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Abstract

Based on very small upper and lower molars recovered from the Quaternary limestone caves in the State of Tocantins,
northern Brazil, we describe a new genus and species of a didelphimorphian marsupial. A phylogenetic analysis based on
morphological + karyotypic data set recovered the new genus and species as the sister taxon to the living didelphid, Hyl-
adelphys kalinowskii Voss, Lunde & Simons. The new taxon differs from the latter in having a slightly larger size, more
inflated and blunt cusps, greater reduction in number and size of the stylar cusps, in the absence of an anterior cingulum,
a deeper ectoflexus in M2, paracone and metacone subequal in M2, and narrower and eccentric protocones. The new mar-
supial probably weighed no more than 40 g and its molar morphology is suggestive of mixed, insectivorous-frugivorous
feeding habits. Although we regard the fauna of Gruta dos Mouras cave as Pleistocene, we do not negate the possibility
that a temporal mixing (“time-averaging”) of Pleistocene and Holocene specimens existed and that the newly described
taxon is a living marsupial in the study area.
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Introduction

Recent field work in the cave deposits of the southern State of Tocantins, Brazil, have produced a large sample of
Quaternary micro- and large mammals, which include numeral remains of marsupials, rodents, cingulates, among
others (Avilla et al. 2010). A preliminary analysis of the marsupial fauna indicated that none of the studied speci-
mens can be assigned confidently to any known living species cited for the State of Tocantins (see Bezerra et al.
2009, Rocha et al. 2011). One of the marsupials from the cave deposit of Aurora de Tocantins is of general interest
because of its very distinct dental structure in relation to cited living genera for the study area. No comparative den-
tal structure to the marsupial herein described is also observed in the relevant Quaternary cave marsupial faunas
described for Brazil, such as Lagoa Santa, State of Minas Gerais and São Raimundo Nonato, State of Piauí (Winge
1893, Guérin et al. 1993). Below we describe this marsupial and assign it to the Order Didelphimorphia. 

Although the living and late Cenozoic radiations of New World marsupials are of great interest, few studies
dealing with materials from caves or other Cenozoic deposits have been conducted in Brazil. Records of late Ceno-
zoic marsupials are very fragmentary and date back to latest Miocene (Huayquerian SALMA). Czaplewski (1996)
described the remains of indeterminate didelphids from the late Miocene in the Acre region, while Cozzuol et al.
(2006) described a new species of Didelphis Linnaeus from this same age and region. Abundant late Pleistocene
(Lujanian SALMA) marsupial remains have been collected from the limestone caves of Lagoa Santa, State of
Minas Gerais (Winge 1893). Other records include the remains of Didelphis albiventris Lund, Monodelphis domes-
tica Wagner and Marmosa Gray from the late Pleistocene of the State of Piauí (Guérin et al. 1993), and of Gracili-
nanus microtarsus Wagner, G. agilis Burmeister, Monodelphis americana Müller, Thylamys velutinus Wagner,
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Thylamys cf. T. velutinus, Philander opossum Linnaeus, and Didelphis Linnaeus from the Holocene of Rio Grande
do Sul (Hadler et al. 2009).

Several phylogenetic studies performed in the last decades on New World marsupials have revealed the exis-
tence of an unexpected diversity in the living Didelphimorphia radiation, as represented by didelphines, caluro-
myines, hyladelphines, and glironiines (Kirsch & Palma 1995, Reig et al. 1987, Hershkovitz 1992, Goin 1997,
Jansa & Voss 2005, Voss & Jansa 2009). Despite the recent diversity of the order, no fossil representatives of
caluromynes, hyladelphines and glironiines have ever been described (but see Goin et al. 2007).

Here we report the discovery of a new didelphimorphian marsupial in the Quaternary limestone caves of Gruta
dos Mouras, State of Tocantins, northern Brazil, which we show to be a representative of the Hyladelphinae, a
clade of very small marsupials recently proposed by Voss & Jansa (2009). The objective of this paper is to describe
this new genus and species of marsupial, compare it with other fossil and living South American forms, and to dis-
cuss its affinities on the basis on a parsimony analysis involving living didelphimorphians. 

Material and methods

Abbreviations: Institutions: DGEO-UFPE, Departamento de Geologia, Universidade Federal de Pernambuco,
Recife, Brazil. Dental terminology: M1, M2, M3, M4, upper molars; StA, StB, StC, StD, StE: stylar cusps A, B, C,
D, E respectively. Molar cusp and crest nomenclature follow Goin & Candela (2004). L is length (anteroposterior
length) and W is width (labiolingual width). All measurements are in millimeters.

Biochronology: SALMA, South American Land Mammal Age.
Geological setting of the specimen: Material was derived from a limestone cave in Aurora de Tocantins, State

of Tocantins in Northern Brazil (Fig. 1). The study area is geologically poorly understood. Online notes of CPMR
(Companhia de Pesquisa de Recursos Minerais) on the geology of the municipality of Aurora de Tocantins reports
carbonate and terrigenous deposits of the Bambui Group, which is Neoproterozoic in age (CPRM 2006). The car-
bonatic rocks in the region of Aurora do Tocantins are part of the Speleological Province of the Bambui Group,
which contains the limestones that are home to the largest number of caves in Brazil (Zampaulo & Ferreira 2009).

Phylogenetic analysis: We employed a morphological matrix composed of 129 morphological characters pub-
lished in Voss & Jansa (2009) plus eight new dental characters, listed below. We employed the same outgroups of
Voss & Jansa (2009): Dromiciops Thomas, Perameles É. Geoffroy, Murexia Tate & Archbold, Sminthopsis
Thomas, Echymipera Lesson, as representatives of the Australidelphia and the Paucituberculata Caenolestes
Thomas and Rhyncolestes Osgood. Descriptions, illustrations, scorings, and comments regarding characters 1 to
129 are discussed by Voss & Jansa (2003, 2009). The following characters were added to the matrix:

Character 130. Development of stylar cusps (modified from Reig et al. 1987): (0) cusps reduced in number and
size, (1) four to five well developed cusps, (2) two well-developed cusps and the other small. Dromiciops, Hyladel-
phys and the new taxon are representative of the state 0. This character was coded as state 1 for most didelphimor-
phian and Australian taxa, and coded as state 2 for paucituberculatans, Didelphis, and Philander Brisson.

Character 131. Stylar shelf width in relation to talon in M2-M3 (modified from Cifelli 1993 and Goin et al.
2006): (0) narrow, (1) moderate to wider. State 0 is observed in Dromiciops, Perameles, caluromyines, and cae-
nolestids. Remaining taxa exhibits state 1.

Character 132. Metaconule presence (modified from Goin et al. 2006): (0) present, (1) absent. The metaconule
is present in Caluromys J. A. Allen, caenolestids and in Australian taxa. We follow Wroe et al. (2000) regarding the
presence of metaconule in Australian taxa. The presence of metaconule in recent didelphimorphians is contentious
(Voss & Jansa, 2009), but we interpreted that the second and third upper molars of Caluromys bear a metaconule,
which is not restricted to postprotocrista but extends vertically along the labial face of the protocone. 

Character 133. Shape of the labial face of paracone and metacone (Rougier et al. 1998): (0) conical, convex,
(1) not conical, flat to concave. State 0 was scored only for Dromiciops, caluromyines and for the new taxon.

Character 134. Size of paracone and metacone in relation to paracone in M3 (modified from Reig et al. 1987):
(0) subequal to slightly larger, (1) substantially larger. State 0 was coded for Dromiciops, caluromyines, Hyladel-
phys and new taxon. We follow Wroe et al. (2000) regarding the presence of state 1 in Australian taxa.

Character 135. Protocone position on M1 and M2 in relation to transverse mid-line of tooth: (0) central, (1)
eccentric. An eccentric protocone is autapomorphic for the new taxon described in this paper. In the remaining
marsupials, the protocone is transversely aligned to the mid-line of the tooth.
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FIGURE 1. Map showing the municipality of Aurora dos Tocantins, State of Tocantins, Brazil, where the fossil locality is situ-
ated. 
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Character 136. M2 length in relation to M3: (0) M2 clearly smaller than M3, (1) M2 subequal to larger than
M3. A M2 subequal or larger than M3 is observed in Dromiciops, Caluromys, caenolestids, Hyladelphys, and in the
new taxon. Remaining taxa have M2 smaller than M3.

Character 137. Cristid oblique (Archer 1976). Position in relation to posterior face of trigonid: (0) ending lin-
gually, close to postprotocristid notch (1) ending at middle point or well labially to the postprotocristid notch. Most
of didelphimorphians were coded as state 1, except caluromyines. The Australian Perameles, Echymipera, Smint-
hopsis were coded as state 0 (Wroe et al. 2000).

Character 138. Prefossid. (0) poor developed (1) well-developed. Reig et al. (1987) used this character in their
dental description but not in their phylogenetic analysis. The character is related to the presence of a well-develo-
ped basin on the trigonid, similar to the presence of a talonid basin (postfossid). In Hyladelphys and in the new
taxon this character is related to the anterolabial displacement of the paraconid. 

Parsimony analysis of the matrix was carried out using the heuristic search algorithm of PAUP* 4.0b 10 (Swof-
ford 2003) with an initial search of 1000 replications. We enforced a topological constraint in order to obtain the
monophyly of Didelphimorphia. Bootstrap nodal support values (Felsenstein 1985) were calculated using 1000
bootstrap replicates: bootstrap nreps=1000 conlevel=50 keepall=yes cutoffpct=50/ start=stepwise con-
straints=didelph enforce=yes nreps=1000 savereps=yes nchuck=100 chuckscore=10 dstatus=none. Decay indices
(Bremer 1994) were calculated using the commands hsearch keep=[number of steps] timelimit=60 limitperrep=yes
nreps=1000.

Results

Systematics

Supercohort Marsupialia Illiger, 1811

Order Didelphimorphia Gill, 1872
[nom. transl. Aplin & Archer, 1987]

Superfamily Didelphoidea Gray, 1821

Family Didelphidae Gray, 1821

Subfamily Hyladelphinae Voss & Jansa, 2009

Sairadelphys gen. nov.

Etymology. saíra is a word from Tupi language meaning tiny or slender + delphys, a Greek suffix used for New
World marsupials.

Type species. Sairadelphys tocantinensis sp. nov.
Diagnosis. Very small didelphid, with slightly larger size than Hyladelphys. Relatively low crowned molars.

M3 with similarly sized paracone and metacone. Stylar cusps are reduced in number and size. Paracone and
metacone have convex labial faces. Upper molars not strongly carnassialized (i.e. postmetacristae are only slightly
longer than postprotocristae) and postprotocrista are without a carnassial notch. M2 subequal to slightly larger than
M3. First lower molar with well-developed prefossid. Differs from Hyladelphys in having a slightly larger size,
more inflate and sharpless teeth, deeper ectoflexus in M2, no size difference between paracone and metacone in
M2-3, protocone eccentric and very low, absence of anterior cingulum, stronger reduction in number and size of
stylar cusps and smaller M4.

Description. M2 is the largest known molar tooth (M1 is unknown); M2>M3>M4. The ectoflexus is very deep
and symmetrical so that the parastylar and metastylar areas are very conspicuous. The trigon cusps are low and
bunodont. The stylar shelf is much higher than the trigon basin and is transversely wider at both paracone and
metacone in relation to the talon. There are no traces of stylar cusps StA, STB, StC and StE; only a hint of StD is
present in M2. In general, the stylar shelf surface is smooth, with a rounded labial edge. The preparacrista is poorly
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developed, low and ends at the anterolabial corner of the tooth. The postmetacrista is slightly longer than the pre-
paracrista, and extends relatively transversely to the dental axis. The paracone and metacone are subequal in height,
and their labial faces are convex. The lingual edges of the paracone and the metacone are not vertical but instead
gently slope medially. In occlusal view, the paracone is slightly larger than the metacone. A distinct ovate wear
facet is observed at the apices of the paracone and metacone. The centrocrista is low, poorly developed and linear.
Smooth lingual crests descend from the apex to the base of the paracone and the metacone. There are no traces of
anterior or posterior cingulum; para- and metaconules are absent. The protocone is reduced and anteriorly dis-
placed (eccentric). The protocone is round, low and the trigon basin is small. 

M3 differs from M2 in having a more developed metastylar area, the postmetacrista extends slightly less trans-
versely to the dental axis. Furthermore, the anterolingual face of the paracone is mostly rectilinear and the proto-
cone is slightly more eccentric. M4 is very reduced in relation to M2–3 and bears only two cusps, the protocone
and a large parastyle. The labial-most cusp is rounded and anterolabially displaced.

The only lower molar available is an isolated m1 (Fig. 3). It presents low and slightly inflated cusps. The trig-
onid is equivalent in length to the talonid. The protoconid is the tallest trigonid cusp. The metaconid is compressed
labio-lingually and placed aligned transversally to protoconid. The paraconid is wide in its basis, with the apex not
lingual but displaced labially. The trigonid presents a well-developed prefossid. The prefossid is anteriorly delim-
ited by two short crests running from the apex of the paracone to the basis of the protoconid and of the metaconid.
The talonid is wider than the trigonid. The entoconid is the tallest and largest cusp of the talonid, occupying much
of the lingual margin of the talonid. The hypoconulid is small, twinned to the entoconid and slightly displaced labi-
ally in relation to it. The hypoconid is labially expanded and its basis is displaced posteriorly relative to the ento-
conid. The cristid obliqua ends anteriorly at a point labial to the posprotocristid notch. The anterior cingulid is
narrow, and a short labial cingulid occurs in the postero-labial face of the protoconid.

Sairadelphys tocantinensis sp. nov.
Figs. 2–4

Etymology. tocantinensis after the State of Tocantins, where the paleontological site is located.
Type. DGEO-UFPE 6745, incomplete left maxilla with complete M2–4.
Hypodygm. The type and DGEO-UFPE 6746, an isolated left m1.
Locality and age. Municipality of Aurora de Tocantins, cave of Gruta dos Mouras, Sate of Tocantins, Brazil

(12º42´47´´S and 46º24´28´´W); Pleistocene.
Diagnosis and description. Same as for the genus.
Comments. The lower molar assigned to Sairadelphys tocantinensis is similar in morphology to that of Hyla-

delphys and Marmosa (e.g. M. murina Linnaeus). However, in comparison with Marmosa we noted that in DGEO-
UFPE 6746 the crests are less developed and the cristid oblique is most labially placed in relation to the postprotoc-
ristid notch; therefore, the cristid oblique in the new taxon runs less obliquely in relation to the anteroposterior den-
tal axis, a feature that is compatible with the linear centrocrista described for upper molars of Sairadelphys.
Another complementary occlusal relationship between the holotype and the assigned lower molar is related to the
low protocone in Sairadelphys, which is compatible with lower molars with high entoconid as seen in DGEO-
UFPE 6746. 

Measurements (mm). DGEO-UFPE 6745: M2 L =1.38, M2 W=1.77; M3 L=1.42, M3 W=1.50; M4 L= 0.73,
M4 W=0.97; DEGEO-UFPE 6746: m1 L = 1.68, m1 W=0.93. 

Comparisons. Several features of this new marsupial confidently place it in the Didelphimorphia (see below).
However, the presence of plesiomorphic features in Sairadelphys tocantinensis, as exemplified by the presence of a
linear centrocrista, and subequal paracone and metacone, constitute characters absent in most living didelphimor-
phians and, therefore, warrants comparisons with fossil and generalized forms such as Caluromyinae, Sparassocyn-
idae, Peradectidae, Wirunodon Goin & Candela, and Microbiotheriidae. A relationship to the latter can be rejected
on the basis of several characters: the trigon basin is reduced in Sairadelphys (very wide in Microbiotheriidae), the
protocone is narrow (it is wide in Microbiotheriidae), and the stylar shelf is wide in relation to the talon (very
reduced in Microbiotheriidae). Sairadelphys tocantinensis differs from the Peradectidae in the absence of cingula,
para- and metaconule and StC, and in the preparacrista ending at the anterolabial angle of the tooth (stylar cusp A
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region). Furthermore, peradectids are significatively older than Sairadelphys, which was found on Pleistocene sed-
iments (see below). The enigmatic marsupial Wirunodon, from the late Paleogene of Santa Rosa, Peru (Goin &
Candela 2004) resembles Sairadelphys, with some characters such as the reduction of stylar cusps and of the proto-
cone. However, Sairadelphys differs from Wirunodon in having subequal paracone and metacone, absence of ante-
rior cingulum, and much less developed stylar cusps. Sparassocynid affinities of Sairadelphys can be ruled out on
the basis of its absence of cingula and conules (except Hesperocynus Forasiepi, Goin & Martinelli), deep ecto-
flexus (mainly in M3), absence of cutting crests, reduced postmetacrista, and in that the paracone and the metacone
are similar in size. 

Although Sairadelphys shows an unusual morphology, a combination of derived features are consistent with its
assignment to the Didelphimorphia, among which a transversely well-developed stylar shelf in relation to the talon,
and absences of paraconule, anterior cingulum and posterior cingulid. Most of the living didelphimorphians have
an incomplete anterior cingulum in the upper molars and do not have a posterior cingulid in the lower molars (Voss
& Jansa 2009). However, most didelphimorphians have a V-shaped centrocrista, (albeit with variations; Goin
1997), and show a clear difference in height and volume between the paracone and the metacone (as seen in Saira-
delphys, the paracone and the metacone are subequal in height and volume). 

FIGURE 2. Sairadelphys tocantinensis gen. et sp. nov., DGEO-UFPE 6745, type. A, M2–4 in occlusal view; B, M2–4 in lin-
guo-occlusal view. Scale = 1 mm.
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FIGURE 3. Lower molar of Sairadelphys tocantinensis gen. et sp. nov., DGEO-UFPE 6746. A, mesial view, B, posterior
view. Scale bar = 1mm.

Below we describe some characters (including three synapomorphies) that suggest a close relationship between
Sairadelphys tocantinensis and the living Didelphimorphian Hyladelphys kalinowskii, described from the amazon
region in French Guiana, Peru, and Brazil (Hershkovitz 1992, Voss et al. 2001, Jansa & Voss 2005, Astúa 2006).
When compared to Hyladelphys, Sairadelphys is differs in having more inflate cusps, strongly reduced stylar
cusps, and in lacking cingula.

Cladistics . The phylogenetic analysis resulted in 1093 parsimonious trees of 372 steps [consistency index (CI)
= 0.4731, retention index (RI) = 0.7768]. The consensus tree resulting from parsimony analysis of morphological +
karyotypic data set is identical to that which has been previously published (Voss & Jansa 2009: fig. 27), except for
the inclusion of Sairadelphys as the sister taxon of Hyladelphys (Fig. 5). This last clade (Hyladelphinae) composes
a monophyletic group together with Glironia and caluromyines. The genus Tlacuatzin and the Marmosa group
were recovered as a polytomy within the clade reuning hyladelphines +glironiines+caluromyines. Regarding the
results of Voss & Jansa (2009) it is interesting to note that the trees resulting from a mixed-model Bayesian analysis
of a combined (nonmolecular + molecular) data set recovered glyroniines+caluromyines and Hyladelphys as suc-
cessive sister groups to remaining didelphids. 
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FIGURE 4. Lower molar of Sairadelphys tocantinensis gen. et sp. nov., DGEO-UFPE 6746. A, lingual view; B, labial view;
C, occlusal view; D, labio-occlusal view. Scale bar = 1 mm.

The sister taxon relationship between Sairadelphys and Hyladelphys (bootstrap=67%) is supported by three
synapomorphies: development of stylar cusps reduced in number and size (character 130, state 0; CI 0.067), M2
subequal to slightly larger than M3 (character 136, state 1; CI 0.333), and presence of well-developed prefossid
(character 138, state1; CI 1.000). With regards to Hyladelphys, Jansa & Voss (2005) performed a phylogenetic
analysis based on nuclear genes and morphology concluding that this Amazonian marsupial is a didelphid that
occupies an internal branch separating the traditionally recognized subfamilies, Caluromyinae and Didelphinae.
Later, Voss & Jansa (2009) diagnosed the subfamily Hyladelphinae by their vestigial milk dentition (dP3/dp3 are
large, more or less molariform teeth in other opossums) and indicated six characters listed in Jansa & Voss (2005,
table 5), which according these authors, support an intermediate position of Hyladelphys between caluromyines
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and didelphines. Similarly, considering the postcranial morphology in a combined analyses, Hyladelphys was
recovered as the sister taxon to didelphines, with Glironia and calurmonyines occupying a most basal position
(Flores 2009). Besides the synapomorphies listed above, we found additional dental characters supporting the clade
Hyladelphinae, including relatively low crowned molars, similarly sized paracone and metacone in M3, reduction
of stylar cusps in number and size, convex labial faces of paracone and metacone, upper molars not strongly car-
nassialized (i.e. postmetacristae are only slightly longer than postprotocristae) and postprotocrista are without a
carnassial notch.

FIGURE 5. Strict consensus tree of 1093 equally most parsimonious trees. The numbers above branches indicating bootstrap
support values (>50% only; 1000 replicates); numbers below branches represent decay indices.
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Size and inferred feeding habits. Sairadelphys tocantinensis was a very small marsupial comparable in den-
tal dimensions to some of the smallest living didelphimorphians such as Hyladelphys and Gracilinanus Gardner &
Craighton. Adult Hyladelphys weigh between 13 and 18 g (Voss et al. 2001), but Sairadelphys is slightly larger
than Hyladelphys in terms of dental dimensions. Using upper and lower molars, Gordon (2003) published an esti-
mate of body mass in fossil and living marsupials. In all length and width molar measurements of Didelphidae ana-
lyzed in the Gordon (2003) study, Gracilinanus agilis Burmeister and Thylamys elegans Waterhouse are those
better comparable to Sairadelphys, with an average weight of approximately 27 g. The body mass for these species
using length and area of first molars was estimated between 28 to 37 g for Thylamys elegans and from 30 to 40 g
for Gracilinanus agilis. Thus it is probable that Sairadelphys weighed no more than 40 g. 

The upper molar morphology of Sairadelphys includes relatively low crowns, reduced M4, absence of shearing
cristae and reduction of protocones. These features are suggestive of insectivorous-frugivorous feeding habits.
Hyladelphys has more developed posmetacristae than Sairadelphys, which is suggestive of a more insectivorous
diet. 

Age of material. In absence of radiometric dating for the mammal-bearing deposit, the age of the Aurora de
Tocantins fauna is discussed on the basis of the marsupials and associated taxa such as the tayassuid Catagonus
Ameghino, the xenarthran dasypodid Propraopus Ameghino and the glyptodontid Pachyarmatherium Downing &
White (unpublished data). Although some of these taxa (e.g. Propraopus, Pachyarmatherium) are frequently found
in late Pleistocene deposits in Brazil, other taxa do not permit a very accurate age (SALMA or epoch) assignment.
For example, the Catagonus and Pachyarmatherium genera range from the late Pliocene to late Pleistocene of
South and South/North America, respectively (Porpino et al. 2009, Gasparini et al. 2009). However, the genus Pro-
praopus suggests a Pleistocene age because it ranges from the Ensenadan to Lujanian SALMAs (early to late Pleis-
tocene) (Cione & Tonni 1999). The marsupial fauna include numeral isolated teeth, incomplete maxillaries and
dentaries. In addition to the new taxa described here, the preliminary analysis of the remaining marsupials also sug-
gests the presence of a probable new species of Monodelphis Burnertt. Given that none of the studied marsupial
specimens can be assigned confidently to any known living species cited for in Brazil (Gardner 2008), the marsu-
pial fauna is inconclusive in terms of age. Other mammals recovered from the same cave include numerous unde-
scribed remains of rodents, bats, and indeterminate microvertebrates, currently under study (Avilla et al. 2010).

Although we regard the fauna of Gruta dos Mouras cave as Pleistocene, we do not rule out the possibility of
temporal mixing (“time-averaging”) of Pleistocene and Holocene specimens, and thus there is a chance that the
newly described taxon is still a living marsupial in the study area. More field work is necessary for corroboration of
this exciting possibility.

Acknowledgements

Renê de Souza, Anselmo Rodrigues and the staff of the Sociedade Brasileira de Espeleologia who invited us to par-
ticipate in the 8th espeleological expediction to Tocantins and helped us with logistical organization in Aurora do
Tocantins. Dr. Diego Astúa (Universidade Federal de Pernambuco), and Dr. João Alves and Mr. Sergio Maia Vaz
(Museu Nacional, Rio de Janeiro) who granted the analysis of extant marsupials specimens under their care. Dr.
Valéria Gallo (Universidade do Estado do Rio de Janeiro) in supplying an airfare to Recife (Pernambuco) which
allowed the author PVN to visit the mammal collection of the Universidade Federal de Pernambuco. The Conselho
Nacional de Desenvolvimento Científico e Tecnológico (CNPq) for supporting (401812/2010-3) our expeditions to
the caves at Southeastern of Tocantins State. Dimila Mothé for drawing the map of figure 1 and Haydon Mort for
improving the English of this manuscript. We extend our acknowledgments to the editor Marcelo Weksler, two
anonymous referees and to Dr. Robert Voss for suggestions and reviewing errors and ambiguities in the original
manuscript.

Literature cited

Aplin, K.P. & Archer, M. (1987) Recent advances in marsupial systematic with a syncretic classification. In: M. Archer (Ed.), Possums
and Opossums: Studies in Evolution. Surrey Beatty & Sons and the Royal Zoological Society of New South Wales, Sydney,
pp.15–72.

Archer, M. (1976) The dasyurid dentition and its relationship to that of didelphids, thylacinids, borhyaenids (Marsupicarnivora) and

TERMS OF USE
This pdf is provided by Magnolia Press for private/research use. 
Commercial sale or deposition in a public library or website is prohibited.



 Zootaxa 3041  © 2011 Magnolia Press  ·   61A NEW HYLADELPHINE MARSUPIAL FROM BRAZIL

peramelids (Peramelina: Marsupialia). Australian Journal of Zoology, Supplementary Series, 39, 1–34.
Astúa, D. (2006) Range extension and first Brazilian record of the rare Hyladelphys kalinowskii (Hershkovitz, 1992) Didelphimorphia,

Didelphidae). Mammalia, 2006, 174–176.
Avilla, L.S., Rodrigues, M., Villa Nova, P. & Dutra, R.P. (2010) A diversidade dos Didelphimorphia e Rodentia do Quaternário depos-

itados nas cavernas do sudeste do Estado de Tocantins. 7º Simpósio Brasileiro de Paleontologia de Vertebrados, Rio de Janeiro.
Boletim de Resumos, pp.78.

Bezerra, A.M.R., Carmignotto, A.P. & Rodrigues, F.H.G. (2009) Small non-volant mammals of an ecotone region between the Cerrado
hotspot and the Amazonian rainforest, with comments on their taxonomy and distribution. Zoological Studies, 48, 861–874. 

Bremer, K. (1994) Branch support and tree stability. Cladistics, 10, 295–304.
Cifelli, R.L. (1993). Early Cretaceous mammal from North America and the evolution of marsupial dental characters. Proceedings of

the National Academy of Sciences of the United States of America, 90, 9413–9416.
Cione, A.L. & Tonni, E.P. (1999) Bioestratigraphy and chronological scale of upper-most Cenozoic in the Pampean Area, Argentina.

Quaternary of South America and Antarctic Peninsula, 12, 23–51.
Cozzuol, M., Goin, F. J., Reyes, M. De Los & Ranzi, A. (2006) The oldest species of Didelphis (Mammalia, Marsupialia, Didelphi-

dae), from the late Miocene of Amazonia. Journal of Mammalogy, 87, 663–667. 
CPMR (2006) Rochas carbonáticas do Grupo Bambuí na região Nordeste do Estado de Goiás. Available from http://www.cprm.gov.br/

publique/cgi/cgilua.exe/sys/start.htm?infoid=261&sid=32/ (accessed 5 december 2010).
Czaplewski, N. J. (1996) Opossums (Didelphidae) and bats (Noctilionidae and Molossidae) from the late Miocene of the Amazon

Basin. Journal of Mammalogy, 77, 84–94.
Felsenstein, J. (1985) Confidence limits on phylogenies: an approach using the bootstrap. Evolution, 39,783–791.
Flores, D.A. (2009) Phylogenetic analyses of postcranial skeletal morphology in didelphid marsupials. Bulletin of the American

Museum of Natural History, 322, 1–81.
Gardner, A.L. (2008) Mammals of South America. Vol. 1. Marsupials, xenarthrans, shrews, and bats. Chicago University Press, Chi-

cago, pp.1–669.
Gasparini, G.M., Soibelzon, E., Zurita, A.E. & Minõ-Boilini, A.R. (2010) A review of the Quaternary Tayassuidae (Mammalia, Artio-

dactyla) from the Tarija Valley, Bolivia. Alcheringa, 34, 7–20.
Goin, F.J. (1997) New clues for understanding Neogene marsupial radiations. In: R.F. Kay, R.H. Madden, R.L. Cifelli, and J.J. Flynn

(Eds.), A history of the Neotropical fauna. Vertebrate paleobiology of the Miocene in Colombia. Smithsonian Institution Press,
Washington DC., pp. 185–204.

Goin, F.J., Abello A., Bellosi, E., Kay, R., Madden, R. & Carlini, A.A. (2007) Los Metatheria sudamericanos de comienzos del Neóge-
no (Mioceno Temprano, edad-mamífero Colhuehuapense). Parte I: Introducción, Didelphimorphia y Sparassodonta. Ameghini-
ana, 44, 29–71.

Goin, F.J., Pascual, R., Tejedor, M.F., Gelfo, J.N., Woodburne, M.O., Case, J.A., Reguero, M.A., Bond, M., Cione, A.L., Udrizar Sau-
thier, D., Balarino, L., Scasso, R.A., Medina, F.A. & Ubaldón, M.C. (2006) The earliest Tertiary therian mammal from South
America. Journal of Vertebrate Paleontology, 26, 505–510.

Gordon, C.L. (2003) A first look at estimating body size in dentally conservative marsupials. Journal of Mammalian Evolution, 10, 1–
21.

Guerin, C., Hughueney, M., Mourer-Chauviré, C. & Faure, M. (1993) Paléoenvironnment Pléistocène dans l´aire archéologique de São
Raimundo Nonato (Piauí, Brésil): appot dês mamiféres et dês oiseaux. Documents Laboratoire Géologie Lyon, 125, 187–202.

Hadler, P., Goin, F.J., Ferigolo, J. & Ribeiro, A.M. (2009) Environmental change and marsupial assemblages in Holocene successions
of Southern Brazil. Mammalian Biology, 74, 87–99. 

Hershkovitz, P. (1992) The South American gracile mouse opossums, genus Gracilinanus Gardner and Creighton, 1989 (Marmosidae,
Marsupialia): a taxonomic review with notes on general morphology and relationships. Fieldiana Zoology (New Series.), 70, 1–
56.

Jansa, S.A. & Voss, R.S. (2005) Phylogenetic relationships of the marsupial genus Hyladelphys based on nuclear gene sequences and
morphology. Journal of Mammalogy, 86, 853–865.

Kirsch, J.A.W. & Palma, R.E. (1995) DNA/DNA hybridization studies of carnivorous marsupials. V.A further estimate of relation-
ships among opossums (Marsupialia: Didelphidae). Mammalia, 59, 403–425.

Porpino, K.O., Fernicola, J.C. & Bergqvist, L.P. (2009) A new cingulate (Mammalia, Xenarthra) Pachyarmatherium brasiliense sp.
nov. from the late Pleistocene of Northeastern Brazil. Journal of Vertebrate Paleontology, 29, 881–893.

Reig O.A., Kirsch J.A.W. & Marshall L.G. (1987) Systematic relationships of the living and Neocenozoic American ‘opossum-like’
marsupials (suborder Didelphimorphia), with comments on the classification of these and of the Cretaceous and Paleogene New
World and European metatherians. In: Archer, M. (Ed.). Possums and Opossums:Studies in Evolution. Surrey Beatty & Sons and
the Royal Zoological Society of New South Wales, Sydney, pp. 1–89.

Rocha, R.G., Ferreira, E.M.S.L.A., Costa, B.A., Martins, I., Leite, Y.L.R., Costa, L.P. & Fonseca, C.M. (2011) Small mammals of the
mid-Araguaia River in central Brazil, with the description of a new species of climbing rat, genus Rhipidomys (Rodentia:
Sigmodontinae). Zootaxa, 2789, 1–34.

Rougier G.W., Wible J.R. & Novacek M.J. (1998) Implications of Deltatheridium specimens for early marsupial history. Nature, 396,
459–463.

Swofford, D.L. (2003) PAUP* Phylogenetic Analysis Using Parsimony (*and Other Methods), Version 4.0. Sinauer Associates, Sun-
derland.

Winge, H. (1893) Jordfundne og nulevende pungdyr (Marsupialia) fra Lagoa Santa, Minas Geraes, Brasilien. 133pp.
Wroe, S., Ebach, M., Ahyoung, S., de Muizon, C. & Muirhead, J. (2000) Cladistic analysis of dasyuromorphian (marsupialia) phylog-

eny using cranial and dental characters. Journal of Mammalogy, 81, 1008–1024.
Voss, R.S. & Jansa, S.A. (2003) Phylogenetic studies on didelphid marsupials II.Nonmolecular data and new IRBP sequences: sepa-

rate and combined analyses of didelphine relationships with denser taxon sampling. Bulletin of the American Museum of Natural
History, 276, 1–82.

Voss, R.S. & Jansa, S.A. (2009) Phylogenetic relationships and classification of didelphid marsupials, an extant radiation of New
World Metatherian mammals. Bulletin of the American Museum of Natural History, 322, 1–177. 

Voss, R.S., Lunde, D.P. & Simmons, N.B. (2001) The mammals of Paracou, French Guiana: a neotropical rainforest fauna. Part 1.

TERMS OF USE
This pdf is provided by Magnolia Press for private/research use. 
Commercial sale or deposition in a public library or website is prohibited.



OLIVEIRA ET AL.62  ·   Zootaxa 3041  © 2011 Magnolia Press

Nonvolant species. Bulletin of the American Museum of Natural History, 263, 1–236.
Zampaulo, R.A. & Ferreira, R, L. (2009) Terrestrial cave invertebrate diversity in nine caves in the municipality of Aurora do Tocan-

tins (TO). Anais do 300 Congresso Brasileiro de Espeleologia, Montes Claros, MG, pp. 267–274. 

APPENDIX. Coding of the morphological characters (130 to 138) added to the original matrix of Voss & Jansa (2009) and
characters coding for Sairadelphys tocantinensis.

Dromiciops gliroides    001000010
Perameles gunnii    100110000
Murexia longicaudata    110?10010
Echymipera kalubu    110?10000
Sminthopsis crassicaudata    110?10000
Caenolestes fuliginosus     201-10110          
Rhyncholestes raphanurus   201-10110           
Caluromys lanatus    100000100
Caluromys philander   100000100
Caluromysiops irrupta   111000000
Chacodelphys formosa    111110010
Chironectes minimus     111110010
Cryptonanus chacoensis  111110010
Cryptonanus unduaviensis  111110010
Didelphis albiventris    211110010
Didelphis marsupialis   211110010
Didelphis virginiana   211110010
Glironia venusta    111110010
Gracilinanus aceramarcae  111110010
Gracilinanus agilis  111110010
Gracilinanus emiliae 111110010
Gracilinanus microtarsus 111110010
Hyladelphys kalinowskii     011100111
Lestodelphys halli   111110010
Lutreolina crassicaudata 111110010
Marmosa (Marmosa) lepida    111110010
Marmosa (Marmosa) mexicana    111110010
Marmosa (Marmosa) murina      111110010
Marmosa (Marmosa) robinsoni     111110010
Marmosa (Marmosa) rubra    111110010
Marmosa (Micoureus) demerarae   111110010
Marmosa (Micoureus) paraguayana     111110010
Marmosa (Micoureus) regina    111110010
Marmosops impavidus   111110010
Marmosops incanus    111110010
Marmosops noctivagus   111110010
Marmosops parvidens  111110010
Marmosops pinheiroi    111110010
Metachirus nudicaudatus 111110010
Monodelphis brevicaudata   111110010
Monodelphis emiliae  111110010
Monodelphis peruviana  111110010
Monodelphis theresa 111110010
Philander frenatus   211110010
Philander mcilhennyi  211110010
Philander opossum   211110010
Thylamys macrurus  111110010
Thylamys pallidior   111110010
Thylamys pusillus    111110010
Thylamys venustus   111110010
Tlacuatzin canescens   111110010
Sairadelphys tocantinensis ????????????????????????????????????????????????????????????????????????????

??????????????????????0011?0100????????0000001001????011001111
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