. 
amicus

P. amicus

limits of P. amicus
P. gerbillus

genus Paralomys
involving the xanthopygus

The systematics of P. gerbillus
that this specialized coastal desert species is derived from the nearby and similar sized 
P. amicus
P. andium and Phyllotis

darwini species 
b P. 

darwini and P. magister

P. magister
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P. magister or P. darwini is much less than that seen in P. xanthopygus

Problematic Sequences

b sequence for Salinomys

leading to Salinomys
for phyllotines and is the only sequence included in this study to have an unusually 

Mares, 1995), a very unusual and physiologically demanding environment for rodents, 

Graomys that likely 
is due to changing taxonomy and the separation of G. centralis from 
The Bolivian 

G. centralis based on 
G. domorum

is more closely related to the 

old concept of 

data do support the presence of at least 3 species in Graomys

published sequence for P. osgoodi
P. osilae and a P. limatus

osgoodi

A. sublimis

from several nuclear genes and another individual indicate that the uncertainty from 
cyt b

Biogeography and Dating

Phyllotis, the 3 primary clades are distributed on 
P. osilae and Phyllotis
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andium/gerbillus darwini group, absent only from 
P. darwini and P. magister represent sequential 

xanthopygus

xanthopygus

P. xanthopygus

model for cyt b Salinomys
clock unconstrained

p
d.f. 176) 

Auliscomys/
Loxodontomys Auliscomys
formosus) and a global clock to derive a time scale of Calomys
that Calomys

A. formosus
Calomys

A. formosus
Auliscomys

Loxodontomys Auliscomys
and Loxodontomys A. formosus
that the Auliscomys/Loxodontomys clade has relatively short branches, suggesting that 

apply to cyt b b

split in Calomys A. pictus/Loxodontomys Tapecomys primus
Phyllotis

in P. xanthopygus  calibration yields 

Auliscomys-Loxodontomys

CONCLUSIONS

Phyllotis
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Graomys and Eligmodontia do not appear to be members of a clade that includes 
Phyllotis and Auliscomys, and  should be removed from Phyllotis and placed 
in Tapecomys Paralomys P.
gerbillus andium, amicus

Phyllotis darwini
b xanthopygus is characterized 

morphological species, limatus and bonariensis

in his studies of Phyllotis

appreciate the opportunity to include sequence data for the undescribed species from 
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Species
Name

Voucher 
Information

Locality cyt b
Accession# Accession#

Andalgomys
pearsoni

MSB 55245 AY963176

Auliscomys
sublimis 162764 Escuela Seccional 

Villa Ventilla, 181 km 

AY963182

Calomys
laucha

UWBM
72276

SW La Plata, Punta 

AY963173

Calomys
musculinus

UWBM
72233

AY963175

Calomys
venustus

PY 13 AY963174

Graomys
centralis

PY 07 AY963177

Graomys
domorum

MSB 55291 AY963178

Graomys UP 110 AY963180

Graomys UP 278 AY963179

Graomys PY 03 AY963181

Loxodontomys
micropus

EUP001 AY963183

Phyllotis
amicus 107392 Caraveli, 1 km SW 

U86817
AY963210

Phyllotis
amicus

MUSN
10787 Chancay, Lachay, 

AY956708 AY963207

Phyllotis
amicus

MUSN
10789 Chancay, Lachay, 

AY963208
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Phyllotis
andium

MUSN
10784

AY956705 AY963203

Phyllotis
andium

MUSN
10793

AY956706 AY963204

Phyllotis
andium

MUSN
10794

AY956704

Phyllotis
andium 107361 Santa Eulalia Canyon, 

U86818

Phyllotis
andium

 LSUMZ 
26949 Blanca, 33 km SW 

AY963202

Phyllotis
andium

ORB 64 AY956703
AY963199

Phyllotis
andium

ORB 125 AY956707
AY963198

Phyllotis
andium

ORB 140 AY956702
AY963201

Phyllotis
bonariensis

SA 02

Provincial Ernesto 
Tornquist, Abra de la 

AY956731
AY963251

Phyllotis
bonariensis

SA 03

Provincial Ernesto 
Tornquist, Abra de la 

AY956732 AY963252

Phyllotis
darwini

MSB 69976
Limari, Parque 

U86819
AY963219

Phyllotis
darwini

MSB 69977
Limari, Parque 

U86820

Phyllotis
darwini

LCM 2481 AY956723 AY963211

Phyllotis
darwini

LCM 2485 AY956724
AY963221

Phyllotis
darwini

LCM 2488 AY956722
AY963222
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Phyllotis
darwini

LCM 2493 AY956727 AY963216

Phyllotis
darwini

LCM 2507 AY956725
AY963223

Phyllotis
darwini

LCM 2509 AY956726

Phyllotis
darwini

LCM 2511

Nacional Llanos de 

AY956728
AY963220

Phyllotis
darwini

LCM 2523

Maipu, Quebrada de 

AY956729 AY963212

Phyllotis
gerbillus

ORB 58 AY963205

Phyllotis
gerbillus

ORB 59 AY963206

Phyllotis
limatus 107476 Parincota, Arica, 72 

km E Chapiquina, 10 

U86822

Phyllotis
limatus 107615 Mariscal Nieto, 16 km 

U86821 AY963237

Phyllotis
limatus

LSUMZ
27841

AY956740
AY963236

Phyllotis
magister

LCM 1804
El Loa, Ojo Opache,

AY956716 AY963234

Phyllotis
magister

LCM 1813
El Loa, Ojo Opache,

AY956717

Phyllotis
magister

LCM 1817
El Loa, Ojo Opache, 2 
km W Calama

AF484213 AY963233

Phyllotis
magister

LCM 1875
El Loa, Ojo Opache,

AY963232

Phyllotis
magister

LCM 1894
El Loa, Ojo Opache

AY956718
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Phyllotis
magister

LSUMZ
27823

AY956719 AY963225

Phyllotis
magister

LSUMZ
27825

AY963226

Phyllotis
magister

LSUMZ
27829

AY963229

Phyllotis
magister

LSUMZ
27830

AF484214
AY963231

Phyllotis
magister

LSUMZ
27832

AY956721 AY963227

Phyllotis
magister

ORB 14 AY956720
AY963228

Phyllotis
magister 107691 Caylloma, 5 km NNE

U86823

Phyllotis
magister 107611

U86824

Phyllotis
osgoodi

LCM 638 U86825

Phyllotis
osilae osilae

MSB 68539 U86828

Phyllotis
osilae osilae

MSB 67256 U86829

Phyllotis
osilae osilae

MSB 63366 U86827 AY963190

Phyllotis
osilae osilae 107870 Chucuito, 35 km S, 5 

U86826

Phyllotis
osilae osilae 162855 Abra Condor, 2 km 

AY963188

Phyllotis
osilae osilae

ORB 98 AY963187

Phyllotis
osilae osilae

MSB 67272 AY963189

Phyllotis
osilae phaeus

MSB 75292
Zongo, Laguna 

AY956700

Phyllotis
osilae phaeus

MSB 70573 AY956701 AY963191
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Phyllotis sp. 
nov. 1

VPT 2318 AY956714
AY963193

Phyllotis sp. 
nov. 1

VPT 2324 AY956715
AY963195

Phyllotis sp. 
nov.  2

JPJ 761 AY627299

Phyllotis sp. 
nov.  2

JPJ 977 AY627298

Tapecomys  MSB 67269 AY956698 AY963186

Tapecomys MSB 67270 U86834 AY963185

Tapecomys MSB 63364 U86835 AY963184

Phyllotis
xanthopygus
chilensis

107606
U86830

AY963256

Phyllotis
xanthopygus
chilensis

133830
U86831

Phyllotis
xanthopygus
chilensis

LSUMZ
27861

AF484212 AY241466

Phyllotis
xanthopygus
posticalis

ORB 82 AY956730 AY963254

Phyllotis
xanthopygus
rupestris

LCM 1737
Tocopilla, 
Desembocadura Rio 

AY956739 AY963244

Phyllotis
xanthopygus
rupestris

LCM 1780
Toconao, Quebrada 

AF484211
AY963246

Phyllotis
xanthopygus
rupestris

LCM 1829

Talabre, Toconao 

AF484210
AY963248

Phyllotis
xanthopygus
rupestris

162870 Escuela Seccional 
Villa Ventilla, 181 km 

AY963249
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Phyllotis
xanthopygus
rupestris

MSB 55350 AY956738

Phyllotis
xanthopygus
rupestris

MSB 67261 U86832

Phyllotis
xanthopygus
vaccarum

AC 20 AF484209

Phyllotis
xanthopygus
vaccarum

AC 21 AY956733
AY963240

Phyllotis
xanthopygus
vaccarum

LCM 1156 AY956735

Phyllotis
xanthopygus
vaccarum

LCM 1157 AY956736
AY963241

Phyllotis
xanthopygus
vaccarum

UWBM
72232 Provincia de 

AY956734
AY963243

Phyllotis
xanthopygus
xanthopygus

LCM 1161 AY956737

Phyllotis
xanthopygus
xanthopygus

MFS 1324 U86833 AY963253
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