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Abstract Extant species of the supraordinal mammal clade
Euarchonta belong to the orders Primates, Scandentia, or
Dermoptera. The fossil record of euarchontans suggests that
they underwent their initial radiation during the Paleocene
(65-55 million years ago) in North America, Eurasia, and
Africa. The time and place of origin is poorly resolved due
to lack of definitive fossils of euarchontan stem taxa. We
describe a fragmentary humerus and two fragmentary ulnae
from the latest Cretaceous of India that bear significantly on
this issue. The fossils are tentatively referred to Deccano-
lestes cf. hislopi due to their small size and the fact that
Deccanolestes is the only eutherian dental taxon to have
been recovered from the same locality. The new fossils are
used to evaluate the existing behavioral hypothesis that
Deccanolestes was arboreal, and the competing phyloge-
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netic hypotheses that Deccanolestes is a stem eutherian
versus a stem euarchontan. The humerus resembles those of
euarchontans in possessing a laterally keeled ulnar trochlea,
a distinct zona conoidea, and a spherical capitulum. These
features also suggest an arboreal lifestyle. The ulnar
morphology is consistent with that of the humerus in
reflecting an arboreal/scansorial animal. Detailed quantita-
tive comparisons indicate that, despite morphological
correlates to euarchontan-like arboreality, the humerus of
Deccanolestes is morphologically intermediate between
those of Cretaceous “condylarthran” mammals and defini-
tive Cenozoic euarchontans. Additionally, humeri attributed
to adapisoriculids are morphologically intermediate be-
tween those of Deccanolestes and definitive euarchontans.
If adapisoriculids are euarchontans, as recently proposed,
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our results suggest that Deccanolestes is more basal. The
tentative identification of Deccanolestes as a basal stem
euarchontan suggests that (1) Placentalia began to diversify
and Euarchonta originated before the Cretaceous—Tertiary
boundary and (2) the Indian subcontinent, Eurasia, and
Africa are more likely places of origin for Euarchonta than
is North America.

Keywords Adapisoriculid - Afrodon - Paleobiogeography -
Palaeoryctoid - Placental - Primate origins -
Sweepstakes dispersal

Introduction

Modern primates (= Euprimates, Hoffstetter 1977), the group
to which humans belong, are members of a larger group
called Euarchonta (e.g., Silcox et al. 2005; Waddell et al.
1999) that also includes flying lemurs (Dermoptera),
treeshrews (Scandentia), and plesiadapiforms (probable stem
primates) (e.g., Bloch et al. 2007). Euarchonta and two of its
orders, Dermoptera and Primates (stem primates + eupri-
mates), are regarded by most paleontologists as having
originated in either North America or Asia, while Scandentia
is thought to have originated in Asia, and Euprimates in
either North America, Africa, or Asia between 65-63 million
years ago (Ma=Megannum), at or near the beginning of the
Paleocene epoch (e.g., Bloch et al. 2007; Clemens 1974;
Silcox et al. 2005; Van Valen and Sloan 1965). Clade
divergence estimates based on molecular data suggest a
much earlier origin and radiation of Euarchonta and its major
component clades early in the Late Cretaceous, at ~97 Ma
(e.g., Janecka et al. 2007; Springer et al. 2003).

The discrepancy exists due in part to a lack of
Cretaceous (>65 Ma) fossils attributable to euarchontans.
However, the fossil mammals Deccanolestes hislopi and
Deccanolestes robustus, from the Cretaceous intertrappean
deposits of India (Prasad and Sahni 1988), have been
suggested to have euarchontan-like arboreal features of the
astragalus and calcaneus (Godinot and Prasad 1994; Prasad
and Godinot 1994). Hooker (2001) supported the cladistic
inclusion of D. hislopi in the Euarchonta based on an
analysis of tarsal, dental, and cranial characters. A more
recent and more broadly sampled analysis places Decca-
nolestes as a stem eutherian (Wible et al. 2007), based
primarily on the plesiomorphic coding of its dental and
tarsal morphology (e.g., Hooker 2001; Horovitz 2000; Rana
and Wilson 2003). Lastly, Smith et al. (2009) demonstrated
that adapisoriculid insectivores from the Paleocene of
Belgium have tarsal morphology very similar to that of
Deccanolestes but with additional resemblances to defini-
tive euarchontans. Storch (2008) had previously suggested
that diminutive “plesiadapiform-like” humeri and femora
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from the Paleocene Walbeck site of Germany belong to
adapisoriculids.

Here, we report the discovery of additional postcranial
fossils of Deccanolestes (Fig. 1) from a Late Cretaceous
locality in peninsular India. Analysis of these specimens
bears significantly on the hypothesis that Deccanolestes
and/or Adapisoriculidae are closely related to Euarchonta
and, thereby, on hypotheses of the time and place of origin
of euarchontan mammals.

Materials and methods
Newly discovered fossils and geologic setting

A humerus (Fig. 1a), two ulnae (Fig. 1b), one calcaneus,
and four astragali were recovered by screen-washing
~2 tons of calcareous mudstone from the same locality,
Naskal, that originally yielded dentitions and tarsal bones of
D. hislopi (Prasad and Godinot 1994). The Naskal locality
is in southern India, about 70 km west of Hyderabad city
and 2 km northeast of Naskal village (Prasad and Sahni
1988; Prasad et al. 1994). The fossiliferous mudstone and
marl sequence of the Naskal locality is sandwiched between
the fourth and fifth of nine documented Deccan volcanic
flows of the area west of Hyderabad (Dutt 1975). In the
stratigraphic nomenclature of the Deccan Traps, sedimen-
tary strata occurring interbedded between volcanic flows
are generally designated as “intertrappean beds”. As for
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Fig. 1 Scanning electron micrographs of forelimb elements of D. cf.
hislopi. A Distal end of left humerus (VPL/JU/NKIM/79). B Proximal
end of left ulna (VPL/JU/NKIM/81)
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most intertrappean beds, the Naskal locality has been
confidently dated as Maastrichtian (latest Cretaceous) on
the basis of palynofloral and vertebrate fossils (Singh et al.
2006) as well as numerous radioisotopic dates spanning the
Deccan Trap basalt sequence (e.g., Allegre et al. 1999;
Vandamme et al. 1991).

Taxonomic attribution of new fossils

Three or four mammalian taxa are represented by dentitions
at Naskal including D. hislopi, D. cf. hislopi, D. robustus
(Prasad and Sahni 1988), and Bharattherium bonapartei
(Prasad et al. 2007a). The new tarsals are identical to those
of Deccanolestes described by Prasad and Godinot (1994)
and Godinot and Prasad (1994) and therefore also are
attributable to Deccanolestes. They do not preserve any
features not also exhibited by the originally referred
specimens and therefore are not described here. The
humerus and ulnae are of the appropriate size and
morphology to articulate with one another (Fig. 2) and are
therefore attributed to a single taxon. Specifically, the new
humerus (VPL/JU/NKIM/79) and ulnae (VPL/JU/NKIM/
81-82) are attributable to either D. hislopi or D. cf. hislopi
based on the following evidence: The humerus exhibits
features seen only in eutherian mammals (see “Compar-
isons” section), and it is extremely small. It is unlikely that
the humerus and ulnae are referable to B. bonapartei
because that taxon is a gondwanatherian, not a eutherian,
and it is relatively large. Of the two or three species of
Deccanolestes, D. robustus has teeth and tarsals too large
for the humerus and ulnae (Prasad and Godinot 1994). We
determined this in part by comparison to adapisoriculid
material, as adapisoriculids are similar in postcranial
morphology: D. hislopi, D. cf. hislopi, and the adapisor-
iculids Afrodon chleuhi, Afrodon germanicus, and Bustylus
cernaysi have similarly sized teeth (Gheerbrant 1988;
Gheerbrant and Russell 1989, 1991), which are distinctly
smaller than those of D. robustus (Fig. 3). Therefore, the
observation that the new humerus is close in size to those

Fig. 2 Micro-CT surface reconstructions of left distal humerus (k) and P>

proximal ulna (#) of D. cf. hislopi showing their articular relation-
ships. A Top row shows ulna in distal view (/eff) and ulna in distal
view articulated with humerus in anterior view (i.e., ulna is flexed to
90°, right). Middle row shows ulna in dorsal view (leff) and ulna in
dorsal view articulated with humerus in proximal view (right). Bottom
row shows humerus in distal view (leff) and humerus in distal view,
articulated ulna in ventral view (right). Because the bottom row
elements have been reversed, the outline of the humerus facet (4-f) on
the ulna in the middle row can be directly compared with the ulna facet
(u-f) of the humerus in the bottom row. The radius facet (r-f) faces
lateral relative to the humerus facet (4-f). B The articular surfaces of
the ulna shown in lateral (leff) and medial (middle) views and
articulation between humerus and ulna shown in medial view (right)

attributed to adapisoriculids by Storch (2008) supports an
attribution to either D. hislopi or D. cf. hislopi (Fig. 3).
Because we cannot be sure of the association of postcrania
with dentition, we have opted, primarily for ease of

T mm
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Fig. 3 Comparison of humerus geometric mean values and lower first
molar area among Deccanolestes species and euarchontans from the
Walbeck Fissure fills of Germany. Tooth measurements are averages
or single values from Gheerbrant and Russell (1989, 1991), Gingerich
(1976), Rana and Wilson (2003), and Russell (1964). Note that teeth
of D. hislopi (Dh) are closest in size to those of A. germanicus (Af)
suggesting that the Naskal humerus and adapisoriculid humeri belong
to these taxa, respectively. D. robustus (Dr) is larger than any Walbeck
adapisoriculid, including Bustylus (Bf). Note that for D. cf. hislopi,
adapisoriculids and cf. Plesiadapis walbeckensis, humerus geomean is
substantially larger than lower molar area. In contrast, the two values
are about equal for cf. Saxonella crepaturae, casting some doubt on
the correctness of Szalay and Dagosto’s (1980) identification of the
Saxonella humerus

reference, to tentatively and conservatively refer the
postcranial elements to D. cf. hislopi and will use that
designation throughout this paper.

Other eutherians known from different intertrappean
sites include Kharmerungulatum (Prasad et al. 2007b) and
an otlestid (Khosla et al. 2004) from Kisalpuri and
Sahnitherium from Rangapur (Rana and Wilson 2003).
The Kisalpuri dental taxa are too large to be attributable to
the Naskal taxon represented by the humerus and ulnae
(they are even larger than D. robustus), while the
phylogenetic affinities of Sahnitherium are probably so
close to D. hislopi that the possibility of these bones
belonging to Sahnitherium is inconsequential relative to the
analyses of this paper.

Comparisons, measurements, and analysis

Comparative material includes humeri and ulnae of extant
and fossil euarchontan mammals as well as other fossil
eutherians (see “Comparisons” section and Table 1). We
scanned the new fossils of Deccanolestes using a Scanco
uCT 40 instrument at Stony Brook University’s Center for
Biotechnology with a voxel resolution of 10 pm. Compar-
ative material was scanned with the same instrument under
resolutions ranging from 10 to 36 um depending upon the
absolute size of the specimen.
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Linear measurements (Supplementary Table 1) were
taken on scanned bones and/or photographs using Amira
4.1.2 or Sigma Scan Pro 5.0, respectively. Measurements
were size-standardized using geometric means, then trans-
formed into natural logarithms, and compared among taxa
using principal coordinates analysis (PCOA) of the Euclid-
ean distance matrix relating the specimens. We also
compared ratios of (1) trochlea width (TW) to trochlea
height (TH) across all specimens—trochlea shape index, (2)
entepicondyle width (EEC) to total articular surface width
(TW+CW)—entepicondyle size index, and (3) capitulum
mediolateral width (CW) to TW —capitulum size index.

Institutional/catalogue

VPL/JU/NKIM—Vertebrate Palacontology Laboratory
University of Jammu, Jammu, India/Naskal Intertrappean
Mammal.

Description

VPL/JU/NKIM/79 is a left distal humeral fragment
(Figs. la, 2, and 4). The bone pristinely preserves the
entepicondyle (Fig. 4: 3) and entepicondylar foramen
(Fig. 4: 1), the distal articular surface including the
trochlea (Fig 4: 4) and capitulum (Fig. 4: 6), and the
ectepicondyle (Fig. 4). The mediolateral width of the
complete distal end is 2.83 mm. The mediolateral width of
the articular surface (including trochlea, capitulum, and
lateral flange) is 1.70 mm.

The entepicondyle is large: The ratio of its mediolateral
width to width of the distal articular surface is 0.65 (Fig. 5).
Its long axis is aligned with the long axis of the distal
articular surface (Fig. 4, distal view). On the anterior aspect
of the entepicondyle, a large entepicondylar foramen is
oriented at roughly 45° to the axis of the distal articular
facet and (likely) to the proximodistal axis of the shaft (not
preserved). On its posterior aspect, the entepicondyle sports
a large depression, the dorsoepitrochlear pit, for attachment
of the ulnar collateral ligament (Fig. 4: 8). The trochlea for
the ulna has a larger maximum radius of curvature than the
capitulum (Fig. 4, lateral view); it has a prominent, distally
projecting medial keel (Fig. 4: 4), as well as a subtle, yet
distinct lateral keel (Fig. 4: 9). The trochlea is separated
from the capitulum by a distinct zona conoidea, or “gutter”
(Fig. 4: 5). The capitulum itself is notable in being spherical
(Fig. 4: 6), in having a prominent lateral flange (Fig. 4: 7),
and in facing anteroproximally (Fig. 4: 2). The extensive,
proximally facing part of the capitulum suggests a deep
supracapitular (humeroradial) fossa (not preserved).

The dimensions of the ulna and its ability to articulate
with the humerus suggest attribution to the same species
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Table 1 Comparative humeri taxon and specimen list

Taxon

Specimen number and/or measurement reference

Deccanolestes cf. hislopi

Bug Creek Anthills locality (Eutheria)

cf. Procerberus formicarum

cf. Protungulatum donnae

Arctocyonidae indet.

Walbeck locality (Euarchonta)

cf. Adapisoriculidae

cf. Saxonellla creparturae

cf. Plesiadapis walbeckensis

Plesiadapidae (Euarchonta)
cf. Pronothodectes gaoi
Nannodectes intermedius
cf. Plesiadapis rex

Plesiadapis tricuspidens

Plesiadapis cookei

cf. Platychoerops daubrei
Euarchonta (Sundatheria)

Cynocephalus volans

Ptilocercus lowii

Tupaia minor

Tupaia glis

VPL/JU/NKIM/79

UMVP 1837 (Szalay and Dagosto 1980), AMNH 118456
UMVP 1836 (Szalay and Dagosto 1980), AMNH 119994
USNM 9999 (Szalay and Dagosto 1980)

Storch (2008): Fig. la, b
Szalay and Dagosto (1980)
Szalay and Dagosto (1980)

UALVP 49114
USNM 42229
UM 64588

MNHN BR 14522, MNHN BR-03-L, MNHN BR 12591, MNHN R 405,
Berru (private coll.), MNHN BR-04-L(a), MNHN R 492

UM 87990 (L)
UCMP 102829

UF 5969, USNM 144662, USNM 317118, USNM 578084
Mean values from Sargis (2002)
Mean values from Sargis (2002)
Mean values from Sargis (2002)

Euarchonta (Euprimates)
Adapis parisiensis
Leptadapis magnus
Smilodectes gracilis
Omomyidae indet.
Microchoerine Omomyidae indet.

Basel QW 1481, Basel QW 1482, AMNH 81001 (Szalay and Dagosto 1980)

Basel QD 663, Basel QD 664, Basel QD 681 (Szalay and Dagosto 1980)

AMNH 11484 (Szalay and Dagosto 1980)

AMNH 29126, AMNH 113301 (Szalay and Dagosto 1980)

Basel QD 328, Basel QJ 620, Basel QV 18, Basel QK 989 (Szalay and Dagosto 1980)

This list only includes taxa figured or for which measurements were analyzed in this study

AMNH American Museum of Natural History, New York, MNHN Museum National d’Histoire Naturelle, Paris, UALVP University of Alberta
Laboratory for Vertebrate Paleontology, Edmonton, UCMP University of California Museum of Paleontology, Berkley, UF University of Florida,
Gainesville, UM University of Michigan Museum of Paleontology, Ann Arbor, UMVP University of Minnesota Vertebrate Paleontology, St. Paul,
USNM United States National Museum, Washington, D.C., VPL/JU/NKIM Vertebrate Palacontology Laboratory, University of Jammu, Jammu, India

(Figs. 1b and 2). This element is represented by two
specimens. The following description is based on the better-
preserved one (VPL/JU/NKIM/81), which is from the left
side. Most of the shaft is missing but the proximal end is
relatively well preserved. Enough of the shaft is preserved
to observe that there is a lateral sulcus for the extensor carpi
ulnaris and digital extensors. The dimensions of the shaft
where it meets the trochlear notch are 0.90 mm (dorsoven-
tral) by 0.59 mm (mediolateral). On the medial side is a
proximally directed fossa, probably for a collateral liga-
ment. The olecranon process is anteriorly canted such that
the posterior margin is convex (Fig. 6d: 3). In anterior view,
it flares proximally and appears wedge-shaped (Fig. 6b).
Measured from the proximal margin of the trochlear notch, the
olecranon process is 1.15 mm long (proximodistal) and

1.04 mm deep (dorsoventral). The maximum mediolateral
width of the olecranon process is 0.81 mm. The trochlear
notch is shallow (Fig. 6d: /) and the coronoid process is
small (Fig. 6d: 2). The dorsoventral distance from the
deepest point of the notch to the ventral surface of the shaft
is 0.79 mm. The radial facet is flat (Fig. 6g: 4) and oriented
at roughly 39° to the shaft axis (Fig. 6h: 5) and 130° to the
trochlea. The trochlear notch is 1.08 mm long.

Comparisons
Comparisons indicate that the new humerus must pertain to

a eutherian mammal. A multituberculate attribution can be
ruled out because all described multituberculates have a
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Fig. 4 Humerus of D. cf.
hislopi VPL/JU/NKIM/79 (Dh)
compared with those of two
Paleocene euarchontans

(cf. Pronothodectes gaoi
UALVP 49114 (Pg), cf. P. rex
UM 64588 (Pr)), a Late
Cretaceous “condylarthran”

(cf. Protungulatum donnae
AMNH 119994 (Pd)), and a
Late Cretaceous “cimolestan”
(ct. Procerberus formicarum
AMNH 118456 (Pf)) in distal,
anterior, posterior, and lateral
views from /left to right. Note
the following features: / entepi-
condylar foramen (present in
all), 2 expansive supracapitular
fossa and proximally facing
radial facet on capitulum (pres-
ent in all), 3 large entepicondyle
(largest in Dh, Pd, and Pf'),

4 prominently projecting medial
keel on ulnar trochlea (present in
all), 5 distinct, deeply invagi-
nated zona conoidea separating
trochlea and capitulum (present
in Dh, Pg, and Pr), 6 spherical
capitulum (present in Dh, Pg,
and Pr), 7 lateral flange of
capitulum (present in Dh, Pg,
and Pr), 8 dorsoepitrochlear
fossa (present in Dh, Pg, and
Pd), 9 lateral keel of trochlea
(present in Dh, Pg, and Pr)

distal articular surface that is much narrower mediolaterally,
compared to proximodistally and anteroposteriorly (Krause
and Jenkins 1983; Szalay and Dagosto 1980). A meta-
therian attribution can be ruled out because, according to
Szalay and Dagosto (1980), Early Tertiary metatherians
have a zona conoidea that tends to be relatively wide and
shallow. Furthermore, metatherian humeri that are superfi-
cially primate-like lack a dorsoepitrochlear fossa (“medial
pit” of Szalay and Dagosto 1980; Szalay and Sargis 2001).
Finally, attribution to a multituberculate or metatherian is
contraindicated by the lack of dental evidence for these taxa
in the intertrappean deposits.
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cf. Plesiadapis rex

cf. Protungulatum donnae

Deccanolestes cf. hislopi

The humerus of D. cf. hislopi matches that of plesiadapi-
forms (stem primates) and basal euprimates in several
features, while differing in others. To begin with, Decca-
nolestes is similar in having a large entepicondylar foramen
(Fig. 4: 1), a deep supracapitular fossa (inferred), and a
proximally facing capitulum (Fig. 4: 2). However, these
features are also shared with early eutherians as basal as
Ukhaatherium (Horovitz 2003) and therefore can be
inferred to be eutherian plesiomorphies. Deccanolestes,
adapisoriculids, and plesiadapiforms are further similar in at
least one feature of the humerus also exhibited by
Cretaceous eutherians (such as Protungulatum and Procer-
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Fig. 5 Metrical comparisons among humeri. A Measurements taken pp A. Humeral measurements

on humerus - adapted from Szalay and Dagosto (1980). Measurement
abbreviations: CL capitulum length, CW capitulum width, EEC
entepicondylar width, 7H trochlea height, 7L trochlea length, TW
trochlea width. See Supplementary Table 1 for specimen measure-
ments. B Box plots of humeral shape indices. Dots represent n=1.
Bars with no box represent n=2. See Table 1 for n of other taxa. Gray
horizontal lines correspond to values for D. cf. hislopi. D. cf. hislopi
and Walbeck adapisoriculids have a similar capitulum width relative to
the trochlea width (CW/TW —capitulum size index), but adapisoricul-
ids have a more plesiadapiform-like entepicondyle size [EEC/(CW+
TW)—entepicondyle size index] and trochlea shape (TW/TH—trochlea
shape index); see Table 1 for specimen list, see “Comparisons,
measurements, and analysis” section of text for description of index
calculation and discussion

berus; Sloan and Van Valen 1965) that are later diverging
than Ukhaatherium; the presence of a distally extended
medial trochlear lip (Fig. 4: 4).

Deccanolestes differs from sampled plesiadapiforms and
basal euprimates in having a capitulum that is distally
restricted instead of extended (Fig. 4: 6), an ulnar trochlea
that is mediolaterally narrow or small relative to the
capitulum and narrow relative to its proximodistal length
(Fig. 5), and an entepicondyle that is larger relative to the
mediolateral width of its distal end (Fig. 5). In these ways,
Deccanolestes is more similar to the Cretaceous “condy-
larth” Protungulatum and “cimolestan” Procerberus. How-
ever, the adapisoriculids from the late Paleocene Walbeck
locality in Germany also share with Deccanolestes a
capitulum that is wide relative to the ulnar trochlea. The
dermopteran Cynocephalus is similar to Deccanolestes in
both features of its trochlea (Fig. 5).

Finally and most importantly, Deccanolestes is similar to
plesiadapiforms, the arboreal treeshrew Ptilocercus Ilowii,
and basal euprimates in several humerus features much more
rarely exhibited among eutherian mammals. These include a
deep zona conoidea (Fig. 4: 5), a raised lateral trochlear ridge
(Fig. 4: 9), and a spherical capitulum (Fig. 4: 6).

The ulna provides less insight into the potential
phylogenetic affinities of Deccanolestes because of its
more generalized form. It does not help that the ulnae also
are less well preserved than the humerus. All that can really
be said is that the radial facet of the ulna of Deccanolestes
is similar in shape and orientation to those of plesiadapi-
forms and other arboreal mammals with an axially mobile
forearm. For instance, the ulna of cf. Plesiadapis rex has its
radial facet oriented at 39° to the plane of the shaft and
140° to the trochlear facet (Fig. 6h: 5). This humeroradial
articular surface is thus slightly more open than in
Deccanolestes, which is consistent with the less sloping,
more mediolaterally expanded ulnar trochlea on the
humerus of cf. P rex (Figs. 4, 6g: 4). On the other hand,
the ulna of Deccanolestes notably lacks the proximal
“narrowing” of the olecranon fossa that has been described
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Fig. 6 Left ulna of D. cf. hislopi (VPL/JU/NKIM/81), at left,
compared with that of cf. P rex (UM 64588), at right. Views: A
posterior, B anterior, C proximal, D medial, E distal, F lateral, G
perpendicular to plane of radial facet, H parallel to plane of radial

as characteristic of euarchontans (Szalay and Lucas 1996);
the anteroposterior thickness of its olecranon stays relative-
ly constant along its length (Fig. 6d: 3).

Humerus principal coordinates analysis

Results of PCOA of six size-standardized measurements of
the distal humerus on 41 specimens, representing 20 taxa
(Supplementary Tables 1 and 2), parallel the discussion
above and show fossil and extant euarchontans (Eu)
forming a cluster that excludes Protungulatum and Procer-
berus (Bc) (Fig. 7). The humerus of Deccanolestes plots
between these two clusters in morphospace.

Pearson correlation coefficients (Supplementary Table 2)
show that PC-1 mainly reflects an increasingly large
entepicondyle width (EEC) and trochlea length (TL). PC-
2 mainly reflects decreasing trochlea height (TH) and
increasing trochlea width (TW). PC-3 reflects increasing
capitulum length (CL) and decreasing TW. Although the
humerus of Deccanolestes overlaps the distribution of
euarchontan humeri on both PC-1 and PC-2, the combined
presence of a relatively large entepicondyle and deep
trochlea (low trochlea shape index, Fig. 5) distinguishes
the humeri of Deccanolestes, Protungulatum, Procerberus,

@ Springer

facet. Numbered features: / shallow trochlear notch, 2 blunt coronoid
process, 3 anteriorly curved olecranon process, 4 broad, flat radial
facet, 5 radial facet oriented laterally

and an unidentified arctocyonid from euarchontans of the
sample. These are likely to be primitive eutherian features
(Szalay and Dagosto 1980).

Discussion

The suite of features observed in the newly discovered
humerus and ulnae suggests a habitually flexed elbow joint
(Fig. 2), a humeroradial joint that permitted forearm axial
mobility, and a humeroulnar joint that functioned in weight-
bearing, all hallmarks of a euarchontan-like arboreal
lifestyle (Bloch et al. 2007; Szalay and Dagosto 1980;
Szalay and Lucas 1996). Therefore, our findings strengthen
the hypothesis of Godinot and Prasad (1994) and Prasad
and Godinot (1994) that D. hislopi was arboreal. Further-
more, as such features are often interpreted as euarchontan
synapomorphies (e.g., Silcox et al. 2005), our findings also
strengthen the hypothesis that Deccanolestes is a euarch-
ontan (e.g., Hooker 2001; Smith et al. 2009). However, the
coincidence of arboreal functional features and euarchontan
synapomorphies presents a notable possibility of conver-
gence, consistent with the phylogenetic placement in the
analyses of Wible et al. (2007).
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Fig. 7 Results of principal
coordinates analysis. Multitoned

Principal coordinates plot of 6 measurements of humeri
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A major problem with attribution of Deccanolestes to
Euarchonta had been its plesiomorphic sectorial teeth
(Prasad and Sahni 1988; Rana and Wilson 2003). Similarly,
the phylogenetic placement of adapisoriculids based on
their dentitions has been ambiguous (see review by Smith
et al. 2009; Storch 2008). Yet adapisoriculid postcranial
bones seem to suggest euarchontan affinities even more
strongly than do those of Deccanolestes. The possibility
that Euarchonta is not united by definitive dental synapo-
morphies is further suggested by the cladistic topology of
Wible et al. (2007), which failed to place a dental taxon, the
basal plesiadapiform Purgatorius, in Euarchonta or even
anywhere within Placentalia. In other words, characters that
resolve as primate synapomorphies of Purgatorius (e.g.,
elongate M3, enlarged M3 hypoconulid, nannopithex fold
on upper molars) in cladistic analyses that include only
euarchontans as ingroup taxa (e.g., Bloch et al. 2007) are not
especially informative in analyses including more non-
euarchontan eutherian taxa that also exhibit such features
(e.g., gliroids, Meng et al. 2003) and fewer euarchontans.
Many relevant euarchontan postcranial characters are not
included in the Wible et al. (2007) matrix, meaning that their
phylogenetic significance was not tested by that analysis.
However, it now seems that derived tarsal features may link
Deccanolestes to adapisoriculids phylogenetically and there-
by to definitive euarchontans (Smith et al. 2009).

The possibility of close affinities between adapisoriculids
and Deccanolestes gains strength from the latest study of
new, well-preserved dental material of Deccanolestes recov-
ered from a new intertrappean site, Kisalpuri, in central India

Coordinate 1(42%)

(Prasad et al. 2007a, b, 2010). Based on the close similarity
of dental morphology of Deccanolestes to that of A. chleuhi
known from the late Paleocene (Thanetian) Adrar Mgorn
site, Ouarzazate Basin (Gheerbrant 1988, 1995), and A4.
germanicus from the late Paleocene Walbeck site of
Germany (Gheerbrant and Russell 1989; Russell 1964) and
in view of the slightly more primitive nature of the teeth of
Deccanolestes and its older age, Prasad et al. (2010) argue
that adapisoriculids were derived from a Deccanolestes-like
morphotype.

The humerus of Deccanolestes seems slightly less
“plesiadapiform-like” than those attributed to adapisoricul-
ids in having a larger entepicondyle and a longer trochlea
(lower trochlear shape index, Fig. 5). Therefore, if
Deccanolestes is also a euarchontan, it would appear to be
phylogenetically more basal than adapisoriculids known
from postcrania. This is concordant with the observations
that Deccanolestes is from older deposits and has more
“primitive” dental features and tarsal morphology than
either plesiadapiforms or adapisoriculids.

If Deccanolestes is a stem euarchontan, its Late Creta-
ceous occurrence would be congruent with other aspects of
the fossil record suggesting that Euarchonta began to radiate
at or near the Cretaceous—Tertiary (KT) boundary (Bloch et
al. 2007; Clemens 1974; Van Valen and Sloan 1965). It
would also be consistent with many molecular divergence
estimates, which indicate the presence of extant euarchontan
groups well prior to the occurrence of Deccanolestes
(Janecka et al. 2007; Springer et al. 2003); these estimates
require long ghost lineages for Euprimates, Dermoptera, and
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Scandentia. Finally, the occurrence of a stem euarchontan in
the Late Cretaceous would be consistent with the conclusion
of Wible et al. (2007) that placental mammal groups
diverged near the KT boundary. However, their conclusion
could be refined: Euarchontan affinities for Deccanolestes
would indicate that at least some of these divergences
preceded the KT boundary (i.e., the divergence of Euarchonta
from other placental lineages).

From a biogeographic perspective, the presence of
Deccanolestes in the latest Cretaceous of India is also
problematic, whether it is a basal euarchontan, a close
relative of adapisoriculids, or both because the most recent
comprehensive paleogeographic reconstructions indicate
that the Indian subcontinent was physically isolated for
most of the Late Cretaceous (beginning 85-90 Ma) and
well into the Tertiary, until the Paleocene/Eocene bound-
ary (e.g., Aitchison et al. 2007; Ali and Aitchison 2008;
Clyde et al. 2003; Garzanti 2008; Rose et al. 2009;
Rowley 1996). It is therefore unclear how euarchontans
could have achieved a distribution that includes the Indian
subcontinent in the latest Cretaceous as well as North
America, Europe, Asia, and Africa by the early Paleocene
(Bloch et al. 2007). A vicariant process is unlikely, as it
requires the group to have originated more than 160 Ma
(prior to the breakup of Gondwana; Ali and Aitchison
2008), which is almost twice as old as even the most
extreme molecular divergence estimates for the clade (e.g.,
Janecka et al. 2007).

Alternatively, dispersal events during the later stages of
the Late Cretaceous seem unlikely given that Ali and
Aitchison (2008: figs. 9a and 10), in a comprehensive
review and evaluation of potential physical and biotic
connections of the Indian subcontinent, reconstructed the
Indian subcontinent as adrift in the Indian Ocean at this
time, separated from Madagascar by some 800-900 km and
much further distant than that from the African mainland
and Eurasia. At this time, the Indian subcontinent was
much larger (“Greater India”) and extended an additional
950 km or so further northward, but much if not all of this
area, as well as large northwestern and northeastern
portions of the subcontinent and much of the Horn of
Africa, was likely submerged leaving gaps of over
1,500 km between the “emergent” part of the subcontinent
and Afro-Arabia to the west and northwest and Eurasia to
the north. Ali and Aitchison (2008, p 158) concluded that in
“the very latest Cretaceous, India appears to have reached
its maximum level of isolation . . . ringed by a large
expanse of ocean” and that “[pJroposals for a connection
between the sub-continent and Arabia—Asia by way of the
equatorially-located island arc the sub-continent was to
collide with in the latest Paleocene seem unlikely.”

Nonetheless, there is biotic evidence for connections or
dispersal between the Indian subcontinent and FEurasia
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around the latest Cretaceous (e.g., Bhatia et al. 1990;
Khosla et al. 2004; Prasad and Rage 1995; Prasad et al.
2007b; Sahni et al. 1982). Furthermore, if adapisoriculids
are closely related to Deccanolestes, then the presence of
adapisoriculids in Africa (Gheerbrant 1988, 1995) and
Europe (Gheerbrant and Russell 1989, 1991; Smith et al.
2009; Storch 2008) during the Paleocene suggests a
dispersal event between the Indian subcontinent and
northeastern Africa by this time or earlier (Prasad et al.
2010). There are also similarities among the Late Cretaceous
vertebrate faunas of India, Madagascar, and South America,
although there is currently no evidence for eutherian
dispersals between India and these landmasses at that time
(e.g., Krause et al. 2006). The phylogenetic conclusions of
Prasad et al. (2010) and previous suggestions of close
affinities between Late Cretaceous Laurasian and Indian
eutherians (e.g., Khosla et al. 2004; Prasad et al. 2007b)
could be taken to suggest that eutherian mammals dis-
persed from Laurasia to India and then to Africa. However,
the Late Cretaceous of Africa is not yet sampled for fossil
eutherians, and the discovery of more basal taxa there could
eventually suggest a different pattern of dispersal (e.g.,
Gheerbrant and Rage 2006; Prasad et al. 2010). Acknowledg-
ing all of this, Eurasia, the Indian subcontinent, and Africa
are among the most likely places of origin for Euarchonta.
Despite fossil evidence from the latest Cretaceous of the
Indian subcontinent for biotic connections of some form
with Eurasia and Africa, there is a lack of such evidence for
the Paleocene, as the fossil record of Paleocene terrestrial
mammals from the Indian subcontinent is nonexistent.
Therefore, there is no fossil evidence to directly contradict
or support paleogeographic reconstructions of isolation at
this time. Krause and Maas (1990) hypothesized that the
isolated Indian subcontinent was a ‘“Noah’s Ark” (sensu
McKenna 1973), carrying the basal stocks of several modern
orders of mammals that then disembarked and dispersed
throughout Laurasia when the Indian subcontinent “docked”
at or near the Paleocene/Eocene boundary. Such a hypothesis
has been entertained by others for various plant and animal
taxa (e.g., Bossuyt and Milinkovitch 2001; Conti et al. 2002;
Cooper et al. 2001; Erickson et al. 2002; Gower et al. 2002;
Kumazawa and Nishida 2000; Macey et al. 2000; Morley
and Dick 2003; Murphy and Collier 1997; Prasad et al.
2007b; Whatley and Bajpai 2006). Ultimately, it is important
to have pre-Eocene fossil evidence from the Indian subcon-
tinent for the existence of any group of animals hypothesized
to have originated on the subcontinent prior to its docking
with Asia. If Deccanolestes is a stem euarchontan, its
presence on the Indian subcontinent since at least the latest
Cretaceous is consistent with the hypothesis of an Indian
origin for the extant euarchontan orders. This hypothesis is
attractive for Euarchonta as it would help explain why
definitive members of its extant orders appear in the fossil
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record no earlier than the early Eocene (Scandentia (Tong
1988), Dermoptera (Marivaux et al. 2006), Euprimates (e.g.,
Smith et al. 2006)). However, the hypothesis for an Indian
origin of Dermoptera is contradicted if evidence that
Laurasian Paleocene plagiomenids are stem dermopterans
is accepted (Bloch et al. 2007). An Indian origin of
Euprimates is contradicted by evidence that Laurasian
Paleocene plesiadapiforms are stem primates (e.g., Bloch et
al. 2007; JanecCka et al. 2007) and that Altiatlasius, from the
late Paleocene of Morocco, is a euprimate (Gheerbrant et al.
1998; Godinot 1994; Sigé et al. 1990).

We do not currently have a solution that accounts for this
discrepant information; in light of the spotty Late Creta-
ceous and Paleocene fossil record in many key areas and
the uncertain nature of paleogeographic reconstructions
involving the Indian subcontinent and surrounding land-
masses, the number of possible scenarios are plentiful and
we can only appeal to future discoveries and analyses to
narrow it. While the new postcranial elements present
important information on Deccanolestes, we recognize that
extensive phylogenetic analyses must be undertaken to
more rigorously evaluate the tentative hypothesis that
Deccanolestes and adapisoriculids are closely related to
each other and that one or both are stem euarchontan
mammals. Furthermore, from a paleontological perspective,
discovery of additional remains of Deccanolestes and other
Late Cretaceous and Paleocene mammals from Africa and
the Indian subcontinent will be important for understanding
the pattern of origin and diversification of euarchontans and
other groups of placental mammals.

Acknowledgments P Gingerich and R Fox provided access to
plesiadapid and other fossil enarchontan specimens and M Jin granted
loans that allowed the inclusion of specimens of Protungulatum and
Procerberus. S Judex and C Rubin provided access to the Scanco pCT
40 machine. Discussions with J Bloch, S Chester, E Sargis, and E
Seiffert provided important insights. S Florales took SEM pictures of
the humerus and ulna. We are grateful for the comments of three
anonymous reviewers that significantly improved the manuscript.
Funding was provided via a National Science Foundation (NSF)
doctoral dissertation improvement grant to DMB (BCF-0622544), an
NSF grant (EAR-0446488) to DWK, and by the Department of Science
and Technology (New Delhi; Grant No. SR/S4/ES/24/2002) to GVRP.

References

Aitchison JC, Ali JR, Davis AM (2007) When and where did India
and Asia collide? J Geophys Res 112:B05423. doi:10.1029/
2006JB004706

Ali JR, Aitchison JC (2008) Gondwana to Asia: plate tectonics,
paleogeography and the biological connectivity of the Indian
sub-continent from the Middle Jurassic through latest Eocene
(166-35 Ma). Earth-Sci Rev 88:145-166

Allegre CJ, Birck JL, Capmas F, Courtillot V (1999) Age of the
Deccan traps using 187Re-"¥705 systematics. Earth Planet Sci Lett
170:197-204

Bhatia SB, Riveline J, Rana RS (1990) Charophytes from the Deccan
intertrappean beds near Rangapur, Andhra Pradesh, India. Palae-
obotanist 37:316-323

Bloch JI, Silcox MT, Boyer DM, Sargis EJ (2007) New Paleocene
skeletons and the relationship of plesiadapiforms to crown-clade
primates. Proc Natl Acad Sci 104:1159-1164

Bossuyt F, Milinkovitch MC (2001) Amphibians as indicators of
Early Tertiary “Out-of-India” dispersal of vertebrates. Science
292:93-95

Clemens WA (1974) Purgatorius, an early paromomyid primate
(Mammalia). Science 184:903-905

Clyde WC, Khan IH, Gingerich PD (2003) Stratigraphic response and
mammalian dispersal during initial India—Asia collision: evidence
from the Ghazij Formation, Baluchistan, Pakistan. Geology
31:1097-1100

Conti E, Eriksson T, Schonenberger J, Systsma KJ, Baum DA
(2002) Early Tertiary out-of-India dispersal of Crypteroniaceae:
evidence from phylogeny and molecular dating. Evolution
56:1931-1942

Cooper A, Lalueza-Fox C, Anderson S, Rambaut A, Austin J, Ward R
(2001) Complete mitochondrial genome sequences of two extinct
moas clarify ratite evolution. Nature 409:704-707

Dutt NVBS (1975) Deccan Traps of the western part of Hyderabad
District, Andhra Pradesh. Rec Geol Surv India 106:126-141

Erickson PGP, Christidis L, Cooper A, Irestedt M, Jackson J,
Johansson US, Norman JA (2002) A Gondwanan origin of
passerine birds supported by DNA sequences of the endemic
New Zealand wrens. Proc R Soc Lond B 269:235-241

Garzanti E (2008) Comment on “When and where did India and Asia
collide?” by Aitchison JC, Ali JR, and Davis AM. J Geophys Res
113:B04411. doi:10.1029/2007JB005276

Gheerbrant E (1988) Afirodon chleuhi nov. gen., nov. sp., ‘insecti-
vore’ (Mammalia, Eutheria) lipotyphlé (?) du Paléocéne
marocain: données préliminaires. C R Acad Sci-Paris, Ser II
307:1303-1309

Gheerbrant E (1995) Les mammiféres Paléocenes du Bassin
d’Ouarzazate (Maroc). III. Adapisoriculidae et autres mammi-
feres (Carnivora,? Creodonta, Condylarthra,? Ungulata et
incertae sedis). Palacontogr Abt A 237:39-132

Gheerbrant E, Rage J-C (2006) Paleobiogeography of Africa: how
distinct from Gondwana and Laurasia? Palaecogeogr Palaeocli-
matol Palaeoecol 241:224-246

Gheerbrant E, Russell DE (1989) Presence of the genus Afiodon
(Mammalia, Lipotyphla (8), Adapisoriculidae) in Europe: new
data for the problem of trans-Tethyan relations between Africa
and Europe around the K/T boundary. Palacogeogr Palacoclima-
tol Palacoecol 76:1-15

Gheerbrant E, Russell DE (1991) Bustylus cernaysi nov. gen., nov.
sp., nouvel Adapisoriculidé (Mammalia, Eutheria) Paléocéne
d’Europe. Geobios 24:467—-481

Gheerbrant E, Sudre J, Sen S, Abrial C, Marandat B, Sigé B, Vianey-
Liaud M (1998) Nouvelles données sur les mammiferes du
Thanétien et de I’Ypresien du Bassin d’Ouarzazate (Maroc) et
leur contexte stratigraphique. Palacovertebrata 27:155-202

Gingerich PD (1976) Cranial anatomy and evolution of Early Tertiary
Plesiadapidae (Mammalia, Primates). Univ Mich Pap Paleontol
15:1-141

Godinot M (1994) Early North African primates and their
significance for the origin of Simiiformes (=Anthropoidea).
In: Fleagle JG, Kay RF (eds) Anthropoid origins. Plenum, New
York, pp 235-295

Godinot M, Prasad GVR (1994) Discovery of Cretaceous arboreal
eutherians. Naturwissenschaften 81:79-81

Gower DJ, Kupfer A, Oommen OV, Himstedt W, Nussbaum RA,
Loader SP, Presswell B, Miiller H, Krishna SB, Boistel R,
Wilkinson M (2002) A molecular phylogeny of ichthyophiid

@ Springer


http://dx.doi.org/10.1029/2006JB004706
http://dx.doi.org/10.1029/2006JB004706
http://dx.doi.org/10.1029/2007JB005276

376

Naturwissenschaften (2010) 97:365-377

caecilians (Amphibia: Gymnophiona: Ichthyophiidae): out of
India or out of South East Asia? Proc R Soc Lond-Biol Sci
269:1563-1569

Hoffstetter R (1977) Phylogénie des primates: confrontation des
résultats obtenus par les diverses voies d’approche du probléme.
Bull Mém Soc Anthropol Paris 4:327-346

Hooker JJ (2001) Tarsal of the extinct insectivoran family Nyctither-
iidae (Mammalia): evidence for archontan relationships. Zool J
Linn Soc 132:501-529

Horovitz 1 (2000) The tarsus of Ukhaatherium nessovi (Eutheria,
Mammalia) from the Late Cretaceous of Mongolia: an appraisal
of the evolution of the ankle in basal therians. J Vertebr Paleontol
20:547-560

Horovitz 1 (2003) Postcranial skeleton of Ukhaatherium nessovi
(Eutheria, Mammalia) from the Late Cretaceous of Mongolia. J
Vertebr Paleontol 23:857-868

Janecka JE, Miller W, Pringle TH, Wiens F, Zitzmann A, Helgen
KM, Springer MS, Murphy WJ (2007) Molecular and genomic
data identify the closest living relative of primates. Science
318:792-794

Khosla A, Prasad GVR, Verma O, Jain AK, Sahni A (2004)
Discovery of a micromammal-yielding Deccan intertrapean site
near Kisalpuri, Dindori District, Madhya Pradesh. Curr Sci
87:380-383

Krause DW, Jenkins FA Jr (1983) The postcranial skeleton of
North American multituberculates. Bull Mus Comp Zool
150:199-246

Krause DW, Maas MC (1990) The biogeographic origins of late
Paleocene—early Eocene mammalian immigrants to the Western
Interior of North America. In: Bown TM, Rose KD (eds) Dawn
of the age of mammals in the northern part of the Rocky
Mountain Interior, North America. Geol Soc Am Spec Pap 243.
Geological Society of America, Boulder, pp 71-105

Krause DW, O’Connor PM, Curry Rogers K, Sampson SD, Buckley
GA, Rogers RR (2006) Late Cretaceous terrestrial vertebrates
from Madagascar: implications for Latin American biogeogra-
phy. Ann Mo Bot Gard 93:178-208

Kumazawa Y, Nishida M (2000) Molecular phylogeny of osteo-
glossoids: a new model for Gondwanian origin and plate
tectonic transportation of Asian arowana. Mol Biol Evol
17:1869-1873

Macey JR, Schulte JA II, Larson A, Ananjeva NB, Wang Y,
Pethiyagoda R, Rastegar-Pouyani N, Papenfuss TJ (2000)
Evaluating trans-Tethys migration: an example using acrodont
lizard phylogenetics. Syst Biol 49:233-256

Marivaux L, Bocat L, Chaimanee Y, Jaeger J-J, Marandat B,
Srisuk P, Tafforeau P, Yamee C, Welcomme J-L (2006)
Cynocephalid dermopterans from the Palacogene of South
Asia (Thailand, Myanmar and Pakistan): systematic, evolu-
tionary and palaeobiogeographic implications. Zool Scr
35:395-420

McKenna MC (1973) Sweepstakes, filters, corridors, Noah’s Arks,
and Beached Viking Funeral ships in palaeogeography. In:
Tarling SH, Runcorn SK (eds) Implications of continental drift
to the earth sciences. Academic, London, pp 293-306

Meng J, Hu Y, Li C (2003) The osteology of Rhombomylus
(Mammalia, Glires): implications for phylogeny and evolution
of Glires. Bull Am Mus Nat Hist 275:1-248

Morley RJ, Dick CW (2003) Missing fossils, molecular clocks,
and the origin of the Melastomataceae. Am J Bot 90:1638—
1644

Murphy W1J, Collier GE (1997) A molecular phylogeny for aplocheiloid
fishes (Atherinomorpha, Cyprinodontiformes): the role of vicari-
ance and the origins of annualism. Mol Biol Evol 14:790-799

Prasad GVR, Godinot M (1994) Eutherian tarsal bones from the Late
Cretaceous of India. J Paleontol 68:892-902

@ Springer

Prasad GVR, Rage J-C (1995) Ampibians and squamates from the
Maastrichtian of Naskal, India. Cretac Res 16:95-107

Prasad GVR, Sahni A (1988) First Cretaceous mammal from India.
Nature 332:638-640

Prasad GVR, Jaeger J-J, Sahni A, Gheerbrant E, Khajuria CK (1994)
Eutherian mammals from the Upper Cretaceous (Maastrichtian)
intertrappean beds of Naskal, Andhra Pradesh, India. J Vertebr
Paleontol 14:260-277

Prasad GVR, Verma O, Gheerbrant E, Goswami A, Khosla A, Parmar
V, Sahni A (2010) First mammal evidence from the Late
Cretaceous of India for biotic dispersal between India and Africa
at the KT transition. C R Palevol (in press)

Prasad GVR, Verma O, Sahni A, Krause DW, Khosla A, Parmar V
(2007a) A new Late Cretaceous gondwanatherian mammal from
central India. Proc Indian Natl Sci Acad 73:17-24

Prasad GVR, Verma O, Sahni A, Parmar V, Khosla A (2007b) A
Cretaceous hoofed mammal from India. Science 318:937

Rana RS, Wilson GP (2003) New Late Cretaceous mammals from the
Intertrappean beds of Rangapur, India and paleobiogeographic
framework. Acta Palaeontol Pol 48:331-348

Rose KD, Rana RS, Sahni A, Kumar K, Missiaen P, Singh L, Smith T
(2009) Early Eocene primates from Gujarat, India. ] Hum Evol
56:366-404

Rowley DB (1996) Age of initiation of collision between India and
Asia: a review of stratigraphic data. Earth Planet Sci Lett 145:1-13

Russell DE (1964) Les Mammiferes Paléocénes d’Europe. Mém Mus
Natl Hist Nat, Sér C 13:1-324

Sahni A, Kumar K, Hartenberger J-L, Jaeger J-J, Rage J-C, Sudre J,
Vianey-Liaud M (1982) Microvértebrés nouveaux des Trapps du
Deccan (Inde): mise en évidence d’une voie de communication
terrestre probable entre la Laurasie et I’Inde a la limite Crétacé—
Tertiaire. Bull Soc Géol Fr 24:1093-1099

Sargis EJ (2002) Functional morphology of the forelimb of tupaiids
(Mammalia, Scandentia) and its phylogenetic implications. J
Morphol 253:10-42

Sigé B, Jaeger J-J, Sudre J, Vianey-Liaud M (1990) Altiatlasius koulchii n.
gen. et sp., primate omomyidé du Paléocéne supérieur du Maroc, et
les origines des euprimates. Palacontogr Abt A 214:31-56

Silcox MT, Bloch JI, Sargis EJ, Boyer DM (2005) Euarchonta
(Dermoptera, Scandentia, Primates). In: Rose KD, Archibald JD
(eds) The rise of placental mammals: origins and relationships of
the major extant clades. The Johns Hopkins University Press,
Baltimore, pp 127-144

Singh RS, Kar R, Prasad GVR (2006) Palynological constraints on the
age of mammal-yielding Deccan intertrappean beds of Naskal,
Rangareddi district, Andhra Pradesh. Curr Sci 90(1):1281-1285

Sloan RE, Van Valen L (1965) Cretaceous mammals from Montana.
Science 148:220-227

Smith T, Rose KD, Gingerich PD (2006) Rapid Asia—Europe—North
America geographic dispersal of earliest Eocene primate Zeilhar-
dina during the Paleocene—Eocene thermal maximum. Proc Natl
Acad Sci USA 103:11223-11227

Smith T, De Bast E, Sigé B (2009) Adapisoriculid mammals from
the Paleocene of Hainin (Belgium) shed light on the
phylogenetic affinities of the enigmatic arboreal Cretaceous
Deccanolestes from the Deccan Traps of India. J Vertebr
Paleontol 29:183A

Springer MS, Murphy WJ, Eizirik E, O’Brien SJ (2003) Placental
mammal diversification and the Cretaceous—Tertiary boundary.
Proc Natl Acad Sci USA 100:1056-1061

Storch G (2008) Skeletal remains of a diminutive primate from the
Paleocene of Germany. Naturwissenschaften 95:927-930

Szalay FS, Dagosto M (1980) Locomotor adaptations as reflected on
the humerus of Paleogene primates. Folia Primatol 34:1-45

Szalay FS, Lucas SG (1996) The postcranial morphology of
Paleocene Chriacus and Mixodectes and the phylogenetic



Naturwissenschaften (2010) 97:365-377

377

relationships of archontan mammals. New Mex Mus Nat Hist
Sci Bull 7:1-47

Szalay FS, Sargis EJ (2001) Model-based analysis of postcranial
osteology of marsupials from the Palacocene of Itaborai (Brazil)
and the phylogenetics and biogeography of Metatheria. Geo-
diversitas 23:139-302

Tong Y-S (1988) Fossil tree shrews from the Eocene Hetaoyuan Formation
of Xichuan, Henan. Vertebr PalAsiat 26:214-220

Van Valen L, Sloan RE (1965) The earliest primates. Science 150:743-745

Vandamme D, Courtillot V, Montigny R, Besse J (1991) Paleomag-
netism and age determinations of the Deccan traps (India): results

of the Nagpur-Bombay traverse and review of earlier work. Rev
Geophys 29:159-190

Waddell PJ, Okada N, Hasegawa M (1999) Towards resolving the
interordinal relationships of placental mammals. Syst Biol 48:1-5

Whatley RC, Bajpai S (2006) Extensive endemism among the
Maastrichtian non-marine Ostracoda of India with implications
for palaeobiogeography and “Out of India” dispersal. Rev Esp
Micropaleontol 38:229-244

Wible JR, Rougier GW, Novacek MJ, Asher RJ (2007) Cretaceous
eutherians and Laurasian origin for placental mammals near the
K/T boundary. Nature 447:1003—1006

@ Springer



	New...
	Abstract
	Introduction
	Materials and methods
	Newly discovered fossils and geologic setting
	Taxonomic attribution of new fossils
	Comparisons, measurements, and analysis
	Institutional/catalogue

	Description
	Comparisons
	Humerus principal coordinates analysis

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


