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ABSTRACT

In this study I provide a phylogenetic hypothesis for didelphid Marsupials including a suite of
114 postcranial characters. The postcranial evidence was cladistically analyzed separately and
concatenated with a nonmolecular data set previously published (71 cranio-dental-external
characters). A combined analysis was done including published IRBP (interphotoreceptor
retinoid binding protein, 1158 bp), DMP-1 (dentin matrix protein 1, 1176 bp), and RAG-1
(recombinase-activating gene, 2790 bp) sequences to the nonmolecular data set. In order to
compare and evaluate the influence of the inclusion of postcranial morphology to previous
hypotheses, the taxon sampling of didelphine ingroup was almost similar to the one used in
recent series of papers on didelphid phylogeny. The postcranial information includes 48
characters from the axial skeleton, 37 from the anterior limb, and 29 from the posterior limb. I
present anatomical descriptions for each postcranial character, adding details of different
conditions observed among didelphine ingroup, as well as some functional implications.
Different hypotheses that are discussed as polymorphic characters are alternatively treated as
composite entries (CO) and transformation series (TS) in morphological and combined analyses.
Different codings of polymorphic postcranial characters produce topologies that in general are
not contradictory. The principal difference is the loss of resolution of trees in TS analysis,
compared to CO analysis in postcranial evidence, whereas the support values were in general low
in both codings. The topology obtained from postcranial evidence supported some already
recovered relationships, such as the monophyly of the large opossums (Didelphis, Philander,
Chironectes, Lutreolina, and Metachirus), and several polytypic groups such as Didelphis,
Monodelphis, Marmosops, Thylamys, Micoureus, and Philander. Additionally, the intermediate
position of Hyladelphys between calorumyines and didelphines is kept in CO analysis. The
inclusion of the postcranial data set to previous nonmolecular evidence causes little
incongruence, although some modifications in the topology and support values were detected.
The effect of different codings of polymorphic characters was similar respect to the postcranial-
only data set. In this case, the topology obtained with CO analysis was also notably better
resolved than TS analysis. Similarly to the postcranial-only analysis, the topologies obtained in
the total morphological evidence applying the two kinds of codings are highly congruent, but the
TS treatment seemed not to contribute to retention of more phylogenetic information, since the
CO analysis was better resolved. The relationships obtained adding the postcranial evidence to
published combined data set (i.e., morphology, IRBP, DMP-1, and RAG-1 sequences) were
mostly better resolved and supported in the CO coding than the morphological analyses,
although the TS coding causes loss of resolution in the strict consensus. In this sense, some
strong differences on deep branch topology can be detected depending on the treatment applied
to polymorphic entries and partitioned analyses (e.g., phylogenetic condition of the mouse
opossums, nodes C and B). Including the postcranial evidence in the total data set, I also
recovered the intermediate position of Hyladelphys, but never the distantly related clades
recently recovered by the inclusion of RAG-1 sequences (clades B + I in Gruber, K.F., R.S.
Voss, and S.A. Jansa. 2007. Base-compositional heterogeneity in the RAG1 locus among
didelphid marsupials: implications for phylogenetic inference and the evolution of GC content.
Systematic Biology 56: 1–14). However, the position of Metachirus nudicaudatus and Tlacuatzin
canescens is highly affected. Excluding the last gene, the partitioned combined analysis
considering postcranial evidence was highly congruent with previous IRBP, morphology, and
combined topologies, especially in the TS analysis, where all already defined nodes were
recovered. The inclusion of postcranial evidence to the previous combined data set actually
improves the support values when RAG-1 is eliminated. However, even when the topologies
from both kinds of codings of polymorphic data were considerably congruent, the mouse
opossums were clustered in CO analysis (although including Metachirus if RAG-1 sequences are
included). The application of different criteria for the treatment of polymorphic data affects the
relationships and phyletic condition of the mouse opossums. Finally, I discuss the postcranial
morphology as evidence of didelphid phylogeny, as well as the new postcranial synapomorphies
found in the monophyletic groups recovered in the didelphid crown group.
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INTRODUCTION

Didelphid marsupials represent a living
Neotropical radiation including around 85
species (Gardner, 2005) ranging from Can-
ada to Patagonia. Through the past decades,
the study of the New World living marsupials
has been focused in diverse disciplines,
resulting in an important amount of infor-
mation available, ranging from systematics
and taxonomy to anatomy, ontogeny, behav-
ior, ecology, biogeography, physiology, and
cytogenetics. As indicated by Voss and Jansa
(2003), this interesting group represents the
most diverse living radiation of the old
endemic fauna that evolved in South America
during the Tertiary isolation, and it is the
only large radiation of metatherian mammals
outside of Australia (Simpson, 1971; Patter-
son and Pascual, 1972).

In studies of marsupial evolution, didel-
phids were traditionally identified as ‘‘prim-
itive’’ relative to the remaining marsupial
families (Bensley, 1903; Gregory, 1910) and
were thought to be models to extrapolations
for Paleogene and Cretaceous metatherian
biology (e.g., Crompton and Hiiemae, 1970;
Crompton and Hylander, 1986; Crompton,
1989). Additionally, some modern studies
placed either Didelphimorphia or Ameridel-
phia (i.e., Didelphimorphia + Paucitubercu-
lata) as the basal branch of the marsupial
clade (see Horovitz and Sánchez-Villagra,
2003; Asher et al., 2004). However, it is
widely recognized at present that living
didelphids are not ‘‘living fossils’’, and even
though they are considered basal relative to
most of the Australasian living marsupials,
they are derived relative to most Cretaceous
and Paleogene metatherians (Clemens, 1968;
Szalay, 1982, 1994; Reig et al., 1987; Wible,
1990; Goin, 1993; Horovitz and Sánchez-
Villagra, 2003; Sánchez-Villagra et al., 2007).

In a morphological and distributional
framework, didelphids have been tradition-
ally diagnosed by plesiomorphies and bio-
geographical patterns, and some studies have
demonstrated the failures of morphological
characters to recover didelphids as a mono-
phyletic group (see Kirsch and Archer, 1982;
Wroe et al., 2000). The phylogenetic study by
Horovitz and Sánchez-Villagra (2003) pro-
vides some unambiguous and unreversed

postcranial synapomorphies for Didelphidae
(e.g., calcaneal notch for cuboid present, or
ridge on proximal articular facet of metacar-
pal I present). However, only two taxa
representing the whole family were consid-
ered in that paper (Didelphis and Monodel-
phis), as the main scope was focused on a
high-level marsupial relationship. In this
sense, a more inclusive taxon sampling is
neccesary for scoring most postcranial char-
acters described in didelphids, detecting
phylogenetic information in a family-level
context as well. The same lack of a denser
taxon sampling was noted for other morpho-
logical characters such as sperm morphology
and mammary pattern (Jansa and Voss,
2005). On the contrary, IRBP (interphotor-
eceptor retinoid binding protein, 1158 bp)
sequences provide strong evidence of didel-
phid monophyly, since the family is support-
ed for 10 uniquely derived and unreversed
transformations (Jansa and Voss, 2000, 2005)
in the context of a higher taxonomic sample.

The study of the phylogenetic relationships
in didelphids has been based on different
points of view, resulting in occasionally well-
supported hypotheses with evidence from
diverse sources. For instance, the monophyly
of the large 2n 5 22 opossums was recovered
using different kinds of data (e.g. Creighton,
1984; Reig et al., 1987; Kirsch and Palma,
1995; Jansa and Voss, 2000, 2005; Flores,
2003; Voss and Jansa, 2003; Gruber et al.,
2007), whereas in other cases there were
conflicting patterns, as the paraphyletic
condition of some genera of mouse opos-
sums, currently considered as taxonomically
valid (see Gardner, 2005). According to Voss
and Jansa (2003), the incongruence among
different hypotheses is likely caused by
several factors, such as disparate taxon
sampling, use of nonmonophyletic supraspe-
cific taxa as terminals, discrepant scoring of
the same character, different rooting criteria
and algorithms, and voucher misidentifica-
tions.

Recently, the study of didelphid phylogeny
has expanded markedly due to new knowl-
edge and interpretations of the external and
internal anatomy, new DNA sequence infor-
mation from nuclear genes (e.g., IRBP,
DMP-1 [dentin matrix protein 1, 1176 bp],
RAG-1 [recombinase-activating gene, 2790
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bp]), inclusion of a larger taxonomic sample,
and taxonomic clarification of some polytyp-
ic groups. The ingroup relationships in
didelphids obtained in previous papers were
partially summarized by Jansa and Voss
(2000) and Voss and Jansa (2003). The
molecular evidence available for a higher
didelphid taxonomic sample includes se-
quences of different nuclear genes, such as
IRBP (Jansa and Voss, 2000; 2005), DMP-1
(Jansa and Voss, 2005; Jansa et al., 2006),
and RAG-1 (Gruber et al., 2007). Addition-
ally, the morphological evidence used in a
cladistic background consists of craniodental,
external anatomy, and karyotypes (see Voss
and Jansa, 2003 and citations therein). In
relation to this diverse array of evidence,
interesting hypotheses based in combined
analyses were recently obtained (Voss and
Jansa, 2003; Jansa and Voss, 2005; Gruber et
al., 2007), whose topologies show some
stability, since in some cases they are
congruent, independent of the type of char-
acters employed. Additionally, the wide
taxonomic sample available made possible
the formulation of more inclusive phyloge-
netic hypotheses. In this sense, the recent
addition of new taxa such as Chacodelphys
formosa (Voss et al., 2004) or Hyladelphys
kalinowskii (Jansa and Voss, 2005) in some
cases has modified topologies or changed the
support values in different clades.

The more recent hypothesis on didelphid
phylogeny based on nonmolecular characters
(Jansa and Voss, 2005: fig. 1C) included
craniodental, external, and karyological
characters. In the topology obtained, the
large 2n 5 22 opossums (i.e., Didelphis,
Philander, Lutreolina, and Chironectes) were
recovered as a monophyletic group, closely
related to the monophyletic Monodelphis and
the 2n 5 14 Metachirus. The mouse opos-
sums resulted in a paraphyletic group, of
which only Gracilinanus, Cryptonanus, and
Marmosops were recovered as monophyletic.
The position of the monotypic Chacodelphys
was basal to the Lestodelphys + Thylamys
group, and Hyladelphys was placed basal to
the whole didelphine crown group (i.e.,
intermediate between caluromyines and di-
delphines). The combination of the mor-
phological data set with genetic information
(i.e., IRBP, DMP-1, and RAG-1 sequences)

caused a better resolution on the topologies
obtained with morphology alone, and the
support values of most nodes had $75%
bootstrap support. In this scheme, the large
opossums were equally recovered, as well as
several mouse opossum genera (i.e., Thyla-
mys, Cryptonanus, Gracilinanus, Marmosops,
Micoureus, and Monodelphis), and the posi-
tion of Hyladelphys was similar to the results
from morphological data (i.e., basal to the
didelphine group, except including RAG-1
sequences). It is clear that at present the
phylogenetic relationships on didelphid
groups are based on profuse evidence, which
in general does not exhibit substantial
conflict. As stated by Jansa and Voss
(2000), the node-by-node comparison of
different hypotheses obtained by different
sources suggested that many cases of conflict
do not reflect considerable incongruence of
data.

Although the study of the postcranial
morphology in metatherians has received
notable attention, most of it was focused
on functional, ontogenetic, and descriptive
frames, but not phylogenetics (e.g., Coues,
1869; Flower, 1885; Elftman, 1929; Barnett
and Napier, 1953; Mann-Fischer, 1953; Jen-
kins and Weijs, 1979; Klima, 1987; White,
1990; Pridmore, 1992; Marshall and Sigog-
neau-Russell, 1995; Lunde and Schutt, 1999;
Argot, 2001, 2002, 2003a, 2003b, 2004a,
2004b; Martin and Mackay, 2003; Muizon
and Argot, 2003; but see Szalay, 1994; Szalay
and Sargis, 2001; Horovitz and Sánchez-
Villagra, 2003). The study of Horovitz and
Sánchez-Villagra (2003) contains numerous
postcranial characters treated in high-level
taxonomic categories that are interpreted in a
cladistic context. Some characters described
in that paper have shown some variability in
the ingroup considered in this report, being
parsimony informative in lower taxonomic
levels. Additionally, several previous papers
detected notable morphological variation in
the postcranial skeleton of the taxa treated, in
a descriptive or functional frame. In this
sense, the identification and inclusion of
postcranial characters in an appropriate
taxonomic sample is significant in order to
be analyzed in a cladistic framework. It is
essential to know the influence of inclusion of
the postcranial characters, identifying con-
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gruences as well as incongruences among
previous hypotheses based in other sorts of
characters, and to integrate this evidence in a
combined analysis to obtain hypotheses based
on all available evidence of didelphid phylogeny.

In this study, I conducted a cladistic
analysis of living didelphids based on post-
cranial characters, and I describe the post-
cranial character variations among 38 didel-
phid species, including most of those
previously analyzed in other morphological
frameworks (e.g., Voss and Jansa, 2003).
Having considered practically the same tax-
onomic sample used in recent phylogenetic
analyses (Voss and Jansa, 2003; Jansa and
Voss, 2005; Voss et al. 2006; Jansa et al.,
2006; Gruber et al., 2007) for comparative
purposes, this data set was incorporated in
the previous data set available (i.e., cranio-
dental and external anatomy, karyology, plus
IRBP, DMP-1, and RAG-1 sequences). I
analyzed the postcranial and previously
known morphological characters separately
and in combination with the molecular data.
I also explored the congruence and conflict
between both kinds of data sets. The addition
of postcranial characters to the known
phylogenetic evidence is essential, since in
some situations it could improve the support
values on previously recognized monophylet-
ic groups, although in other circumstances it
could contradict those topologies. Further-
more, I provide additional character infor-
mation in order to reach a comprehensive
perception of the postcranial variation within
the living didelphid group.

MATERIALS AND METHODS

TAXON SAMPLING

I analyzed the osteological postcranial
morphology in 4 outgroups and 34 ingroup
didelphid taxa (table 1; appendix I). In order
to reach a viable comparison and combina-
tion with morphological and genetic data sets
previously published in recent phylogenetic
studies on didelphids (Voss and Jansa, 2003;
Jansa and Voss, 2005; Jansa et al., 2006;
Gruber et al., 2007), the outgroup considered
is composed of a caluromyine group includ-
ing Glironia venusta (root), two species of
Caluromys, and Caluromysiops irrupta. The

ingroup includes practically the same didel-
phine taxa as the ones in the cited papers.
Postcranial samples for four species (Chaco-
delphys formosa, Gracilinanus emiliae, G.
aceramarcae, Marmosa lepida, and Crypto-
nanus chacoensis) could not be examined in
this analysis, since the material is apparently
nonexistent in extant systematic collections.
All polytypic groups were represented by
several species in order to test the monophy-
letic condition of each supraspecific group
(table 1). In general, I examined several adult
specimens of both sexes per taxon in order to
detect polymorphism (table 2). However,
some species with scarce postcranial material
deposited in systematic collections (e.g.,
Glironia venusta, Hyladelphys kalinowskii,
Philander mcilhennyi, or Marmosa rubra)
were represented by only one or two speci-
mens (see appendix 1).

TABLE 1
Taxonomic Diversity of Extant Didelphid Genera

(Sensu Gardner, 2005, Except in Taxa Indicated) and
Number of Included Species per Taxon in the

Postcranial Analysis

Genera

No.

species

No. included

species

Caluromysiops 1 1

Caluromys 3 2

Chironectes 1 1

Cryptonanusa 5 1

Didelphis 6 3

Glironia 1 1

Gracilinanus 6 2

Hyladelphys 1 1

Lestodelphys 1 1

Lutreolina 1 1

Marmosa 9 4

Marmosopsb 14 5

Metachirus 1 1

Micoureus 6 3

Monodelphisc 20 3

Philanderd 7 3

Thylamys 10 4

Tlacuatzin 1 1

Total 92 38

aGenus recently recognized by Voss et al. (2006);

species previously included in Gracilinanus.
bIncluding M. creightoni (see Voss et al., 2004).
cIncluding M. ronaldi (see Solari, 2004) and M.

handleyii (see Solari, 2007).
dIncluding P. mondolfii, P. deltai (see Lew et al., 2006),

and P. olrogi (see Flores et al., 2008).
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POSTCRANIAL CHARACTER SCORING

The parsimony analysis of didelphid spe-
cies-level relationships is based on a suite of
new and partially scored postcranial charac-
ters (see character descriptions and appendix
2) and the comparison and combination with
the morphological data matrix previously
defined by Voss and Jansa (2003). Australa-
sian and American nondidelphid taxa were
not considered part of the outgroup. Conse-
quently, several postcranial characters that
could define the didelphid position with
respect to nondidelphid marsupials (see
Szalay, 1994; Szalay and Sargis, 2001;
Horovitz and Sánchez-Villagra, 2003) were
not incorporated, as they are apparently
invariant in the didelphid ingroup considered
here. On the other hand, some characters
described in the previous cladistic analysis of
Horovitz and Sánchez-Villagra (2003) illus-
trated significant variation when a didelphid

denser taxon sampling was included, and
thus they were reanalyzed in this context of
didelphid systematics. The complete morpho-
logical data set is composed of 185 characters
(table 3), of which 114 are new and reana-
lyzed postcranial characters: 48 from the
axial skeleton, 37 from anterior limbs, and 29
from posterior limbs. The remaining 71
characters were described by Voss and Jansa
(2003) and include craniodental, external,
and karyological evidence. In this way, the
taxonomically variable postcranial characters
come mainly from direct observation of the
material under study and from reinterpreta-
tion of characters previously defined in
studies with taxonomic, systematic, or a
functional-descriptive perspective (e.g., Flow-
er, 1885; Elftman, 1929; Barnett and Napier,
1953; Mann-Fischer, 1953; Jenkins and
Weijs, 1979; Szalay, 1982, 1994; Marshall
and Sigogneau-Russell, 1995; Muizon, 1998;
Argot, 2001, 2002, 2003a, 2003b, 2004a,
2004b; Szalay and Sargis, 2001; Horovitz
and Sánchez-Villagra, 2003; Muizon and
Argot, 2003).

In a few cases, postcranial elements were
incomplete, destroyed, or in bad condition.
In such cases, published descriptions or
drawings were consulted to assess the correct
character state. Due to the absence of
information in some cases, I scored the
relevant matrix cells as missing (‘‘?’’). Those
that resulted from unsuitable comparisons
(table 4) were scored as inapplicable (‘‘–’’).

In the postcranial data matrix, I defined
both binary and multistate characters, where
three or more alternative conditions were
observed. In some cases, multistate charac-
ters could be logically ordered in a transfor-
mation series, but in other situations no
compelling justification for ordering could be
found (see the character descriptions). In the
analyses, I included both parsimony infor-
mative characters and few autapomorphies
(table 3). The latter were not eliminated
because of reasons mentioned by Voss and
Jansa (2003); that is, scoring autapomorphies
is required to preserve the homologies in
unordered multistate characters that contain
parsimony informative characters, such scor-
ing facilitates the recovery of taxon diagnoses
from the data matrix, and some autapomor-
phies can be parsimony informative in a

TABLE 2
Polymorphic Characters Observed on Postcranial

Morphology in Didelphid Taxa
(For details, see character descriptions.)

Taxa Character no.

Caluromys lanatus 35

Caluromysiops irrupta 15, 52

Chironectes minimus 35, 63, 87, 97

Cryptonanus unduaviensis 22

Didelphis virginiana 35, 47, 110

D. albiventris 35, 47, 66

D. marsupialis 35, 47, 59, 66, 110

Gracilinanus agilis 2, 17, 62, 63, 68, 77

Lutreolina crassicaudata 47

Micoureus demerarae 18, 60, 70

M. regina 17, 18, 20, 34, 88

M. paraguayanus 1, 2, 59, 60, 62, 66, 70, 77

Marmosops incanus 47

M. noctivagus 2, 17, 35, 40, 57

M. pinheiroi 40, 60

M. impavidus 22, 35

Marmosa mexicana 111

M. robinsoni 2, 13, 22, 35, 43, 47, 59, 66, 67, 68

M. murina 35, 47, 66, 77

Metachirus nudicaudatus 2, 8

Philander opossum 3, 47, 59, 102

P. frenatus 2, 87

Thylamys pallidior 22

T. pusillus 1, 2, 57, 66

T. venustus 4, 20, 22, 40

Tlacuatzin canescens 11, 47
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more denser taxon sampling and could be
used in future analyses. On the other hand, to
consider autapomorphies in the ingroup
might eventually serve as synapomorphies
for clades represented by a single taxon in the
present analysis (Weksler, 2006). Proper
polarity of characters was determined after
rooting the trees.

The treatment of polymorphic characters
was done following two methods in order to
detect the influence of different criteria in the
topology and support values. In the first
mode, I considered the polymorphic condi-
tion as composite states (CO) in a transfor-
mation series or in a binary character (i.e.,
polymorphic conditions between two charac-
ter states 0 and 1, coded as {01} for a taxon
with states 0 and 1 observed among its
exemplars). Alternatively, the polymorphic
condition was considered as an intermediate
character state in a transformation series
(TS), and the series is treated as ordered (see
Campbell and Frost, 1993; Wiens, 1999,
2000; Voss and Jansa, 2003; Weksler, 2006).
The binary character with the polymorphic
condition takes the form of a multistate
character with an ordered transformation
series, and the intermediate condition repre-
sents the polymorphism. With the intermedi-
ate character state representing the polymor-
phism, the transformations 0 « 1 and 1 « 2
each were weighed to 0.5 relative to the unit
weight (1.0) assigned to the transformation 0
« 1 in a binary character without polymor-

phism. Obviously, polymorphism does not
always occur in a binary character. In
multistate characters, the polymorphism is
included as a transitional state between two
different conditions observed (whose weight
is assigned with the same procedure men-
tioned above) so that it adds one condition to
the ordered transformation series, and the
multistate character is assumed as ordered.

The postcranial data matrix presented
herein was composed in order to analyze
the internal didelphid relationships and
compare and combine with recent data sets
including a denser taxon sampling (Voss and
Jansa, 2003; Jansa and Voss, 2005). For this
reason, it is not situable to define nondidel-
phid marsupial relationships. The position of
didelphids and their relationships in a su-
praordinal context are beyond the scope of
this report, but a postcranial data matrix
including several nondidelphid Australasian,
American, and some fossil taxa is in prepa-
ration as part of a subsequent report.

PHYLOGENETIC ANALYSIS

I performed parsimony analyses of post-
cranial evidence both separately and in
combination with the nonmolecular data set
(craniodental and external) devised by Jansa
and Voss (2005), as well as in the supermatrix
obtained by combining all the nonmolecular
evidence, with IRBP, DMP-1, and RAG-1
sequences. The sequences can be aligned

TABLE 3
Comparison of Three Data Set Characteristics of Nonmolecular Data Matrix

(See text for explanation of combined nonmolecular data set.)

Jansa and Voss (2005) Postcranial Combined nonmolecular data set

No. terminal taxaa 44 38 44

No. cells 3124 4332 8140

Missing 109 (3%) 85 (2%) 871 (11%)

Inapplicable 33 (1%) 44 (1%) 77 (1%)

No. characters 71 114 185

Parsimony-informative characters 67 (94%) 106 (93%) 173 (94%)

Autapomorphic characters 4 (6%) 8 (7%) 12 (7%)

Binary characters 53 (75%) 66 (58%) 119 (64%)

Ordered multistate characters 12 (17%) 47 (41%) 59 (32%)

Unordered multistate characters 6 (8%) 1 (0.9%) 7 (4%)

aThe postcranial data set does not include Chacodelphys formosa, Cryptonanus chacoensis, Gracilinanus aceramarcae,

G. emiliae, Marmosa lepida, and Monodelphis emiliae, but they are included in the combined nonmolecular data set

(coded ‘‘?’’ for postcranial characters).
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unambiguously among didelphids (Jansa and
Voss, 2000; Jansa et al., 2006; Grueber et al.,
2007). In both morphological and combined
analyses, the characters were equally weight-
ed. All of the postcranial, total morphology,

and combined matrices were analyzed with
two different coding for polymorphic entries
explained in the ‘‘Postcranial Character
Scoring’’ section; that is, CO and TS
analyses, respectively. For all parsimony
analyses I used the program TNT (Goloboff
et al., 2004) to search for optimal trees under
equal weights. I conducted heuristic, uncon-
strained searches for optimal trees using tree
bisection-reconnection (TBR) branch-swap-
ping in each of 100 replications of random
taxon addition sequences, keeping up to 10
trees per replication. A second TBR round
was applied to each of the optimals in order
to increase the confidence of finding all
topologies of minimum length. Zero-length
branches were collapsed and strict consensus
trees were generated. Clade support was
estimated using both absolute Bremer sup-
port (Bremer, 1994) and character resampling
(Goloboff et al., 2003). Values of absolute
Bremer support were calculated following the
approach of Giannini and Bertelli (2004) in
order to prevent overestimation of support
values. Specifically, they implemented a
strategy for obtaining suboptimal trees in
seven successive stages in which ,2000
suboptimal trees were saved in each stage.
First, I saved suboptimal trees that were one
step longer than the optimals. Next, searches
saved trees up to two to seven steps longer
than the optimals. Thus, in the analysis a
sample of $14,000 suboptimal trees was used
to calculate absolute Bremer support. In this
way, I sampled several suboptimal trees that
could be overlooked in a less careful selection
of suboptimals, which would lead to overes-
timated support values. On the other hand,
the resampling technique used was a variant
of the jackknife implemented by Goloboff et
al. (2003). Group frequency (based on
unbiased symmetric resampling) was calcu-
lated on the basis of 2000 replications.

I combined the postcranial data set with
the previously defined nonmolecular charac-
ters (Voss and Jansa, 2003; Jansa and Voss,
2005). Additionally, IRBP, DMP-1, and
RAG-1 sequences were included, resulting
in a supermatrix analyzed using the same
parsimony procedures as described above.
Finally, the patterns of congruence and
conflict among separate analyses (i.e., post-
cranial only, total morphology, and com-

TABLE 4
Postcranial Data Completeness for Didelphid

Terminal Taxa

Inapplicable Missing

%

Complete

Glironia venusta 3 0 97

Caluromysiops irrupta 1 0 99

Caluromys lanatus 2 0 98

C. philander 2 0 98

Metachirus

nudicaudatus

0 0 100

Philander opossum 1 0 99

P. franatus 1 0 99

P. mcilhenyii 1 3 96

Didelphis virginiana 1 0 99

D. albiventris 1 0 99

D. marsupialis 1 0 99

Lutreolina

crassicaudata

2 3 96

Chironectes minimus 0 0 100

Tlacuatzin canescens 0 2 98

Thylamys pallidior 1 0 99

T. pusillus 1 2 97

T. venustus 2 4 94

T. macrurus 1 1 98

Monodelphis

brevicaudata

1 1 98

M. adusta 0 10 91

M. theresa 2 0 98

Micoureus

paraguayanus

0 12 89

M. regina 0 1 99

M. demerarae 0 0 100

Marmosa rubra 2 3 95

M. robinsoni 1 0 99

M. mexicana 1 0 99

M. murina 0 3 97

Marmosops impavidus 1 1 98

M. parvidens 2 0 98

M. pinheiroi 1 2 97

M. noctivagus 2 1 97

M. incanus 2 0 98

Lestodelphys halli 1 13 88

Cryptonanus

unduaviensis

3 1 96

Gracilinanus agilis 1 0 99

G. microtarsus 1 13 88

Hyladelphys

kalinowskii

3 1 96
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bined analysis) were evaluated by direct
inspection of tree topologies and values of
nodal support.

RESULTS

POSTCRANIAL CHARACTER DESCRIPTION

In this section I describe the variations
observed on the skeletal morphology of the
taxa included in the analysis. In most cases,
some brief descriptions and comments about
evolutionary or functional features were
added to the character description, and the
character state observed in the taxonomic
sample is also reported. The 114 postcranial
characters are listed by different skeletal
sections as follows: atlas, axis, posterior
cervical vertebrae, thoracic vertebrae, lumbar
vertebrae, sacrum and caudal vertebrae, ribs
and sternum, scapula, humerus, radius and
ulna, pelvis and epipubic bones, femur, tibia
and fibula, carpus and metacarpus, and
tarsus. For the osteological and muscular
terminology, I followed several works that
treated skeletal and muscular morphology in
mammals (e.g., Maynard Smith and Savage,
1955; Taylor, 1974, 1976; Evans, 1993; Gilbert,
1994; Sargis, 2002; Bezuidenbout and Evans,
2005; Whitehead et al., 2005) and specifically
in marsupials (e.g. Elftman, 1929; Szalay,
1994; Marshall and Sigogneau-Russell, 1995;
Muizon, 1998; Argot, 2001, 2002, 2003a,
2003b, 2004a, 2004b; Szalay and Sargis,
2001; Horovitz and Sánchez-Villagra, 2003).

ATLAS

Character 1: Atlantal foramen: (0) absent;
(1) present. In caluromyines and large
opossums (Didelphis, Philander, Chironectes,
Lutreolina, and Metachirus) the foramen is
present, whereas in the mouse opossums in
general this foramen is absent (except Mar-
mosa rubra). Horovitz and Sánchez-Villagra
(2003: ch. 1) reported asymmetry in the
presence/absence of this character in some
taxa such as Monodelphis domestica, Dasyur-
oides, and Dromiciops. I also found the same
asymmetry in some specimens of Thylamys
pusillus and Micoureus paraguayanus, and the
taxa are treated as polymorphic (coded {01}).

Character 2: Atlas transverse foramen: (0)
absent; (1) present. Although Horovitz and

Sánchez-Villagra (2003: ch. 3) coded Didel-
phis as polymorphic, I did not see any
specimen in the sample with the atlas
transverse foramen completely closed. Nota-
ble ontogenetic variation was observed in
Metachirus: in subadults and young speci-
mens, the foramen is not completely closed,
but shows a small ossified process that tends
to close the foramina. This foramen is present
in Caluromysiops, Caluromys, Marmosa mur-
ina, and M. rubra, but it is absent in most of
the didelphid taxa included here. In the
sample, individual variation is observed in
Philander frenatus, Metachirus, Thylamys
pusillus, Marmosa robinsoni, Marmosops noc-
tivagus, and Gracilinanus agilis (coded {01}).

Character 3: Posterior extension of the
transverse processes: (0) absent; (1) present.
In the same way as Horovitz and Sánchez-
Villagra (2003: ch. 4), I coded this character
as present when the transverse processes
extend caudally beyond the caudal facets
for the axis articulation. Although Horovitz
and Sánchez-Villagra (2003) coded Didelphis
as polymorphic, in almost the complete
sample analyzed here, Didelphis was scored
as present. Only in young and subadult
specimens is the extension absent, and one
specimen of D. virginiana (AMNH 70082)
exhibits the transverse process extended to
the same level or almost posterior to the
caudal facets for the axis. In general,
Philander opossum exhibits the condition 0,
but some specimens (e.g., AMNH 190446,
210408) show the processes barely extended
beyond the caudal facets (coded {01}).

Character 4: Cranial facets shape: (0) only
concave; (1) dorsal edge curved. Although
the position of the occipital condyle shows
variation in didelphids (Argot, 2003a), I did
not note discrete interespecific variation of
the atlas cranial facet shape. Here, this
character is modified from Horovitz and
Sánchez-Villagra (2003: ch. 5), because there
are no taxa in the sample with the dorsal
edges enveloping the occipital condyle, as
shown in some Australasian groups. The
dorsal border curved is the most common
condition present in the didelphid crown
group, although in Thylamys pallidior, Tla-
cuatzin, and Hyladelphys the cranial facet is
only concave, and the polymorphic condition
is evidenced in Thylamys venustus.
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Character 5: Development of ventral
tubercle: (0) without tubercle; (1) tubercle as
a small protuberance, almost absent; (2)
tubercle developed; (3) tubercle well devel-
oped, laminar shape. The ventral tubercle is a
process on the ventral region of the vertebral
body. Some muscles implied in neck flexion
(such as m. longus colli and m. longus capitis)
insert in this structure (Argot, 2003a; see
Evans, 1993: fig. 6–31). In didelphids, this
tubercle has several degrees of development.
For instance, in Philander (state 2) this
structure appears more developed than in
Didelphis (state 1), whereas in Gracilinanus,
Metachirus, Chironectes, and Marmosa
rubra the tubercle is well developed and
triangular in shape (state 3). In Glironia,
Caluromys, Caluromysiops, Lutreolina, Tla-
cuatzin, and most species of Marmosa the
tubercle is present but small. No information
is currently available about this character for
Thylamys macrurus (coded ‘‘?’’). Since I
observed intermediate conditions on the
development of this structure, the character
is treated as ordered (0 « 1 « 2 « 3) in all
analyses.

Character 6: Dorsal portion of the caudal
articular fovea: (0) caudal articular fovea not
posteriorly extended; (1) caudal articular
fovea posteriorly extended. The caudal artic-
ular fovea appears caudally extended in most
of the didelphid species considered here,
although it is absent in Didelphis and
Caluromysiops, where the fovea is short and
not posteriorly extended.

Character 7: Caudal articular fovea shape:
(0) caudal fovea oval in shape; (1) caudal
fovea round in shape. The caudal articular
fovea consists of two cavities that form a
freely movable articulation with the second
vertebra (Evans, 1993), and it provides for
most cranial mobility (Argot, 2003a, 2003b).
For this reason, the shape of the fovea has
deep implications on head movements. The
overall outline is round in shape in several
taxa, such as Glironia, Caluromysiops, Calur-
omys, Philander, Chironectes, Monodelphis,
Gracilinanus, Micoureus, Cryptonanus undua-
viensis, Marmosa robinsoni, M. murina, Les-
todelphys, and Thylamys pusillus. In contrast,
it is oval in shape in Didelphis, Metachirus,
Marmosops, Marmosa rubra, Thylamys palli-
dior, and T. venustus.

Character 8: Transverse process craniocau-
dal length with respect to the hemal arches
craniocaudal length: (0) longer; (1) equal; (2)
shorter. In this character, I compared the
craniocaudal development of the transverse
process in relation to the dorsal portion of
hemal arches, independent of the transverse
process posterior extension described in char-
acter 3. Several important muscles implied in
head movements (e.g., Mm. obliquus capitis
caudalis, obliquus capitis cranialis, splenius,
and rectus capitis dorsalis minor) are related
to the transverse process and the dorsal
portion of the hemal arch (Coues, 1869; Filan,
1990; Evans, 1993; Argot, 2003a). Variations
in development of hemal arches in some
didelphids were evidenced by Argot (2003a:
figs. 1, 4). In Didelphis and Philander the
transverse process is notably larger than the
craniocaudal dimension of the hemal arches,
whereas in Chironectes and Lestodelphys there
is similar development of both structures.
Most of the remaining taxa included here
exhibit a small transverse process with respect
to the hemal arches. In this pattern, Meta-
chirus exhibits the hemal arches very devel-
oped craniocaudally in relation to the trans-
verse process (Argot, 2003a: fig. 1b). Since I
observed an intermediate condition in the
craniocaudal length of the transverse process
with respect to the craniocaudal length of the
hemal arches, this character is treated as
ordered (0 « 1 « 2 « 3) in all analyses.

Character 9: Lateral extension of the
transverse process with respect to the lateral
extension of the cranial articular fovea: (0)
extended laterally beyond the cranial articu-
lar fovea; (1) extended laterally to the same
level of the cranial articular fovea. The
general pattern in didelphids is the condition
0. Thus, in most groups considered in this
report, the transverse process is more later-
ally expanded with respect to the cranial
articular fovea. To the contrary, a not very
laterally expanded transverse process is
present in some mouse opossums such as
Marmosops pinheiroi Thylamys (except T.
macrurus), and Gracilinanus.

AXIS

Character 10: Posterior spinous process
extension: (0) absent; (1) present (fig 1).
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Similar to Horovitz and Sánchez-Villagra
(2003: ch. 10), I coded this character as
present when the neural spine extends poste-
riorly beyond the vertebral arches. Important
muscles implied in the head movements, such
as Mm. rectus capitis posterior, obliquus
capitis caudalis, and spinalis capitis, originate
in the axis spinous process (Coues, 1869;
Filan, 1990; Evans, 1993; Sargis, 2001; Mui-
zon and Argot, 2003; Argot, 2004a, 2004b).
According to Muizon and Argot (2003) and
Muizon (1998), the development of the
occipital crest in the skull and the craniocau-
dal extension of the axis spinous process are
indicative of a strong musculature of the neck,
which is related to predatory habits. In
didelphids, the axis spinous process does not
show significant variation, since the process is
posteriorly extended beyond the neural arches
in most taxa included here, except for
Didelphis and Hyladelphys, where the poste-
rior extension of the spinous process is absent.

Character 11: Dens cranial extension
relative to the cranial tip of the spinous
process: (0) to the same level or barely
anterior; (1) notably anterior (fig. 1). In head
movements, where the atlantoaxial articula-
tion is involved, the dens is used as a pivot
(Argot, 2003a). On the other hand, a notable
cranial extension of the axis spinous process
would restrict neck mobility by contact with
the caudal tip of the atlas (Evans, 1993;
Sargis, 2001). Some large opossums such as
Caluromysiops, Caluromys, Didelphis, and
Philander exhibit the dens to the same level
or barely anterior with respect to the anterior
tip of the spinous process. Most of the
remaining taxa show condition 1, and Tla-
cuatzin is scored as polymorphic for this
character (coded {01}). No information is
currently available about this character for
Marmosa murina and Gracilinanus microtar-
sus (coded ‘‘?’’).

Character 12: Axis caudal articular surface
fovea shape: (0) rounded shape; (1) oval
shape. The caudal articular surface shape is
rounded in some taxa, such as Caluromy-
siops, Philander, Metachirus, Chironectes,
Thylamys pallidior, T. venustus, Micoureus
regina, Marmosa robinsoni, Marmosops, and
Lestodelphys. Instead, an oval caudal articu-
lar surface is observed in Glironia, Calur-
omys, Didelphis, Lutreolina, Thylamys pusil-
lus, Monodelphis, Marmosa rubra, Micoureus
demerarae, Tlacuatzin, and Gracilinanus agi-
lis. No information is currently available
about this character for Marmosa murina,
Gracilinanus microtarsus, and Hyladelphys
(coded ‘‘?’’).

Character 13: Inferior portion of neural
arches shape in lateral view: (0) narrow; (1)
wide (fig. 1). The contact of the neural arches
with the vertebral body exhibits two different
morphological patterns on the axis. On the
one side, a very thin inferior portion of
neural arches is observed in several taxa, such
as Glironia, Chironectes, Thylamys, Mar-
mosa, Monodelphis, Marmosops, Gracilina-
nus, and Lestodelphys. In contrast, in Calur-
omysiops, Caluromys, Didelphis, Lutreolina,
Philander, and Metachirus, the inferior por-
tion of neural arches is notably craniocaud-
ally wide. Polymorphism is observed only in
Marmosa robinsoni, which usually shows the
condition 1, but some specimens (e.g.,

Fig. 1. Didelphis marsupialis (AMNH 21439)
and Metachirus nudicaudatus (AMNH 244617),
axis in lateral view. The spinous process (Sp) in
Metachirus is posteriorly extended (ch. 10[1]),
whereas in Didelphis it is not extended beyond
the neural arches (Na) (ch. 10[0]). In Didelphis, the
anterior extension of the dens (de) is barely
anterior to the anterior tip of the spinous process
(ch. 11[0]), whereas in Metachirus the dens is
cranialy extended (ch. 11[2]). The ventral tubercle
(Vt) is a uniform crest in Didelphis (ch. 14[0]),
whereas in Metachirus it forms two protruding
lobes (ch. 14[1]). Other abbreviations: As, articular
surface; Tc, transverse canal; Tp, transverse
process. Scale bars: 10 mm.
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AMNH 257209, 206597, 140332) show the
condition 0 (coded {01}).

Character 14: Ventral tubercle shape: (0)
uniform crest; (1) two separate lobes; (2)
without crest or lobe (fig. 1). The ventral
tubercle of the axis exhibits different patterns
in the taxa analyzed here. In some of them,
such as Caluromysiops, Caluromys, Didelphis,
Philander, Chironectes, Micoureus, Marmosa
murina, and Gracilinanus agilis the ventral
tubercle is simply an anteroposteriorly elon-
gated uniform crest. A more complex shape is
observed in Glironia, Metachirus, Lutreolina,
Thylamys, Monodelphis, some species of
Marmosa, Marmosops, and Lestodelphys,
where the ventral tubercle takes the form of
two separate lobes anteroposteriorly aligned.
Finally, no trace of a crest or lobe is observed
in Tlacuatzin. No information is currently
available about this character for Gracilina-
nus microtarsus (coded ‘‘?’’). As none of the
conditions of the ventral tuberlcle morphol-
ogy appears to be intermediate to the others,
I treated this character as unordered.

Character 15: Neural arch cranial notch
shape: (0) narrow; (1) wide. The notch in the
cranial border of neural arch exhibits differ-
ent morphologies in the taxa analyzed here.
Caluromys, Philander, Didelphis, Lutreolina,
Micoureus demerarae, Marmosops impavidus,
and M. noctivagus show the notch narrow. In
other groups, such as Glironia, Chironectes,
Metachirus, Thylamys, Tlacuatzin, Monodel-
phis, Micoureus regina, Marmosa, Gracilina-
nus, Marmosops parvidens, M. pinheiroi,
Cryptonanus, and Lestodelphys, the notch is
notably wide. In the limited postcranial
sample of Caluromysiops (see appendix 1), I
observed polymorphism in this character,
because in one specimen (AMNH 208101)
the notch is wide, while in the other (AMNH
244364) the notch is markedly narrow (coded
{01}).

POSTERIOR CERVICAL VERTEBRAE

Character 16: C5 and T1 craniocaudal
body length: (0) C5 and T1 craniocaudal
body length subequal; (1) C5 craniocaudal
body length shorter than T1. This character
was described by Horovitz and Sánchez-
Villagra (2003: ch. 18). The C5 and T1 body
length determines the gap between vertebrae

in the cervico-thoracic junction, a function-
ally important area where changes in the
skeletal configuration occur during locomo-
tion (Herbin et al., 2000). Most didelphids
have the C5 craniocaudal body length sub-
equal to or longer than T1. Marmosa rubra is
autapomorphic in this character, because it
shows the C5 body shorter than the T1 body.

Character 17: C6 spinous process shape:
(0) absent; (1) protuberance; (2) lamina
(fig. 4). The shape and development of the
spinous process in posterior cervical verte-
brae are important because it is where part of
the deep musculature of the neck attaches,
such as Mm. spinalis cervicis and multifidus
cervicis (Mann Fischer, 1956; Argot, 2003a,
2003b; Evans, 1993). The shape variations of
the C6 spinous process were described by
Horovitz and Sánchez-Villagra (2003: ch. 20).
In didelphids, different conditions in the C6
spinous process are present. Caluromys,
Caluromysiops, Didelphis, Philander frenatus,
P. mcilhennyi, Metachirus, Lutreolina, Mar-
mosa robinsoni, M. murina, Marmosops fus-
catus, and Lestodelphys show the C6 spinous
process as laminar. Only a small protuber-
ance is observed in Glironia, Philander
opossum, Mamrosa rubra, Thylamys pallidior,
T. macrurus, Monodelphis, Micoureus demer-
arae, Marmosa mexicana, and Marmosops
(except M. noctivagus). Lastly, the spinous
process in C6 is completely absent in
Tlacuatzin, Thylamys pusillus, T. venustus,
Cryptonanus unduaviensis, and Gracilinanus
microtarsus. Additionally, polymorphism is
observed in Micoureus regina, Gracilinanus
agilis, and Marmosops noctivagus, as in some
specimens the process is absent, whereas in
others there is a small protuberance (coded
{01}). As I observed an intermediate condi-
tion in the C6 spinous process shape, this
character is treated as ordered (0 « 1 « 2) in
all analyses.

Character 18: C7 transverse foramen: (0)
absent; (1) present. This character is modified
from Horovitz and Sánchez-Villagra (2003:
ch. 21), since here I did not observe any taxa
with the C7 transverse foramen incipient. The
C7 transverse foramen is present in Glironia,
Caluromysiops, Caluromys, Didelphis, Philan-
der opossum, P. frenatus, Chironectes, Mar-
mosa rubra, and Monodelphis adusta. This
foramen is absent in Philander mcilhennyi,
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Lutreolina, Tlacuatzin, Thylamys, Monodel-
phis brevicaudata, M. theresa, Marmosa ro-
binsoni, M. mexicana, M. murina, Marmo-
sops, Gracilinanus, Cryptonanus, and Lesto-
delphys. The polymorphic condition is pre-
sent in Metachirus, Micoureus demerarae,
and M. regina (coded {01}).

Character 19: C3–C7 spinous process size
with respect to the spinous process of the
axis: (0) lesser; (1) subequal (figs. 3, 4, 6). In
general, didelphids show the spinous process
of posterior cervical vertebrae shorter than
that of the axis. Condition 1 is exhibited only
in Didelphis, which has a rigid neck related
with the hypertrophy of the spinous process-
es, and the particularly strong articulation in
cervical vertebrae. This special morphology
prevents the dorsiflexion and lateral move-
ments of the neck, but it is difficult to relate it
to any diet or locomotor specialization in
Didelphis (Argot, 2003a).

Character 20: Relative size between C6
and C7 spinous process: (0) C7 spinous
process taller than C6 spinous process; (1)
C6 and C7 spinous process of similar size
(fig. 4). I observed the C7 spinous process to
be taller than C6 spinous process in Glironia,

Caluromysiops, Caluromys, Philander, Lu-
treolina, Tlacuatzin, Thylamys pusillus, Mar-
mosa robinsoni, M. rubra, Marmosops parvi-
dens, Cryptonanus unduaviensis, Gracilinanus
agilis, and Lestodelphys. In contrast, C6 and
C7 spinous processes have a similar size in
Didelphis, Metachirus, Chironectes, Thylamys
pallidior, T. macrurus, Monodelphis, Micour-
eus, Marmosa mexicana, M. murina, Marmo-
sops (except M. parvidens), and Gracilinanus
microtarsus. In the sample of Thylamys
venustus, I found a specimen (AMNH
261245) with a small C7 spinous process
and another (AMNH 261253) without this
process. Similarly, Micoureus regina exhibits
the polymorphic condition, as a male speci-
men has the C7 spinous process taller than
the C6 spinous process, whereas in a female
specimen the spinous processes of both
vertebrae are similar in size (coded {01}).
No information is currently available about
this character for Marmosops pinheiroi (cod-
ed ‘‘?’’).

Character 21: C3 transverse process heads:
(0) one head; (1) two heads (fig. 2). The
anterior part of the transverse process (called
inferior lamellae) is present in some cervical

Fig. 2. Marmosa rubra (FMNH 124612) and Philander opossum (AMNH 262415), anterior cervical
vertebrae in ventral view. In Marmosa rubra, the transverse process (Tp) on the third cervical (C3) has one
head (ch. 21[0]), but in Philander it shows an anterior head (h) (ch. 21[1]). In both species the fourth
cervical (C4) has two heads (ch. 22[1]). Scale bars: 5 mm.
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vertebrae in didelphids. Some essential mus-
cles related with neck flexion, such as Mm.
longus colli (pars cervicalis), longissimus
cervis, intertransversarii dorsales cervicis,
and intertransversarii ventrales cervicis (see
Evans, 1993: figs. 6–28, 6–30; Argot, 2003a:
fig. 4a), originate in this structure. In C3, the
anterior portion of the transverse process is
present in several taxa, such as Caluromy-
siops, Caluromys, Didelphis, Philander, Chir-
onectes, Metachirus, and Lutreolina. On the
other hand, in Glironia and mouse opossums
this structure is absent.

Character 22: C4 transverse process heads:
(0) one head; (1) two heads (fig. 2). The
lamellae in the C4 transverse process are
present in most species treated here. How-
ever, in some small opossums, such as
Thylamys pusillus, T. macrurus, Monodelphis
adusta, M. theresa, Lestodelphys, and Hyla-
delphys, the lamellae on C4 are absent.
Individual variation in this character is
common in Thylamys pallidior, Marmosops
impavidus, and Thylamys venustus, Marmosa
robinsoni, and Cryptonanus unduaviensis (cod-
ed {01}).

Character 23: C7 transverse process direc-
tion: (0) lateral; (1) ventrolateral. According
to Argot (2003a), the C7 transverse process is
anteriorly oriented in some taxa such as
Metachirus. However, the variation of this
process in didelphids is focused here on a
lateral or ventrolateral C7 transverse process
orientation. In some taxa, such as Glironia,
Caluromys, Caluromysiops, Didelphis, Thyla-
mys pallidior, T. macrurus, Marmosa rubra,
and M. mexicana, the process is ventrolater-
al. On the other hand, in Metachirus,
Philander, Lutreolina, Chironectes, Tlacuat-
zin, Thylamys pusillus, T. venustus, Mono-
delphis, Micoureus, Lestodelphys, Marmosa
murina, Marmosops, Gracilinanus, Cryptona-
nus, and Hyladelphys, the process is laterally
oriented.

THORACIC VERTEBRAE

Character 24: First thoracic vertebra with
a tall spinous process relative to other
vertebrae: (0) T1; (1) T2 (fig. 3). The
muscular system that is located in the first
two thoracic vertebrae is complex (Mann-
Fischer, 1956; Filan, 1990). The M. splenius

(which is involved in the support and
movements of the head) originates in the
spinous process of T1 (Argot, 2003a: fig. 4a;
Evans, 1993). This character is modified from
Horovitz and Sánchez-Villagra (2003: ch. 26),
because it appears as multistate, with a third
condition indicating the spinous process tall
in T3. However, according to their published

Fig. 3. Monodelphis brevicaudata (AMNH
257203) and Lutreolina crassicaudata (AMNH
133250), partial vertebral series in lateral view. In
Monodelphis, C3–C5 spinous processes are lower
than the axis spinous process (ch. 19[0]). The first
thoracic vertebra with tall spinous process relative
to other vertebrae is placed in the T2 position in
Monodelphis (ch. 24[1]), but it is in the T1 position
in Lutreolina (ch 24[0]). Abbreviation: Ma, manu-
brium of sternum. Scale bars: 10 mm.
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data matrix, there are not terminals with this
condition. In the same work, the authors
reported polymorphism in Didelphis virigini-
ana, although in the sample examined, I did
not find evidence of any individual variation
in this species. All didelphid groups show
spinous process of T1 tall relative to other
vertebrae, except for Monodelphis brevicau-
data and M. theresa, where the first tall
spinous process is placed in T2.

Character 25: First thoracic vertebra with
prezygapophysis facing laterally: (0) T2; (1)
T3. This character was defined by Horovitz
and Sánchez-Villagra (2003: ch. 27). All
didelphid groups display T3 with prezygapo-
physis facing laterally, except for Caluromys
and Caluromysiops, where the first prezyga-
pophysis facing laterally is in T2. This
condition is common in some Autralidel-
phians, such as Dromiciops, diprotodontians,
and the dasyurid Myoictis (Horovitz and
Sánchez-Villagra, 2003).

Character 26: T1 body craniocaudally
extended in dorsal view: (0) absent; (1)
present (fig. 5). The vertebral body extended
craniocaudally in T1 occurs only in Calur-
omysiops and Didelphis.

Character 27: Position of the first thoracic
vertebra with a low and craniocaudally
expanded spinous process: (0) T10; (1) T11;
(2) T12; (3) T13. The spinous process is low
and craniocaudally enlarged in the posterior
thoracic vertebrae, casually coincident with
the position of the diaphragmatic vertebra. A
short and wide spinous process restricts
spinal mobility by decreasing intervertebral
space (Sargis, 2001). In most taxa included in
this analysis, the location of this kind of
spinous process starts on T10. However,
some species show variations departing from
the most common condition. In Glironia,
Philander frenatus, Marmosa robinsoni, Mar-
mosops noctivagus, M. incanus, M. parvidens,
M. pinheiroi, Cryptonanus unduaviensis, and
Gracilinanus microtarsus, the process starts
on T11; in Lestodelphys and Tlacuatzin, it
starts on T12, whereas in Chironectes and
Hyladelphys it starts on T13. The posterior
position of this kind of spinous process in
Chironectes indicates freer movements of the
vertebral spine on the anterior portion,
perhaps related to the particular swimming
characteristic of this species. However, the
specific mode of locomotion in Hyladelphys

Fig. 4. Philander opossum (AMNH 262415) and Marmosa mexicana (ROM 99608), last cervical
vertebrae and first thoracic vertebra in lateral view. In Philander, the C7 spinous process is taller than the
C6 process (ch. 20[0]), whereas in Marmosa mexicana the C6 and C7 spinous processes are similar in size
(ch. 20[2]). Note the C6 spinous process resembling a protuberance in both species (ch. 17[2]).
Abbreviation: r, rib. Scale bars: 5 mm.
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is unknown. Due to the fact that Lutreolina
does not show this kind of vetebra, I scored it
as inapplicable (‘‘–’’) for this character.
Because I observed intermediate conditions
in the position of the first thoracic vertebra
with a low and craniocaudally expanded
spinous process, this character is treated as
ordered (0 « 1 « 2 « 3) in all analyses.

Character 28: Position of the diaphrag-
matic vertebra: (0) T8; (1) T10; (2) T11; (3)
T12; (4) T13. The mammillary process in the
region is more developed in the posterior
vertebrae. The diaphragmatic vertebrae rep-
resent a point of transition in the vertebral
column, where the articulation displays a
different articular mode, and therefore it

Fig. 5. Caluromysiops irrupta (AMNH 208101) and Caluromys philander (AMNH 267001), cervical and
thoracic vertebrae in dorsal view. The T1 body in Caluromysiops is lengthened craniocaudally (ch. 26[1]),
whereas this condition is not observed in Caluromys (ch. 26[0]). However, in both taxa the hemal arches in
T1 are notably shorter than hemal arches in T2 (ch. 32[1]). Note the ribs (ri) flattened and craniocaudally
expanded in both taxa (ch. 49[0]). Other abbreviations: Ax, axis; he, hemal arch. Scale bars: 10 mm.
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becomes functionally distinct (Argot, 2003a).
Posterior to the diaphragmatic vertebra, the
thoracic vertebrae become morphologically
lumbarlike (Argot, 2003a). In this point, the
contact between facets is more obliquely
oriented, and therefore it reduces lateral
bending and log-axis rotation of the vertebral
column, allowing a sagittal flexion-extension
of the spine (Rockwell et al., 1938; Washburn
and Buettner-Janush, 1952; Pridmore, 1992;
Shapiro and Jungers, 1994). The mammillary
process of the diaphragmatic and postdiaph-
ragmatic vertebrae is the point of origin of
tendons for M. longissimus dorsi, a powerful
extensor of the back (Argot, 2003a), and M.
multifidus thoracis, which (along with other
dorsal back muscles) fixes the vertebral
column, especially in bilateral action (see
Evans, 1993: fig. 6–30). Thus, the position of
the diaphragmatic vertebra has an important
functional significance.

I found a high variation in the location of
the diaphragmatic vertebra among didel-
phids. In Caluromys lanatus, Caluromysiops,
Philander opossum, and P. frenatus, the
position is in T10. In Glironia, Caluromys
philander, Metachirus, Philander mcilhennyi,
Lestodelphys, Lutreolina, Chironectes, Mar-
mosa rubra, Thylamys pusillus, T. macrurus,
Monodelphis brevicaudata, M. adusta, Mi-
coureus demerarae, and Marmosops incanus,
the position is in T11. In Tlacuatzin, Thyla-
mys pallidior, T. venustus, Monodelphis
theresa, Marmosa robinsoni, M. mexicana,
M. murina, Marmosops impavidus, M. nocti-
vagus, M. pinheiroi, Cryptonanus unduavien-
sis, and Gracilinanus, this vertebra is in T12.
Only Micoureus regina shows this vertebra in
T13, and in Didelphis it is placed in T8,
although according to Argot (2003a), this
element is placed in the T9 position. Because
I observed intermediate conditions in the
position of the diaphragmatic vertebra, this
character is treated as ordered (0 « 1 « 2 «
3 « 4) in all analyses.

Character 29: Position of the anticlinal
vertebra: (0) T10; (1) T11; (2) L4; (3) L5; (4)
L6; (5) S1. According to most previous
definitions, the anticlinal vertebra is the
element in which the orientation of the
spinous process reverses from posterior to
anterior (Mann Fischer, 1953; Evans, 1993;
Shapiro, 1995; Muizon and Argot, 2003;

Kurz, 2005). This morphology is a conse-
quence of the tractions exerted by the
common epaxial musculature, whose fibers
insert on the tip of these processes (Mann
Fischer, 1953; Muizon and Argot, 2003).
This pattern is part of a functional complex
that points toward the sagittal flexibility
required for quadrupedal locomotion (Rock-
well et al., 1938; Howell, 1965; Shapiro,
1995). According to Argot (2003a), there is
no anticlinal vertebra in Caluromys and
Philander, because all spinous process are
posteriorly oriented. This is a general pattern
evidenced in most didelphids (except for
Metachirus and some species of Marmosops).
However, and following the criterion of
Evans (1993), I consider the anticlinal verte-
bra that in which the spinous process is
nearest perpendicular to the long axis of the
vertebral body, independent of the orienta-
tion of the spinous process on the posterior
vertebrae. In this sense, an anticlinal vertebra
is exhibited in didelphids, but its position is
highly variable.

In some taxa, the anticlinal vertebra is
placed posteriorly in the lumbar region, as in
Caluromys and Monodelphis theresa, where it
is observed on L6; or Philander, Tlacuatzin,
Thylamys pusillus, T. macrurus, Marmosops
pinheiroi, Micoureus, and Cryptonanus, where
the anticlinal vertebra is on L5. The anticlinal
vertebra is in L4 in Hyladelphys, Lestodel-
phys, Marmosops parvidens, Thylamys venus-
tus, and T. pallidior. Other groups, such as
Didelphis, Metachirus, Monodelphis adusta,
Marmosa robinsoni, M. mexicana, Marmo-
sops incanus, and Gracilinanus microtarsus,
have the anticlinal vertebra in T11. The last
group, which is composed of Chironectes,
Monodelphis brevicaudata, Marmosa murina,
Marmosops imavidus, and M. noctivagus, has
the anticlinal vertebra located in T10. Ac-
cording to Argot (2003a), this element is in
the third lumbar vertebra in Metachirus, but
I observed that vertebra in the T11 position.
As I observed intermediate conditions in the
position of the anticlinal vertebra, this
character is treated as ordered (0 « 1 « 2
« 3 « 4 « 5) in all analyses.

Character 30: Position of the first vertebra
where the accessory process is differentiated
from the transverse process: (0) T6; (1) T7;
(2) T8; (3) T9. The accessory process (called
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anapophysis by some authors) appears in the
posterior thoracic vertebrae. The accessory
processes protrude posteriorly and lock the
articulation with the following vertebra,
restricting lateral flexibility. The transverse
and accessory processes are completely sep-
arated in different vertebral positions. In
Caluromys and Philander mcilhennyi the
position is in T9, whereas in Didelphis,
Philander opossum, P. frenatus, Metachirus,
Lutreolina, Monodelphis theresa, Micoureus
regina, Marmosa robinsoni, M. mexicana,
Marmosops impavidus, M. noctivagus, Cryp-
tonanus unduaviensis, and Gracilinanus agilis,
the position is in T8. A third condition
includes Caluromysiops, Chironectes, Tlacuat-
zin, Thylamys, Monodelphis brevicaudata, M.
adusta, Micoureus demerarae, Marmosa mur-
ina, M. rubra, Marmosops incanus, M.
parvidens, M. pinheiroi, and Gracilinanus
microtarsus, where the position is in T7.
Lastly, only Lestodelphys and Glironia show
this vertebra in the T6 position. As I
observed intermediate conditions in the
position of the first vertebra where the
accessory process is differentiated from the
transverse process, this character is treated as
ordered (0 « 1 « 2 « 3) in all analyses.

Character 31: Caudal enlargement of the
postzygapophysis in thoracic vertebrae 2–8:
(0) absent; (1) present. In dorsal view, the
postzygapophysis of the thoracic vertebrae 2–
8 appears caudally enlarged only in Glironia
and in the majority of small opossums
(Tlacuatzin, Marmosa, Micoureus, Marmo-
sops, Thylamys, Monodelphis, Gracilinanus,
Cryptonanus, and Lestodelphys).

Character 32: Hemal arches in T1 notably
shorter (craniocaudally) than hemal arches in
T2: (0) absent; (1) present (fig. 5). Most of
the taxa treated exhibit condition 0, except
for Glironia, Caluromys, and Caluromysiops,
in which the hemal arches in T1 are
craniocaudally shorter than the hemal arches
in T2.

Character 33: Spinous process posterior to
the anticlinal vertebra cranially oriented: (0)
absent; (1) present. As mentioned for char-
acter 29, the anticlinal vertebra is the element
in which the orientation of the spinous
process is almost perpendicular in relation
to the horizontal plane of the body. The most
common pattern evidenced in didelphids is

that in which the spinous process of the
postanticlinal vertebra does not change its
orientation. Only in Metachirus, Marmosops
parvidens, and M. pinheiroi are the spinous
processes in postanticlinal vertebrae anteri-
orly oriented.

LUMBAR VERTEBRAE

Character 34: Extension of mammillary
process in L3: (0) not beyond the anterior
vertebra; (1) scarcely beyond the anterior
vertebra (fig. 6). This character is modified
from Horovitz and Sánchez-Villagra (2003:
ch. 30) in which I consider different levels of
anterior extension in the mammillary process
(called metapophysis in the referenced work).
The mammillary process in L3 is barely
extended anteriorly in Glironia, Caluromys,

Fig. 6. Metachirus nudicaudatus (AMNH
267009) and Caluromys philander (AMNH
267001), lumbar vertebrae in dorsal view. In
Metachirus the mammillary process (mp) of L3 is
not anteriorly extended beyond the articulation
with L2 (ch. 34[0]), whereas in Caluromys it is
extended (ch. 34[1]). Scale bars: 10 mm.
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Caluromysiops, Chironectes, Micoureus de-
merarae, Marmosa robinsoni, Marmosops
noctivagus, M. incanus, and Cryptonanus
unduaviensis. Contrary to that, in Metachirus,
Lutreolina, Philander, Didelphis, Tlacuatzin,
Thylamys, Monodelphis, Marmosa mexicana,
M. murina, Marmosops impavidus, M. pin-
heiroi, M. parvidens, and Gracilinanus the
mammillary process does not extend beyond
the anterior vertebra. Individual variation is
observed just in Micoureus regina (coded
{01}).

Character 35: Last lumbar vertebra, fora-
men on dorsal arch: (0) absent; (1) present.
Although this character was described by
Horovitz and Sánchez-Villagra (2003: ch. 29)
only for the last lumbar vertebra, the
foramen is present in all lumbar and most
posterior thoracic vertebrae. I had seen
evidence of individual variation and asym-
metry in some didelphid taxa. Horovitz and

Sánchez-Villagra (2003) coded Didelphis as 0,
but I found notable asymmetry and individ-
ual variation in the sample analyzed (e.g., D.
albiventris AMNH 205385; D. marsupialis
AMNH 235003, 209164). Similarly, in most
specimens of Caluromys lanatus the foramen
is present, but in specimen AMNH 133199 it
is absent. In the sample analyzed of Chir-
onectes the asymmetry is the general condi-
tion. In the same way, some specimens of
Marmosa robinsoni having no foramen are
observed (AMNH 206596, 257210), and M.
murina (AMNH 13659), Marmosops impavi-
dus (AMNH 61382), and M. noctivagus
(AMNH 136157) also exhibit asymmetry
(coded {01}). Only Marmosa mexicana lacks
the foramina.

Character 36: Intervertebral space in dor-
sal view: (0) intervertebral space evident; (1)
intervertebral space reduced or absent
(fig. 7). Glironia and the mouse opossums

Fig. 7. Thylamys macrurus (MSB 70700) and Metachirus nudicaudatus (AMNH 244617), lumbar
vertebrae in dorsal view. An intervertebral space (ip) is evident dorsally in Thylamys (ch. 36[0]), whereas in
Metachirus this space is absent (ch. 36[1]). Other abbreviations: mp, mammillary process; po,
postzygapophysis; sp, spinous process; tp, transverse process. Scale bar: 5 mm.
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have an evident intervertebral space in dorsal
view, between the hemal arches of two
contiguous vertebrae. In large opossums
(including Caluromys and Caluromysiops)
such space is absent.

Character 37: Ventral extension of L4–L6
transverse process: (0) not extended beyond
the vertebral body; (1) extended beyond the
vertebral body (fig. 8). The morphology of
the lumbar transverse process has been
related to the ventral flexion of the column
(Shapiro, 1993, 1995; Johnson and Shapiro,
1998). In bounding-running forms, the ven-
tral extension of the transverse process is
related to an increased range of sagittal
flexion (Shapiro, 1995, Sargis, 2001; Argot,
2003a) and creates a major space for epaxial
musculature, particularly the lumbar division
of m. longissimus dorsi (Sanders and Bod-
enbender, 1994; Shapiro, 1995, Sargis, 2001).
The transverse process is ventrally extended
beyond the vertebral body in some large
opossums, except for Glironia, Caluromys,
Caluromysiops, Didelphis, Philander opossum,
and P. mcilhennyi, where the transverse
process is not extended ventrally; a similar
condition is also observed in mouse opos-
sums. Instead, in Metachirus, Lutreolina,
Chironectes, P. frenatus, and Hyladelphys

the transverse process protrudes cranially
and ventrally.

SACRUM AND CAUDAL VERTEBRAE

Character 38: Number of vertebrae in
contact with ilium: (0) one vertebra, (1) two
vertebrae (fig. 9). This is a conservative
character in the context of the taxonomic
sample analyzed here, as most taxa analyzed
here exhibit two vertebrae fused or in contact
with ilium, except for Glironia and Hyladel-
phys, where only one vertebra (S1) is fused to
ilium.

Character 39: Posterior process on the
lateral sacral crest on S2: (0) absent; (1)
present (figs. 9, 10). In general, didelphid
taxa show a posterior process on S2, except
for Glironia, Marmosa rubra, Lestodelphys,
and Hyladelphys, where this process is clearly
absent. No information is currently available
about this character for Gracilinanus micro-
tarsus (coded ‘‘?’’).

Character 40: Spinous process on sacrum:
(0) spinous process just in S1; (1) spinous
process present on S1 and S2 (fig. 11). Most
of the didelphid group has a spinous process
in both sacral vertebrae, except for Glironia,
Marmosops parvidens, and M. incanus, where

Fig. 8. Chironectes minimus (AMNH 264571) and Caluromys philander (AMNH 267001), fifth lumbar
vertebra in anterior view. In Chironectes, the transverse process (tp) is ventrally extended beyond the
vertebral body (b) (ch. 37[1]), whereas in Caluromys it is not extended beyond the vertebral body, being
more laterally extended (ch. 37[0]). Other abbreviations: mp, mammillary process; sp, spinous process; vf,
vertebral foramen. Scale bars: 5 mm.
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the process on S2 is absent. However, there is
individual variation in the sample of Thyla-
mys venustus, Marmosops noctivagus, and M.
pinheiroi (coded {01}). No information is
currently available about this character for
Gracilinanus microtarsus (coded ‘‘?’’).

Character 41: Spinous process size on S1–
S2: (0) S1 and S2 spinous processes of similar
size; (1) S1 spinous process taller than S2
(fig. 11). In most didelphids, S1 and S2 have
similar spinous process sizes. Only in some
taxa, such as Philander frenatus, P. mcilhen-
nyi, Lutreolina, Chironectes, Metachirus,
Marmosops pinheiroi, Thylamys macrurus,
and Hyladelphys, the S1 spinous process is
taller than that of S2. The taxa coded 0 in
character 40 are treated as inapplicable (‘‘–’’)
for this character. No information is current-
ly available about this character for Gracili-
nanus microtarsus (coded ‘‘?’’).

Character 42: Ventral foramina on S1
body: (0) absent; (1) present (fig. 12). All
taxa analyzed exhibit a ventral foramen on
S1 body, except Glironia, Caluromys, Calur-
omysiops, and Hyladelphys.

Character 43: Caudal vertebra with trans-
verse process length similar to vertebral body
length: (0) absent; (1) present. In all taxa
incuded in the analysis, the transverse process
of the anterior caudal vertebrae forms a
strong structure that protrudes laterally and
expands craniocaudally. The muscles that
insert in the apex of these processes are Mm.
ischio-caudalis and abductor caudae dorsalis,

Fig. 9. Hyladelphys kalinowskii (RSV 1572)
and Caluromysiops irrupta (AMNH 244364),
pelvis, sacrum, and posterior lumbar vertebrae in
dorsal view. In Hyladelphys, just the first sacral
vertebra (S1) is contacting the illium (il) (ch. 38[0]),
whereas in Caluromysiops both sacral elements (S1
and S2) are contacting the illium (ch. 38[1]). Note
the absence of the posterior process on the lateral
sacral crest of S2 in Hyladelphys (ch. 39[0]). Other
abbreviations: ac, acetabulum; is, ischium; of,
obturator foramen. Scale bars: 5 mm.

Fig. 10. Monodelphis brevicaudata (AMNH 257203) and Lestodelphys halli (UWZM 22422), sacral
vertebrae in dorsal view. In Monodelphis there is a posterior process (pp) on the lateral sacral crest (lsc) on
S2 (ch. 39[1]), whereas in Lestodelphys it is absent (ch. 39[0]). Scale bars: 5 mm.
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which move the tail in a transverse plane, in
addition to muscles related to hindlimb
movement (i.e. Mm. caudofemoralis, fe-
moro-coccygeus, and semitendinosus caput
dorsalis; Argot, 2002, 2003a). Most didelphid
taxa treated herein show a caudal vertebra

with the transverse process length similar to
vertebral body craniocaudal length (see
Argot, 2003a: fig. 10a), except for some taxa
such as Glironia, Caluromys, Monodelphis
theresa, Marmosa rubra, and Cryptonanus
unduaviensis, where this kind of vertebra is
absent. I only observed polymorphism in
Marmosa robinsoni (coded {01}).

Character 44: Presence of spinous process
in the first three caudal vertebrae: (0) spinous
process absent; (1) spinous process only in
first caudal vertebra; (2) spinous process in
the first two caudal vertebrae; (3) spinous
process present in the first three caudal
vertebrae. The development of the spinous
process on the anterior caudal vertebrae
suggests development of the m. multifidus
caudae, an important extensor muscle of the
tail implied in vertical movements (Muizon
and Argot, 2003). The spinous process is
absent on the anterior caudal vertebrae in
Didelphis, Philander, Thylamys, Lestodelphys,
Marmosops, and Cryptonanus. Only Lutreo-
lina and Marmosa robinsoni show the spinous
process just in the first caudal vertebra, and
Monodelphis brevicaudata and Gracilinanus
exhibit the spinous process in the first two
caudal vertebrae. The remaining taxa have
the spinous process in the first three caudal
vertebrae. Because I observed intermediate
conditions in the presence of the spinous
process in the caudal vertebrae, this character
is treated as ordered (0 « 1 « 2 « 3) in all
analyses.

Character 45: Orientation of the spinous
process in the three first caudal vertebrae: (0)
spinous process in Ca1–Ca3 all vertical; (1)
spinous process in Ca1–Ca2 vertical, and in
Ca3 caudally oriented; (2) spinous process in
Ca1 vertical, and in Ca2–Ca3 caudally
oriented; (3) spinous process in Ca1–Ca3
caudally oriented. In those taxa with the
spinous process present on the first three
caudal vertebrae (i.e., state 3 in character 44),
I observed variation related to the spinous
process orientation. In some taxa, such as
Monodelphis adusta, M. theresa, Marmosa
rubra, M. mexicana, and Micoureus, the
spinous processes are all vertical, but in
Caluromys the two first are vertical, and the
third one is caudally oriented. On the other
hand, Chironectes and Metachirus have the
second and third spinous process caudally

Fig. 11. Marmosops incanus (MVZ 182768)
and Metachirus nudicaudatus (AMNH 267009),
right os coxae with sacral vertebrae in lateral view.
In the sacral vertebrae of Marmosops incanus the
spinous process is present only in S1 (ch. 40[0]),
whereas in Metachirus the process is present in
both vertebrae (ch. 40[1]), and the S1 spinous
process is taller than the S2 spinous process (ch.
41[1]). In Metachirus, the acetabulum (ac) is close,
deep, and with the dorsal part laterally extended
(ch. 83[1]), and the iliac wing (iw) forms a large
blade (ch. 84[1]). Scale bars: 10 mm.
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oriented. Only in Caluromysiops and Tlacuat-
zin do the first three caudal vertebrae have
the spinous process caudally oriented. In all
taxa that do not have a spinous process on all
first three caudal vertebrae, this character is
treated as inapplicable (coded ‘‘–’’). Because I
observed intermediate conditions on the
orientation of the spinous process, this
character is treated as ordered (0 « 1 « 2
« 3) in all analyses.

Character 46: Position of caudal vertebra
with craniocaudal transverse process length
similar to vertebral body length: (0) 3; (1) 4;
(2) 5; (3) 6. On this character, I refer to the
position of the vertebral element mentioned
in character 43. The position of the first
vertebra with this characteristic is variable in
the didelphid crown group. In Thylamys
macrurus and Marmosops incanus, this fea-
ture is placed in Ca3, whereas in Lestodelphys
and Monodelphis adusta it is in Ca4. Chir-
onectes and Caluromysiops have this mor-
phology on Ca6. Lastly, the position in Ca5
is the most common condition in didelphids.
It is interesting to note the posterior position
of this element in the semiaquatic Chiro-
nectes, which is indicative of the posterior
extension of the Mm. ischio-caudalis and
abductor caudae dorsalis, both involved in
lateral movements of the tail. All taxa that do

not have this kind of vertebra (coding 0 in
character 43) are treated as inapplicable
(coded ‘‘–’’) for this character. No informa-
tion is currently available about this charac-
ter for Gracilinanus microtarsus (coded ‘‘?’’).
Because I observed intermediate conditions
on the position of this element, this character
is treated as ordered (0 « 1 « 2 « 3) in all
analyses.

Character 47: Foramen on the transverse
process of the caudal vertebra referred in
character 46: (0) absent; (1) present. The
presence of a foramen in dorsal view on the
transverse process of this particular vertebra
is variable in didelphids. It is absent in
Caluromysiops, Thylamys, Gracilinanus, and
Monodelphis, but it is present in Philander
frenatus, P. mcilhennyi, Lestodelphys, Meta-
chirus, Chironectes, Micoureus, Marmosa
mexicana, Marmosops impavidus, and M.
noctivagus. In several taxa, such as Philander
opossum, Didelphis, Lutreolina, Tlacuatzin,
Marmosa robinsoni, M. murina, and Marmo-
sops incanus, this character is treated as
polymorphic (coded {01}) because of asym-
metry. All taxa that do not have this kind of
vertebra (coding 0 in character 43) are treated
as inapplicable (coded ‘‘–’’) for this character.

Character 48: Position (from S1) of the
first caudal vertebra with articulation through

Fig. 12. Didelphis marsupialis (AMNH 210439 and Caluromys philander (AMNH 267001), sacral
vertebrae in ventral view. A ventral foramen (vef) in the S1 body is present in Didelphis (ch. 42[1]), whereas
in Caluromys it is absent (ch. 42[0]). Other abbreviations: psf, pelvic sacral foramen; w, wing. Scale bars:
10 mm.

24 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 320



vertebral body: (0) between 4 and 5; (1)
between 5 and 6; (2) between 6 and 7. The
caudal vertebrae exhibit two kinds of articu-
lation: in the anterior portion of the tail,
through pre- and postzygapophysis, similar to
the sacral and lumbar vertebrae; and in the
posterior portion, via the vertebral bodies and
intervertebral discs. This joint configuration
occurs with morphological modifications on
the vertebral body (i.e., the vertebrae become
longer, slender, and exhibit reduced apophy-
ses). The articulation through intervertebral
discs increases the flexibility of the posterior
portion of the tail (Argot, 2003a). This
simplified kind of articulation starts on
different positions in the tail in different
didelphids. The articulation between caudal
vertebrae 4 and 5 occurs in Glironia, Tla-
cuatzin, Thylamys macrurus, Monodelphis
adusta, M. theresa, and Cryptonanus undua-
viensis. On the other hand, this articulation is
placed between caudal vertebrae 5 and 6 in
Philander, Metachirus, Didelphis, Lutreolina,
Thylamys venustus, T. pallidior, T. pusillus,
Lestodelphys, Monodelphis brevicaudata, Mi-
coureus, Marmosa, Marmosops (except inca-
nus), and Gracilinanus agilis. Lastly, in Calu-
romys, Caluromysiops, and Chironectes, the
articulation is between caudal vertebrae 6
and 7. I found individual variation only in
Marmosops incanus (coded {01}). No infor-
mation is currently available about this
character for Gracilinanus microtarsus (coded
‘‘?’’). Because I observed the intermediate
condition in the position of the articulation
through the vertebral body, this character
is treated as ordered (0 « 1 « 2) in all
analyses.

RIBS AND STERNUM

Character 49: Ribs with anteroposterior
extension: (0) present; (1) absent (fig. 5).
Only in Caluromys and Caluromysiops do
the ribs exhibit anteroposterior extension,
which reduces the space filled by the inter-
costal muscles (Jenkins, 1970; Argot, 2003a).
This morphology is also present in some
primates, myrmecophagids, and dasypodids
(Jenkins, 1970; MacPhee and Jacobs, 1986;
Gebo, 1989). Rib morphology is indirectly
related to the functionality of the vertebral
column by altering mechanical properties of

the thorax (Jenkins, 1970). The craniocaudal
extension of the ribs increases the rigidity of
the rib cage and reduces the flexibility
provided by muscles and ligaments (Jenkins,
1970; Sargis, 2001; Argot, 2003a). Jenkins
(1970) concluded that the expanded ribs
increase the stability in the rib cage and the
vertebral column as a whole. In arboreal
forms such as Caluromys and Caluromysiops,
this stability is necessary for locomotion
during the bridging behavior (Jenkins, 1970;
Sargis, 2001).

Character 50: Shape of the internal border
of the first rib on distal half: (0) internal
border notably curved; (1) internal border
almost straight (fig. 13). In all didelphids, the
first rib is short and robust since it is subject
to tension forces, and it develops an espe-
cially strong connection with the manubrium
(Klima, 1987). Some important muscles, such
as Mm. pectoralis, scalenus, subclavius, and
serratus ventralis thoracic, attach on the
manubrium and the first pair of ribs (Jenkins
and Weijs, 1979). Among other functions,
these muscles support the head and fore-
quarters and transmit forces between fore-
limb and trunk (Argot, 2003a, 2003b). In
some taxa, such as Caluromys, Caluromy-
siops, Thylamys, Marmosa murina, M. robin-
soni, Marmosops, Monodelphis, Micoureus,
Cryptonanus, and Lestodelphys, the internal
border at the distal half of the first pair of
ribs is notably curved. In contrast, in
Didelphis, Metachirus, Philander, Lutreolina,
Chironectes, Marmosa rubra, M. mexicana,
and Gracilinanus agilis this element is almost
straight. No information is currently avail-
able about this character for Gracilinanus
microtarsus (coded ‘‘?’’).

Character 51: Postmanubrium sternebrae
morphology: (0) sternebrae not laterally
compressed; (1) second sternebra laterally
compressed; (2) second and third sternebrae
laterally compressed. The body of the post-
manubrium sternebrae appears laterally com-
pressed in some taxa, which suggests an
important function of the m. pectoralis.
None of the sternebrae is laterally com-
pressed in Didelphis, Philander, Metachirus,
Tlacuatzin, Marmosa mexicana, Marmosops
incanus, M. noctivagus, M. impavidus, Mono-
delphis brevicaudata, M. adusta, Micoureus,
Thylamys, Lestodelphys, and Gracilinanus.
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On the other hand, Lutreolina, Chironectes,
Marmosa robinsoni, Marmosops pinheiroi, M.
parvidens, Monodelphis theresa, and Crypto-
nanus exhibit the second sternebra laterally
compressed. Lastly, a third condition is
evident in Glironia, Caluromys, and Calur-
omysiops, where the second and third sterne-
brae are laterally compressed. No informa-
tion is currently available about this char-
acter for Marmosa rubra and M. murina
(coded ‘‘?’’). Because I observed the interme-
diate condition on the sternebrae morpholo-
gy, this character is treated as ordered (0 « 1
« 2) in all analyses.

Character 52: Development of keel in the
manubrium: (0) keel not very developed; (1)
keel very developed (fig. 14). Similarly to the
laterally compressed sternebrae, a keeled
manubrium is indicative of important func-
tion of the m. pectoralis. The keel on the
manubrium exhibits different levels of devel-
opment in the taxa analyzed in this report. It
is not very developed in Lutreolina, Chiro-
nectes, Tlacuatzin, Marmosa mexicana, M.
robinsoni, M. murina, Monodelphis, Thyla-
mys, Micoureus, Gracilinanus, and Cryptona-
nus. In contrast, the keel is notably developed
in Caluromys, Metachirus, Didelphis, Philan-
der, Marmosops, and Lestodelpys. A poly-

morphic condition is present in Caluromy-
siops (coded {01}). No information is
currently available about this character for
Marmosa rubra (coded ‘‘?’’).

SCAPULA

Character 53: Coracoid process shape: (0)
hooklike process; (1) small process (fig. 15).
This character is modified from Horovitz and
Sánchez-Villagra (2003: ch. 36), as in this
sample there are no taxa with the coracoid
process absent. The development of the
coracoid process is functionally important
because this process is the point of origin of
the Mm. coracobrachialis and biceps brachii,
among other muscles. The first is involved in
the extension and adduction of the shoulder
joint (Taylor, 1974; Jenkins and Weijs, 1979;
Evans, 1993; Sargis, 2002) and, according to
Argot (2001), the morphology of this muscle
depends on the species’ habits. On the other
hand, the m. biceps brachii is implied in the
flexion of the elbow (Taylor, 1974; Argot,
2001). In this sense, a large coracoid process
provides a longer lever arm for the m. biceps
brachii, which is important during climbing
in arboreal forms (Argot, 2001; Sargis, 2002).
The coracoid process has a hooklike shape in

Fig. 13. Didelphis marsupialis (AMNH 23448) and Caluromys philander (AMNH 267001), first rib in
anterior view. The internal border is notably curved in Caluromys (ch. 50[0]), whereas in Didelphis it is
almost straight (ch. 50[1]). Scale bars: 5 mm.
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Glironia, Caluromys, Caluromysiops, Philan-
der, Metachirus, Lutreolina, Chironectes,
Marmosops parvidens, Marmosa rubra, M.
robinsoni, and Tlacuatzin. On the other hand,
the process is small in Lestodelphys, Didel-
phis, Thylamys, Micoureus, Monodelphis,
Marmosa mexicana, M. murina, Marmosops
(except M. parvidens), Cryptonanus, and
Gracilinanus.

Character 54: Supraspinous fossa width:
(0) less than one-fourth its length; (1)
between one-fourth and one-half its length
(fig. 16). This character is modified from
Horovitz and Sánchez-Villagra (2003: ch. 40),
since in the sample there are not taxa with the
infraspinous fossa width more than one-half
its length, and the character is treated as
binary. The supraspinous fossa contains the
m. supraspinatus, which originates in the
greater tubercle of the humerus (see Taylor,
1974: fig. 5; Evans, 1993: fig. 6–45; Argot,
2001: fig 3a). The function of this muscle is to
extend the shoulder joint and advance the
limb (Evans, 1993), and it is important to
stabilize and prevent collapse in the shoulder
joint (Goslow et al., 1981). An additional

function is to absorb part of the kinetic
energy generated when the forelimbs contact
the substrate at the end of a leap (Maynard
Smith and Savage, 1956; Roberts, 1974). This
could explain the highly developed supraspi-
nous fossa in Metachirus, a specialized leaper
among didelphids (Argot, 2001). Most of the
didelphids analyzed herein exhibit condition
1, except for some taxa such as Lestodelphys,
Chironectes, Monodelphis, and Hyladelphys,
where the spinous fossa width is less than
one-fourth its length.

Character 55: Scapular spine width at neck
level: (0) subequal to infraspinous fossa; (1)
wider than infraspinous fossa. This character
is modified from Horovitz and Sánchez-
Villagra (2003: ch. 41) since in this sample
there are no taxa with a scapular spine that is
narrower than the infraspinous fossa at the
neck level, so the character is treated as
binary. This section of the scapular spine is
the area of insertion of some muscles
involved in limb flexion, such as the m.
omotransversarius (Taylor, 1974) and the
pars acromialis of m. trapezius (Mann-
Fischer, 1953; Jenkins and Weijs, 1979),

Fig. 14. Metachirus nudicaudatus (AMNH 244617) and Lutreolina crassicaudata (AMNH 33250),
manubrium in lateral view. In Metachirus the keel (k) is well developed (ch. 52[1]), whereas in Lutreolina it
is not prominent (ch. 52[0]). Scale bars: 5 mm.
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which exert an anteriorly directed force to
move this area craniodorsally, elevating the
limb and moving it forward (Argot, 2003a,
2003b; Evans, 1993; Larson, 1993). Most of
the didelphids show a scapular spine that is
wider than the infraspinous fossa, except for
Caluromys, Didelphis, and Metachirus, where
both structures are subequal.

Character 56: Infraspinous/supraspinous
fossa width at neck level: (0) infraspinous
fossa narrower; (1) subequal; (2) supraspi-
nous fossa narrower. This character was
described by Horovitz and Sánchez-Villagra
(2003: ch. 42), and it exhibits significant
variation in the didelphid crown group
analyzed here. Both fossae are subequal in
Philander, Didelphis, Metachirus, Monodel-
phis, and Gracilinanus agilis. A supraspinous
fossa narrower than the infraspinous fossa is
present in Glironia, Caluromys, Caluromy-

siops, Lestodelphys, Lutreolina, Chironectes,
Tlacuatzin, Thylamys pallidior, T. pusilla, T.
venustus, Micoureus, Marmosa, Marmosops,
Cryptonanus unduaviensis, and Gracilinanus
microtarsus. Lastly, a narrower infraspinous
fossa is present only in Thylamys macrurus
and Marmosa rubra. Because I observed an
intermediate condition in the relative width
of the supra- and infraspinous fossae, this
character is treated as ordered (0 « 1 « 2) in
all analyses.

Character 57: Caudal angle: (0) acute; (1)
rounded (fig. 16). The caudal angle shape of
the scapula is related to the function of Mm.
serratus and rhomboideus, which rotate the
scapula in such a way that the vertebral
border is pulled posteroventrally. The glenoid
cavity is forced craniodorsally by the action
of the m. omotransversarius (Maynard Smith
and Savage, 1956; Taylor, 1974; Jenkins and
Weijs, 1979; Larson, 1993; Argot, 2001;
Muizon and Argot, 2003; see comments on
character 55). The caudal angle is also the site
for the attachment of m. teres major (Mann-
Fischer, 1956; Jenkins, 1970; Taylor, 1974;
Jenkins and Weijs, 1979), whose function is
to flex the shoulder joint and move the
humerus backwards (Maynard Smith and
Savage, 1956; Taylor, 1974; Evans, 1993).
The caudal angle of the scapula is acute in
most taxa, such as Glironia, Caluromys,
Caluromysiops, Philander, Lutreolina, Chiro-
nectes, Tlacuatzin, Thylamys venustus, T.
macrurus, Monodelphis, Micoureus, Marmo-
sa, Marmosops, Lestodelphys, Cryptonanus,
and Gracilinanus. On the other hand, the
caudal angle is rounded in Didelphis, Meta-
chirus, and Thylamys pallidior. Individual
variation is observed only in the samples of
Thylamys pusillus and Marmosops noctivagus
(coded {01}).

Character 58: Scapular notch extension:
(0) extended less than half of the scapula; (1)
extended to half of the scapula or beyond
(fig. 16). An extended scapular notch deter-
mines the shape for the area of origin of the
m. supraspinatus. The scapulae in living
opossums exhibit two morphological types
(Argot, 2001: fig 2), related to their rotational
mode. These two types are conditioned by
the development of the supraspinous and
infraspinous fossae, as well as the scapular
notch extension. The scapular notch is

Fig. 15. Metachirus nudicaudatus (AMNH
244617) and Didelphis marsupialis (AMNH
210439), proximal area of scapula in ventrocaudal
view. In Metachirus, the coracoid process (cop)
shape is a hook-like process (ch. 53[0]), whereas in
Didelphis this process is small (ch. 53[1]). Other
abbreviations: acr, acromion; gc, glenoid cavity; s,
spine. Scale bars: 5 mm.
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extended less than half of the scapula in
Philander, Didelphis, Metachirus, Lutreolina,
Chironectes, and Marmosops noctivagus. Al-
ternatively, the scapular notch is extended
beyond half of the scapula in Glironia,
Caluromys, Caluromysiops, Lestodelphys, Tla-
cuatzin, Thylamys, Monodelphis, Marmosa,
Marmosops impavidus, M. incanus, Crypto-
nanus, and Gracilinanus.

HUMERUS

Character 59: Medial relief for m. teres
major: (0) absent; (1) present. This character
was defined by Horovitz and Sánchez-Villa-
gra (2003: ch. 43). The relief for this muscle is
absent in several species, such as Hyladel-
phys, Didelphis albiventris, D. virginiana,
Metachirus, Lutreolina, Chironectes, Thyla-
mys venustus, T. macrurus, Monodelphis,
Micoureus, Marmosops parvidens, and M.
impavidus. In contrast, the relief is apparent
in Glironia, Caluromys, Caluromysiops, Phi-
lander, Lestodelphys, Tlacuatzin, Thylamys
pallidior, T. pusillus, Marmosa, Marmosops
noctivagus, M. incanus, M. pinheiroi, Gracili-
nanus, and Cryptonanus. I found a polymor-
phic condition in Didelphis marsupialis, Phi-
lander opossum, Micoureus paraguayanus,
and Marmosa robinsoni (coded {01}).

Character 60: Capitulum shape: (0) spher-
ical; (1) cylindrical (fig. 17). This character
was defined by Horovitz and Sánchez-Villa-
gra (2003: ch. 45). The capitulum articulates
with the proximal radial head, and its shape
is critical for arm movement. The spherical
shape of the capitulum allows for a freer
movement on the proximal radial head,
during pronation-supination movements.
The capitulum is spherical in several taxa,
such as Glironia, Caluromys, Caluromysiops,
Philander mcilhennyi, Marmosa rubra, Tla-
cuatzin, Thylamys venustus, T. pallidior, T.
pusillus, Monodelphis, Micoureus regina,
Marmosa robinsoni, M. mexicana, Marmo-
sops impavidus, Cryptonanus unduaviensis,
and Gracilinanus microtarsus. In contrast, it
is cylindrical in Philander franatus, P. opos-
sum, Lestodelphys, Didelphis, Metachirus,
Lutreolina, Chironectes, Thylamys macrurus,
Marmosa murina, Marmosops noctivagus, M.
incanus, M. parvidens, and Gracilinanus agilis.
Individual variation is observed in Marmo-
sops pinheiroi, and Micoureus demerarae
(coded {01}).

Character 61: Olecraneon fossa: (0) absent;
(1) present; (2) present and large. This
character is interpreted in the same way as
by Horovitz and Sánchez-Villagra (2003: ch.
47), although the olecraneon foramen is not

Fig. 16. Lestodelphys halli (UWZM 22422) and Didelphis marsupialis (AMNH 210439), left scapula in
lateral view. In Lestodelphys the supraspinous fossa (suf) width is less than one-fourth its length (ch. 54[0])
and the caudal angle (ca) is acute (ch. 57[0]), whereas in Didelphis the supraspinous fossa width is between
one-fourth and one-half its length (ch. 54[1]) and the caudal angle is rounded (ch. 57[2]). Note the scapular
notch (scn) in Didelphis, extended to less than half of the scapula (ch. 58[0]), whereas in Lestodelphys it is
extended to the middle of the scapula (ch. 58[1]). Other abbreviations: acr, acromion; inf, infraspinous
fossa, s, spine. Scale bars: 10 mm.
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observed in the sample. In the arm move-
ment, the depth and size of the olecraneon
fossa is important in the extension of the
elbow joint. A deep olecraneon fossa allows
for a maximum extension of the ulna, since
the proximal part of the ulnar trochlear
notch strikes the humeral olecraneon fossa
during the maximum arm extension. An
evident olecraneon fossa is absent only in
Caluromysiops and Marmosa mexicana. In
most didelphid groups a fossa is present, but
only Metachirus exhibits a notably large
fossa. Because I observed an intermediate
condition in the development of the olecra-
neon fossa, this character is treated as
ordered (0 « 1 « 2) in all analyses.

Character 62: Extension of the deltopec-
toral crest: (0) restricted to the proximal half;
(1) reaching distal half. This character was
described by Horovitz and Sánchez-Villagra
(2003: ch. 50). Both parts of the m. deltoideus
(i.e., pars clavicularis and pars acromialis)
meet along the deltopectoral crest (Argot,
2001). A distal extension of the deltoid crest
increases the length of the muscular fibers,
emphasizing the function of flexion of the
shoulder joint. Most didelphid taxa analyzed
herein exhibit the deltoid crest restricted to
the proximal half of the humerus. Nonethe-
less, in some terrestrial and generalist forms,
such as Philander, Didelphis, Metachirus,

Lutreolina, and Monodelphis, the deltoid crest
reaches the distal half. Individual variation is
observed in Gracilinanus agilis and Micoureus
paraguayanus (coded {01}).

Character 63: Proximal extension of capit-
ulum and trochlea: (0) equal extension; (1)
longer proximal extension of capitulum
(fig. 17). This character was modified from
Horovitz and Sánchez-Villagra (2003: ch. 52),
since in the sample there are no taxa with a
longer extension of the trochlea, and the
character is treated as binary. The humeral
trochlea, capitulum, proximal radial head,
and the trochlear notch of the ulna are
involved in flexion/extension movements in
the elbow joint (Taylor, 1974; Gebo, 1989;
Argot, 2001; Szalay and Sargis, 2001; Mui-
zon and Argot, 2003). A proximal extension
of the capitulum allows for a close angle of
flexion in the elbow joint. Most didelphid
groups exhibit equal proximal extension of
the capitulum and trochlea, except for
Glironia, Caluromys, and Caluromysiops,
where there is a longer proximal extension
of the capitulum. Individual variation is
present in Chironectes and Gracilinanus agilis
(coded {01}).

Character 64: Capitulum lateral extension:
(0) absent; (1) present (fig. 17). The character
is interpreted in the same way as in Horovitz
and Sánchez-Villagra (2003: ch. 56). Accord-

Fig. 17. Caluromys philander (AMNH 267001) and Chironectes minimus (AMNH 212909), distal
portion of left humerus in anterior view. The capitulum (cap) in Caluromys is spherical in shape (ch. 60[0]),
whereas in Chironectes it is cylindrical (ch. 60[1]). Note the more developed proximal extension of the
capitulum in Caluromys relative to the proximal extension of the trochlea (tr) (ch. 63[1]). In both species
there is a lateral extension (lex) of the capitulum (ch. (64[1]). In Caluromys, a proximal process (prp) in the
supinator ridge (sur) is present (ch. 67[1]), whereas in Chironectes it is absent (ch. 67[0]). Other
abbreviations: enf, entepicondylar foramen; en, entepicondyle. Scale bars: 5 mm.
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ing to Argot (2001: figs. 4a, 13d), the m.
supinator brevis originates in this area,
inserting in the proximal portion in the
anterior side of the radius. This muscle is
involved in the supination of the paw, so the
palmar surface faces medially (Evans, 1993).
All large opossums show a lateral extension
of the capitulum, which is absent in mouse
opossums.

Character 65: Shaft curvature: (0) straight;
(1) curved. This character is interpreted in the
same way as in Horovitz and Sánchez-
Villagra (2003: ch. 57). Among the didelphid
groups, just Glironia, Caluromys, and Calur-
omysiops display an almost straight humerus.

Character 66: Olecraneon fossa depth: (0)
shallow; (1) deep. This character is indepen-
dent from character 61, since here I specifi-
cally evaluate the variation existing in the
olecraneon fossa depth in the taxa where it is
present (coded as 1 and 2 in character 61). As
mentioned above, the depth and enlargement
of the olecraneon fossa are important in the
extension of the elbow joint, because a deep
fossa allows a major angle of extension in the
joint. In this sense, the olecraneon fossa
exhibits different depth in the didelphid
group. It is not very deep in Glironia,
Caluromys, Lestodelphys, Tlacuatzin, Thyla-
mys pallidior, T. venustus, T. macrurus,
Micoureus, Marmosops impavidus, M. nocti-
vagus, Cryptonanus unduaviensis, and Graci-
linanus. On the other hand, some taxa such as
Philander, Didelphis virginiana, Metachirus,
Lutreolina, Chironectes, Monodelphis, Mar-
mosops pinheiroi, M. parvidens, and M.
incanus exhibit a deep fossa. Individual
variation is common in several taxa such as
Didelphis albiventris, D. marsupialis, Mar-
mosa robinsoni, M. murina, and Thylamys
pusillus (coded {01}). Caluromysiops and
Marmosa mexicana are inapplicable in this
character (coded ‘‘–’’), because the olecra-
neon fossa is absent (coding 0 in character
61).

Character 67: Proximal process on the
supinator ridge: (0) absent; (1) present
(fig. 17). Some muscles involved in the
flexion and extension of the elbow joint
originate on the supinator ridge. The pres-
ence of a posterior process on the supinator
ridge increases the area for the Mm. triceps
brachii caput laterale and the m. brachiora-

dialis. The former inserts on the olecraneon
of the ulna and produces the extension of
elbow joint, and the m. brachioradialis
inserts on the distal portion of the medial
side of radius, and it is involved in the
rotation of the radius dorsolaterally (Jenkins
and Weijs, 1979; Evans, 1993). A small
proximal process on the supinator ridge is
present in Glironia, Caluromys, Caluromy-
siops, Marmosa rubra, Marmosops parvidens,
and Lestodelphys. Individual variation is
observed in Marmosa robinsoni (coded {01}).

Character 68: Deltopectoral crest notably
developed: (0) absent; (1) present. As men-
tioned above, this crest is important for the
insertion of the m. deltoideus. This character
is independent of character 62, because here I
focus on the variation existing on the
development but not on the extension of
the deltopectoral crest. The crest is notably
developed in Glironia, Caluromys, Caluromy-
siops, Didelphis, Metachirus, Chironectes,
Monodelphis, Micoureus demerarae, Mar-
mosa murina, M. rubra, and Marmosops. On
the other hand, the crest is not well developed
in Philander, Lestodelphys, Lutreolina, Tla-
cuatzin, Thylamys, Micoureus regina, Mar-
mosa mexicana, Cryptonanus unduaviensis,
and Gracilinanus microtarsus. Individual var-
iation is observed in Marmosa robinsoni and
Gracilinanus agilis (coded {01}).

Character 69: Entepicondyle mesial expan-
sion: (0) absent; (1) barely expanded, ap-
proximately the same width as the trochlea;
(2) notably expanded, wider than the trochlea
(fig. 17). Most muscles moving the wrist and
the hand originate on the humeral epicon-
dyles (Taylor, 1974; Argot, 2001). The
entepicondyle, also called the medial epicon-
dyle, is the area where the Mm. flexor carpi
radialis and the flexor digitorum profundus
and superficialis originate. The former inserts
on the palmar side of metacarpals II and III
through two tendons. The flexor profundus
and superficialis are involved in digit flexion
(Abdala et al., 2006). The development of the
entepicondyle is associated with powerful
flexors, which are necessary for climbing
habits (Taylor, 1974). However, the entepi-
condyle is a particularly expanded process
only in some taxa, which are not always
associated with arboreal locomotion, such as
Lestodelphys, Micoureus demerarae, Mar-
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mosa murina, Marmosops impavidus, and
Gracilinanus agilis. Since I observed an
intermediate condition in the development
of the entepicondyle, this character is treated
as ordered (0 « 1 « 2) in all analyses.

Character 70: Depth of bicipital groove:
(0) absent; (1) present but shallow; (2) very
deep. The bicipital groove is filled by the m.
biceps brachii, originating from the coracoid
process in the scapula. In arboreal taxa this
muscle is well developed, having an impor-
tant role in pulling the body up when
climbing (Taylor, 1974; Argot, 2001). The
bicipital groove is absent in Metachirus,
Philander, Didelphis, Lutreolina, Chironectes,
and Marmosa mexicana. This groove is very
deep in Glironia, Caluromys, Caluromysiops,
and Marmosa rubra. Polymorphism is evi-
denced in Micoureus demerarae and M.
paraguayanus, as in those taxa some speci-
mens show a very deep bicipital groove
(coded {12}). Because I observed an inter-
mediate condition in the depth of the bicipital
groove, this character is treated as ordered (0
« 1 « 2) in all analyses.

RADIUS AND ULNAE

Character 71: Ulna, shape of the proximal
posterior border: (0) curved; (1) straight
(fig. 18). In some taxa the posterior border
of the ulna presents a proximal curvature, a
product of the combinations of tractions,
produced by flexors and extensors of the
elbow joint (Argot, 2001). In this particular
area is inserted the m. triceps brachii, whose
function is to extend the elbow joint (Evans,
1993). Some authors linked this curvature to
arboreal habits (Walker, 1974; Argot, 2001).
Although most taxa have the ulnar proximal
posterior border curved, in Metachirus,
Didelphis, and Lutreolina, this section of the
ulna is almost straight.

Character 72: Ulna, olecraneon shape: (0)
olecraneon strong, short, and wide; (1)
olecraneon slender (fig. 19). The short ole-
craneon would not only be related to the
reduction of power, but also to the increment
of the speed of movement. This was reason-
ably interpreted as an adaptation for arbore-
al habits, since the extension of the elbow
does not require power but rapidity to grasp
a support in arboreal locomotion (Muizon

and Argot, 2003). However, although con-
tinuous variation in the development of the
olecraneon is observed, it is possible to
identify a different condition in the short
and wide olecraneon exhibited by Meta-
chirus, Hyladelphys, and Marmosops parvi-
dens.

Character 73: Ulna, crest on the anterior
side, for the origin of Mm. pronator quadra-
tus and flexor digitorum profundus: (0)
absent; (1) present. Except for Metachirus
and Didelphis, all groups analyzed herein
present an evident crest on the anterior side
of the ulna for the origin of Mm. flexor
digitorum profundus and pronator quadra-
tus. These muscles are involved in the
prehensility of the manus and in maintaining
the integrity of the antebrachium near the
carpus (Argot, 2001).

Character 74: Ulna, extension of the fossa
for the exterior ligament: (0) absent; (1)
restricted to olecraneon; (2) extended to the
trochlear notch; (3) extended beyond the

Fig. 18. Didelphis marsupialis (AMNH 210427)
and Micoureus regina (AMNH 48757), proximal
portion of ulna in lateral view. The caudal border
is straight in Didelphis (ch. 71[1]), whereas it is
strongly curved in Micoureus (ch. 71[0]). Scale
bars: 10 mm.

32 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 320



trochlear notch (fig. 20). This fossa can be
deep in some taxa, and it is part of the
extensive surface for the origin of m. flexor
digitorum profundus (Muizon and Argot,
2003). It has also been associated with
arboreal habits, because of the importance
of this muscle for grasping during locomo-
tion (Muizon and Argot, 2003) and food
manipulation. In didelphids, the fossa for the
exterior ligament is evident in mesial view,
and it shows different levels of distal exten-
sion. It is restricted to the olecraneon only in
Metachirus, whereas it is extended to the
trochlear notch in Caluromysiops, Philander
mcilhennyi, Didelphis, Lutreolina, Chiro-
nectes, Marmosa, Thylamys, Monodelphis
brevicaudata, M. adusta, Micoureus regina,
Lestodelphys, and Marmosops (except M.
parvidens, where it is absent). The fossa is
extended beyond the trochlear notch in
Glironia, Caluromys, Philander opossum, P.
frenatus, Tlacuatzin, Monodelphis theresa,
Micoureus demerarae, M. paraguayanus, and
Gracilinanus. Since I observed an intermedi-
ate condition in the extension of the fossa for

the exterior ligament, this character is treated
as ordered (0 « 1 « 2) in all analyses.

Character 75: Ulna, mesial extension of
the greater sigmoid cavity: (0) not extended;
(1) notably extended, beyond the level of the
anconeal process (fig. 21). The humeral
trochlea rests in the greater sigmoid cavity
and serves like a pivot during the elbow joint
movement. Functionally, a mesial extension
of the greater sigmoid cavity contributes to
the safety of the elbow joint. In general,
didelphids have the greater sigmoid cavity
notably extended to the mesial side. Howev-
er, in some taxa such as Metachirus, Philan-
der mcilhennyi, Marmosops parvidens, and
Lestodelphys, the cavity does not have a
particular mesial extension.

Character 76: Ulna, development of the
anconeal process: (0) present but not very
developed; (1) well developed (fig. 21). The
anconeal process is part of the insertion of m.
anconeus, which is involved, together with m.
triceps brachii, in the extension of the elbow
joint (Jenkins and Weijs, 1979; Evans, 1993).
The process is well developed in Metachirus,

Fig. 19. Caluromysiops irrupta (AMNH 244364) and Marmosops parvidens (AMNH 267348), proximal
portion of ulna (ul) and radius (ra) in lateral view. The olecraneon (ol) is short and wide in Marmosops (ch.
72[0]), whereas it is proportionally longer and more slender in Caluromysiops (ch. 72[1]). In both species,
the longitudinal groove (lg) for Mm. anconeus and abductor pollicis longus (ch. 77[2]) is well developed.
Scale bars: 5 mm.
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Philander opossum, Didelphis, Lutreolina,
Chironectes, Thylamys, Monodelphis adusta,
Lestodelphys, Marmosops incanus, M. parvi-
dens, and Gracilinanus agilis.

Character 77: Ulna, longitudinal groove in
lateral surface for the insertion of Mm.
abductor pollicis longus and anconeus: (0)
absent; (1) present and shallow; (2) present
and notably deep (fig. 19). In the lateral
surface of the ulna there is an area for the
insertion of m. anconeus and origin of the m.
abductor pollicis longus, both related to the
extension of the elbow joint (Evans, 1993).
According to Argot (2001), those muscles are
well developed in arboreal forms. However,
some arboreal forms, such as Caluromys, do
not have a well-developed groove when it is
compared to Caluromysiops. The groove in
the lateral surface is absent in Thylamys,

Monodelphis brevicaudata, M. adusta, and
Marmosa mexicana. It is present though not
very deep in Glironia, Metachirus, Caluromys,
Philander, Didelphis, Lutreolina, Chironectes,
Tlacuatzin, Marmosa rubra, Monodelphis
theresa, Micoureus, Lestodelphys, Marmosops
(except M. parvidens), Cryptonanus, and
Gracilinanus microtarsus. This groove is very
deep only in Caluromysiops and Marmosops
parvidens, indicating a very developed m.
anconeus. Polymorphism is observed in
Marmosa murina, Micoureus paraguayanus,
and Gracilinanus agilis (coded {01}). Because
I observed an intermediate condition in the
development of the longitudinal groove in the
lateral surface, this character is treated as
ordered (0 « 1 « 2) in all analyses.

Character 78: Ulna, lateral extension of
the coronoid process: (0) absent; (1) notably

Fig. 20. Tlacualtzin canescens (UMMZ 94604), proximal portion of ulna (ul) and radius (ra) showing
the fossa for exterior ligament (fel) extended beyond the trochlear notch (tn) (ch. 74[3]). Scale bar: 5 mm.

34 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 320



extended, beyond the level of the trochlear
notch (fig. 21). The coronoid process on the
lateral side appears notably developed only in
Monodelphis, Marmosops parvidens, and M.
incanus.

Character 79: Radius, lateral compression:
(0) radius little or not laterally com-
pressed; (1) radius notably laterally com-
pressed. A laterally compressed radius has
been functionally associated to a major
flexibility during pronation-supination move-
ments (Oxnard, 1963; Walker, 1974). The
radius is notoriously compressed in some
species such as Glironia, Caluromysiops,
Caluromys lanatus, Lutreolina, Monodelphis,
Marmosa rubra, Micoureus demerarae, Mar-
mosops parvidens, and Lestodelphys.

Character 80: Radius, shape of articular
facet for humerus: (0) circular; (1) anteropos-
teriorly compressed. This character was defined
by Horovitz and Sánchez-Villagra (2003: ch.
61). The radial head has some functional
implications in pronation-supination move-
ments (Argot, 2001). In arboreal forms, the

circular radial head allows a wide potential
range of pronation-supination movement. A
radial head craniocaudally compressed is indic-
ative of a more stable radio-capitullum joint,
which is observed in scansorial forms, different
from the circular shape observed in arboreal
forms (MacLeod and Rose, 1993). The articu-
lar facet is anteroposteriorly compressed only in
Philander, Marmosa rubra, and Chironectes.

Character 81: Radius, development of the
bicipital tuberosity: (0) scarcely marked; (1)
very developed (fig. 22). The bicipital tuber-
osity of the radius is the site of insertion of m.
biceps brachii. According to Argot (2001),
the bicipital tuberosity is more developed in
arboreal forms. I found a well-developed
bicipital tuberosity in Glironia, Caluromys,
Caluromysiops, Didelphis, Lutreolina, Mar-
mosops, Lestodelphys, Cryptonanus, and Gra-
cilinanus agilis. On the other hand, the
tuberosity is scarcely marked in Metachirus,
Philander, Chironectes, Tlacuatzin, Marmosa,
Monodelphis, Thylamys, Micoureus, and Gra-
cilinanus microtarsus.

Fig. 21. Lestodelphys halli (UWZM 22422) and Monodelphis brevicaudata (AMNH 257203), proximal
part of right ulna, anterior surface. In Monodelphis, the anconeal process (ap) is poorly developed (ch.
76[0]) and the ulnar coronoid process (ucop) is well developed in the lateral side (ch. 78[1]). In contrast, in
Lestodelphys the anconeal process is well developed (ch. 76[1]) and the ulnar coronoid process is not very
developed on the lateral side (ch. 78[0]). The greater sigmoid cavity (gsc) is mesially extended in
Monodelphis (ch. 75[1]), whereas in Lestodelphys it is not mesially extended (ch. 75[0]). Other
abbreviations: ol, olecraneon; tn, trochlear notch. Scale bars: 5 mm.
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Character 82: Radius, presence of a thin
bony plate extended posterolaterally along
the diaphysis: (0) absent; (1) present (fig. 22).
Only in Caluromys, Caluromysiops, and
Lestodelphys is there a thin bony plate on
the diaphysis of the radius. According to
Argot (2001), this structure reinforces the
origin for the Mm. flexor digitorum profun-
dus and pollicis longus, both important in the
prehensility of the manus. Although this
bony plate and a prounced curvature of
radius have been associated to arboreal
habits (Argot, 2001; Lanyon, 1980), the
morphology of the radius in the terrestrial
Lestodelphys suggests an important capacity
for manipulating prey.

PELVIS AND EPIPUBIC BONES

Character 83: Acetabulum morphology:
(0) shallow, dorsal part of acetabular fossa

not laterally expanded; (1) deep, with the
dorsal part extended laterally (fig. 11). The
acetabulum morphology is critical in femur
flexion (Elftman, 1929). A shallow acetabular
fossa allows a wide range of movements of
the femur (Jenkins and Camazine, 1977;
Argot, 2002), especially in abduction, which
is related to arboreal habits (Elftman, 1929;
Muizon and Argot, 2003). However, this
morphology implies a reduced stability of the
joint, because of as it was established for
Caluromys (Muizon and Argot, 2003), arbo-
real didelphids pressumably have slow climb-
ing habits. In this context, Metachirus is
autapomorphic for this character since it
exhibits a deep acetabular fossa, with the
dorsal portion laterally extended, which is a
specialized morphology for its cursosaltator-
ial mode of locomotion.

Character 84: Iliac wing forming a large
blade: (0) absent; (1) present (fig. 11). The

Fig. 22. Caluromys philander (AMNH 267337) and Chironectes minimus (AMNH 148720), radius in
lateral view showing the well-developed bicipital tuberosity (bt) (ch. 81[1]) and the bony plate (bp) on the
caudal portion (ch. 82[1]) in Caluromys, whereas in Chironectes the bicipital tuberosity is small (ch. 81[0])
and the bony plate is absent (ch. 82[0]). Scale bar: 10 mm.
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iliac wing, which forms a large blade, is an
autapomorphy only present in Metachirus,
which shows a reduced iliac fossa as well.
This extension is occupied by a well-devel-
oped m. gluteus medius (Argot, 2002; Taylor,
1974) and is indicative of high activity of this
muscle as well as the development of the
epaxial musculature (Maynard Smith and
Savage, 1955; Grand, 1983). The morphology
exhibited by Metachirus is consistent with the
results of Grand (1983) as well, because the
lower back musculature of this taxon repre-
sents more than 55% of the total epaxial
musculature, different from the 25–35% in
other didelphid taxa. Although the iliac fossa
is also reduced in Metachirus due to the blade
shape of the iliac wing, the m. iliacus is well
developed (Argot, 2002; Elftman, 1929).

Character 85: Angle formed by the two
posterior rami of ischium in caudal view: (0)
90u or scarcely more; (1) less than 90u. In
caudal view, the angle formed by the two
rami of ischium can accentuate the extrover-
sion of the ischiatic spine, which is important
in the origin of abductors and gracilis
muscles (Elftman, 1929; Argot, 2002). Addi-
tionally, the angle has been related to the
range of abduction (Jenkins and Camazine,
1977). As it was stated by Argot (2002), a
sharp angle (or an oblique orientation of the
ischium) emphasizes the degree of abduction.
In the sample analyzed, the two rami of the
ischium form an angle of 90u in Metachirus,
Chironectes, Philander, Didelphis, Lestodel-
phys, Hyladelphys, and Gracilinanus. In the
remaining taxa, the angle is less than 90u.

Character 86: Presence of an osseous
posteroventral extension on the ischium: (0)

absent; (1) present (fig. 23). The posteroven-
tral extension on the ischium is a synapo-
morphy observed only in the species of
Marmosops. This extension seems to increase
the area for origin of the hamstring muscles
complex (i.e., Mm. biceps femoris, semimem-
branosus, and semitendinosus), which inserts
on the tibia and fibula and contributes to the
knee flexion.

Character 87: Development of iliopubic
process: (0) absent; (1) present (fig. 24). This
character was described by Horovitz and
Sánchez-Villagra (2003: ch. 73). In this area
the m. psoas minor is inserted, which
originates in the last thoracic and the first
lumbar vertebrae, and whose action is to flex
the lumbar part of the vertebral column
(Elftman, 1929; Evans, 1993). Although in
some specimens it was not be very conspic-
uous, the process is present in both terrestrial
as well as arboreal forms, such as Caluromy-
siops, Metachirus, Lutreolina, and Thylamys
pusillus. Polymorphism is evidenced in Phi-
lander frenatus and Chironectes (coded {01}).

Character 88: Epipubic bones, proximal
size: (0) short; (1) long. In the same way as in
Horovitz and Sánchez-Villagra (2003: ch. 77),
I coded short proximal size of epipubic bones
when the contact is equal to or less than half
of the distance between the pubic symphysis
and the point at the anterior edge of the
pelvis, whose level is coincident with the
middle of the acetabulum. The proximal size
of the epipubic bones is long in Caluromy-
siops, Caluromys, Philander, Didelphius, Lu-
treolina, Chironectes, Thylamys, Monodelphis,
Micoureus demerarae, Lestodelphys, Mar-
mosa (except M. rubra), and Marmosops.

Fig. 23. Marmosops parvidens (AMNH 267348), os coxae in lateral view showing the posteroventral
extension (pex) on the pubis (ch. 86[1]). Scale bar: 5 mm.
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Polymorphism is exhibited only in Micoureus
regina. No information about this character
is currently available for Thylamys venustus
and Philander mcilhennyi (coded ‘‘?’’).

Character 89: Epipubic bones distal shape:
(0) straight; (1) curved (fig. 24). In general
terms I founded evidence of sexual dimor-
phism in the development of epipubic bones
(at least those taxa in which a good series was
analyzed, see appendix 1), being larger in
females of pouchless taxa (as observed by

White, 1989). Its shape shows two apparently
defined morphotypes across the taxa ana-
lyzed. The condition of straight epipubic
bones is the most common morphology
exhibited in the sample. On the contrary, the
epipubic bones are clearly curved in the distal
portion in some taxa, such as Caluromysiops,
Caluromys, Marmosops parvidens, Chiro-
nectes, and Marmosa rubra. No information
is currently available about this character for
Philander mcilhennyi (coded ‘‘?’’).

Fig. 24. Caluromysiops irrupta (AMNH 208101) and Metachirus nudicaudatus (AMNH 267009), right
os coxae with epipubic bones (eb) in lateral view. The epipubic bones are notably curved (ch. 89[1]) in
Caluromysiops, whereas in Metachirus the bones are straight (ch. 89[0]). Note the iliopubic (ip) process well
developed in Metachirus (ch. 87[1]). Other abbreviations: il, ilium; is, ischium; pu, pubis. Scale bars: 10 mm.
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Character 90: Ilium shape: (0) straight; (1)
with the distal portion barely curved laterally
(fig. 25). In character 84, I considered the
general development of the iliac wing. Here, I
focused on the direction of the distal portion
of the ilium. As mentioned above, the shape
of the ilium is important in the movements of
the hip, since this is the area of origin of some
muscles involved in the extension-flexion of
the hip joint such as the Mm. glutei, iliacus,
and sartorius. The distal portion slightly
curved laterally probably increased the de-
velopment of the m. glutei, as well as the
epaxial musculature (Maynard Smith and
Savage, 1956; Grand, 1983). Even though in
the study of Argot (2002) the terrestrial
Metachirus is the only didelphid species

analyzed with this particular morphology of
the ilium (see Argot, 2002: fig 7b), I found the
same pattern in other didelphid species as
well, such as Glironia, Chironectes, and
Tlacuatzin, which are not always directly
associated with terrestrial habits.

Character 91: Pubic symphysis size in
relation to the craniocaudal size of the
obturator foramen: (0) shorter; (1) equal or
longer (fig. 25). Although the obturator
foramen is well developed in all didelphid
species analyzed herein, I detected a remark-
able variation in pubic symphysis pubis size.
Variation in this character could be linked
with the area of origin of m. gracilis, implied
in the flexion of the tibia (Elftman, 1929),
and assisting the hamstring muscles in the
extension of the femur (Argot, 2002; May-
nard Smith and Savage, 1955). In most
didelphid species, the symphysis is equal to
or longer than the obturator foramen.
However, in Glironia, Tlacuatzin, and Thyla-
mys macrurus, the symphysis is shorther than
the obturator foramen.

Character 92: Caudal portion of ischium
body curved laterally (other than the ischiatic
tuberosity): (0) absent; (1) present (fig. 26).
This is the region of the ischium where
important muscles involved in the flexion of
the tibia and tail movements originate, such
as Mm. biceps femori and semitendinosus.
The curved shape of the ischium probably
increases the function of those muscles. Both
muscles (i.e., Mm. biceps femoris and semi-
tendinosus) are well developed in Metachirus,
probably due to the typical cursosaltatorial
locomotion (Maynard Smith and Savage,
1956). Besides Metachirus, I found the
posterior part of ischium body to be laterally
curved also in Philander, Didelphis, Lutreo-
lina, and Chironectes.

FEMUR

Character 93: Development of lesser tro-
chanter: (0) not very developed; (1) well
developed, surpassing the half of the mesial
extension of the femoral head (fig. 27).
Although the lesser trochanter is present in
all didelphids, I detected two character states
for its development. In this structure the Mm.
iliacus and psoas major insert, which is
implied in the flexion of the hip joint, as well

Fig. 25. Tlacuatzin canescens (UMMZ 94604)
and Marmosa mexicana (ROM 99604), pelvis in
dorsal view. In Tlacuatzin the symphysis pubis
(syp) is shorter than the obturator foramen (of)
(ch. 91[0]), whereas the symphysis size is similar to
the obturator foramen in Marmosa mexicana (ch.
91[1]). Note the anterior portion of the ilium (il)
curved laterally in Tlacuatzin (ch. 90[1]), and in
Marmosa it is almost straight (ch. 90[0]). Scale
bars: 5 mm.
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as the flexion and fixation of the vertebral
column (Evans, 1993). In arboreal forms,
such as Caluromys or Micoureus, the iliacus
and psoas major act as flexors and as external
rotators and adductor of the leg (Muizon and
Argot, 2003). Argot (2002) reported differ-
ences on the development of the lesser
trochanter of Caluromys, Metachirus, Mono-
delphis, and Micoureus. In the sample ana-
lyzed, the lesser trochanter is notably devel-
oped in Glironia, Caluromys, Caluromysiops,
Thylamys pusillus, T. macrurus, Micoureus,
Marmosa (except M. rubra), Marmosops,

Cryptonanus, and Gracilinanus. No informa-
tion is currently available about this charac-
ter for Thylamys venustus (coded ‘‘?’’).

Character 94: Protuberance between tro-
chanteric fossa and head: (0) absent; (1)
present (fig. 27). This protuberance seems to
be an impression of the insertion of obtur-
atores and gemelli muscles. It is present in
most species analyzed herein, except for T.
pallidior, which is autapomorphic in this
character, as this structure is absent. No
information is currently available about this
character for Thylamys venustus (coded ‘‘?’’).

Fig. 26. Monodelphis brevicaudata (AMNH 257203) and Chironectes minimus (AMNH 212909), pelvis
in dorsal view. In Chironectes the posterior part of the ischium (is) body is laterally deflected (ch. 92[1]),
whereas in Monodelphis it is almost straight (ch. 92[0]). Other abbreviations: il, illium; syp, symphysis
pubis. Scale bars: 10 mm.
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Character 95: Development of greater
trochanter: (0) not surpassing the level of
the head; (1) surpassing the level of the head
(fig. 27). According to Argot (2002), didel-
phids usually exhibit a greater trochanter not
higher than the femoral head. However,
besides Metachirus, I judged greater trochan-
ter notably developed in Didelphis, Philander,
Lutreolina, Chironectes, Tlacuatzin, Marmosa
robinsoni, M. mexicana, Marmosops impavi-
dus, M. parvidens, and M. pinheiroi.

Character 96: Distal epiphysis anteropos-
teriorly compressed: (0) absent; (1) present.
The anteroposterior compression of the distal
femoral epiphysis is probably related to the
intercondyloid fossa being delimited by low
crests (Argot, 2002). Some didelphids with
well-developed arboreal habits (Caluromys,
Micoureus) show this morphology (Muizon
and Argot, 2003), and the same relationship
was evidenced in viverrids (Taylor, 1976) and
primates (Tardieu, 1983). In the sample, the
distal epiphysis is anteroposteriorly com-
pressed in Caluromys, Caluromysiops, Philan-

der, Marmosa mexicana, M. murina, M.
rubra, and Micoureus.

TIBIA AND FIBULA

Character 97: Sesamoids in the articular
area between tibia, fibula, and astragalus: (0)
absent; (1) one sesamoid present. This char-
acter is modified from Horovitz and Sánchez-
Villagra (2003: ch. 86), since in the sample
there are no taxa with two sesamoids. One
sesamoid in the area between tibia, fibula, and
astragalus is present in Glironia, Metachirus,
Philander, Didelphis virginiana, Tlacuatzin,
Thylamys, Monodelphis, Marmosops incanus,
M. parvidens, M. pinheiroi, and Cryptonanus
unduaviensis. Polymorphism is exhibited only
in Chironectes (coded {01}). No information
is currently available about this character for
Philander mcilhennyi, Marmosa rubra, Lu-
treolina, Thylamys pusillus, Lestodelphys, and
Gracilinanus microtarsus (coded ‘‘?’’).

Character 98: Tibia length relative to
femur length: (0) tibia shorter than femur;

Fig. 27. Caluromys philander (AMNH 267001) and Metachirus nudicaudatus (AMNH 244617),
proximal portion of right femur. In Metachirus, the greater trochanter (gt) is well developed (ch. 95[1]),
whereas in Caluromys it is not very developed (ch. 95[0]). The lesser trochanter (lt) is more developed in
Caluromys (ch. 93[1]) than in Metachirus (ch. 93[0]). Note in both species the protuberance between the
trochanteric fossa (tf) and femoral head (h) (ch. 94[1]). Scale bars: 5 mm.

2009 FLORES: POSTCRANIAL MORPHOLOGY OF DIDELPHID MARSUPIALS 41



(1) tibia longer than or equal to femur. This
character was described by Horovitz and
Sánchez-Villagra (2003: ch. 89). Glironia is
autapomorphic in this character, as the femur
is longer than the tibia. Maynard Smith and
Savage (1955) found similar proportions only
in large mammals, such as Rhinoceros,
Mastodon, and horses. In marsupials, this
characteristic was also evidenced in some
Australasian taxa with a diversity of habits,
such as Phalanger, Pseudochirops, Phasco-
larctos, and Vombatus (Horovitz and Sán-
chez-Villagra, 2003), as well as the fossil
Mayulestes (Muizon, 1998). In the remaining
American marsupials, the tibia is longer than
the femur (see table 3 in Hershkovitz, 1999).

Character 99: Tibia shape: (0) sigmoid-
shaped; (1) sigmoid shape present but not so
marked (fig. 28). Although the sigmoid shape
of the tibia is the most common condition in
didelphids, some taxa exhibit a notable
sigmoid shape. This morphology was inter-
preted as plesiomorphic and is not restricted
to didelphids (Szalay and Sargis, 2001). The
diaphysis starts in a sigmoid curvature at the
level of the insertion of hamstring muscles,
which suggests the possibility that this shape
appears due to the pull of these extensors of
the leg (Argot, 2002). On the other hand,
Lanyon (1980) demonstrated the biomechan-
ical advantages of the curved shape on load
transmission. The sigmoid shape of the tibia

Fig. 28. Chironectes minimus (AMNH 212909) and Didelphis marsupialis (AMNH 210439), right tibia
in anterior view. In Chironectes the tibia has a sigmoid shape (ch. 99[0]), whereas in Didelphis it is almost
straight (ch. 99[1]). Scale bars: 5 mm.
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is also related to the asymmetrical condition
of the femoral condyles in the knee joint. The
lateral displacement of the load line is linked
to the tibia shape and its function on load
transmission (Szalay and Sargis, 2001). In the
sample, Chironectes, Tlacuatzin, and Gracili-
nanus microtarsus exhibit a remarkably sig-
moid-shaped tibia.

Character 100: Tibial tuberosity devel-
oped: (0) absent; (1) present. The tendon of
the m. quadriceps, a powerful extensor of the
knee, inserts directly on the tibial tuberosity,
as the patella is absent in didelphids. In some
taxa with well-developed arboreal habits
(e.g., Caluromys, Caluromysiops, Micoureus),
the tibial tuberosity is neither very evident or
anteriorly expanded (personal obs.; Muizon
and Argot, 2003). Only the terrestrial Me-
tachirus exhibits this structure as notably

developed, which is coherent with a more
stabilized knee joint, useful for the saltatorial
mode of locomotion. In slow-climbing didel-
phids, a more mobile and less stabilized knee
joint is necessary, because of the range of
hindlimb movements during arboreal dis-
placement.

Character 101: Tibia, development of the
posterior crest for the insertion of m. flexor
digitorum tibialis: (0) absent; (1) present
(fig. 29). The crest is present in Hyladelphys,
Marmosa mexicana, Marmosops noctivagus,
M. impavidus, M. incanus, Lestodelphys,
Gracilinanus, and Cryptonanus.

Character 102: Head of fibula notably
developed craniocaudally: (0) absent; (1)
present. An anteroposteriorly expanded head
of the fibula is associated with the develop-
ment of the area of insertion of the m.

Fig. 29. Marmosops impavidus (AMNH 139226) and Micoureus regina (AMNH 148757), right tibia in
mesial view. In Marmosops there is a notable crest for insertion of m. flexor digitorum tibialis (cfdt) (ch.
101[1]), which is absent in Micoureus (ch. 101[0]). Scale bars: 5 mm.
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peroneus longus, which is involved in flexion
of the tarsus (Evans, 1993). Consequently,
this is linked to arboreal habits, as the
mentioned muscle inserts on the proximal
portion of the first metatarsal (Muizon and
Argot, 2003; Argot, 2003a) and is associated
with the opposability of the hallux. The head
of the fibula is notably developed anteropos-
teriorly in Caluromys, Caluromysiops, Chir-
onectes, Tlacuatzin, Marmosa, Marmosops,
Thylamys (except T. macrurus), Lestodelphys,
Micoureus,, Gracilinanus, and Cryptonanus.

CARPUS AND METACARPUS

Character 103: Lunate: (0) small (contact-
ing only with scaphoid and cuneiform); (1)
relatively large (contacting with scaphoid,
cuneiform, magnum, and unciform) (fig. 30).
This character is modified from Horovitz and
Sánchez-Villagra (2003: ch. 62) since in this
sample there are no taxa with the lunate
absent or fused with other elements. In most
didelphids, the lunate is relatively large and
in contact with other elements. However, this
bone is notably smaller in Philander mcilhen-

nyi, Tlacuatzin, Thylamys pusillus, Marmosa
murina, Marmosops, Cryptonanus unduavien-
sis, and Gracilinanus agilis. No information is
currently available about this character for
Micoureus regina, M. paraguayanus, Lesto-
delphys, and Gracilinanus microtarsus (coded
‘‘?’’).

Character 104: Prepollex: (0) absent; (1)
present. This character was described by
Horovitz and Sánchez-Villagra (2003: ch.
63). Because the prepollex is the smallest
element on the wrist, its loss is common
during the cleaning process. The prepollex is
present in most groups analyzed herein,
except for Metachirus, Chironectes, and
Thylamys pusillus, where this element seems
to be absent. No information is currently
available about this character for Lutreolina,
Tlacuatzin, Micoureus paraguayanus, Lesto-
delphys, Marmosops impavidus, M. noctiva-
gus, Cryptonanus unduaviensis, and Gracili-
nanus microtarsus (coded ‘‘?’’).

Character 105: Distolateral process of
scaphoid separating lunate from magnum
dorsally: (0) absent; (1) present (fig. 30). This
character was described by Horovitz and

Fig. 30. Philander frenatus (MVZ 182067), dorsal aspect of distal ulna (ul), radius (ra), carpal, and
metacarpal (Mc) bones. Note the lunate (lu) relatively large and in contact with other elements (ch. 103[1]).
A distolateral process of the scaphoid (sca) separates the lunate and magnum (mag) (ch. 105[1]). Other
abbreviations: un, unciform; cu, cuneiform; tm, trapezium; tr, trapezoid. Scale bar: 5 mm.
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Sánchez-Villagra (2003: ch. 64). This process
of the scaphoid is present in most groups
analyzed, except for Glironia and Cryptona-
nus unduaviensis. No information is currently
available about this character for Lutreolina,
Tlacuatzin, Monodelphis brevicaudata, M.
adusta, Micoureus paraguayanus, Lestodel-
phys, and Gracilinanus microtarsus (coded
‘‘?’’).

TARSUS

Character 106: Astragalus, angle between
medial and lateral facets for tibia: (0)
intermediate, between 90u and 180u; (1)
180u. This character is modified from Hor-
ovitz and Sánchez-Villagra (2003: ch. 94),
since in the current sample there are no taxa
with a 90u angle, and the character is treated
as binary. According to Jenkins and
McClearn (1984) and Szalay (1982, 1994),
the medial and lateral astragalotibial facets
form a broad and almost flat plane in
didelphids. However, I observed a continu-
ous variation in the angle formed by the
facets, and all conditions were met in a single
interval (90u–180u). In terrestrial forms, as
Metachirus or Monodelphis, the facets are
better delimited, forming a sharper angle
(personal obs.; Szalay, 1994). On the other
hand, the angle between medial and lateral
facets for the tibia was 180u only in some
large opossums such as Philander, Lutreolina,
Didelphis, and Chironectes. No information is
currently available about this character for
Monodelphis adusta, Micoureus paraguaya-
nus, and Lestodelphys (coded ‘‘?’’).

Character 107: Astragalus, dimensions of
astragalonavicular facet in distal view: (0)
transversely wider; (1) dorsoventrally wider.
This character was described by Horovitz
and Sánchez-Villagra (2003: ch. 97). In the
taxa analyzed here, only Metachirus exhibits
the astragalonavicular facet dorsoventrally
wider. No information is currently available
about this character for Monodelphis adusta,
Micoureus paraguayanus, and Lestodelphys
(coded ‘‘?’’).

Character 108: Astragalus, ridge between
medial and lateral astragalotibial facets: (0)
absent; (1) present (fig. 31). This character
was described by Horovitz and Sánchez-
Villagra (2003: ch. 107). The ridge between

medial and lateral astragalotibial facets is
present in large opossums, such as Glironia,
Caluromys, Caluromysiops, Didelphis, Meta-
chirus, Lutreolina, and Chironectes. Contrary
to Horovitz and Sánchez-Villagra (2003), I
coded 0 for Monodelphis, since I did not
observe a ridge in this area of the astragalus.
No information is currently available about
this character for Monodelphis adusta, Mi-
coureus paraguayanus, and Lestodelphys
(coded ‘‘?’’).

Character 109: Astragalus, ridge between
lateral astragalotibial facet and astragalofib-
ular facet: (0) absent; (1) present (fig. 31).
This character was described by Horovitz
and Sánchez-Villagra (2003: ch. 108). Similar

Fig. 31. Chironectes minimus (AMNH 148720),
plantar and dorsal views of left astragalus. The
ridge between the medial (atim) and lateral (atil)
astragalotibial facets is present (ch. 108[1]), as well
as being between the lateral atragalotibial and
astragalofibular (afi) facets (ch. 109[1]). There is no
contact between the astragalonavicular (an) and
sustentacular (su) facets (ch. 110[0]), and the
sustentacular facet is separated from the calca-
neoastragalar (caa) facet by the well-developed
sulcus astragali (sa) (ch. 111[0]). Other abbrevia-
tion: ampt, astragalar medial plantar tuberosity.
Scale bar: 5 mm.

2009 FLORES: POSTCRANIAL MORPHOLOGY OF DIDELPHID MARSUPIALS 45



to the anterior character, the ridge is present
only in large opossums. No information is
currently available about this character for
Monodelphis adusta, Micoureus paraguaya-
nus, and Lestodelphys (coded ‘‘?’’).

Character 110: Astragalus, contact be-
tween astragalonavicular and sustentacular
facets: (0) absent; (1) present. This character
was described by Horovitz and Sánchez-
Villagra (2003: ch. 110). I found evidence of
contact between both facets in most taxa,
except Glironia, Caluromysiops, Metachirus,
Chironectes (fig. 31), and Thylamys pallidior.
Individual variation is observed in Didelphis
virginiana and D. marsupialis (coded {01}).
No information is currently available about
this character for Monodelphis adusta, Mi-
coureus paraguayanus, and Lestodelphys
(coded ‘‘?’’).

Character 111: Astragalus, continuous
lower ankle joint pattern: (0) absent (fig.
31); (1) present. This pattern results from the
contact between posterior calcaneoastragalar
and sustentacular facets, which is in relation
to the absence of the sulcus astragali. I found
evidence of the absence of this pattern in
most didelphid groups analyzed here, except
for Gracilinanus microtarsus and Hyladel-
phys, where a continuous lower ankle joint
pattern is observed. Opposite to this, indi-
vidual variation is observed in Marmosa
mexicana. No information is currently avail-
able about this character for Monodelphis
adusta, Micoureus paraguayanus, and Lesto-
delphys (coded ‘‘?’’).

Character 112: Astragalus, astragalonavi-
cular facet vertically oriented and distal
calcaneocuboid facet deep: (0) absent; (1)
present. Most didelphid groups analyzed
herein exhibit the astragalonavicular facet
transversely oriented, except for the terrestri-
al Metachirus, where the astragalonavicular
facet is almost vertically oriented, which is
accompanied by an increase in depth of the
distal calcaneocuboid facet of the calcaneus.
Although the orientation of the astragalona-
vicular facet of Monodelphis seems to be
somewhat vertical (as was also observed by
Szalay, 1994: 191), its position reflects the
condition exhibited by most of didelphids
groups (i.e., condition 0). The particular
vertical orientation of the astragalonavicular
facet showed by Metachirus (and partially by

Monodelphis) suggests the increased func-
tional importance of flexion-extension rather
pronation-supination of the hindfoot. Poly-
morphism is evidenced in Philander opossum
(coded {01}). No information is currently
available about this character for Monodel-
phis adusta, Micoureus paraguayanus, and
Lestodelphys (coded ‘‘?’’).

Character 113: Calcaneus, development of
peroneal process of calcaneus: (0) small; (1)
well developed (fig. 32). Most of the didel-
phid group analyzed herein exhibits the
peroneal process well developed, except for
Metachirus and Monodelphis, where this
process is smaller (see Szalay, 1994: figs. 8–
12). No information is currently available
about this character for Monodelphis adusta,
Micoureus paraguayanus, and Lestodelphys
(coded ‘‘?’’).

Character 114: Calacaneus, calcaneal sus-
tentaculum position: (0) subterminal; (1) on
anterior tip (fig. 32). The calcaneal susten-
taculum is placed on the anterior tip of the
calcaneum only in Chironectes. No informa-

Fig. 32. Chironectes minimus (AMNH 148720),
dorsal and plantar views of right calcaneus. The
peroneal process (pp) is well developed (ch. 113[1]),
and the calcaneal sustentaculum (su) is placed on
the anterior tip (ch. 114[1]). Other abbreviations:
caa, calcaneoastragalar facet; cacud, distal calca-
neocuboid facet; cacup, proximal calcaneocuboid
facet; sc, sulcus calcanei. Scale bar: 5 mm.
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tion is currently available about this charac-
ter for Monodelphis adusta, Micoureus para-
guayanus, and Lestodelphys (coded ‘‘?’’).

POSTCRANIAL DATA SET SUMMARY

The data set described above includes 114
postcranial characters, of which 106 (93%) are
parsimony informative and 8 (7%) are auta-
pomorphic. Sixty-six characters (58%) are
binary, 47 (41%) describe ordered multistate
(additive) transformations, and only 1 char-
acter (0.9%) describes unordered multistate
(nonadditive) transformations (table 3). The
data matrix (appendix 2) has 114 3 38 5 4332
cells, of which only 79 (2%) are scored as
missing (‘‘?’’) and 44 (1%) are scored as
inapplicable (‘‘–’’). The remaining 4209 matrix
cells (97%) record organismal traits, with data
completeness for individual terminal taxa
ranging from 88 to 100% (table 4). Polymor-
phism was detected for 30 characters (2% of
the total matrix cells), which showed intraspe-
cific variation in the sample analyzed (table 2).

ANALYTIC RESULTS OF

POSTCRANIAL CHARACTERS

A heuristic analysis of the postcranial data
analyzed with CO polymorphic entries re-

sulted in three equally most parsimonious
trees (502 steps, CI 5 0.27, RI 5 0.62;
table 5) whose highly resolved strict consen-
sus is shown in figure 33. The three calur-
omyines included (except the root) form a
single clade in which Caluromys is recovered
as a monophyletic group. Unlike results from
the previous analysis of a different nonmo-
lecular data set analyzed by Jansa and Voss
(2005: fig. 1C), the deep branch topology in
the didelphine group is well resolved in the
consensus topology, and some already rec-
ognized groups are recovered. Hyladelphys
appears in basal and intermediate positions
between caluromyines and didelphines, which
is consistent with hypotheses attained by
previous nonmolecular data, IRBP sequenc-
es, and combined analyses (table 6). Succes-
sively, Marmosa robinsoni and Cryptonanus
unduaviensis appear as sister taxa of the
remaining didelphines, which form a well-
resolved topology. As in previous morpho-
logical and molecular analyses, Thylamys is
recovered as a monophyletic group, arranged
in the sequence (T. pallidior-T. venustus (T.
macrurus (T. pusillus))). On the other hand,
all species of Marmosops included in this
analysis (pinheiroi, parvidens, noctivagus, im-
pavidus, and incanus) form a monophyletic
group (node M), which have been recovered

TABLE 5
Tree Statistics from Parsimony Analyses of Different Didelphid Data Sets, Considering Polymorphism as

Composite Entries (CO) and Transformation Series (TS)

Morphology (Jansa

and Voss, 2005)a Postcranial

Nonmolecular

data set combinedb Total evidencec Total evidenced

CO TS CO TS CO TS CO TS CO TS

No. MPTse 76 1098 3 7 120 6 2 4 6 4

Consistency index (CI)f 0.50 0.50 0.27 0.25 0.33 0.29 0.61 0.59 0.46 0.43

Retention index (RI) 0.84 0.84 0.62 0.59 0.68 0.65 0.80 0.79 0.75 0.72

Tree lengthg 178 177 502 540 723 926 6203 6464 1938 2192

Resolved ingroup nodes 20 28 31 18 29 27 38 31 36 37

Nodes with $4 absolute

Bremer support

5

(25%)

7

(25%)

4

(13%)

6

(33%)

9

(31%)

10

(37%)

26

(68%)

20

(64%)

23

(64%)

20

(54%)

aNonmolecular data set including craniodental, external morphology, and karyotype; defined by Voss and Jansa (2003).
bMorphological data set combining 71 nonmolecular characters defined by Voss and Jansa (2003), and 114 postcranial

characters described in this report.
cAll combined evidence including IRBP, DMP-1, RAG-1, and morphology.
dPartitioned combined evidence including IRBP, DMP-1, and morphology (RAG-1 eliminated).
eEqually most parsimonious trees recovered by heuristic searches as described in ‘‘Materials and Methods’’.
fExcluding autapomorphies.
gIncluding autapomorphies.
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Fig. 33. Strict consensus of three equally most parsimonious trees resulting from cladistic parsimony
analysis of 114 postcranial characters for 38 taxa described in this report, where polymorphic data were
treated as composite entries (CO) (see tables 2–4 for summary data set characteristics and tree statistics).
Numbers above branches refer to absolute Bremer support values ($1). Numbers below branches refer to
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in previous results with other kinds of
evidence. In this group, Marmosops impavi-
dus and M. noctivagus are sister species, as
well as M. parvidens and M. pinheiroi. Lastly,
Lestodelphys is placed as sister of Marmo-
sops. Up in the tree, Tlacuatzin appears as
sister of the group Gracilinanus agilis-G.
microtarsus, and Micoureus is recovered as a
monophyletic group in the sequence (M.
demerarae-M. paraguayanus) M. regina)).
The three remaining species of marmosa
(M. mexicana, M. murina, and M. rubra)
are successively arranged. Finally, the species
of Monodelphis, resolved in the sequence (M.
brevicaudata (M. adusta + M. theresa)) are
recovered as sister group of the large
opossums (node O). Although in general the
large opossums (Didelphis, Philander, Meta-
chirus, Chironectes, and Lutreolina; node G)
form an unresolved clade, Didelphis is
recovered as a monophyletic group in the
sequence (Didelphis virginiana (D. marsupialis
+ D. albiventris), as well as Philander in the
sequence (P. mcilhennyi (P. opossum-P. fre-

natus)). Both genera form a monophyletic
group with Lutreolina (node E).

The heuristic search of the postcranial data
set with polymorphic entries analyzed with
TS resulted in seven most parsimonious trees
of 540 steps (CI 5 0.25, RI 5 0.59). The strict
consensus (fig. 34) resulted in a less resolved
topology than CO analysis, where Hyladel-
phys appears again in an intermediate posi-
tion. Under this criterion, the species of
Marmosa, Gracilinanus, Cryptonanus undua-
viensis, and Tlacuatzin are arranged in a basal
polytomy. The monophyletic Monodelphis is
resolved in the sequence (M. adusta (M.
brevicaudata-M. theresa), with Thylamys ma-
crurus in basal position, forming a trichoto-
my with T. pusillus and the T. pallidior-T.
venustus group. The last clade is the more
speciose one and includes the monophyletic
Marmosops (node M; arranged in the same
sequence as in the CO analysis), Lestodel-
phys, and the large opossums (node G).
Unexpectedly, the position of the Patagonian
Lestodelphys is not close to some group of

r

jackknife frequencies (cutoff value 5 50%). Heavy lines denote branches with a decay index of $4.
Outgroup taxa are indicated with asterisks, and alphabetic labels indicate didelphine clades discussed in
the text.

TABLE 6
Different Data Sets Supporting an Intermediate Position of Hyladephys between Caluromyinae and Didelphinae.

Postcranial

Morphology (Jansa and Voss, 2005)

All morphologya

IRBP

DMP-1

RAG-1

Jansa and Voss, 2005 (combined)b

Gruber et al., 2007 (combined)c

Gruber et al., 2007 (combined partitioned)d

Total evidencee

Total evidence (partitioned)f

aMorphological data set including postcranial evidence described here, and the nonmolecular characters defined by

Voss and Jansa (2003).
bData set combining nonmolecular characters, IRBP, and DMP-1 sequences (postcranial excluded).
cData set combining nonmolecular characters, IRBP, DMP-1, and RAG-1 sequences (postcranial excluded).
dData set combining nonmolecular characters, IRBP, DMP-1, and RAG-1 sequences (postcranial excluded, RAG-1

third position eliminated).
eData set combining nonmolecular characters, IRBP, DMP-1, and RAG-1 sequences (postcranial included).
fData set combining nonmolecular characters, IRBP, and DMP-1 (postcranial included, RAG-1 excluded).
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Fig. 34. Strict consensus of seven equally most parsimonious trees resulting from cladistic parsimony
analysis of 114 postcranial characters for 38 taxa described in this report, where polymorphic data were
treated as transformation series (TS) (see tables 2 and 4 for summary data set characteristics and tree
statistics). Numbers above branches refer to absolute Bremer support values ($1). Numbers below branches
refer to jackknife frequencies (cutoff value 5 50%). Heavy lines denote branches with a decay index of $4.
Outgroup taxa are indicated with asterisks. Alphabetic labels indicate didelphine clades discussed in the text.
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mouse opossums, but as sister of large
opossums. In the last group, the topology is
almost similar to the one obtained in CO
analysis, but Philander is paraphyletic and
Metachirus and Chironectes are sister groups.

NONMOLECULAR EVIDENCE ON DIDELPHID

PHYLOGENY: THE INCLUSION OF

POSTCRANIAL CHARACTERS

In table 3 are summarized and compared
basic statistics for the nonomolecular data set
published by Jansa and Voss (2005), the
postcranial data presented herein, and the
combination of both morphological data
sets. Note that both nonmolecular data sets
are proportionally similar regarding some
basic statistics, that is, as percentages of
missing and inapplicable data, parsimony
informative characters, and autapomorphies.
However, the percentage of ordered multi-
state characters is higher in the postcranial
data set presented here. Combining both
nonmolecular data sets analyzed with CO
polymorphic entries, I recovered 120 most
parsimonious trees (723 steps, CI 5 0.33, RI
5 0.68) whose strict consensus is shown in
figure 35. In this topology, the caluromyines
(Caluromys + Caluromysiops) form a mono-
phyletic group, with both species of Calur-
omys as sister taxa. The intermediate position
of Hyladelphys between caluromyines and
didelphines appears here again (table 6). Up
in the tree, the topology appears as a deep
dichotomy, which includes the remaining
didelphids arranged basically in two mono-
phyletic clades. In the first group, Tlacuatzin
is sister taxon of the group Gracilinanus-
Cryptonanus-Chacodelphys-Thylamys-Lesto-
delphys (node B). In this clade, Gracilinanus
and Cryptonanus are respectively recovered
as monphyletic groups, and Lestodelphys is
nested in the paraphyletic Thylamys (node A)
in an unresolved trichotomy with T. venustus
and T. pallidior. T. pusillus and T. macrurus
are successively basal to this group. The
second clade is formed by a basal polytomy
including Micoureus regina, Marmosa mur-
ina, M. lepida, M. mexicana, and M. robin-
soni; the group resolved as the sequence
Marmosa rubra (Micoureus paraguayanus-M.
demerarae)); and the group conformed by the
monophyletic Marmosops (node M) and the

clade formed by the monophyletic Mono-
delphis and the large opossums as sister
groups (node O). The species of Marmosops
are split in two sister clades, one formed by
(Marmosops incanus (M. impavidus-M. nocti-
vagus)), and another including M. parvidens-
M. pinheiroi. The four species of Monodelphis
considered in the morphological analysis
are clustered in a well-supported monophy-
letic clade where M. brevicaudata and M.
emiliae form a pair and M. adusta and M.
theresa complete a trichotomy. The clade
formed by the large opossums (node G)
includes the monophyletic Didelphis, Philan-
der (sister of the monotypic Lutreolina, node
E), and Chironectes and Metachirus succes-
sively arranged in increasingly basal positions
(nodes F and G, respectively). The three
species of Didelphis form an unresolved
polytomy, and the species of Philander are
resolved as (P. mcilhennyi (P. opossum-P.
frenatus)).

A heuristic search of all morphological
data sets with polymorphic entries analyzed
as TS resulted in six most parsimonious trees
of 926 steps (CI 5 0.29, RI 5 0.65). The strict
consensus (fig. 36) results in a barely less
resolved topology than the CO analysis
(table 5). Deep in the tree, Hyladelphys is
placed in its typical intermediate position,
and Marmosa lepida, M. rubra, and M.
robinsoni are successively arranged basal to
the remaining didelphids, which are split in
two groups: the clade conformed by the sister
species Micoureus paraguayanus-M. demer-
arae, and a polytomy including the remaining
didelphine species. Seven natural groups can
be recognized in this unresolved polytomy.
Three out of seven monophyletic groups
consist of pairs of species: Gracilinanus
agilis-G. microtarsus, G. aceramarcae-G. emi-
liae, and Cryptonanus unduaviensis-C. cha-
coensis. The four remaining natural groups
include the complex Thylamys-Lestodelphys
(node A), the monophyletic Marmosops
(node M) and Monodelphis, and the large
opossums (node G) in the same topology as
in the CO analysis. However, in the TS
analysis Monodelphis adusta and M. theresa
are sister species, Philander is recovered as an
unresolved trichotomy, and Didelphis is
recovered in the arrangenment (Didelphis
virginiana (D. albiventris-D. marsupialis).
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COMBINED ANALYSIS

Parsimony analysis combining the new
postcranial evidence with the nonmolecular
characters previously defined, plus IRBP,
DMP-1, and RAG-1 sequences analyzed with
CO polymorphic entries, resulted in two most
parsimonious trees (6203 steps, CI 5 0.61, RI
5 0.80). The strict consensus topology
(fig. 37) resembles, in some positions, the
didelphid relationships obtained in the com-
bined evidence by Jansa and Voss (2005: fig.
1D) and Gruber et al. (2007: fig. 2), although
the deep branch topology differs remarkably.
The relationships within the outgroup are
similar to the one obtained with nonmolec-
ular evidence (i.e., Caluromys and Caluromy-
siops forming a monophyletic group, and
both species of Caluromys as sister taxa).
Hyladelphys kept its intermediate position
between caluromyines and didelphines. From
this point of the tree, two traditionally
recognized groups in the didelphine subfam-
ily are recovered as monophyletic groups: the
2n 5 22 large opossums (node F), and the
mouse opossums (node L, although including
Metachirus). Among the large opossums, the
two polytypic living genera (Didelphis and
Philander) are recovered as monophyletic and
sister groups (node D). Lutreolina and
Chironectes are successively arranged in
increasingly basal positions (nodes E and F,
respectively). The remaining taxa are split
into three diverse clades. The first one
contains the monophyletic Monodelphis, re-
solved in the sequence (M. emiliae (Mono-
delphis theresa (M. adusta-M. brevicaudata))),
and Chacodelphys as sister taxa. More nested
in the tree, the complex Micoureus-Marmosa
(node I) is resolved on the monophyletic
Micoureus in the sequence (Micoureus regina
(M. demerarae-M. paraguayanus)), and Mar-
mosa as paraphyletic. Marmosa lepida and
M. murina are successively basal to Micour-

eus. On the other hand, this group is sister of
the group (Marmosa rubra (M. mexicana-M.
robinsoni)). The last clade (node C) includes
the paraphyletic Marmosops, Metachirus,
and the complex Thylamys-Lestodelphys
(node A), sister of Gracilinanus-Cryptonanus
group (node B). Although Marmosops is
recovered as monophyletic in other analyses
(e.g., nonmolecular and previous combined
analyses), the complete evidence presented
here recovered the species in two different
clades. Three species are resolved in the
grouping (Marmosops incanus (M. impavi-
dus-M. noctivagus), and the sister taxa M.
parvidens and M. pinheiroi are clustered with
Metachirus. The species of Thylamys are
clustered in a monophyletic group as an
unresolved polytomy, although T. venustus is
placed basal in relation to the remaining
species of the genus. As in other results,
Lestodelphys is sister of Thylamys. Both
species of Cryptonanus (chacoensis and un-
duaviensis) are recovered as sister taxa,
clustered with the monophyletic Gracilinanus
(node N), which shows the sequence (Graci-
linanus emiliae (G. aceramarcae (G. agilis-G.
microtarsus))).

A heuristic search of combined data sets
with polymorphic entries analyzed as TS
resulted in four most parsimonious trees
(6464 steps, CI 5 0.59, RI 5 0.79). The
strict consensus (fig. 38) under this parameter
is notably less resolved than the topology
obtained in CO analysis (table 5), and some
differences can be detected. In this scheme,
the position of the 2n 5 22 large opossums
(node F), which under CO treatment is a
sister group of the mouse opossums (fig. 37),
is clustered with most of the mouse opossums
in a polytomy where the nodes B and C
(observed in CO analysis) are not recovered
(figs. 37, 38). Another minor difference with
CO analysis is the inverted position of
Monodelphis theresa and M. emiliae.

r

Fig. 35. Strict consensus of 120 equally most parsimonious trees resulting from cladistic parsimony
analysis of 185 morphological characters for 44 didelphid taxa, where polymorphic data were treated as
composite entries (CO) (see tables 2–4 for summary data set characteristics and tree statistics). Numbers
above branches refer to absolute Bremer support values ($1). Numbers below branches refer to jackknife
frequencies (cutoff value 5 50%). Heavy lines denote branches with a decay index of $4. Outgroup taxa
are indicated with asterisks. Alphabetic labels indicate didelphine clades discussed in the text.
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NODAL SUPPORT

Bremer support values obtained from the
postcranial evidence are, in general terms,
low. For instance, in the CO analysis
(fig. 33), 21 nodes (68% of resolved nodes)
collapse in trees that are one step longer, 4
additional nodes (13%) collapse in trees that
are two steps longer, whereas 2 more nodes
(6%) collapse in trees that are three steps
longer. Only four nodes (13% of the total)
have a decay index $4 (table 5). Although
the TS analysis has less resolved ingroup
nodes in the consensus tree (fig. 34; table 5),
the amount of well-supported nodes is higher
(table 5). Five nodes (28%) collapse in trees
that are one step longer, five additional nodes
(28%) collapse in trees two steps longer, and
two nodes (11%) collapse in trees three steps
longer. Lastly, the remaining six nodes (14%)
have a decay index $4 (table 5). Resampling
values were also low: in CO analysis 22 nodes
(71%) have jackknife values below 50%, and
6 nodes (19%) have jackknife values between
50% and 85%, while the remaining 3 nodes
(9%) have jackknife values higher than 85%.
In the TS postcranial analysis 11 nodes (61%)
have jackknife values below 50%, 4 nodes
(22%) have jackknife values between 50%

and 85%, while only 2 nodes (11%) have
jackknife values higher than 85%.

Nodal support values for morphology of
the total tree are slightly higher. In the CO
analysis (fig. 35), 17 nodes (59%) collapse in
trees that are one step longer, 2 additional
nodes (7%) collapse in trees two steps longer,
1 node (3%) collapses in trees that are three
steps longer, and 9 nodes (31%) have a decay
index $4 (table 5). The consensus tree of the
TS analysis (fig. 36) is less resolved than the
CO analysis, although in the TS analysis
there is one more well-supported node than
for the CO results. Twelve nodes (44%)
collapse in trees that are one step longer,

four additional nodes (15%) collapse in trees
two steps longer, and only one node (4%)
collapses in trees three steps longer. The
remaining 10 nodes (37%) have a decay index
$4 (table 5). Similarly, resampling values are
slightly higher in morphology of the total
tree: in the CO analysis 16 nodes (55%) have
jackknife values below 50%, 8 nodes (27%)
have jackknife values between 50% and 85%,
while the remaining 4 nodes (14%) have
jackknife values higher than 85%. In the TS
morphology/total analysis, 15 nodes (55%)
have jackknife values below 50%, 8 nodes
(29%) have jackknife values between 50%

and 85%, and the remaining 4 nodes (15%)
have jackknife values higher than 85%.

Nodal support values for the combined
CO analysis indicate that most of 38 resolved
ingroup nodes in the consensus tree (fig. 37)
are moderately well supported. Only eight
nodes (21%) collapse in trees one step longer,
one additional node (3%) collapses in trees
two steps longer, and three more nodes (8%)
collapse in trees three steps longer. The
remaining 26 nodes (57%) have a decay
index $4 (table 5). The consensus tree of
the TS analysis (fig. 38) shows less resolved
ingroup nodes than for the CO analysis. Only
three nodes (10%) collapse in trees one step
longer, two additional nodes (6%) collapse in
trees two steps longer, and six more nodes
(19%) collapse in trees three steps longer. The
remaining 20 nodes (64%) have a decay index
$4 (Table 5). Similarly, resampling values
were relatively high both in the CO and TS
combined analyses. In the CO analysis 10
nodes (26%) have jackknife values below
50%, 6 nodes (16%) have jackknife values
between 50% and 85%, and the remaining 22
nodes (58%) have jackknife values higher
than 85%. On the other hand, in the TS
combined analysis 16 nodes (52%) have
jackknife values below 50%, 8 nodes (26%)
have jackknife values between 50% and 85%,

r

Fig. 36. Strict consensus of six equally most parsimonious trees resulting from cladistic parsimony
analysis of 185 morphological characters for 44 didelphid taxa, where polymorphic data were treated as
transformation series (TS) (see tables 2 and 4 for summary data set characteristics and tree statistics).
Numbers above branches refer to absolute Bremer support values ($1). Numbers below branches refer to
jackknife frequencies (cutoff value 5 50%). Heavy lines denote branches with a decay index of $4.
Outgroup taxa are indicated with asterisks. Alphabetic labels indicate didelphine clades discussed in the text.
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and the remaining 7 nodes (23%) have
jackknife values higher than 85%.

DISCUSSION

EFFECTS OF DIFFERENT CODINGS OF

POLYMORPHIC DATA

The kind of treatment of polymorphic
characters may have a significant impact on
phylogenetic analyses. Different methods for
dealing with polymorphism may lead to very
different estimations of phylogeny, even
when relationships are strongly supported
by one or more methods (Wiens, 1999). The
abundance and impact of polymorphic char-
acters are especially clear for closely related
species, but the application of different
criteria for analyzing polymorphic data may
affect higher level relationships as well. In
this sense, although different codings of
polymorphic postcranial characters in didel-
phids produced topologies in general not
contradictory, some discrepancies were evi-
dent. The principal difference was the loss of
resolution of the TS analysis compared to the
CO analysis, with the consistency index and
retention index being slightly higher in the
CO analysis (table 5). In the postcranial
results, the nodes weakly supported in the
CO analysis collapsed in the TS topology
(figs. 33, 34). However, more resolution is
expected for the additional phylogenetic
information with TS coding (Mabee and
Humpries, 1993). Different codings caused
little impact on the nodal support, since in
both topologies the number of nodes with
high decay index ($4) was similar in all
analyses, except in the combined analysis
considering RAG-1 (table 5), where the CO
coding had more well-supported nodes. An
inverted bias on nodal support and resolution
was observed in a combined analysis in
Oryzomyini rodents performed by Weksler

(2006). In the case of didelphids, despite the
differences in resolution in the combined
total evidence, most relationships obtained in
the TS analysis are not contradicted by the
CO analysis, except for two punctual cases:
the inverted position of Monodelphis emiliae
and M. adusta, and the basal position of the
Marmosa-Micoureus group (node I) in TS
analysis (being instead sister of node C in the
CO analysis, figs. 37, 38).

In the total morphology analysis, the
effects of different codings on polymorphic
data were similar with respect to the post-
cranial-only data set: the topology obtained
with the CO coding analysis is notably better
resolved than the TS coding analysis (figs. 35,
36), although the values of Bremer support
are in general rather similar (table 5). Con-
trary to the congruence observed in the
topology obtained by both kinds of coding
in the potscranial-only analysis, the low
resolved topology observed with the TS
coding in the total morphology analysis
differs considerably in some positions with
regard to the CO coding analysis. In the TS
coding total morphology analysis, the change
of position of Marmosa lepida and M. rubra
is unexpected for different reasons. In the
first case, all postcranial characters are
missing, and the remaining morphological
characters do not show polymorphic entries
(see Voss and Jansa, 2003: appendix 5). In
Marmosa rubra, although 95% of the post-
cranial characters were scored (table 4), there
were no polymorphisms since the sample
consisted of only one specimen (see appendix
1), and the remaining morphological charac-
ters do not show any polymorphic entries
(see Voss and Jansa, 2003: appendix 5).
Lastly, the change observed in Marmosa
robinsoni is perhaps a consequence of the
high polymorphism present in postcranial
morphology (table 2; appendix 2). Other
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Fig. 37. Strict consensus of two equally most parsimonious trees resulting from cladistic parsimony
analysis of combined morphological and genetic data (i.e., all morphology, IRBP, DMP-1, and RAG-1
sequences) for 44 didelphid taxa, where polymorphic data were treated as composite entries (CO) (see
tables 3 and 4 for summary data set characteristics and tree statistics). Numbers above branches refer to
absolute Bremer support values ($1). Numbers below branches refer to jackknife frequencies (cutoff value
5 50%). Heavy lines denote branches with a decay index of $4. Outgroup taxa are indicated with
asterisks. Alphabetic labels indicate didelphine clades discussed in the text.
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differences can be noted between both kinds
of coding, such as the monophyletic condi-
tion of Gracilinanus in CO coding total
morphology analysis, the changing position
of Thylamys macrurus and T. pusillus, and the
relationship among the species of the mono-
phyletic Didelphis and Philander. Despite the
differences in deep branch topology, the well-
supported clades in CO coding total mor-
phology analysis were all recovered in TS
coding morphology-total analysis as well
(i.e., the monophyly of Monodelphis, Philan-
der, Marmosops, and Didelphis, the relation-
ship of large opossums [nodes E, F, and G],
and the relationship of Thylamys-Lestodel-
phys [node A]). Similarly to postcranial-only
analysis, in the case of total morphology, the
TS coding analysis seems not to contribute to
the retention of more phylogenetic informa-
tion.

As described in the results, the topologies
obtained including the genetic evidence (i.e.,
combined analysis) are in general highly
resolved and better supported than the
morphology-only analyses. Despite the fact
that the topologies from both kind of codings
of polymorphic data are significantly con-
gruent in some aspects, the clustering of the
mouse opossums and the better resolution
applying CO coding analysis (fig. 37) are
interesting. The mouse opossums are the
most speciose group in the didelphid living
radiation, and the genera currently recog-
nized (sensu Gardner, 2005) are not always
recovered as natural groups in the cladistic
context. Contrasting with the large opos-
sums, which were considered as a monophy-
letic group based in a diverse array of
previous evidence, the mouse opossums were
partially supported only in a morphological
framework (e.g. Creighton, 1984; Reig. et al.,
1987; Goin, 1995; Flores, 2003). Here, the
addition of postcranial evidence to the

previous nonmolecular and genetic evidence
causes the moderately supported clustering of
the mouse opossums in a group just in CO
coding analysis (although Metachirus is
nested in the group when RAG-1 is included;
fig. 37; appendix 3). However, the group is
paraphyletic in all previous nonmolecular
and molecular (IRBP, DMP-1, RAG-1)
analyses (Kirsch and Palma, 1995; Patton et
al., 1996; Jansa and Voss, 2000, 2005; Voss
and Jansa, 2003; Voss et al., 2005; Jansa et
al., 2006; Gruber et al., 2007), and even in all
remaining analyses of this report. In this
sense, applying different criteria for the
treatment of morphological polymorphic
data, the relationships and monophyly of
the mouse opossums are strongly affected.

EFFECT OF THE INCLUSION OF POSTCRANIAL

CHARACTERS IN PREVIOUS NONMOLECULAR

AND COMBINED HYPOTHESES

NONMOLECULAR HYPOTHESES: Compar-
ing the topology of nonmolecular evidence
illustrated by Jansa and Voss (2005: fig. 1C),
the inclusion of the postcranial data set
causes considerable changes and better reso-
lution in topology and support values
(figs. 35, 36; tables 5–7). As mentioned
above, the intermediate position of Hyladel-
phys is consistent in postcranial-only and
combined analyses (table 6). The trichotomy
conformed by the monophyletic Didelphis
and Philander, as well as the monotypic
Lutreolina (node E), is kept both in CO and
TS analyses of total morphology evidence, as
well as the monophyly of Monodelphis and its
sister relationship with large opossums (node
O in the CO analysis, fig. 35), the relation-
ship of Lestodelphys-Thylamys (node A), and
the monophyly of Marmosops (node M),
Gracilinanus, and Cryptonanus (although the
TS coding analysis produces the rupture of
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Fig. 38. Strict consensus of four equally most parsimonious trees resulting from cladistic parsimony
analysis of morphological and genetic data (i.e., all morphology, IRBP, DMP-1, and RAG-1 sequences)
for 44 didelphid taxa, where polymorphic data were treated as transformation series (TS) (see tables 3 and
4 for summary data set characteristics and tree statistics). Numbers above branches refer to absolute
Bremer support values ($1). Numbers below branches refer to jackknife frequencies (cutoff value 5 50%).
Heavy lines denote branches with a decay index of $4. Outgroup taxa are indicated with asterisks.
Alphabetic labels indicate didelphine clades discussed in the text.
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the monophyly of Gracilinanus, fig. 36).
However, some alterations in the topology
can be detected by including the postcranial
characters. In the CO coding analysis
(fig. 35), both species of Cryptonanus (cha-
coensis and unduaviensis) appear as a mono-
phyletic group sister to the clade Chacodel-
phys-node A (Thylamys-Lestodelphys), and
the species of Gracilinanus are also clustered
as monophyletic basal in node B. The
monophyly of node B in the CO coding
analysis (fig. 35) is recovered by including the
postcranial evidence. In this sense, consider-
ation of the postcranial characters on the
morphological evidence previously defined
(Jansa and Voss, 2005) is consistent with the
genetic evidence, since clustering of the
monophyletic genera Gracilinanus and Cryp-
tonanus with node A was obtained using only
genetic and combined evidence (Jansa and
Voss, 2005; Gruber et al., 2007). The position
of Metachirus is also altered when the
postcranial evidence is included, since this
monotypic taxon is basal to the large 2n 5 22
opossums in the total morphology analysis
(node G in figs. 35, 36), whereas it is located
as the sister taxon of the group consisting of

2n 5 22 opossums-Monodelphis in the
morphological analysis excluding the post-
cranial characters (see Jansa and Voss, 2005:
fig. 1C; table 7). Although Metachirus shows
a particular mode of locomotion and some
postcranial autapomorphies (see the charac-
ter descriptions and appendix 2), its close
relationship with the 2n 5 22 large opossums
(node G in figs. 35, 36) is well supported by
postcranial morphology (table 7). Similarly,
the inclusion of postcranial evidence notably
affects the position of the recently redescribed
Tlacuatzin canescens. This taxon appears in a
basal polytomy together with some species of
Marmosa and Micoureus in the morphologi-
cal evidence of Jansa and Voss (2005: fig. 1C).
A similar position is obtained when the TS
coding criterion is applied for polymorphic
characters in the total morphology analysis
(fig. 36), but when the postcranial data set is
included in the CO coding analysis, this taxon
is placed as sister to node B, although with
low support (fig. 35).

The relationship Thylamys-Lestodelphys
(node A) and the paraphyly of Thylamys
are also kept when postcranial evidence is
considered (table 7), but the position of this

TABLE 7
Nodes Recovered under Different Analyses and Values of Absolute Bremer Support and Jackknife Frequenciesa

Node 1 2 3 4 5 6 7 8

A 5/61 4/60 4/83 3/89 4/83 5/86

B 1/,50 1/,50 1/,50 2/,50

C 1/,50b 1/,50 2/,50

D .7/99 .7/100 4/73 4/78

E 1/,50 3/,50 6/,50 .7/100 .7/99 .7/97 .7/99

F .7/66 6/84 .7/100 .7/100 .7/100 .7/100

G .7/98 .7/98 6/83 7/99 5/99 7/99

H 2/,50

I 7/100 6/100 7/99 .7/94

J 1/,50 2/,50

L 1/,50b 4/75c

M 4/50 4/50 5/71 5/67 5/97 6/98

N 2/60 1/50 1/,50 2/,50

O 1/,50 1/,50

aLetters indicate the nodes labeled as in figures 33–40. Each column corresponds to different analyses described and

compared in the text. 1, Postcranial data, CO coding for polymorphic entries; 2, postcranial data, TS coding; 3, all

nonmolecular data set (including postcranium), CO coding; 4, all nonmolecular dataset (including postcranium), TS

coding; 5, combined data (including postcranium), CO coding; 6, combined data (including postcranium), TS coding; 7,

combined data (including postcranium), RAG-1 eliminated, CO coding; 8, combined data (including postcranium),

RAG-1 eliminated, TS coding.
bIncluding Metachirus.
cExcluding Metachirus.
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clade in the total morphology consensus tree
is remarkably different. In the topology
obtained by Jansa and Voss (2005: fig. 1C)
this clade is located as sister of the Mono-
delphis-large opossums group (node O),
whereas when including the postcranial
evidence this group appears as forming part
of node B in the CO coding analysis (fig. 35).
The monophyly of Marmosops (node M) is
also kept, but its position is different when
the postcranial characters are considered.
When omitting postcranial evidence, its
position is basal in the clade that includes
the large opossums, Monodelphis (node O),
and the complex Thylamys-Lestodelphys-
Chacodelphys (Jansa and Voss, 2005: fig.
1C). Nonetheless, in the CO coding total
morphology analysis this monophyletic ge-
nus appears as sister to node O (node G and
Monodelphis, fig. 35).

Although the parsimony analysis consider-
ing only the postcranial data set resulted in a
well-resolved strict consensus but with lower
consistency and retention indices compared
to the total morphology analysis (i.e., the
postcranial characters defined here and the 71
nonmolecular characters defined by Voss and
Jansa, 2003; see tables 5, 7; figs. 33, 35),
several relationships (which are recovered in
both analyses separately) are kept with the
inclusion of postcranial evidence (tables 6, 7):
the intermediate position of Hyladelphys
between caluromyines and didelphines is
recovered in all morphological analyses, as
is the monophyly of Monodelphis, Marmosops
(node M), and the large opossums (Didelphis,
Philander, Lutreolina, Chironectes, and Me-
tachirus [node G]). Several nodes recovered by
including genetic evidence (Jansa and Voss,
2005; Jansa et al., 2006; Gruber et al., 2007)
were not found based on morphological
evidence omitting postcranial characters. As
mentioned above, the inclusion of postcranial
evidence also produces better resolution.
Nodes B and G (fig. 35) specifically are also
recognized in a more inclusive morphological
data set, with the postcranial characters
concatenated to the previously defined non-
molecular evidence (table 7).

HYPOTHESES BASED ON COMBINED EVI-

DENCE: The inclusion of postcranial charac-
ters in the combined data set performed by
Jansa and Voss (2005), Jansa et al. (2006),

and Gruber et al. (2007) causes some
interesting alterations in the resulting hy-
potheses (table 7). The general topology
(figs. 37, 38) shows several congruences with
diverse aspects of molecular (IRBP, DMP-1)
and nonmolecular evidence (table 8). The
recent inclusion of RAG-1 sequences (Gru-
ber et al., 2007: figs. 1, 2) resulted in the well-
supported clustering of distantly related
clades based on profuse evidence: clade B
(Thylamys-Cryptonanus-Gracilinanus) as sis-
ter of clade I (Marmosa-Micoureus complex).
However, the addition of postcranial evi-
dence to the supermatrix analyzed by Gruber
et al. (2007) did not recover this apparently
spurious clade (figs. 37, 38). The homoplasy
caused by the convergence in CG content on
the third position in RAG-1 sequences
(Gruber et al., 2007) is hidden by the effect
of the phylogenetic information coming from
the postcranial evidence, independent of the
treatment applied to polymorphic characters.

Another example of the influence of post-
cranial data on previously combined data sets
is the position of Hyladelphys (table 6). As
mentioned before, this monotypic and recent-
ly recognized genus was located in a basal
position, intermediate to didelphines and
caluromyines, based on profuse molecular
and morphological support (Jansa and Voss,
2005). The recent inclusion of RAG-1 se-
quences alters the typical phylogenetic posi-
tion of this taxon, being sister to the already
mentioned and apparently spurious clade (B +
I in Gruber et al., 2007: fig. 2), although with
low support values. The inclusion of postcra-
nial characters in the combined data set (even
including the RAG-1 sequences and its third
positions) replaces the typical intermediate
position of Hyladephys (figs. 37, 38) between
caluromyines and didelphines.

Although the combined evidence incorpo-
rating the postcranial characters shows some
relationships congruent with earlier evidence
(tables 7, 8), the position of the cursosalta-
torial Metachirus and the recently described
Tlacuatzin are highly affected, as was also
demonstrated in total morphology analyses.
In previous molecular and combined analyses
(table 8), Metachirus was within the clade
conformed by the large opossums (Didelphis,
Philander, Lutreolina, and Chironectes; node
G), usually in a basal position (see Gruber et
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al., 2007; Jansa and Voss, 2005; Jansa et al.,
2006). Nonetheless, the addition of postcra-
nial characters to the combined evidence
relates Metachirus with Marmosops parvi-
dens-M. pinheiroi, nested in the speciose clade
labeled C in figures 37 and 38 (table 7). The
inclusion of Metachirus in that group is
unlikely in view of the huge amount of
phylogenetic information (even postcranial)
relating this species to other large opossums.
The inclusion of postcranial characters in
previously combined evidence (considering
also RAG-1 sequences, see appendix 3)
apparently affects the presumably true phy-
logenetic position of Metachirus.

Similarly, consideration of postcranial
morphology in combined analyses notably
alters the position of Tlacuatzin canescens,
which is sister of Monodelphis in all recent
combined evidence (see Jansa and Voss,
2005: fig. 1D; Jansa et al., 2006: fig. 5;
Gruber et al., 2007: fig. 2). By adding the new
data set, Tlacuatzin became sister to the
Marmosa-Micoureus complex (node I), a
relationship not found in previous analyses.
This topology is highly interesting because T.
canescens was traditionally included in the
nonmonophyletic genus Marmosa. However,

even when the decay index of this clade is
high in the TS and CO coding combined
analyses, the jackknife values in both analy-
ses are notably lower (figs. 37, 38).

As described in the results, the topology
obtained by including genetic evidence in the
CO coding analysis is highly resolved and
better supported than the morphology-only
analyses (tables 7, 8). However, even if the
topologies from both kinds of coding of
polymorphic characters are considerably
congruent in some aspects (figs. 37, 38;
table 7), the clustering of the mouse opos-
sums recovered with the CO coding analysis
is remarkable (node L; table 7; although
Metachirus is nested in this clade). Here, the
addition of postcranial evidence to previous
nonmolecular and genetic evidence causes the
clustering of the mouse opossums only in the
CO coding analysis, although with most of
the support values being low (fig. 37; ta-
ble 7), which were also paraphyletic in all
previous nonmolecular and molecular (ta-
ble 8) analyses (e.g. Voss and Jansa, 2003;
Jansa and Voss, 2000, 2005; Voss et al., 2005;
Jansa et al., 2006; Kirsch and Palma, 1995;
Patton et al., 1996), and even in all remaining
analyses in this report (table 7).

TABLE 8
Nodes Recovered in Previous Molecular and Combined Evidence

(All combined analyses excluding postcranial evidence. Letters indicate the nodes labeled as in figures 33–40.)

Node

IRBP (Jansa

and Voss, 2005)

DMP-1 (Jansa

et al., 2006)

RAG-1 (Gruber

et al., 2007)

Combined (Jansa

and Voss, 2005)a

Combined (Gruber

et al. 2007)b

Combined (Gruber

et al., 2007)c

Ad

B

C

D

E

F

G

H

I

J

L

M

N

O

aRAG-1 not included.
bRAG-1 included.
cThird position of RAG-1 eliminated.
dNode A (Lestodelphys-Thylamys) is not documented in Gruber et al. (2007) because the RAG-1 sequence data for

Lestodelphys is unavailable.
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As discussed above, the addition of post-
cranial characters recovered some relation-
ships already supported by previous com-
bined analyses (tables 7, 8), but the resulting
topologies are contradictory in some posi-
tions. Despite the mentioned incongruences
in the positions of Metachirus and Tlacuatzin,
the node labeled O, which includes Mono-
delphis as sister to the large 2n 5 22
opossums, is recovered when considering
the postcranial evidence, but it has not been
obseved before in any previous molecular or
combined analyses (table 8), except in two
analyses in this report (table 7), and in the
partial morphological evidence from Jansa
and Voss (2005: fig 1C). However, this node
is recovered with low support (fig. 38;
table 7). Another clear difference concerns
the already recognized nodes J and H (Voss
and Jansa, 2005: fig. 1D; Gruber et al., 2007:
fig. 6A–C; Jansa et al., 2006: fig. 4B; table 8),
which are well-supported sister groups in
previous combined evidence, although this
relationship is broken by inclusion of the
RAG-1 sequence (figs. 37, 38; see Gruber et
al., 2007: fig. 2).

In view of the high convergence of CG
content on the third positions, a more
congruent topology was obtained when the
third positions of RAG-1 were experimental-
ly eliminated (table 8: Gruber et al., 2007).
When omitting the RAG-1 sequence from the
combined data set presented here, the rela-
tionships obtained are highly congruent with
previous evidence recently published, recov-
ering almost all nodes already recognized,
even in the TS coding analysis (figs. 39, 40;
tables 7, 8). Independent of deep branch
differences of the partitioned evidence (de-
pending on the CO or TS treatment of
polymorphic characters), Metachirus recov-
ers its traditional position as sister of the
remaining 2n 5 22 large opossums (node G),
and Tlacuatzin is relocated as sister to
Monodelphis. The topology obtained with
the TS partitioned analysis (fig. 40) is basi-
cally similar to the one obtained in the
combined analysis by Jansa and Voss (2005:
fig. 1D) and some combined topologies
obtained by Gruber et al. (2007: fig. 6A–C)
and Jansa et al. (2006: fig. 5). Most nodes
already documented are recovered: nodes H,
J, C, G, B, and I (table 7). However, as in the

complete combined data set, the application
of different criteria for treatment of poly-
morphic data in the partitioned analysis
strongly affects the relationships and phyletic
condition of the mouse opossums, since in
the CO coding analysis node H is not
recovered, and the mouse opossums (node
L) are monophyletic although moderately
supported (fig. 39; table 7). In this sense, the
inclusion of postcranial evidence concatenat-
ed to the previous combined data set has
notable influence on deep branch topology,
depending of the mode of coding polymor-
phic characters. The partitioned TS com-
bined analysis (excluding RAG-1; fig. 40)
recovers all of the topologies already ob-
served (table 7), which indicates that the
inclusion of postcranial characters does not
contradict the relationships obtained with
profuse previous combined evidence (ta-
ble 8).

THE POSTCRANIAL ANATOMY AS EVIDENCE OF

DIDELPHID RELATIONSHIPS AND POSTCRANIAL

SYNAPOMORPHIES IN DIDELPHINAE

The study of diversity of the cranioskeletal
system is one of the most critical areas of
research for the understanding of various
aspects of behavior and ecological morphol-
ogy, particularly locomotion and feeding
habits in marsupials (Szalay, 1994). Even if
the most common conception points toward
the close evolutionary relationship between
craniodental anatomy and feeding demands,
the movements linked to locomotion, pos-
ture, and other behavioral patterns are
particularly dependent on the musculoskele-
tal system. Moreover, the skeletal morphol-
ogy of the most abundantly represented
Neogene forms, or extant marsupials, has
not been adequately studied from the per-
spective of evolutionary morphology (Szalay,
1994). Because the skeletal structure is highly
correlated with posture, habits, and locomo-
tion, several patterns (both in the axial and
appendicular skeleton) have been associated
with an apparent functionality. Several recent
papers (e.g. Argot 2001, 2002, 2003a, 2003b,
2004a, 2004b; Szalay, 1994; Sears, 2004;
Szalay and Sargis, 2001; Weisbecker and
Sánchez-Villagra, 2006) have revised the
postcranial morphological patterns in mar-
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supials and their associated forms-functions
on the metatherian postcranium.

The didelphid relationships have been
examined with different kinds of data (mo-
lecular and morphological), but the applica-
tion of postcranial characters has never been
considered as evidence of didelphid phylog-
eny in a cladistic frame on a denser taxon
sampling. Several postcranial characters de-
fined by Horovitz and Sánchez-Villagra
(2003) are highly variable within the didel-
phid taxa included in this report, although
the postcranial unambiguous synapomor-
phies proposed for Didelphidae in the cited
work are also evidenced in all didelphid
taxonomic samples considered herein.

Some postcranial topologies recovered in
this study (figs. 33, 34) are clearly congruent
and noncontroversial with clades already
recognized based on other evidence (mor-
phological and molecular; tables 6–8). The
postcranial morphology has showed inherent
phylogenetic information in recovering some
traditionally recognized relationships and
monophyletic groups (tables 7, 8; appendix
3). However, the postcranial evidence in
didelphids also produces some unusual rela-
tionships, a product of the convergence of
characters strongly associated with form-
function patterns. In other words, several
postcranial characters exhibited the same
condition in taxa with analogous locomotion
and/or posture patterns, which are clearly
linked to specific form-function. For in-
stance, the particular vertical orientation of
the astragalonavicular facet of the astragalus
(ch. 112[1]) and the depth of the distal
calcaneocuboid facet of the calcaneus showed
by Metachirus and Monodelphis suggest an
increased functional importance of flexion-
extension of the hindfoot in both terrestrials
but not closely related taxa (Szalay, 1994).
This is a hint that some atypical relationships
obtained are possibly caused by morpholog-

ical constraints of form-function in some
structures, which can hide the true relation-
ships obtained from other kinds of evidence
when the postcranial data set is analyzed
separately. This homoplasy is presumably the
cause of the low values of consistency index
and the poor resolution of the strict consen-
sus (mainly in the TS coding postcranial-only
topology, fig. 34) compared to the more
resolved trees obtained from the total mor-
phology (fig. 35) and combined evidence
(figs. 37–40; table 5).

In the topologies based on the postcranial-
only data set, the monophyly of several
traditionally recognized polytypic genera
(sensu Gardner, 2005), such as Gracilinanus,
Marmosa, and Cryptonanus, are not recov-
ered, and some relationships had not been
recovered in previous analyses (figs. 33, 34).
For instance, the monophyly between the
partially terrestrial Thylamys and the highly
terrestrial Monodelphis is recovered in the
strict consensus of the TS coding postcranial
analysis (fig. 34), which is supported by an
array of characters clearly related to specific
capacities of movements: position of the
vertebra where the accessory process is
differentiated from the transverse process
on T7 (implying an anterior point restricting
lateral flexibility; ch. 30[1]), or absence of a
longitudinal groove on the lateral surface of
the ulna for insertion of Mm. abductor
pollicis longus and anconeus (muscles well
developed in arboreal forms [Argot, 2001];
ch. 77[0]). In all other topologies obtained
here (i.e., total morphology and combined,
figs. 35–40), as well as in previous hypotheses
(Jansa and Voss, 2000, 2005; Gruber et al.,
2007; Voss and Jansa, 2003; Jansa et al.,
2006; Reig et al., 1987; Kirsch and Palma,
1995), Monodelphis and Thylamys are clus-
tered in clearly distant clades. Only in the
pioneer nonmolecular analysis of Creighton
(1984) are both taxa clustered in a mono-

r

Fig. 39. Strict consensus of six equally most parsimonious trees resulting from cladistic parsimony
analysis of morphological and genetic data combined, excluding RAG-1 sequences, for 44 didelphid taxa
where polymorphic data were treated as composite entries (CO). Numbers above branches refer to
absolute Bremer support values ($1). Numbers below branches refer to jackknife frequencies (cutoff value
5 50%). Heavy lines denote branches with a decay index of $4. Outgroup taxa are indicated with
asterisks. Alphabetic labels indicate didelphine clades discussed in the text.
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phyletic clade. Another interesting example
of a functional component in postcranial
characters is the unusual basal position of
Lestodelphys on the large opossum clade
(node G) in the TS coding postcranial
evidence (fig. 34). The typical position of this
terrestrial mouse opossum is close to Thyla-
mys (node A), based on profuse previous
evidence (Jansa and Voss, 2000, 2005; Voss
and Jansa, 2003; Jansa et al., 2006; Flores,
2003; Creighton, 1984; Reig et al., 1987;
Kirsch and Palma, 1995; tables 7, 8). How-
ever, Lestodelphys and most of the large
opossums shared some character states
linked to functional implications on posture
and locomotion. In both Lestodelphys and
most of large opossums, the spinous process
on C6 is laminar (ch. 17[2]) and the femoral
lesser trochanter is scarcely developed (ch.
93[0], see Metachirus in fig. 27).

An additional example of an unusual
relationship possibly caused by constraints
from functional demands is the sister rela-
tionship between the terrestrial Metachirus
and the specialized swimmer Chironectes in
the TS coding postcranial analysis, being
closely related to the long recognized mono-
phyletic Didelphis. The previous phylogenetic
evidence does not recover Metachirus-Chir-
onectes as sister taxa, with both being
successively arranged in the clade containing
the large opossums (Reig et al., 1987; Kirsch
and Palma, 1995; Jansa and Voss, 2000,
2005; Voss and Jansa, 2003; Gruber et al.,
2007). In the scheme obtained from postcra-
nial evidence (fig. 34), both monotypic taxa
are clustered as a monophyletic group
sharing some synapomorphies associated
with specific locomotion or postural patterns:
ventral tubercle of atlas of triangular shape
(ch. 5[3]), cranial notch of neural arch of axis
wide (ch. 15[1], fig. 1), ilium with the distal
portion barely curved laterally (ch. 90[1],
fig. 26), prepollex absent (ch. 104[0]), and

astragalus with well-developed astragalona-
vicular facet not contacting the sustentacular
one (ch. 110[0], fig. 31), although in AMNH
148720 both facets are slightly in contact (see
Szalay, 1994: fig. 7.12).

Alternatively, as stated above, the postcra-
nial evidence supports the monophyly of
some traditionally already recognized groups
(tables 6–8; fig. 33), such as Thylamys, Mi-
coureus, Monodelphis, Marmosops (node M),
Didelphis, Philander, and the large opossums
(node G), which are currently recognized by
other kinds of evidence (e.g., Reig et al.,
1987; Kirsch et al, 1995; Kirsch and Palma,
1995; Jansa and Voss, 2000, 2005; Jansa et
al., 2006; Voss and Jansa, 2003; Gruber et al.,
2007; table 8). Similarly, the intermediate
position of Hyladelphys among caluromyines
and didelphines is also recovered here based
on postcranial evidence (figs. 33, 34; table 6),
proving its basal position in the didelphid
crown group and reinforcing its intermediate
phylogenetic position between caluromyines
and didelphines already obtained from other
sorts of evidence (table 6).

Although not strongly supported, the
species of Monodelphis included in this
analysis are clustered in a monophyletic
group supported by an array of postcranial
traits coming from caudal vertebrae mor-
phology, scapula, and some characters from
the forelimb and hindlimb. In the same way,
Marmosops (node M) is also recovered as
monophyletic based on postcranial morphol-
ogy, although the support values are not high
in both TS and CO coding (table 7). This
group was already recovered as monophyletic
by different kinds of evidence (tables 7, 8); in
this report, I add two postcranial characters
(deltopectoral crest notably developed, ch.
68[1], and osseous posteroventral extension
of the ischium, ch. 86[1]; fig. 23) that
reinforce the monophyletic nature of this
genus (appendix 3). Other groups of mouse

r

Fig. 40. Strict consensus of four equally most parsimonious trees resulting from cladistic parsimony
analysis of morphological and genetic data combined, excluding RAG-1 sequences, for 44 didelphid taxa
where polymorphic data were treated as transformation series (TS). Numbers above branches refer to
absolute Bremer support values ($1). Numbers below branches refer to jackknife frequencies (cutoff value
5 50%). Heavy lines denote branches with a decay index of $4. Outgroup taxa are indicated with
asterisks. Alphabetic labels indicate didelphine clades discussed in the text.
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opossums previously recognized, such as
Thylamys and Micoureus, are also recovered
under CO coding postcranial morphology
alone (fig. 33). However, even if both genera
where recovered as well-supported natural
groups in some published analyses (e.g.,
Jansa and Voss, 2005; Gruber et al. 2007),
their monophyletic condition was proved
only in a molecular or combined frame.
Here, both groups are slightly supported in a
morphological context (appendix 3): in Thy-
lamys the diaphragmatic element is placed on
T10 (ch. 27[0]), the longitudinal groove in the
lateral surface of the ulna is absent (ch.
77[0]), and the bicipital tuberosity of the
radius is scarcely marked (ch. 81[0]), whereas
in Micoureus the medial relief for m. teres
major on the humerus is absent (59[0]).

As mentioned above, the large opossums
(Didelphis, Lutreolina, Chironectes, Philander,
and Metachirus; node G) were widely recog-
nized in previous papers (table 8). Some
postcranial characters, principally traits com-
ing from vertebrae, ribs, and humerus
morphology, also add synapomorphies that
support the monophyletic condition of this
group (appendix 3). A last noncontroversial
outcome is the monophyly of Didelphis and
Philander, since those genera were largely
recovered as natural groups based on several
kinds of characters (e.g., Patton et al., 1996;
Kirsch et al., 1995; Jansa and Voss, 2003;
Flores, 2003; Jansa et al., 2006; Jansa and
Voss, 2005; Gruber et al., 2007). The three
species of Didelphis included in this report
shared the especially strong and scarcely
mobile articulation of cervical and thoracic
vertebrae (appendix 3), which was illustrated
by Coues (1869), whereas the three species of
Philander included in this study are clustered
by the morphology of the axis, as well as by
some special patterns of the forelimb and
femur (appendix 3).

CONCLUSIONS

The recent impulse and increase of knowl-
edge on didelphid phylogeny is the result of
the contribution of the inclusion of a denser
taxon sampling and the consideration of
varied evidence coming from both nuclear
sequences (IRBP, DMP-1, and RAG-1) and
morphology. Although the nonmolecular

aspects frequently have resulted in low
resolved topologies compared with hypothe-
ses based on genetic evidence, they are in
general agreement with genetic and combined
data sets. Topologies coming from postcra-
nial characters only are in general well
resolved (mainly in CO coding analysis) and
do not conflict with well-supported groups
and relationships (e.g., Hyladelphys as inter-
mediate between didelphines and caluro-
myines; the monophyly of large opossums;
and Didelphis, Philander, Monodelphis, Thy-
lamys, Micoureus, and Marmosops as natural
genera), although some unusual clusterings
are observed that result from convergences
possibly caused by functional demands.
However, the contribution of phylogenetic
information from postcranial morpohology
substantially improves the resolution of
previous morphological hypotheses. Some
relationships, formerly evidenced only with
nuclear sequences, are now recovered with
the addition of postcranial characters as well
in a morphological framework. Even with the
recent consideration of RAG-1 sequences,
which reveals some unusual relationships, the
phylogenetic information coming from post-
cranial morphology produces topologies in
better agreement with earlier combined hy-
potheses. However, combined evidence con-
sidering postcranial evidence (including and
excluding RAG-1 sequences) recovered the
clustering of the mouse opossums in the CO
polymorphic character coding. In this sense,
the phylogenetic condition of the mouse
opossums is still problematic when postcra-
nial characters are considered in a combined
data set, although this diverse group is not
recovered in other partitioned analyses per-
formed in this report.

The inclusion of new informative sequenc-
es and other kinds of morphological charac-
ters could provide additional support to
groups recognized before or to new topolo-
gies. In this sense, the anatomical compari-
sons on forearm muscles in didelphids and
some Australasian taxa performed by Abdala
et al. (2006) added some potential new
morphological synapomorphies to clades
already recognized (i.e., nodes C, G, I, and
D). Including a denser taxon sample in such
alternative anatomical systems is an impor-
tant priority in future research on didelphid
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phylogeny for the sake of completeness.
Finally, the pending postcranial observations
in taxa still not analyzed, as well as the exact
condition of missing data of some skeletal
traits, could also reinforce several phyloge-
netic topologies that are slightly supported.
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APPENDIX 1

POSTCRANIAL MATERIAL EXAMINED

The skeletons analyzed for this study are deposited
in the following systematic collections, listed in
alphabetical order by their acronyms: AMNH,
American Museum of Natural History (New York);
BMNH, Natural History Museum (London); CML,
Colección Mamı́feros Lillo (Tucumán, Argentina);
FMNH, Field Museum of Natural History (Chicago);
MMD, Voucher Collection of Mónica Dı́az (will be
deposited at the MUSM, Museo de Historia Natural
de la Universidad Nacional Mayor San Marcos,
Lima, Perú); MSB, Museum of Southwestern Biology
(Albuquerque, New Mexico); MVZ, Museum of
Vertebrate Zoology (University of California, Berke-
ley); MZUSP, Museu de Zoologia (Universidade de
São Paulo, Brazil); RHMH, Rijksmuseum van
Natuurlijke Historie (Leiden, Netherlands); ROM,
Royal Ontario Museum (Toronto); RSV, Voucher
Collection of R.S. Voss (will be deposited at the
AMNH); UMMZ, University of Michigan Museum
of Zoology (Ann Arbor); UWZM, University of
Wisconsin Zoological Museum (Madison).

Caluromys lanatus: AMNH 133199, 133200, 215001
Caluromys philander: AMNH 95761, 267001, 267002,

267337, 95974, RMNH uncataloged, 12866, 10790,
19646, 20664

Caluromysiops irrupta: AMNH 208101, 244364
Chironectes minimus: AMNH 97319, 148720, 212909,

264571, RMNH uncataloged
Cryptonanus unduaviensis: AMNH 210369, 262401
Didelphis albiventris: AMNH 13102, 148320, 170653,

170654, 170664, 204406, 205301, 205382, 205385,
238006

Didelphis marsupialis: AMNH 13448, 97318, 132784,
209164, 210427, 210428, 210439, 210447, 235003,
255854

Didelphis virginiana: AMNH 70082, 146551, 35908,
235278, 70375, 21599, 215193, 240516, 240517,
240519, 240520, 242658

Glironia venusta: MMD 607
Gracilinanus agilis: AMNH 133234, 209157
Gracilinanus microtarsus: MVZ 182057
Hyladelphys kalinowskii: RSV 1572
Lestodelphys halli: UWZM 224223, BMNH 21.6.7.19
Lutreolina crassicaudata: AMNH 133250, 205378,

210421, 210425, CML 2895
Marmosa mexicana: AMNH 189483, 189485, ROM

96090, 99608
Marmosa murina: AMNH 99983, 136159, 254508
Marmosa robinsoni: AMNH 206596, 206597, 206766,

207766, 257209, 257210
Marmosa rubra: FMNH 124612
Marmosops impavidus: AMNH 139226
Marmosops incanus: MVZ 182768, 182769
Marmosops noctivagus: AMNH 136157, 231952
Marmosops parvidens: AMNH 267348, 267344
Marmosops pinheiroi: AMNH 267004, 267005
Metachirus nudicaudatus: AMNH 97320, 136151,

136155, 244617, 267009, CML 7342

Micoureus demerarae: AMNH 257211, 257212,
RMNH 12871, 998, 18228

Micoureus regina: AMNH 61391, 148757
Micoureus paraguayanus: CML 7343, 2867, AMNH

42289, 42911
Monodelphis adusta: AMNH 136158, 139227
Monodelphis brevicaudata: AMNH 48133, 257203,

RMNH 18079, 12851, 17907
Monodelphis theresa: MVZ 182775
Philander frenatus: MVZ 182066, 182067
Philander mcilhennyi: MVZ 190342
Philander opossum: AMNH 61396, 61864, 97332,

133074, 190446, 210406, 210410, 248703, 254509,
261273, 261276, 262415, RMNH 12835, 12838,
12834, MMD 3737, 1995, 835, 2972

Thylamys macrurus: MZUSP 32094, 32095, 32096,
MSB 70700

Thylamys pallidior: AMNH 262405, 262406, 262408,
CML 3189, 3192, 3574, 3575

Thylamys pusillus: AMNH 246442, 246446, 275445,
275446, CML 3198, 3573

Thylamys venustus: AMNH 261245, 261253
Tlacuatzin canescens: UMMZ 94604, 94605

APPENDIX 2

POSTCRANIAL DATA MATRIX

Polymorphic entries are coded as {01} 5 A; {12}
5 B.

Caluromys lanatus: 1111111201 0110002100
1110000143 0101A10111 00031--200 2101020110
1011001102 0113101010 1100100110 1011010110
0111100111 0010

Caluromys philander: 1101111201 0110002100
1110000243 0101110111 00031--200 2101020110
1011001102 0113101000 1100100110 1011010110
0111100111 0010

Caluromysiops irrupta: 1111101201 0010A02100
1110010151 0101110111 0013330200 2A01120110
00110–1102 0112102010 1100101110 1011010110
0111100110 0010

Chironectes minimus: 1101311101 1000102101
1100103201 0001A11111 1113231211 1000120001
10A1110100 0112111001 000000A101 110110A100
0110110110 0011

Cryptonanus unduaviensis: 0001211201 1101100000
0A00101342 1001100111 0100---010 1011120110
1000100011 0112101000 1000100000 1011001110
110?000001 0010

Didelphis albiventris: 1011100000 0110002111
1110110012 0000A10111 0110–2A111 0111011001
11011A0100 1102111000 1000000100 1101100110
0011110111 0010

Didelphis marsupialis: 1011100000 0110002111
1110110012 0000A10111 0110–2A111 01110110A1
11011A0100 1102111000 1000000100 1101100110
001111011A 0010

Didelphis virginiana: 1011100000 0110002111
1110110012 0000A10111 0110–2A111 0111011001
1101110100 1102111000 1000000100 1101101110
001111011A 0010
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Glironia venusta: 1001111101 0101101100 0110101210
1101100000 -0003--010 2101120110 1111001102
0113101000 1100100001 1011011010 0111000110
0010

Gracilinanus agilis: 0A01311211 110010A000
0100100332 1000100111 0112–20111 0011110111
1AA0100A21 011311A000 1000000000 1011000110
1101100001 0010

Gracilinanus microtarsus: 0001211211 ??0?100001
0100101311 10001001?? ?112–?0?1? 0011120110
1000100011 0113101000 0000000000 101100?100
11???00000 0010

Hyladeplhys kallinowskii: 0000110200 1?00001001
0000103222 1001101001 1102---110 1000120100
1010000112 0013101010 0100000110 1011011110
1011100101 1010

Lestodelphys halli: 0001211101 1001102000
0000102220 1000100101 0110–11110 0110120111
1000101021 0112011010 1100000100 100100?110
01???????? ????

Lutreolina crassicaudata: 1001111201 1111002000
110010-232 0000111111 1111-2A111 1001120001
1101110000 1112111010 1000101100 110110?110
001??10111 0010

Marmosa mexicana: 0001210211 1100101001
0110000312 1000000111 0113021111 0011120110
00001–0010 0112100000 0000100100 1011110110
1111100001 A010

Marmosa murina: 0101211201 ??00102001
0100100301 1000A00111 011302A110 ?011120111
10001A0121 011210A000 0000100100 1011010110
0101100001 0010

Marmosa robinsoni: 0A01211201 10A1102000
0 A 1 0 1 0 1 3 1 2 1 0 0 1 A 0 0 1 1 1 0 1 A 1 - 2 A 1 1 0
1 0 0 1 1 2 0 1 A 0 1 0 0 0 1 A A A 2 1 0 1 1 2 1 0 1 0 0 0
0000100100 1011100110 0111100001 0010

Marmosa rubra: 1101310201 1101111100 0110100211
1000110101 01030--111 ??01100110 1100111112
0112101011 0000100010 101101?110 0111100001
0010

Marmosops impavidus: 0001210201 1001001001
0A00100302 1000A00111 0110-21110 0111120100
1000100121 0112101000 1000110100 1011100110
110?100001 0010

Marmosops incanus: 0001210201 0101001001
0100101211 1001100110 –110–0AA10 0111120111
1000110111 0112111100 1000110100 1011001110
1101100001 0010

Marmosops noctivagus: 0A01210201 100100A001
0100101302 1001A0011A -110-21110 011112A011
1000100111 0112101000 1000110100 1011000110
110?100001 0010

Marmosops parvidens: 0001210201 1001101000
0100101321 1010100110 –110–21110 1101120101
1000111111 0010012110 1000110110 1011101110
0101100001 0010

Marmosops pinheiroi: 0001210211 100110100?
0100101331 101010011A 1110-21110 111112011A
1000110111 0112101000 1000110100 1011101110
0101100001 0010

Metachirus nudicaudatus: 1A01310201 1011102A01
1101100212 0010111111 1113221111 0101011001
2101110100 1001011000 0011001001 1101101111
0010101110 0100

Micoureus demerarae: 0001111101 1100001A01
0100100231 1001100111 0113021110 001112010A
100010012B 0113101010 0000100100 1011010110
0111100001 0010

Micoureus paraguayanus: AA01211101 1100001001
0100100231 1001100111 0113021110 00111201AA
1A001A012B 011310A000 0000100100 1011010110
01???????? ????

Micoureus regina: 0001111201 100010AA0A
0100100432 100A100111 0113021110 0011120100
1000100011 0112101000 0000100A00 1011010110
01?1100001 0010

Monodelphis adusta: 0001211201 1101101101
0000100211 1000100111 0113010010 0010110100
1100110111 0112110110 0000100100 1001001110
0011?????? ????

Monodelphis brevicaudata: 0101111101 1101101001
0101100201 1000100111 0112-20110 0010110100
1100110111 0112100110 0000100100 1001001110
0011?10001 0010

Monodelphis theresa: 0001211201 1101101001
0001100342 1000100111 01030--010 1010110100
1100110111 0113101110 0000100100 1001001110
0011110001 0010

Philander frenatus: 1A01211101 1010002100
1100101132 0000111111 1110-21111 0101110011
1101110000 0113101001 000000A100 1101111110
0011110111 0010

Philander mcilhennyi: 1001111201 1000002000
1100100233 0000110111 1110-21111 0101110010
1101110000 0112001001 0000000??0 110111?110
0001110111 0010

Philander opossum: 10A1211001 1010001100
1100100132 0000110111 0110-2A111 01011100A1
1101110000 0113111001 0000000100 1101111110
0011110111 0A10

Thylamys macrurus: 0001?11201 0101101001
0010100231 1000100111 1110-00010 0011100101
1000100011 0112110000 0000100100 0011001110
0011100001 0010

Thylamys pallidior: 0000210211 1000101001
0A10100321 1000100111 0110-20110 0011121110
1000100011 0112110000 0000100100 1000001110
0111100000 0010

Thylamys pusillus: AA01211211 1101100000
0000100231 1000100111 0110-20110 001112A110
11001A0011 0112110000 0000101100 101100?110
0100100001 0010

Thylamys venustus: 000A210211 100110000A
0A00100321 100010011A -110-20110 0011120100
1000100011 0112110000 0000100?00 10??001110
0111100001 0010

Tlacuatzin canescens: 0000111201 A102100000
0100102331 1000100111 011332A011 0001120110
1000100011 0113101000 0000100001 0001101100
010??00001 0010
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