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Primate dental and postcranial remains from the Eocene Pondaung
Formation (Myanmar) have been the subject of considerable con-
fusion since their initial discoveries, and their anthropoid status
has been widely debated. We report here a well preserved primate
talus discovered in the Segyauk locality near Mogaung that dis-
plays derived anatomical features typical of haplorhines, notably
anthropoids, and lacks strepsirhine synapomorphies. Linear dis-
criminant and parsimony analyses indicate that the talus from
Myanmar is more similar structurally to those of living and extinct
anthropoids than to those of adapiforms, and its overall osteolog-
ical characteristics further point to arboreal quadrupedalism. Re-
gressions of talar dimensions versus body mass in living primates
indicate that this foot bone might have belonged to Amphipithe-
cus. This evidence supports hypotheses favoring anthropoid affin-
ities for the large-bodied primates from Pondaung and runs con-
trary to the hypothesis that Pondaungia and Amphipithecus are
strepsirhine adapiforms.

talus | anthropoid primates

he famous late middle Eocene Pondaung Formation of

Central Myanmar (formerly Burma) has long been known
for its abundant large fossil mammals (1, 2) and particularly its
primates (3-14). The Burmese Eocene primates, notably the
large-bodied forms [Pondaungia (3) and Amphipithecus (4)],
have been the subject of a long-standing debate surrounding the
critical issue of their possible anthropoid status (7, 8, 10, 14-24)
and as such potentially challenge the role of Africa as the
ancestral homeland for the anthropoid clade. With the exception
of Pondaungia savagei (7), however, the large-bodied primates
(Pondaungia cotteri, Pondaungia minuta, and Amphipithecus
mogaungensis) and the more recently discovered smaller-bodied
forms [Bahinia (9) and Myanmarpithecus (12)] are represented
entirely by fragmentary dental and cranial remains, and this
incomplete anatomical information has not allowed for a con-
sensus view regarding their anthropoid affinities. This uncer-
tainty stems from the fact that cranial and dental characteristics
of these primates (notably Pondaungia) resemble those of an-
thropoids in some respects, but in other details they resemble
those of adapiforms and some omomyids (14, 23, 24). A sup-
plemental line of doubt concerning these primates’ anthropoid
affinities derives from recently described postcranial elements of
a large-bodied form [a complete left humerus, the distal half of
a left calcaneus, and fragments of a right humerus and both left
and right ulnae assigned to P. savagei based on size and associ-
ation but conceivably Amphipithecus as well (7)] that display a
mosaic of characteristics mostly consistent with those of adapi-
forms (notharctines and adapines), omomyids, some extant
strepsirhines (lorises), haplorhines (cebid platyrrhines), and
also, but to a lesser extent, some fossil anthropoids. Ciochon et
al. (7) cautioned that, given such a mixture of characteristics, the
phylogenetic implications of Pondaungia postcrania remain dif-
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ficult to assess. Despite the fact that their interpretations relied
exclusively on phenetic criteria, these authors supported the idea
of adapiform rather than anthropoid affinities for Pondaungia
(and by extension for Amphipithecus) (23) but were not explicit
about the significance of these anatomical resemblances in terms
of being either functional adaptations (similarities related to
similar patterns of locomotion) or phylogenetically significant
apomorphies. In this way, the fact that the numerous derived
dental features aligning the Burmese primates with Eocene-
Oligocene anthropoids of both North Africa and Oman are seen
as being “anthropoid-like” but nevertheless are considered to be
strictly “functional convergences” by some authors (7, 23-25)
seems premature in the absence of a more comprehensive fossil
record.

Under the auspices of a paleontological research program led
by the joint Myanmar-French Team (Geology Department of
the Yangon University and Paleontology Department of Uni-
versité Montpellier IT), an intensive survey in November 2002 of
the fossiliferous variegated clays in the new Segyauk Kyitchaung
locality (1 km west of Mogaung village; Fig. 1) led to the recovery
of an important primate tarsal bone. The specimen [National
Museum of Myanmar, Primates (NMMP)-39] is a medium-sized
left talus, well preserved enough to show some essential diag-
nostic characteristics that substantiate the anthropoid status of
the larger-bodied Eocene Burmese primates. Several studies,
notably those of Gebo (26-28), Beard et al. (29), Gebo et al. (30),
Dagosto and Gebo (31), and more recently Gebo et al. (32, 33)
and Seiffert and Simons (34), have depicted a set of anatomical
traits on tali that are otherwise restricted to living and fossil
anthropoids. Following these authors, we will discuss the mor-
phological features of this talus from the Pondaung Formation
that provide decisive evidence on the long-standing debate of
their higher-level affinities.

Description and Functional Interpretation

Description and Comparisons. In overall view, NMMP-39 (Figs. 2
and 3) exhibits a long and rather straight talar neck supporting
a broad (index, HHT/HW in Table 1) and oval-shaped talar
head that is unusually expended medially, a feature that is also
seen in Apidium phiomense (DPC 1001), an Oligocene anthro-
poid from Egypt. The length of the neck and head is ~57% of
the total TL (index, NL/TL in Table 1) and slightly longer than
the trochlea (index, NL/TRL in Table 1) as generally observed
in haplorhines, notably the anthropoid platyrrhines (33). The
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Fig.1. Location map of the new fossiliferous locality of Segyauk Kyitchaung,

1 km west of Mogaung village in central Myanmar.

long axis of the talar head is oriented mediolaterally relative to
the dorsal plane of the trochlear surface. The plantar articular
facets on the talar head (anterior navicular and calcaneal facets)
are continuous with the sustentacular facet of the talar neck (Fig.
3C). Shallow but well marked depressions occur at the base of the
talar head and are located medially and laterally between the
facets for the navicular and the sustentaculum tali, and the facets
for the calcaneum and the sustentaculum tali, respectively, where
the neck of the talus overlies the plantar calcaneo-navicular
ligament. The medial deviation («) of the talar neck relative to
the anteroposterior axis of the trochlea is ~30°. The trochlea is

Anterior

Lateral Medial

Posterior '_ '\ Anterior

Plantar

Fig. 2. Tali measurements.
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moderately grooved, and its rims are parallel. Both lateral and
medial facets of the trochlea are steep (Fig. 34), a feature that
has been described as characteristic of anthropoids, Tarsius, and
most omomyids (29). The medial trochlear rim exhibits a long
radius of curvature posteriorly. The anterior region of that rim
is damaged, but judging from the pattern of breakage it may be
expected that it probably extended anteromedially onto the edge
of the talar neck. In medial view (Fig. 3E), the talar body is fairly
tall dorsoplantarly. The talo-tibial facet for the medial malleolus
of the tibia is not deep, broad, and dorsoplantarly extended as in
strepsirhines, omomyids, and Tarsius but is reduced, elevated
from the plantar surface, and limited in its dorsal border as in
Eosimias (26, 32) and more generally as in anthropoids (Fig. 3G).
There is no prominent cotylar fossa extending onto the medial
side of the talar neck. In lateral view (Fig. 3D), the talo-fibular
facet is vertically oriented as in haplorhines (anthropoids and
omomyids) rather than sloping gently and laterally as in most
strepsirhines, notably Eocene adapiforms (26, 27, 29). On
NMMP-39, this facet (the anterior border) is slightly flared in
anterior view, but when viewed posteriorly there is a well marked
but shallow depression that defines a crease separating the dorsal
surface of the facet from the laterally projecting talar process
(Fig. 3B). As in basal anthropoids, MNNP-39 lacks the promi-
nent projecting posterior trochlear shelf that is characteristic
primarily of extinct (adapids, most prominent in notharctines)
and extant (lemurs and lorises) strepsirhines and to a lesser
degree of haplorhine omomyids (31, 35, 36). The well curved
posterior plantar facet (ectal facet) is not narrow and waisted in
the mediolateral plane that slightly extends the lateral process
plantarly in the posterior part of the talus (Fig. 3C). The
specimen is badly broken medially and posteriorly along its
plantar aspect, and its medial tubercle, which buttresses (along
with a minute lateral tubercle) the groove for the tendon of
flexor fibularis, is missing. The limited surface of breakage
suggests that this medial tubercle was probably moderately
developed but nevertheless relatively larger than the lateral
tubercle (Fig. 3 B and C). As in anthropoids and omomyids, the
groove for the tendon of the flexor hallucis longus is in a midline
position relative to the posterior trochlear facet (Fig. 3B) rather
than lateral to it as in all strepsirhines (26, 27, 29).

Functional Interpretation. In terms of movements associated with
these osteological features, the fact that NMMP-39 exhibits a
straight and moderately long talar neck, a fairly high talar body,
and parallel-sided medial and lateral trochlear facets (not
wedged-shaped) with circular rims might be indicative of leaping
(27). However, the talar trochlea of NMMP-39 is quite flattened
rather than deeply grooved as in most leapers, where only one
primary plane of movement is needed at the talocrural joint.
Such a trochlear characteristic, associated with the long radius of
curvature of the medial trochlear rim, and the absence of
posterior trochlear shelf allow much more mobility. Although
some frequent leapers such as Avahi and Galago (both extant
strepsirhines) possess a flat talar trochlea rather than a central
trochlear groove (26, p. 430), on the basis of the osteological
features depicted on NMMP-39 it seems too early to claim with
certainty that this primate exhibited a specialized leaping mode
of locomotion. NMMP-39 does not exhibit any clear osteological
adaptations for climbing (27). Taking into consideration the
characteristics of the trochlea favoring more joint mobility,
NMMP-39 might have belonged to a primate that moved fre-
quently by arboreal quadrupedalism, a form of movement that
is intermediate between more extreme leaping and climbing in
terms of mechanical requirements (27).

Materials and Methods

Alinear discriminant analysis (LDA) and a parsimony analysis (PA)
based on the recently published databases (here updated and
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Fig. 3.

NMMP-39, left talus from Segyauk kyitchaung, in dorsal (A), posterior (B), plantar (C), lateral (D), and medial (E) views; the schematic drawings at the

bottom (Fand G) are derived from the lateral (D) and medial (E) views, respectively. The arrow shown in the posterior view (B) indicates the midtrochlear position
of the flexor fibularis groove. The arrow shown in the schematic drawing of the medial view (G) indicates the elevated position of dorsally limited talo-tibial
facet (gray claw-shaped area). Drawings (A-C and F-G) and plate conception are from L. Meslin (Institut des Sciences de I’Evolution de Montpellier). (Scale bars,

1 mm.)

supplemented with new data) of Gebo et al. (33) [analysis is based
onisolated tali from the early middle Eocene of China, Shanghuang
(SH)] have been processed to determine which group of primates

Table 1. Myanmar talus NMMP-39 measurements (in mm) and
ratios (x100)

Talar measurements and ratios NMMP-39
Talar length (TL) 16.21
Talar neck length (NL) 9.25
Trochlear length (TRL) 8.73
Midtrochlear width (MTRW) 7.9
Talar width (TW) 10.52
Lateral body height (HT) 8.81
Talar head width (HW) 8.46
Talar head height (HHT) 6.03
Angle of talar neck to talar body (Tneckangle, «°) 32
NL/TL 57
NL/TRL 106
NL/MTRW 117
HT/MTRW 11
HT/TRL 101
MTRW/TRL 90
HW/HHT 140
HW/MTRW 107
TW/TL 65
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(extinct or extant) NMMP-39 best fits with in terms of structural
talar morphology and shared-derived pedal characteristics, respec-
tively. The PA matrix (Table 2) consists of 12 tarsal characteristics
(eight on talus and four on calcaneus; Table 3) observed on
17 terminal taxa [ingroup: 15 taxa (notharctines, adapines, proto-
adapines, tarsiids, haplorhines SH, omomyines, anaptomorphines,
eosimiids, protoanthropoids SH, and anthropoids); outgroup: 3
taxa (Scandentia, Dermoptera, and Plesiadapiformes), which
do not differ significantly in the expression of the tarsal traits).
The LDA matrix (see Table 4, which is published as supporting
information on the PNAS web site) consists of 11 talar variables
(10 linear talar dimension ratios and 1 angle) measured on 55
taxa (strepsirhines and haplorhines): 6 adapiforms, 6 lemuriforms,
8 omomyids, 1 eosimiid, 3 tarsiids (1 tarsiid SH indeterminate),
2 haplorhines (indeterminate from SH), and 29 anthropoids
(1 oligopithecids, 1 proteopithecid, 1 propliopithecid, 2 parapithe-
cids, 2 cercopithecids, 1 hylobatid, and 21 platyrrhines). All of these
primate families or higher taxa were regarded a priori as natural
groups and considered as grouping factors in the discriminant
analysis. The LDA and PA matrices were analyzed with R-1.6.2
(MASS package) (37) and PAUP* 4.0 beta 10 for Windows (38),
respectively.

Results

The PA, using a branch-and-bound search algorithm, yielded 225
most-parsimonious trees of 31 steps with a consistency index of
0.613 and a retention index of 0.82. A strict consensus tree is
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Table 2. Data matrix used in the PA supplemented from ref. 33
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presented in Fig. 4. The lack of resolution in the consensus tree
is not due to alternative equally parsimonious and incongruent
topologies. Given the high taxon/character ratio (18/11) of the
matrix, some cases of polytomy are the consequence of a lack of
characteristics for defining nodes. The topology of the tree we
present is consistent with that proposed by Gebo et al. (32, 33).
Among haplorhines, NMMP-39 falls inside the anthropoid clade
sensu Gebo et al. (33), within which Eosimias and the unnamed
prothoanthropoid from SH represent the earliest offshoots
based on their tarsal morphology. In this tree, tarsiids (Tarsius
+ tarsiids SH) represent the sister group of the anthropoid clade.
Despite the lack of resolution, NMMP-39 belongs to the large
clade that includes anthropoids from the Paleogene of both
North Africa and Oman (oligopithecids, proteopithecids, prop-

Table 3. Characteristics used in the phylogenetic analysis

1. Shape of talo tibial facet
(0) steep-sided; (1) steep-sided with a plantar lip; (2) sloped
2. Flexor fibularis groove
(0) central to trochlea; (1) lateral to trochlea
3. Talar neck angle (@)
(0) <20°; (1) 20-30°; (2) >30°
4. Talar body height (HT/MTRW X 100)
(0) <100; (1) 100-120; (2) 120-150
5. Posterior trochlear shelf
(0) none; (1) small; (2) large
6. TW/TL X 100
(0) <60; (1) >60
7. Medial talo tibial facet
(0) short (does not reach to plantar edge of bone); (1) long
8. Medial cotylar fossa
(0) absent; (1) moderate; (2) deep
9. Relative width of posterior calcaneal facet
(0) >50; (1) <50
10. Relative length of distal calcaneus
(0) <45; (1) >45
11. Relative length of calcaneus heel
(0) long, >30; (1) moderate 25-30; (2) short, <20
12. Morphology of calcaneocuboid joint

(0) fan-shaped, nonarticular surface;
(1) more circular, nonarticular surface present

Characteristics with more than two states (1, 3-5, and 11) were ordered
following ref. 33.
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liopithecids, and parapithecids) and modern South American
platyrrhines.

The plot of discriminant factors derived from the LDA is
presented in Fig. 5. The position of NMMP-39 was predicted by
projecting its corresponding transformed variables (canonical
variates) onto the linear discriminants. This prediction clearly
shows that the morphology of NMMP-39 is more similar struc-
turally to that of anthropoids (93%, 98% with Eosimias), notably
platyrrhines (46%), than to that of strepsirhines (adapiforms +
lemuriforms: 1.4%).

Discussion

Given the absence of articulated skeletal remains in association
with NMMP-39 at Segyauk kyitchaung, it is essential to deter-
mine which of the formally designated primate species from the
Eocene of Myanmar to which this talus could belong. Regres-
sions of talar dimensions versus body mass in living primates (39)
show that NMMP-39 belonged to a primate having a body mass

Qutgroups

(Scandentia, Dermoptera, Plesiadapiformes)

[ Catopithecus

Aegyptopithecus

Apidium
Proteopithecus
NMMP-39
Platyrrhines
Protoanthropoid SH
Eosimias

Tarsius

Tarsiids SH
Anaptomorphinae
Haplorhines SH
Omomyinae

|— Notharctinae
Protoadapinae
|—Adapinae

Fig. 4. Strict consensus tree of 225 most-parsimonious trees (each 225 feet;
consistency index, 0.613; retention index, 0.82) obtained by a branch-and-
bound search performed under paup* 4.0.
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Fig. 2.

ranging from 2 to 6.5 kg [estimated from all strepsirhine and
lemur-only bivariate regression equations based on several linear
talar dimensions provided by Dagosto and Terranova (39); Fig.
6]. This body-mass range prediction perhaps is an underestimate,
because we have no indication what the age of the individual
might be, and furthermore we have only used the available
regressions of talar dimensions based on strepsirhines alone (39).
On the basis of its size, this talus could be allocated to A.
mogaungensis, the body mass of which is estimated to be ~6 kg
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Fig. 6. Body-weight range prediction of NMMP-39. This weight range was
estimated from all strepsirhine and lemur-only regression equations based on
several linear talar dimensions (A1, A2, A3, A4, A7, and A81) indicated by
Dagosto and Terranova (39). Predicted body-weight ranges of Amphipithecus
(NMMP-3250, NMMP-2, NMMP-6, NMMP-7, and NMMP-30) and Pondaungia
(NMMP-17, NMMP-25, and NMMP-38) were estimated from the first lower
molar (M,) areas by using the equation of Gingerich et al. (41) (line 1), all
primate (line 2) and anthropoid (line 3) least-squares regression equations of
Conroy (40), and the primate (lines 4 and 5) least-square regression equations
of Legendre (42). The body weight of Myanmarpithecus was predicted from
NMMP-37, a new fragment of mandible bearing M-M; (second lower molar),
found in November 2002 in Paukkaung Kyitchaung No. 3 (see Fig. 1) by the
Myanmar-French Team.
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based on first lower molar (M;) area [from AMNH 32520,
NMMP-2, NMMP-6, and NMMP-7: 4.8-7.2 kg from the all-
primate least-squares bivariate regression equation presented by
Conroy (40); 5.2-7.5 kg from the equation of Gingerich et al.
(41); and 4.6-6.9 kg from the primate least-squares bivariate
regression equations presented by Legendre (42); Fig. 6]. Given
that no large-bodied primate other than the abundantly sampled
Amphipithecus and Pondaungia is known from the Eocene
Pondaung Formation to date, such an allocation seems quite
probable. In that respect, some of the aforementioned talar
characteristics (steep talo-fibular facet, mid-trochlear position of
the flexor fibularis groove, dorsoplantarly narrow and dorsally
limited talo-tibial facet, and minute posterior trochlear shelf)
favoring the haplorhine anthropoid affinities for NMMP-39, and
therefore by extension for Amphipithecus, are inconsistent with
hypotheses advocating an adapiform status for the large-bodied
primates from Myanmar. All known Eocene adapiforms have a
derived talar morphology (sloped talo-fibular facet, a flexor
fibularis groove that is laterally positioned on the trochlea,
dorsoplantarly large and deep talo-tibial facet, and, in some
cases, a strong and prominently projecting posterior trochlear
shelf) otherwise found only in extant strepsirhines (lemuriforms
and lorisiforms). NMMP-39 lacks these adapiform talar syna-
pomorphies. In the broader context of primate evolution, some
of these haplorhine talar characteristics exhibited by anthropoids
(steep-sided talo-fibular facet, dorsally limited talo-tibial facet,
and midtrochlear position of the groove for the tendon of flexor
fibularis) would seemingly represent a primitive condition (27,
29), because they occur in the most likely outgroups to Primates
(Scandentia, Dermoptera, and Plesiadapiformes). However,
Gebo et al. (33) interpreted new tarsal evidence from the early
middle Eocene of China (SH) as clearly establishing that these
tarsal characteristics “are actually anthropoid apomorphies (i.e.,
reversals from the primitive primate condition), and not reten-
tions from a mammalian ancestor.” Following these authors and
because of the results of the PA, there is little chance that the
characteristics visible on NMMP-39 (notably the limited talo-
tibial facet, the lack of a (or presence of a minute) posterior
trochlear shelf (characteristics exclusive to anthropoids, and
more specifically to telanthropoids) are primitive and therefore
considered as anthropoid-like. It is also highly unlikely that these
same characteristics might have been secondarily acquired on
NMMP-39 by reversals from the derived adapiform talar con-
dition. This latter point of view is substantiated clearly by the
results of the LDA, showing that NMMP-39 exhibits consistent
structural differences with the talar morphology of both extinct
and extant strepsirhines.

This tarsal evidence now leaves hypotheses favoring adapi-
form affinities for the large-bodied primates from Myanmar
highly unparsimonious. Furthermore, the dental structure of
Amphipithecus and Pondaungia is derived in a direction similar
to some or all later anthropoids (including fossil anthropoids
from the Paleogene of North Africa and Oman). In light of this
tarsal evidence, such a dental resemblance cannot be interpreted
exclusively as the result of “functional convergence” related to
dietary specializations (23, 24) but rather should be interpreted
as the result of shared ancestry with other living and extinct
anthropoids. Contrary to Ciochon and Gunnell (23) or Gunnell
et al. (24), we remain proponents of the hypothesis that the
large-bodied primates from Myanmar are anthropoids and are
not derived strepsirhine adapiforms.
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