Combining geometric morphometrics and paleoproteomics to enlighten the paleodiversity of Pongo
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The spatio-temporal distribution of orangutans (Pongo) is evidenced by the numerous Pleistocene fossil
sites in Southeast Asia ranging from southern China to Insular Indonesia (Vietnam, Laos, Cambodia, Thailand,
Malaysia; [1]). Modern and fossil Pongo show a high degree of variation in tooth size and morphology, which
obscures taxonomic identifications at species level [2]. The fossil record of Pongo largely consists of isolated
dental remains, hence several attempts to distinguish taxa at (sub-)species level have been proposed
exclusively based on odontometric measurements and non-metric features recorded on isolated teeth [3].
However, there are still debates regarding the recognition of fossil species of Pongo. In order to attempt
characterizing and distinguishing extinct orangutan species, we investigated the internal structure of 70
lower molars of Pleistocene Pongo from various sites and origins (Punung and Sangiran from Indonesia; Lang
Trang, Tham Om, Hang Hum, Mai Da Dieu, and Duoi U’Qi from Vietnam; Tam Hang and Marklot from Laos;
Ganxian and Chinese Apothecary Collection from China). For comparison, we have analyzed 25 modern
orangutan lower molars, representing the species Pongo pygmaeus and Pongo abelii. We used geometric
morphometrics to analyze the shape of the enamel-dentine-junction (EDJ) by placing five landmarks on the
tip of the main dentine horns, and 142 semilandmarks along the marginal ridges. We also applied
paleoproteomic analyses on 14 dental specimens of Late Pleistocene Pongo from Vietnam, Laos, Malaysia
and Thailand by utilizing high-resolution tandem mass spectrometry to sequence ancient proteins [4]. Our
results show that fossil molars have a lower EDJ relief height with lower dentine horns than modern molars.
Extant Pongo molars are morphologically quite distinct with relatively higher dentine horns and a more
elongated and narrow molar shape than the fossil counterparts. Moreover, P. pygmaeus and P. abelii show
a large morphometric overlap in EDJ shape. Specimens from Vietnam and Laos are dated to the final Middle
Pleistocene to Late Pleistocene and share the same morphospace, which is consistent with their allocation
to the same chrono-geographical variant. This also applies to fossils from the Middle Pleistocene of China as
well, which tend to group in a separate morphospace with some overlap with specimens from Vietnam and
Laos. The Late Pleistocene site of Punung, Indonesia shows the highest variability, with a mix of specimens
exhibiting a modern morphotype and others grouping with Pleistocene Pongo. As published recently [5], it
suggests that the Punung assemblage might be a mix of Pleistocene and Holocene remains. Preliminary



paleoproteomic data does not allow a consistent discrimination of fossil specimens as either P. pygmaeus or
P. abelii. This is partially confirmed also by the morphometric results indicating that a clear attribution of the
fossil specimens to modern species is not possible, except for one sub-sample from Punung. The
morphological differences between fossil Pongo molar crowns and living orangutans reveal a higher diversity
in the genus Pongo during the Pleistocene than today. Combining EDJ morphology and paleoproteomics
provide an exciting basis for further studying the evolutionary biodiversity in the only nonhuman great ape
genus living today outside of Africa.
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