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Abstract

This is the first cladistic analysis of sigmodontine rodents (Cricetidae, Sigmodontinae) based on nuclear and mitochondrial

DNA sequences. Two most parsimonious cladograms (7410 steps in length; CI¼ 0.199; RI¼ 0.523) were discovered. Sig-

modontinae appears well supported. Sigmodon is sister to the remaining living sigmodontines. It is shown that Euneomys is not a

phyllotine and that the Reithrodon group is not monophyletic. Results corroborate that the abrothricines form a natural group that

is not part of the akodont radiation. The akodontine tribe is well supported, and is composed of five main clades, whose limits and

relationships are thoroughly discussed. For instance, the scapteromyines do not form a natural group and they fall within the

akodontine clade. Additionally, I present some taxonomic judgments and comments on the historical biogeography of sigm-

odontines in the light of the newly discovered relationships. For example, five akodontine divisions are suggested: the Akodon, the

Bibimys, the Blarinomys, the Oxymycterus, and the Scapteromys Divisions. It is shown that traditional hypotheses of sigmodontine

historical biogeography are falsified by the recovered topology.

� 2003 The Willi Hennig Society. Published by Elsevier Inc. All rights reserved.
Introduction

With about 71 extant genera, muroids of the sub-

family Sigmodontinae (sensu Reig, 1980) are one of the

most diversified and complex groups of New World

mammals. Sigmodontines are distributed predomi-

nantly in South America (around 60 endemic genera),

although they also reach Central and North America

(11 genera, of which only one, Rheomys, is not also

present in South America). In addition, an extant genus
is endemic to the Galapagos Islands. Notably, new

sigmodontine genera are still being erected on the basis

of both newly discovered species (e.g., Anderson and

Yates, 2000) and from revisionary museum work (e.g.,

Voss et al., 2002).

The diversity of sigmodontine forms has long fasci-

nated students of the New World fauna, and at the same
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time it has seriously challenged researchers attempting

to study their phylogenetic relationships and classify
them accordingly (Table 1). Problems range from spe-

cies boundaries, to relationships among sigmodontine

taxa, to the limits and contents of the higher taxa (e.g.,

subfamily). These issues have direct implications for the

study of the history of the diversification of the group,

which in turn arguably constitutes one of the most

controversial debates in muroid systematics (see current

state of the controversy in Pardi~nnas et al., 2002).
I have argued (D�El�ııa, 2000; Pardi~nnas et al., 2002)

that our poor understanding of sigmodontine phyloge-

netics has hampered the debate on sigmodontine origins,

including the limits and contents of the traditionally

defined (based on overall similarity) groups of genera.

This is true in spite of several studies on sigmodontine

phylogenetics that have been published in the last de-

cade. Most of these, which were based on molecular
markers (but see also Steppan, 1995), were focused on

relationships within particular genera (Bonvicino and
by Elsevier Inc. All rights reserved.
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Table 1

Three prominent suprageneric arrangements of sigmodontine rodents

Reig

(1986)

McKenna and Bell

(1997)

Smith and Patton

(1999)

Reig

(1986)

McKenna and Bell

(1997)

Smith and Patton

(1999)

Akodontini Akodontini Akodontini Oryzomyini Oryzomyini Oryzomyini

Akodon Abrothrix Akodon Aepeomys Amphinectomys* Holochilus

Blarinomys Akodon Bibimys Chilomys Holochilus Lundomys

Necromys Blarinomys Blarinomys Delomys Melanomys Melanomys

Chelemys Chelemys Brucepattersonius* Neacomys Lundomys* Microryzomys

Juscelinomys Chroeomys Juscelinomys Nectomys Microakodontomys* Neacomys

Lenoxus Geoxus Kunsia Nesoryzomys Microryzomys Nectomys

Microxus Juscelinomys Lenoxus Oecomys Neacomys Nesoryzomys

Notiomys Lenoxus Necromys Oryzomys Nectomys Oecomys

Oxymycterus Necromys Oxymycterus Phaenomys Nesoryzomys Oligoryzomys

Podoxymys Notiomys Podoxymys Rhipidomys Oecomys Oryzomys

Oxymycterus Scapteromys Scolomys Oligoryzomys Pseudoryzomys

Pearsonomys Thalpomys Thomasomys Oryzomys Sigmodontomys

Podoxymys Thaptomys Wilfredomys Pseudoryzomys Zygodontomys

Thalpomys Scolomys

Sigmodontomys

Zygodontomys

Scapteromyini Scapteromyini Not recognized Not recognized Thomasomyini Thomasomyini

Bibimys Bibimys Abrawayaomys Aepeomys

Kunsia Kunsia Aepeomys Chilomys

Scapteromys Scapteromys Chilomys Rhipidomys

Delomys Thomasomys

Phaenomys

Rhipidomys

Thomasomys

Wilfredomys

Not recognized Not recognized ‘‘Abrothricines’’ Ichthyomyini Ichthyomyini Ichthyomyini

Abrothrix Anotomys Anotomys Anotomys

Chelemys Daptomys Chibchanomys Chibchanomys

Chroeomys Ichthyomys Ichtyomys Ichtyomys

Geoxus Neusticomys Neusticomys Neusticomys

Notiomys Rheomys Rheomys

Pearsonomys

Sigmodontini Sigmodontini Sigmodontini Wiedomyini Wiedomyini Wiedomyini

Holochilus Sigmodon Sigmodon Wiedomys Wiedomys Wiedomys

Sigmodon

Phyllotini Phyllotini Phyllotini Incertae sedis Incertae sedis Incertae sedis

Andalgalomys Andinomys Andalgalomys Abrawayaomys Rhagomys Abrawayaomys

Andinomys Auliscomys Andinomys Punomys Microakodontomys

Auliscomys Calomys Auliscomys Rhagomys Phaenomys

Calomys Chinchillula Calomys Zygodontomys Punomys

Chinchillula Eligmodontina Chinchillula Rhagomys

Eligmodontia Euneomys Eligmodontia

Euneomys Galenomys Euneomys ‘‘Additional unique lines’’

Galenomys Graomys Galenomys

Graomys Irenomys Graomys Delomys

Irenomys Loxodontomys Loxodontomys Irenomys

Neotomys Neotomys Neotomys Reithrodon

Phyllotis Phyllotis Phyllotis Scolomys

Pseudoryzomys Punomys Salinomys Wilfredomys

Reithrodon Reithrodon

Salinomys*

Note. Necromys was referred to as Bolomys in all three classifications. Asterisks indicate genera that were not known at the time of the previous

classification. After the publication of Smith and Patton (1999) two new extant genera, Handleyomys (Voss et al., 2002) and Tapecomys (Anderson

and Yates, 2000), were erected. In addition, Deltamys was granted rank of genus (D�El�ııa et al., in press a). Amphinectomys described by Malygin et al.

(1994) was not listed in Smith and Patton (1999). Finally, it must be pointed out that McKenna and Bell (1997) included in the Sigmodontinae

three other tribes: Neotomini, Peromyscini, and Tylomyini. Reig (1986) and Smith and Patton (1999) explicitly excluded these groups from

Sigmodontinae.
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Moreira, 2001; Myers et al., 1995; Steppan, 1998),
among a few presumably related genera (e.g., Apfel-

baum and Reig, 1989; Barrantes et al., 1993; Chiappero

et al., 2002; Patton et al., 1989; Smith and Patton, 1991,

1993), small parts of the sigmodontine radiation (e.g.,

Anderson and Yates, 2000), or had a reduced sampling

of sigmodontines (e.g., Engel et al., 1998). Therefore,

most studies were not designed to test neither the

monophyly of the recognized suprageneric groups
(tribes) nor the relationships among them. The excep-

tions were the studies of Steppan (1995), Smith and

Patton (1999), D�El�ııa et al. (in press a, in press b), and
Weksler (in press) which included a broad representa-

tion of sigmodontine diversity and thus constituted the

main attempts to assess sigmodontine phylogenetic re-

lationships with an explicit phylogenetic approach. Not

surprisingly, in many aspects the results of these studies
departed from traditional views of sigmodontine sys-

tematics. This is particularly true of Smith and Patton

(1999) regarding the limits and contents of most tribes.

Smith and Patton�s (1999) study as well as those of

D�El�ııa et al. (in press a, in press b) were based on cy-
tochrome b gene sequences, which constitute by far the

most commonly used source of evidence in mammal

molecular phylogenetics. Weksler�s (in press) study was
based on nuclear sequences of the interphotoreceptor

retinoid binding protein (IRBP) gene.

In this contribution I present a hypothesis of sigm-

odontine phylogenetic relationships based on mito-

chondrial and nuclear DNA sequences. Although the

relationships among non-akodont taxa are considered,

special attention is drawn to the testing of hypotheses

concerning the limits of that group, its placement within
the sigmodontine radiation, and the relationships

among its taxa. I present some taxonomic judgments

based on the resulting phylogeny. Finally, I comment on

the historical biogeography of sigmodontines in the light

of the newly uncovered relationships. This study is the

first to combine nuclear and mitochondrial DNA se-

quences in order to investigate sigmodontine phylo-

genetics.
Materials and methods

Taxonomic sampling

Since sigmodontine rodents are highly diverse (there

are around 71 extant genera; modified from Musser and
Carleton, 1993) inclusion of all taxa in a single study is

currently not feasible. In order to decide which taxa

would be included in this study, I relied on traditional

systematic studies (e.g., Hershkovitz, 1966; Reig, 1980)

and previous phylogenetic analyses (D�El�ııa et al., in

press a, in press b; Engel et al., 1998; Smith and Patton,

1999) to insure that sigmodontine diversity was repre-
sented as thoroughly as possible. This study includes a
total of 68 sigmodontine specimens currently grouped in

57 species that represent 35 taxa usually ranked at the

generic level. This sample lacked one of the recognized

sigmodontine groups (the tribe Ichthyomyini) as well as

several genera previously considered as incertae sedis by

different authors. As the study is focused on the akodont

group, taxonomic coverage is particularly broad with

regards to taxa that at some point in sigmodontine
taxonomic history have been considered to be akodonts,

for which, when possible, more than one species per

genus was included. Finally, for several sigmodontine

species more than one individual per species was in-

cluded to assess levels of intraspecific variation. Speci-

mens included in the study are listed in Table 2.

Although sigmodontine (sensu Reig, 1980) mono-

phyly is well corroborated (Dickerman, 1992; Engel
et al., 1998; D�El�ııa and Weksler in prep.; but see also
Steppan, 1995) the identity of its sister group is not

clear. Sigmodontinae forms part of a large cricetid clade

composed of other main branches of the muroid radia-

tion (Dickerman, 1992; D�El�ııa and Weksler in prep; see
also D�El�ııa, 2000). Currently, the relationships among
those groups are not clear. Therefore, to polarize

sigmodontine character states, I have included out-
groups (Nixon and Carpenter, 1993) that are represen-

tative of each of the other primary clades that make up

the large cricetid clade. These are the arvicolines (of

which the genus Arvicola was included), the cricetines

(Cricetus), the neotomines (Neotoma), the peromyscines

(Peromyscus, Onychomys, and Reithrodontomys), the

tylomyines (Tylomys), and the genus Scotinomys. In

addition, the genus Baiomys, presumably related to
Scotinomys but whose phylogenetic placement within

the cricetid radiation is not clear (McKenna and Bell,

1997), was also included as an outgroup.

Sequence data

The first 1134 bp of the cytochrome b gene (hereafter

cyt b) and a fragment of 759 bp of the first exon of the
nuclear gene interphotoreceptor retinoid binding pro-

tein (hereafter IRBP) were used as evidence. In all cases,

for each terminal, both mitochondrial and nuclear se-

quences were generated from the same individual; i.e.,

no chimerical terminal was created. Some of the cyt b

sequences employed were generated within the frame-

work of the present study, some were taken from D�El�ııa
et al. (in press b), some were kindly provided by Dr.
James L. Patton (Museum of Vertebrate Zoology), and

some were retrieved from GenBank. The source of each

cyt b sequence is presented in Table 2. All IRPB se-

quences were generated here.

Cyt b sequences reported in this study were amplified

and sequenced in two fragments using the primer pairs

MVZ 05–MVZ 16 and MVZ 103–MVZ 14, which are



Table 2

List of specimens used in the phylogenetic analysis

Taxon Catalog no.a Cyt b sourceb

Ingroup

1 Abrothrix andinus MVZ 174066 AF108671

2 A. longipilis MVZ 154494 U03530

3 A. olivaceus MVZ 155753 AF027320

4 A. olivaceus UP TR-004 *

5 Akodon azarae GD 264 #

6 A. dolores UP PY16 *

7 A. iniscatus MVZ 182655 JLP

8 A. mimus MVZ 171512 JLP

9 A. montensis UMMZ 174969 *

10 A. montensis MN 48066 *

11 A. mystax MN 48070 *

12 A. siberiae NK 12081 *

13 A. spegazzinii UP AC-008 AY196165

14 A. torques MVZ 171720 M35700

15 A. varius TK 66486 *

16 ‘‘Akodon’’ serrensis VA 1 *

17 Auliscomys pictus MVZ 172700 U03545

18 Bibimys chacoensis UP CL001 #

19 B. labiosus MN 62062 #

20 Blarinomys breviceps CIT 1391 *

21 Brucepattersonius igniventris MVZ 183250 AF108667

22 B. soricinus MVZ 186036 JLP

23 Calomys callosus GD 421 *

24 Chelemys macronyx MVZ 155800 U03533

25 ‘‘Chroeomys’’ jelskii MVZ 173076 *

26 Delomys sublineatus MVZ 183075 AF108687

27 Deltamys kempi MNHN 4151 AY195862

28 Eligmodontia typus MVZ 182681 AF108692

29 Euneomys chinchilloides UP LB018 *

30 Geoxus valdivianus UP CAV001 *

31 G. valdivianus MVZ 154601 U03531

32 Graomys griseoflavus UP 278 *

33 Irenomys tarsalis MVZ 155869 U03534

34 Juliomys pictipes MVZ 182079 *

35 Juscelinomys huanchacae LHE 1616 *

36 J. huanchacae LHE 1617 *

37 Kunsia tomentosus LHE 1619 *

38 K. tomentosus LHE 1620 *

39 Lenoxus apicalis MVZ 171752 U03541

40 Loxodontomys micropus UP EPU001 *

41 Necromys amoenus MVZ 171569 *

42 N. lasiurus TK 64302 *

43 N. temchuki UP 223 *

44 N. temchuki UP 022 *

45 N. urichi AMNH 257281 JLP

46 N. urichi AMNH 257287 JLP

47 Oryzomys megacephalus GD 463 *

48 Oecomys superans MVZ 155006 *

49 Oxymycterus delator UMMZ 175101 *

50 O. hiska MVZ 171518 U03542

51 O. nasutus MVZ 182701 JLP

52 O. rufus UP AC04 *

53 O. rufus UP 33 *

54 Phyllotis xanthopygus UP 111 *

55 Reithrodon auritus MLP 26.VIII.01.17 *

56 R. auritus MVZ 182707 AF108694

57 Rhipidomys macconnelli MVZ 160082 *

58 Scapteromys aquaticus UP BAL509 *

59 S. aquaticus UMMZ 174991 *

60 S. tumidus MVZ 193269 *

61 Scolomys juruaense MVZ 194268 AF108696

62 Sigmodon hispidus NK 27055 AF155418
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Table 2 (continued)

Taxon Catalog no.a Cyt b sourceb

63 Thalpomys cerradensis MZUSP 30400 *

64 T. cerradensis MZUSP 30397 *

65 Thaptomys nigrita MVZ 183044 AF108666

66 Thomasomys aureus MVZ 170076 U03540

67 T. ischyurus MVZ 181999 AF108675

68 Wiedomys pyrrhorhinus MVZ 197567 *

Outgroup

69 Arvicola terrestris MVZ 155884 *

70 Baiomys taylori NK 3696 *

71 B. taylori NK 20393 *

72 Cricetus cricetus MVZ 155880 *

73 Neotoma albigula MVZ 147667 AF108704

74 Onychomys torridus MVZ 196051 *

75 Peromyscus truei MVZ 157329 AF108703

76 Reithrodontomys megalotis MVZ 148519 AF108707

77 Scotinomys teguina MVZ 191230 AF108705

78 S. xerampelinus MVZ 192158 AF108706

79 Tylomys sp. USNM 464887 //

Their catalog number and the source of their cyt b sequences are indicated. All IRBP sequences were generated in this study.
a Voucher specimens are, or will be, catalogued in the following museum collections: Already catalogued. Argentina: MLP, Museo de La Plata,

Universidad Nacional de la Plata. Brazil: MN, Museu Nacional, Rio de Janeiro; MZUP, Museu de Zoologia da Universidade de S~aao Paulo. United

States of America: AMNH, American Museum of Natural History; NK, Museum of Southwestern Biology, University of New Mexico; MVZ,

Museum of Vertebrate Zoology, University of California at Berkeley; USNM, National Museum of Natural History; TK, The Museum of Texas

Tech University; UMMZ, The University of Michigan Museum of Zoology. Uruguay: MNHN, Museo Nacional de Historia Natural. To be cat-

alogued. Argentina: UP (collected by Ulyses F.J. Pardi~nnas), Museo de La Plata, Universidad Nacional de La Plata. Brazil: VA (collected by Lena

Geise), Museu Nacional, Rio de Janeiro; CIT (Laborat�oorio de Citogen�eetica de Vertebrados, Instituto de Biociêencias, Universidade de S~aao Paulo),

Museu de Zoologia da Universidade de S~aao Paulo. Paraguay: GD (collected by Guillermo D�El�ııa), Museo Nacional de Historia Natural del Par-
aguay. United States of America: LHE (collected by Louise Emmons), National Museum of Natural History.

b The source of the cyt b sequences used is the following: numbers refer to GenBank accession numbers: *, sequences generated in this study; JLP,

sequences provided by James L. Patton, Museum of Vertebrate Zoology; #, taken from D�El�ııa et al. (in press b); //, taken from D�El�ııa and Weksler in
preparation.
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located both internally and in the flanking regions of the

gene (da Silva and Patton, 1993; Smith pers. com.). Cyt b

sequences were amplified using the following protocol:

94 �C for 3min; 33 cycles of denaturation at 94 �C for

20 s, annealing at 48 �C for 15 s and extension at 72 �C for
60 s; 72 �C for 7min. IRBP sequences were amplified and
sequenced in one fragment using the primers A1 and F1;

the exception beingDelomys for which the primers A and
F were used. All primers are located internally to the first

IRBP exon and were reported by Jansa and Voss (2000).

IRBP sequences were amplified, following Jansa and

Voss (2000), using a touchdown protocol with four

stages. The first stage consisted of five cycles of dena-

turation at 95 �C for 20 s, annealing at 58 �C for 15 s and
extension at 72 �C for 60 s. For the second and third

stages the annealing temperature was changed to 56 and
54 �C, respectively. The final stage consisted of 23 cycles
at 52 �C of annealing temperature. Amplification reac-

tions started with a DNA denaturation at 95 �C for

10min and ended with a DNA extension at 72 �C for

7min. Negative controls were included in all cyt b and

IRBP experiments. Amplification products excised from

an electrophoresis gel were purified using a QIAamp

gel extraction kit (Qiagen). Purified products were
sequenced in both directions with the amplification
primers and dye-labelled nucleotides (Big Dye, Applied

Biosystems). Sequencing reactions were cleaned in Se-

phadex (Sigma) columns and run in an ABI 377 auto-

mated sequencer. In all cases, both heavy and light DNA

strands were sequenced. Sequences of both strands were

reconciled using Sequencer Navigator version 1.0.1

(Applied Biosystems). All sequences were deposited in

GenBank (AY273904–AY273919, AY275106–AY275134,
and AY277407–AY277486).

Phylogenetic analyses

Sequence alignment was carried out with the program

Clustal X (Thompson et al., 1997), by using the default

values for all alignment parameters. A gap of 3 bp was

inserted in the IRBP sequence of Baiomys. Since species
diversifications are necessarily unique events that have

already occurred (Kluge, 2002), no probabilistic ap-

proach was used to reconstruct them; aligned sequences

were subjected to maximum parsimony analysis (MP;

Farris, 1982; Kluge and Farris, 1969). In all cases

characters were treated as unordered and equally

weighted. Gaps were treated as missing data and as a

fifth state (i.e., two rounds of searches were conducted).
PAUP* 4 (Swofford, 2000) was used to perform 200



Table 3

Summary of base composition of 68 sigmodontine specimens

A C G T

Cyt b Total 0.29 0.29 0.12 0.30

First 0.31 0.24 0.21 0.24

Second 0.21 0.25 0.12 0.42

Third 0.36 0.38 0.03 0.23

IRBP Total 0.23 0.28 0.28 0.21

First 0.25 0.28 0.34 0.13

Second 0.28 0.21 0.19 0.32

Third 0.16 0.33 0.30 0.21
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replicates of heuristic searches with random addition of
sequences and tree bisection-reconnection branch

swapping. Two measures of topology support were

carried out. First, 1000 parsimony jackknife replications

(JK; Farris et al., 1996) with five addition sequence

replicates each and the deletion of one third of the

character data were performed. Branches with less than

50% of support were allowed to collapse. Second, reg-

ular Bremer support values (BS; Bremer, 1994) and
partitioned Bremer support values (PBS; a measure of

the positive or negative contribution of each partition to

the character support for a particular node in the si-

multaneous analysis, Baker and De Salle, 1997) were

computed for each node in PAUP* using command files

written in TreeRot version 2 (Sorenson, 1999).

Systematists have long debated whether logically

separable data sets can be drawn from different sources
of the same taxa (e.g., different DNA fragments, DNA

and morphological data) and have also debated on the

appropriateness of analyzing these different datasets

separately or in combination (Bull et al., 1993; de Que-

iroz et al., 1995; De Salle and Brower, 1997; Eernisse and

Kluge, 1993; Huelsenbeck et al., 1996; Kluge, 1989;

Miyamoto and Fitch, 1995; Nixon and Carpenter, 1996;

Siddall, 1997). This study is based on the simultaneous
analyses of both genes. To detect the presence of char-

acter conflict between both gene partitions I computed

the incongruence length difference (ILD) test as de-

scribed by Farris et al. (1994, 1995) and implemented in

WINCLADA version 0.9.9+ (BETA) (Nixon, 1999). See

Baker and Lutzoni (2002) for a recent examination of the

interpretation of the ILD as a test of data combinability.

Finally, the number of unambiguous changes per
gene and codon position were documented by examining

PAUP* outputs. Only those changes unambiguously

optimized irrespective of the kind of character trans-

formation used (i.e., accelerated: ACCTRAN or de-

layed: DELTRAN) were taken into account.
Results

Sequence description

Cytochrome b haplotypes show a strong base com-

positional bias, with a marked deficit of guanine, espe-

cially in third positions (Table 3). Cytochrome b

haplotypes are defined by 517 variables sites; of which

120 correspond to first codon positions, 41 to second
positions, and 356 to third positions. IRBP alleles show

an overall even pattern of base composition (Table 3).

There are 140 variable sites in the IRPB sequences, of

which 28 correspond to first codon positions, 17 to

second positions, and 95 to third positions. Levels of

observed variation of both genes at different hierarchical

levels are summarised in Table 4.
Phylogeny

The topologies obtained from the analysis of both

gap-handling schemes are the same. Therefore, I present

only the results of those analyses in which gaps were

treated as missing data. The combined dataset has 902

variable characters of which 748 are parsimony infor-

mative. Two most parsimonious cladograms resulted
from the analysis of this dataset. The trees are 7410 steps

in length. They have an ensemble consistency index (CI)

of 0.199 and a retention index (RI) of 0.523. The strict

consensus tree (Nelson, 1979) defines 75 nodes of which

66 belong to the sigmodontine clade (Fig. 1). Support

for these nodes is highly variable. In the jackknife

analysis, 22 nodes, of which 19 correspond to the

sigmodontine clade, collapse at the cut off of 50%.
Bremer support values range from 1 to 72.

Sigmodontinae (Fig. 1A, node 66) appears to be well

supported with a jackknife support value (JK) of 100%,

and a Bremer support index (BS) of 14. Relationships

within the sigmodontine clade are well resolved with

the existence of only one polytomy that involves species

of Necromys. However, several of these clades are

weakly supported, thus collapsing in the jackknife
analysis to create a large basal polytomy. This poly-

tomy includes: (a) several monogeneric lines (Delomys,

Euneomys, Juliomys, Reithrodon, Sigmodon, Thomaso-

mys, and Wiedomys), (b) a clade formed by Irenomys,

Scolomys, and Rhipidomys (node 56), and (c) clades

corresponding to recognized sigmodontines groups of

genera (e.g., akodontines, abrothricines, oryzomyines,

and phyllotines). Among these groups, the phyllotine
tribe (node 43) is the one with the weakest support

(JK¼ 54, BS¼ 5) and the abrothricine group (node 53)
has the strongest support (JK¼ 98, BS¼ 7). Akodon-
tini sensu Smith and Patton (1999) (node 38) also

constitutes a well-supported natural group (JK¼ 97%,
BS¼ 6).

Gene congruence and contribution to the general topology

The ILD test revealed that the amount of character

conflict between both genes is not significant

(P ¼ 0:999). PBS values indicate that 28 of the 75 clades



Table 4

Ranges of observed sequence divergence among sampled sigmodontines at different hierarchical levels

Same species Different species

Same population Different population Same genus Different genus

Cyt b 0.18–0.53 0.26–11.37 1.23–14.72 9.26–24.34

IRBP 0 0–0.26 0–1.71 0.79–9.88

Note. See Table 2 for the list of specimens, species and genera on which these comparisons are based. Intrapopulation comparisons were based on

specimens of Juscelinomys huanchacae, Kunsia tomentosus and Thalpomys cerradensis. Interpopulation comparisons were based on specimens of

Abrothrix olivaceus, Akodon montensis, Geoxus valdivianus, Necromys temchuki, N. urichi, and Oxymycterus rufus.
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are supported by characters from both cyt b and IRBP
genes (i.e., PBS values are positive for both genes). In

addition, five clades, which are supported by cyt b

substitutions, are neither contradicted nor supported by

the IRBP evidence (i.e., IRPB PBS¼ 0). Thirty-eight
clades are supported by cyt b characters and con-

tradicted by the evidence from IRBP (i.e., IRBP nega-

tive PBS values). Finally, only four clades of the

combined analysis are contradicted by characters of the
cyt b gene. Overall, in the combined analysis cyt b

characters support a total of 71 clades; meanwhile IRBP

characters support 32 nodes (Table 5). The resolution at

the base of the sigmodontine radiation, at the base of the

akodontine clade, and among Akodon species shown in

the simultaneous topology is mostly provided by cyt b

gene characters.

Finally, consistency and retention indices for each
gene, as well as for each codon position of each gene

were also computed over the simultaneous analysis

(Table 6). These measures indicate that cyt b, in com-

parison with IRBP, is more homoplastic (smaller CI)

and contributes fewer synapomorphies to the most

parsimonious trees (smaller RI). According to the most

parsimonious trees, each of the cyt b and IRBP infor-

mative characters changed state 12.35 and 3.3 times,
respectively. When state changes are calculated for each

codon position, IRBP informative characters changed

with roughly the same frequency at each position,

averaging 3.11, 4.60, and 3.13 state changes for first,

second, and third positions, respectively. In contrast, the

number of state changes per informative character is not

evenly distributed across cyt b codon positions. Infor-

mative changes located in third codon positions, which
account for 67% of the informative characters for cyt b

and 48.0% for the complete dataset, have evolved much

faster (14.69 substitutions on average) than the infor-

mative characters from first and second positions (12.35

and 8.31 times each respectively).
Discussion

It has been more than a decade since the phylogenetic

relationships among sigmodontine taxa were first stud-

ied with an explicitly phylogenetic approach. Most of

these studies were based on the analysis of mitochon-
drial DNA sequences, although other sources of evi-
dence have also been explored (e.g., morphology,

karyotypes, allozymes, DNA/DNA hybridization). Data

have been analyzed using maximum parsimony under a

diversity of weighting schemes, maximum likelihood

under a variety of evolutionary models, and also with

distance algorithms involving different genetic distances.

The use of different analytical methods makes it hard to

directly compare results from these studies with those of
the present research (Brower et al., 1996). Among these

studies, the one of Smith and Patton (1999) deserves to

be singled out for two reasons. First, its broad taxo-

nomic coverage allowed testing of most of the tradi-

tional sigmodontine suprageneric groups, resulted in

novel historical hypotheses and a new classificatory

scheme. Second, it provided a main hypothesis that

could be used to frame additional studies (e.g., D�El�ııa
et al., in press b; Emmons, 1999).

Early in sigmodontine taxonomy, genera were ar-

ranged into groups. Some of these groups were later

formalized into tribes (e.g., Akodontini, Phyllotini)

while others were not (e.g., oxymycterine group). The

identity and contents of these groups have been the

center of much discussion, and their content has fluc-

tuated from author to author (see examples in Table 1).
I have included representatives of all traditional groups,

with the sole exception of the ichthyomyines (Ichthy-

omyini). In addition, I have included some genera

traditionally considered to be well-differentiated sigm-

odontine lines (e.g., Wiedomys), or whose phylogenetic

relationships have been center of much debate through

taxonomic history (e.g., Reithrodon), or that have been

recently called into question due to results of phylo-
genetic analysis (e.g., Bibimys).

The present study is the first one to deal with sigm-

odontine phylogenetics by combining characters from

the mitochondrial and the nuclear genomes. The com-

bined analyses retrieved two shortest trees of 7410 steps

in length. Their consensus is a well-resolved cladogram,

although clades show a wide range of support (Fig. 1

and Table 5). Because of the broad taxonomic coverage
of this study, the complex taxonomic history of the

study group, several features of the consensus tree de-

serve discussion. However, I shall concentrate here

mainly on relationships among akodontine taxa. I also

comment on other genera that have played a relevant



Fig. 1. Strict consensus tree of the two most parsimonious trees (length 7410, CI¼ 0.199, RI¼ 0.523) obtained in the maximum parsimony analysis of

68 sigmodontine and 11 outgroup specimens. Numbers above branches indicate parsimony jackknife (left of the diagonal) and Bremer support (right

to the diagonal) values of the nodes at their right. Only jackknife values above 50% are shown. Numbers below branches identify nodes at their right.

Node numbers are cited in the main text and in Tables 5 and 7. (A) Details of the consensus tree corresponding to the outgroup taxa and the

sigmodontine clade less the akodontine tribe. 1, Phyllotini; 2, Oryzomyini; 3, abrothricine group. (B) Part of the consensus tree corresponding to

Akodontini. Bars A–E identify clades that are discussed in the text.
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role through sigmodontine taxonomic history and evo-

lutionary studies. Following the consensus tree I have

structured this section into four parts.
The sigmodontine basal radiation

The most basal dichotomy within the sigmodontine

clade leads to Sigmodon on one hand and to a clade

composed of all other sigmodontines on the other

(Fig. 1A). The node at the base of the ‘‘all sigmodon-

tines less Sigmodon’’ clade is weakly supported
(JK< 50%; BS¼ 1; PBS details in Table 5 node 65) in-
dicating that the hypothesis of Sigmodon being the sister

of the rest of the sigmodontines is not well supported by

the simultaneous analysis of cyt b and IRBP characters.

However, the position of Sigmodon as sister to the
reaming sigmodontines is corroborated in a broad study

based on cyt b sequences (D�El�ııa et al., in press a) and in
a more reduced phylogenetic analysis of four other mi-
tochondrial genes (Engel et al., 1998). This finding is

important on two accounts. First, it corroborates that

Sigmodon is the sole living member of the tribe Sigm-

odontini, implying that an S-shaped third molar has

evolved independently more than once (e.g., Euneomys,

Holochilus, and Reithrodon) within the sigmodontine

radiation. Second, the fact that Sigmodon is the sister

group of the remaining sigmodontines has direct impli-
cations for the study of sigmodontine historical bioge-

ography, a topic to be covered below.

Basal relationships within the ‘‘all sigmodontines less

Sigmodon’’ clade are mostly defined by cyt b characters

(Table 7). This part of the tree is weakly supported; in

the jackknife analysis 10 basal nodes collapse at the 50%



Fig. 1. (continued)
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cut off, generating a large basal polytomy encompassing

12 sigmodontine clades. Seven of these 12 clades, in-
cluding the one made up of Sigmodon, are monogeneric,

four other clades are groups of genera that correspond

more or less to classic sigmodontine tribes, and the last

one is formed by Irenomys, Scolomys, and Rhipidomys.

This last clade (node 56 in Fig. 1A; JK¼ 62, BS¼ 6) is
only supported by cyt b characters and has not been

recovered in any previous phylogenetic analysis. Scolo-

mys and Rhipidomys are traditionally placed in the
oryzomyine and thomasomyine tribes, respectively (see

below). Irenomys has been placed in the phyllotine tribe

(Braun, 1993; Olds and Anderson, 1989), as well ex-

plicitly excluded from it (Hershkovitz, 1962).

One of the recovered clades (node 43 in Fig. 1A;

JK¼ 54, BS¼ 5) comprises the phyllotines, Auliscomys,

Calomys, Eligmodontia, Graomys, Loxodontomys, and
Phyllotis, but not the genera Euneomys, Irenomys, or

Reithrodon, all of which have been considered phyllo-
tines by several authors (e.g., McKenna and Bell, 1997;

Steppan, 1995). Smith and Patton (1999) have already

presented evidence to exclude Reithrodon and Irenomys

from the phyllotine clade. Their conclusion is here ex-

panded with regard to the Euneomys. Forty-four addi-

tional steps are needed to recover a clade formed by all

traditionally recognized ‘‘phyllotine’’ genera; while 23,

27, or 15 additional steps are needed to place respec-
tively Euneomys, Irenomys, or Reithrodon in the phyl-

lotine clade.

In their contribution, when dealing with the diagnosis

of the phyllotine tribe, Olds and Anderson (1989)

identified a group of three living genera (Euneomys,

Neotomys, and Reithrodon) on the basis of several

morphological characters for which the informal name



Table 5

Partitioned bremer support values for each gene

PBS IRBP 1.2 2.5 0 0 1 )2.5 3.5 0.5 3.5 3.5 )0.5 )0.5 1.5 0.5

PBS Cyt b 29.8 7.5 1 1 28 9.5 )0.5 4.5 )0.5 )1.5 3.5 12.5 30.5 29.5

Node 1 2 3 4 5 6 7 8 9 10 11 12 13 14

PBS IRBP 1.5 5 )2 0.5 0.5 1 11.1 )2.5 3 0 )0.5 )3.5 )0.5 2

PBS Cyt b 7.5 58 5 0.5 0.5 21 60.9 3.5 40 5 6.5 15.5 37.5 16

Node 15 16 17 18 19 20 21 22 23 24 25 26 27 28

PBS IRBP )2.5 )2.5 8 5.5 )1 )1 )0.8 2 )2.5 )2 )4.5 )4.5 )4.5 )4.5
PBS Cyt b 3.5 19.5 44 55.5 4 38 1.8 1 3.5 8 8.5 8.5 8.5 8.5

Node 29 30 31 32 33 34 35 36 37 38 39 40 41 42

PBS IRBP 3.5 6.5 )4.6 )8 3.5 3 3 2 )1.5 )4.5 5 )4.7 )5 0

PBS Cyt b 1.5 14.5 6.6 11 20.5 31 )1 9 24 6.5 2 6.7 12 6

Node 43 44 45 46 47 48 49 50 51 52 53 54 55 56

PBS IRBP )2.5 )5.4 )2 )6 )6 12 )6 )3 )6 6.9 8.5 11 9 )2
PBS Cyt b 3.5 7.4 20 7 7 55 7 4 7 7.1 49.5 34 2 16

Node 57 58 59 60 61 62 63 64 65 66 67 68 69 70

PBS IRBP 0 )2 )5.1 )6 )6
PBS Cyt b 4 10 11.1 7 7

Node 71 72 73 74 75

Note. Node numbers correspond to those indicated in Fig. 1.

Table 6

Indices for site class of each of the two gene partitions

Site class n Steps CI RI

Simultaneous 748 7410 0.199 0.523

Cyt b Total 546 6743.5 0.163 0.500

First 129 1072.5 0.229 0.545

Second 51 294 0.330 0.676

Third 366 5377 0.140 0.478

IRBP Total 202 666.5 0.566 0.750

First 44 137 0.635 0.772

Second 24 110.5 0.434 0.664

Third 134 419 0.578 0.765

Note. Indices were calculated from the two most parsimonious hypotheses resulting from the simultaneous analysis. First, second and third refer

to codon position. n, number of parsimony informative sites; Steps, mean length on the two most parsimonious trees; CI, consistency index;
RI, retention index.
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Reithrodon-group was coined (see also Braun, 1993;

Steppan, 1995). Later, Pardi~nnas (1997), Steppan and

Pardi~nnas (1998), and Ortiz et al. (2000) expanded this
group with the inclusion of extinct taxa. I have included

two of the three living members of the Reithrodon-
group, Reithrodon and Euneomys. These two genera are

not sister to each other. Reithrodon appears as sister to

Juliomys (node 63), and Euneomys appears as sister to

Thomasomys (node 60). Both clades are weakly sup-

ported; in trees that are just one step longer they are not

recovered, thus casting doubts about these relationships.

These four genera form part of the basal sigmodontine

polytomy that results in the parsimony jackknife anal-
ysis. Eunemoys and Reithrodon can be forced to form a

monophyletic group in trees that are eight steps longer

than the most parsimonious ones. Vorontzov (1959 cited

in Reig, 1980) placed Reithrodon in its own tribe,
Reithrodontini, a classificatory scheme not followed in

recent taxonomic treatises (e.g., McKenna and Bell,

1997). Current molecular evidence supports Vorontzov�s
view. Future studies, which should include Neotomys,

are needed to test the Reithrodon-group polyphyly hy-
pothesis posed here. This test is needed before the Re-

ithrodon-group biogeographic hypothesis of Ortiz et al.

(2000) can be critically assessed. However, a reappraisal,

framed within a study with broad taxonomic sampling,

of the phylogenetic relationships of the fossil taxa Pan-

chomys, Icthyurodon and Tafimys with regards to Re-

ithrodon and Euneomys seems to be worthwhile due to

the strong evidence suggesting the polyphyly of the
phyllotine group sensu Olds and Anderson (1989).

The present analysis, while confirming the distinction

of oryzomyines and thomasomyines (contra Reig, 1986),

fails to recover a monophyletic Oryzomyini (sensu Voss



Table 7

Unambiguous changes along selected lines of the consensus tree il-

lustrated in Fig. 1

Line Cyt b IRBP

First Second Third

Sigmodontinae 8 4 15 12

66–65 3 5 9 6

65–64 4 1 6 0

64–63 2 1 18 0

64–61 4 0 3 0

61–58 1 0 7 0

58–57 1 1 7 0

57–54 3 0 10 0

54–46 1 2 14 0

46–45 1 0 9 0

58–38 Akodontines 1 1 11 6

54–53 Abrothricines 0 1 8 9

45–44 Oryzomyines 3 1 19 12

45–43 Phyllotines 1 2 7 7

Note. Nodes identify lines as follows: the node from which a line

originates to the node to which it leads (see node numbers in Fig. 1).

Consistency and retention indices for each data class are specified in

Table 6.
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and Carleton, 1993). As in Smith and Patton (1999),

Scolomys falls outside the oryzomyine clade. Twelve

additional steps are needed to group Scolomys with

Oecomys and Oryzomys. This issue is relevant to further

study because in an IRBP solo analysis a monophyletic

Oryzomyini is recovered (Weksler, in press). Moreover,

considering that Oryzomyini is the largest sigmodontine

tribe, the study of additional oryzomyine genera (e.g.,
Holochilus, Neacomys, Nesoryzomys, and Pseudoryzo-

mys) is much needed.

In a revision of Delomys Voss (1993) suggested that

the thomasomyine group was originally delineated

(Hershkovitz, 1962, 1966) on the basis of plesiomorphic

character states. He (1993, p. 25) added that Delomys,

and probably the remaining thomasomyine genera,

cannot be assigned to any monophyletic group less in-
clusive than Sigmodontinae. Later on, Smith and Patton

(1999) corroborated the assertion of Voss (1993) with

regards to Delomys and Juliomys, although they recov-

ered a more restricted thomasomyine clade formed by

Chilomys, Rhipidomys, and Thomasomys. In the present

analysis I included Delomys, Juliomys, Rhipidomys, and

Thomasomys. None of these genera appears as sister to

other thomasomyine genera. In trees 26 steps longer
than the most parsimonious, a classical monophyletic

thomasomyine group is recovered; meanwhile, 11 addi-

tional steps are needed to group Thomasomys with

Rhipidomys. Therefore, the simultaneous analysis of cyt

b and IRBP DNA sequences corroborates the assertion

of Voss with regards to the nature of the thomasomyine

group (1993), and refutes that of Smith and Patton

(1999). The study of the remaining ‘‘thomasomyines,’’
especially Aepeomys and Chilomys as well as those
poorly known from eastern South America (e.g., Abra-

wayaomys, Phaenomys, Rhagomys, and Wilfredomys), is

critical to further test the phylogenetic hypothesis here

advanced. Finally, this study corroborates Reig�s (1980)
concept that Wiedomys is the sole living member of

Wiedomyini.

The abrothricines

Perhaps the single most surprising result from the

usage of molecular markers in sigmodontine phyloge-

netics was the finding that a group of taxa mainly dis-

tributed in the South and Central Andes (e.g.,

Abrothrix, Chelemys, Chroeomys, Geoxus, Notiomys,

and Pearsonomys), traditionally considered to be typical

akodont rodents, and in some cases even considered
subgenera of Akodon (Reig, 1987), do not form part of

the akodont radiation (Smith and Patton, 1999). The

present study, which included four of the six forms

(Abrothrix, Chelemys, Chroeomys, and Geoxus), cor-

roborates the monophyly of this Andean group (node

53: 98% JK, BS¼ 7), which is suggested by both cyt b
and IRBP genes as indicated by the PBS values (Table

5). This study also corroborates that the group does not
form part of the akodont radiation. In the combined

analysis, the Andean clade is sister to a large clade that

contains phyllotines, oryzomyines, and Wiedomys.

However, these relationships are weakly supported

(Fig. 1A), and in the jackknife analysis these lines col-

lapse to the basal sigmodontine polytomy. Smith and

Patton (1999, pp. 106–107) suggested ranking this group

of genera as a tribe, indicating that an adequate name
for it would be Abrotrichini (sic). Although Smith and

Patton (1999) enumerated chromosomal, protein, and

parasite features that may be used to diagnose the

abrothricine group, they did not formally define or di-

agnose it. These two issues will be focused on an up-

coming contribution.

The last point to be considered here with regard to

abrothricines is that, as in the studies of Smith and
Patton (1993, 1999), the Abrothrix appears to be para-

phyletic with respect to Chroeomys jelskii. There are

three main alternative taxonomic interpretations of this

topology. First, place Chroeomys in synonymy with

Abrothrix. Second, apply the name Abrothrix only to A.

longipilis (type species of the genus and at the base of the

clade), and expand Chroeomys to encompass andinus

and olivaceus (including xanthorhinus, see Pearson and
Smith, 1999). Third, while restricting Abrothrix to A.

longipilis and Chroeomys to C. jelskii, andinus, and oli-

vaceus would need to be placed in their own genus (i.e.,

three taxa ranked at the generic level). I think that due

to the low degree of morphologic variation found

among these forms, the best classificatory scheme is to

place all forms in Abrothrix.
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The akodontines

An akodontine group can be traced to Thomas (1916,

1918) who recognized the morphologic resemblance

between Akodon and some other taxa he ranked as

genera (e.g., Abrothrix, Chroeomys, Deltamys, Hypsi-

mys, Necromys (¼Bolomys), Thalpomys, and Thapto-

mys). Four decades later, Vorontzov (1959 cited in Reig,

1987) coined the term Akodontini for this assemblage.
However, it was Reig (1978, 1984, 1987) who made the

most important contribution towards delimiting the

group and clarifying its evolutionary history. Reig�s
(1987) contribution was the last of a series of studies of

akodontine macrosystematics framed within the evolu-

tionary systematics approach. During this period, much

of the debate on akodontine taxonomy and systematics

was centered on issues at low taxonomic levels (see be-
low); meanwhile, the contents of the group remained

more or less stable. The major disagreement revolved

around Oxymycterus and similar genera (e.g., Lenoxus,

Podoxymys), which have been placed in a different but

closely related ‘‘oxymycterine’’ group (Hershkovitz,

1966; Hopper and Musser, 1964) or Oxymycterini tribe

(Massoia, 1981); or have been included within Ak-

odontini by others (Reig, 1980, 1987). This last position
has been followed in the most recent treatise of mammal

taxonomy (McKenna and Bell, 1997).

The availability of sequence data prompted a major

redefinition of the contents of Akodontini. The most

surprising result was the identification and removal of

the abrothricine group (see above). In addition, Smith

and Patton (1999) provided evidence by indicating that

two genera, Scapteromys and Kunsia, placed tradition-
ally in a separate tribe Scapteromyini (Massoia, 1979),

fall into the akodont radiation. Recently, D�El�ııa et al.
(in press b) expanded this result by finding that Bibimys,

the third scapteromyine genus, is an akodont. The

present study further tests these novel hypotheses, and

also sheds new light on issues at lower taxonomic levels.

A large clade in agreement with Smith and Patton�s
(1999) conception of the akodontine tribe (see Table 1)
was recovered with high levels of support (node 38 in

Fig. 1B, JK¼ 97%, BS¼ 6). This clade appears as sister
to a large clade containing abrothricines, phyllotines,

oryzomyines and several genera without clear phyloge-

netic relationships (see above). This relationship is only

weakly supported, but it should be taken into consid-

eration until new evidence falsifies it. The evidence at

hand refutes Reig�s (1986, 1987) hypotheses of ak-
odontines having evolved from an oryzomyine stock,

and in turn having given rise to phyllotines. According

to the present hypothesis, both phyllotines and oryz-

omynes are only distantly related to akodonts. However,

phyllotines and oryzomynes are closely related to the

abrothricines (Fig. 1A); this fact may, in part, explain

why Reig, who considered abrothricines to be typical
akodonts, suggested a phylogenetic relation among
oryzomyines, akodontines, and phyllotines.

The akodontine clade (sensu Smith and Patton, 1999)

appears well resolved and formed by five main clades

that are related to each other as follows: ((A, B) (C (D,

E))) (see Fig. 1B). This clade notation will be used in the

follow-up discussion, where I will first focus on each one

of these clades individually, to then discuss the rela-

tionships among them.
Clade A (node 33 in Fig. 1B, JK¼ 84%, BS¼ 3)

contains middle and large size rats, the fossorial Kunsia,

the largest known living sigmodontine, and the semi-

aquatic Scapteromys. Of the five main akodontine

clades, clade A is the only one not supported by IRBP

characters. Clade B (JK¼ 81%, BS¼ 3) is composed of
Blarinomys, Brucepattersonius, and Lenoxus. These

three genera were classically considered to be closely
related to Oxymycterus (e.g., Hershkovitz, 1998; Mas-

soia and Fornes, 1969; Thomas, 1909) and as such, they

are placed in the oxymycterine group (Hershkovitz,

1966; Hopper and Musser, 1964). In fact, the monotypic

Lenoxus and Blarinomys were erected to highlight the

morphologic distinction of two species initially assigned

to Oxymycterus (Thomas, 1896, 1909). Brucepatterso-

nius was recently limited to five newly described species
together with one species formerly assigned to Oxy-

mycterus (Hershkovitz, 1998). However, Oxymycterus

(four species included) and Juscelinomys form part of

the akodont clade C (JK¼ 100, BS¼ 18), which is not
sister to clade B. Bibimys, which was previously placed

along with Scapteromys and Kunsia in the scapteromy-

ine group (Table 1), is the sole member of the akodont

clade D. Bibimys is sister to clade E.
Clade E (JK¼ 100%; BS¼ 22) is composed by those

taxa on which, classically, the debate on akodontine

taxonomy and systematics has focused (reviewed in

Reig, 1987). At the peak practice of typological taxon-

omy, several taxa were named to encompass species that

are morphologically similar to Akodon but distinguish-

able from it by one or two trenchant characters. For

instance, Thomas (1918) erected Hypsimys to contain a
species characterized by its high-crown molars; Micro-

xus and Thalpomys are separated from Akodon by the

slope of the zygomatic plate and a ridged interorbital

region, respectively (Thomas, 1909, 1916). These taxa,

together with Deltamys, Necromys (¼Bolomys), and

Thaptomys have alternatively been considered either

synonyms, subgenera of Akodon, or genera depending

on the relative weight given to these and few other
characters (e.g., Cabrera, 1961; Ellerman, 1941; Gy-

ldenstolpe, 1932; Hershkovitz, 1990, 1998; Reig, 1987;

Tate, 1932).

I have included samples of the three subgenera of

Akodon as currently recognized (Akodon,Microxus, and

Hypsimys). The subgenus Akodon appears paraphyletic

with respect to A. (Microxus) mimus and A. (Hypsimys)
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siberiae, implying that both subgenera should be re-
garded as synonyms of Akodon. It must be noted that A.

(H.) budini, type species of Hypsimys, was not included

in this study. Similarly, it may prove worthwhile to also

analyze A. bogotensis, a species referred to Microxus

(Reig, 1987), that according to some authors (e.g., Pat-

ton et al., 1989) differs more from typical Akodon than

A. (M.) mimus, the type species of Microxus. The

monotypic Deltamys appears as sister to Akodon, cor-
roborating the phenetic analysis of Gonz�aalez and Mas-
soia (1995) that ranked Deltamys at the genus level.

The poorly studied Thalpomys, a taxon that has not

previously been included in a phylogenetic analysis, is

sister to Necromys (¼Bolomys; see Massoia and

Pardi~nnas, 1993 and additional nomenclatorial comments
in Galliari and Pardi~nnas, 2000). Hershkovitz (1990),

who acknowledged the cranial resemblance between
these two taxa, anticipated this relationship. However,

he put special emphasis on the ranking of Thalpomys at

the genus level due to the distinctiveness of its molars

and pelage (Hershkovitz, 1990, p. 767).

Necromys is a genus on which several ecological

studies have been based (e.g., De Lima et al., 1995;

Oliveira et al., 1998), but which is still in great need of

revision. Problems range from nomenclatural issues, to
species limits, to the delimitation of the genus itself

(Anderson and Olds, 1989; Galliari and Pardi~nnas, 2000;
Reig, 1987). An important issue of Necromys systemat-

ics has been whether forms from the grasslands of

southern and northern South America and the Central

Andes form a monophyletic group or not. Based on a

phylogenetic analysis of 801 bp of the cyt b gene Smith

and Patton (1993) found that urichi, a northern form
classically referred to the genus Akodon and either

placed in the subgenus Chalcomys or in the nominate

subgenus (e.g., Reig, 1987; Thomas, 1916; Ventura et al.,

2000), was sister to N. lasiurus. In addition, Smith and

Patton (1993) found that amoenus, type species of Bo-

lomys, was not sister to the lasiurus-urichi clade. Based

on this result, Galliari and Pardi~nnas (2000, p. 226) sug-
gested that Bolomys should be retained to encompass
amoenus. Later, Smith and Patton (1999) in a phyloge-

netic analysis based on the whole cyt b gene recovered a

monophyletic group composed by amoenus, lasiurus,

and urichi, placing all forms in one genus. I have in-

cluded these three taxa in addition to a second form,

temchuki, from southern South America. The simulta-

neous analysis corroborates Smith and Patton�s (1999)
study, in that all of these species form a well supported
natural group (node 15 in Fig. 1B, JK¼ 99%, BS¼ 9),
which provides preliminary support for the recognition

of only one genus, Necromys, to encompass all forms.

Considering the polytomy at the base of this clade (node

15 Fig. 1B), another option may be to recognize three

genera: Necromys for the morphologically homogeneous

southern forms, retain Bolomys for amoenus, and erect a
new genus for urichi (urichi was earlier placed in the
subgenus Chalcomys; however the type species of this

taxon, aerosus, which was not included in the present

study, falls into the Akodon clade in phylogenetic anal-

yses of cyt b and control region sequences; D�El�ııa et al.,
in press a; Hoekstra and Edwards, 2000; Smith and

Patton, 1991). Here I place all forms in Necromys. This

hypothesis should be further tested with the inclusion of

additional forms such as benefactus (type species of
Necromys), lactens, obscurus, and punctulatus. This work

is underway. The inclusion of urichi in Necromys is

important because as a result, Necromys is no longer

composed exclusively of species with a 2n ¼ 33=34 (N.

urichi has a diploid complement of 2n ¼ 18; Reig et al.,

1971). Karyotypic homogeneity was one of the primary

arguments Reig (1987, p. 356) used to delimit Necromys

(regarded as Bolomys at that time).
In a phylogenetic analysis based on cyt b sequences,

which included a broad sampling of Akodon species,

D�El�ııa et al. (in press a) found that Akodon serrensis,

which has always been referred to the typical subgenus

of Akodon (Musser and Carleton, 1993; Reig, 1987),

falls well outside the Akodon clade. This phylogenetic

hypothesis receives further support here. Ten extra steps

are needed to force A. serrensis within the Akodon clade.
A. serrensis appears to be sister to the monotypic genus

Thaptomys (node 18), although this relationship is

weakly supported (JK<50%, BS¼ 1). This clade is sister
to the clade Thalpomys–Necromys. Further studies, in-

cluding morphological comparisons and the sequencing

of additional specimens, are needed to determine if A.

serrensis should be placed on its own genus or in Tha-

ptomys. Interestingly, both A. serrensis and Thaptomys

are distributed in the Atlantic rainforest, a fact that re-

inforces the extreme importance of this region as a

center of mammal diversification (da Silva and Patton,

1998; Smith and Patton, 1999).

The last topic to be covered on akodont systematics is

that of the relationships among the five recently dis-

cussed natural groups, which made up Akodontini, as

recently redefined by Smith and Patton (1999). These
clades relate to each other as follows: ((A, B) (C (D, E)));

however, this topology is weakly supported. In the

jackknife analysis (Fig. 1B), after nodes with less than

50% of support are allowed to collapse, the resulting

topology is: (A, B (C, D, E)). Taken altogether, these

results indicate that further work is needed to clarify the

basal pattern of the akodontine differentiation. The in-

clusion of Podoxymys, the only akodontine taxon cur-
rently ranked at the genus level not included in this

study, may help to resolve the tree.

For the time being, it seems adequate to continue to

recognize Akodontini (sensu Smith and Patton, 1999).

However, in order to emphasize the current knowledge

of the phylogenetic relationships within this large clade,

it is of interest to informally recognize well-supported
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internal divisions of akodonts. Five akodont divisions
could be recognized: (1) the Akodon Division, formed by

Akodon, Deltamys, Necromys, Thalpomys, and Thapto-

mys, which is equivalent to the akodontine tribe sensu

stricto; (2) the Blarinomys Division consisting of Blari-

nomys, Brucepattersonius, and Lenoxus; (3) the Oxy-

mycterus Division containing Oxymycterus and

Juscelinomys; (4) the Scapteromys Division consisting of

Scapteromys and Kunsia; and (5) the Bibimys Division,
formed only by Bibimys, a genus that cannot be placed

with certainty in any group less inclusive than the ak-

odontine tribe.

Comments on the historical biogeography of the sig-

modontinae

I will close this contribution by commenting on the
historical biogeography of Sigmodontinae. The study of

sigmodontine historical biogeography (SHB) is one of

the most remarkable chapters of Neotropical mammal-

ogy, but it is also the focus of major disagreements.

Most of the scenarios advanced in this respect (see a

recent review by Pardi~nnas et al., 2002) are based on

geographic and temporal distribution of both extant and

extinct forms, and rest on hypotheses of phylogenetic
relationships falsified at the light of the present phy-

logeny and those recently hypothesized elsewhere (e.g.,

Smith and Patton, 1999).

Recently acquired fossil evidence is helping to re-

shape the study of SHB. In fact, new chronostrati-

graphic work (Pardi~nnas and Tonni, 1998) together with
the discovery of new fossil material (reviewed in

Pardi~nnas et al., 2002) showed that past sigmodontine
diversity was greater than had been acknowledged, and

that the South American diversification of the group

started earlier than previously recognized. Around 5–

6Myr ago distinctive sigmodontine lines already

inhabited what today are the central Argentinean

provinces of Buenos Aires and La Pampa. However,

additional work involving fossil taxa is much needed. A

critical reassessment, within a cladistic framework and
with a broad taxonomic coverage, of the sigmodontine

condition of some North American fossil forms (e.g.,

Abelmoschomys, Prosigmodon, and Symmetrodontomys)

as well as the integration of South American sigm-

odontine fossils into formal cladistic analyses (see an

example in Steppan and Pardi~nnas, 1998) is much needed
to shed light on the placement and timing of the sigm-

odontine basal radiation.
In framing their views of sigmodontine paleobioge-

ography, several authors have hypothesized different

sigmodontine taxa to be the sister or paraphyletic with

respect to the remaining sigmodontines. This subject

largely falls out of the scope of this contribution, and I

refer the reader to Pardi~nnas et al. (2002) for a synthesis
of the different scenarios. Here, I will simply describe the
two positions that framed the debate on SHB during the
1980�s and have served as a foundation for most papers
since then. Baskin (1978, 1986), based on dental mor-

phology, suggested that Bensomys, a North American

fossil taxon, is in fact a junior synonym of the extant

South American genus Calomys. This led to the sug-

gestion that sigmodontines diversified early in North

America prior to their entrance into South America

(Baskin, 1986; Czaplewski, 1987). On the other hand,
Reig (1980, 1986; see also Steppan, 1995) denied that

Bensonomys represents the genus Calomys and suggested

that the oryzomyines represent the group that gave rise

to the sigmodontines in a radiation that took place in

South America. The present study suggests that phyl-

lotines (including Calomys) and oryzomyines are neither

sister to the remaining sigmodontines nor paraphyletic

with respect to them. Instead, Sigmodon represents the
sister group of the remaining living sigmodontines. This

phylogenetic relationship is corroborated by other

phylogenetic studies (D�El�ııa et al., in press a; Engel et al.,
1998). In addition, in an IRBP solo analysis a clade

composed by Sigmodon and an ichthyomyine (Rheo-

mys), a group not represented in the present study or in

those of Engel at al. (1998) and D�El�ııa et al. (in press a),
was recovered as sister to the remaining sigmodontines
(Weksler, in press). These results falsify both Baskin

(1978, 1986) and Reig (1980, 1986) hypotheses of

sigmodontine historical biogeography in regards to the

taxa involved in the cladogenetic event at the base of the

sigmodontine clade. However, more work is needed in

order to clarify the placement of the sigmodontine basal

radiation. Among the research that must be undertaken

is a taxon dense cladistic analysis that includes all
Sigmodon and ichthyomyine species, which are distrib-

uted in South, Central, and North America, to further

test their sistergroup relationships to the remaining liv-

ing sigmodontines, and to optimize on the phylogeny

the geographic location of the sigmodontine common

ancestor.
Final considerations

The widespread adoption of an explicit cladistic ap-

proach for studying sigmodontine phylogenetics has

prompted major changes in the group�s classification.
For example, the realization that several sigmodontine

genera (e.g., Irenomys, Juliomys) cannot be placed into

any monophyletic group less inclusive than Sig-
modontinae (Smith and Patton, 1999; Voss, 1993)

prompts basically two classificatory alternatives: (a) to

erect monogeneric tribes for each of these genera, or (b)

to simply consider them as Sigmodontinae incertae sedis.

I agree with Voss (1993) and Smith and Patton (1999) in

that the latter view is preferable, because the prolifera-

tion of such taxa (and names) would not provide any
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additional information to systematists. Then, the su-
prageneric taxa should only be used (and erected) for

those well-supported clades, while those genera without

clear phylogenetic relationships do not have to be forced

into tribes. This assertion is not in contradiction with

continuing the usage of tribes that are only composed by

one living genus each (i.e., Sigmodontini, Reithrodon-

tini, and Wiedomyini). This practice is justified in first

place by the availability of these names. Second, in ad-
dition to Wiedomys, Wiedomyini includes the extinct

Cholomys (Reig, 1980). Similarly, the tribe Sigmodontini

also includes the extinct Prosigmodon. Besides testing

the just mentioned groups, future cladistic work will

clarify if the extinct Ichthyurodon, Panchomys, and

Tafimys belong to Reithrodontini, Phyllotini or to nei-

ther of them. As our picture of sigmodontine phyloge-

netics is incomplete, other changes in sigmodontine
classification are expected. To further our knowledge on

this subject it is of particular relevance for the upcoming

cladistic analyses to use a broader taxonomic sampling

than the one employed here (i.e., especially one includ-

ing ichthyomyines and Aepeomys, Abrawayaomys,

Phaenomys, Rhagomys and Wilfredomys). Similarly, the

combined analysis of morphological and molecular ev-

idence is much needed. Such a simultaneous analysis
helps to clarify those areas of the sigmodontine radia-

tion where morphological and molecular evidence seems

to be in conflict (e.g., the monophyly of the Reithrodon

group and its placement within Phyllotini are strongly

corroborated by morphological characters but falsified

by present molecular evidence). All of these studies will

favour the availability of a well-corroborated sigm-

odontine topology, which would constitute the neces-
sary base to: (a) cladistically delimit and diagnose

sigmodontine suprageneric groups (see Steppan, 1995),

and) (b) pose robust tests of evolutionary hypotheses

involving Sigmodontinae.
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