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Abstract - Fossil primates have been known from the late middle to late Eocene 
Pondaung Formation of Myanmar since the description of Pondaungia cotteri in 
1927. Three additional primate taxa, Amphipithecus mogaungensis, Bahinia 
pondaungensis, and Myanmarpithecus yarshensis have been described 
subsequently. Siamopithecus from the late Eocene of Thailand has been allied 
with Pondaungia and Amphipithecus in the family Amphipithecidae, and this 
family has been placed in Anthropoidea as a sister group to Egyptian Fayum 
anthropoids. A new analysis of all known larger-bodied fossil primates from 
Myanmar leads to the following conclusions: (1) Pondaungia, Amphipithecus, 
and Siamopithecus are notharctid adapifoms that belong in a distinct subfamily, 
Pondaunginae; (2) the Myanmar pondaungine taxa (Pondaungini) can be 
distinguished at the tribal level from Siamopithecus (Siamopithecini, new tribe); 
(3) three species of larger-bodied primates are now represented in Myanmar: 
Pondaungia cotteri, Pondaungia savagei new species, and Amphipithecus 
mogaungensis; (4) there is no evidence favoring inclusion of any of these taxa in 
Anthropoidea; (5) Arnphipithecidae is a junior synonym of Pondaungidae; and 
(6) dental and cranial resemblances between pondaungines and anthropoids are 
probably functional convergences resulting from a diet consisting of hard and 
tough food objects utilized by these Southeast Asian primates. 

INTRODUCTION 

The first fossil primate named from Myanmar was Pondaungia cotteri Pilgrim, 1927, from a 
locality near Pangan (Pankan) village in the Pondaung Formation of central Myanmar (formerly 
Burma; Fig. 1). Ten years later Colbert (1937) described Amphipithecus mogaungensis from near 
Mogaung village in the Pondaung Formation. No other primates were reported from the Pondaung 
Formation over the intervening 40 years until four new specimens were discovered at Mogaung in 
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FIG. 1 - Location map of Myanmar with inset showing the major field areas where the middle and upper 
Eocene Pondaung Formation outcrops west of Mandalay. Maps 1, 2, and 3 within the inset here are 
enlarged in Figure 2 to show outcrop areas. 

1978 (Ba Maw et al., 1979; Ciochon et al., 1985; Takai et al., 2000). More recently, several new 
primate specimens have been reported from Pangan and Mogaung, and specimens have been found 
at new localities near Bahin, Paukkaung, and Sinzwe (Fig. 1; Jaeger et al., 1998, 1999; Tin Thein, 
1999; Aye KO Aung, 1999a; Takai et al., 2000). 

Primates known from Myanmar include at least four taxa: the original two species, plus Bahinia 
pondaungensis (Jaeger et al., 1999) and Myanmarpithecus yarshensis (Takai et al., 2000, 2001). 
New discoveries of primate remains from the Pondaung Formation are the result of a Myanmar 
joint government-university initiative started in 1997 by the Office of Strategic Studies, the Minis- 
try of Defence, and by the University of Taunggyi, Dagon University, and Hlaing College. Table 1 
lists all known Myanmar primate specimens, with updated and corrected specimen number and 
locality information. What follows is an extensive description and discussion of these important 
primate specimens, with a focus on the larger-bodied primates from Myanmar. The fossils de- 
scribed here all come from kyitchaungs-a kyitchaung is the local language equivalent of "out- 
crop," and translates approximately to "clay gullies" (kyit = clay, and chaung = gullies). 

AGE OF THE PONDAUNG FORMATION 

The Pondaung Formation was originally considered to be late Eocene in age (Colbert, 1938). 
More recently, Holroyd and Ciochon (1994) argued that most of the Pondaung Formation repre- 
sents the latest middle Eocene (Bartonian) based on vertebrate faunal correlations, biostratigraphic 
relationships with adjacent marine units, and an updating of the middle-to-late Eocene boundary. 
Work on the distribution of nannoplankton species (Hla Mon, 1999), floral assemblages (Thet 
Wai, 1999), and fission track dating of tuffaceous sediments (Aye KO Aung, in press; Tsubamoto, 
2000) has helped refine the relative ages of Pondaung Formation fossil primate localities (Figs. 2- 
3). The localities near Mogaung Village (Thandaung and Lema kyitchaungs) fall in nannozones 
NP 15/16, which span the later Lutetian and early Bartonian (middle Eocene) while the localities 
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FIG. 2 - Enlarged maps showing the location of kyitchaungs or outcrops (hatched pattern) yielding fossil 
mammals in the Mogaung (Map I), Bahin (Map 2), and Pangan (Map 3) areas. Locations of stratigraphic 
sections are shown as well. Primate specimens from each kyitchaung are indicated in boxes except for 
NMMP 27 which is from Payarna kyitchaung near Sinzwe (Map 2). 

near Pangan village (Roadcut or PGNl and Taungnigyin or PGN2 kyitchaung) and near Bahin 
village (Fig. 4; Sabapondaung or PK1, Yarshe, Paukkaung or PK2, and Payama kyitchaungs) fall 
in nannozones NP 17-20, later Bartonian and Priabonian (late middle to late Eocene) based on the 
Berggren et al. (1995) time scaIe. A fission track age of 37.2 + 1.3 Ma was obtained from zircon 
crystals from a tuffaceous layer approximately 2 meters above the primate-bearing horizon at 
Sabapondaung kyitchaung (Tsubamoto, 2000). This fission track age substantiates a latest Bartonian 
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FIG. 3 - Stratigraphic sections measured at Yarshe, Sabapondaung, Pangan, Lema, and Thandaung 
kyitchaungs. Note the presence of a tuffaceous layer at Yarshe and Sabapondaung. This layer has been 
dated at 37.2 Ma + 1.3 Ma by fission-track techniques. All sections are in the upper member of the 
Pondaung Formation. 

age for the Bahin area primate localities, as nearly all localities are stratigraphically at or below the 
primate horizon at Sabapondaung kyitchaung (Aye KO Aung, 1999b, in press; Ciochon et al., 
2001 ; see also Fig. 3). 

INSTITUTIONAL ABBREVIATIONS 

AMNH - American Museum of Natural History, New York (U.S.A.) 
GSI - Geological Survey of India, Calcutta (India) 
DGMU - Mandalay University, Department of Geology, Mandalay (Myanmar; DGMU 

= MUGD) 
NMMP - National Musenm of Myanmz: Primate, Yanger? (Myarmar) 
NMMP-KU - National Museum of Myanmar Primate-Kyoto University, Yangon 

(MY anmar) 
UCMP - University of California, Museum of Paleontology, Berkeley (U.S.A.) 

SYSTEMATIC PALEONTOLOGY 

Order PRIMATES Linnaeus, 1758 
Infraorder ADAPIFORMES Szalay and Delson, 1979 

Family NOTHARCTIDAE Trouessart, 1879 



FIG. 4 - Photograph of Yarshe kyitchaung, which yielded a specimen of Amphipithecus mogaungensis and 
the type specimens of Bahinia pondaungensis and Myanmarpithecus yarshensis (see Table 1 ) .  

Subfamily PONDAUNGINAE Ciochon and Holroyd, 1994 

Diagnosis.- Differs from Notharctinae in lacking PI, in lacking or having very tiny paraconids 
on lower molars, and in having Il larger than ID less distinct cheek tooth cusps, great molar basal 
inflation, very deep dentaries, shortened rostra with crowding of anterior cheek teeth, and calca- 
neum with very deep, dorsoplantarly oriented calcaneocuboid facet. 

Tribe PONDAUNGINI Ciochon and Holroyd, 1994 

Emended diagnosis.- Differs from Siamopithecini in lacking lingually distended upper mo- 
lars, in having a less distinct and lower postprotocingulum on upper molars, P4 broader 
buccolingually and flatter with lingual shelf more extended, MI smaller than M2, P3-4 shortened 
anteroposteriorly with more bucally distended surfaces and reduced relative to molars, and cheek 
tooth occlusal surfaces generally flatter with less topographic relief. 

Included genera.- Pondaungia and Amphipithecus. 

Pondaungia Pilgrim, 1927 

Type species.- Pondaungia cotten' 
Included species.- Type species and I? savagei, new species 
Age and distribution.- Late middle to late Eocene, Pondaung Formation, Myanmar. 
Emended diagnosis.- Differs from Amphipithecus in having relatively shorter, broader, and 

more bulbous lower premolars (premolars wider than long), lower molars with better definition of 
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FIG. 5 - Pondaungia cotteri. GSI D201 (part of holotype), left dentary with broken M2 and Mj in occlusal 
(A), medial (B), and lateral (C) views. GSI D202 (part of holotype), right dentary with M3 in occlusal (D), 
lateral (E), and medial (F) views. Scale bar equals one centimeter. 

cusps, lower molars with heavy enamel crenulation, lower molar hypoflexids more distinct with 
basal shelves, and Mg not reduced relative to M2. 

Pondaungia cotteri Pilgrim, 1927 
(Figs. 5-8) 

Pondaungia cotten' Pilgrim, 1927. 
Pondaungia cotten' (in part), Ciochon and Holroyd, 1994; Takai et al., 2000. 
Pondaungia minuta Jaeger et al., 1998; Chaimanee et al., 2000b. 

Ho1o~pe.- GSI D201-203, including a left dentary M2-3 (GSI D201), a right dentary M3 (GSI 
D202), and a left maxilla MI-2 (GSI D203). 

Referred specimens.- Holotype and NMMP 4 ( = DGMU-P3), a right dentary with M1-3 (Fig. 6). 
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FIG. 6 - Pondaungia cotteri. NMMP 4, right dentary with heavily worn and eroded in occlusal (A), 
lateral (B), and medial (C) views. This is the holotype of Pondaungia minuta. Enamel islands are preserved 
between MI and M2, but virtually all other enamel has been removed by digestion (see text). GSI D203 
(part of holotype), left maxilla with MI-2 in occlusal (D), lateral (E), and medial (F) views. Scale bar 
equals one centimeter. 

Locality and distribution.- The holotype is from a roadcut near Pangan village, central Myanmar. 
Referred specimen is from Lema kyitchaung near Mogaung village, central Myanmar. 

Diagnosis.- Differs from P savagei in being 15% to 20% smaller in tooth dimensions, molar 
hypoflexids relatively deeper with little or no development of buccally extended basal shelves, 
lower molars relatively less basally inflated with weaker buccal cingulids, M3 trigonids narrower 
than talonids, and horizontal ramus shallowing anteriorly. 

Discussion.- As now understood, Pondaungia cotteri is the rarest larger-bodied primate known 
from Myanmar being represented by only two specimens. There are now ten specimens represent- 
ing Pondaungia from the Pondaung Formation. If I? cotteri were simply representative of the 
female Pondaungia morph, a more even split between male and female specimens would be ex- 
pected. 
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FIG. 7 - Pondaungia cotteri. Comparison of holotype specimens GSI D202 (A) and GSI D201 (C,E) with 
NMMP 4 (B,D,F) in occlusal, lateral, and anterior views. Note close similarity in tooth size, tooth 
morphology, and mandibular depth and width. Scale bar equals one centimeter. 

Recent description of new specimens of Pondaungia (Jaeger et al., 1998; Takai et al., 2000) 
necessitates a reappraisal of the systematics of this taxon. The original description of Pondaungia 
was based on three syntypes from exposures near the village of Pangan (Fig. 2; Pilgrim, 1927). 
These specimens (Geological Survey of India numbers D201, D202, D203; Figs. 5-8) comprise a 
left maxilla with MI-2, a left dentary with M2-3, and a right dentary with M3, and almost certainly 
representing a single individual (Pilgrim, 1927). Ciochon and Holroyd (1994) designated all three 
specimens as the holotype (synlectotypes) of Pondaungia cotteri. An additional specimen of 
Pondaungia (right dentary with M2-3) was described by Ba Maw et al. (1979) and was originally 
published under the number UCMP 120377. This specimen was transferred to the Department of 
Geology, Mandalay University, as DGMU-P4, and then recataloged in the National Museum of 
Myanmar as NMMP 1. Ba Maw et al. (1 979) noted that the newly described specimen was larger 
than the original type material but suggested that this might only represent sexual dimorphism. 

Jaeger et al. (1998) described and figured two new specimens of Pondaungia (NMMP 4 and 
NMMP 5) and figured a third without discussion, NMMP 3 (=DGMU-P2). Jaeger et al. (1998) 
indicated that NMMP 4 was distinctly smaller than most other Pondaungia specimens and desig- 
nated it as the holotype of a new species, Pondaungia minuta, also referring one of the original 
syntypes (GSI D202) of f? cotteri to this new species (Figs. 6-7). Takai et al. (2000) briefly 
described and figured another specimen of Pondaungia (NMMP 12 = NMMP-KU 0003), while 
three additional specimens (NMMP 17, NMMP-KU 0004,005 1)  are mentioned but not described 
in their Table 1. NMMP 17, a right dentary with M2-3 is illustrated but not described in Aye KO 
Aung (1 999b). 

A review of all Pondaungia specimens (Table 1 )  reveals several taxonomic problems. As Takai 
et al. (2000) and Chaimanee et al. (2000b) noted, the holotype of Jaeger et ale's (1998) "P. minuta" 
(NMMP 4) is a specimen lacking enamel so that any dental measurements are misleading (Figs. 6A- 



FIG. 8 - Pondaungia cotteri. NMMP 4, drawing of right dentary with heavily worn and eroded in 
occlusal (A), lateral (B), and medial (C) views, for comparison with photograph in Figure 6. Arrow in B 
points to enamel islands preserved between M1 and M2. Scale bar equals one centimeter. Drawing by 
Kyaw Min. 

C, 8). Takai et al. (2000) suggested that this individual represents an infant, but this seems impos- 
sible given that Mg is fully erupted. 

The more probable explanation for the condition of this specimen is that it may have been 
digested by a crocodilian (Fisher, 1981a,b). Close examination reveals that all of the enamel has 
been removed from the teeth of NMMP 4 (Fig. 8) except for small islands of enamel at interdental 
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boundaries (see Fisher, 1981a, Fig. 4d-f, p. 271, for an example of this type of enamel erosion in 
another faunal assemblage). This matches the expected pattern of tooth enamel erosion docu- 
mented by experiments with modem crocodilians conducted by Fisher (1981a,b). Crocodilian 
predation on primates has been documented from Messel in Germany (Franzen, 1988,1997; Franzen 
and Frey, 1993), and given the diversity and abundance of crocodilians in the Pondaung Formation 
(Hutchison and Holroyd, 1996) there is every reason to believe that similar predation may have 
occurred in Myanmar. 

Additionally, the second specimen (GSI D202) referred to "Z? minuta" by Jaeger et al. (1998) 
was claimed to be "distinctly smaller than the M3 of other specimens of Pondaungia" (p. 956). 
Comparisons of the original Pondaungia cotteri type material shows the M3 of GSI D202 to be 
virtually identical in size, wear pattern, and preserved morphology to the M3 of GSI D201. Fur- 
thermore, GSI D201, D202, and D203 almost certainly represent the same individual (Pilgrim, 
1927; Ciochon and Holroyd, 1994), and should certainly not be placed in different species. There 
is no compelling evidence to suggest that NMMP 4 differs in any way from the species repre- 
sented by the holotype of Pondaungia cotteri (Fig. 7), thus "I? minuta" is considered a subjective 
junior synonym of the genotype species. 

Takai et al. (2000) noted the presence in Myanmar of two distinct sizes of Pondaungia speci- 
mens. They suggested that these differences may result from sexual dimorphism. Our reanalysis 
reveals that the differences are sufficient to justify recognition of a new species of Pondaungia, 
described below in the context of a revised understanding of its relationships. 

Pondaungia savagei, new species 
(Figs. 9-14) 

Pondaungia cotteri (in part), Ba Maw et al., 1979; Ciochon and Holroyd, 1994; Jaeger et al., 1998; Takai et 
al., 2000; Chaimanee et al., 2000b. 

Ho1otype.- NMMP 1 (=UCMP 120377 and DGMU-P4), right dentary with unworn M2-3. 
NMMP 3 (=DGMU-P2) is a left dentary with unworn M2-3. While given separate catalog num- 
bers, these two specimens almost certainly represent the same individual (Fig. 9). In 1978, Ba 
Maw and Thaw Tint both took groups of students to the Mogaung area. In April, Ba Maw's team 
discovered NMMP 1, while in September Thaw Tint's team recovered NMMP 3. In 1979 D. E. 
Savage and R. L. Ciochon discovered that both Ba Maw and Thaw Tint had been led to the same 
locality (Thandaung kyitchaung) by local farmers from Mogaung village. When both specimens 
were compared it became clear that each shared the same pattern of fossilization, the same degree 
of wear, and the same pattern of breakage, and the same red sediment was adhering to each speci- 
men. NMMP 1 was described by Ba Maw et al. (1979), but NMMP 3 remained unpublished until 
Jaeger et al. (1998) figured it without discussion. 

Hypodigm.- Holotypes and NMMP 5, right dentary M2-3; NMMP 12, left maxilla 11, Cl, P2, 
M2, and parts of P4, MI, and M3; NMMP 17, right dentary P2-M3; NMMP 20, complete left hu- 
merus, distal half of left calcaneum, and fragments of right humerus and left and right ulnae; 
NMMP 22, right P4; NMMP 24, right dentary C1-M3; and NMMP 25, left MI. 

Locality and distribution.- The holotypes are from Lema kyitchaung near Mogaung village, 
west-central Myanmar. Referred specimens are from Lema kyitchaung (NMMP 5, NMMP 22, 
NMMP 25), Taungnigyin kyitchaung near Pangan village (NMMP 12), Thandaung kyitchaung 
near Mogaung village (NMMP 17), Sabapondaung kyitchaung (PK1) near Bahin village 
(NMMP 20), and Paukkaung kyitchaung (PK2) near Paukkaung village (NMMP 24). These 
kyitchaungs are all in west-central Myanmar. 

Diagnosis.- Differs from Z? cotteri in being 15% to 20% larger in tooth dimensions; molar 
hypoflexids shallower but with relatively larger, buccally extended basal shelves; molars more 
basally inflated with relatively heavier buccal cingulids; M3 trigonids wider than talonids; and 
horizontal ramus does not shallow anteriorly, maintaining nearly uniform jaw depth from poste- 
rior to anterior. 



FIG. 9 - Pondaungia savagei, new species, NMMP 1 (holotype), right dentary with unworn M2-3 in occlusal 
(A), lateral (B), medial (C) ,  and anterior (D) views. NMMP 3 (probably part of holotype), left dentary 
with unworn M2-3, in occlusal (E), lateral (F), medial (G), and anterior (H) views. Scale bar equals one 
centimeter. 
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FIG. 10 - Pondaungia savagei, new species, NMMP 12, left 11, C1, left maxillary fragment with P3 and 
lingual part of P4. 11 is shown in occlusal and lingual views (A,B); P34 are shown in occlusal, medial, and 
lateral views (C-E); Cl is shown in occlusal, buccal, and lingual views (F-H); maxillary fragment with M2- 
3 in dorsal, occlusal, buccal, and lingual views (I-L). Scale bar for A-B equals 0.5 centimeters, and those 
for C-H and I-L equal one centimeter, respectively. 
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FIG. 1 1 - Pondaungia savagei, new species. A-D, NMMP 22, right P4 in lingual (A), occlusal (B), posterior 
(C), and anterior (D) views. E, NMMP 25, left MI in oclusal view. Scale bar equals one centimeter. 

Etymology.- Named for the late Donald E. Savage in recognition of his contributions to our 
understanding of Eocene mammalian evolution in southeastern Asia and China. 

Description.- Recent collecting efforts combined with our redefinition of the hypodigms of I? 
cotteri and I? savagei have resulted in a much better understanding of the dental and mandibular 
morphology of the latter species. We take this opportunity to present descriptions and illustrations 
of all tooth positions now known to represent f? savagei. 

Upper dentition (Figs. 10-1 1 A-D). NMMP 12 (Takei et al., 2000, their specimen number 
NMMP-KU 0003) consists of portions of a left maxilla of l? savagei including a broken 11, com- 
plete C1 and P3, the lingual halves of P4 and MI, a complete M*, and a small fragment of M3. 
NMMP 22 is a complete, nearly unworn P4 of I? savagei. Tooth measurements of all Pondaungia 
and Amphipithecus specimens are listed in Tables 2 and 3. 

11 is relatively large, but broken buccally and worn. It has a relatively strong labial shelf with a 
lingually spatulate, flatly worn crown. Cl is robust with a worn tip. It has a strong labial cingulum 
that extends from the distobuccal corner to the labial side. The labial surface is divided by a 
longitudinal valley into a larger mesial and a smaller distal portion. 

P3 has a strong paracone that is inflated both buccally and lingually. The preparacrista is short 
but the postparacrista is relatively longer and more robust. There is no evidence for the presence 
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FIG. 12 - Pondaungia savagei, new species. NMMP 17, right dentary with P2-M3 in occlusal (A), lateral 
(B), and medial (C) views. Scale bar equals one centimeter. 

of a metacone but the tooth is somewhat worn. The protocone is low and anterior and well sepa- 
rated from the base of the paracone. There is a faint postprotocrista that extends to the base of the 
paracone and divides the lingual shelf in half. A relatively stronger preprotocrista extends to the 
proximobuccal comer of tooth. The lingual shelf is inflated lingually and covered with rugose 
enamel. 
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FIG. 13 - Pondaungia savagei, new species. NMMP 24, right dentary with C1-M3 in occlusal (A), lateral 
(B), and medial (C) views. Arrows in B indicate alveoli for I1 and 12, note that I1 alveolus is larger than that 
for 12. Scale bar equals one centimeter. 

P4 (NMMP 22, Fig. 11A-D) has a massive, centered paracone with an inflated buccal flank. 
The preparacrista is robust and inflated but there is no parastylar development. The postparacrista 
is also robust and inflated and terminates as a small, rounded metastyle that is incorporated into 
the postparacrista. There are no cingula developed. The protocone is low, rounded, and anteriorly 
placed. A relatively large paraconule is present (nearly as large as the protocone) that is appressed 
to the base of the paracone and connected to the preparacrista by a small shelf. There is an 
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FIG. 14 - Comparative dental series of Pondaungia and Amphipithecus specimens in occlusal view. A, F! 
cotteri, NMMP 4. B, F! savagei, NMMP 3 (reversed). C, F! savagei, NMMP 17. D, F! savagei, NMMP 24. 
E, A. mogaungensis, NMMP 7 (left side, reversed). Scale bar equals one centimeter. 

additional worn, rounded cuspule present between the paraconule and protocone. The 
postprotocrista is relatively strong and broad and extends to the posterior base of the paracone 
where it widens to form an indistinct metaconule. A small fovea is present between the para- and 
metaconules. A strong and very broad postprotocingulum extends from the apex of the protocone 
to the posterior comer of the tooth and forms a posterior shelf that has two small bunodont acces- 
sory cuspules formed along its posterior margin. Enamel crenulation is developed along the pos- 
terior edge of the postprotocrista. 

Only the lingual part of MI is known for P savagei (NMMP 12). Among the few features that 
can be discerned from this fragmentary tooth are the presence of a robust, low protocone and a 
hypocone formed from the postprotocingulum that is nearly as robust as the protocone. 

M2 has a bulbous paracone and metacone, both of which are very low and buccally inflated (the 
paracone more so than the metacone). The hypoflexus is very shallow being just a small notch 
between the paracone and metacone. A short preparacrista leads to a tiny parastylar area that joins 
with a robust anterior cingulum. This anterior cingulum is continuous with a weaker lingual 
cingulum, but no posterior or buccal cingula are present. The protocone is distinct, inflated, and 
marginal but less massive than the paracone or metacone. The hypocone is nearly the size of the 
protocone and is formed from the postprotocingulum (but closely appressed to protocone). The 
preprotocrista is short and does not reach the base of the paracone leaving the trigon basin open 
anteriorly through a narrow notch between the protocone and paracone. A strong, robust 
postprotocrista extends to the base of the metacone and closes the trigon basin distally. Posterior 
to the postprotocrista a small depression is formed between the bases of the hypocone and meta- 
cone. The enamel of the trigon basin is crenulated and rugose. 

Lower dentition (Figs. 1 1 E, 12-14). The lower dentition of Pondaungia savagei is represented 
by the two holotypes (NMMP 1 and NMMP 3) both of which preserve M2-3, NMMP 5 (M2-3), 
NMMP 17 (P2-M3), NMMP 24 (C1-M3), and NMMP 25 (MI). 
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Table 2 - Measurements of upper teeth of primates described from the late middle Eocene of Myanmar. 
Abbreviations: L, mesiodistal length; W, buccolingual width. Measurements in rnm. 

Amphipithecus Pondaungia Pondaungia 
mogaungensis cotteri savagei 

GSI NMMP NMMP 
D203 12 22 

Only one specimen of Z? savagei (NMMP 17, Figs. 12, 14C) preserves any morphology of the 
lower premolars (Chaimanee et al., 2000b). Another specimen (NMMP 24, Fig. 13, 14D) has the 
premolars in place but they are completely worn flat. In general, the premolars of Z? savagei are 
low, bulbous, crowded together, and wider than long. 

P2 has a large protoconid that is rounded and blunt (partially due to wear). No distinct paraconid 
or metaconid is present, although there is a relatively weak, short metaconid pillar developed. The 
tooth is basally inflated and distolingually distended with a bulging buccal surface. P2 has no 
talonid or posterior shelf developed and lacks any cingulids. 

P3 is similar to P2 in having a low, bulbous, and massive crown. It differs from P2 in being 
larger in over-all dimensions, in having a stronger metaconid pillar, and in also having a 
postprotocristid that extends from the apex of the protoconid into a massive, broad, lingually 
sloping posterior shelf (posterior to the metaconid pillar). P3 also is more distended distolingually 
than P2. P4 is a more massive version of P, with a relatively larger and more massive metaconid 
pillar and a broader postprotocristid and posterior shelf. 

NMMP 25 (Fig. 11E) preserves a nearly unworn left MI of Z? savagei. Other specimens pre- 
serving MI (NMMP 17 and NMMP 24) have this tooth nearly worn away. The MI protoconid is 
robust. There is a broad, curving, and mesially extended paracristid with a small paraconid cuspule 
at the mesiolingual comer of the trigonid. The paraconid and metaconid are enclosed in a continu- 
ous crest closing the lingual border of the trigonid. The metaconid is double-cusped with the 
posterior cuspule positioned distal to the protoconid. The trigonid fovea is separated into a larger 
depression mesially and a smaller depression posteriorly, which is continuous with a deep groove 
separating the metaconid and protoconid. The fovea also is divided by a transverse crest originat- 
ing from the anterior metaconid cuspule and extending to the lingual edge of the protoconid. 
There is a weak mesiobuccal cingulid and stronger distobuccal cingulid that continues posteriorly 



PONDAUNGZA AND AMPHZPZTHECUS FROM MYANMAR 355 

Table 3 - Measurements of lower teeth of primates described from the late middle Eocene of Myanmar. 
Abbreviations: AW, buccolingual width of trigonid; L, mesiodistal length; MD, mandibular depth below 
M2; PW, buccolingual width of talonid; W, buccolingual width. Measurements in mrn. 

Amphipithecus Pondaungia 
mogaungensis cotteri 

Pondaungia 
savagei 

AMNH NMMP NMMP NMMP GSI NMMP NMMP NMMP NMMP NMMP NMMP 
32520 2 6 7 D201-202 1 3 5 17 24 25 

to join the postcristid. The hypoconid is marginal, somewhat inflated, and enclosed in a high 
cristid obliqua that joins the postvallid buccal of center. There is no distinct entoconid but a tall 
entocristid with four accessory cuspules formed along its margin. The entocristid closes the tal- 
onid lingually (no talonid notch) but the talonid is open posteriorly as there is no hypoconulid. 
The trigonid is only slightly higher than the talonid and the talonid is covered with weakly crenu- 
lated enamel. 

M2-3 are best represented in the two holotype specimens (NMMP 1 and NMMP 3), both teeth 
being either heavily eroded (NMMP 5 and NMMP 17) or worn nearly flat (NMMP 24) in other 
specimens where they are present. M2 lacks a paraconid but has a broad and sloping paracristid 
that extends anteriorly. The metaconid is somewhat larger than protoconid and double-cusped. 
The hypoconid is very robust and low and is incorporated into a very broad, short, and inflated 
cristid obliqua. The entoconid is more marginal, lower, and less inflated with a lower and less 
broad entocristid (talonid notch still closed). There is no hypoconulid. Like MI, the trigonid is 
only slightly higher than talonid and the talonid basin is covered with heavily crenulated enamel. 
There is a weak buccal cingulid very high on buccal flank of the tooth. Beneath the cingulid the 
tooth bulges buccally. The hypoflexid is distinct but shallow with an enamel ridge that extends 
into the hypoflexid from the base of the protoconid, placed higher than the buccal cingulid. 

M, lacks a paraconid and has a double-cusped metaconid as in M2. The hypoconid is large. 
The entoconid is absent but there is an entocristid that is continuous with the postcristid and 
postmetacristid, the latter of which is divided into two portions by crenulations. The entocristid is 
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P. savagei A P. cotteri + A. mogaungensis 
F'IG. 15 - Bivariate plots of M2 length versus width for Pondaungia and Amphipithecus (A), and Mg length 

versus width for Pondaungia and Amphipithecus (B).  

Pondaungia 

a - 
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FIG. 16 - Bivariate plot of M3 trigonid width versus M3 talonid width in Pondaungia. 

relatively low and has five accessory cuspules formed along its crest by crenulations. The 
hypoconulid also is low, single cusped, and relatively large. There is a weak, discontinuous buccal 
cingulum with the anterior portion being better developed than in M2. A small enamel ridge 
extends from the protoconid to the base of the hypoflexid that is somewhat more distinct than in 
M2 and much more buccally extended to form a small, enclosed shelf (straight on M2 with no 
shelf,). The talonid basin is shallow with very crenulated enamel. 

Additional morphology. NMMP 17 and NMMP 24 preserve relatively complete dentaries of P 
savagei that detail some additional dental morphology. Horizontal ramus depth remains consis- 
tent from posterior to anterior, tapering only very slightly anteriorly. The symphysis is unfused 
and extends back to P3 (P2 in NMMP 24). The mandible is thickest (buccolingually) beneath P4- 
MI. Judging by the roots, I1 is larger than I2 (Fig. 13C). The lower canine is relatively robust but 
not markedly projecting. P2 is single-rooted while P3-4 are double rooted with the lingual root 
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being bifurcate in P3 and both buccal and lingual roots being bifurcate in P4. Two mental foramina 
are present, one beneath P2 and a second beneath P4. 

Discussion.- Figures 15-16 summarize some aspects of tooth size between the two species of 
Pondaungia. Figure 15A,B depicts lower second and third molar size, with two distinct groupings 
being present in each case: a smaller group represented by Z? cotteri and a larger group repre- 
sented by Z? savagei. Figure 16 shows the relationship between M3 trigonid and talonid width in 
the two Pondaungia species. I! cotteri has M3 trigonids that are somewhat narrower than the 
talonids, while Z? savagei has M3 trigonids that are broader than the talonids. In combination with 
the morphological features cited above, these differences in size also support the recognition of 
two distinct species of Pondaungia. Both species of Pondaungia are present throughout the 
Pondaung sequence, but P savagei is relatively more common. 

Amphipithecus Colbert, 1937 

Type and only species.- Amphipithecus mogaungensis 
Age and distribution.- Late middle to late Eocene, Pondaung Formation, Myanmar. 
Emended diagnosis.- Differs from Pondaungia in having somewhat longer, narrower, and 

less bulbous lower premolars with more distinct cuspules (premolars longer than wide), lower 
molars with poorly defined cusps, lower molar crenulation weak or absent, lower molar hypoflexids 
shallow, and M3/M3 reduced relative to M2/M2. 

Amphipithecus mogaungensis Colbert, 1937 
(Figs. 17-23) 

Amphipithecus mogaungensis, Ciochon et al., 1985; Ciochon and Holroyd, 1994; Jaeger et al., 1998; Takai et 
al., 2000. 

Ho1otype.- AMNH 32520, left dentary with P3-MI (Fig. 17). 
Referred specimens.- Holotype and NMMP 2 (=DGMU-PI), left dentary NMMP 6, left 

dentary NMMP 7, left dentary P3-M3 and right dentary P4-M3, and NMMP 18, right maxilla 
P4-M3. TWO isolated frontal bones (NMMP 19 and NMMP 27) may also represent Amphipithecus 
mogaungensis. 

Locality and distribution.- The holotype is from Thandaung kyitchaung near Mogaung vil- 
lage, west-central Myanmar. Referred specimens are from Thandaung kyitchaung (NMMP 2, 
NMMP 6), Yarshe kyitchaung near Bahin village (NMMP 7), and Paukkaung (PK2) kyitchaung 
near Bahin village (NMMP 18). The two possible frontal bones of Amphipithecus are from 
Paukkaung (PK2) kyitchaung (NMMP 19) and Payama kyitchaung near Bahin village (NMMP 27). 

Diagnosis.- See generic diagnosis. 
Description.- The following descriptions are based on an examination of all known speci- 

mens of Amphipithecus. 
Upper dentition (Figs. 18-19). The only known upper teeth of Amphipithecus are preserved in 

~~ 18, a right maxilla with a fragment of F4, a rnesiolingually broken MI, ar~d complete M2-3. 
Unfortunately, MI-2 are heavily worn so that much of the tooth morphology is gone. Little can be 
said of MI. The buccal cusps of M2 are still present and show a massive, low, rounded, and 
buccally distended paracone and a metacone. The metacone is slightly smaller than the paracone 
but otherwise also massive and buccally distended (but not quite as much as the paracone). There 
is no stylar shelf but M2 has slightly rugose enamel along its buccal margin. MI-2 appear to have 
had hypocones but it is not possible to tell how they were formed because the teeth are too worn. 
In general the roots of all of the upper molars are somewhat distended buccally and the molar 
crowns appear to have been nearly flat. 

M3 is mostly unworn. It is virtually flat with only a very tiny, shallow trigon basin at the center 
of the tooth. The paracone is low, rounded, massive and buccally distended, while the metacone is 
reduced, but also massive, rounded and flat. A very weak hypoflexid is developed between the 
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FIG. 17 - Amphipithecus mogaungensis, AMNH 32520 (holotype), left dentary with P3-M1 in occlusal (A), 
lateral (B), and medial (C) views. Scale bar equals one centimeter. 

para- and metacones. The protocone is massive and placed slightly anterior of center. There is no 
discernable preprotocrista but there is a weak postprotocrista that closes the tiny trigon basin 
posteriorly. There is a distal, sloping shelf extending from the postprotocrista but no hypocone is 
present. The enamel of the trigon basin is slightly rugose. M3 is reduced in size compared to M2. 
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FIG. 18 - Amphipithecus mogaungensis, NMMP 18, right maxilla with fragment of P4, MI-3 in dorsal (A), 
occlusal (B), lateral (C), and medial (D) views. Scale bar equals one centimeter. 

Lower dentition (Figs. 20-21). Four specimens of Amphipithecus preserve partial lower denti- 
tions including AMNH 32250 (holotype with P3-MI), NMMP 2 NMMP 6 and 
NMMP 7 (P3-M3). 



FIG. 19 - Comparison of upper dentitions of Amphipithecus and Pondaungia in occlusal view. A, 
Amphipithecus, NMMP 18. B, Pondaungia, NMMP 12. Scale bar equals one centimeter. 

P3 has a tall and buccally inflated protoconid. The paraconid is elevated (nearly as tall as 
protoconid), appressed to anterior flank of the protoconid, and extended anteriorly and excavated 
beneath such that it would have over-hung P2. There is no distinct metaconid but a very broad, 
robust metacristid is present that extends down the lingual flank of the protoconid. A small fovea 
is present between the paraconid and the metacristid. P3 is distolingually distended and has a very 
heavy postprotocristid (as heavy as the metacristid) that curves from the protoconid to the 
distolingual corner of the tooth. A relatively deep valley is present between the metacristid and 
postprotocristid. P3 is bucc~pr~ximally distended as well, giving it the appearance of being some- 
what skewed in the jaw, although the anterior root of P3 is only slightly displaced buccally. 

P4 is similar to P3 but with a more massive and inflated protoconid. The paraconid and meta- 
conid are more distinct and relatively more massive than in P3 with a relatively larger fovea being 
developed between them on the lingual flank of the protoconid. The metaconid is formed as a 
massive, inflated, pillar-like metacristid that is appressed to lingual side of protoconid (instead of 
forming a broad, less massive ridge as in P3). The postprotocristid is stronger and relatively larger 
than in P3 and curves to the distolingual border of the tooth. Because the postprotocristid is so 
massive it gives the appearance of being developed as a talonid shelf but there is no real talonid 
development. 

In general, lower molars lack distinct cusps. Trigonids are only slightly more elevated than 
talonids and talonids are very shallow and broad with very weak or absent enamel crenulations. 
The tooth crowns are very basally inflated. 

MI has a small paraconid and a massive and bulbous protoconid and metaconid. The meta- 
conid is extended distally and placed close to the protoconid. The paraconid is equidistant and 
centered so that the trigonid cusps form an equilateral triangle. There is no trigonid fovea present. 
A very weak proximobuccal cingulid is present high on the flank of the protoconid. The hypoflexid 
is very shallow with no cingular or ridge development, unlike the condition in Pondaungia. The 
cristid obliqua is short and broad and the hypoconid is marginal but basally inflated. The ento- 
conid is also marginal, smaller than the hypoconid, but still somewhat inflated. The entocristid is 
short, high, and broad (talonid notch closed) but not as massive as the cristid obliqua. The talonid 
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FIG. 20 - Amphipithecus mogaungensis. NMMP 2, left dentary with in occlusal (A), lateral (B), and 
medial (C) views. NMMP 6, left dentary with in occlusal (D), lateral (E), and medial (F) views. Scale 
bar equals one centimeter. 

basin is relatively shallow and open distally with either a very tiny, centered hypoconulid (NMMP 6) 
or no hypoconulid (NMMP 2) and no enamel crenulation. 

M2 is similar to M1 but lacks a paraconid, instead having a low, sloping paracristid enclosing a 
slight trigonid fovea. The protoconid is massive, low, and rounded. The metaconid is taller (as in 
M,), and is also massive but somewhat more narrow buccolingually. The metaconid is double- 
cusped with a faint groove running down the lingual surface and a stronger groove extending 
down the buccal surface separating the cusplets. The talonid is as in M1 except for some faint 
rugosity developed on the inner surfaces of the cristid obliqua and entocristid. There is no 
hypoconulid present so the talonid is open distally. M2 has a slightly stronger proximobuccal 
cingulid and a slightly deeper hypoflexid than M1. 

The M3 of Ampltipithecus is only known from one specimen (NMMP 7). Unfortunately both 
the left and right M3's in this specimen are worn and damaged, however some morphology can be 
discerned. M3 lacks a paraconid. The entocristid is strong and low closing the talonid lingually 



FIG. 21 -Amphipithecus mogaungensis. NMMP 7 ,  left dentary with P3-M3 in occlusal (A), lateral (B), and 
medial (C) views; right dentary with P4-M3 in occlusal (D), lateral (E), and medial (F) views. Scale bar 
equals one centimeter. 

(no talonid notch). The cristid obliqua is short, high, and massive. A proximobuccal cingulid is 
absent but the hypoflexid is somewhat more excavated than in MI-2 and has a small area of rugose 
enamel at its base. Talonid enamel is weakly crenulated as in M2. Unlike Pondaungia, the M3 of 
Amphipithecus is somewhat reduced compared to MZ. 

Additional morphology. NMMP 7 preserves relatively complete dentaries of Amphipithecus. 
A lower dental formula of 2.1.3.3 can be confirmed. The canine is relatively large judging from 
the alveolus. P2 is reduced and single-rooted. P3 has a coalesced root on the buccal side but the 
root is bifurcate lingually while P4 is double-rooted. The horizontal ramus has a small mental 
foramen beneath the posterior root of P4 and a larger one beneath the posterior root of P3. The 
symphysis was unfused and extends posteriorly to just beyond the posterior edge of the canine 
alveolus (Fig. 22C). 

Frontals (Fig. 23). Two frontal bones (NMMP 19 and NMMP 27) potentially may represent 
Amphipithecus. NMMP 19 was found in close proximity to NMMP 18, the maxilla of 
Amphipithecus and could be associated with it. NMMP 27 was found at a different locality but 
matches the morphology of NMMP 19 closely. 
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3 . 2 2  - Amphipithecus mogaungensis. NMMP 7, left and right dentaries in left anterolateral (A) 
occlusal (B) views; left and right symphyses in medial view (C). Scale bar equals one centimeter. 

and 

There is a limited amount of morphological detail preserved on these frontals. Neither frontal 
has a fused metopic suture and it is apparent from both specimens that whatever animals they 
represent, neither had postorbital closure. Postorbital constriction is relatively strong, similar to 
that seen in the European adapine Adapis, relatively stronger than in Hesperolernur and Nothurcms 
(two North American notharctine adapiforms), and much stronger than in fossil anthropoids such 
as Aegyptopithecus or extant anthropoids like Aohts and Saimiri (Table 4). Only small portions of 
the superior orbital margins are preserved but it appears that the orbits were relatively anteriorly 
facing. Ventrally, both frontals indicate that the olfactory regions were relatively reduced. These 
last two features do suggest that both frontals may represent primates and could represent 
Amphipithecus. 

As an interesting side note, NMMP 19 has clear evidence of a puncture wound on the dorsal 
surface of the frontal (Fig. 23B). The puncture mark is not inconsistent with having been pro- 
duced by a crocodile tooth and adds some additional evidence in favor of at least occasional 
crocodile predation on Myanmar primates. 



FIG. 23 - Amphipithecus mogaungensis (?). NMMP 19, frontal in lateral (A), dorsal (B), ventral (C), and 
anterior (D) views. Arrow in A points to continuous orbital margin indicating a lack of postorbital closure; 
arrow in B points to puncture wound. Scale bar equals one centimeter. 
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Table 4 - Breadth of postorbital constriction of braincase and postorbital constriction relative to MI length 
for Amphipithecus mogaungensis compared to that in other primate species. Measurements in rnm. Note 
that the postorbital constriction in Amphipithecus is relatively narrow like that in adapoids and other 
prosimians, and not wide like that in Aegyptopithecus and other anthropoids. 

Postorbital 
Genus and species breadth 

Amphipithecus mogaungensis 
Adapis parisiensis 
Hesperolemur actius 
Smilodectes gracilis 
Rooneyia viejaensis 
Lemur sp. 
Aegyptopithecus zeuxis 
Saimiri sciurensis 
Aotus trivirgatus 

M1 
length 

Postorbital breadth1 
MI length 

2.91 
3.28 
4.02 
4.50 
4.52 
5.15 
5.82 
9.76 

10.91 

Tribe Siamopithecini, new 

Diagnosis.- Differs from Pondaungini in having lingually distended upper molars, in having a 
more distinct and taller postprotocingulum on upper molars, P4 bucc~lingually narrower with 
lingual shelf deeper and less extended, MI larger than M2, P3-4 more rounded in occlusal outline, 
not as shortened anteroposteriorly, and much more robust relative to molars, and cheek tooth 
occlusal surfaces generally somewhat more complex with greater topographic relief. 

Included genera.- Siamopithecus. 
Discussion.- Siamopithecus remains enigmatic. In general, it resembles Pondaungia and 

Amphipithecus in having deep dentaries, robust but relatively short canines, generally low-crowned 
molars with reduced cusps, and loss of lower molar paraconids. However, in other features like 
the great lingual distension of the upper molars and the more robust upper and lower premolars, it 
appears distinctly different. We have included it in Pondaunginae pending more discoveries and 
further analysis. 

ANTHROPOID STATUS OF PONDAUNGINAE 

The taxonomic history of Pondaungia and Amphipithecus is relatively complex, in part because 
of the meager remains that represented these two taxa until recently. When originally described 
(Pilgrim, 1927), Pondaungia consisted of a single specimen with eroded and broken upper and 
lower molars. Pilgrim (1927) was uncertain of the relationships of Pondaungia, noting some 
resemblances with the North American and European notharctine Pelycodus (=Cantius) and with 
some fossil anthropoids. Pilgrim, citing the low, isolated molar cusps and broad basins, felt that 
the "nearest afinities" of Pondaungia were with anthropoids but that it was more primitive than 
the then known fossil anthropoids from the Fayum in Egypt (Pilgrim, 1927, p. 15). 

Colbert (1937) described Amphipithecus based on a single dentary fragment containing P3-M1. 
In extensive comparisons between Amphipithecus and many fossil and extant primate taxa, Colbert 
(1937, 1938) argued that the closest affinities of Amphipithecus were with anthropoids, although 
he felt that Amphipithecus was more primitive than any other known form. He noted that 
Amphipithecus seemed to be quite different from Ponduungia, and was unable to determine what 
the relationships of the latter genus might be. 

For the following 40 years, little of substance could be added to the discussions of Pilgrim 
(1927) and Colbert (1937, 1938) concerning Pondaungia and Amphipithecus. There were occa- 



sional references to these two Burmese taxa (e.g. Le Gros Clark, 1959; Simons, 1963, 1965, 1971, 
1972; Simons and Pilbeam, 1965; von Koenigswald, 1965; Van Valen, 1969; Szalay, 1970,1972), 
but since no new material was available for study, these were limited, for the most part, to reinter- 
pretation of their possible affinities. The situation began to change in 1978 with the discovery of 
new specimens of Pondaungia (Ba Maw et al., 1979) and Amphipithecus (Ciochon et al., 1985). 

The new Pondaungia specimen (NMMP 1, originally described under the number UCMP 
120377) was assigned to P cotteri by Ba Maw et al. (1979) even though the authors acknowledged 
that it was difficult to compare the new, unworn specimen with the eroded holotype of that species. 
These authors argued, based on the new specimen, that Pondaungia (and Amphipithecus) were at 
or near the ancestry of anthropoids, while noting that it was possible that these two taxa repre- 
sented adapoids or omomyids that had converged on an anthropoid-like dental morphology as 
suggested by Szalay (1970, 1972). Szalay and Delson (1979) in the same year suggested that 
Amphipithecus was a probable adapiform while Pondaungia might be a basal catarrhine. 

Ciochon et al. (1985) described a new specimen of Amphipithecus (NMMP 2, referred to as 
DGMU-P1 in that paper). This specimen, along with NMMP 1 and two as yet then undescribed 
primate specimens (NMMP 3 and NMMP 4) were all found in 1978. Based on this new speci- 
men, Ciochon et al. (1985) argued that Amphipithecus and Pondaungia had reached an anthropoid 
adaptive zone, perhaps intermediate between adapifonns and anthropoids. 

After 1985, there was once again a relatively long hiatus before published reports on additional 
Pondaung Formation primates resumed. In 1994, Ciochon and Holroyd re-examined all of the 
available evidence for Amphipithecus and Pondaungia and suggested that Pondaungia should be 
recognized as a notharctine adapiform, placing it in a new tribe, Pondaungini. These authors also 
noted that the taxonomic position of Amphipithecus still remained vague. Kay and Williams (1994) 
in the same volume also concluded that there was not enough evidence to confidently resolve the 
affinities of Amphipithecus. Similarly, Kay and Williams (1994) noted that the taxonomic position 
of Pondaungia could not be resolved, although its most parsimonious position on their trees linked 
Pondaungia with adapiforms such as Mahgarita and Cantius. 

Jaeger et al. (1998) described several specimens of Pondaungia and Amphipithecus including 
the two undescribed specimens found in 1978 (NMMP 3 and NMMP 4), along with three new 
specimens discovered by the Myanmar Pondaung Fossil Expedition Team in 1997. NMMP 3 is a 
left dentary of Pondaungia with M2-3 found at the same time from the same locality (Lema 
kyitchaung) as NMMP 1 and most likely represents the same individual as that specimen (see 
above). NMMP 4 is a heavily worn and eroded dentary with described as a new species of 
Pondaungia by Jaeger et al. (1998), but recognized as P. cotteri here. Other new specimens in- 
cluded a fragmentary and worn right dentition with M2-3 of Pondaungia (NMMP 5), a fragment of 
dentary containing an unworn of Amphipithecus (NMMP 6), and associated left and right 
dentaries of Amphipithecus preserving left P3-M3 (NMMP 7) in relatively good condition and 
right P4-M3 in poor condition. 

A phylogenetic analysis of all of these new specimens led Jaeger et al. (1998) to recognize a 
new anthropoid family, the Amphipithecidae, that included Amphipithecus and Pondaungia along 
with their sister taxon Siamopithecus from the late Eocene of Thailand (Chaimanee et al., 1997). 
This clade was the sister taxon to a clade consisting of the Fayum propliopithecine catarrhines 
Aegyptopithecus, Propliopithecus, and Moeripithecus, with the oligopithecines Oligopithecus and 
Catopithecus as the sister group to that clade. Recent papers by Tin Thein (1999), Chaimanee et 
al. (2000a, b), and Ducrocq (2001) have continued to support the anthropoid status of 
Amphipithecidae. However, Amphipithecidae is a junior synonym of Pondaungidae, raised from 
Pondaungini Ciochon and Holroyd (1994, p. 158). 

Recent field work in the Pondaung Formation west of Mandalay has produced a number of new 
specimens of Pondaungia and Amphipithecus, including nearly complete lower dentitions of both 
taxa and the f ~ s t  well preserved remains of upper teeth (see above). Close examination of all 
specimens has led us to question the allocation of Pondaungia and Amphipithecus to Anthro- 
poidea. Our evidence for questioning these allocations comes in three forms: a new phylogenetic 
analysis performed on all known specimens of Myanmar and Thailand primates; close examina- 
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FIG. 24 - Postcrania of Pondaungia savagei. NMMP 20, left humerus in posterior view (A), fragmentary 
right humerus in posterior view (B), proximal right ulna in anterior view (C), proximal left ulna in anterior 
view (D), distal left calcaneum in distal (E) and dorsal (F) views, and associated long bone fragments (G).  
Scale bar equals one centimeter. 

tion and comparison of the morphological details of dental anatomy; and new details of dental, 
cranial, and postcranial anatomy (Ciochon et al., 2001; Fig. 24) now available for the first time. 

We performed a phylogenetic analysis based on 19 taxa and 22 dental, cranial, and postcranial 
characters as outlined in Tables 5 (character list) and 6 (matrix). We employed PAUP 4.1 and 
performed a heuristic search with 1000 replicates treating all characters as unordered and of equal 
weight under ACCTRAN optimization. Our resulting consensus tree is shown in Figure 25 (see 
figure caption for tree statistics). "Amphipithecids" are nested within a paraphyletic group con- 
sisting of the North American notharctine adapiforms Hesperolemul; Notharctus, and Cantius. 
This paraphyletic adapiform clade is the sister group to all included true anthropoids. Eosimiids 
(Eosimias and Bahinia) and Afrotarsius form a clade that is the sister group to the adapiform- 
anthropoid clade. 

The results of our phylogenetic analysis led us to a close examination of all characters includ- 
ing those that have been used to unite a monophyletic Arnphipithecidae with Anthropoidea (Jaeger 
et al., 1998; Chaimanee et al., 2000a, b). Among these characters are: (1) deep, heavy dentaries; 
(2) symphysis deep and heavy; (3) cheek teeth low crowned and bunodont, often with crenula- 
tions; (4) anterior dentary shortened with crowded anterior cheek teeth; (5) lower premolars short 



Table 5 -Morphological characteristics of primates and their character coding used in phylogenetic analysis. 
Character matrix is shown in Table 6. 

Number Characteristic and coding 

Postorbital closure- absent (0); complete (1). 
Metopic suture- open (0); fused (1). 
Lacrimal foramen- outside orbit (0); within orbit (1). 
Incisors- incisifom (0); small, extremely vertical, incipiently spatulate (1); small, subvertical, 
spatulate (2); large, subvertical, spatulate (3). 
Canines- projecting, ?dimorphic (0); projecting, dimorphic (1); projecting, honing, dimorphic (2). 
P2- as large as P3 (0); smaller than P3 (1); larger than P3 (2); absent (3). 
P4- not exodaenodont, not obliquely oriented (0); not exodaenodont, oblique (1); exodaenodont; 
not oblique (2); exodaenodont, oblique (3). 
P3- premolarifom (0); semimolariform (1); narrow, blade-like (2). 
P4 metaconid- low, distolingual, not connected to protoconid (0); intermediate, lingual, not connected 
to protoconid (1); higher, lingual, connected to protoconid (2); higher, distolingual, not connected 
(3); absent (4); pillar-like (5). 
P4- premolarifom (0); semimolariform (1); blade-like (2). 
Cheek teeth- non-bunodont (0); bunodont, not cuspate (1); bunodont, cuspate (2). 

heterodont with paraconid (0); heterodont, paraconid reduced to absent (1); homodont without 
paraconid (2); homodont with paraconid (3). 
Lower molar paraconids- small, present on all molars (0); small, absent on M2-3 (1); larger, present 
on all molars (2); tiny to absent on all molars (3). 

hypoconulids- centered (0); lingual or twinned (I), absent (2). 
Lower molar accessory cusps- absent (0); present (1). 
Upper molars- hypocone absent (0); small, cingular hypocone (1); larger, cingular hypocone (2); 
pseudohypocone (3). 
Upper molars- with small paraconule and metaconule (0); conules absent (1); metaconule only (2); 
large paraconule and metaconule (3). 
M3 size- M3 equivalent in size to M2 (0); M3 reduced (1). 
Mandibular symphysis- shallow (0); deep, unfused (1); deep, fused (2). 
Humeral capitulum- flattened (0); rounded (1); cylindrical (2). 
Humeral trochlea- medial lip only (0); medial and lateral lip (1). 
Humeral trochlear gutter- absent (0); present (1). 

and broad, often appearing skewed; and (6) lower molars with trigonid and talonid subequal in 
height. 

We have examined dental morphology in several taxa of Fayum anthropoids, including Apidium, 
Parapithecus, Qatrania, Catopithecus, Oligopithecus, Proteopithecus, Propliopithecus, and 
Aegyptopithecus, and have documented the following character states: (1) cheek teeth are cuspate 
with occlusal surfaces forming complex topographical patterns; (2) cheek tooth cusps are basally 
inflated, bulbous, and set internally away from tooth margins; (3) talonid basins are relatively 
narrow; (4) tooth rows are flat and angled posteriorly (especially in more derived forms); (5) the 
ascending ramus is broad where known; and (6) mandibles are relatively shallow in primitive 
forms while more derived forms have the anterior part of the mandible deeper than the posterior 
Part. 

In contrast to the character states shown in Fayum anthropoids, pondaungines have the follow- 
ing: (1) cheek teeth with weakly developed cusps and simple occlusal surfaces (except for enamel 
crenulation in Pondaungia); (2) cheek teeth have basally inflated crowns, noninflated cusps, and 
cusps are set at the margins of the teeth; (3) talonid basins are wide and flat; (4) cheek tooth rows 
are concave; (5) the ascending ramus is broad where known; (6) mandibles are equally deep through- 
out. 

We believe that, while there is a general similarity in tooth and mandibular structure between 
Fayum anthropoids and Southeast Asian pondaungines, differences in detail suggest that short- 
ened faces, crowded anterior premolars, enlarged cheek tooth crushing surfaces, and deep, heavy 
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FIG. 25 - Fifty-percent-majority-rule consensus phylogenetic tree based on a branch and bound analysis of 
19 taxa and 22 dental, cranial, and postcranial characters (see Tables 5 and 6). Results based on 36 equally 
parsimonious trees of 64 steps. CI = 0.688, RT = 0.756, HI = 0.312 (PAUP 4.1). 

Table 6 -Matrix of character codings for primates used in phylogenetic analysis here. Characters listed by 
number are described more fullv in Table 5. 

Character number 
1 2 3 4 5 6 7 8 9 1 0 1 1  

Teilhardina 
Arsinoea 
Proteopithecus 
Serapia 
Qatrania 
Apidium 
Catopithecus 
Oligopithecus 
Propliopithecus 
Aegyptopithecus 
Eosimias 
Balzinia 
Afrotarsius 
Siamopithecus 
Pondaungia 
Amphipithecus 
Hesperolemur 
Cantius 
Notharctus 

dentaries can all be explained as functional convergences in response to a diet dominated by hard 
objects and tough-skinned fruits (Gunnell and Ciochon, in preparation). The very heavy tooth 
wear exhibited by a number of pondaungine specimens (see NMMF 18 and NMhP 24 for ex- 
ample) attests to a diet rich in hard or tough food objects. 
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Additional anatomical details of pondaungine dentitions and cranial elements also argue against 
inclusion in Anthropoidea. As noted above, the two possible Amphipithecus frontal bones 
(NMMP 19 and NMMP 27) lack metopic suture fusion and NMMP 19 clearly lacked postorbital 
closure (see Fig. 23A). While the absence of these two traditional hallmarks of Anthropoidea 
does not preclude pondaungines from inclusion in a stem-based definition of anthropoids, it does 
indicate that pondaungines remained distinctly primitive in their cranial anatomy-especially for 
animals that have been suggested to be so derived towards anthropoids in their dental anatomy or 
to phylogenetically nest within them. A third character state that seems to unite known Fayum 
anthropoids is the presence of a lower second incisor that is as large or larger than the lower central 
incisor. This character state is true of all extant anthropoids as well. NMMP 24 is a specimen of 
Pondaungia that preserves the alveoli for Il-2. While alveolar size can sometimes be misleading, it 
is clear that Pondaungia had a much larger I1 alveolus than I2 alveolus, suggesting that in this 
particular character state, Pondaungia is more like some omomyid primates rather than adapiforms 
or anthropoids. Given all other evidence, this trait simply may represent an autapomorphy of 
Pondaungia. 

An additional piece of evidence against pondaungine anthropoid affinities comes from some 
recently described postcranial elements of a large-bodied primate from the Pondaung Formation 
(Ciochon et al., 2001). This specimen (NMMP 20) was collected in 1997 and consists of a com- 
plete left humerus, the distal half of a left calcaneum, and fragments of a right humerus and left 
and right ulnae (Fig. 24). It was assigned to Pondaungia savagei based on size and association, 
but could conceivably represent Amphipithecus as well. The complete humerus is virtually iden- 
tical to that of the North American notharctine Notharctus in every detail (Fig. 24), while the 
calcaneum is a mixture of notharctine and adapine features. In no derived character state do any of 
these postcranial elements more closely resemble anthropoids than notharctines. 

Combining our phylogenetic analysis with our re-assessment of dental, cranial, and postcranial 
anatomy suggests to us that Pondaungia and Amphipithecus (and by extension Siamopithecus) 
represent relatively large-bodied adapiform primates that share similar dental morphology to an- 
thropoids because of the types of foods they chose, not because they share any recent common 
ancestry. There is no evidence for large-bodied anthropoids in Asia before the Miocene and we 
suspect that in the Eocene adapiforms filled this ecomorphospace (Gunnel1 and Ciochon, 2001). 
The presence of pondaungines and a broad radiation of sivaladapines suggests that adapiforms 
were the dominant large-bodied primates in Asia before hominoids and cercopithecoids arrived in 
the Miocene. 
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