Yaowalak Chaimanee 
email: yao.chaimanee@univ-poitiers.fr
  
Vincent Lazzari 
  
Kamol Chaivanich 
  
Jean-Jacques Jaeger 
  
First maxilla of a late Miocene hominid from Thailand and the evolution of pongine derived characters

Keywords: Hominoidea, Southeast Asia, Khoratpithecus, Pongo, Orangutan, Subnasal anatomy

The evolutionary history of Asian Miocene hominids (great apes and humans) remains poorly documented, obscuring the ancestry of orangutan (Pongo). Khoratpithecus from the middle and late Miocene of Thailand and Myanmar was previously documented only by mandibles and isolated teeth. It has been interpreted as the closest relative of Pongo based on shared derived mandible characters such as symphyseal morphology and the lack of anterior digastric muscle scars. Here we describe a new maxilla, MFT-K176, which originates from the same sedimentary unit as the holotype mandible of Khoratpithecus piriyai from the late Miocene in Nakhon Ratchasima province, Northeastern Thailand. The new maxilla displays a unique subnasal morphology with several derived characters being shared only with Sivapithecus and Pongo, confirming its attribution to the pongine clade. However, it differs from other known Asian hominids by it subnasal and dental morphology, showing more similar to Khoratpithecus chiangmuanensis teeth. Metric similarities with the mandible of K. piriyai corroborate the referral of MFT-K176 to Khoratpithecus. However, as associated upper and lower teeth would be required to evaluate the latter assertion more conclusively, we attribute it provisionally to cf. Khoratpithecus sp. Other anatomical characters from the clivus, the palate and the molars are peculiar for this hominid but do not exclude it from a sister group relationship with Pongo. This new maxilla plays a pivotal role in understanding that Ankarapithecus occupies a more basal position within the pongine clade and supports the exclusion of Lufengpithecus from this clade.

1.

Introduction

South, Southeast and East Asian Miocene hominids are represented by four distinct genera [START_REF] Begun | The Miocene hominoid radiations[END_REF]: Sivapithecus [START_REF] Pilgrim | Notices of new mammalian genera and species from the Tertiaries of India[END_REF], Indopithecus von Koenigswald, 1949, Khoratpithecus Chaimanee et al., 2004, and Lufengpithecus Wu, 1987. They have been generally attributed to the pongine clade together with orangutans (Pongo Lacépède, 1799; [START_REF] Kelley | The hominoid radiation in Asia[END_REF][START_REF] Begun | The Miocene hominoid radiations[END_REF]. The South Asian Sivapithecus from India, Pakistan and Nepal is documented during the middle to late Miocene by three species [START_REF] Pilbeam | New hominoid primates from the Siwaliks of Pakistan and their bearing on hominoid evolution[END_REF][START_REF] Kelley | A new large species of Sivapithecus from the Siwaliks of Pakistan[END_REF][START_REF] Kelley | Twenty-five years contemplating Sivapithecus taxonomy[END_REF]: Sivapithecus indicus Pilgrim, 1910 (12.7-11.4 Ma), Sivapithecus sivalensis Lydekker, 1879 (11.0-8.5 Ma), and Sivapithecus parvada Kelley, 1988 (10.1 Ma). The facial and subnasal morphology of S. sivalensis displays characters that strongly support its inclusion in the Pongo clade [START_REF] Pilbeam | New hominoid skull material from the Miocene of Pakistan[END_REF][START_REF] Ward | The taxonomy and phylogenetic relationships of Sivapithecus revisited[END_REF][START_REF] Ward | Subnasal alveolar morphology and the systematic position of Sivapithecus[END_REF][START_REF] Ward | Maxillofacial morphology of Miocene hominoids from Africa and Indo-Pakistan[END_REF]. However, its dental, mandibular and postcranial characters differ from those of the Pongo lineage that gave rise to the extant form [START_REF] Pilbeam | New Sivapithecus humeri from Pakistan and the relationship of Sivapithecus and Pongo[END_REF][START_REF] Ward | The taxonomy and phylogenetic relationships of Sivapithecus revisited[END_REF][START_REF] Morgan | A partial hominoid innominate from the Miocene of Pakistan: description and preliminary analyses[END_REF], which have led some to consider that the facial resemblance of Sivapithecus to Pongo might be homoplastic [START_REF] Ward | The taxonomy and phylogenetic relationships of Sivapithecus revisited[END_REF][START_REF] Morgan | A partial hominoid innominate from the Miocene of Pakistan: description and preliminary analyses[END_REF].

Indopithecus giganteus [START_REF] Pilgrim | New Siwalik primates and their bearing on the question of the evolution of man and the Anthropoidea[END_REF] represents the association of an isolated M3 originally described as Dryopithecus giganteus [START_REF] Pilgrim | New Siwalik primates and their bearing on the question of the evolution of man and the Anthropoidea[END_REF] and of a large-sized hominid mandible from the late Miocene of India (CYP359/68) described as Gigantopithecus bilaspurensis [START_REF] Simons | Gigantopithecus )Pongidae, Hominoidea( a new species from North India[END_REF]. The mandible has been dated to 8.85-8.60 Ma [START_REF] Pillans | Revised correlation of the Haritalyangar magnetostratigraphy, Indian Siwaliks: implications for the age of the Miocene hominids Indopithecus and Sivapithecus, with a note on a new hominid tooth[END_REF]. It has been hypothesized to be a stem member of the Gigantopithecus lineage [START_REF] Simons | Gigantopithecus )Pongidae, Hominoidea( a new species from North India[END_REF][START_REF] Pilbeam | Gigantopithecus and the origins of Hominidae[END_REF] and shows strong similarities to Sivapithecus in its dentition and mandible [START_REF] Kelley | The hominoid radiation in Asia[END_REF]. The Southeast Asian Khoratpithecus is represented by three species from the middle to late Miocene: Khoratpithecus chiangmuanensis (Chaimanee et al., 2003) (12.4-12.2 Ma) and

The late Miocene East Asian taxon Lufengpithecus [START_REF] Wu | A revision of the classification of the Lufeng great apes[END_REF] from South China is known by at least three species [START_REF] Kelley | The hominoid radiation in Asia[END_REF]: Lufengpithecus keiyuanensis [START_REF] Woo | Dryopithecus teeth from Keiyuan, Yunnan Province[END_REF] (11-10 Ma), Lufengpithecus hudiensis (Zhang et al., 1987) (8.2-7.1 Ma), and Lufengpithecus lufengensis [START_REF] Xu | Fossil mandible of the Lufeng Ramapithecus[END_REF]) (6.9-6.2 Ma). It has commonly been regarded as a pongine by its molar occlusal morphology, including complex enamel wrinkling [START_REF] Schwartz | Lufengpithecus and hominoid phylogeny: problems in delineating and evaluating phylogenetically relevant characters[END_REF][START_REF] Kelley | The hominoid radiation in Asia[END_REF][START_REF] Begun | Fossil record of Miocene hominoids[END_REF], but its facial morphology and other characters do not support this link. It has also been proposed to be possibly related to dryopithecines [START_REF] Kelley | Juvenile hominoid cranium from the late Miocene of southern China and hominoid diversity in Asia[END_REF], to hominines [START_REF] Xu | Lufengpithecus lufengensis -An Early Member of Hominidae[END_REF], or to be a stem hominid that may represent a distinct lineage of large-bodied apes [START_REF] Ji | Juvenile hominoid cranium from the terminal Miocene of Yunnan, China[END_REF].

Ankarapithecus [START_REF] Ozansoy | Étude des gisements continentaux et des mammifères du Cénozoique de Turquie[END_REF], from the late Miocene of Turkey (9.8-9.6 Ma; [START_REF] Kappelman | Hominoidea (Primates)[END_REF] was originally described by [START_REF] Ozansoy | Faunes de mammifères du Tertiaire de Turquie et leurs révisions stratigraphiques[END_REF][START_REF] Ozansoy | Étude des gisements continentaux et des mammifères du Cénozoique de Turquie[END_REF] and once attributed to Sivapithecus [START_REF] Andrews | A revision of the Turkish Miocene hominoid Sivapithecus meteai[END_REF]. Only one species is known, Ankarapithecus meteai [START_REF] Ozansoy | Étude des gisements continentaux et des mammifères du Cénozoique de Turquie[END_REF]. It was suggested to represent a primitive member of the pongine clade [START_REF] Begun | Restoration of the type and palate of Ankarapithecus meteai: Taxonomic and phylogenetic implications[END_REF] and also a stem hominid (i.e, preceding the last common ancestor of pongines and hominines; [START_REF] Alpagut | A new specimen of Ankarapithecus meteai from the Sinap Formation of central Anatolia[END_REF][START_REF] Kappelman | Hominoidea (Primates)[END_REF].

The phylogenetic relationships among these extinct taxa and extant Pongo, as well as the list of synapomorphies which unite the Ponginae, remain unclear and therefore controversial. We describe hereby a new hominid maxilla originating from the same sedimentary unit as the holotype of Khoratpithecus piriyai, which we tentatively refer to that genus. It contributes to our knowledge of the maxillary morphology of the genus, and sheds new light on its phylogenetic relationships and on the evolution of pongines. 

Materials and methods

Institutional abbreviations

GSP = Geological

Locality

The new maxilla (MFT-K176) was collected from a sand pit of Mun River in Nakhon Ratchasima Province (Khorat) in Northeastern Thailand, located in the same sedimentary unit (Lower sand unit; [START_REF] Chaimanee | Khoratpithecus piriyai, a Late Miocene hominoid of Thailand[END_REF] but about 20 km NE of the area where the holotype mandible of Khoratpithecus piriyai (TF 6223) was discovered. The associated mammal fauna [START_REF] Chaimanee | Khoratpithecus piriyai, a Late Miocene hominoid of Thailand[END_REF] corresponds to the lower Dhok Pathan Formation of the Pakistan Siwaliks, indicating a late Miocene age between 9 and 6 Ma [START_REF] Chaimanee | A new orang-utan relative from the Late Miocene of Thailand[END_REF][START_REF] Chaimanee | Khoratpithecus piriyai, a Late Miocene hominoid of Thailand[END_REF].

3D data acquisition and imaging

MFT-K176 was scanned using an EasyTom HR-microtomograph (platform PLATINA of IC2MP, University of Poitiers, France) with 4320 projections, a frame rate of 12.5 fps, a frame averaging of 20, a voxel size of 49 μm, a voltage of 90 kV and a current of 260 µA. The resulting scan was reconstructed into TIFF stacks and was imported into Avizo 7 (FEI Visualization Sciences Group, Hillsboro, USA) for surface visualization and manipulation. The virtual volumes reconstructed from microtomographic images were then processed with VG Studiomax 1.2.1 (Volume Graphics, Heidelberg, Germany) software, in order to generate virtual slices and measure internal characters, like palatal depth and subnasal region.

2D enamel thickness

A 2D segmentation of the enamel cap (EC) was possible for the virtual slices of M 2 of MFT-K176. We computed virtual buccolingual cross-sections perpendicular to the tooth cervical plane and passing through the dentine horns of the protocone and paracone. The position of the dentine horn tips of the worn protocone and paracone were reconstructed by checking continuity of the marginal ridges beside these dentine horns. On these virtual cross-sections, we recorded the following measurements, using Fiji [START_REF] Schneider | NIH Image to Image J: 25 years of image analysis[END_REF] software: the length of the enamel-dentine junction (EDJ, in mm), the area of the enamel cap (EC, mm 2 ), and the area of the coronal dentine (CD, which includes the coronal pulp; in mm 2 ). From these measurements we computed the 2D average enamel thickness index (AET, index in mm) which is the area of the enamel cap divided by the length of the EDJ, and the 2D relative enamel thickness index (RET, scale free index in %), which is the AET divided by the square root of the coronal dentine area [START_REF] Martin | Significance of enamel thickness in hominid evolution[END_REF][START_REF] Olejniczak | Molar enamel thickness and dentine horn height in Gigantopithecus blacki[END_REF].

Systematic paleontology

Order Primates Linnaeus, 1758

Suborder Anthropoidea [START_REF] Mivart | Notes on the crania and dentition of the Lemuridae[END_REF] Superfamily Hominoidea [START_REF] Gray | An outline of an attempt at the disposition of Mammalia into tribes and families, with a list of the genera apparently appertaining to each tribe[END_REF] Family Hominidae [START_REF] Gray | An outline of an attempt at the disposition of Mammalia into tribes and families, with a list of the genera apparently appertaining to each tribe[END_REF] Subfamily Ponginae [START_REF] Elliot | A Review of the Primates[END_REF] Genus Khoratpithecus [START_REF] Chaimanee | A new orang-utan relative from the Late Miocene of Thailand[END_REF] Type species Khoratpithecus piriyai [START_REF] Chaimanee | A new orang-utan relative from the Late Miocene of Thailand[END_REF] cf. Khoratpithecus sp.

(Figs. 1 and2)

Description

MFT-K176 consists of a partial maxilla with left I 2 -M 3 , right P 3 -M 3 , and the alveoli of the left and right I 1 and right C 1 (see measurements in Table 1). It also preserves the palate, the left and right anterior maxillary sinus, and the right zygomatic root.

The palate is broad, shallow and nearly flat anteriorly, becoming deeper and progressively more strongly domed posteriorly, reaching its greatest depth posteriorly to M 3 (Figs. 1D and3). The dental arches are slightly concave buccally, the palatal breadth displaying the minimum distance between the lingual walls of M 1 and the maximum distances at the canines and M 3 (Table 1). from what remains of their sections, they do not appear to have been pneumatized.

The upper incisors of MFT-K176 are markedly heterodont in size judging from their alveolar dimensions. The mesiodistal length ratio between I 1 and I 2 alveoli is about 1.5.

However, this index, estimated from root alveoli and not crown lengths, is therefore not fully comparable to those obtained from crowns in other Asian hominids. The central incisors have short and curved roots in relation to the shorter anterior part of the clivus.

Their apices lie about 1 cm anterior to the nasal opening. The left I 2 is broken apically, but is wider labiolingually than mesiodistally at the cervix, and likely substantially smaller than the central incisors based on root size. A fragment of its apex shows a nearly horizontal wear facet, and its lingual surface displays an oblique facet made by the lower canine. A diastema (7.9 mm) separates the I 2 from the C 1 .

The upper canines are externally rotated, with roots that converge toward the midline as in other pongines [START_REF] Begun | Restoration of the type and palate of Ankarapithecus meteai: Taxonomic and phylogenetic implications[END_REF]. The left canine is heavily worn and displays a large oblique wear facet oriented distolingually, so that only the base of its mesial groove is preserved. The canine roots are somewhat medially inclined and their jugae are moderate.

Premolars and molars, except M 3 , show no enamel wrinkles or lingual cingula, although they are very worn, to the extent that wrinkles would have been obliterated if originally present. The P 3 is slightly buccolingually larger than the P 4 , with a subrectangular outline, rounded buccal and lingual crown walls and a tiny mesial fovea. Its buccal and lingual walls are slanted. The P 4 is mesiodistally longer lingually than buccally. There is a dentine pit on the distolingual part of the occlusal surface bilaterally, which is smaller than that of the protocone. The P 4 displays also two short transverse crests delimiting a very narrow mesial fovea, a tiny rounded central fovea, and a reduced distal fovea. Both premolars have three roots, one lingual and two buccal; the mesiobuccal roots display bifid apices which can be observed on µCT-scan images (Figs. 2B, 2C). The P 3 -P 4 length represents approximately 30% of the postcanine row.

The molars, to the exception of M 3 , are very worn. The M 2 displays the largest occlusal surface. Despite of their strong wear, the M 1 outlines indicate very low mesiodistal/buccolingual proportions (Table 2) and their paracone and metacone apices being located very close each other. The lingual and distobuccal roots of the left M 1 are surrounded by small cavities, which suggest that this tooth suffered from some periodontal lesions. The M 2 and M 3 mesiodistal/buccolingual proportions are also low, especially for the M 2 (Table 2), and the paracone and metacone apices are also close, although less so than on M 1 . In these molars the protocone and paracone occupy a very mesial position, indicating that the mesial fovea, which would have been obliterated during early wear stages, was very short. There are no buccal or lingual cingula and the M 2 buccal wall is distinctly slanted.

The trigon angle, between the preprotocrista-hypoparacrista crests and the crista obliqua, measures 39-41°. The M 3 tapers distally, with a reduced metacone and an additional cusplet between the metacone and the hypocone. From µCT images, the lingual roots of the molars appear to be flattened and grooved, and the buccal roots display bifid apices except for the distobuccal root of the M 3 (Fig. 2B,C).

The nasoalveolar clivus is elongated, nearly flat transversally and gently convex anteroposteriorly. Its posterior pole terminates 3-4 mm above the level of the palatine processes of the maxilla, defining a large and rounded incisive fossa. The opening of the incisive fossa is located at the level of the distal part of the P 3 . The premaxilla substantially overlaps the palatine processes of the maxilla. The vomeral crest is narrow and broken away, and it is therefore difficult to see how far it extended anteriorly. On a virtual µCT section, the nasoalveolar clivus appears to be elongated and nearly horizontally oriented, with a posterior pole that thins to a 'knife-edge' narrowness (Figs. 1D). Its long axis, joining prosthion to the posterior pole, defines an angle of 14° with the alveolar process. The upper surface is long and slightly convex anteroposteriorly. It reaches its highest elevation at the level of the nasal opening. The thin posterior pole of the clivus overlaps the palatine processes of the maxilla, from which it is separated by the incisive canal and fossa. The incisive canal is relatively large and slightly inclined (20°) relative to alveolar level. It is partitioned by an incomplete bony crest that starts at the anterior end of the incisive foramen (Fig. 4).

The nasal spine is present but weakly expressed. The floor of the nasal opening is flat and slightly less elevated than the apices of I 1 root alveoli. The elevation of nasospinale above prosthion is only 11 mm. Canine jugae converge on the broad, piriform, nasal aperture, which has a maximum breadth of 22.9 mm toward the base. The nasal margin is thick where it merges with the canine jugum and becomes thinner superiorly. The canine fossae are shallow. The maxilla between I 2 and C 1 has a smooth surface, but above the premolars and molars, the surface becomes more rugose and irregular due to visible root contours and fenestrae. The maxillary sinuses are large and approximately symmetric, starting at the level of the mesial part of M 1 and enlarging posteriorly to the posterior-most preserved portion of the maxilla distal to M 3 . Their anterior margins are located about 15 mm posterior to the apex of the canine root. The maxillary sinuses extend into the zygomatic processes of the maxilla and have hollowed out the roots of these processes. The thickness of bone between the maxillary sinuses and the outer surface of the zygomatic roots is about 9.5 mm. The maxillary sinus floors display no loculi or complete transverse septa and do not penetrate among the molar root tips.

Comparisons

We compared the new maxilla from Thailand (MFT-K176) with fossil and extant Asian hominids in order to establish its taxonomic assignment. Hominines and more primitive hominids have a very distinct nasoalveolar clivus anatomy that is considered as 'stepped' among which the posterior pole of the clivus is thick and the incisive fossa as measured from posterior pole is substantially deeper [START_REF] Ward | Subnasal alveolar morphology and the systematic position of Sivapithecus[END_REF]. This situation can be observed in Gorilla and in some dryopithecines such as Dryopithecus fontani Lartet, 1856 [START_REF] Moyà-Solà | First partial face and upper dentition of the middle Miocene hominoid Dryopithecus fontani from Abocador de Can Mata (Vallès-Penedès Basin, Catalonia, NE Spain): taxonomic and phylogenetic implications[END_REF] and is considered as a primitive condition [START_REF] Ward | Subnasal alveolar morphology and the systematic position of Sivapithecus[END_REF]). Among South Asian hominids, this 'stepped' condition is uniquely observed in L. lufengensis. Its maxilla (PA 658; [START_REF] Schwartz | Lufengpithecus and its potential relationship to an orang-utan clade[END_REF][START_REF] Xu | Lufengpithecus lufengensis -An Early Member of Hominidae[END_REF] is severely distorted, but it is nevertheless possible to list a number of important differences.

MFT-K176 differs from it by its clivus organization which is not stepped with a thin posterior pole overlapping the palatine process of the maxilla (Fig. 5A 2), and by the more slanted buccal molar walls of MFT-K176. However, both taxa share several characters, such as a similar size, large nasal aperture, large incisive canal and foramen [START_REF] Kappelman | Hominoidea (Primates)[END_REF], strong incisor heteromorphy, P 4 broader lingually than buccally, medially inclined upper canine roots, externally rotated canines, a shallow canine fossa, absence of lesser palatine foramina, and distinct palatine crests. [START_REF] Begun | Fossil record of Miocene hominoids[END_REF] mentioned additional pongine characters concerning the face of MTA 2125 and suggested that Ankarapithecus may represent a basal pongine, but these characters of the face cannot be observed on the MFT-K176 maxilla.

Sivapithecus maxillae are represented by three species S. indicus, S. sivalensis and S.

parvada. The nasoalveolar clivus region is well documented for S. sivalensis, especially by GSP 15000 [START_REF] Ward | Subnasal alveolar morphology and the systematic position of Sivapithecus[END_REF][START_REF] Ward | Maxillofacial morphology of Miocene hominoids from Africa and Indo-Pakistan[END_REF]), but much less information is available concerning that of the older Chinji species, S. indicus (GSP 16075; [START_REF] Raza | New hominoid primates from the Middle Miocene Chinji Formation, Potwar Plateau, Pakistan[END_REF][START_REF] Ward | Subnasal alveolar morphology and the systematic position of Sivapithecus[END_REF][START_REF] Begun | Restoration of the type and palate of Ankarapithecus meteai: Taxonomic and phylogenetic implications[END_REF]. MFT-K176 is larger than GSP 16075, with a nasoalveolar clivus length of 35.7 mm compared to 25.8 mm [START_REF] Raza | New hominoid primates from the Middle Miocene Chinji Formation, Potwar Plateau, Pakistan[END_REF]. The premaxilla of MFT-K176 is more projecting and more horizontal than that of GSP16075. Both display a distinct anterior nasal spinous crest. The incisive canal and fossa of GSP 16075 is not preserved. MFT-K176 differ from GSP 15000 by having a less elongated alveolar premaxilla process, less strongly anteroposteriorily elongated and curved clivus, and less reduced incisive foramen, canal and fossa, resulting in a less smooth transition between the clivus and palatine processes of the maxilla (Fig. 5A,B). MFT-K176

has shorter and less curved central incisor roots than those of GSP 15000 in relation to the shorter anterior part of its clivus. The P 3 displays weaker parastyle, less mesially expanded parastyle area, and less triangular occlusal outline. The molars of MFT-K176 differ from those of Sivapithecus by their higher crown and occlusal surface relief with also more elevated crista obliqua, less peripheralized cusps, more slanted buccal walls, distinct mesiodistal/buccolingual ratio [START_REF] Pilbeam | Miocene hominoids from Pakistan[END_REF], and unequal fovea sizes with reduced mesial fovea and thinner enamel [START_REF] Olejniczak | Molar enamel thickness and dentine horn height in Gigantopithecus blacki[END_REF]. Their size correspond to those of the largest specimens of S. sivalensis and S. indicus, and are only slightly smaller than those of S. parvada, which is the largest species of the genus [START_REF] Kelley | A new large species of Sivapithecus from the Siwaliks of Pakistan[END_REF]. Compared to those of S. parvada, MFT-K176 teeth display most of the differences already observed relative to the other two Sivapithecus species. However, the P 4 of both taxa are longer lingually than bucally and display also an accessory distolingual cusp [START_REF] Kelley | A new large species of Sivapithecus from the Siwaliks of Pakistan[END_REF].

The maxilla of MFT-K176 differs also from Pongo by the weaker convexity and greater shortness of the anterior part of its clivus (Fig. 5A,C). Other differences concern the shape and sizes of the incisive canal and fossa, which are larger than in Pongo. The incisive canal of MFT-K176 is slightly inclined (20°), being steeper in Pongo abelii Lesson, 1827 (33.8° in one adult male; [START_REF] Klages | A micro-CT analysis of the hominoid subnasal anatomy[END_REF]. The incisive foramen appears also much larger and partitioned compared to the small and unique foramen of Pongo [START_REF] Schwartz | Palatine fenestrae, the orangutan and hominoid evolution[END_REF]. The palates of both taxa differ significantly by their depth, being deeper in its anterior part on the extant ape and becoming distally deflected upwards on the fossil. Its incisors display shorter and less curved roots. The canine fossae of MFT-K176 are shallower. Tooth rows have a different shape being concave bucally instead of being either parallel or converging distally in Pongo. The buccal walls of the premolars and molars are more slanted than those of Pongo. The molar occlusal surfaces mesiodistal/buccolingual ratios are also distinct of those of Pongo (Table 2) and their occlusal surface display coarse enamel wrinkles and not the fine wrinkles characteristic of Pongo.

Discussion

The comparisons above led to the exclusion of MFT-K176 from other Asian taxa. In addition, we compared its postcanine dentition with the only known upper dentition of Khoratpithecus, namely that of K. chiangmuanensis (see [START_REF] Chaimanee | A new middle Miocene hominoid from Thailand and orangutan origins[END_REF]. Several characters are shared with K. chiangmuanensis but differ from those of the other Asian middle and late Miocene hominids. The P 3 of both taxa share slanted buccal and lingual walls, a very low and reduced parastyle, and a very short mesial fovea. However, the P 3 of MFT-K176 has less triangular outline than K. chiangmuanensis TF 6175. Sivapithecus and Lufengpithecus display usually a more triangular occlusal shape of P 3 , with a more reduced lingual diameter and a more mesially extended parastyle area. The P 4 of MFT-K176 is peculiar in being longer lingually than buccally and displaying an accessory distolingual cusp. This character is only present in Ouranopithecus de [START_REF] De Bonis | The face and the mandible of Ouranopithecus macedoniensis: description of new specimens and comparisons[END_REF]Melentis, 1977 (de Bonis and[START_REF] De Bonis | The face and the mandible of Ouranopithecus macedoniensis: description of new specimens and comparisons[END_REF] and S. parvada (see [START_REF] Kelley | A new large species of Sivapithecus from the Siwaliks of Pakistan[END_REF]. The molar occlusal surfaces of MFT-K176 share a strong resemblance to those of K. chiangmuanensis, with the metacone being displaced slightly more anteriorly to the level of the hypocone and displaying coarse enamel wrinkles (visible on the M 3 of MFT-K176). They also share a short mesial fovea but differ from those of K. chiangmuanensis by their lower mesiodistal/buccolingual proportions [START_REF] Chaimanee | A new middle Miocene hominoid from Thailand and orangutan origins[END_REF] and more reduced angle between the preprotocritahypoparacrista crests and the crista obliqua (39-41° in MFT-K176; 42° in female K.

chiangmuanensis TF 6176, and 45° in male K. chiangmuanensis TF 6169). However, the morphological similarities between the M 3 of MFT-K176 and K. chiangmuanensis (TF 6177) are striking. Both share the same crown occlusal outline, slanted buccal cusps, absence of mesial fovea (which is rapidly erased by wear), well-marked crista obliqua, reduced trigon angle, and presence of an additional cuspule between hypocone and metacone. Lufengpithecus display strongly wrinkled enamel (similar to that observed on Pongo postcanine teeth) and a large mesial fovea. Molar proportions are also different [START_REF] Xu | Lufengpithecus lufengensis -An Early Member of Hominidae[END_REF]. Sivapithecus molars display less occlusal surface relief, more open trigon angles, less slanted buccal walls, higher mesiodistal/buccolingual proportions, distinct mesial and distal foveae of nearly the same size, and thicker enamel. When all these characters are taken in account, the upper postcanine dentition of MFT-K176 displays more resemblance to K. chiangmuanensis than to other Asian late Miocene hominids.

To access the similarities between MFT-K176 and the holotype mandible of K.

piriyai (TF 6223), we have utilized palatal and mandibular dimensions to assess the similarities between MFT-K176 and the holotype mandible of K. piriyai (TF 6223). The length of tooth rows (P 3 -M 3 ) are similar (52.1 mm for MFT-K176 and 64.3 mm for TF 6223). The shape of the upper dental arch is slightly concave buccally, allowing a good occlusion with the holotype. We have also compared the width of dental arcades at each postcanine tooth position from buccal to buccal surfaces and calculated the ratios between TF 6223 and MFT-K176 value, ratios varying between 88.2 and 104.6 (Table 3) in agreement with individual variation within a single great ape species (Table 4; [START_REF] Pilbeam | Tertiary Pongidae of East Africa: Evolutionary relationships and taxonomy[END_REF]. The M 3 dental arcade width ratio falls within the range observed among extant great ape species, but those at P 4 level are slightly larger in relation to the divergent arcade at P4 level of the holotype (TF 6223). These data, overall shape and relative breadths of mandible and palate, appear to be consistent with each other even to the extent of belonging to the same sex.

The enamel thickness values estimated for the M 2 (2D RET = 13.11-13.58; Fig. 6;

Table 5) fall also close to the range of the K. piriyai holotype lower molars (13.7-17.6; [START_REF] Chaimanee | Khoratpithecus piriyai, a Late Miocene hominoid of Thailand[END_REF] and Pongo pygmaeus (mean = 15.49, range = 8.60-22.50; [START_REF] Olejniczak | Molar enamel thickness and dentine horn height in Gigantopithecus blacki[END_REF]. MFT-K176 has thinner enamel than S. sivalensis (mean = 19.2, range = 16.3-20.9; Olejniczak et al., 2008) and L. lufengensis (24.1;[START_REF] Olejniczak | Molar enamel thickness and dentine horn height in Gigantopithecus blacki[END_REF].

The comparisons above support a tentative ascrition of the maxilla (MFT-K176) to genus Khoratpithecus, while the correspondence in size and occlusion with the holotype (TF 6223) of K. piriyai indicate that the described specimen might belong to the same species. As associated upper and lower teeth would be required to more conclusively evaluate the latter assertion, provisionally we attribute MFT-K176 to cf. Khoratpithecus sp.

Conclusions

MFT-K176 displays several pongine-like characters, such as: externally rotated canines; elongated, nearly horizontally and anteroposteriorly curved nasoalveolar clivus; thin posterior pole of the clivus; strong overlap between the premaxilla and the palatine process of the maxilla; oval and elongated greater palatine foramina; and horizontal margin of the nasal aperture. This association of attributes is usually also observed in other pongines [START_REF] Ward | The taxonomy and phylogenetic relationships of Sivapithecus revisited[END_REF][START_REF] Begun | Fossil record of Miocene hominoids[END_REF], supporting the attribution of MFT-K176 to the pongine clade.

MFT-K176 displays a unique nasoalveolar clivus morphology, most similar to those of Pongo and Sivapithecus (GSP 15000), but still distinct, highlighting the morphological diversity of this anatomical region within the pongine radiation in Southeast Asia. The clivus orientation, its low anteroposterior curvature and strong overlap with the palatine processes, and its 'knife-edge' shaped posterior pole characterize this maxilla. Therefore, the nasoalveolar clivus of MFT-K176 appears to represent a unique morphological pattern, which shares several features with Sivapithecus (GSP 15000) and Pongo, including substantial overlap between the clivus and maxillary palatine processes, low inclination and a thin, tapering posterior pole. These shared characters, along with certain mandibular features [START_REF] Chaimanee | A new orang-utan relative from the Late Miocene of Thailand[END_REF], argue for the inclusion of Khoratpithecus within the Ponginae. However, the incisive foramen, canal, fossa and the premaxilla-palate transition in MFT-K176 differ from those of Sivapithecus (GSP 15000) and Pongo, and can be interpreted as corresponding to a less derived evolutionary state. Additional differences can be observed in the nasoalveolar region relative to GSP 15000 and Pongo: the short and less curved anterior part of the clivus, its nearly horizontal orientation and that of the incisive canal, the relatively broader and shallower anterior palate, the upward angulation of the posterior palate, the large oval and more distally located greater palatine foramina, the low elevation of the nasal floor, and the relatively buccolingually broader molars with narrow trigons. These are all unique attributes of MFT-K176 that distinguish it from other pongines.

The phylogenetic relationships between the different members of the Ponginae are not easy to establish accurately due to the incompleteness of the fossil record, especially the rarity of postcranial bones. Sivapithecus shares the anatomy of its face, nasoalveolar clivus and orbit shape with the extant Pongo. The mandible of K. piriyai shares a Pongo-like symphysis and, like Pongo, it lacks the anterior digastric muscle scars. The MFT-K176 nasoalveolar clivus shares several derived characters with those of Pongo and Sivapithecus but with a larger incisive foramen and canal, which we interpret as less derived. Overall, the anatomical characters of this maxilla are in agreement with the sister group relationship of Khoratpithecus with Pongo previously proposed on the basis of mandibular characters [START_REF] Chaimanee | A new orang-utan relative from the Late Miocene of Thailand[END_REF][START_REF] Chaimanee | Khoratpithecus piriyai, a Late Miocene hominoid of Thailand[END_REF]. In addition, the anatomical characters displayed by MFT-K176 indicate that Ankarapithecus corresponds to a more basal member of the pongine clade than Khoratpithecus. The Lufengpithecus maxilla is very distinct from that of Khoratpithecus, and both taxa differ in many characters, including tooth morphology and clivus organization, but share no pongine synapomorphy. Lufengpithecus shares only one character with Pongo (wrinkled enamel), which most likely represents a homoplasy.

Therefore, our new data confirm previous conclusions [START_REF] Kelley | Juvenile hominoid cranium from the late Miocene of southern China and hominoid diversity in Asia[END_REF] that

Lufengpithecus must be excluded from the pongines. Additional hominid fossils from this area should allow to complete the knowledge of anatomical characteristics of Khoratpithecus, and shed light on its morphological variation and precise its phylogenetic position within the pongines. Nasal aperture breadth at base 23.9

Abbreviations: MD = mesiodistal; BL = buccolingual.

a Measurements of the alveolus. c Data from [START_REF] Kelley | A new large species of Sivapithecus from the Siwaliks of Pakistan[END_REF]. Abbreviations: EDJ = length of the enamel-dentine junction (mm); EC = enamel cap area (mm 2 ); 2D AET = 2D average enamel thickness (mm); CD = coronal dentine area (mm 2 ); 2D RET = 2D relative enamel thickness (%).

  Survey of Pakistan, Pakistan; MFT = Mission Franco-Thai, collection of Chulalongkorn University, Thailand; MTA = Maden Tetkik ve Arama (The Mineral Research and Exploration Institute), Ankara, Turkey; PA = Province Anhui, People's Republic of China; TF = Thai Fossil, the Department of Mineral Resources, Thailand, XIR = Xirochori village, collection of University of Thessaloniki, Greece.

  , D), different shape of nasal aperture, externally rotated upper canines, broader anterior dentition with more mesially expanded upper central incisors, more distally located greater palatine foramina, and molars with more buccolingually expanded occlusal surfaces and with more reduced mesial foveae. The P 3 of MFT-K176 have more rectangular occlusal outline with a smaller parastyle and a less anteriorly expanded parastyle area, and are wider lingually. Its M 3 are less reduced relative to the M 2 than those of Lufengpithecus and the molars do not display the fine enamel crenulations that characterize Lufengpithecus and Pongo. Combined with the differences observed between the mandibles of Lufengpithecus and Khoratpithecus (TF 6223;[START_REF] Chaimanee | A new orang-utan relative from the Late Miocene of Thailand[END_REF], these differences support the distinction of these genera and also the exclusion of Lufengpithecus from the pongines[START_REF] Ji | Juvenile hominoid cranium from the terminal Miocene of Yunnan, China[END_REF][START_REF] Kelley | Juvenile hominoid cranium from the late Miocene of southern China and hominoid diversity in Asia[END_REF] MFT-K176 reveals several characters that are distinct from Ankarapithecus (MTA 2125 and AS95-500). The clivus in Ankarapithecus has been described as intermediate in organization between pongines and hominines, being considered as a primitive condition for the pongines[START_REF] Begun | Restoration of the type and palate of Ankarapithecus meteai: Taxonomic and phylogenetic implications[END_REF]. Its premaxilla is long but the overlapping distance of the palatine process of the maxilla cannot be estimated due to breakage. The subnasal fossa is stepped into an incisive fossa, similar to chimpanzees, and the premaxilla is not only curved anteroposteriorly but also transversely. MFT-K176 displays instead a flat transverse nasal floor. MFT-K176 appears therefore to be significantly more Pongo-like than Ankarapithecus concerning its clivus organization. Better illustrations are necessary to compare more accurately these structures. The incisive foramen of MFT-K176 is partitioned unlike that of MTA 2125. The posterior palatal foramina are more distally extended in MFT-K176 than in MTA 2125, in which their distal borders are placed along the line connecting the distal edges of the M 3 . The distal palate of MFT-K176 is significantly more deflected upwards than that of MTA 2125. Central incisors display strong root contours on the alveolar premaxilla process when compared to MTA 2125. Both taxa also differ in P 3 morphology (more rectangular outline with weaker parastyle in MFT-K176), dental occlusal surface proportions (Table
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 2 Figure 2. cf. Khoratpithecus sp. (MFT-K176): A) stereopair occlusal view of left tooth row; B) superior view; C) buccal view of left maxilla showing the morphology of roots. Images are digital renderings of a 3D virtual model generated from µCT scan data. Scale bar = 1 cm.

Figure 3 .

 3 Figure 3. Palatal depth at various virtual CT transverse sections of cf. Khoratpithecus sp. MFT-K176. These images are derived from µCT scan data. Scale bar = 10 mm.

Figure 4 .

 4 Figure 4. Anterior view of transverse section at the anterior level of P 3 , showing large incisive canal and partition by an incomplete bony crest. It is a digital rendering of a 3D virtual model generated from µCT scan data. Scale bar = 1 cm.

Figure 5 .

 5 Figure 5. Schematic drawing of the midsagittal section of the clivus and palatine process of maxilla: A) cf. Khoratpithecus sp. (MFT-K176, mirror image); B) Sivapithecus sivalensis (GSP 15000; Ward and Kimbel, 1983); C) Pongo pygmaeus (from Ward and Kimbel, 1983); D) Lufengpithecus lufengensis(PA 658;[START_REF] Xu | Lufengpithecus lufengensis -An Early Member of Hominidae[END_REF]. Not to scale.

Figure 6 .

 6 Figure 6. Virtual sections of left M 2 (left column) and right M 2 (right column) of cf. Khoratpithecus sp. (MFT-K176). First row: virtual slice computed using VG Studiomax. Second row: enamel/dentine segmentation. Third row: cusp reconstruction to correct for wear. Scale bar = 1 cm.

  

  

Table 1

 1 Measurements of cf. Khoratpithecus sp. (MFT-K176; in mm).

	Right toothrow		Left toothrow
	MD	BL	MD	BL

Table 2

 2 Dental proportions (mesiodistal/buccolingual × 100) of cf. Khoratpithecus sp. (MFT-K176) and other hominids: mean, ranges, and sample sizes in parentheses.cf. Khoratpithecus sp.

			Ankarapithecus	Ouranopithecus b	Sivapithecus a	Sivapithecus	Pongo a
		(MFT-K176)	meteai a			parvada c	
			(MTA 2125)				
	P 3	58	69	71	74	70	77
		57-58 (2)	60-78 (2)	62-78 (10)	60-82 (9)		61-103 (58)
	P 4	63	64	63	66	59	73
		62-63 (2)	63-64 (2)	56-68 (11)	56-77 (15)	56-62 (2)	64-81 (59)
	M 1	74	86	90	90	82	92
		73-75 (2)	84-87 (2)	84-97 (10)	75-100 (27)	75-89 (4)	80-102 (60)
	M 2	79	91	92	89	82	88
		78-79 (2)	89-92 (2)	84-100 (11)	80-99 (17)	-	78-98 (61)
	M 3	85	96	93	-	77	-
		82-88 (2)	95-97 (2)	84-102 (13)			

a Data from

[START_REF] Begun | Restoration of the type and palate of Ankarapithecus meteai: Taxonomic and phylogenetic implications[END_REF]

.

b Data from

Koufos et al. (2016)

.

Table 3

 3 Measurement of distances between postcanine teeth (from buccal to buccal surfaces) ofKhoratpithecus piriyai (TF 6223) and cf. Khoratpithecus sp. (MFT-K176) in mm and ratios between lower teeth and upper teeth distances.

	TF 6223		MFT-K176		lower/upper teeth %
	P 3	54.4	P 3	52.0	104.6
	P 4	52.9	P 4	56.2	94.1
	M 1	52.3	M 1	59.3	88.2
	M 2	55.6	M 2	61.8	90.0
	M 3	59.0	M 3	61.0	96.7

Table 4

 4 Measurement of distances between postcanine teeth (from buccal to buccal surfaces) ofKhoratpithecus piriyai (TF 6223) and cf. Khoratpithecus sp. (MFT-K176) compared with those of African great apes[START_REF] Pilbeam | Tertiary Pongidae of East Africa: Evolutionary relationships and taxonomy[END_REF].

		n	P 4	P 4	P 4 /P 4 %	M 3	M 3	M 3 /M 3 %
	Pan male	14	51.4	57.6	89.2	54.6	55.7	98.0
	Pan female	12	51.0	57.5	88.7	55.1	56.8	97.0
	Gorilla male	20	61.1	71.3	85.7	67.1	71.4	94.0
	Gorilla female 19/20	52.2	62.0	84.2	62.0	63.9	97.0
	TF 6223	2	52.9	-	-	59.0	-	-
	MFT-K176	2	-	56.2	94.1	-	61.0	96.7

Table 5

 5 Two-dimensional dental tissue proportions and enamel thickness of the M 2 in cf.

	Khoratpithecus sp. (MFT-K176).					
		EDJ	EC	2D AET	CD	2D RET
	Left M 2 (paracone-protocone)	22.73	22.74	1.00	58.27	13.11
	Right M 2 (paracone-protocone)	21.38	20.56	0.962	50.12	13.58
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