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ABSTRACT—Gondwanatherians are a distinctive Cretaceous radiation of Gondwanan mammals. Fieldwork in the
intertrappean beds of Karnataka and Andhra Pradesh, India has yielded a substantial collection of Maastrichtian mam-
mals, including nine isolated teeth that represent at least two sudamericid gondwanatherians. We name a new taxon,
Dakshina jederi, to which we refer six of the specimens and a previously unnamed form (VPL/JU/NKIM/25). The
remaining specimens are identified as Gondwanatheria indeterminate. India’s Late Cretaceous mammal fauna includes
eutherians, a haramiyidan, and sudamericids. Whereas the eutherians likely represent a dispersal event from Laurasia and
the haramiyidan represents a relictual distribution on Gondwana, the gondwanatherians are members of an endemic
Gondwanan radiation. The sudamericid Dakshina possesses several derived features that suggest phylogenetic affinities
with Lavanify from the Maastrichtian of Madagascar and to a lesser extent with Sudamerica from the Paleocene of
Argentina. This pattern of phylogenetic relationships agrees with paleogeographic reconstructions for the breakup of
Gondwana that hypothesize close biogeographic ties among India, Madagascar, and South America; however, gaps in our
temporal and geographic sampling limit our understanding of biogeographic ties that India shares with Africa, Antarctica,
and Australia.

INTRODUCTION

Gondwanatherians, more than any other group of Late Cre-
taceous mammals, have come to underscore the taxonomic simi-
larities among Gondwanan terrestrial biotas and the differences
with their Laurasian counterparts (e.g., Van Valen, 1988; Krause
et al., 1997; Pascual, 1997). These dentally distinctive taxa were
variously assigned to Edentata (e.g., Scillato-Yané and Pascual,
1984; Bonaparte, 1986a, b, 1990), Multituberculata (Bonaparte,
1986a; Krause and Bonaparte, 1990), and tentatively Allotheria
(Krause et al., 1997), but have recently been placed incertae sedis
within Mammalia as an endemic clade with unresolved phyloge-
netic affinities (Pascual et al., 1999). Whereas Gurovich (2005)
maintained that gondwanatherians are multituberculates on the
basis of her detailed morphological study and cladistic analysis,
most workers have followed the assessment of Pascual and col-
leagues (1999). Among them, Kielan-Jaworowska and colleagues
(2004) modified the contents of Gondwanatheria to exclude sev-
eral multituberculate-like specimens tentatively assigned to Fe-
rugliotherium.

Gondwanatherians have yet to be discovered on the well-
sampled Laurasian landmasses, and are known, largely on the
basis of isolated teeth, from almost every Gondwanan landmass.
The Gondwanatheria consist of the Ferugliotheriidae and Suda-
mericidae. Ferugliotheriids have brachydont dentition and are
represented by the lone species Ferugliotherium windhauseni,
which occurs in the Campanian-Maastrichtian of Argentina
(Bonaparte, 1986a). The more widespread sudamericid gond-
wanatherians occur in the Campanian-Maastrichtian and Pa-
leocene of Argentina (Gondwanatherium, Sudamerica, respec-
tively; Scillato-Yané and Pascual, 1984; Bonaparte, 1986b), the

Maastrichtian of Madagascar and India (Lavanify, unnamed
form, respectively; Das Sarma et al., 1995; Anantharaman and
Das Sarma, 1997; Krause et al., 1997), the Eocene of Antarctica
(unnamed form; Reguero et al., 2002; Goin et al., 2006), and
possibly the Cretaceous of Tanzania (unnamed form; Krause et
al., 2003). In addition to their pan-Gondwanan distribution, su-
damericids have garnered attention as the only Mesozoic mam-
mals to evolve high-crowned cheek teeth (i.e., crown hypso-
donty). Initially, their hypsodonty was by default considered an
adaptation for the abrasive materials encountered in a semi-
aquatic or burrowing lifestyle (e.g., roots, bark, grit; Koenigswald
et al., 1999; Patnaik et al., 2001), but with new evidence for
Cretaceous grasses in India (Prasad et al., 2005), it is possible
that sudamericids were the earliest mammalian grazers. As
mammals with definitive “southern” affinities, Indian sudameri-
cids also stand in contrast to Indian eutherian mammals (e.g.,
Deccanolestes) with likely “northern” biogeographic origins
(Krause et al., 1997; Rana and Wilson, 2003).

Despite their importance, gondwanatherian taxa from India
have not been formally named. Krause and colleagues (1997)
published a detailed description of an isolated tooth that was
collected in 1989 from Maastrichtian intertrappean beds near
Naskal, Andhra Pradesh (Fig. 1). Because the tooth was frag-
mentary and poorly preserved, the specimen was referred to
Sudamericidae but was not named. Subsequent work on the In-
dian form has largely focused on additional description of its
derived enamel microstructure (Koenigswald et al., 1999; Pat-
naik et al., 2001).

During the 1990’s, crews from the Geological Survey of India
(GSI) Southern Region undertook paleontological and geologi-
cal fieldwork in the Maastrichtian infra- and intertrappean beds
of Andhra Pradesh and Karnataka (Fig. 1). Underwater screen-
washing of nearly 12 tons of matrix from those exposures led to
the recovery of a large collection of microvertebrate fossils. The*Corresponding author.
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mammalian component includes more than 60 isolated teeth,
dentulous jaws, and postcranial elements that represent at least
two new eutherian taxa, a new “haramiyidan” (Anantharaman et
al., 2006), and two sudamericid gondwanatherians. Some of the
gondwanatherian specimens from this collection were first men-
tioned in brief reports (Das Sarma, 1994; Das Sarma et al., 1995;
Anantharaman and Das Sarma, 1997), but were never fully de-
scribed or named. Here we describe the nine isolated gond-
wanatherian teeth from that collection and refer six of them and
the isolated tooth described by Krause and colleagues (1997) to
a new genus and species. We also assess the phylogenetic affini-
ties of this new taxon and review the paleobiogeographic signifi-
cance of India’s Late Cretaceous mammal fauna among other
Gondwanan mammal faunas.

Institutional Abbreviations—GSI/SR/PAL, Geological Sur-
vey of India, Southern Region, Palaeontology Division,
Hyderabad, India (repository for specimens described herein);
VPL/JU/NKIM, Vertebrate Palaeontology Laboratory, Jammu
University, Jammu, India, Naskal intertrappean mammals;
FMNH, Field Museum of Natural History, Chicago, U.S.A.;
MPEFCH, Museo Paleontológico ‘Egidio Feruglio,’ Trelew, Ar-
gentina; NMT, National Museums of Tanzania, Dar Es Salam,
Tanzania; UA, Université d’Antananarivo, Antananarivo,
Madagascar.

Terminology and Assignment of Tooth Positions—We use
dental terminology that is standard for gondwanatherians (e.g.,
Koenigswald et al., 1999; Gurovich, 2005). Cheek teeth are re-
ferred to as molariforms, recognizing the uncertainty in distin-
guishing between premolars and molars. Isolated molariforms
are assigned tooth positions on the basis of published criteria
(Koenigswald et al., 1999; Pascual et al., 1999; Gurovich, 2005).

MPEFCH 534 is a mandible of Sudamerica ameghinoi from
the Paleocene of Argentina that preserves two mesial molari-

forms and alveoli for an incisor and two distal molariforms (Pas-
cual et al., 1999). Relying on MPEFCH 534, Koenigswald and
colleagues (1999) classified a sample of 30 isolated molariforms
of S. ameghinoi into eight morphological categories. The speci-
mens in these categories were then assigned to the four lower
molariform positions (mf1, mf2, mf3, mf4) and the presumed
four upper molariform positions (MF1, MF2, MF3, MF4). Our
working hypothesis is that sudamericids from the Late Creta-
ceous of India share the same dental formula as the Paleocene S.
ameghinoi. We also assume that despite differences in morpho-
logical details with S. ameghinoi, similar criteria may be used to
assign tooth row positions to the isolated teeth in our sample. It
should be noted that a dentary of a possible gondwanatherian
from the Cretaceous of Tanzania (NMT 02067) exhibits a dental
formula of five, not four, lower molariforms (Krause et al., 2003).
The authors suggested that five lower molariforms may repre-
sent the primitive dental formula for gondwanatherians; never-
theless, tooth row positions for the Indian specimens should be
considered tentative until dentulous mandibular fragments are
known.

SYSTEMATIC PALEONTOLOGY

MAMMALIA Linnaeus, 1758
GONDWANATHERIA Mones, 1987 (Krause and Bonaparte,

1990)
SUDAMERICIDAE Scillato-Yané and Pascual, 1984

DAKSHINA, gen. nov.

Etymology—daakshinaatya, (Sanskrit) means “of the south”
referring to the Deccan region of India where the fossils were
recovered and the restricted geographic distribution of gond-
wanatherians on the southern continents.

Type species—Dakshina jederi sp. nov.
Diagnosis—As for the type and only species.

DAKSHINA JEDERI, sp. nov.
(Fig. 2-4)

Etymology—jeder, nickname of Professor Jeffrey A. Wilson,
vertebrate paleontologist from the University of Michigan, hon-
oring the vital role he played in facilitating the current collabo-
ration.

Holotype—GSI/SR/PAL-G074, a well-preserved, right mf4.
Referred Specimens—GSI/SR/PAL-G059, left mf3; GSI/SR/

PAL-G070, right mf4, both from the type locality; GSI/SR/PAL-
N071, left mf4; GSI/SR/PAL-N210, left i1; GSI/SR/PAL-N212,
right mf4; VPL/JU/NKIM/25, left mf4, all from the Naskal local-
ity.

Localities and Horizons—The holotypic locality is from the
Maastrichtian intertrappean beds near Gokak, Karnataka, India
(Fig. 1; 16° 10� N, 74° 53� E). Fossils were found within 1 m thick,
red silty-mudstone beds, which lie above 2–3 m thick, gray silty-
sandstone beds. The second locality is from Maastrichtian inter-
trappean beds near Naskal, Andhra Pradesh, India (Fig. 1; 17°
15� N, 77° 50� E). Fossils were found within 1–2 m gray sandy-
siltstone beds, which lie above a thin (<1m) greenish chert layer.
Additional data are available from the GSI.

Diagnosis—Autapomorphies of Dakshina: multiple-layered
dental enamel (Patnaik et al., 2001), at least one molariform
position with a V-shaped enamel islet. Differing from Gond-
wanatherium and Sudamerica in: dental enamel with well-
developed inter-row sheets of interprismatic matrix (Krause et
al., 1997; Koenigswald et al., 1999; Patnaik et al., 2001), molari-
forms with perikymata, deep infundibula (Koenigswald et al.,
1999), and vertical furrows only on lingual side of crowns. Dif-
fering from Gondwanatherium in: vertical furrows extending to

FIGURE 1. Map of India and outline of the states of Karnataka and
Andhra Pradesh. Intertrappean mammal fossil localities of Naskal,
Andhra Pradesh and Gokak, Karnataka are indicated with crosses. Scale
bar equals 200 km. [planned for column width]
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base of molariform crowns (Krause et al., 1997). Differing from
Sudamerica in: molariforms gently tapered towards the occlusal
surface. Differing from Lavanify in: molariforms without a V-
shaped dentine lake, with enamel on all sides of crown (Krause
et al., 1997).

Description: Lower Fourth Molariform—The type specimen,
GSI/SR/PAL-G074, is a well-preserved, hypsodont molariform
tooth that is tentatively identified as a right mf4 (Fig. 2). The
crown is oblique to the flat occlusal surface, curved distally and
somewhat buccally along its height (Fig. 2E). The enamel is thick
and continuous throughout the height of the lingual and mesial
aspects of the crown, but it thins ventrally on the buccal and
distal aspects of the crown. Transverse wave-like bands and
grooves (Fig. 2C) called perikymata are evident on the surface of
the enamel along the height of the crown; they relate to striae of
Retzius and the pattern of enamel formation (Moss-Salentijn et
al., 1997). A vertical furrow, which is partially filled with cemen-
tum, extends along the lingual aspect of the crown from near the
base to the occlusal surface. The lingual aspect is also convex
relative to the flat buccal aspect of the crown. The height mea-
sured perpendicularly from the occlusal surface to base of the
crown on the lingual and mesial aspects is 7.57 mm. On the
buccal and distal aspects, the crown is shorter, in part due to
breakage but also possibly due to differential growth and mode
of eruption (Pascual et al., 1999). The dimensions of the crown
gently taper toward the occlusal surface (L � 3.66 mm; W �
2.99 mm). The root is not preserved on the specimen.

The worn occlusal surface is flat and has a sub-rounded to
rectangular outline (Fig. 2D). The vertical furrow that extends
along the height of the crown invades the lingual side of the

occlusal surface to form a trenchant syncline. Along with the
lingual syncline, a shallow indentation on the buccal side sepa-
rates the occlusal surface into two transverse lophs, each with
buccal and lingual lobes. The mesial loph is mesiodistally shorter
than the distal loph, and in both lophs, the lingual lobe is wider
than the buccal lobe. The enamel band that encircles the occlusal
surface is thicker on the mesial and lingual margins than on the
distal and buccal margins (Fig. 2A, B, D). It encloses the dentine
lakes of the mesial and distal lophs and a broad V-shaped or
crescentic enamel islet. The enamel islet is a worn remnant of an
infundibulum, an infolding of enamel that also occurs in the teeth
of ruminants and horses (Hillson, 1986). The islet, which is par-
tially filled with cementum, is centrally located on the occlusal
surface between the mesial and distal lophs. The apex of the V
faces the lingual syncline; the mesial arm of the V points toward
the shallow, buccal indentation; and the distal arm of the V
points towards the distobuccal corner of the occlusal surface. In
mesial view, the occlusal surface forms a very shallow, broad,
mesiodistally-oriented valley. The buccal rim of the valley is dis-
tinctly taller than the lingual rim (Fig. 2E).

Identification of GSI/SR/PAL-G074 as a right lower molari-
form is based on several morphological features. Gondwanathe-
rians have a palinal chewing motion (Krause et al., 1992), such
that the leading and trailing edges on molariform occlusal sur-
faces can be distinguished based on differentially worn dentine
(Costa and Greaves, 1981). On the leading edge, the dentine is

FIGURE 2. Scanning electron micrographs and stipple drawings of the
holotype of Dakshina jederi, right mf4, GSI/SR/PAL-G074. High-
magnification views of A, trailing edge of enamel; B, leading edge of
enamel; C, perikymata. Scale bar equals 500 �. Low-magnification views
of D, occlusal surface of the crown with gray square outlines indicating
position of high-magnification views in A (left) and B (right); E, lingual
aspect of the crown with gray square outline indicating position of high
magnification view in C. Scale bar equals 2 mm. [planned for column
width]

FIGURE 3. Scanning electron micrographs and stipple drawings of
specimens of Dakshina jederi. A, right mf4, GSI/SR/PAL-G070, in oc-
clusal view; B, lingual view of same; C, left mf4, GSI/SR/PAL-N071, in
occlusal view; D, lingual view of same; E, buccal view of same; F, right
mf4, GSI/SR/PAL-N212, in occlusal view. Scale bar equals 2 mm.
[planned for column width]
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protected by enamel and thus, remains flush with the enamel
(Fig. 2B); on the trailing edge, the dentine is unprotected and
erodes below the level of the enamel (Fig. 2A). The leading edge
is thus mesial on upper molariforms and distal on lower molari-
forms. Determination of buccolingual orientation of GSI/SR/
PAL-G074 is based on observations from MPEFCH 534, the
dentulous jaw of Sudamerica ameghinoi. On lower molariforms,
the buccal side of the occlusal surface is taller than the lingual
side, and the relative extent of enamel on the lingual face of the
crown is greater than it is on the buccal face (Koenigswald et al.,
1999; Pascual et al., 1999). Gurovich (2005) argued that in upper
molariforms the opposite is the case. Based on these criteria,
GSI/SR/PAL-G074 is either a right lower molariform or a left
upper molariform. Of the eight morphological categories of Su-
damerica ameghinoi molariforms (Koenigswald et al., 1999), only
mf4 has two-lophs and distobuccal curvature along the height of
the crown. Assuming that these features maintain for Dakshina
jederi, we tentatively identify GSI/SR/PAL-G074 as a right mf4.

Based on the previous features, 4 other specimens are identi-
fied as mf4s of Dakshina jederi. Morphological and size variation
among the mf4s is considered to be primarily due to stage of
wear and degree of preservation. Koenigswald and colleagues
(1999) showed that in molariforms of Sudamerica ameghinoi the
shape of the infundibulum varies along its depth, such that the
shape of the enamel islet on the occlusal surface varies with stage
of wear.

GSI/SR/PAL-G070 is a right mf4 (Fig. 3A,B) that suffered
breakage on the buccal and distal aspects of the crown and to a
slight degree along the lingual vertical furrow. As in all other
specimens in the collection, a root is not preserved. The speci-
men differs from the type specimen in several respects. The
crown height (8.40 mm) is greater than that of the type specimen;
whereas the length and width at the occlusal surface (2.49 mm,
1.75 mm, respectively) are smaller than those of the type speci-
men. Although the occlusal surface is relatively flat, the outer
enamel covering is not worn through to fully expose the under-
lying dentine lakes (Fig. 3A). The vertical furrow is tapered
abruptly at the occlusal surface, resulting in a less trenchant
lingual syncline (Fig. 3A,B). The outline of the occlusal surface
is oval rather than sub-rounded to rectangular. The enamel islet
is distinct but the V-shaped outline is broader than that in the
type specimen. These differences are most likely attributable to
stage of wear, which exposes different patterns of the occlusal
surface (Koenigswald et al., 1999). Thus, GSI/SR/PAL-G070 is
interpreted as a relatively unworn tooth presumably from a
younger individual than the type. The curvature along the height
of the crown is more pronounced than in the type and may be
attributable to the stage of wear and the initial development of a
flat occlusal surface (Fig. 3B). At the base of the crown, the
length and width measurements of GSI/SR/PAL-G070 and the
type are quite similar (L � 3.18 mm, W � 3.18 mm; L �
3.42mm, W � 3.13 mm, respectively).

GSI/SR/PAL-N071 is a fragment of a left mf4 that suffered
breakage on all but the distal aspect of the crown (Fig. 3C–E).
This damage exposed the internal morphology of the infundib-
ulum in mesial and buccal views (Fig. 3E). The crown height is
7.16 mm, and the infundibulum extends in a ventrodistal direc-
tion more than half way down the crown (4.01 mm). The occlusal

←

FIGURE 4. Scanning electron micrographs and stipple drawings of
specimens of Dakshina jederi. A, left mf3, GSI/SR/PAL-G059, in occlu-
sal view; B, lingual view of same (SEM shows artificially abrupt mesial
aspect of epoxy cast, stipple drawing shows true mesial aspect of actual
specimen); C, buccal view of same; D, left lower incisor, GSI/SR/PAL-
N210, in lateral view; E, dorsal view of same. Scale bar equals 2 mm.
[planned for column width]
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morphology is difficult to determine, as the outer enamel border
is missing from the mesial, mesiolingual, and buccal margins (Fig.
3C). The dentine on the distal half of the occlusal surface is
largely worn down, and is completely missing on the mesial half.
The enamel islet is preserved and stands tall above the preserved
dentine and outer enamel border on the distal half of the occlusal
surface. The enamel islet, which is not filled with cementum, is
heart- to V-shaped, and its lingual side (the apex) abuts the
lingual syncline. The length measured at the occlusal surface is
considerably reduced from breakage but is at least 2.14 mm. The
preserved width is 2.42 mm and probably slightly underestimates
the actual width.

GSI/SR/PAL-N212 is a right mf4 (Fig. 3F). The enamel on the
mesial aspect of the crown is missing and the enamel border on
the occlusal surface is broken or missing. The crown curves buc-
codistally along its height and measures 5.86 mm from the lingual
aspect and 1.61 mm from the buccal aspect. The degree of wear
indicates that the tooth is from an older individual. The vertical
furrow is broad near the base of the crown and narrows dorsally.
Although the occlusal morphology is difficult to discern, the
enamel border presumably surrounded two dentine lakes and
the V-shaped central enamel islet (Fig. 3F). The enamel islet is
filled with cementum. The distal, distolingual, and distobuccal
aspects of the enamel border have been reduced in height from
damage, but the outline is still evident. The distal dentine lake is
preserved but also damaged. The mesial dentine lake is missing
as is the mesial aspect of the enamel border, exposing the infun-
dibulum ventral to the occlusal surface. It descends buccoven-
trally to near the base of the crown. At the occlusal surface, the
length is at least 2.66 mm and the width is at least 2.04 mm.

VPL/JU/NKIM/25 is the Indian sudamericid specimen that
Krause et al. (1997) described, but did not refer to a new taxon.
Additional descriptions of the enamel microstructure were also
published by Koenigswald and colleagues (1999) and Patnaik
and colleagues (2001). On the basis of published morphological
descriptions and illustrations (Krause et al., 1997:fig. 2C), we
refer this specimen to Dakshina jederi and tentatively identify it
as a left mf4. The hypsodont crown is curved along its height in
what we interpret as the distal direction; however, it is unclear
from the illustrations whether the crown also curves in the buccal
direction. As in other specimens of D. jederi, enamel appears to
have been present on all sides of the crown. A cementum-filled
vertical furrow travels along the lingual aspect of the crown.
Damage to the buccal aspect of the crown reveals a deep infun-
dibulum. The crown height is about 6 mm, which is within the
range of crown heights for other mf4s referred to D. jederi. The
occlusal surface is flat and morphologically very similar to GSI/
SR/PAL-G070; the two specimens probably represent similar
stages of wear. Some details of the occlusal morphology are
difficult to interpret from the published illustrations; the occlusal
outline is oval, and the centrally located enamel islet forms a
broad V-shape that is almost identical to that of GSI/SR/PAL-
G070. The occlusal dimensions of VPL/JU/NKIM/25 (L ≈ 2.5
mm, W ≈ 1.8 mm; measured from Krause et al., 1997:fig. 2C) are
also almost identical to those of GSI/SR/PAL-G070 (L � 2.49
mm, W � 1.75 mm).

Description: Lower Third Molariform—GSI/SR/PAL-G059
is a hypsodont molariform with a flat occlusal surface and 3
transverse lophs (Fig. 4A–C). The specimen curves along the
height of the crown in the distal direction. The curvature is most
noticeable along the height of the mesial loph and progressively
less in the shorter distal lophs. Although the buccal aspect of
the crown is damaged, it appears that it curves buccally along
its height. The height of crown measured from the mesial aspect
is 5.97 mm. The height of the crown from the distal aspect is
considerably less (2.02 mm). The breakage to the buccal aspect
of the crown reveals three distoventrally-oriented infundibula
(Fig. 4C). The mesial infundibulum is the deepest, descending

more than half the height of the crown; the distal infundibulum
is the shallowest. The lingual aspect of the crown is undamaged
and preserves two vertical furrows, both of which are broadest
dorsally and descend with a slight distal curvature (Fig. 4B).
The length of the crown measured near the base is 4.95 mm
and the width measured at the mesial base is 2.78 mm. At the
occlusal surface, the length is 4.58 mm and the width is at mini-
mum 2.52 mm.

The occlusal surface of GSI/SR/PAL-G059 is moderately pre-
served (Fig. 4A). Damage to the buccal aspect of the crown has
removed most of the enamel band from the buccal margin.
Though the occlusal surface is relatively flat, there is a gentle
dorsobuccal slope. On the lingual margin, the 2 vertical furrows
from the lingual aspect of the crown form synclines that separate
the occlusal surface into 3 transverse lophs. The mesial loph
appears to be the largest of the lophs, partly due to its rounded
mesial cap; the distal loph is the smallest. The lingual lobes of the
transverse lophs are wider than the buccal lobes. The outer
enamel band surrounds three dentine lakes and three merged
enamel islets. In occlusal view, the enamel islets form a single
undulating enamel band; however, the buccal view of the crown
reveals that the enamel islets are the product of 3 separate in-
fundibula.

Identification of GSI/SR/PAL-G059 as a left mf3 is based on
several criteria. Koenigswald et al. (1999) assigned 3-lophed mo-
lariforms of Sudamerica ameghinoi to mf2, mf3, MF3 or MF4 on
the basis of size and curvature along the height of the crown. The
current sample of Dakshina jederi has only one three-lophed
molariform, precluding the use of size. In S. ameghinoi, MF3s
and MF4s have strong lingual curvature; mf3s have slight distal
and buccal curvature; and mf2s do not have curvature along the
height of the crown. The distal and possibly buccal curvature
along the crown suggests that GSI/SR/PAL-G059 is an mf3. The
position of leading and trailing edges on the occlusal surface, the
lingual vertical furrows, and the relative heights of the buccal and
lingual sides of the occlusal surface suggest that the specimen is
from the left side of the jaw. We refer this specimen to D. jederi
on the basis of size and general morphological similarities with
the type, such as the presence of vertical furrows on the lingual
but not buccal aspect of the crown. We assume that differences
in morphological details reflect differences due to position in the
jaw.

Description: Lower Incisor—GSI/SR/PAL-N210 is identified
as a left lower incisor (Fig. 4D,E). It is laterally compressed with
a flat medial aspect and a more convex lateral aspect. The lateral
aspect also has a shallow groove that increases in depth and
breadth toward the apical surface (Fig. 4D). At the apical sur-
face, there appears to be some breakage or perhaps some infold-
ing that has left a rim of enamel that follows the margin of the
groove on to the dorsal surface (Fig. 4E). The cross-sectional
outline at the base of the crown is broad ventrally and tapers
dorsally. Although the entire length of the crown is not pre-
served, the anteroventral margin of the crown follows a gentle
arc with a length of 11.76 mm. The depth of the incisor measured
along a radius of the arc is 3.39 mm. Poor preservation makes it
unclear whether there was a restricted band of enamel along the
anteroventral margin of the tooth. The arc length of the dorsal
margin excluding the apical surface is 5.39 mm. The apical sur-
face is 5.59 mm in length. The anteroventral margin and the
apical surface form an angle of approximately 38 degrees. The
acute angle and the gentle curvature of the crown indicate that
the tooth is a lower rather than an upper incisor (Krause and
Bonaparte, 1993). The size of the tooth suggests that it is refer-
able to Dakshina jederi.

Comments—The large proportion of specimens assigned to
the lower fourth molariform position raises suspicion that the
criteria of Koenigswald et al. (1999) for Sudamerica may not
directly apply to Dakshina. The validity of this assumption
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awaits further testing with the discovery of additional specimens,
particularly dentulous jaw fragments.

Phylogenetic Affinities—Dakshina jederi has large, hypso-
dont molariforms with cementum-filled vertical furrows and a
flat occlusal surface that place it within the Sudamericidae. We
infer lower-level phylogenetic affinities of Dakshina through
comparisons with casts of Sudamerica ameghinoi (MPEFCH
534), Lavanify miolaka (UA 8653, FMNH PM 59520), and the
Tanzanian specimen (NMT 02067), and with published descrip-
tions and illustrations of all sudamericid taxa. As fossil material
that is more complete becomes available, these hypotheses
should be tested in a cladistic framework.

A sudamericid was reported from the middle Eocene La
Meseta Formation of Seymour Island, Antarctica and considered
to be closely related to Sudamerica ameghinoi (Reguero et al.,
2002; Goin et al., 2006). The specimens consist of a dentary
fragment that preserves the intra-alveolar portion of the lower
incisor and a fragmentary upper incisor tentatively referred to
the unnamed taxon. In size and preserved gross morphology, the
lower incisor from Antarctica is comparable to those of Dak-
shina (GSI/SR/PAL-N210) and other gondwanatherians. The
enamel microstructure of the incisors from Antarctica is most
similar to and slightly more derived than that of S. ameghinoi.
Although the enamel microstructure of the lower incisor of Dak-
shina is not known, Goin et al. (2006) suggested that it would be
more derived than that of the Antarctic form on the basis of the
enamel microstructure of its cheek teeth. We await further fossil
discoveries that permit direct comparisons between the Eocene
Antarctic form and Dakshina.

NMT 02067 is a fragmentary left dentary from the “Red Sand-
stone Group” of southwestern Tanzania (Krause et al., 2003). It
was assigned a Cretaceous age and tentatively referred to the
Sudamericidae. The specimen is comprised of dentine stumps of
five hypsodont cheek teeth and a large laterally compressed in-
cisor. Indications are that the molariforms of NMT 02067 were
smaller than those of Dakshina jederi.

Gondwanatherium and Sudamerica are sudamericids from Ar-
gentina. Gondwanatherium is from the Campanian-Maastrich-
tian Los Alamitos Formation in Río Negro Province (Bonaparte,
1986b); whereas Sudamerica is from the lower Paleocene “Banco
Negro Inferior” strata in Chubut Province (Scillato-Yané and
Pascual, 1984). The dental morphology of these taxa is based on
large samples of isolated teeth and a dentulous jaw of S. ameghi-
noi (Krause and Bonaparte, 1993; Koenigswald et al., 1999; Pas-
cual et al., 1999; Gurovich, 2005).

Lavanify is from the Maastrichtian Anembalema Member of
the Maeverano Formation in Madagascar (Krause et al., 1997).
The holotype of L. miolaka (UA 8653) is a well-preserved mo-
lariform that may be identified as a left mf4. The crown is missing
a small portion of the distobuccal occlusal surface. FMNH PM
59520 is a poorly preserved specimen that was provisionally re-
ferred to L. miolaka. Morphological differences from the holo-
type were attributed to tooth position, e.g., FMNH PM 59520 has
a deep infundibulum that forms a circular enamel islet on the
occlusal surface.

Although the evolutionary polarity of sudamericid dental
characters is uncertain, Dakshina, Sudamerica, and Lavanify
share a feature that has been interpreted as derived: vertical
furrows that extend to the base of the molariform crown. Gond-
wanatherium lacks this feature (Krause et al., 1997). Dakshina
and Lavanify share three additional features that may be de-
rived: (1) molariforms with deep infundibula (except UA 8653)
that are not replaced by synclines (Koenigswald et al., 1999); (2)
dental enamel with well-developed inter-row sheets of interpris-
matic matrix (Krause et al., 1997; Koenigswald et al., 1999; Pat-
naik et al., 2001); and (3) molariforms with transverse wave-like
bands and grooves on the enamel surface, i.e., perikymata. Dak-
shina and Lavanify share a fourth feature to the exclusion of

Gondwanatherium and Sudamerica, but the polarity of this fea-
ture is uncertain. Both have vertical furrows on only the lingual
aspect of the molariform crown. Dakshina also differs from
Gondwanatherium and Sudamerica in having relatively small
molariforms. Dakshina and Gondwanatherium possess molari-
forms that gently taper towards the occlusal surface. In contrast,
Sudamerica possesses what is likely the derived state: molari-
forms with nearly the same cross-sectional dimensions through-
out the height of the crown.

Dakshina has two apparent autapomorphies: (1) mf4s with
V-shaped enamel islets; and (2) dental enamel of multiple layers
(radial, tangential, and zone of PLEX, Patnaik et al., 2001);
whereas autapomorphies of Lavanify include possession of at
least one molariform position with a V-shaped dentine lake on
the occlusal surface and lacking enamel on the distal aspect of
the molariform crown (Krause et al., 1997).

On the basis of VPL/JU/NKIM/25, Krause and colleagues
(1997) and Koenigswald and colleagues (1999) contended that
the sudamericid from India was more closely related to the Mala-
gasy Lavanify than either was to the South American sudameri-
cids. Having referred VPL/JU/NKIM/25 to the new taxon Dak-
shina jederi, the larger sample size provides additional morpho-
logical data that reinforce previous phylogenetic hypotheses and
their biogeographic implications; however, we acknowledge that
the Gondwanan fossil record has significant spatial and temporal
gaps that must temper our conclusions (Wilson et al., 2003).

The phylogenetic affinities of gondwanatherians to other Me-
sozoic mammal groups remain unresolved. Central to the debate
is whether gondwanatherians are multituberculates, sister group
to multituberculates, or an independent clade convergent on
multituberculates. Most cladistic analyses of Mesozoic mammals
have omitted gondwanatherians because of the limited morpho-
logical information available (e.g., Luo et al., 2002; Luo and
Wible, 2005). Kielan-Jaworowska and colleagues (2004) placed
gondwanatherians incertae sedis within Mammalia following
Pascual and colleagues (1999), but they removed several speci-
mens from the Ferugliotheriidae and placed them incertae sedis
within Multituberculata. The specimens include a dentary with
a blade-like premolar and isolated, multituberculate-like upper
premolars tentatively assigned to Ferugliotherium by Kielan-
Jaworowska and Bonaparte (1996) and Krause et al. (1992:fig.
2C-F), respectively. Gurovich (2005) retained those specimens in
Ferugliotherium and on the basis of a cladistic analysis, resur-
rected the hypothesis that gondwanatherians are multitubercu-
lates. Her cladistic analysis incorporated a detailed study of all
available gondwanatherian specimens, including some unde-
scribed material from Argentina, and modifications to the ma-
trices of Luo and colleagues (2002) and Kielan-Jaworowska and
colleagues (2004). Testing these hypotheses depends upon addi-
tional field work to recover specimens with the greater morpho-
logical information. For example, a dentulous dentary of Fe-
rugliotherium may resolve the debate as to whether gond-
wanatherians primitively had the multituberculate feature of a
blade-like premolar.

GONDWANATHERIA, indet.
(Fig. 5)

Referred Specimens—GSI/SR/PAL-G111, right upper inci-
sor; GSI/SR/PAL-G112, lower incisor; GSI/SR/PAL-G211, tooth
of indeterminate position, all from the type locality of Dakshina
jederi.

Localities and Horizons—Same as the type locality of Dak-
shina jederi.

Description: Upper Incisor—GSI/SR/PAL-G111 is identified
as a right upper incisor (Fig. 5A,B). It is a well-preserved, later-
ally compressed specimen that is broken at its distal end. The
apical surface and the anterodorsal margin of the crown form an
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angle of approximately 54 degrees. Along with the strong cur-
vature, this relatively less acute angle (see GSI/SR/PAL-G112
below) suggests that the specimen is an upper rather than a lower
incisor. In cross-section, we interpret the more convex aspect of
the crown as lateral and the less convex to flat aspect as medial,
indicating that the specimen is a right upper incisor. As in other
gondwanatherians, the specimen has a narrow restricted band of
enamel along the anterodorsal margin (Krause and Bonaparte,
1993). The arc length along that anterodorsal margin is 4.07 mm;
the arc length of the posteroverntral margin is 1.43 mm; and the
length of the apical surface is 1.15 mm. The depth of the crown
measured along a radius of the anterodocrsal arc is 1.03 mm. On
the basis of morphology, the specimen is referable to Gond-
wanatheria, but its size is smaller than that predicted for upper
incisors referable to Dakshina jederi.

Description: Lower Incisor—GSI/SR/PAL-G112 is tentative-
ly identified as a lower incisor (Fig. 5C,D). The specimen is well
preserved, though the distal end is incomplete. The crown is
long, laterally compressed, and gently curved along its length.
The arc length along the anteroventral margin is 4.84 mm. The
depth of the crown measured along a radius of the anteroventral
arc is 1.03 mm. The arc length along the dorsal margin is 4.02
mm, and the length of the apical surface is 1.59 mm. The apical
surface and the anteroventral margin of the crown form an angle
(∼22 degrees) that is more acute than that of GSI/SR/PAL-G111.
The curvature is also gentler than that in GSI/SR/PAL-G111,
indicating that the specimen is a lower incisor. We do not assign
GSI/SR/PAL-G112 to either side of the jaw because neither side
is more convex than the other in cross-section. It is unclear
whether enamel is restricted to the anteroventral margin of the
crown.

Description: Indeterminate Tooth—GSI/SR/PAL-G211 is a
long, thin tooth that cannot be confidently assigned to a particu-
lar tooth position (Fig. 5E). For the convenience of description,
we interpret the tooth as an anteriorly projecting lower incisor.
The crown gently tapers toward the apical surface, terminating
somewhat abruptly in an oblique angled face. The apical surface
and the ventral margin of the tooth form an angle of approxi-
mately 115 degrees. The apical face is invaginated by a shallow
infundibulum that is exposed in what we interpret as the medial

view. The shallow infundibulum extends only about one fourth
of the depth of the crown. The length of the crown is 4.54 mm
and the width is 1.51 mm. The ventral aspect of the tooth is flat
in contrast to the more convex dorsal margin. Because of its
uncertain position in the jaw and small size relative to teeth of
Dakshina jederi, we include the specimen as an indeterminate
gondwanatherian.

Comments—All 3 specimens are placed within the Gond-
wanatheria and may ultimately be placed within Dakshina jederi;
however, their relatively small size suggests that they represent a
different species.

DISCUSSION AND CONCLUSIONS

The new gondwanatherian material described previously of-
fers an opportunity to highlight progress in our understanding of
Gondwanan Cretaceous mammal biogeography with particular
reference to India. Bonaparte and Kielan-Jaworowska (1987)
proposed the hypothesis that geographic isolation during much
of the Cretaceous led to the evolution of Laurasian and Gond-
wanan faunas with markedly different taxonomic compositions.
Laurasian mammalian faunas were characterized as dominated
by multituberculates, with eutherians and metatherians becom-
ing diverse, while triconodontids, dryolestoids, and spalaco-
theriid “symmetrodontans” went extinct. In contrast, Gond-
wanan mammalian faunas were characterized, on the basis of the
Los Alamitos assemblage of Argentina, as a radiation of dryoles-
toids with other less diverse forms, such as gondwanatherians,
triconodontids, and “symmetrodontans.” Thus, the tectonic
separation of Laurasia and Gondwana led to vicariant evolution
of multituberculate and tribosphenic mammals on Laurasia and
non-tribosphenic endemics and relicts on Gondwana.

“Laurasian” Mammals in Gondwana

Fossil discoveries on the southern continents over the past 30
years have in some ways blurred the biogeographic divide be-
tween Laurasia and Gondwana. Prasad and Sahni (1988) re-
ported a eutherian from the Maastrichtian intertrappean beds of
India, which at the time was considered evidence of early contact
between India and Eurasia. However, a lack of solid geophysical
evidence for a pre-Eocene collision (e.g., Clyde et al., 2003)
makes such an explanation problematic, unless one invokes an
island chain or other dispersal route (see Prasad and Sahni,
1999). Northern tribosphenic mammals (boreosphenidans) are
also known from the Early Cretaceous of Morocco (e.g.,
Sigogneau-Russell, 1991a), but some authors consider north-
western Africa a paleobiogeographic extension of Eurasia (e.g.,
Luo et al., 2001) despite the lack of evidence for a geographic
connection (see Sigogneau-Russell et al., 1998). Nevertheless,
additional fossil discoveries have expanded the distribution of
supposedly Laurasian mammals during the Cretaceous to other
southern landmasses with less controversial geographic histories.
Multituberculates have been found in the Campanian-Maastrich-
tian of Argentina (Kielan-Jaworowska and Bonaparte, 1996),
and multituberculates and metatherians have been found in the
Maastrichtian of Madagascar (Krause and Grine, 1996; Krause,
2001; but see Averianov et al., 2003). Eutherians and metathe-
rians are known from the Maastrichtian of Peru (Grambast et al.,
1967; Sigé, 1972), but the age of these deposits is debated (e.g.,
Van Valen, 1988). Eutherians have also been found in the middle
Maastrichtian of Bolivia (Gayet et al., 2001), and additional eu-
therian taxa have been found in the Maastrichtian of India (Pra-
sad et al., 1994; Rana and Wilson, 2003; Khosla et al., 2004).

At the very least, these discoveries hint that we still have much
left to learn about the geographic distributions of Cretaceous
mammals. Even in South America, where we have the best rec-
ord of Cretaceous mammals of any Gondwanan landmass, sam-

FIGURE 5. Scanning electron micrographs and stipple drawings of
specimens of Gondwanatheria indeterminate. A, right upper incisor,
GSI/SR/PAL-G111, in lateral view; B, ventral view of same; C, lower
incisor, GSI/SR/PAL-G112, in side view; D, dorsal view of same; E,
indeterminate tooth position, GSI/SR/PAL-N211, in side view. Scale bar
equals 2 mm. [planned for column width]
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pling is largely restricted to southern Argentina. Importantly,
geological and palynofloral data suggest that during the Creta-
ceous and Paleocene there was a biogeographic barrier between
northern and southern South America in the form of an epeiric
seaway (Wilson and Arens, 2001). This may possibly explain the
absence of eutherians and metatherians in the Cretaceous of
Argentina and the absence of gondwanatherians in the Creta-
ceous and Paleocene of Bolivia and Peru (Van Valen, 1988).

Gondwanan Relicts

Paradoxically, some recent fossil discoveries on the southern
continents have bolstered the biogeographic divide between
Laurasia and Gondwana. Some non-tribosphenic mammal
groups that went extinct on the northern continents by the Cre-
taceous or earlier persisted as relicts on the southern continents
into the Late Cretaceous and Paleocene, in some cases becoming
quite successful. For example, dryolestoid taxonomic diversity
peaked in Laurasia during the Late Jurassic and dwindled during
the Cretaceous (Kielan-Jaworowska et al., 2004). In Gondwana,
dryolestoids were present in the Late Jurassic of Tanzania
(Dietrich, 1927), the Early Cretaceous of Morocco (Sigogneau-
Russell, 1991b) and possibly Australia (Clemens et al., 2003),
and underwent an impressive taxonomic radiation in the Late
Cretaceous of Argentina (Bonaparte, 1990), surviving into the
Paleocene (Gelfo and Pascual, 2001). Haramiyidans are another
ancient lineage of Mesozoic mammals that were present on the
northern continents during the Late Triassic until at least their
last appearance in the Middle Jurassic (Kielan-Jaworowska et
al., 2004). On the southern continents, they were present in the
Late Jurassic of Tanzania (Heinrich, 1999, 2001) and the Early
Cretaceous of Morocco (Sigogneau-Russell, 1991c; Hahn and
Hahn, 2003; taxonomic reinterpretation of Butler and Hooker,
2005), and survived well into the Late Cretaceous of India
(Anantharaman et al., 2006). Reigitherium from the Campanian-
Maastrichtian Los Alamitos and La Colonia Formations of Ar-
gentina may also represent a Gondwanan relict. Bonaparte
(1990) originally described the only known molar as that of a
dryolestoid. Then, on the discovery of a lower jaw with three
teeth, Pascual et al. (2000) argued that Reigitherium is a highly
derived docodontan. This taxonomic assignment represents a
significant extension to the temporal range of a group that is
otherwise only known from the Middle Jurassic and Early Cre-
taceous of northern continents (Kielan-Jaworowska et al., 2004).
Although the interpretation of Reigitherium as a relict docodon-
tan has been questioned (Kielan-Jaworowska et al., 2004), the
dentition of this mammal remains unquestionably unique and
may point to the endemic nature of Gondwanan mammals.

Gondwanan Endemics

Fossil evidence of Gondwana’s endemism has led paleontolo-
gists to overturn long-held notions of early mammalian evolu-
tion. Phylogenetic analyses now strongly support an independent
southern origin of the tribosphenic molar (Luo et al., 2001; Mar-
tin and Rauhut, 2005). Members of the group, Australosphenida,
are known from the Early Cretaceous of Australia (e.g., Rich et
al., 1997), the Middle Jurassic of Madagascar (Flynn et al., 1999),
and the Middle or Late Jurassic of Argentina (Rauhut et al.,
2002). Monotremes, which are placed within Australosphenida
(Kielan-Jaworowska et al., 2004; but see Rich et al., 2002; Wood-
burne, 2003), are known by several taxa from the Early Creta-
ceous of Australia (e.g., Archer et al., 1985; Rich et al., 2001) and
a single taxon from the Early Paleocene of Argentina (Pascual et
al., 1992; Pascual et al., 2002; Forasiepi and Martinelli, 2003).
They provide a second example of this pattern of convergent
evolution on Gondwana and Laurasia via their independent ac-
quisition of the tri-ossicular middle ear. The earliest monotreme
retained an internal mandibular trough, suggesting that the de-

tachment of certain postdentary bones and their placement in
the middle ear occurred independently in monotremes and the-
rians (Rich et al., 2005; but see Rougier et al., 2005; Bever et al.,
2005). Further attesting to the endemicity of Gondwanan mam-
malian faunas, Krause (2003) reported a bizarre new specimen
from the Maastrichtian of Madagascar. Although the partially-
prepared, incomplete skull and articulated skeleton demonstrate
features that suggest it falls among cladotherian mammals and is
slightly more derived than Vincelestes, the dentition of the Mala-
gasy specimen is so transformed that homologies remain unclear.

Perhaps the most striking example of Gondwanan endemism
is the gondwanatherian radiation. These mammals, which are
found on all southern continents except Australia, are of uncer-
tain phylogenetic affinities. Although they share derived features
with multituberculates, including an inferred palinal jaw motion
and laterally compressed lower incisors with a ventrally re-
stricted band of enamel, they are distinct in having at least four
molariform teeth and lacking blade-like lower premolars (Pas-
cual et al., 1999). Moreover, the large-bodied sudamericids
evolved high-crowned (hypsodont) molariforms with thick
enamel—an adaptation that did not become prevalent among
Laurasian mammals for at least another 30 million years
(Bonaparte, 1988). Whereas most workers agree that the apo-
morphic features shared by multituberculates and gondwanathe-
rians probably arose convergently (Pascual et al., 1999; Krause et
al., 2003; Kielan-Jaworowska et al., 2004), some contend that
their apomorphic features derive from a common ancestor (e.g.,
Gurovich, 2005). Regardless of their phylogenetic relationships
with other Mesozoic mammals, gondwanatherians clearly repre-
sent a distinct southern radiation of mammals that likely filled
ecological roles similar to those of “Laurasian” multitubercu-
lates.

This updated view implies that 3 processes shaped Gond-
wanan Cretaceous mammal faunas. First, as pointed out by
Bonaparte and Kielan-Jaworowska (1987), geographic isolation
led to vicariant evolution of mammals endemic to Gondwana,
such as australosphenidans and gondwanatherians. Second,
mammal lineages experienced differential survival, such that
some persisted as relicts on Gondwanan landmasses long after
their extinction on Laurasian landmasses (e.g., haramiyidans).
Third, infrequent dispersal events may explain the rare occur-
rences of “Laurasian” mammals, such as eutherians and multi-
tuberculates, on Gondwanan landmasses.

Summary and Prospectus

In general, australosphenidans and non-tribosphenic endemics
and relicts predominated Gondwanan Cretaceous mammal fau-
nas. However, a notable exception to this pattern is the mam-
malian fauna from the Late Cretaceous of India. Of the 90 mam-
malian dental specimens from Maastrichtian infra- and intertrap-
pean beds reported in the literature (Prasad and Sahni, 1988;
Prasad et al., 1994; Rana and Wilson, 2003; Khosla et al., 2004;
Anantharaman et al., 2006; this paper) and accessioned to GSI
collections, almost 90% are eutherian mammals, which have
phylogenetic affinities to Laurasian taxa. Although other Indian
Late Cretaceous vertebrates have been forwarded as “Laur-
asian” (see Prasad and Sahni, 1999), they are too fragmentary to
confidently assess their phylogenetic affinities (e.g., discoglossid
and pelobatid frogs, Thewissen and McKenna, 1992; alligatorid
crocodiles, Brochu, 1999). The eutherian mammals (Decca-
nolestes, Sahnitherium, unnamed forms) thus remain as the only
Indian taxa of unchallenged “Laurasian” affinities and as such,
pose several unresolved questions (Prasad and Sahni, 1999; Rana
and Wilson, 2003). Did eutherians reach the subcontinent via a
chain of island arcs or an indirect Gondwanan route? What bio-
geographic filters allowed their dispersal but prevented the dis-
persal of other taxa? Was small body size a factor?
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Other Indian Late Cretaceous vertebrates (e.g., abelisaurid
theropods, baurusuchid crocodyliforms, haramiyidans, suda-
mericids) share closest ancestry with taxa from southern land-
masses, particularly South America and Madagascar (Wilson et
al., 2001, 2003; Anantharaman et al., 2006; Krause et al., 1997).
The new sample of Dakshina provides additional morphological
data that strengthen phylogenetic ties to Lavanify from Mada-
gascar and to a lesser extent Sudamerica from Argentina, as
alluded to by other authors (Krause et al., 1997; Koenigswald et
al., 1999; Patnaik et al., 2001). All three taxa possess molariforms
with vertical furrows that extend the height of the crown; mo-
lariforms of Dakshina and Lavanify also possess deep infun-
dibula, perikymata, and derived enamel microstructure. This
nested pattern of sudamericid phylogenetic relationships (Gond-
wanatherium (Sudamerica (Dakshina, Lavanify))) mirrors the
sequence of sundered connections among these southern land-
masses (South America (India, Madagascar)) proposed by Hay
and colleagues (1999). However, any conclusions drawn from
this pattern must be balanced by an understanding of the sam-
pling disparity across Gondwanan landmasses. India, Madagas-
car, and South America are the only southern landmasses with
reasonably sampled Late Cretaceous faunas (Wilson et al.,
2003), whereas Australia and Africa are only reasonably
sampled during the Early and mid-Cretaceous. Thus, a fuller
understanding of Gondwanan biogeography will only emerge
with even sampling across its constituent landmasses. Among
mammalian forms, both eutherians and gondwanatherians will
share a central role in elucidating the biogeographic history of
India.

Acknowledgments—We gratefully acknowledge the Director
General, Geological Survey of India, for providing necessary
facilities; K. Ayyasami, I. Cara, W.A. Clemens, M. Fortelius, J.
Jernvall, E. Parrish, A. Sahni, C.A.E. Strömberg, J.A. Wilson, G.
Zito, and the Berkeley Natural History Museums for assistance
with logistics, imaging, and manuscript preparation; J. Case, Y.
Gurovich, D.W. Krause, and P. O’Connor for providing com-
parative casts, literature, and discussion; Z. Kielan-Jaworowska,
Z.-X. Luo, J. A. Wilson, and an anonymous referee for critical
reviews of the manuscript; and the Welles Fund (SA, GPW),
University of California Museum of Paleontology, the Denver
Museum of Nature & Science, and NSF (GPW) for financial
support. We especially thank Jane Mason and Bryan Small for
skillful preparation of specimen molds and casts and Mullick
Mohini for help with the Sanskrit translation of the generic
name.

LITERATURE CITED

Anantharaman, S., and D. C. Das Sarma. 1997. Palaeontological studies
on the search of micromammals in the infra and intertrappean sedi-
ments of Karnataka. Records of the Geological Survey of India
130:239–240.

Anantharaman, S., G. P. Wilson, D. C. Das Sarma, and W. A. Clemens.
2006. A possible Late Cretaceous “Haramiyidan” from India. Jour-
nal of Vertebrate Paleontology 26:488–490.

Archer, M., T. F. Flannery, A. Ritchie, and R. E. Molnar. 1985. First
Mesozoic mammal from Australia—an Early Cretaceous mono-
treme. Nature 318:363–366.

Averianov, A. O., J. D. Archibald, and T. Martin. 2003. Placental nature
of the alleged marsupial from the Cretaceous of Madagascar. Acta
Palaeontologica Polonica 48:149–151.

Bever, G. S., T. Rowe, E. G. Ekdale, T. E. Macrini, M. W. Colbert, and
A. M. Balanoff. 2005. Comment on “Independent origins of middel
ear bones in monotremes and therians” (I). Science 309:1492a.

Bonaparte, J. F. 1986a. Sobre Mesungulatum houssayi y nuevos mamif-
eros Cretacícos de Patagonia, Argentina. Actas IV Congreso Ar-
gentino de Paleontología y Bioestratigrafía 2:48–61.

Bonaparte, J. F. 1986b. A new and unusual Late Cretaceous mammal
from Patagonia. Journal of Vertebrate Paleontology 6:264–270.

Bonaparte, J. F. 1988. Specialized dentition in two Cretaceous mammals

from Patagonia. Mémoirs du Museum national d’Histoire naturelle,
Paris, Série C 53:207–215.

Bonaparte, J. F. 1990. New Late Cretaceous mammals from the Los
Alamitos Formation, northern Patagonia. National Geographic Re-
search 6:63–93.

Bonaparte, J. F., and Z. Kielan-Jaworowska. 1987. Late Cretaceous di-
nosaur and mammal faunas of Laurasia and Gondwana; pp. 24–29 in
Currie, P. M. and Coster, E. H. (eds.), Fourth Symposium on Me-
sozoic Terrestrial Ecosystems. Short Papers, Drumheller, Canada.

Brochu, C. A. 1999. Phylogenetics, taxonomy, and histroical biogeogra-
phy of Alligatoroidea. Society of Vertebrate Paleontology Memoir
(supplement to Journal of Vertebrate Paleontology 19) 7:9–100.

Butler, P., and J. J. Hooker. 2005. New teeth of allotherian mammals
from the English Bathonian, including the earliest multitubercu-
lates. Acta Palaeontologica Polonica 50:185–207.

Clemens, W. A., G. P. Wilson, and R. E. Molnar. 2003. An enigmatic
(synapsid?) tooth from the Early Cretaceous of New South Wales,
Australia. Journal of Vertebrate Paleontology 23:232–237.

Clyde, W. C., I. Khan, and P. D. Gingerich. 2003. Stratigraphic response
and mammalian dispersal during initial India-Asia collision: Evi-
dence from the Ghazij Formation, Balochistan, Pakistan. Geology
31:1097–1100.

Costa, R. L., Jr., and W. S. Greaves. 1981. Experimentally produced
tooth wear facets and the direction of jaw movements. Journal of
Paleontology 55:635–638.

Das Sarma, D. C. 1994. Gondwanatherium from Intertrappeans of
Andhra Pradesh. Geological Survey of India Southern Region News
12:10.

Das Sarma, D. C., S. Anantharaman, G. Vijayasarathi, T. T. Nath, and
C. V. Rao. 1995. Palaeontological studies for the search of micro-
mammals in the infra- and inter-trappean horizons of Andhra
Pradesh. Records of the Geological Survey of India 128:223.

Dietrich, W. O. 1927. Brancatherulum n. g., ein Proplacentalier aus dem
obersten Jura des Tendaguru in Deutsch-Ostafrika. Centralblatt für
Mineralogie, Geologie und Paläontologie 1927:423–426.

Flynn, J., M. Parrish, B. Rakotosamimanana, W. Simpson, and A. Wyss.
1999. A Middle Jurassic mammal from Madagascar. Nature 401:
57–60.

Forasiepi, A. M., and A. G. Martinelli. 2003. Femur of a monotreme
(Mammalia, Monotremata) from the Early Paleocene Salamanca
Formation of Patagonia, Argentina. Ameghiniana 40:625–630.

Gayet, M., L. G. Marshall, T. Sempere, F. J. Meunier, H. Capetta, and
J.-C. Rage. 2001. Middle Maastrichtian vertebrates (fishes, amphib-
ians, dinosaurs and other reptiles, mammals) from Pajcha Pata (Bo-
liva). Biostratigraphic, palaeoecologic and palaeobiogeographic im-
plications. Palaeogeography, Palaeoclimatology, Palaeoecology 169:
39–68.

Gelfo, J. N., and R. Pascual. 2001. Peligrotherium tropicalis (Mammalia,
Dryolestida) from the early Paleocene of Patagonia, a survival from
a Mesozoic Gondwanan radiation. Geodiversitas 23:369–379.

Goin, F. J., M. A. Reguero, R. Pascual, W. V. Koenigswald, M. O.
Woodburne, J. A. Case, S. A. Marenssi, C. Vieytes, and S. F. Viz-
caíno. 2006. First Gondwanatherian mammal from Antarctica; pp.
145–161 in J.E. Francis, D. Pirrie and J.A. Crame (eds.), Cretaceous-
Tertiary High-Latitude Paleoenvironments, James Ross Basin, Ant-
arctica. Geological Society of London, Special Publications 258,
London, England.

Grambast, L., M. Martinez, M. Mattauer, and L. Thaler. 1967. Per-
tutherium altiplanense, nov. gen., nov. sp., premier mammifère Mé-
sozoïque d’Amérique du Sud. Comptes Rendus de l’Académie des
Sciences, Paris, série D 264:707–710.

Gurovich, Y. 2005. Bio-Evolutionary aspects of Mesozoic Mammals: De-
scription, phylogenetic relationships and evolution of the Gond-
wanatheria (Late Cretaceous and Paleocene of Gondwana). Ph.D.
dissertation, Universidad Nacional de Buenos Aires, Buenos Aires,
Argentina, 621 pp.

Hahn, G., and R. Hahn. 2003. New multituberculate teeth from the Early
Cretaceous of Morocco. Acta Palaeontologica Polonica 48:349–356.

Hay, W. W., R. M. DeConto, C. N. Wold, K. M. Wilson, S. Voigt, M.
Schulz, A. Rossby Wold, W.-C. Dullo, A. B. Ronov, A. N. Baluk-
hovsky, and E. Soding. 1999. Alternative global Cretaceous paleo-
geography; pp. 1–47 in E. Barrera and C. C. Johnson (eds.), Evolu-
tion of the Cretaceous Ocean-Climate System. Geological Society of
America Special Paper 332, Boulder, Colorado.

Heinrich, W.-D. 1999. First haramiyid (Mammalia, Allotheria) from the

SHORT COMMUNICATIONS 529



Mesozoic of Gondwana. Mitteilungen aus dem Museum für
Naturkunde in Berlin, Geowissenschaftliche Reihe 2:159–170.

Heinrich, W.-D. 2001. New records of Staffia aenigmatica (Mammalia,
Allotheria, Haramiyida) from the Upper Jurassic of Tendaguru in
southeastern Tanzania, East Africa. Mitteilungen aus dem Museum
für Naturkunde in Berlin, Geowissenschaftliche Reihe 4:239–255.

Hillson, S. 1986. Teeth. Cambridge University Press, New York, New
York, 376 pp.

Khosla, A., G. V. R. Prasad, O. Verma, A. K. Jain, and A. Sahni. 2004.
Discovery of a micromammal-yielding Deccan intertrappean site
near Kisalpuri, Dindori District, Madhya Pradesh. Current Science
87:380–383.

Kielan-Jaworowska, Z., and J. F. Bonaparte. 1996. Partial dentary of a
multituberculate mammal from the Late Cretaceous of Argentina
and its taxonomic implications. Revista del Museo Argentino de
Ciencias Naturales “Bernardino Rivadavia” 145:1–9.

Kielan-Jaworowska, Z., R. L. Cifelli, and Z.-X. Luo. 2004. Mammals
from the Age of Dinosaurs: Origins, Evolution, and Structure. Co-
lumbia University Press, New York, New York, 630 pp.

Koenigswald, W. V., F. J. Goin, and R. Pascual. 1999. Hypsodonty and
enamel microstructure in the Paleocene gondwanatherian mammal
Sudamerica ameghinoi. Acta Palaeontologica Polonica 44:263–300.

Krause, D. W. 2001. Fossil molar from a Madagascan marsupial. Nature
412:497–498.

Krause, D. W. 2003. Discovery of a relatively complete mammalian
specimen from the Late Cretaceous of Madagascar. Journal of Ver-
tebrate Paleontology 23:69A.

Krause, D. W., and J. F. Bonaparte. 1990. The Gondwanatheria, a new
suborder of Multituberculata from South America. Journal of Ver-
tebrate Paleontology 10:31A.

Krause, D. W., and J. F. Bonaparte. 1993. Superfamily Gondwanatheroi-
dea: A previously unrecognized radiation of multituberculate mam-
mals in South America. Proceedings of the National Academy of
Sciences, USA 90:9379–9383.

Krause, D. W., and F. E. Grine. 1996. The first multituberculates from
Madagascar: Implications for Cretaceous biogeography. Journal of
Vertebrate Paleontology 16:46A.

Krause, D. W., Z. Kielan-Jaworowska, and J. F. Bonaparte. 1992. Fe-
rugliotherium Bonaparte, the first known multituberculate from
South America. Journal of Vertebrate Paleontology 12:351–376.

Krause, D. W., M. D. Gottfried, P. M. O’Connor, and E. M. Roberts.
2003. A Cretaceous mammal from Tanzania. Acta Palaeontologica
Polonica 48:321–330.

Krause, D. W., G. V. R. Prasad, W. V. Koenigswald, A. Sahni, and F. E.
Grine. 1997. Cosmopolitanism among Gondwanan Late Cretaceous
mammals. Nature 390:504–507.

Linnaeus, C. 1758. Systema naturae per regna tria naturae, secundum
classes, ordines, genera, species, cum characteribus, differetiis, syn-
onymis, locis. Vol. 1: Regnum animale. Editio decimal, reformata.
Laurentii Salvii, Stockholm, 824 pp.

Luo, Z.-X., and J. R. Wible. 2005. A new Late Jurassic digging mammal
and early mammalian diversification. Science 308:103–107.

Luo, Z.-X., R. Cifelli, and Z. Kielan-Jaworowska. 2001. Dual origin of
tribosphenic mammals. Nature 409:53–57.

Luo, Z.-X., Z. Kielan-Jaworowska, and R. L. Cifelli. 2002. In quest for a
phylogeny of Mesozoic mammals. Acta Palaeontologica Polonica
47:1–78.

Martin, T., and O. M. Rauhut. 2005. Mandible and dentition of Asfalto-
mylos patagonicus (Australosphenida, Mammalia) and the evolu-
tion of tribosphenic teeth. Journal of Vertebrate Paleontology 25:
414–425.

Mones, A. 1987. Gondwanatheria, un nuevo orden de mamíferos suda-
mericanos (Mammalia: Edentata: ?Xenarthra). Comunicaciones Pa-
leontológicas del Museo de Historia Natural de Montevideo 1:
237–240.

Moss-Salentijn, L., M. L. Moss, and M. S.-T. Yuan. 1997. The ontogeny
of mammalian enamel; pp. 5–30 in W. V. Koenigswald, and P. M.
Sander (eds.), Tooth Enamel Microstructure. A. A. Balkema, Rot-
terdam, Netherlands.

Pascual, R. 1997. The Gondwanan history of mammals, the other history.
Proceedings of the Seventh International Theriological Congress:
278–279.

Pascual, R., F. J. Goin, L. Balarino, and D. E. Udrizar Sauthier. 2002.
New data on the Paleocene monotreme Monotrematum sudameri-

canum, and the convergent evolution of triangulate molars. Acta
Palaeontologica Polonica 47:487–492.

Pascual, R., F. J. Goin, P. González, A. Ardolino, and P. F. Puerta. 2000.
A highly derived docodont from the Patagonian Late Cretaceous:
evolutionary implications for Gondwanan mammals. Geodiversitas
22:395–414.

Pascual, R., F. J. Goin, D. W. Krause, E. Ortiz-Jaureguizar, and A.
Carlini. 1999. The first gnathic remains of Sudamerica: implications
for gondwanathere relationships. Journal of Vertebrate Paleontol-
ogy 19:373–382.

Pascual, R., M. Archer, E. Ortiz-Jaureguizar, J. L. Prado, H. Godthelp,
and S. J. Hand. 1992. First discovery of monotremes in South
America. Nature 356:704–705.

Patnaik, R., A. Sahni, and G. V. R. Prasad. 2001. Tooth enamel micro-
structure of a Late Cretaceous Gondwanatherian mammal from In-
dia. Journal of The Palaeontological Society of India 46:15–23.

Prasad, G. V. R., and A. Sahni. 1988. First Cretaceous mammal from
India. Nature 332:638–640.

Prasad, G. V. R., and A. Sahni. 1999. Were there size constraints on
biotic exchanges during the northward drift of the Indian plate?
Proceedings of the Indian National Science Academy 65:377–396.

Prasad, G. V. R., J.-J. Jaeger, A. Sahni, E. Gheerbrant, and C. K.
Khajuria. 1994. Eutherian mammals from the Upper Cretaceous
(Maastrichtian) intertrappean beds of Naskal, Andhra Pradesh, In-
dia. Journal of Vertebrate Paleontology 14:260–277.

Prasad, V., C. A. E. Strömberg, H. Alimohammadian, and A. Sahni.
2005. Dinosaur coprolite and the early evolution of grasses and
grazers. Science 310:1177–1180.

Rana, R. S., and G. P. Wilson. 2003. New Late Cretaceous mammals
from the Intertrappean beds of Rangapur, India and paleobiogeo-
graphic framework. Acta Palaeontologica Polonica 48:331–348.

Rauhut, O. M., T. Martin, and E. Ortiz-Jaureguizar. 2002. The first Ju-
rassic mammal from South America. Nature 416:165–168.

Reguero, M. A., S. A. Marenssi, and S. N. Santillana. 2002. Antarctic
Peninsula and South America (Patagonia) Paleogene terrestrial fau-
nas and environments: biogeographic relationships. Palaeogeogra-
phy, Palaeoclimatology, Palaeoecology 179:189–210.

Rich, T. H., J. A. Hopson, A. M. Musser, T. F. Flannery, and P. Vickers-
Rich. 2005. Independent origins of middle ear bones in monotremes
and therians. Science 307:910–914.

Rich, T. H., T. F. Flannery, P. Trusler, L. Kool, N. van Klaveren, and P.
Vickers-Rich. 2002. Evidence that monotremes and ausktribosphe-
nids are not sister groups. Journal of Vertebrate Paleontology 22:
466–469.

Rich, T. H., P. Vickers-Rich, A. Constantine, T. F. Flannery, L. Kool, and
N. van Klaveren. 1997. A tribosphenic mammal from the Mesozoic
of Australia. Science 278:1438–1442.

Rich, T. H., P. Vickers-Rich, P. Trusler, T. F. Flannery, R. L. Cifelli, A.
Constantine, L. Kool, and N. van Klaveren. 2001. Monotreme na-
ture of the Australian Early Cretaceous mammal Teinolophis tru-
sleri. Acta Palaeontologica Polonica 46:113–118.

Rougier, G. W., A. M. Forasiepi, and A. G. Martinelli. 2005. Comment
on “Independent origins of middle ear bones in monotremes and
therians” (II). Science 309:1492b.

Scillato-Yané, G. J., and R. Pascual. 1984. Un peculiar Paratheria, Eden-
tata (Mammalia) del Paleoceno de Patagonia. Primeras Jornada Ar-
gentinas de Paleontología de Vertebrados, Resumenes:15.

Sigé, B. 1972. La faunule des mammifères du Crétacé supérieur de La-
guna Umayo (Andes péruviennes). Bulletin du Muséum national
d’Histoire naturelle, série 3, Sciences de la Terre 99:375–405.

Sigogneau-Russell, D. 1991a. Découverte du premier mammifère tri-
bosphénique du Mesozoïque africain. Comptes Rendus de
l’Académie des Sciences-Série IIA-Earth and Planetary Science 313:
1635–1640.

Sigogneau-Russell, D. 1991b. Nouveaux mammifère thériens du Crétacé
inférieur du Maroc. Comptes Rendus de l’Académie des Sciences,
Paris, Série II 313:279–285.

Sigogneau-Russell, D. 1991c. First evidence of Multituberculata (Mam-
malia) in the Mesozoic of Africa. Neues Jahrbuch für Geologie und
Paläontologie, Monatshefte 2:191–125.

Sigogneau-Russell, D., S. E. Evans, J. F. Levine, and D. A. Russell. 1998.
The Early Cretaceous microvertebrate locality of Anoual, Morocco:
A glimpse at the small vertebrate assemblages of Africa; pp. 177–181
in S. G. Lucas, J. L. Kirkland, and J. W. Estep (eds.), Lower and
Middle Cretaceous Terrestrial Ecosystems. New Mexico Museum of

JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 27, NO. 2, 2007530



Natural History and Science Bulletin 14, Albuquerque, New
Mexico.

Thewissen, J. G. M., and M. C. McKenna. 1992. Paleobiogeography of
Indo-Pakistan: A response to Briggs, Patterson, and Owen. System-
atic Biology 41:248–251.

Van Valen, L. M. 1988. Faunas of a southern world. Nature 333:113.
Wilson, G. P., and N. C. Arens. 2001. The biogeographic impact of an

epeiric seaway on Late Cretaceous and Paleocene palynofloras of
South America. Asociación Paleontológica Argentina. Publicación
Especial 7:185–189.

Wilson, J. A., M. S. Malkani, and P. D. Gingerich. 2001. New crocody-
liform (Reptilia: Mesoeucrocodylia) from the Upper Cretaceous

Pab Formation of Vitakri, Balochistan (Pakistan). Contributions
from the Museum of Paleontology, The University of Michigan 30:
321–336.

Wilson, J. A., P. C. Sereno, S. Srivastava, D. K. Bhatt, A. Khosla, and A.
Sahni. 2003. A new abelisaurid (Dinosauria, Theropoda) from the
Lameta Formation (Cretaceous, Maastrichtian) of India. Contribu-
tions from the Museum of Paleontology, The University of Michigan
31:1–42.

Woodburne, M. O. 2003. Monotremes as Pretribosphenic Mammals.
Journal of Mammalian Evolution 10:195–248.

Submitted January 22, 2007; accepted March 7, 2007.

SHORT COMMUNICATIONS 531




