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The evolution of Mesozoic biodiversity in Thailand

Dinosaurs are quite abundant in the non — marine Mesozoic deposits of Thailand, mostly on the
Khorat Plateau. They mainly occur in the Early Cretaceous Formations (especially the Sao Khua
Formation) but also in the Late Jurassic (Phu Kradung Formation) and the Late Triassic (INam Phong
Formation) The discoveries of dinosaur remains (isolated bones as well as complete articulated
skeletons) are very important for the understanding of dinosaur evolution in Asia but also for
reconstructing dinosaur evolutionary history as a whole. For instance, the deposits of the Khorat plateau
have yielded 16 species of dinosaurs, including the oldest known tyrannosaurid (Siamotyrannus) and the
oldest known sauropod (Isanosaurus) in the world. Six sites with dinosaur trackways are known in three
Lower Cretaceous Formations : Phra Wihan, Phu Phan and Khok Kruat. Vertebrates other than
dinosaurs also occur in the Mesozoic deposits of the Khorat plateau. Studies are currently under way in
order to better understand their diversity and evolution. These vertebrates comprise freshwater sharks, bony
fishes, temmnospondyl amphibians, turtles, phytosaurs, crocodiles and pterosaurs. Research in the fields of
palaeobotany and palynology is beginning to provide information on the evolution of plant communities in the
Mesozoic of Thailand. Important new fossil vertebrate discoveries include a remarkable fossil fish locality in
the Phu Kradung Formation (Late Jurassic) of northeastern Thailand, a dorsal vertebra of a sauropod
dinosaur from the Jurassic of southern Thailand, a partial skeleton of a sauropod dinosaur from Payao in
northern Thailand (Early Cretaceous?), and very small eggs of theropod dinosaurs, one of them containing
an embryo, from the Sao Khua Formation (Early Cretaceous) of the Khorat Plateau,

A Jurassic amber deposit in southern Thailand

Amber is a rare fossil before the Late Cretaceous. Although some of them were known since long,
Early Cretaceous amber deposits, which are not outstandingly rare, were studied only recently. Amber in
sediments that predate the Aptian are rare, and only yield small marbles of amber, generally not exceeding 5
mm in diameter. Such is the case, for example, in the Valanginian of South-Africa, the English Wealden or
the Bathonian of France. There are some indications for Triassic amber, but again as small marbles and
droplets. One intriguing problem is thus the explosion of the number of localities yielding amber at the end
of the Early Cretaceous and its correlation with a strong increase of the average amber piece size, all the
more so since the botanijcal taxa which are known as a source of amber, i.e. Araucariaceae and Taxodiaceae,
already existed as early as the Middle Jurassic, and since resin is known in woods as early as the Permian.
From our experience of the Jurassic, fossil wood resin is common in the wood samples at least from the
Liassic onward,; in both Laurasia and Gondwana. The discovery of an amber locality in the Jurassic of
Peninsular Thailand is thus of great interrest. Amber is abundant in the outcrop, and occurs as flattened
spheres and biconvex lense reaching 2 ¢m. In diameter. This new amber locality is an exceptional witness of
the very first amber forests

First dinosaur from the Shan-Thai Block of South-East Asia: A Jurassic sauropod from the
southern peninsula of Thailand.

A vertebra from the Jurassic non-marine Khlong Min Formation of southern Thailand is referred
to the family Euhelopodidae, a group of sauropod dinosaurs which apparently was endemic to eastern
Asia during the Jurassic and Early Cretaceous, at a time when that part of the world was isolated from
other land masses. The occurrence of a euhelopodid in the Jurassic of the Shan-Thai block supports the
idea of a collision of the Shan-Thai Block with the Indochina Block, thus establishing connections with
“mainland Asia”, early in the Mesozoic, probably before the Jurassic.

A new fish locality from the continental Late Jurassic — Early Cretaceousof northeastern Thailand

A new locality, called Phu Nam Jun (the “hill of the spring™), is reported from the Phu Kradung
Formation, northeastern Thailand. According to age constraints provided by the overlying formations, the
Phu Kradung Formation may be regarded as either Late Jurassic or basal Cretaceous in age. Systematic
excavations conducted in 2002, 2003 and 2004 by the Department of Mineral Resources of Thailand, in
collaboration with the Palaeontological Research Centre of Mahasarakham University, the French CNRS
and the Musée des Dinosaures d’Espéraza, with support from the TRF-CNRS Mesozoic biodiversity
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project, yielded more than one hundred and fifty fish specimens. All but two specimens belong to
Lepidotes buddhabutrensis. One specimen is a semionotid-like fish and one is a skull roof with associated
jaws of a lungfish. According to preliminary observations on 1) the spatial distribution of specimens, 2)
the mode of preservation of carcasses, 3) the location of the lungfish and 4) the general composition of the
fauna, it is suggested that the carcasses dried out prior to fossilisation.

A new hybedont assemblage (Chondrichthyes: Elasmobranchii) from the Sao Khua Formation
(Early Cretaceous) of Thailand.

Isolated teeth of five hybodont taxa (Hybodus sp., Parvodus sp., Lonchidion khoratensis nov. sp.,
Isanodus paladeji nov. gen., nov. sp., Heteroptychodus steinmanni) are described from the freshwater
Sao Khua Formation of Thailand (Early Cretaceous). This fauna appears less endemic, with some
European affinities, than the hybodont fauna found in Thailand in the Aptian/Albian Khok Kruat
Formation. Isanodus paladeji and Heteroptychodus steimmanni seem to indicate an origin of the family
Ptychodontidae from some Asian Lonchidiidae. '

A new Thai Mesozoic lungfish (Sarcopterygii, Dipnoi) with an insight into post-Palaeozoic dipnoan evolution

We describe a new species of lungfish of Ferganoceratodus based on a single specimen
discovered in the Late Jurassic — Early Cretaceous of the Phu Nam Jun locality, north-eastern Thailand.
The material comprises an almost complete calvarium with associated upper and lower jaw, as well as
some postcramal remains. The new species shows characters unexpected and/or unknown in other
Mesozoic lungfishes, such as pieces of a “hard snout™. The microstructure of the “hard snout” provides
support to the Bemis and Northcutt’s interpretation of the cosmine tissue of Palaeozoic lungfishes as
homologous, to the complex cutaneous vasculature of the living Neoceratodus. Because the homologies of
the ossifications of the calvarium among lungfishes and among piscian sarcopterygians are hitherto
unsatisfactory understood, we use a topological nomenclature in the description of the specimen and in
the discussion of post-Devonian dipnoans skull roof characters. We define a few characters for the
cladistic analysis only, but these are regarded as assumption-frec. We propose a hypothesis of
phylogenetic relationships for most of the Post-Devonian forms known by skull remains. The main
feature is the ancient dichotomy between the Neoceratodus lineage and most of the other Mesozoic
forms, including the Lepidosirenids. The palacobiogeographical pattern shows a series of vicariant events
between Laurasia and Gondwana in the Late Triassic — Early Jurassic, then a vicariant event between
Africa and South America.

Fossil vertebrate footprint of Southeast Asia (Thailand and Laos): a review

Fossil vertebrate footprints from Southeast Asia were first noticed in 1985 when Buffetaut et al.
described a small ichnocoenosis from the Phu Phan Formation in Phu Luang Wild Life Sanctuary (Loei
Province). The same authors noticed that a much earlier albeit doubtful mention of fossil footprints from
Thailand was made in 1868 by the French explorer Henri Mouhot, who travelled in Siam in the 1860s. He
mentioned (but did not describe or illustrate) footprints of “antediluvian” animals seen by him at Phrabat
in Central Thailand. Since 1985, several new sites have been recognized and investigated in several
continental formations of the Khorat Plateau, but also in Laos. Vertebrate footprints are now known from
five continental formations of northeastern Thailand (namely the Huai Hin Lat, Phra Wihan, Phu Phan,
Khok Kruat and Phu Tok formations) as well as from the Grés supérieurs Formation of Laos, which is
considered as an equivalent of the Thai Khok Kruat Formation. These sites are dated from the Norian
(Huai Hin Lat Formation) to the Early Tertiary (Phu Tok Formation). Some of these formations have not
yielded skeletal material and the study of these ichnocoenoses is the only way to approach the
biodiversity of the corresponding time intervals.

The dinosaur assemblage from the Khok Kruat Formatior of Thailand: continuity and change in
the Early Cretaceous of SE Asia.

Recent discoveries in northeastern Thailand are providing a better picture of the dinosaur
assemblage from the Khok Kruat Formation (dated as Aptian on the basis of sharks and palynomorphs).
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Some elements are reminiscent of the better known fauna from the older Sao Khua Formation; they
include a Phuwiangosaurus-like sauropod and a spinosaur (probably Siamosaurus). Broad-toothed
sauropods, which are known from the Sao Khua Formation, have not been found in the Khok Kruat
Formation. Dinosaurs present in the Khok Kruat Formation but so far absent from the Sao Khua
Formation include Psittacosaurus and an advanced iguanodontian reminiscent of Altirhinus. The Khok
Kruat assemblage, which also occurs in Laos, may be the result of a dispersal event introducing into
Southeast Asia faunal elements which apparently were not present there during earlier stages of the
Cretaceous.

First record of a fossil bird from the Early Cretaceous of Thailand

We present the first known occurrence of a Mesozoic fossil bird from Thailand. The new
specimen is the distal end of a left humerus, from the early Cretaceous Sao Khua Formation in the
Northeast of the country, and testifies to the presence of a medium sized avian in these non-marine strata.
This is also the first Mesozoic bird known from the whole of Southeast Asia.

Isanemys, a new adocid turtle from the Sao Khua Formation (Early Cretaceous) of the Khorat
Plateau, northeastern Thailand

A new genus and species of trionychoid turtle of the family Adocidae, Zsanemys srisuki n. g. n.
sp. from the Early Cretaceous Sao Khua Formation of the Khorat Plateau, northeastern Thatland, is
described on the basis of shells. [sanemys srisuki presents the following adocid synapomorphies:
punctated ornamentation on shell surface, incomplete neural series of six neurals, posterior pairs of
costals meeting on the midline, very reduced and triangular first suprapygal; plastron with anterior lobe
truncated and straight front margin. It is considered as the sister taxon of all other adocids in having the
neural formula of 4>6>6>6>6>5(7), a larger and wider than long cervical scute and a longer and not
medially expanded pectoral scute. The following shell features shared by adocids and nanhsiungchelyids
support that they form a monophyletic group among trionychoids: two suprapygals present, the first being
small and the second much larger; a large, wider than long and posteriorly placed entoplastron, with the
posterior end reaching the level of the axillary notch; a posteriorly located humeropectoral sulcus, lying
posterior to the axillary notch, at least laterally.

Fossil wood and continental palacobiogeography of South-East Asia during the Mesozoic

The timing of the Sibumasu-Indochina collision is still a matter of debate, and Metcalfe's Triassic
model is challenged by researchers who advocate for a Late Jurassic event. Terrestrial biota are relevant
to this discussion, but up to now it is mainly their palacozoological part which was emphasised. We
sampled extensively fossil wood within the Khorat group in north-castern Thailand (Isaan). The wood
systematic reveals strong relationships with Indochina, especially Vietnam, and suggests a Middle
Jurassic to Early Cretaceous age. The flora displays some endernism, a fact that is consistent with the
hypothesis that South-east Asia continental biota was isolated, either geographically (e.g. by sea sounds)
or ecologically (e.g. by deserts) from mainland Asia from the Middle Jurassic up to the end of the Early
Cretaceous. These woods of Isaan are similar to those described from south-eastern Malaysia, which also
belongs to the Indosinian block. We sampled further in southern Thailand, within the Trang Group, a set
of Middle Jurassic to Late Cretaceous continental sediments. Wood was collected within the Khlong Min,
Lam Thap, and Sam Chon Formations. As in Isaan the genera Agathoxylon and Brachyoxylon are highly
dominant. The species come close to the ones documented from the Khorat Group. Only in the topmost
sediments, those of the Sam Chom Fm., do we found a different xyloflora, with the genus
Podocarpoxylon, mentioned for the first time in the Mesozoic of South-east Asia. As the wood content of
the basal formation, the supposedly Middle Jurassic Khlong Min Formation, is similar to that of the Phu
Kradung Formation, dated as Middle-Late Jurassic, it is probable that these area exchanged terrestrial
biota before the end of the Jurassic, and thus that Sibumasu and Indochina already collided. Thanks to
indications by R. Stokes we were recently able to collect Jurassic fossil wood in western Thailand, nearby
Mae Sot, within the Huai Hin Fon Fm., which deposited in Sibumasu Terrane during the Middle Jurassic.
Wood samples are currently under study, but first results provisionally confirms the results from southemn
Thailand.

m
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Conclusion

Thailand has an excellent record of non-marine Mesozoic environments, ranging in age from the
Triassic to the Cretaceous. Many localities in several parts of the country have yielded abundant
fossils, including plants, invertebrates and vertebrates. Its long sequence of non-marine deposits with
rich flora and fauna, and its position during the Mesozoic, at the rim of the Tethys ocean, make it
particularly suitable to register the intricate biogeographical relationships that characterize South-East
Asia. Most reconstructions infer that there were no biotic exchanges across the eastern Tethys. With
the wood genus Sahnioxylon, it has been demonstrated that such exchanges have indeed taken place
(Philippe et al, Bulletin de la Société geéologique de France, 1999). This fits with other
palacontology-based hints to assert that the paleogeographical picture is not as simple as usually
admitted. Thailand is definitely the best place to study the extent of terrestrial fauna and flora
displacement across the eastern Tethys. Up to now, except for some palynological studies and a few
woods from the Khorat Plateau, Thai Mesozoic palacobotany has remained poorty known despite the
large amount of material available. Many interesting results can be expected from an integrated
palaeobotanical approach ‘taking into account woods, imprints and compressions), especially within
the framework of a ciose cooperation with Jocal geologists.

Concerning the vertebrates, Thai - French cooperation on Mesozoic vertebrates from Thatland
has resulted during the past 20 years in the discovery of many important sites and specimens, and in
the publication of numerous papers on the topic. Among the main results of this cooperation are the
discoveries of the earliest known tyrannosaur (Siamotyrannus isanensis, described in Nature in 1996),
the earliest known sauropod dinosaur (Isanosawrus attavipachi, described in Nature in 2000), and the
new Cretaceous sauropod Phuwiangosaurus sirindhornae (described in Comptes Rendus de
I"Académie des Sciences de Paris in 1994). The present project is both a continuation and an
expansion of this joint work.
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Basic structure and anatomy of  primitive ray-finned fish, Mimia.
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Abstract — Newly discovered sauropod material from the Upper Triassic of northeastern Thailand reveals that some of the
earliest sauropods had already reached a very large size. A 1 m long humerus is within the size range of large Jurassic
sauropods such as Camarasaurus and suggests an animal reaching a length of 12 to 15 m. It took sauropodomorph dinosaurs
some 20 million years to produce giant forms, a rapid size increase when compared with that observed in the evolution of
other dinosaurs, such as omithischians. To cite this article; E. Buffetaut et al, C. R. Palevel 1 (2002} 103-109. © 2007
Académie des sciences / Editions scientifiques et médicales Elsevier SAS
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Résumé — Les premiers dinosaures géants : un grand sauropode du Trias de Thaflande. De nouveaux restes de
sauropodes du Trias supérieur du Nord-Est de la Thailande révélent que certains de ces trés anciens sauropodes atteignaient
déja une trés grande taille. Un humérus long de 1 m est comparable par la taille aux grands sauropodes du Jurassique, tels que
Camarasaurus, et suggére un animal afteignant 12 3 15 m de longueur. 11 fallut aux sauropoedomorphes quelque 20 Ma pour
produire des formes géantes, ce qui indique un accroissement de taille rapide par rapport 4 ce que ’on observe dans d’autres
groupes de dinosaures, comme les ornithischiens. Pour citer cet article » E. Buffetaut et al, C. R. Palevol 1 (2002) 103-109.
© 2002 Académie des sciences / Editions scientifiques et médicales Elsevier SAS
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Version abrégée

Les plus grands des dinosaures étaient les sauropodes,
avec des poids estimés atteignant 90 t [18] et des longueurs
dépassant en général 10 m. Jusqu’a une date récente, les
plus anciens sauropodes connus remontaient au Jurassique
inférieur, mais des sauropodes du Trias ont maintenant été
découverts en Thailande [3]. Le spécimen décrit ci-dessous
montre que certaines de ces formes triasiques atteignaient
déja une taille gigantesque. La comparaison avec d’autres
groupes de dinosaures suggére que 1’évolution vers une
taille gigantesque fut relativement rapide chez les sauro-
podomorphes.

* Correspondence and reprints.
E-mail address: Eric.Buffetaut@wanadoo. fr (E. Buffetaut).

Le plus ancien sauropode actuellement connu a récem-
ment &té signalé dans la Formation Nam Phong {Trias su-
périeur de Thatlande) [3], sur la base dun squelette incom-
plet, décrit sous le nom d’fsanosaurus attavipachi, qui ap-
partient apparemment & un individu n’ayant pas atteint ie
stade adulte. La longueur du type d’fsanosaurus attavipa-
chi a été estimée a environ 6,50 m, ce qui est peu pour un
sauropode.

Un deuxieme spécimen de sauropode a &té découvert
récemment dans un site proche de celui qui a livré le
premier squelette, prés du village de Ban Non Thaworn
(Province de Chaiyaphum, Nord-Est de la Thailande). Ce
nouveau gisement, appelé Khok Hin Poeng, se trouve, lui
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aussi, dans les grés rouges continentaux de la formation
Nam Phong, qui est rapportée au Norien supérieur ou
au Rhétien sur des arguments palynologiques [20]. Les
ossements trouvés & Khok Hin Poeng sont plus ou moins
érodés et appartiennent, semble-t-il, & un seul individu,
Il s’agit d’un humérus droit assez bien conservé, de
fragments de Phumérus gauche, d’un possible fragment
de téte de fémur, d’un possible fragment de 1'extrémité
proximale d’un tibia, d’un centrum de vertébre cauvdale du
milieu de la queue et d*un centrum caudal distal.

La vertébre caudale de Ia région moyenne de la queue
est amphicoele, avec des faces articulaires ovales. L’arc
neural, cassé, s’insérait sur la partie antérieure du centrum.
Les processus transverses étaient aussi en position assez
antérieure. I existe ventraiement une aréte médiane et
des facettes articulaires bien marquées pour les chevrons.
Longueur totale du centrum : 110 mm. Hauteur de la face
articulaire antérieure : 120 mm.

L’humérus (CHS-1), presque complet mais érodé dans
la région distale, est de grande taille et clairement de type
sauropode. Il montre une expansion proximale marquée.
La diaphyse, relativement étroite, est aplatie craniocauda-
lement et de section ovale. Il existe une forte créte delto-
pectorale, qui débute sur le bord latéral, 4 peu prés a mi-
longueur de 1’os, et a son apex dans la moitié proximale. Le
contour proximal de I"os parait avoir été réguliérement ar-
rondi. L’expansion distale est dans le méme plan que I’ex-
pansion proximale.

Cet humérus montre tous les caractéres des sauropodes.
It differe des humérus de prosauropodes par le fait que
ses expansions proximale et distale sont dans le méme
plan, de sorte que I"os apparait droit, alors qu’il est tordu
chez les prosauropodes, chez lesquels les expansions sont
dans des plans différents faisant un angle d’environ 45°
{7] ~ caractére présent aussi chez le sauropode Diplodocus
[8]. La créte deltopectorale du spécimen thailandais est
moins proéminente que celle des prosauropodes et se
trouve en position plus proximale ; chez les prosauropodes,
elle forme une créte trés saillante et anguleuse en forme
d’aile, avec I'apex a4 mi-longueur de ['os [7]. Le seul
caractére du spécimen de Khok Hin Poeng rappelant les
prosauropodes est une dépression plus ou moins circulaire
bien marquée sur la face craniale de ’expansion distale.
Une telle dépression, pour I'insertion du m. brachialis {5],
est peu fréquente chez les sauropodes, mais présente chez
les prosauropodes.

Sa présence chez la forme de Thailande peut étre consi-
dérée comme un caractére plésiomorphe. Dans I’ensembie,
cependant, ’humérus de Khok Hin Poeng est nettemnent
différent des humérus de prosauropodes et confirme la pré-
sence de sauropodes dans le Trias supérieur de Thailande.
Malheureusement, le matériel de Khok Hin Poeng ne per-
met pas de comparaisons significatives avec le type & 'fsa-
nosaurus attavipachi, chez lequel, notamment, I’humérus
n’est pas connu. Il n’est donc pas possible d’établir si le
nouveau sauropode triasique de grande taille appartient ou
non & Isanosaurus attavipachi. Comme le type de ce der-
nier est un squelette incomplet d’un individu non adulte
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[3],1a différence de taille entre les deux spécimens n’exclut
pas I'appartenance a un méme taxon, mais aucune conciu-
sion définitive n’est possible actuellement.

Des comparaisons peuvent étre faites avec les humérus
de divers sauropodes [15, 16]. L’os de Khok Hin Poeng dif-
fere 4 la fois des humérus trés longs et gréles des Brachio-
sauridae, et de ceux trés courts et robustes d’ Apafosaurus
et Opisthocoelicaudia. 1.es comparaisons avec les sauro-
podes les plus anciens ne sont pas trés significatives. Chez
Vulcanodon karibaensis, du Jurassique inférieur du Zim-
babwe [5], I’humérus est incomplétement connu, et ne pa-
rait pas aussi ¢largi proximalement que chez le spécimen
de Thailande. Chez Shunosaurus lii, du Jurassique moyen
de Chine [26], les proportions de I’humérus ne sont pas trés
différentes de celles de la forme thaflandaise, bien que les
expansions proximale et distale apparaissent un peu plus
vastes, mais la diaphyse semble étre moins aplatie cranio-
caudalement. Kotasaurus yamanpalliensis, de la formation
Kota (Jurassique inférieur ?) de I'Inde, rappelle Ia forme de
Thailande par la présence apparente d’une dépression sur
la face craniale de |’expansion distale [24].

Dimensions de ’humérus de Khok Hin Poeng

Longueur : 1040 mm.

Largeur (estimée) de I’expansion proximale : 360 mm
(34% de la longueur).

Largeur minimale : 180 mm (17% de la longueur).

Largeur de I’expansion distale : 310 mm (29% de la
longueur).

Ces proportions sont généralement comparables 3 celles
des humérus de plusieurs espéces de Camarasaurus four-
nies par McIntosh et al. [17], dont les longueurs varient
de 435 4 1130 mm. Avec une longueur d’un peu plus de
I m, cet humérus appartient clairement 4 un sauropode de
grande taille. Pour comparaison, le Tableau 1 présente 1a
longueur de "humérus chez divers prosauropodes et sau-
ropodes. Le spécimen thailandais est beaucoup plus long
que les humérus des plus grands des prosauropodes mé-
lanorosauridés. Parmi les sauropodes, les Brachiosauridae,
qui ont des membres antérieurs particuliérement longs, ont
des humérus netternent plus longs, jusqu’a deux fois la len-
gueur du spécimen de Thailande.

Il n’est pas facile d’estimer la longueur totale d*un sau-
ropode A partir de la longueur de ’humérus, car les pro-
portions des membres varient notablement au sein de ce
groupe. Comme on I’a vu, les proportions de I’humérus de
Khok Hin Poeng rappellent celles de Camarasaurus. En
supposant que le sauropode de Thailande ait eu les mémes
proportions que le spécimen de Camarasaurus grandis
GMNH 101 décrit par McIntosh et al. [17], qui est long de
13,70 m, sa longueur totale serait d’environ 12,60 m. Cette
estimation est évidemment hypothétigue, car les propor-
tions du sauropode thailandais peuvent avoir été différentes
de celles de Camarasaurus. Des estimations fondées sur
d’autres types de sauropodes, aux membres antérieurs rela-
tivement plus courts, comme Diplodocus [8] ou Apatosau-
rus [9], donnent une longueur d’une vingtaine de métres.
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Cependant, 4 en juger par ce que I’on sait d’fsanosaurus
attavipachi [3], il est peu probable que les saropodes du
Trias supérieur aient eu des proportions semblables 3 celles
de Diplodocus ou Apatosaurus, qui possédent des cous et
des queues particuliérement longs. Le sauropode primi-
tif Shunosaurus lii, du Jurassique moyen de Chine, qui a
des vertébres cervicales relativement courtes et un humé-
rus rappelant celui de Khok Hin Poeng, peut aussi servir
de point de départ 4 une estimation de la longueur. D’aprés
Zhang [26], le spécimen T5402 indique un animalde 11 m
de longueur, dont I’humérus mesure 740 mm. Si 1’on préte
les mémes proportions au spécimen thailandais, sa lon-
gueur totale dépasserait 15 m. Une estimation de longneur
plus fiable devra attendre la découverte de squelettes plus
complets dans le Trias de Thailande, mais il semble bien
que ces frés anciens sauropodes aient pu atteindre une lon-
gueur considérable, dépassant nettement 10 m. s étaient
donc plus longs que les plus grands des prosauropodes (les
Melanorosauridae), qui ne dépassaient pas 10 m de lon-
gueur. Cette grande taille est relativement inattendue chez
des sauropodes aussi anciens. Viulcanodon karibaensis, de
I’Hettangien du Zimbabwe, qui était le sauropode le plus
ancien et Ie plus primitif jusqu’a la découverte des sauro-
podes du Trias de Thailande, était relativement petit pour
un sauropode : la longueur estimée de son humérus [5] re-
presente environ les deux tiers de celle de "humérus de
Khok Hin Poeng, tandis que sa longueur totale n’excédait
sans doute pas 9 m. Le spécimen thailandais montre que
Iacquisition d’une trés grande taille s’est produite plus tot
dans I’histoire des sauropodes que ne le suggérait Vulea-
nodon. Bien que la découverte d’fsanosaurus attavipachi
suggére qu'an Norien/Rhétien les sauropodes aient déja

connu une fongue histoire évolutive [3], la date d’appari-
tion du groupe est incertaine. Les plus anciens sauropodes
connus étant ceux de la formation Nam Phong, on ne peut
pas dire grand chose sur 'accroissement de la taille chez
les sauropodes avant le Norien supérieur ou le Rhétien.
Toutefois, il semble que les premiers sauropodomorphes
aient ét¢ de petits animaux, qu’il s’agisse des prosauro-
podes du Camien inférieur (voire Ladinien) de Madagas-
car [6], qui sont les plus anciens sauropodomorphes connus
(longueur totale estimée : environ 1 m), ou de Saturna-
lia tunipiquim, du Carnien du Brésil [14] (longueur envi-
ron 1,50 m). Dés le Norien supérieur ou le Rhétien, soit
environ 2 Ma plus tard, certains sauropodes avaient at-
teint une taille gigantesque. L’accroissement de taille chez
les sauropodomorphes du Trias semble donc s’8tre effectué
assez rapidement. 1| fallut beaucoup plus longtemps aux
omnithischiens, 'autre groupe de dinosaures herbivores,
pour atteindre des dimensions approchant celles des sau-
ropodes. Les plus grands ornithischiens connus sont des
hadrosaures, comme Shantungosaurus [12), long de 14 m ;
de telles formes gigantesques n’apparaissent quau Crétacé
supérieur.

Les raisons de 1a taille gigantesque des sauropodes (pro-
tection contre les prédateurs, régulation thermique ?) sont
encore discutées [4, 19}. Quels que soient les facteurs en
cause, il semble clair cependant quune rapide augmenta-
tion de taille fuf un trait notable des débuts de I"histoire du
groupe et qu’a cet égard, leur évolution fut plus rapide que
celle d’autres groupes de dinosaures. Non seulement les
sauropodes devinrent les plus grands des dinosaures, mais
ils atteignirent cette grande taille plus vite que tout autre
groupe,

1. Introduction

The largest of all dinosaurs were the sauropods,
with estimated weights reaching up to 90 t [18}], and
lengths usually in excess of 10 m, with the longest
forms possibly reaching 40 m. Until recenily, the
earliest known sauropods were Early Jurassic in age.
Triassic sauropods have now been found in Thailand
[3], and the specimen described below indicates that
some of these early forms had already reached a
gigantic size, comparable to that of some of the
large and massive Late Jurassic forms. Comparisons
can thus be made between rates of size increase in
sauropodomorphs and other dinosaurs, suggesting a
comparatively rapid evolution towards giant size in
the former.

2. Geological setting

The earliest currently known sauropod dinosaur
was recently reported from the Late Triassic Nam

Phong Formation of Thailand [3]. This first report of a
Triassic sauropod was based on a fragmentary skele-
ton, described as fsanosaurus attavipachi, apparently
belonging to an individual that was not fully grown, to
judge from the unfused neurocentral sutures of sorne
of the vertebrae. The length of the type specimen of
Isanosaurus attavipachi was estimated to have been
about 6.5 m, which is small for a sauropod.

A second Triassic sauropod specimen was recently
discovered at a locality about 1 km distant from
the first, near the village of Ban Non Thaworn,
Chaiyaphum Province, northeastern Thailand. Like
the first site, this new locality, called Khok Hin Poeng,
is in the continental red sandstones of the Nam Phong
Formation. The age of the Nam Phong Formation
is well constrained by palynological data, showing
that it is older than Jurassic and not earlier than
Norian, indicating a Late Norian or Rhaetian age [20].
The material found at Khok Hin Poeng consists of
more or less badly weathered bones, which appear to
belong to a single individual (there is no indication
of non-sauropod material, no duplication of skeletal
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elements, and no size discrepancy). The bones include
a fairly well preserved right humerus, fragments of the
left humerus, a possible fragment of a fermnoral head,
a possible fragment of the proximal end of a tibia, a
caudal centrum from the middle part of the tail, and a
distal caudal centrum.

3. Description and comparisons

The only skeletal elements from Khok Hin Poeng
worth describing are the centrum of a mid-caudal
vertebra, and a fairly complete right humerus (Fig. 1).

The caudal vertebra is amphicoelous, with oval
articular faces. The neural arch, which is broken,
arose from the anterior part of the centrum. The
transverse processes were also located in a rather
anterior position. Ventrally, there is a median ridge
and well-marked articular facets for the chevron
bones. The total length of the centrum is 110 mm, the
height of the anterior articular face is 120 mm. The
length of the centrum is comparable to that of mid-
caudal centra in the Camarasaurus skeleton (GMNH
101} described by McIntosh et al. [17].

The humerus (palaeontological collection, Depart-
ment of Mineral Resources, n® CH5-1) is remarkable
for both its typically sauropod-like appearance and its
large size. It is nearly complete, except for the miss-
ing lateral comer of the proximal expansion. Its dis-
tal end has been subjected to rather severe weather-
ing. The bone shows a marked proximal expansion,
so that it is noticeably wider proximally than distally.
The relatively narrow shaft is craniocaudally flattened
and oval in cross-section. The cranial surface of the
proximal expansion is concave because of the pres-
ence of a strong deltopectoral crest, which arises on
the lateral edge near mid-length of the bone and has
its apex in the proximal half. The proximal outline
of the bone seems to have been smoothly rounded.
The distal expansion is in the same plane as the prox-
imal one. The distal condyles have been destroyed by
weathering. This humerus shows all the characteris-
tics of the Sauropoda. In particular, it differs from
the humeri of the Prosauropoda in having its proxi-
mal and distal expansions in the same plane, so that
the bone appears straight, whereas it is twisted in
prosauropods, in which the proximal and distal ex-
pansions are in different planes making a well-marked
angle (about 45°) relative to each other [7] — a feature
also present in the sanropod Diplodocus [8]. The del-
topectoral crest of the Thai specimen differs from that
of the prosauropods in being less sharply prominent
and in having its apex in a relatively proximal posi-
tion, whereas in prosauropods it forms a very promi-

nent, wing-shaped and sharply angled crest, with its

apex usually at about mid-length of the bone [7]. The
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Figure 1. Right humerus of a sauropod dinosaur from the Nam
Phong Formation (Late Triassic) at Khok Hin Poeng, Chaiyaphum
Province, nottheastern Thailand, in cranial (a) and caudal (b} views.
Palaeontological collection of the Thai Department of Mineral
Resources, No. CH5-1. Scale bar; 250 mm.

Figure 1. Humérus droit de dinosaure sauropode de la formation
Nam Phong (Trias supérieur) de Khok iin Poeng, province de
Chaiyaphum, Nord-Est de la Thailande, en vues craniale (a) et
caudale (b). Collection paléontologique du Department of Mineral
Resources, Bangkok, n® CHS-1. Bamre d’échelle : 250 mm.

only significant feature in which the Thai specimen
is reminiscent of the Prosauropoda is 2 well-marked
depression on the cranial face of the distal expan-
sion; this more or less circular, basin-like depression
is about 130 mm in diameter and its greatest depth
is 30 mm. Such a depression is usually not devel-
oped in sauropods, but is present in prosauropods,
where it marks the insertion of the m. brachialis [5].
By comparison with prosauropods, its occurrence in
the Thai form can be considered as a plesiomorphic
feature. On the whole, however, the humerus from
Khok Hin Poeng is quite distinct from prosauropod
humeri and confirms the occurrence of sauropods in
the Late Triassic Nam Phong Formation of Thailand,
already revealed by the discovery of Isanosaurus at-
tavipachi [3]. Unfortunately, the newly discovered
material from Khok Hin Poeng does not allow sig-
nificant comparisons with the type of fsanosaurus at-
tavipachi; the humerus, in particular, is not known
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in the latter. Consequently, it is not possible to de-
cide whether the newly found large sauropod belongs
to Isanosaurus attavipachi. Considering that the type
of the latter is an incomplete skeleton of a not fully
grown individual [3], the size discrepancy between
the two specimens would not preclude inclusion in the
same taxon, but at the moment no definite conclusion
can be reached in this respect.

The humerus is not an especially useful bone for
systematic assignment in sauropods. Nevertheless,
some comparisons can be made, using, for instance,
the comparative drawings provided by McIntosh [16]
and Martin et al. [15]. The bone from Khok Hin Po-
eng differs from both the very long and slender humeri
of the brachiosaurids and from the very short and ro-
bust ones of Aparosaurus and, especially, Opistho-
coelicaudia. Comparisons with early sauropods are
not particularly revealing. In Vulcanodon karibaen-
sis, from the basal Jurassic of Zimbabwe [5], the
humerus is incompletely known, and does not seem
to be as much expanded proximally as the specimen
from Thailand. In Shunosaurus lii, from the Middle
Jurassic of China [26], the proportions of the humerus
are not very different from those of the Thai form,
although the proximal and distal expansions appear
somewhat greater, but the shaft appears to be less
craniocaudally flattened. Kotasaurus yamanpallien-
sis, from the possibly Early Jurassic Kota Formation
of India, resembles the Thai form in that its humerus
apparently has a depression on the cranial face of the
distal expansion [24].

4. Size estimates and comparisons

Although the shape of the humerus from Khok
Hin Poeng does not provide much evidence as to the
position of this dinosaur within the Sauropoda, its
size is worth a brief discussion. Its dimensions are as
follows:

Length: 1040 mm.

Width of proximal expansion (estimated): 360 mm
(34% of length).

Minimum width: 180 mm (17% of length).

Width of distal expansion: 310 mm (29% of length).

The proportions of this humerus are generally
similar to those of the humeri of several species of
Camarasaurus given by MclIntosh et al. [17], the
lengths of which range from 435 to 1130 mm.

With a length of slightly more than | m, this
humerus clearly belongs to a large sauropod. Table 1
shows the length of the humerus in various large
prosauropods and sauropods, for comparison.

The Thai specimen thus turns out to be much longer
than the humeri of even the largest melanorosaurid

Table 1. Length of the humerus im various prosauropods and
sauropods. When measurements for several specimens were given by
the authors listed, the greatest length was chosen.

Tableau 1. Longueur de "humérus chez divers prosauropodes et
sauropodes. Quand les mesures de plusieurs spécimens sont données
par les auteurs, la plus grande a été retenue.

Prosauropoda

Euskelosaurus browni [23] 453 mm
Jingshanosaurus xinwaensis [27] 470 mm
Melanorosaurus readi [10] 500 mm
Riojasaurus incertus [1] 783 mm
Sauropoda

Apatosaurus louisae {9] 1150 mm
Barosaurus africanus [13] 990 mm
Brachiosaurus altithorax [22) 2040 mm
Brachiosaurus brancai [13] 2130 mm
Camarasaurus grandis [17] 1130 mm
Diplodocus longus (8] 1010 mim
Eubelopus 2dansiyi [25] 910 mm
Kotasaurus yamanpalliensis [24] 770 mm
Omeisaurus tianfuensis (11] 1080 mm
Opisthocoelicaudia skarnynskii {2] 1000 mm
Phuwiangosaurus sirindhornae [15] 990 mm
Shunosaurus lii [26] 720 mm
Tehuelchesaurus benitezii [21} 1140 mm
Vulcanodon karibaensis [5] circa 700 mm

prosauropods. Among the sauropods, the Brachiosau-
tidae, which had exceptionally long front limbs, have
noticeably longer humeri, up to twice the length of the
Thai specimen. '

Estimating the total length of a sauropod on the ba-
sis of the length of the humerus is not easy, since limb
proportions vary rather widely among sauropods. To
Jjudge from the shape of the bone from Khok Hin Po-
eng, there is no reason to use the Brachiosauridae,
with their very long forelimbs and slender humeri,
as a model. As mentioned above, the proportions of
the Thai humerus fall within the range of Came-
rasayrus. Assuming that the Thai sauropod had the
same proportions as the specimen of Camarasaurus
grandis GMNH 101 (Gunma Museum) described by
Mclntosh et al. [17], which is 13.7 m long, its es-
timated length was about 12.6 m. This estimate is
based on Camarasaurus, because of general mor-
phological resemblance between the Thai specimen
and humeri of Camarasaurus, and of course does
not imply any close phylogenetic relationship. More-
over, the skeletal proportions of the Thai form may
have been different from those of Camarasaurus,
so that the total length estimate must be considered
as tentative. It should also be considered as rela-
tively conservative: estimates based on other types of
sauropods with relatively shorter front limbs, such as
Diplodocus or Apatosaurus, would suggest a greater
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overall length; estimates based on the measurements
of the Diplodocus longus skeleton in the US Nationat
Museum [8], or on those of the Apatosaurus louisae
skeleton in the Carnegie Museum [9], thus give a
length of about 20 m. However, it is unlikely that
Late Triassic sauropods had proportions reminiscent
of Diplodocus or Apatosaurus, which had especially
long necks and tails. What is known of Isanosaurus
attavipachi [3] indicates that this early and primitive
sauropod had relatively short cervical vertebrae. The
primitive sauropod Shunosaurus lii, from the Mid-
dle Jurassic of China, which has relatively short cer-
vical vertebrae and a humerus not unlike the Thai
one, can also be used as a basis for a length esti-
mate. According to Zhang [26], the well-preserved
specimen T5402 indicates an animal 11 m long, with
a humerus 740 mm long. Assuming similar propor-
tions in the Thai specimen, its total length would have
been more than 15 m. A more reliable length esti-
mate for the Triassic sauropods of Thailand will have
to wait for the discovery of more complete skele-
tons, but both the estimates based on Camarasaurus
and those based on Shunosaurus indicate that they
could reach quite a considerable length, well in
excess of 10 m.

5. Conclusions: Size increase in
sauropodomorph evolution

The large humerus from Khok Hin Poeng in-
dicates that Late Triassic sauropods had already
reached considerable sizes, approaching that of some
of the large and robust forms of the Late Jurassic,
such as Camarasaurus. They appear to have been
larger than the largest Late Triassic prosauropods (the
Melanorosauridae), which barely reached 10 m in
length. This large size is relatively unexpected in such
early sauropods. Vuleanodon karibaensis, from the
Hettangian of Zimbabwe, which was the earliest and
most primitive known sauropod prior to the discov-
ery of the Triassic sauropods from Thailand, was a
fairly small form by sauropod standards. The esti-
mated length of its humerus {5] is about two thirds
that of the humerus from Khok Hin Poeng, and its
overall length was probably under 9 m. The Thai
specimen shows that the acquisition of very large
body size took place earlier in sauropod evolution
than was suggested by Vulcanodon. Although the dis-

covery of Isanosaurus attavipachi suggests that by
the Late Norian/Rhaetian the sauropods already had
gone through a fairly long evolutionary history [3],
the date of appearance of the first sauropods is un-
certain. The earliest currently known sauropods be-
ing those from the Nam Phong Formation of Thai-
land, little can be said about size increase in sauropods
prior to the Late Norian or the Rhaetian. However, it
appears that early sauropodomorphs were small ani-
mals: the possibly Early Carnian, or even Ladinian,
prosauropods from Madagascar described by Flynn
et al. [6], which are the earliest currently known
sauropodomorphs, are small animals, with tooth rows
about 5 cm in length, suggesting an overall length of
about 1 m. Saturnalia tupiniquim, from the Carnian
of Brazil, was about 1.5 m in length [14]. By Late
Norian or Rhaetian times, i.e., some 20 Myr later,
some sauropods had reached giant size, as exempli-
fied by the specimen from Khok Hin Poeng. Size
increase in Triassic sauropodomotphs thus appears
to have proceeded at a comparatively fast pace. It
took the other group of herbivorous dinosaurs, the or-
nithischians, much longer to reach giant, sauropod-
like dimensions. The largest known ornithischians
were giant hadrosaurs such as the 14 m long Skan-
tungosaurus [12], and such gigantic forms did not ap-
pear until the Late Cretaceous. Among camivorous
dinosaurs (Theropoda), very large forms appeared in
the Late Jurassic, and even larger ones in the Creta-
ceous, but theropods never became as bulky as large
sauropods. The reasons for the giant size of sauropods
are still 2 matter of discussion [4, 19]. A possible
advantage of extremely large size may have been
the relative protection it afforded against predators,
in animals that had no protective ‘weapons’ such as
horns or (except in the case of some titanosaurids)
armour. The ability to maintain a relatively stable
body temperature thanks to a low surface to vol-
ume ratio has also been considered as an advantage
of very large size. Whatever the exact physiologi-
cal and/or ecological factors involved, it seems clear
that rapid size increase was a notable feature of the
early history of sauropods, and that in this respect
their evolution was more rapid than that of other
groups of dinosaurs. Although many groups of di-
nosaurs tended toward large size in the course of their
evolutionary history, sauropods not only reached the
largest size, but also attained it faster than any other
group.
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Middle Jurassic turtles from southern Thailand
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Abstract — A new genus and species of primitive cryptodiran turtle, Siamochelys peninsularis n. g. n,
sp., from the Middle Jurassic Mab Ching locality, in the southern peninsula of Thailand, is described
on the basis of complete shells. They are characterized by a combination of primitive features (the
presence of a pair of mesoplastra meeting on the midline) and a series of derived characters (loose
plastron—carapace attachment, short diamond-shaped entoplastron, dorsal thickening of the lateral
edge of the second to seventh peripheral plates, expanded seventh to eleventh peripheral plates, exten-
sion of the anal scute to the hyo-hypoplastral suture or onto the hypoplastron, midline sulcus sinu-
soidal), and thus closely resemble Chengyuchelys, from the Middle Jurassic of China, and more
particularly Xinjiangchelys and its relatives from the Middle and Late Jurassic of China and Central
Asia. This supports a Middle Jurassic age for the locality and suggesis that the Sibumasu (Shan-Thai)
block was in contact with the Asian mainland by that time.

Keywords: Chelonia, Jurassic, Thailand, palacogeography.

1. Introduction

The Mab Ching locality was discovered by L.
Raksaskulwong in 1993, Field work there in 1993, 1994
and 1996 yielded abundant vertebrate remains. The
turtle remains from Mab Ching, including complete
shells, girdle and limb bones, were reported in prelimi-
nary papers (Buffetaut e al. 1994b; Tong, Buffetaut &
Suteethorn, 1996). The purpose of the present paper is
to describe the Mab Ching turtles in detail and to
examine their systematic position more accurately. In
addition, we discuss the stratigraphic position of the
locality and its palaeogeographical significance. The
specimens studied in this paper are housed in the col-
lection of the Geological Survey Division, Department
of Mineral Resources (DMR), Bangkok, Thailand.

2. Geological setting

The turtle remains described below were found in a
road cutting near Mab Ching village, west of the town
of Thung Song (Amphoe Thung Song, Changwat
Nakhon Si Tammarat) in the southern peninsula of
Thailand (Fig. 1}. There, a good section exposes alter-
nating grey and brown clays and limestone beds.
According to M. Feist (Mentpellier), charophytes
from that locality (including Porochara sublaevis) sug-
gest a Middle Jurassic age (Buffetaut er al. 19944,b).
In addition to the turtle remains, vertebrate remains

& Author for correspondence: Dr c-maik:

eric.bulfetani@wanadoo.fr

H. Tong,

from Mab Ching include temnospondyl intercentra
(Buffetaut ez al. 1994a), a spine of a large hybodont
shark, scales of Lepidotes-like actinopterygian fish,
lungfish toothplates, and vertebrae, scutes and teeth of
mesosuchian crocodiles. The whole assemblage is sug-
gestive of a lacustrine environment.

3. Systematic palaeontology

Order TESTUDINES Linnaeus, 1758
Megaorder CRYPTODIRA Cope, 1868
Capaxorder SELMACRYPTODIRA Gaffney et al.
1987
Siamochelysn. g.

Derivatio nominis. From Siam, the ancient name of
Thailand, and chelys, Greek for turtle.

Diagrosis. Primitive Cryptodira with one pair of
mesoplastra meeting on the midline and lying on both
pectoral and abdominal scutes, and narrow vertebral
scutes, Differing from Chengyuchefys in having a clear
ornamentation, consisting of ridges and tubercles, on
the shell surface, a pair of mesoplastra lying on the
anterior part of the bridge, a nearly straight posterior
sulcus of the intergulars not cutting onto the short
diamond-shaped entoplastron, and a loose plastron—
carapace attachment. Differing from Xinjiangchelys in
having one pair of mesoplastra, an ornamented shell
surface, no dorsal process of epiplastron, a short dia-
mond-shaped entoplastron and musk ducts included
in the plastron.
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Figure 1. Sketch map of part of southeast Asia showing the
position of the Mab Ching locality and the approximate lim-
its of the main continental blocks (broken lines).

Type species. Siamochelys ;;eninsu!aris n. sp.
Distribution. Middle Jurassic of southern Thdiland.

Siamochelys peninsularis n. sp.
Figures 2-4

Derivatio nominis. Because the specimens are from the
peninsula of Thailand.

Holotype. An almost complete shell containing the
carapace and plastron in connection, pelvis and limb
bones, all preserved together (TF 7635, DMR,
Bangkok, Thailand).

Hypodigm. A complete shell (carapace and plastron in
connection) (TF 7636, DMR, Bangkok, Thailand), an
incomplete shell (TF 7637, DMR, Bangkok,
Thailand),

H. TONG, E. BUFFETAUT & V. SUTEETHORN

Table §. Measurements of Siamochelys peninsularisn. g. n. sp. (in
mm)

TF 7635 TF 7636 TF 7637
Length of carapace 35 318
Width of carapace (282) 294
Length of plastron 242 244 (212)
Length of anterior lobe 65 64 65
Width of anterior lobe 134 125 108
at the base -
Length of bridge 73 86 71
Length of posterior lobe 104 94 (76)
Width of posterior lobe 136 115 (118)
at the base

(): estimated

Stratum typicum. Middle Jurassic,

Locus typicus. Mab Ching, Changwat Nakhon Si
Thammarat, southern Thailand.

Diagnasis. same as for the genus (only known species).

Measurements. See Table 1.

3.a. Preservation

The holotype (TF 7635) is the best preserved speci-
men, lacking only the right fourth to tenth peripheratl
plates. TF 7636 is the most complete specimen but the
sutures between the plates, especially those on the
carapace, are not distinguishable and some plates
along the midline have been pushed outside. TF 7637
is fragmentary and not complete, lacking the posterior
part of both the carapace and plastron.

3.b. Description

All specimens are crushed dorso-ventrally, so the orig-
inal curvature of the carapace is unknown, but it
seems to have been low.

The surface of both the carapace and plastron bears
a fine ornamentation. The ornamentation consists of a
vermiculate pattern of light ridges and tubercles,
which are less pronounced than in Glyptops (Gaffney,
1979). They are concentrated on the nuchal, the
neurals and the medial two thirds of the costals,
whereas all peripherals and the lateral margin of the
costal plates are nearly smooth. On the plastron, the
ornamentation is the same as on the carapace, but
weaker.

The carapace has a roughly rounded outline and
lacks midline or laterai keels. In spite of the dorso-ven-
tral crushing of the shefl, a shallow longitudinal
depression of the neural region can be observed. This
midline depression is better preserved on TF 7635 and
TF 7637, which show flat neurals at the bottom of the
depression and slightly dorsally convex costal plates.
In TF 7636, although the neurals have been pushed
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Figure 2. Siamochelys peninsularis n. g. n. sp. frorgthe middle Jurassic of Mab Ching, southern Thailand. {(a, b) TF 7635 (holo-
type); (¢, d} TF 7636. (a, ¢} dorsal views; (b, d) ventral views. Scale bar: 10 cm (vertical scale for a, b; horizontal scale for ¢, d).

outside, the dorsal convexity of the costal plates is
preserved. The nuchal emargination is better preserved
in TF 7635, where it is large and wide. The antero-
lateral margin is thickened and upturned, forming a

gutter along the antero-lateral edge of the carapace.
This structure can be observed in all specimens, but its
development is variable: in TF 7635 and 7636, it
begins at the posterior half’ of the first peripheral plate
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Figure 3. Siamochelys peninsularis n. g. n. sp., holotype (TF 7635). (a} dorsal view; (b) ventral view. Solid lines represent the fiee
margins of plates; serrated lines represent sutures; dotted lines represent scute sulci. Scale bar: 10 cm.

Figure 4. Restored shell of Siantochelys peninsularis 1. g. n. sp., based on TF 7635. (a) dorsal view; (b) ventral view. Scale bar:

10 cm,

and goes on through to the seventh peripheral plate. It
is more marked in TF 7635 than in TF 7636. In TF
7637, although oniy the anterior part of the gutter is
preserved on the left side, it begins on the second

peripheral plate. It thus appears that this structure was
more marked in young individuals than in adults. The
postero-lateral and posterior margins of the carapace
are thin, forming a sharp edge.

"
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The nuchal plate is complete only in TF 7635. It is
trapezoidal in shape and wide, with its width about 2.3
times its length.

The neural series is best preserved in TF 7635 in
which seven neural bones are well visible. The eighth
one is damaged, but its anterior limit can be made out
by the posterior suture of the seventh neural and the
medial suture of the seventh and eighth pairs of costal
plates. The first neural is the largest and hexagonal in
shape, with short postero-lateral sides, in TF 7635,
while it is rectangular in TF 7637. The second neural is
rectangular in shape and smaller than the first one.
The third to sixth neurals are antero-posteriorly elon-
gated and hexagonal, with short antero-lateral sides.
The seventh and eighth neurals are not complete; their
size and shape seem to be similar to those of the sixth.
In TF 7635, there is a small hole between the third and
fourth neurals, about 9 mm in length and 10 mm in
width, which seems to be due to post mortem damage.

Posterior to the neural series, the suprapygal region
is rather damaged in TF 7635; two or three suprapygal
plates may be present. The outline of the posterior
suprapygal is well visible. It is wider than the anterior
one, with its anterior and posterior margins convex
posteriorly; it contacts posteriorly the eleventh periph-
erals and the pygal. Anterior to it, there is a large and
rather damaged triangular plate which does not con-
tact the peripheral plates. A small anterior suprapygal
plate may be present. The pygal is nearly complete; it is
rectangular in shape and wider than long, with the
posterior edge slightly upturned. 7

Eight pairs of costal plates are present. All the left
costal plates are separated from the right ones by neu-
rals. The first costal plate has a strong ridge on its ven-
tral surface, extending from the medial end to the
axillary buttress. The first thoracic rib is visible in TF
7637, reaching about half way to the butiress.

There are eleven pairs of peripheral plates. In TF
7635, the first and second peripheral plates are sutured
to the first costal plates and the eleventh peripheral plate
is sutured to the suprapygal. The medial margin of the
third to tenth peripherals bears a series of small holes to
receive the pegs on the lateral end of the second to eighth
costal plates; both costals and peripherals have a smooth
margin in this region. This suggests a long lateral
fontanelle on the carapace. This lateral fontanelle is pre-
sent also in TF 7636, as indicated by the smooth mediat
margin of the left fourth to seventh peripherals. The first
to third peripherals contact the first costal plate. The first
peripheral is reduced and roughly triangular in shape; its
contact with the first costal plate is very short. The sec-
ond peripheral plate is large and square in shape. The
second to sixth peripherals are narrow medio-laterally,
and the first to seventh peripherals have a thickened and
upturned lateral edge forming a gutter. The seventh to
eleventh peripherals are mediolaterally expanded.

The sulci are shallow but easily distinguishable, and
visible on all specimens. The cervical scute is preserved
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only in TF 7635. It is a single rectangular scute which
is wider than long. Five vertebral scutes are present.
The first vertebral scute is narrower than the nuchal
plate and wider than long. The second to fifth verte-
bral scutes are nearly as long as wide. The anterior
sulcus of the second to fourth vertebral scutes forms a
forwardly directed arrow on the midline, and lies
respectively on the first, third and fifth neural plates. In
specimen TF 7635, there is a small additional scute on
the left antero-lateral quarter of the third vertebral
scute; another additional scute may be observed on
the fourth vertebral scute.

Six pleural scutes are present on each side in TF
7635; they are not symmetrical, which is presumably
an individual anomaly. There are twelve pairs of mar-
ginal scutes. The first to third and the ninth to tenth
marginal scutes are restricted to the peripheral plates,
whereas the fourth to eighth marginal scutes are not
limited to the peripheral plates. In TF 7635, except for
the eighth marginal scute which extends onto the fifth
costal plate, most of them do not extend onto the costal
plates because of the lateral carapacial fontanelle. In
TF 7636, the medial tip of marginal scutes can be
seen on the lateral margin of the first to third left
costal plates. The twelve pairs of marginal scutes have
their anterior sulcus cutting the posterior part of the
posterior suprapygal.

The plastron is reduced compared to Ghyptos and
Kayentachelys. 1t is more like that of Xinjiangchelys,
being much shorter than the carapace and well ossi-
fied. The bridge is fan-shaped and moderately devel-
oped in length; it is longer than the anterior lobe but
shorter than the posterior one. A large lateral plastral
fontanelle can be observed on both sides of TF 7635.
It is better preserved on the left side, whereas the right
onc is damaged, only its medial margin being pre-
served. Lying on the bridge and medial to the fifth
peripheral plate, the fontanelle is large and trapezoidat
in shape, measuring about 25 mm in width and 12 mm
in length at its medial margin, and 25 mm at its lateral
margin. Although the bridge region is not well preserved
in TF 7636, it appears that the plastral fontanelle is
absent in this specimen. In specimen TF 7633, anterior
and posterior to the fontanelle, the plastron attaches
to the carapace by a series of pegs fitting into the sock-
ets on the ventral edge of the third, fourth, and then
sixth and seventh peripheral plates. In TF 7636, one
peg is visible on the postero-lateral end of the right
hypoplastron. Two musk ducts are included in the
plastron. They are well preserved on the left side of TF
7635, lying near the lateral margin of the bridge, one
on the mesoplastron and one on the hypoplastron. In
TF 7636, only the posterior musk duct is preserved, on
both sides.

The axillary buttress contacts the third peripheral
and seems to reach the first costal plate. The inguinal
buttress meets the seventh peripheral plate and does
not reach the costal plates.
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The anterior lobe is wider but shorter than the pos-
terior one, with a rounded anterior margin. The poster-
ior lobe of TF 7635 is wide at the base and strongly
narrowed posteriorly, without an anal notch. The
posterior lobe of TF 7636 is slightly different; it is
narrower at the base but has a more rounded posterior
end.

The epiplastra are large, compared to those of
Kayentachelys and Indochelys. They are subrectangu-
lar in shape and have a rounded anterior edge. The two
epiplastra meet each other on the midline and their
suture is slightly shorter than the entoplastral length.
The epiplastra contact the entoplastron with a slightly
anterolaterally convex suture, and the hyoplastra pos-
teriorly with a slightly posteriorly convex suture. The
dorsal surface of the epiplastra is concave. The epi-
plastra do not bear a dorsal process, unlike what is
seen in Proganochelys (Gaffney, 1990), Kayentachelys
{Gaffney et al. 1987) and Xinjiangchelys (Peng &
Brinkman, 1993), but a small and short posteriorly
directed process is present, lying on the posterior mar-
gin of the epiplastron, near the midline suture. This
process is visible in TF 7635 and TF 7637.

The entoplastron is a diamond-shaped plate which
does not reach the anterior margin of the plastron. It
is wider than long in TF 7635, but slightly longer than
wide in TF 7637. The entoplastron is much smaller
than the epiplastron. The hyoplastra are sutured to
each other and contact the mesoplastra posteriorly.
The mesoplastra are well distinguishable in specimens
TF 7635 and TF 7637. Although most sutures in TF
7636 are not visible, the anterior suture of the meso-
plastra is distinguishable, and is consistent with what
is seen in both other specimens. The mesoplastra are
large and meet each other along the midline. They lie
on both the pectoral and abdominal scutes, at the
anterior part of the bridge, and are not narrowed on
the midline. Both the anterior and posterior sutures of
the mesoplastra arc slightly convex posteriorly. The
hypoplastra are the largest plates of the plastron. The
hypo-xiphiplastral suture is slightly convex posteriorly
in TF 7635, but much more strongly convex posteriorly
in TF 7636.

Ten pairs of plastral scutes are present. The gulars
and intergulars are restricted to the epiplastra. The
gulars are large and triangular in shape, with a straight
posterior sulcus. The pair of intergulars is large; their
size is smaller than that of the gulars. The sulcus
between the intergulars lies on the midline suture of
the epiplastra, and their posterior sulcus is slightly
convex posteriorly, and ends at the anterior suture of
the entoplastron. Posterior to the gulars, the humeral
scutes occupy a large part of the anterior lobe of the
plastron; the humero-pectoral sulcus is placed at the
level of the base of the anterior lobe, with its lateral
end turned anteriorly. The pectoral scutes are shorter
than the huomeral scutes. The pectoro-abdominal
sulcus is shghtly convex posteriorly. The abdominal
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scutes are even shorter than the pectoral scutes along
the midline, with the abdomino-femoral sulcus strongly
convex anteriorly. In TF 7635, the femoro-anal sulcus
is shaped like an inverted V and reaches the hypo-
xiphiplastral suture, but does not cut it. In TF 7636,
the femoro-anal sulcus is shaped like an inverted U,
and extends onto the hypoplastron. From the poste-
rior tip of the entoplastron until the posterior end of
the plastron, the midline sulcus is slightly sinusoidal.
Three large inframarginal scutes are present on each
side of the plastron, and restricted to the bridge, the
most posterior one being the largest. They are preserved
in both TF 7635 and TF 7636.

No vertebra can be observed.

Some limb and girdle bones are preserved in TF
7635, including a nearly complete right ulna, a disartic-
ulated pelvis and an incomplete left tibia and fibula.
The ulna is a dorso-ventrally fiattened bone with a long
groove on the proximal part of the ventral side for
contact with the radius. The ilium has a well-
developed dorsal blade with a rugose anterior edge for
muscle attachment. The posterior end of the dorsal iliac
blade is rounded, and thus different from the pointed
one of Xinjiangchelys (Peng & Brinkman, 1993).

3.¢. Comparisons and discussion

The three specimens described above are assigned to
the same species. Specimen TF 7635 is presumably a
sub-adult individual, because of the presence of the
lateral fontanelles on the carapace and plastron. The
obliteration of most sutures in TF 7636 indicates that
it is a fully grown adult individual, in which the plas-
tral fontanelles are absent, but the carapacial ones,
however small, remain. However, the shells of TF 7635
and 7636 are very similar in size. Thus, the presence of
the lateral plastral fontanelles can be interpreted as a
juvenile feature, which persisted late in sub-adult indi-
viduals. The differences between TF 7635 and 7636 in
the shape of the posterior lobe of the plastron and
anal scute may be interpreted as the result of sexual
dimorphism or individual variation.

We follow here the systematic terminology of
Gaffney & Meylan (1988) and Gaffney (1996).
Siamochelys is clearly a cryptodire since its pelvis is
not sutured to the shell. It belongs to the Capaxorder
Selmacryptodira because the epiplastra are broadly in
contact along the midline. The lack of a dorsal process
of the epiplastron, seen in Sianochelys, is a synapo-
morphy of the Hyperorder Daiocryptodira according
to these authors, but this process is considered as
highly homoplastic (Gaffney, 1996) and may be present
in some members of the group {e.g. Xinjiungchelys:
Peng & Brinkman, 1993, and meiolaniids: Gaffney,
1996).

The oldest known cryptodire is Kayentachelys aprix,
from the Early Jurassic Kayenta Formation of Arizona
(Gaffney ef al. 1987). Recently, another cryptodiran
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turtle, Indochelys spatulata, has been described from
the Early Jurassic Kota Formation of India (Datta ef
al 2000). Siemochelys shares with these two Early
Jurassic turtles the presence of one pair of meso-
plastra meeting on the midline and lying on both
pectoral and abdominal scutes. However, both
Kayentachelys and Indochelys share primitive charac-
ters, which are lacking in Siamochelys, such as nine
neural plates, very wide vertebral scutes, and a spatu-
late entoplastron which reaches the anterior margin of
the plastron and completely separates the epiplastra.
Siamochelys is thus more advanced than Kayenrachelys
and Indochelys in having only eight neurals, much nar-
rower vertebral scutes and a shorter entoplastron
which does not reach the anterior margin of the plas-
tron. Kayentachelys has a dorsal process of the epi-
plastron which is absent in Siamochelys. Kayentachelys
and Indochelys have been placed in two distinct families,
Kayentachelyidae and Indochelyidae respectively, the
former being based on both skull and shell material,
while the skull is unknown in the latter.

The presence of one pair of mesoplasira meeting on
the midtine in Siamochelys is a primitive feature which
leads to the exclusion of the Mab Ching turtle from
the Eucryptodira (Gaffney & Meylan, 1988; Gaffney,
1996). Siamochelys can be compared with Middle and
Late Jurassic turtles in which one pair of mesoplastra
is present, such as Glyptops Marsh, 1890 and
Dinochelys Gaffney, 1979, from the Late Jurassic of
North America (Gaffney, 1979), Pleurosternon Owen,
1853, from the Late Jurassic and Early Cretaceous
of western Europe (Owen, 1853; Lydekker, 1889;
GafTney, 1979), and Chengyuchelys from the Middle
Jurassic of China. A comparison has also been
attempted with the Cretaceous Kallokibotion Nopcesa,
1923, from Europe (Gaffney & Meylan, 1992), and
Mongolochelys Khozatskii, 1997, from Mongolia
(Khozatskii, 1997; Sukhanov, 2000). The comparison
shows that the similarity between Siamochelys,
Glyptops plicatuius (Cope, 1877), from the Late
Jurassic Morrison Formation of North America
(Gaffney, 1979), and Chengyuchelys, from the Middle
Jurassic of China, is greater than with any other
Mesozoic North American and European cryptodiran
turtles. Siamochelys, Glyptops and Chengyuchelys all
have one pair of mesoplastra meeting on the midline
and relatively narrow vertebral scutes. Both Siamochelys
and Glyptops have an ornamentation on the shell
surface consisting of small raised ridges and tubercles,
however, the surface ornamentation on the carapace of
Siamochelys is less pronounced than that of Glyptops.
Siamochelys differs from Glyptops by its more reduced
plastron, loose carapace—plastron attachment and
the presence of a sinusoidal midline sulcus on the
plastron.

In having one pair of mesoplastra, a reduced plas-
tron, a wide fan-shaped bridge and an anal scute
exlending to the hyo-hypoplastal suture or onto the
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hypoplastron, Siamochedys is similar to Chengyuchelys,
from the Middle Jurassic of China. Another character
shared by Siamochelys and Chengyuchelys is the
presence of a midline depression along the neural
region. This feature is present on the type specimen
of Chengyuchelys baenoides and on other taxa of
chengyuchelyids (Fang, 1987; Ye, 1990; Ye & Pi, 1997).
The genus Chengyuchelys was erected by Young &
Chow in 1953 for the first Chinese turtle having one
pair of mesoplastra (Young & Chow, 1953). In 1990,
Ye erected the family Chengyuchelyidae, including
Chengyuchelys and Xinjiangchelys (Ye, 1990). Later,
Peng & Brinkman (1993) pointed out that
Xinjiangchelys has no mesoplastron and removed it
from the Chengyuchelyidae. According to Ye (1990,
1994), the penus Chengyuchelys includes three species:
C. bacnoides Young & Chow, 1953, C. zigongensis Ye,
1982 and C. dashanpuensis Fang, 1987, all from the
Middle Jurassic of Sichuan province in southern
China. Recently, a new genus and new species of
chengyuchelyid, Sichuanchelys chowi Ye & Pi, 1997 has
been described from the Middle Jurassic of Sichuan,
China. Sichuanchelys differs from Chengyuchelys by its
very broad vertebral scutes (Ye & Pi, 1997). It is very
likely that Chengyuchelys dashanpuensis may be referred
to Sichuanchelys since both have wide vertebral scutes.

Siamochelys difters from Chengyuchelys by the clear
ornamentation consisting of ridges and tubercles on
the shell surface, the pair of mesoplastra lying on the
anterior hall of the bridge, the short and wide dia-
mond-shaped entoplastron and the posterior sulcus of
gulars and intergulars almost straight and lying before
the anterior tip of the entoplastron but not cutting it.
In Chengyuchelys, the surface of the shell is smooth or
decorated with tiny pits or light radiating folds (Young
& Chow, 1953; Ye, 1982); the mesoplastra are included
in the abdominal scute or lying on both pectoral and
abdominal scutes as in Siumochelys, but on the mid-
length of the bridge, and the entoplastron is antero-
posteriorly elongated, and the intergutars extend
deeply onto the entoplastron (Ye, 1982, 1990).

One important feature that separates Siamochelys
from Chengyuchelys is the carapace—plasiron attach-
ment. In Chengyuchelys, the plastron is sutured to the
carapace (Ye, 1982), whereas Siamocheiys has the plas-
tron loosely attached to the carapace, with pegs on the
hyoplastron and hypoplastron fitting in sockets on the
peripherals, which is typical of a ligamentous carapace—
plastron attachment (Gaffney, 1990). By this character
and the intergulars extending onto the entoplastron,
Chengyuchelys is clearly more primitive than
Siamochelys. The loose carapace-plastron attachment
is considered as a derived character (Gaffney, 1996),
and was used by Peng & Brinkman (1993) to suggest a
close relationship between Xinjiangchelys and the
Macrobaenidae.

Peng & Brinkman ([993) pointed out seven derived
features separating Xinjiangchelys from the Late
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Jurassic European marine turtle Plesiochelys: (1) pres-
ence of a loose connection between the plastron and
carapace, with pegs on the plastron fitting in sockets
on the peripherals; (2) extension of the marginal scutes
onto the first to fifth costal plates; (3) significant dorsal
thickening of the lateral edge of the second to seventh
peripheral plates; (4) expanded seventh-to eleventh
peripheral plates; (5) extension of the anal scute to the
hyo-hypoplastral suture or onto the hypoplastron; (6)
reduction in length of the first thoracic rib and (7)
midline sulcus sinusoidal. All these denved features
are present in Siamochelys. Two derived characters can
be added to the above-mentioned ones, shared between
Siamochelys and Xinjiangchelys: narrow vertebral
scutes and posterior sulcus of gulars and intergulars
almost straight and not cutting the entoplastron.

The primitive eucryptodiran turtle  genus
Xinjiangchelys was erecied by Ye in 1986 on the basis
of a nearly complete shell with associated pectoral and
pelvic girdles and limb bones from the upper Middle
or lower Upper Jurassic beds of the Junggar Basin,
Xinjiang province, northwestern China. Additional
material of Xinjiangchelys has been reported from the
Fergana depression, Kirgizstan (Kaznyshkin, 1988;
Kaznyshkin, Nalbandyan & Nessov, 1990). In 1993,
Peng & Brinkman reviewed the genus Xinjiangchelys
and described new material including about a dozen
specimens (more or less complete shells, cervical verte-
brae and appendicular skeleton) from the Late
Jurassic of the Junggar Basin, Some Late Jurassic
turtles from Sichuan, southern China, previously
assigned to Pleisiochelys, have been synonymized with
Xinjiangchelys by these authors. So far, Xinjiangchelys
includes four species known from the Middle to Late
Jurassic of South and North China and Kirgizstan
(Peng & Brinkman, 1993). Recently, some new forms
related to Xinjiangchelys have been reported from the
Middle and Late Jurassic of Mongolia (Sukhanov,
2000).

Xinjiangchelys and related forms differ from
Siamochelys by absence of a mesoplastron and an
antero-posteriorly elongated entoplastron. Moreover,
Xinjiangchelys has a smooth shell surface and a dorsal
process of the epiplastron. One of the diagnostic fea-
tures of Xinjiangchelys is musk ducts present between
the plastron and carapace (Peng & Brinkman, 1993).
In Siamochelys, at least two musk ducts are included in
the plastron.

It is thus appears that the Mab Ching turtles differ
from alt Jurassic turtles by their shell characters (Table
2), and the erection of a new genus and new species is
therefore justified. It appears that Siamochelys is most
closely related to Chengyuchelys, and, especially,
Xinjiangchelys, from the Middle and Late Jurassic of
China and Central Asia. Siamochelys, Chengyuchelys
and Xinjiangchelys share the anal scute extending to
the hyo-hypoplastral suture or onto the hypoplastron.
This character is considered as derived (Peng &
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Brinkman, 1993). It is worth noting that the midline
depression on the neural region seen in Siamochelys
and Chengyuchelys s also present in Xinjiangchelys
fatimarginalis (IVPP V7648, Ye, 1994), although it is
not mentioned by Peng & Brinkman {1993). In some
Macrobaenidae, such as Ordosemys, ‘a central depres-
sion runs anteroposteriorly along the midline of the
shell from the nuchal to the first suprapygal’
(Brinkman & Peng, 1993), although the significance of
this feature is unknown. Siamochelys is more derived
than Chengyuchelys in the loose attachment of the
carapace and plastron and its short diamond-shaped
entoplastron. It is more primitive than Xinjiangchelys
mainly in the presence of one pair of mesoplastra,
Thus, Siamochelys can be considered as the sister
group of the Eucryptodira. However, Xinjiangchelys
has primitive features such as the presence of a dorsal
process on the epiplastron, which is absent in
Siamochelys. Following Gaffney (1975), the tentative
interrelationships among the Cryptodira have recently
been reinvestipated (Gaffney & Meylan, 1988;
Gaffney, 1996; Brinkman & Wu, 1999; Hirayama,
Brinkman & Danilov, 2000). Xinjiangchelys, which is
the best studied Asian Jurassic turtle, is generally con-
sidered as the sister group of Centrocryptodira
(including Sinemydidae, Chelydroidea, Chelonioidea,
Trionychoidea and Testudinoidea). Chengyuchelys has
usually not been considered in these works because it
is poorly known.

In a preliminary paper, these Mab Ching turtles
were referred to the family Chengyuchelyidae
(Buffetaut er al. 1994b). Chengyuchelyid material is
rather abundant, but only shells are reported and they
are usually poorly preserved. Thus, the descriptions
are usually not detailed or informative enough for an
analysis of systematic relationships. Because of the
important differences between Siamochelys and
Chengyuchelys and of the insufficient diagnosis of
the lamily Chengyuchelyidae, we prefer to assign
Siamochelys to a family incertue sedis, pending the dis-
covery of more complete material.

4. Conclusions

Siamochelys is most closely related to Chengyuchelys,
from the Middle Jurassic of southern China, and par-
ticularly to Xinjiangchelys, known from the Middle to
Late Jurassic of China and Central Asia. It is consid-
ered as the sister group of Eucryptodira. This interpre-
tation is solely based on shell characters. Further
discovery of more complete material, especially skull
and vertebrae, could lead to a revision of this tentative
interpretation. The combination of primitive and
derived characters seen in Sianochelys, as compared to
Chinese and Central Asian Middle and Late Jurassic
turtles, is in good agreement with a Middle Jurassic age
suggested by charophytes for the vertebrate-bearing
beds of Mab Ching (Buffetaut er af. 1994a).
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been an isolated land mass in the Jurassic. The logical
palaeobiogeographical conclusion to be drawn from
the Asian affinities of Sfamochelys peninsularis is
therefore that by Middle Jurassic times Sibumasu was
connected with the Chinese blocks, which themselves
had already become linked to Eurasia, possibly as
early as the Late Permian (Zhao et al. 1996). This is
in good agreement with reconstructions showing
Sibumasu in contact with Indochina, itself accreted to
the South China block, in the Late Triassic (Metcalfe,
1996, 1998), and part of the southern margin of main-
land Asia in the Late Jurassic (Besse & Courtillot,
1988; Metcalfe, 1996, 1998). Palacobiogeographical
data based on the Mab Ching turtles thus confirm the
tentative suggestions previously put forward on the
basis of temnospondyl remains from the same locality
(Buffetaut & Suteethorn, 1998).
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Abstract — The ichnological assemblage of the Phra Wihan Formation (early Early Cretaceous of northeastern Thailand) includes
the first sauropod tracks ever found in Thailand. It is reminiscent of the fauna of the underlying Jurassic Phu Kradung Formation
with theropods, small ornithischians of uncertain affinities (possibly Hypsilophodon-like ornithopods) and sauropods. It suggests
that, in southeastern Asia, an important faunal change occurred in the Early Cretaceous among continental vertebrates, whereas
little happened at the Jurassic—Cretaceous boundary. To cite this article: J. Le Leeuff et al., C. R. Palevol 1 (2002) 287-292.
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Résumé — Les empreintes de pas de dinosaures de Ia formation Phra Wihan (Crétacé inférieur de Thailande). L’assem-
blage ichnologique de la formation Phra Wihan (Crétacé basal de Thailande) comprend les premiéres traces de sauropode
découvertes en Thailande. Il rappelle la faune de la formation sous-jacente, la formation Phu Kradung avec des théropodes, des
sauropodes et de petits omithischiens aux affinités incertaines (peut-étre des omithopodes de type Hypsilophodon). Cette
composition faunique suggére qu’un remplacement de faune important est survenu en Thailande au début du Crétacé, plutdt qu'a
la limite Jurassique—Crétacé. Pour citer cet article : J. Le Leenff et al,, C. R. Palevol 1 (2002) 287-292. © 2002 Académie des
sciences / Editions scientifiques ¢t médicales Elsevier SAS
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Faek, dans la province de Kalasin et Hin Lat Pa Chad, dans

Version abrégée
la province de Khon Kaen (Fig. 1).

1. Introduction

Datée du Crétacé basal [11, 12], la formation Phra Wihan
est exposée sur e plateau de Khorat, dans le Nord-Est de la
Thailande. Si plusieurs formations du groupe de Khorat (les

2. Phu Fa¢k

formations Phu Kradung, Sao Khua et Khok Kruat) ont livré
des ossements rapportés 4 différents groupes de vertébrés [3],
la formation Phra Wihan (située entre les formations Phu
Kradung et Sao Khua) ne contient que des empreintes de pas
de dinosaures [1, 7]. Deux gisements sont évoqués ici : Phu

*Correspondence and reprints.
E-mail address: jean.leloeuffi@dinosauria.org (J. Le Leeuff).

Plusieurs pistes de théropodes et deux empreintes de pieds
de saurcpodes (Fig. 3) ont été identifiées sur ce site. La
principale piste (Fig. 2) a été laissée par un grand théropode
(hauteur estimée au bassin : 205 cm) se déplacant au pas
(environ 4 km h™).
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3. Hin Lat Pa Chad

Cette localité est située dans les collines de Phu Wiang, a
I'est de la ville de Khon Kaen.

A coté d’empreintes de théropodes, plusieurs pistes de ce
gisement peuvent &tre rapportées i de petits dinosaures
omnithischiens. La plus longue d’entre clles a éié laissée par
un petit dinosaure quadrupéde ; elle comprend 25 empreintes
de pied et 15 empreintes de mains. Le pied était fonctionnel-
lement tridactyle et la main apparemment tétradactyle (Fig. 4).
Le doigt interne du pied (II) est le plus petit, le doigt 111 étant
le plus long. La longueur moyenne des empreintes de pied est
de 109,5 mimn, pour une largeur moyenne de 83 mm. Une des
caractéristiques les plus remarquables de cette piste est Ia
position tres latérale des empreintes de mains par rapport aux
empreintes de pieds.

La piste présente un mélange de caractéres communs chez
les thérapodes (présence de griffes relativement pointues), les
omnithopodes (main en forme d’étoile, largeur des doigts) et
méme les marginocéphales (empreintes de mains situées
latéralement par rapport aux empreintes de pieds : [9]).

Il parait raisonnable de rapporter ces traces a un petit
dinosaure ornithopode de type Hypsilophodon. Les emprein-
tes de mains sont trés semblables & celles d’Anomoepus
intermedius et &’ Anomoepus scambius (Jurassique inférieur
du Connecticut: [16]), qui sont interprétées comme des

empreintes d’ornithopode. La formule phalangienne d’un
animal comme Hypsilophodon (main : 2-3-4-37-17; pied :
2-3-4-5-0 [14]), au pied fonctionnellement tridactyle et aux
griffes modérément acérées, est compatible avec les emprein-
tes d’Hin Lat Pa Chad. La position trés latérale des mains
suggére une posture semi-érigée dans la démarche quadru-
péde. La hauteur de 1'animal, au niveau du bassin, peut étre
estimée aux environs de 53 cm [16], ce qui est trés proche
d’un petit omithopode, connu par un fémur provenant de la
formation sous-jacente, la formation Phu Kradung [2].

4. Conclusions

L’assemblage faunique déduit des empreintes de la forma-
tion Phra Wihan (sauropodes, théropodes, petits omithopo-
des) parait finalement plus proche de celui de la formation
Phu Kradung (théropodes, sauropodes euhelopodidés, petits
ornithopodes, stégosaures : [6-8]) que de I’assemblage plus
récent de la formation Sao Khua (théropodes tyrannosauri-
dés, ornithomimidés et ?spinosauridés, sauropodes nemegto-
sauridés [5, 10]), qui n’a livré aucun reste d’omithopode 4 ce
jour.

Les modifications de la faune continentale du Sud-Est
asiatique se seraient donc produites au début du Crétacé
(entre le dépdt de la formation Phra Wihan et celui de la
formation Sac Khua), plutét qu’a la limite Jurassique--Crétacs,

1. Introduction

The Early Cretaceous continental formations of the
Khorat Group of Northeastern Thailand [2—4] fill a gap
in our knowledge of Asian continental vertebrates,
between the Chinese Late Jurassic Upper Shaximiao
Formation and Barremian Yixian Formation [15]. They
are therefore of considerable importance for our under-
standing of the evolution of Asian non-marine faunas
across the Jurassic—Cretaceous boundary. While several
formations of the Khorat Group (namely, the Phu
Kradung, Sao Khua and Khok Kruat formations) have
yielded abundant bones and teeth belonging to various
groups of vertebrates (sce [3] for a recent review), other
formations have yielded footprints only. Although thero-
pod footprints have been reported from the possibly
Barremian Phu Phan Formation [5], the main track-
bearing formation of the Khorat Group is the older Phra
Wihan Formation. So far, only preliminary reports of
the dinosaur footprints from the Phra Wihan Formation,
which is referred to the early Early Cretaceous on the
basts of patynomorphs [11, 12] have been given [1, 7].
Two main localities are described below: the Phu Faek
site in Kalasin province and the Hin Lat Pa Chat site in
the Phu Wiang hills, in Khon Kaen province (Fig. 1).
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Fig. 1. Location map of the Phu Faek (P) and Hin Lat Pa Chad
(H) localities.

Fig. 1. Carte de situation des gisements de Phu Faek (P) et Hin
Lat Pa Chad (H).

2. Phu Faek

The dinosaur footprints were discovered in 1996 by
two schoolgirls in a dry riverbed. The site is an outcrop
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of the Phra Wihan formation. Tracks are preserved as
tmpressions on the upper surface of a sandstone bar, A
preliminary account of this discovery was given by
Buffetaut et al. [7]. Casts of some footprints are
available for study at the Dinosaur Museum in Sahat-
sakhan (Kalasin Province). At least 25 dinosaur foot-
prints form seven trackways. Large and small thero-
pods are present, as well as a sauropod.

2.1. Theropods

The main trackway at Phu Faek includes seven
tridactyl prints of a theropod (Fig. 2). The length of the
pes varies from 38 to 43 cm and its width from 34 to
40 cm. Digit IIT is by far the longest (23 to 26 cm).
Large claw marks are observable on the best-preserved
prints. This trackway was left by a fairly large theropod
(calculated height at the hip using Thulborn (1990)
formula: 205 cm). The ratio SL/A (where SL represents
stride length and # the height at the hip) is quite low
(1.08), indicating a walking gait (about 4 kmh™).
Other theropod tracks at Phu Faek are less complete.
They were made by smaller animals.

2.2. Sauropod

Two large clongated pes prints (length: 52 cm; width:
40 cm) are preserved in an overlying bed, just above
the main track-bearing slab. They can be referred to a
sauropod (Fig. 3). Poorly preserved prints in front of
the two pes prints might represent manus prints. The
two large footprints are probably successive pes prints.
The track-bearing slab being broken, nothing else is
preserved of this track. This very partial track consti-
tutes the first sauropod track discovered in Thailand. It
is far too incomplete to allow any tentative assessment
to a sauropod family. Other isolated tracks in Phu Faek
might represent sauropod manus prints.

3. Hin Lat Pa Chad

The Hin Lat Pa Chad site is located in the hills of Phu
Wiang. This locality is also situated in a riverbed, and
tracks are preserved as impressions on the upper
surface of a sandstone layer. A preliminary account of
this discovery was given by Buffetaut and Suteethorn
[1]. The locality shows eight different trackways of
small theropods, a large theropod, and several small
ornithischians described below. Other very small foot-
prints at Hin Lat Pa Chad are of indeterminate origin.

Ornithischians

The longest trackway at Hin Lat Pa Chad (trackway
I; Fig. 4) was left by a small quadrupedal animal. It

comprises 25 pes prints and 15 manus prints. Casts of
the best-preserved footprints are available for study at
the Phu Kum Kao Dinosaur Museum (Thailand) and at
the ‘Musée des Dinosaures’ in Espéraza (France; MDE-
D.247).

4. Description

Pes impressions indicate a functionally tridactyl and
mesaxonic foot, with the inner digit I smaller than the
others. Digit III is the longest. Distinctive claw marks
can be observed at the tip of the toes, in the form of
‘retro-scratches’ indicating sharp claws rather than
rounded hooves. Total length of pes prints (FL) varies
from 80 to 130 mm (mean FL: 109.5 mm) and total
width (FW) from 70 to 95 mm (mean FW: 83 mm).
FW/FL=0.76, which fits the range in theropods and
some small ornithopods [16]. Stride length varies

O
&

Fig. 2. Theropod trackway in Phu Faek.
Fig. 2. Piste de théropodes a Phu Fack.
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Fig. 3. Sauropod tracks in Phu Fack.

Fig. 3. Empreintes de sauropodes a Phu Faek.

between 48 and 68 cm (mean SL: 55.8 cm). Pace length
varies from 25 to 31 cm (mean PL: 28.7 cm). Pace
angulation is rather high (152.8%).

Manus prints are apparently tetradactyl, with the
external digit pointing outwards (considering that this
feature is not linked to the preservation of the manus
prints). The manus prints are situated laterally to the
pes prints. They also show claw marks at the extremity
of the toes. Total length of manus varies from 40 to
70 mm (mean manus length; 57 mm).

Stride length varies between and 52 and 60 cm (mean
SL: 56.4 cm); pace length varies from 28.5 to 38 ¢cm
{mean PL : 34.1 cm). Pace angulation is 111.6°.

A remarkable characteristic of the Hin Lat Pa Chad
trackway is that the manus trackway width is much
larger than the pes trackway width.
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5. Discussion

The foot was functionally tridactyl and the manus
apparently tetradactyl. The trackway presents a puz-
zling mixture of features common in theropods (claws,
low divarication), omithopods (star-shaped manus, pace
angulation, broad toes), and even marginocephalians
(manus trackway width larger than pes trackway width).

The distinct claw marks are reminiscent of thero-
pods; the pace angulation (152.8%) is rather low for
small theropods (usual range between 160° and 170°,

»
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Fig. 4. Omithopod tracks in Hin Lat Pa Chad.
Fig. 4. Traces d’ornithopodes 4 Hin Lat Pa Chad.
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occasionally as low as 150° or as high as 180°; cf.
{16]). The ratio SL/FL is also rather low (5.1) for small
theropods (usual range 7 to 8, but it can vary between
4 and 16, according to Thulbom [16]). The ratio FF/FL
is rather low (0.76) and consistent with the usual
pattern of theropod footprints. The total divarication is
very low (footprints longer than wide), which is typical
for theropods. The rather broad toes are nevertheless
different from usual narrow toes of theropods. Anyhow,
the tetradactyl manus would indicate very primitive
theropods (ceratosaurs); such trackways attributed to
quadrupedal theropod have been referred to the ichno-
genus Atreipus. However, these tracks consistently
show manus prints anterior to pes prints, or slightly
antero-medially or antero-laterally placed, and the fin-
gers are roughly parailel. The lateral position of the
manus prints, suggesting a sprawling posture, and the
very divergent digit IV are hardly consistent with a
theropod origin.

An alternative explanation is an ornithischian origin
of the tracks; some small ornithischians had relatively
sharp claws (e.g., Hypsilophodon, Psittacosaurus,
Microceratops). The pace angulation (151.8)° of our
tracks and the SL/FL ratio are in the range for quadru-
pedal small ornithopods (pace angulation varies from
120 to 150° with a SL/FL ratio about 5:1). Total
divarication is low, but fits within the range of variation
observed in ommithopods (62°+9°, cf. [16]). Star
shaped or fan-shaped manus prints are characteristic of
small ornithopods and the manus of Anomoepus inter-
medius is very similar to the manus described above. In
their general morphology, the manus prints from Hin
Lat Pa Chad are reminiscent of Anomoepus intermedius
and Anomoepus scambus (Lower Jurassic of Connecti-
cut, figs 6.28d and 6.28h in [16]), which are interpreted
as ornithopod tracks. Pace angulation of manus track-
way is usually about 100° for small ornithopods.
However, the laterally positioned manus prints suggest-
ing semi-erect, sprawling front limbs, are different from
Anomoepus manus prints, which are situated anterome-
dially to the footprints. The inferred semi-erect posture
of the track maker casts some doubt on its ornithopod
affinities. Nevertheless, several trackways with laterally
positioned manus prints have been interpreted as orni-
thopod trackways.

A sprawling posture seems to have been widespread
among marginocephalians [9]. Among this group, the
strong development of the lateral digit of the manus
does not fit psittacosaurs, which have a very reduced
digit TV [13]. A neoceratopsian origin cannot be com-
pletely excluded: the Late Cretaceous Microceratops
has a very reduced pes digit I and its foot may have
been functionally tridactyl; the hand of Leptoceratops

gracilis was functionally tetradactyl. Therefore, an
Early Cretaceous ancestral neoceratopsian would likely
praduce tracks similar to those from Hin Lat Pa Chad.

However, the phalangeal formulae of the small orni-
thopod Hypsilophodon foxii (manus: 2-3-4-37-1+7;
pes: 2-3—4-5-0; see [14]) would also fit our tracks.
Because of their unusual nature, we suggest that the
Hin Lat Pa Chad trackways described above should be
referred to small omithischians, considering that all
their characters, including the moderately sharp claws,
are consistent with small ornithopods.

Their height at hip (k) can be estimated from the foot
length (FL) using Thulborn’s equation (h = 4.8 x FL).
This gives a height of 53 ¢m for an estimated speed of
0.68 m s™'. Such a small dinosaur is very close (at least
in size) to a small ornithopod described on the basis of
a femur from the underlying Phu Kradung Formation

[4].
6. Conclusions

The Phra Wihan Formation has, so far, yielded no
fossil bones. Footprints are thus the only way to
approach the biodiversity of the corresponding time
interval. The dinosaur assemblage is diverse, with large
and small theropods (Phu Faek and Hin Lat Pa Chat),
sauropods (Phu Faek), and small ornithischians (Hin
Lat Pa Chat). The presence of large sauropods is not
surprising, as both the underlying Phu Kradung Forma-
tion and the overlying Sao Khua Formation have a
good skeletal record of these dinosaurs (euhelopodids
in the Phu Kradung Formation versus nemegtosaurids
and possible euhelopodids in the Sao Khua Formation:
[4, 10]). Theropods are also known from both forma-
tions.

On the basis of the presence of small omithischians,
the Phra Wihan track assemblage seems closer to the
fauna of the underlying Phu Kradung Formation, which
includes small and large theropods, euhelopodid sauro-
pods, smail omithopods, and stegosaurs [8]; this assem-
blage, which also includes temnospondyl amphibians
[6] and tritylodonts, is reminiscent of that from Late
Jurassic formations in China. The overlying Sao Khua
Formation has yielded tyrannosaurid, orithomimid
and ?spinosaurid theropods, and nemegtosaurid sauro-
pods [2] but, so far, no omithischian among thousands
of bones from many localities.

The ichnological record of the Phra Wihan Formation
would thus be closer to the dinosaur assemblage of the
Phu Kradung Formation than to that of the Sac Khua
Formation. It should be noted that many of the Phu
Kradung vertebrate sites are located at the top of that
thick formation, not far below the footprint levels of the
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Phra Wihan Formation. The resemblance in the verte-
brate assemblages may suggest that the Phu Kradung
Formation is basal Cretaceous rather than Late Jurassic
in age, a possibility already suggested by palynological
evidence. This would mean that Jurassic vertebrates are
still unknown in Thailand. However that may be, a

notable change within Southeast Asian dinosaur assem-
blages seems to have occurred during the Early Creta-
ceous, posterior to the deposition of the Phra Wihan
Formation and before the deposition of the Sac Khua
Formation, rather than at the Jurassic—Cretaceous
boundary.

Acknowledgements. This work was supported by the Department of Mineral Resources (Bangkok), the CNRS (Paris), the Jurassic Foundation (Drumheler,
Canada), and the ‘Association Dinosauria’ (Espéraza, France). We are grateful 1o all the Thai and French participants who ook part in our fieldwork in Thailand.
Thanks to Christian Meyer (Basel, Switzerland) for his comments on zn earlier drafi of this manuscript.

References

[1] E. Buffetaut, V. Suteethom, The dinosaurs of Thailand, J. Southeast
Asian Earth Sci. 8 (1993) 77-82.

[2] E. Buffetaut, V. Suteethorn, Early Cretacecus Dinosaurs from Thailand
and their bearing on the carly evelution and biogeographical history of some
groups of dinosaurs, in: S.G. Lucas, J.I. Kirkland, J.W. Estep (Eds.), Lower
and Middle Cretaceous Terrestrial Ecosystems, N. M. Mus. Nat. Hist. Sci.
Bull. 14 (1998) 205-210.

[3] E. Buffetaut, V. Suteethorn, The biogeagraphical significance of the
Mesozoic vertebrates from Thailand, in: R. Hall, 1.D. Holloway {Eds),
Biogeography and Geological Evolution of SE Asia, Backhuys Publishers,
Leiden, 1998, pp. 83-90.

(4] E. Buffetaut, V. Suteethorn, The dinosaur fauna of the Sao Khua
Farmation of Thailand and the beginning of the Cretaceous radiation of
dinosaurs in Asia, Palaeogeogr. Palaeoclimatol. Palacoecol. 150 (1999)
13-23.

[5] E. Buffetaut, R. Ingavat, N. Sattayarak, V. Suteethorn, First dinosaur
footprints from South-East Asia: carnosaur tracks from the Lower Cretaceous
of Thaitand, C.R. Acad. Sci. Paris, Ser. II 301 (1985) 643—648.

[6] E. Buffetaut, H. Tong, V. Suteethom, First post-Triassic labyrinthodont

amphibian in South-East Asia: a temnospondyl intercentrum from the Jurassic .

of Thailand, N. Jb. Geol. Palaoniol. Mh. 7 (1994) 385-390.

[7] E. Buffetaut, V. Suteethorn, H. Tong, Y. Chaimanee, S. Khansubha,
New dinosaur discoveries in the Jurassic and Cretaceous of Thailand, Int.
Conf. Stratigraphy and Tectonic Evolution of Southeast Asia and the South
Pacific, Bangkok, Thailand, 1997, pp. 177-187.

292

[8] E. Buffetaut, V. Suteethon, H. Tong, The first thyreophoran from
Southeast Asia; a stegosaur veriebra from the Late Jurassic Phu Kradung
Formation of Thailand, N. Jahrb. Geol. Paldontol. Mh. 2 (2001) 95-102.

[9] P. Dodson, J.Q. Farlow, The forelimb carriage of ceratopsid dinosaurs,
in: D.L. Wolberg, E. Stump, G.D. Rosenberg (Eds.), Dinofest International,
The Academy of Natural Sciences, 1997, pp. 393-398.

[10] V. Martin-Rolland, V. Sutecthom, E. Buffetaut, Description of the
type and referred material of Phuwiangosaurus sirindhornge Martin, Buffe-
taut et Suteethom, 1994, a sauropod from the Lower Cretaceous of Thailand,
Oryctos 2 {1999) 39-51.

[i1] A. Racey, 1.G.5. Goodall, M.A. Love, S. Polachan, P.D. Jones, New
age data for the Mesozoic Khorat Group of northeast Thailand, in: Angsu-
wathana, et al. (Eds.), Proc. [nt. Symp. Stratigraphic Correlation of Southeast
Asia, 1994, pp. 245-256.

[12] A. Racey, M.A. Love, A.C. Canham, J.G.S. Goodall, S. Polachan,
P.D. Jones, Stratigraphy and reservoir potential of the Mesozoic Khorat
Group, northeastern Thailand: part I, stratigraphy and sedimentary evolution,
J. Petrol. Geol. 19 (1996) 5-40. .

[13] PC. Sereno Psittacosauridae, in: D.B. Weishampel, P. Dodson,
H. Osmolska (Eds.}, The Dinosauria, University of California Press, 1990,
pp. 579-592.

[14] H.D. Sues, D.B. Norman, Hypsilophodontidae, Tenontesaurus, Dryo-
sauridae, in: D.B, Weishampel, P. Dodson, H. Osmolska (Eds.}), The Dino-
sauria, University of California Pres, 1990, pp, 498-509.

[15] C.C. Swisher, Y.Q. Wang, X.L. Wang, X. Xu, Y. Wang, Cretaceous
age for the feathered dinosaurs of Liaoning, China, Nature 400 (1999) 58-61.

[16] T. Thulborn, Dinosaur tracks, Chapman and Hall, London, 1990,
4i0 p.



The Symposium on Geology of Thailand
26-31 August 2002, Bangkok, Thailand

A Review of the Sauropod Dinosaurs of Thailand

Eric Buffetaat', Varavudh Suteethorn’, Jean Le Loeaff, Gilles Cuny*, Haiyan Tong' and Sasidhorn Khansubha'
'Centre National de la Recherche Scientifique, 16 cour du Liégat, 75013 FParis, France
Geolagical Survey Division, Department of Mineral Resources, Rama VI Road, Banghok 10400, Thailand.
I Musée des Dinosaures, 11260 Espéraza, France
‘Geological Museum, University of Copenhagen, @ster Voldgade 5-7, 1350 Copenhagen K, Denmark: Geological Museum,
University of Copenhagen, @ster Voldgade 5-7, 1350 Copenhagen K, Denmark & Department of Biolagy, Faculty of Science, Maha
Sarakham University, Tambon Kamriang, Kantharawichai District, Maha Sarakham 44150, Thaitand
E-mail: Eric. Buffetaut@wanadoo f

ABSTRACT

The record of sauropod dinosaurs from northeastern Thailand begins in the Late Triassic and ends in the mid-
Cretaccous. The earliest known sauropods, including Jsanosaurus attavipachi, are from the Late Triassic Nam Phong
Formation. In the Phu Kradung Formation (Late Jurassic ?), spoon-shaped teeth reminiscent of the Chinese
etthelopodid sauropods have been found. Sauropod footprints are known from the Phra Wihan Formation (Early
Cretaccous). Sauropods are especially well represented in the Sao Khua Formation (Early Cretaceous), with the early
nemegtosaurid Phuwiangosaures sivindhornae and a possible euhelopodid. A single sauropod limb bone is known
from the Phu Phan Formation (Early Cretaceous). The Khok Kruat Formation. (Albian ?) has yielded teeth and bones
of a Phuwiangosaures-like nemegtosaurid, which is apparently also present in rocks of the same age in Laos.

Key words: Dinosaur, Sauropd, Mesozoic.

INTRODUCTION

The first dinosaur bone to have been reported from
Thailand was found in 1976 by Mr Sutham Yaemniyom,
from the Department of Mineral Resources, in the course
of an vranium survey at Phue Wiang (Khon Kaen
Province). It was subsequently identified as the distal end
of the femur of a large sauropod dinosaur (Ingavat ef al.,
1978; Ingavat and Taguet, 1978). Since then, dinosaur
discoveries have multiplied in the non-marine Mesozoic
rocks of northeastern Thailand, and sauropods make up a
large part of the material found by our Thai-French
group, in formattons which range in age from Late
Triassic to mid-Cretaceous. The purpose of the present
paper is to briefly review the sauropods of Thailand, in
stratigraphic succession, with the emphasis on recent
discoveries. We generally accept the stratigraphic
arrangement of the Mesozoic formations of the Khorat
Plateau put forward by Racey er @, (1994 and 1996),
which is based largely on palynological evidence. The
Nam Phong Formation is thus considered as late Norian
to Rhactian in age, and the Phra Wihan, Sao Khua, Phu
Phan and Khok Kruat Formations are all placed in the
Early Cretaceous, the Khok Kruat Formation being in all
likelihood of Aptian/Albian age. The age of the Phu
Kradung Formation is still slightly uncertain. We
consider it here as Late Jurassic, while accepting that a
basal Cretaceous age cannot be excluded.

All the sauropod fossils from Thaitand described
and illustrated in the present paper belong to the

collections of the Department of Mineral Resources,
Bangkok.

THE EARLIEST KNOWN SAUROPODS, FROM
THE NAM PHONG FORMATION (LATE
TRIASSIC)

For a long time, the earliest known sauropods were
from the Early Jurassic, although controversial footprints
from the Triassic had been referred to that group. This
has changed with the discovery of saurapod bones in the
Late Triassic Nam Phong Formation of Chaiyaphum
Province, first reported by Buffetaut ef /. in 2000. A
first specimen, found at Phu Nok Khian, near the viliage
of Ban Non Thaworn, consisting of vertebrae, pectoral
girdle elements and a femur belonging to a single
individual, was described as Isanosawrus attavipachi
(Buffetaut et al., 2000). This taxon clearly belongs to the
Sauropoda rather than to the Prosauropoda because of
opisthocoelous cervical vertebrae, an incipient system of
laminae on dorsal neursl spines, and a siraight and
massive fernur without a lesser trochanter, On the other
hand, it shows many features which are primitive for a
sauroped, such as relatively short cervical vertebrae
without real pleurocoels, a moderate proximal expansion
of the scapula, and a prominent fourth trochanter on the
femur. The phylogeny of early sauropods is still poorly
understood and the systematic position of Isanosaurus
attavipachi among them is still uncertain. The type



specimen of Isanosaurus attavipachi indicates a fairly
small animal by sauropod standards, perhaps not more
than 6.5 m in length, but unfused neurocentral sutures on
the vertebrae suggest that it was not a fully grown
individual.

Subsequently, a second sauropod specimen was
found at Khok Hin Poeng, a locality close to Phu Nok
Khian (Buffetaut ef al., 2002). It consists of a group of
bones belonging to a single individual, many of which
were unfortunately badly weathered by the time the
specimen was found. There are no skeletal elements in
common with the type of Isanosaurus attavipachi so that
it is not possible to decide whether both specimens
belong to the same taxon. The most remarkable feature
about this second specimen is its size: the best preserved
bone, a humerus with clear sauropod characteristics
(Fig.1), is slightly over one metre in length, which is
comparable to the size of the humerus in large Late
Jurassic sauropods such as Camarasaurus. Estimating
the total length of the animal on the basis of the humerus
alone is not easy, but our estimates suggest a length of 13
to 15 metres. The specimen from Khok Hin Poeng thus
shows that by Late Triassic times some sauropods had
already reached a considerable size, which probably
points to a fairly long and still unknown evolutionary
history of the group during the Triassic.

The sauropods from the Nam Phong Formation are
of special importance because they are the first (and so
far the only) skeletal remains of Sauropoda to have been
found in the Triassic. The existence of Triassic sauropods
had been predicted for phylogenetic reasons, and the
finds from the Nam Phong Formation clearly confirm
this prediction. They are also an incentive to reinterpret
fossil footprints of uncertain origin found in Triassic
formations in various parts of the world, which may turn
out to have been made by sauropods.
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Figure 1 Humerus of a large Late Triassic sauropod
Jfrom the Nam Phong Formation at Khok Hin Poeng,
Chaiyaphum Province, in cranial (a) and caudal (b)
views. Scale bar: 250 mm.
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EUHELOPODID SAUROPODS FROM THE
PHU KRADUNG FORMATION (LATE JURASSIC ?)

The dinosaur fauna of the Phu Kradung Formation
is still incompletely known, although it is known to
contain theropods, small ornithopods, and stegosaurs
(Buffetaut ef al., 2001). Sauropod teeth have been found
at some localities in the Phu Kradung Formation, notably
Ban Khok Sanam in Kalasin Province, and Dan Luang in
Mukdahan Province. All the teeth belong to the same
general type: they have a spoon-shaped crown with a
concave lingual face and a convex labial face, and their
enamel is finely wrinkled (Fig.2). On newly erupted
teeth, coarse serrations can be seen on the cranial edge of
the crown, close to the apex, but they seem to have worn
away quickly, since most teeth show wear facets instead.
This is a relatively plesiomorphic type of sauropod tooth,
found in various families. The greatest resemblances
seem to be with the Euhelopodidae, a family of
sauropods from the Jurassic (and possibly the basal
Cretaceous) of China (see Martin, 1999, for a review).
The teeth of the genera Omeisaurus and
Mamenchisaurus, in particular, closely resemble the
specimens found in Thailand. It seems reasonable to refer
the latter, at least provisionally, to the Euhelopodidae.

A few poorly preserved sauropod bones have been
collected at Dan Luang. They indicate the occurrence of
large animals, but provide no useful systematic
information.

The occurrence of euhelopodid sauropods in the
Phu Kradung Formation of = Thailand, indicating
resemblances with faunas from the Jurassic of China, is
easily understandable in biogeographical terms, since the
Indochina Block, to which the Khorat Plateau belongs,
came in contact with the South China Block well before
the Late Jurassic (Buffetaut and Suteethorn, 1998a).

Figure 2 Spatulate teeth of a probable euhelopodid
sauropod from the Phu Kradung Formation (Late Jurassic
?) at Dan Luang, Mukdahan Province. Scale bar: 30 mm.



SAUROPOD FOOTPRINTS FROM
THE PHRA WIHAN FORMATION
(EARLY CRETACEOQOUS)

No dinosaur bones have yet been reported from the
Phra Wihan Formation, but dinosaur footprints are
known at several sites on sandstone surfaces. The Phu
Faek site (Kalasin Province) was briefly described by
Buffetaut ef al. (1997) as containing theropod trackways.
During a subsequent visit to the site, prints of a very
different type, which apparently are sauropod footprints,
were discovered in an overlying bed, just above the main
track-bearing slab. Two large elongated pes prints
(length : 52 cm ; width : 40 cm) are preserved. Poorly
preserved prints in front of the two pes prints may
represent manus prints (Fig.3). The two large footprints
are probably successive pes prints. The sauropod
trackway at Phu Faek is far too incomplete to allow any
tentative assignment to a sauropod family.

NEMEGTOSAURIDS AND POSSIBLE
EUHELOPODIDS FROM THE SAO KHUA
FORMATION (EARLY CRETACEOUS)

The Sao Khua Formation has yielded more dinosaur
remains than any other formation on the Khorat Plateau,
and most of them belong to sauropods. As mentioned
above, the first dinosaur bone reported from Thailand
was a fragment of a sauropod femur from the Sao Khua
Formation at Phu Wiang. Sauropod remains occur in the
Sao Khua Formation both as more or less complete
articulated skeletons (at sites such as Phu Wiang 1, Phu
Kum Kao, Ban Na Krai) and as accumulations of
disarticulated bones (several sites at Phu Wiang, Phu
Peng, Phu Pha Ngo). Isolated theropod teeth are
frequently associated with the skeletons, indicating that
predators or scavengers fed on the carcasses (Buffetaut
and Suteethorn, 1989).

In 1994, a new sauropod taxon, Phuwiangosaurus
sirindhornae, was erected on the basis of a partial
skeleton from Phu Wiang by Martin ef al. The exact
affinities of this form within the Sauropoda were at first
unclear, so that it was not referred to a particular family.
The type material of Phuwiangosaurus sirindhornae was
described in detail, together with additional material
from various other localities, by Martin er al. (1999).
Juvenile specimens, including very small ones, mainly
from locality Phu Wiang 5, were described by Martin
(1994). Recently, more bones of small, juvenile
Phuwiangosaurus have been found, in association with
bones of adults, at Phu Peng (Kalasin Province).

Our knowledge of Phuwiangosaurus has improved
considerably with the discovery of the remarkable
locality at Phu Kum Kao, which contains the well
preserved, partly articulated remains of several
individuals, and where for the first time jaw elements
were found in association with skeletons of this sauropod
(Suteethorn ef al., 1995), as well as peculiarly preserved
groups of teeth which are no longer inserted in the jaw
bone but have kept their original position (Buffetaut &
Suteethorn, 1998b, Fig.2). This showed that
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Phuwiangosaurus sirindhornae had slender, peg-like
teeth (Fig.4) which are quite different from the spoon-
shaped teeth of the Euhelopodidae (including those from
the Phu Kradung Formation), but resemble those of the
Nemegtosauridae, a group of sauropods mainly known
from skulls from the Upper Cretaceous of Mongolia
(Upchurch, 1995), with the closely allied genera
Nemegtosaurus Nowinski, 1971 and Quaesitosaurus
Kurzanov & Bannikov, 1983 (see Upchurch, 1999, for a
discussion). Because of this resemblance in tooth
morphology, Buffetaut and Suteethorn (1999, p.19)
suggested that “Phuwiangosaurus may be close to the
ancestry of Nemegtosaurus and related Late Cretaceous
forms”. This suggestion has been reinforced by the
discovery of a well preserved skeleton of a not fully
grown Phuwiangosaurus sirindhornae at Ban Na Krai
(Kalasin Province). Several elements of the skull of this
specimen (including the braincase, Fig.5) are preserved,
and this has allowed comparisons with the skulls of
Nemegtosaurus  mongoliensis and  Quaesitosaurus
orientalis. They clearly show that Phuwiangosaurus is
very similar to those Late Cretaceous forms in its skull
anatomy, and that it can be placed in the family
Nemegtosauridae. Resemblances include narrow
premaxillae, a broad quadrate fossa (Fig.6), a very small
supratemporal fenestra, a quadrangular frontal, and a
postorbital with a very long anteroventral ramus. The
general skull morphology of Phuwiangosaurus must
have been very similar to that of the Late Cretaceous
forms, although some details suggest that the Thai form
is more primitive; for instance, its teeth sometimes show
faint serrations which are not present in Nemegfosaurus,
and they have more flattened crowns, which may suggest
derivation from more spatulate teeth. In these respects,
the teeth of Phuwiangosaurus sirindhornae show
resemblances with those of Mongolosaurus haplodon, a
very poorly known sauropod from the Lower Cretaceous
of Mongolia (Gilmore, 1933).

These resemblances in skull anatomy are supported
by comparisons, based on the teeth and postcranial
skeleton, with a sauropod from the Late Cretaceous of
Shanxi, in northern China, described as Huabeisaurus
allocotus by Pang and Cheng (2000). Although this
dinosaur was placed in a family of its own
(Huabeisauridae) by Pang and Cheng, both its teeth and
its postcranial skeleton closely resemble those of
Phuwiangosaurus. The teeth of Huabeisaurus allocotus
are also very similar to those of Nemegtosaurus
mongoliensis. It therefore seems that Nemegtosaurus,
Quaesitosaurus, Huabeisaurus and Phuwiangosaurus
can all be included in the family Nemegtosauridae, which
ranges in time from Early Cretaceous
(Phuwiangosaurus) to Late Cretaceous (Nemegtosaurus,
Quaesitosaurus, Huabeisaurus; the latter may turn out to
be a junior synonym of Nemegtosaurus or
Quaesitosaurus). As mentioned below, Tangvayosaurus,
an Early Cretaceous sauropod from Laos, is very similar
to Phuwiangosaurus and therefore should be placed in
the family Nemegtosauridae.
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Figure 3  Sauropod footprints from the Phra Wihan Figure 4 Peg-like teeth of Phuwiangosaurus

Formation (Early Cretaceous) at Phu Faek, Kalasin sirindhornae from the Sao Khua Formation (Early

Province. Scale bar: 800 mm. Cretaceous) at Phu Kum Kao, Kalasin Province. Scale
bar: 50 mm.

Figure 5 Braincase of Phuwiangosaurus sirindhornae Figure 6 Left quadrate of Phuwiangosaurus sirinidhornae,
Jfrom the Sao Khua Formation (Early Cretaceous) at Ban showing a broad quadrate fossa, from the Sao Khua
Na Krai, Kalasin Province. Occipital view. Scale bar: 50 Formation (Early Cretaceous) at Ban Na Krai, Kalasin
mm. Province. Lateral view. Scale bar: 50 mm



Besides the nemegtosaurid Phuwiangosaurus, a
second sauropod is clearly present in the Sao Khua
Formation, as shown by teeth and skull bones found at
Phu Kum Kao. The teeth are remarkably different from
those of Phuwiangosaurus, having a spoon-shaped and
rather elongated crown (Fig.7), which is somewhat
reminiscent of brachiosaurid teeth, but also resembles the
teeth of the euhelopodid Euhelopus zdanskyi, from the
Upper Jurassic (or possibly Lower Cretaceous) of
Shandong, China (Wiman, 1929). A large premaxilla
containing teeth of that kind has also been found at Phu
Kum Kao. From the same locality, a large sauropod
braincase also appears to be different from that of
Phuwiangosaurus (especially in the greater width of the
frontal, the larger supraoccipital fenestra, and the
recurved and blade-like basioccipital processes). There is
thus no doubt that a second sauropod taxon, different
from Phuwiangosaurus, is present in the Sao Khua
Formation. Although its systematic position is still
unclear, affinities with the Euhelopodidae seem likely on
the basis of tooth morphology.

A SAUROPOD BONE FROM THE PHU PHAN
FORMATION (EARLY CRETACEOUS)

The massive sandstones of Phu Phan Formation
generally contain very few fossils. Recently, however, a
large dinosaur limb bone (possibly a humerus) has been
found in a cliff face at Phu Kum Kao (Sahat Sakhan,
Kalasin Province). The cliff consists of sandstones
belonging to the lower part of the Phu Phan Formation
(overlying the red siltstones of the Sao Khua Formation,
which contain a rich sauropod locality at the bottom of
Phu Kum Kao hill). Because of its position in the cliff
and its preservation, it has not been possible to collect
this bone, which is currently protected in situ. Because of
this, a precise identification is difficult, but on the basis
of its large size and generally massive build, this bone
can clearly be referred to a sauropod.
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NEMEGTOSAURIDS FROM THE KHOK KRUAT
FORMATION (ALBIAN ?) AND THEIR
COUNTERPARTS FROM LAOS

Vertebrate remains, including those of dinosaurs,
are abundant at several localities in the conglomerates,
sandstones and clays of the Khok Kruat Formation.
Sauropods, so far, tend to be relatively rare in that
formation, however, the most frequent herbivorous
dinosaurs being iguanodontids. Nevertheless, a number
of sauropod teeth have been found at Khok Pa Suam, a
rich vertebrate locality in Ubon Ratchathani Province
(Fig.8). They are peg-like and strongly resemble the teeth
of Phuwiangosaurus from the Sao Khua Formation. At
the Khok Pia locality, near the city of Khon Kaen, a
large, poorly preserved sauropod pubis has been
discovered in sandstones of the Khok Kruat Formation. It
resembles the pubis of Phuwiangosaurus. All this
strongly  suggests that a Phuwiangosaurus-like
nemegtosaurid is present in the Khok Kruat Formation.

This view is supported by discoveries made in
southern Laos, near the town of Muong Phalane, east of
the city of Savannakhet. On geological grounds, the
dinosaur-bearing beds (the so-called “Grés supérieurs™)
of this area appear to be in an equivalent of the Khok
Kruat Formation (Buffetaut, 1991), and this conclusion is
borne out by faunal resemblances (the dinosaur
assemblages from the Khok Kruat Formation and the
“Grés supérieurs” contain both sauropods and
iguanodontids, while the latter are unknown from earlier
formations on the Khorat Plateau). Sauropods were first
reported from Muong Phalane by the French geologist
Hoffet (1936), who later described this material as
Titanosaurus falloti (Hoffet, 1944). As pointed out by
Buffetaut (1991), attribution of the Lao material to the
genus Titanosaurus was unfounded. Allain et al. (1999)
have described new sauropod material from Tang Vay, in
Savannakhet Province, as a new taxon, Tangvayosaurus
hoffeti.  Tangvayosaurus  hoffeti  differs  from
Phuwiangosaurus sirindhornae only in some minor
details

Figure 7

Spatulate teeth of a possible euhelopodid
sauropod from the Sao Khua Formation (Early
Cretaceous) at Phu Kum Kao, Kalasin Province. Scale
bar: 50 mm.

Figure 8 Peg-like teeth of a nemegtosaurid sauropod
Jrom the Khok Kruat Formation (Albian ?) at Khok Pa
Suam, Ubon Ratachathani Province. Scale bar: the black
bar on the left is 10 mm long.



of pelvis morphology, and closer comparisons may
indicate that Tangvayosaurus is simply a junior synonym
of Phuwiangosaurus. Although Allain er al (1999)
rejected the idea of close relationships between
Phuwiangosaurus and the Nemegtosauridae, the above-
mentioned skull bones from the Sao Khua Formation
clearly show that Phuwiangosaurus is a nemegtosaurid,
and there is no doubt that the Phuwigngosaurus-like
sauropod material from Laos also belongs to that family.
Sauropod footprints have also been reported from the
“Grés supérieurs” of the Muong Phalane region (Allain
et al., 1997).

CONCLUSIONS

The Thai record of sauropod dinosaurs is thus
remarkable for both its richness and its stratigraphic
range. Thailand is the only part of the world so far where
bones of Triassic sauropods have been found, and the
sauropods from the Nam Phong Formation clearly are of
considerable importance for our understanding of the
early stages in the evolution of the group.

The probably Late Jurassic sauropods from the Phu
Kradung Formation are still poorly known, but seem to
be referable to the family Eubelopodidae. More material
is needed before their closer relationships with the
Chinese cuhelopodid genera can be investigated.

The ichnological record of sauropods from Thailand
is currently restricted to a few footprints from a single
site in the Phra Wihan Formation. Little can therefore be
said about the identity of the trackmaker, beyond the fact
that it was a sauropod.

The sauropods from the Sao Khua Formation are of
great interest because they partly fill a stratigraphic gap
in the Asian sauropod record, between the well-known
Jurassic faunas from China, which are dominated by
euhelopodids (Martin, 1999), and the Cretaceous
assemblage from Mongolia and China, in which
nemegtosaurids seem to have played a large part,
together with the enigmatic possible titanosaur
Opisthocoelicaudia (Borsuk-Bialynycka, 1977). The
assemblage from the Sao Khua Formation appears
somewhat transitional in its composition. It is clearly
dominated by the nemegtosaurid Phuwiangosaurus, but a
eubelopodid also seems to be present, although more
material of the latter is needed to ascertain its systematic
position. As to Phuwiangosaurus, it provides hitherto
unavailable information about the postcraniat skeleton of
the Nemegtosauridae, and this is important for our
understanding of the phylogenetic and systematic
position of this family within the Sauropoda, which has
long been unclear (Upchurch, 1999). What we now know
about the postcranial skeleton of the Nemegtosauridae
clearly shows that they are not closely related to the
diplodocoids, and are more probably related to
titanosauroids, thus confirming the conclusions drawn by
Rogers and Forster (2001) from their study of a
titanosaurid from the Upper Cretaceous of Madagascar.

The latest sauropods currently known from
Thailand are those from the Khok Kruat Formation. The
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available material is not very abundant, but it can be
teferred to the family Nemegtosauridae, a conclusion
which is bome out by the occurrence of a
Phuwiangosaurus-like nemegtosaurid in beds of the
same age in Laos. The nemegtosaurids appear to be a
predominantly Asian group of sauropods, which is
attested as early as the Early Cretaceous in Southeast
Asia (and possibly in Mongolia with Mongelosaurus),
and was widespread in northern Asia in the Late
Cretaceous.

It is hoped that comtinued field work in the
Mesozoic non-marine formations of the Khorat Plateau
will help to fill the remaining gaps in our knowledge of
sauropod evolutionary history in Southeast Asia.
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Abstract

Dinosaur remains have been found in abundance in many of the non-marine Mesozoic
formations of Thailand. Although most of the material comes from the Khorat Plateau, dinosaurs
are now known both from the Jurassic of the southern peninsula (Krabi Province) and from the
Cretaceous (?) of northern Thailand (Phayao Province). The dinosaur record from the Khorat
Platcau begins with early sauropods from the Late Triassic Nam Phong Formation. Various
dinosaurs (theropods, euhelopodid sauropods, omithopods, stegosaurs) are known from the
probably Late Jurassic Phu Kradung Formation. The Phra Wihan Formation {basal Cretaceous)
contains theropod and sauropod footprints. Dinosaurs are especially abundant in the Sao Khua
Formation (Early Cretaceous), with various theropods  (tyrannosaurs, ornithomimosaurs,
compsognathids ?, spinosaurids ?) and sauropods (nemegtosaurids and euhelopodids). The Phu
Phan Formation (Early Cretaceous) has yielded theropod footprints and rare sauropod bones. The
Khok Kruat Formation (Aptian-Albian) contains theropods, nemegtosaurid sauropods,
ceratopsians (Psittacosaurus) and iguanodontids. The succession of dinosaur assemblages from
Thailand thus provides evidence about faunal change in South-East Asia during crucial periods of

the Mesozoic.
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INTRODUCTION

Since the first discoveries in the 1970s, our knowledge of the dinosaurs of Thailand has
increased considerably, and it now appears that the Thai record is highly significant for our
understanding of dinosaur evolution in Asia — and more generally on a global scale. The aim of
this brief review is to highlight the most interesting aspects of what we currently know about Thai
dinosaurs, thus complementing earlier reviews (Suteethorn er al., 1995: Buffetaut & Suteethorn,
2001), using a stratigraphical presentation to describe the succession of dinosaur assemblages in

that part of Southeast Asia.

Geological setting: The Khorat plateau

Until recently, all the dinosaur specimens found in Thailand were from the Khorat
Plateau, in the northeastern part of the country, where a thick succession of non-marine Mesozoic
rocks contains abundant vertebrate remains. From a geotectonic and palacogeographical point of
view, the Khorat Plateau is part of the Indochina Block or microcontinent, which is generally
regarded as having separated from Gondwana in the Palacozoic, to eventually collide with South
China as early as the late Permian (Metcalfe, 1998). This means that during the time span covered
by dinosaur evolution, northeastern Thailand was geographically part of mainland Asia, even
though the configuration of that part of the world has since then been profoundly modified by the
collision of India and the subsequent extrusion of Southeast Asia. Dinosaur remains are currently
known from most of the non-marine Mesozoic formations of the Khorat Plateau, as summarised
below:

Nam Phong Formation (Late Triassic: Rhaetian): sauropods, prosauropods (7).
Phu Kradung Fermation (Late Jurassic or basal Cretaceous): sauropods, theropads, omnithopods,

stegosaurs,

Phra Wihan Formation (Early Cretaceous): footprints of theropods and saurcpods.
Sao Khua Formation (Early Cretaceous): sauropods, theropods, dinosaur eggs.
Phu Phan Formation (Early Cretaceous): theropod footprints, saurecpod bones.

Khok Kruat Formation (Aptian-Albian): sauropods, theropods, ornithopods, ceratopsians,
theropod footprints, _

It should be noted that the age attributions given above are based mainly on palynology,
and that the accuracy of these attributions is variable according to the quality of the palynological

record from each formation (see Racey et al., 1994, 1996, for details).

Dinosaurs in Thailand
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Dinosaurs From The Shan-Thai Block (Western Thailand)

Until recently, all known Thai dinosaurs were from the Khorat Plateau, although remains of
other Mesozoic vertebrates were known from the southern peninsula (Buffetaut er af, 1994,

Buffetaut, Tong et al., 1994, Tong et al., 2002).

Very recently, dinosaur bones have been discovered in the western part of Thailand, both
in the southern peninsula and in the northern part of the country. That part of Thailand belongs to a
different terrane, the Shan-Thai Block, or Sibumasu, which had an independent
palaeogeographical history until it collided with the Indochina Block and with South China

sometime during the Mesozoic, presumably by Triassic times (Metcalfe, 1998).

In 2002, dinosaur bones, including a large sauropod dorsal vertebra (Fig.1), were found
on a coastal outcrop of the Khlong Min Formation in Krabi Province, on the southern peninsula.
The Khlong Min Formation is probably of Middle to Late Jurassic age, and comparisons of the
sauropod remains with what is known from the Phu Kradung Formation of northeastern Thailand

(and from the Jurassic of China) may yield important palacobiogeographical results.

Fig.1 - Opisthocoelous dorsal vertebra (in right lateral view) of a large sauropod dinosaur in a block of limestone of the
Khlong Min Formation (Middle to Late Jurassic), Krabi Province, southern peninsula of Thailand. Scale bar: 50 mm.

Collection of the Sahatsakhan Dinosaur Research Centre,

Dinosaurs in Thailand
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In addition, dinosaur bones have also been found in red beds near Chiang Muan, in
Phayao Province, in northern Thailand. The age of the red beds is uncertain, but a well preserved
sauropod vertebra resembling Phuwiangosaurus suggests that they may belong to the Early
Cretaceous. Detailed comparisons with the abundant sauropad material from the Sao Khua
Formation of the Khorat Plateau are needed to ascertain the significance of the dinosaur finds from

Chiang Muan,

Both those discoveries from western Thailand are extremely promising and it is hoped
that more detailed information will soon be forthcoming about those dinosaurs from the Shan-Thai
(Sibumasu) Block.

TRIASSIC DINOSAURS FROM THE NAM PHONG FORMATION

Dinosaur remains are known from the Nam Phong Formation of the Khorat Plateau,
which is well dated from the Rhaetian (or possibly late Norian) by palynomorphs (Racey et al,
1994, 1996). The first record was that of the fused ischia of a large and massive sauropodomorph,
which was originally identified as a prosauropod (Buffetaut et al., 1995). In view of subsequent
discoveries of early :\sauropods from the same formation, it may be asked whether this specimen
could also beleong to a sauropod. As no ischia have yet been found in association with the sauropod

material from the Nam Phong Formation, the question remains unanswered.

The sauropod material from the Nam Phong Formation consists of two partial skeletons
from Chaiyaphum Province. The first specimen to be discovered, corresponding to a not fully
grown individual, was described as fsanosaurus artavipachi (Buffetaut ef al., 2000), and was the
first well-attested sauropod to be reported from the Triassic. It shows an interesting combination of
derived sauropod characters and primitive features. Slightly older sauropods have now been
reported from the Norian of South Africa (Yates & Kitching, 2003). However, a second sauropod
specimen from the Nam Phong Formation is important becausc of its large size (Buffetaut er al,
2002b). Although it is far from complete, its well preserved humenus suggests that the animal was
13 to 15 metres in length, thus showing that sauropods had already attained giant size by the Late
Triassic. The Nam Phong Formation thus appears to be extremely promising for our knowledge of

carly stages in sauropod evolution.

Dinosauers in Thailand
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Late Jurassic (?) dinosaurs from the Phu Kradung Formation

The age of the Phu Kradung Formation is somewhat uncertain, being either latest Jurassic
or basal Cretaceous on the basis of palynomorphs (Racey et af., 1994, 1996). Dinosaur remains are
fairly abundant at several localities in the Phu Kradung Formation, but most of the material

consists of disarticulated bones and teeth.

Theropods are represented by teeth and postcranial elements which have not yet been

studied in detai).

The few sauropod bones hitherto discovered are rather poorly preserved, but some of
them clearly indicate very large forms. Teeth are more informative. All the teeth hitherto collected
are spoon-shaped, with a rugose enamel and, on unworn specimens, coarse serrations along the
edges (Buffetaut ef al., 2002¢). They closely resemble the teeth of euhelopodid sauropods, such as
Omeisaurus from the Late Jurassic of China, and can probably be referred to the family

Euhelopodidae.

Omithopods are represented by a few postcranial elements, including a smatl
femur.Stegosaurs are represented by a single very typical dorsal vertebra (Buffetaut, Sutecthorn &
Tong., 2002a).

On the whole, the dinosaur assemblage from the Phu Kradung Formation is generally
reminiscent of Late Jurassic assemblages from China, for instance those from the Upper
Shaximiao Formation of Sichuan, However, more complete material from Thailand is needed

before more thorough comparisons are possible.

Early Cretaceous dinosaur footprints from the Phra Wihan Formation

No skeletal remains of dinosaurs have yet been reported from the Phra Wihan Formation
(ascribed to the Early Cretaceous on the basis of palynomorphs), but at several localitics it
contains dinosaur footprints (Le Loeuff ef al., 2002). Most of them are three-toed prints referable
to theropods of various sizes. At the Phu Faek locality (Kalasin Province), sauropod fooltprints
occur together with those of theropods. Footprints from the Phra Wihan Formation found in Khao
Yai National Park have been described by Lockley et al. (2002).

Eariy Cretaceous dinosaurs from the Sao Khua Formation

The Sac Khua Formation, consisting of red clays, siltstones and sandstones, contains

abundant dinosaur remains (Buffetaut & Suteethorn, 1999), including fairly complete articulated

Dinosaurs in Thailand



rIRE

: #’pﬁ‘f‘ 1% Internationa! Conference 4 Mahasarakhkam University Journal
7
H d- on Palacontology of Southeast Asia Volume 22 Special Issue 2003

200y

skeletons. According to its stratigraphic position, it can be considered as ante-Aptian and probably
not basal Cretaceous, Sauropods are the most common forms. Spoon-shaped teeth reminiscent of
Chinese forms such as Euhelopus and Mamenchisaurus, and a few skeletal elements apparently
indicate the occurrence of a euhelopodid (Buffetaut ef af., 2002¢). The most abundant sauropod,
however, is Phuwiangosaurus sirindhornae (Martin et al., 1994, 1999), known by several
relatively complete skeletons (one of the most important localities being Phu Kum Kao, near the
town of Sahatsakhan, Kalasin Province: see Suteethom er al., 1995) and numerous disarticulated
elements. Finds of skull elements at several localities have shown that Phuwiangosawrus must be
referred to the family Nemegtosauridae (Buffetaut ez al,, 2002c), which was originally erected for
Late Cretaceous sauropods from Mongolia known by isolated skulls (Nemegtosaurus,
Quaesitosaurus). Phuwiangosaurus thus provides important evidence about the post-cranial
skeleton of the Nemegtosauridac, showing that, despite their peg-like teeth, they are not closely
related to the Diplodocidae, as had been suggested, and cannot be considered simply as
titanosaurids either (although relationships with the Titanosauroidea sensu lato cannot be
excluded). Juvenile specimens of Phuwiangosaurus, including very small individuals, have also
been described (Martin, 1994),

Theropods are represented in the Sao Khua Formation by several taxa. Siamosaurus
suteethorni is an enigmatic form known only by péculiar isolated teeth which have a tall, only
slightly compressed crowns, a ribbed enamel, and very faint or non-existent serrations (Buffetaut
& Ingavat, 1986). The closest resemblances seem to be with spinosaurids, but more material is
needed to confirm possible affinities. A tooth closely resembling those of Stamosaurus has
recently been described from the Lower Cretaceous of Japan (Hasegawa ef al., 2003).

. Theropod teeth of a more usual type (blade-like, compressed and serrated) also occur in
the Sao Khua Formation (Buffetaut & Ingavat, 1986). Some of them at least probably belong to
Siamotyrannus isanensis, described on the basis of a pelvis and partial vertebral column (Buffetaut
et al., 1996). On the basis of various derived features of the pelvis, Siamotvrannus is considered as
a very early representative of the tyrannosaurs. Possible earlier tyrannosaurs have since then been
reported from the Early Cretaceous of England (Hutt et al., 2001) and even from the Late Jurassic
of North America and Portugal (Rauhut, 2000).

Another interesting theropod from the Sao Khua Formation is an early omnithomimosaur,
represented by various post-cranial elements (Buffetaut & Suteethorn, 1998, 1999). Its metatarsus
is remérkably advanced for such an early form, the third metatarsal being more reduced than in the

primitive ornithomimosaurs Harpymimus and Garudimimus, from the Cretaceous of Mongolia.

Dinosaurs in Thailind
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A very small theropod has also been reported from the Sao Khua Formation on the basis
of a few limb bones (Buffetaut & Ingavat, 1984). It has been tentatively referred to the
Compsognathidae, an assumption which may be supported by the discovery of well preserved
skeletons of the compsognathid Sinosauropteryx in the Yixian Formation of northeastern China,

which is of roughly the same age as the Sao Khua Formation.

Recently, tiny fossil eggs (Fig.2) have been discovered in the Sao Khua Formation at Phu
Phok (Sakon Nakhon Province). Despite their very small size (greatest diameter about 20 mm), the
prismatic microstructure of the shell strongly suggests that they were laid by theropod dinosaurs, a

conclusion which may be confirmed by the ongoing study of embryo remains inside one of the

eggs.

Surprisingly enough, despite the abundance of dinosaur remains in the Sao Khua

Formation, no evidence of omithischians has yet been found in it.

EARLY CRETACEOUS FOOTPRINTS AND BONES FROM THE PHU PHAN
FORMATION

The massive sandstones of the Phu Phan Formation contain very few fossils. Theropod
footprints have been reported from Phu Luang, Loei Province (Buffetaut er al., 1985a,b). Bones
are extremely rare and usually very fragmentary. An exception is a large sauropod limb bone

visible in a cliff face at Phu Kum Kao, Kalasin Province (Buffetaut ef al., 2002c¢).

Fig.2 — Four small dinosaur eggs, showing various states of completeness and crushing, from the Sao Khua
Formation at Phu Phok, Sakon Nakhon Province. Scale bar: 10 mm. Collection of the Sahatsakhan Dinosaur
Research Centre, SDRC 1 to 4.

Dinosaurs in Thailand
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Aptian-Albian dinosaurs from the Khok Kruat Formation

The Khok Kruat Formation is well dated as late Early Cretaceous (Aptian-Albian) on the
basis of palynomorphs (Racey eral., 1994, 1996) and freshwater sharks (Cappetta ez al., 1990). It

has yielded a diverse dinosaur assemblage.

Theropods are represented mainly by isolated teeth, probably indicating several

species of different sizes. A Siamosaurus-like form s also present.

Sauropods are still poorly known, but peg-like teeth resembling those of
Phuwiangosaurus and Nemegtosaurus apparently indicate the presence of a nemegtosaurid
(Buffetaut er al., 2002c), a conclusion supported by a few post-cranial bones. Tangvayosaurus
hoffeti, from beds of the same age in neighbouring Laos (Allain er al., 1999), very closely
resembles Phuwiangosaurus and in all likelihood should be considered as a Jjunior synonym of the

latter.

Contrary to the Sao Khua Formation, the Khok Kruat Formation contains abundant
omnithischian remains. The most common forms are iguanodontids (Fig.3), represented mainly by
teeth and post-cranial bones (Buffetaut & Suteethorn, 1998). Recently, a good specimen

comprising well preserved cranial elements has been discovered near Nakhon Ratachasima.

The Khok Kruat Formation also contains a ceratopsian, Psitiacosaurus sattayaraki,
described on the basis of jaws from Chaiyaphum Province (Buffetaut er al., 1989; Buffetaut &
Suteethorn, 1992). The genus is common in more northerly parts of Asia (northeastern China,
Mongolia, Siberia), and its discovery in Southeast Asia has come as a surprise to some
palaeontologists, but despite unwarranted doubts (Sereno, 2000), the Thai specimens clearly
belong to Psittacosaurus and show characters justifying the erection of a distinct species
(Buffetaut & Suteethorn, 2002). Recently, postcranial elements apparently belonging to

Psittacosaurus have been found in Khon Kaen Province.

Dinosaurs in Thailand
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Fig. 3 — Isolated dentary tooth of an iguanodontid, from the Khok Kruat Formation at Khok Pa
Suam, Ubon Ratchathani Province. Lingual view. Scale bar: 10 mm. Collection of the Sahatsakhan

Dinosaur Research Centre-

Abundant dinosaur footprints, made by middle-sized theropods (Fig.4), have recently

been discovered in a quarry opened in sandstones of the Khok Kruat Formation near Tha Uthen
(Nakhon Phanom Province).

The Khok Kruat Formation is currently the stratigraphically latest formation in Thailand
to have yielded dinosaur remains.

Fig.4 — Dinosaur footprints on a slab of sandstone of the Khok Kruat Formation in a quarry at Huai Dan
Chum, Nakhon Phanom Province. This set of trackways was apparently made by a group of medium-sized
theropods walking together in the same direction. Scale bar: S0 mm.
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Conclusions

Thailand has a remarkable record of dinosaurs, ranging in age from Late Triassic to mid-
Cretaceous (Fig.5). Although this record is far from being continuous, it nevertheless illustrates
key stages in the evolutionary history of South-East Asian dinosaurs. The sauropods from the Nam
Phong Formation illustrate a very early stage in the evolution of that group, already marked by
very large size. Later dinosaur assemblages, of Late Jurassic to mid-Cretaceous age, reveal gradual
changes among sauropods, with only broad-toothed forms in the Phu Kradung Formation, both
broad-toothed and slender-toothed forms in the Sao Khua Formation, and only slender-toothed
forms in the Khok Kruat Formation. This may reflect changing dietary adaptations in response to
changes in the plant world (rise of the angiosperms ?). The fauna from the Sao Khua Formation is
especially important, in that it apparently includes early representatives of groups which were to

play an important part in

Sibumasu

Indochina terrane
terrane

Cretaceous| /1 Y
Aption-Atbntodik __|Cretaceous
_ ifSaoKhuaF ds 1k
? i ao Khua ,;,m Tm’** red bf:fis 553
Jurassic [\ Jurassic
Triassic 5‘!! jf . Triassic
[Fam PﬁongF -

= prosauropod "W sauropod indet F  omithomimosaur 4l stegosaur
W Jsanosaurus F  siamosaurus ¥ theropod indet A Pstracosaurus
W Euhelopodidae T Siamotyrannus A \guznodontidae e & foolprints
« Phuwjangosaurus Y Compsognainicae ... . omlthapod indet. e eggs

Fig.5 — A summary of dinosaur distribution in the Mesozoic of Thailand.

Late Cretaceous faunas in Asia (nemegtosaurid sauropods) or in both Asia and North America
(omithomimosaurs and tyrannosaurs), thus suggesting a possible Asian origin for these groups.
The assemblage from the Khok Kruat Formation probably reflects immigration from other parts of
the world, with the appearance of iguanodontids which are not present in earlier formations; this is
probably a result of important palaeobiogeographical events ending the faunal isolation of castern
Asia.
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Moreover, recent dinosaur discoveries outside the Khorat Plateau, both in northwestemn
Thailand and in the southern peninsula, show that those parts of Thailand also have a considerable
potential for interesting finds, and deserve to be more thoroughly explored.
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A PTERODACTYLOID TOOTH FROM THE SAO KHUA
FORMATION (EARLY CRETACEOUS) OF THAILAND

Eric Buffetaut',Varavudh Suteethron’, Haiyan Tongl, Gilles Cuny’ and

. « 4
Lionel Cavin

Abstract

An isolated tooth from the Sao Khua Formation (Early Cretaceous) of northeastern
Thailand is identified as belonging to a pterodactyloid pterosaur, and referred to the family

Ornithocheiridae. It is the first undisputable pterosaur fossil to be reported from Southeast Asia.

Key words: Thaijland, carly cretaceous, pterosauria, omithocheiridae.

INTRODUCTION

The Mesozoic continental formations of Thailand have yiclded a large array of fossil
vertebrates, including sharks, bony fishes, temnospondyl amphibians, turtles, crocodilians and
dinosaurs (see Buffetaut and Suteethorn, 1998, 1999, for reviews), but pterosaurs have long been
tacking from those assemblages. Long and slender teeth from the Sao Khua and Phu Kradung
Formations were ascribed to pterosaurs by Srisuk {2002a,b); however, these poorly preserved
specimens lack undisputable pterosaur characters and their real systematic position must be
cdnsidered as dubious. We report here an isolated tooth from the Early Cretaceous Sao Khua
Formation of Thailand which can apparently be referred to the family Ornithocheiridae and is the

first well attested record of a pterosaur from Southeast Asia.
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Geological setting

The tooth described in the present paper was found in the course of surface collecting at
Phu Phok, a fossil locality in the red beds of the Sao Khua Formatton in Sakhon Nakhon Province,
northeastern Thailand. The Sao Khua Formation is especially rich in vertebrate remains, having
yielded thousands of specimens. The fauna includes freshwater sharks, actinopterygian fishes,
turtles, crocodilians, and various types of dinosaurs, Although it was long considered as Jurassic in
age, the S20 Khua Formation is now known to be underlain and overlain by formations containing
Early Cretaceous palynomorphs (Racey ef a/., 1996). A Berriasian to Aptian age bracket has been
suggested (Racey ef al., 1996). Stratigraphical and palaeontological evidence suggests that the Sao
Khua Formation probably lies in the later part of this time span (Hauterivian to Barremian N. Itis
hoped that new palynological investigations currently in progress will provide a more accurate

age.

According to (Mouret et al. 1993), the depositional environment of the Sao Khua

Formation was a very extensive flood plain with low energy meandering rivers..

DESCRIPTION

The pterosaur specimen from Phu Phok (Fig.1} is an isolated tooth crown (Sahatsakhan
Museum of Palacontology, n® SMP25) which has suffered some abrasion, resulting in some
damage to its surface and apex. The crown is not recurved, but it is labiolingually compressed and
curved, the labial face being convex and the lingual one concave. The anterior and posterior edges
are thin but not sharp. One of the most characteristic features of this tooth is the enamel pattern on
the crown. On the lingual surface, enamel covers only the apical part of the tooth and extends
farther down the crown, as thin stripes, only along the edges. The limit between the enamel and the
dentine thus depicts a parabola, with the convexity facing toward the apex. On the labial surface,
the enamel cover is much more extensive. The base of the crown is concave, suggesting the

existence of a hollow root,
Height of crown: 14 mm
Antero-posterior width of crown at its base: 4 mm

Labiolingual width of crown at its base: 2 mm

A Preradaciyloid Tooth from the Snu Khua Formation (Early Cretaceous) of Thailand
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Comparisons

The characteristic enamel pattern on the tooth from Phu Phok, forming an apical cap
continued by stripes along the edges on the lingual surface, is characteristic of pterosaurs
(Wellnhofer, 1978), and is sufficient to refer this isolated specimen to that group of flying
vertebrates. A more accurate identification is more difficult on the basis of a single tooth, although
the specimen from Phu Phok does not resemble the long, recurved teeth of most
“rhamphorhynchoids”, nor those of specialised pterodactyloids with comb-like dentitions, such as
ctenochasmatids. Comparisons with other pterodactyloids indicate close resemblances with teeth

attributed to the family Ornithocheiridae.

The closest resemblances appear to be with isolated teeth referred to ornithocheirids from
the Cambridge Greensand of England (in the collections of the Sedgwick Museum, Cambridge -
see Unwin, 2001, for a review of the probably latest Albian Cambridge Greensand pterosaurs) and

the Cenomanian Kem

Fig.] — Pterosaur tooth (SMP-25) from the Sao Khua Formation at Phu Phok, Sakon Nakhon Province,

northeastern Thailand, in lingual (A), anterior or posterior (B) and labial (C) views. Scale bar: 5 mm.

Kem beds of Morocco (Wellnhofer & Buffetaut, 1999). In its general shape and enamel
pattern, the tooth from Phu Phok is especially reminiscent of the teeth from Morocco described as
“morphotype II"” and tentatively attributed to omnithocheirids by (Wellnhofer and Buffetaut 1999).
A very similar morphotype is also present among the Cambridge Greensand teeth (Fig.2), which,

A Pterodactyloid Tooth from the Sao

Khua Formation (Early Cretaceous) of Thailand
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like those from Morocco, exhibit some variability in terms of curvature and compression. In view
of these resemblances, it seems legitimate to tentatively refer the Thai specimen to the

Ornithocheiridae.

The specimen from Thailand is the first evidence of a pterosaur from Southeast Asia, and
an addition to the list of Early Cretaceous pterosaur specimens from Asia. It is noticeably different
from the short and stubby teeth of the Central Asian dsungaripterids (Young, 1973), and from the
long and slender teeth of Huanhepterus quingyangensis, a ctenochasmatid (Dong, 1982) from the
Zhidan Group of Gansu, China, which is probably Early Cretaceous rather than Late Jurassic in
age (Sun ef al., 1992; Dong, 1992). Comparisons with the recently described pterosaurs from the
Lower Cretaceous (Yixian and Jiufotang Formations) of Liaoning, in northeastern China (see
reviews by Unwin et al., 2000, and Wang and Zhou, 2003a), are potentially interesting because the
Sao Khua Formation is probably close in age to the Chinese formations (radiometric dating
suggests that the Yixian Formation is Hauterivian/Barremian in age: see review by Zhou er al ,
2003). The tapejarid Sinopterus dongi (Wang & Zhou, 2003a) and the nyctosaurid
Chaoyangopterus zhangi (Wang & Zhou, 2003b) are toothless, and the skull is not known in the
pterodactyloid Eosipterus yangi (Ji & Ji, 1997), so that no comparisons are possible. The
anurognathids Dendrorhynchoides curvidentatus (31 & Ji, 1998) and Jeholopterus ningchengensis
(Wang et al., 2002), and the anhanguerid Liaoningopterus gui (Wang & Zhou, 2003b)

i
£
- i
¥ 3
'
vl :
1

Fig.2 - Pterosaur tooth (Ornithocheirus ?) from the Cambridge Greensand (latest Albian) of the Cambridge

area (England), in lingual view, for comparison. Note typical enamel pattern. Scale bar: 5 mm. Specimen in

the Sedgwick Muscum, Cambridge.

A Pterodactyloid Tooth from the Suo Khua Formation (Early Cretaceous) of Thailand
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have recurved teeth which are not sil.nilar to the specimen from Phu Phok. Haopterus grarilis,
from the Yixian Formation, was described by (Wang and Lii 2001) as a pterodactylid, but (Unwin
2001} has suggested that it may in fact be an early ornithocheirid. However, because of the
different types of preservation {(the Liaoning fossils being preserved on slabs), precise
comparisons with the Thai fossil are very difficult, although the teeth of Haopterus may be more
recurved than the specimen from Phu Phok. In any case, the occurrence of omithocheirids in the
Early Cretaccous of Asia is attested by remains of a large form from the Aptian/Albian of Khuren-
Dukh, in Mongolia (Bakhurina & Unwin, 1995; Unwin & Bakhurina, 2000).

CONCLUSION

The Omithocheiridae were widely distributed during the Early Cretaceous and the
beginning of the Late Cretaceous, and, in view of their presence in Central Asia and possibly
northeastern China, their occurrence in the Early Cretaceous of South-East Asia cannot be
considered as surprising, It is hoped that the isolated pterosaur tooth from Phu Phok will be
complemenied by future discoveries of more complete pterosaur material, which would allow a

more accurate identification.
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Abstract

A new semionotid fish, Lepidotes buddhabutrensis n. sp., is desctibed from the continental Late Jurassic—Early Cretaceous
Phu Kradung Formation, Phu Nam Jun, Kalasin Province. L. buddhabutrensis is characterized notably by the pattern of its cheek
bones, by its short preorbital region, and by its numerous and weli-developed premaxillary teeth. L. buddhabutrensis is
provisionally placed in the genus Lepidotes, it shares, however, derived characters with other semionotids, such as Araripelepi-
dotes and Pliodetes. To cite this article: L. Cavin et al., C. R. Palevol 2 (2003).

© 2003 Académie des sciences. Published by Editions scientifiques et médicales Elsevier SAS. All rights reserved.

Résumé

Un nouveau Semionotidae (Actinopterygii, Neopterygii) du Jurassique terminal-Crétacé basal de Thailande. Un
nouveau sémionotidé, Lepidotes buddhabutrensis n. sp., est décrit en provenance du Jurassique terminal-Crétacé basal de la
formation continentale de Phu Kradung 3 Phu Nam Jun, province de Kalasin. £.. buddhabutrensis se caractérise notamment par
la disposition des os de la joue, par une région pré-orbitaire réduite, par de nombreuses dents prémaxillaires bien développées.
L. buddhabutrensis est provisoirement placé dans le genre Lepidotes, bien qu'il présente des caractéres dérivés d’autres
sémionotidés tels qu’Araripelepidotes et Pliodetes. Pour citer cet article : L. Cavin et al., C. R, Palevol 2 (2003).
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Version frangaise abrégée

Les sediments mésozoiques du plateau de Khorat
(groupe de Khorat), dans le Nord-Est de la Thailande,
ont fourni de riches assemblages de vertébrés entre le
Trias supérieur et le Crétacé inférieur (voir [4] pour
une revue récente des découvertes). Peu de restes de
poissons osseux ont été découveris 4 ce jour dans ces
dépéts [2, 8, 9]. La nouvelle espéce de sémionotidé
décrite dans ce travail repose sur des spécimens col-
- lectés dans la formation Phu Kradung, sur le versant de
Ia colline Phu Nam Jun, Tambon Laoyai, province de
Kalasin. Des dizaines de spécimens fragmentaires ont
été déposés au Wat (temple) voisin de Buddhabutr,
Cing spécimens ont été sélectionnés dans ce lot pour
servir 4 la description du nouveau taxon. Iis sont dé-
posés dans la collection du département des Ressou-
rces minérales (DMR) a Sahat Sakhan, province de
Kalasin.

Les dépdts post-triasiques du groupe de Khorat ont
longtemps été considérés comme étant d’dge Juras-
sique. Des études palynologiques ont fourni des ages
Crétacé inférieur [11, 12]. La formation la plus in-
férieure, la formation Phu Kradung, n’a cependant
produit aucun palynomorphe datable et son ige, con-
traint par les formations sus-jacentes, est, soit Juras-
sique terminal, soit Crétacé basal. La formation Phu
Kradung contient une faune de vertébrés diversifiée,
généralement préservée sous forme d’éléments isolés.
La faune comprend des dinosaures (théropodes, sau-
ropodes, omithopodes et stégosaures), ainsi que des
crocodiles, des tortues et des temnospondyles [4]. Les
milieux de dépdts varient entre des chenaux fluviatiles
et des environnements lacustres [3].

Lepidotes buddhabutrensis . sp. se caractérise par
une région pré-orbitaire raccourcie ; le toit crinien est
légérement concave en vue latérale (K12-3, Fig. 1B);
les frontaux sont courts, approximativement rectangu-
laires ; il y a plus d’une paire d’extrascapulaires ; les
dermosphénotiques sont grands, les infraorbitaires et
les suborbitaires sont peu nombreux (respectivement
8/9 et 2/3) ; une partie de la joue est occupée par un
infraorbitaire élargi gui entre en contact avec le préo-
percule ; le prémaxillaire porte de nombreuses (envi-
ron 12) et fortes dents légérement recourbées ; les deux
branches du préopercule sont disposées approxima-
tivement 4 angle droit, la branche horizontale étant
légérement plus courte que la verticale.

D’autres caractéres significatifs sont les suivants :
les os criniens sont lisses, a exception de quelques
rides longitudinales sur la partie postérieure du toit
crinien et de quelques tubercules sur les dermosphéno-
tiques de grandes tailles, un prémaxillaire avec un
processus nasal bien développé, des vomers pairs
(Fig. 2A). Le maxillaire, la mandibuie et V’écaillure
sont incornplétement préservés sur les spécimens
décrits ici. Le nombre de rangées d’écailles situées
juste A I’arriére de la ceinture pectorale est d’environ
18. Les écailles faitiéres portent une aréte médiane peu
développée, mais elles n’ont pas d'épine pointée
postérieurement.

Olsen et McCune {10] ont réduit la famille des
Semionotidés & deux genres : Semionotus et Lepidotes.
Deux apomorphies les réunissent : la présence (1)
d’une série dorsale d’écailles faitiéres et (2) d’un pro-
cessus postérieur sur ’épiotique bien développé. La
famille des Semionotidae a ensuite été élargie en y
incluant Araripelepidotes du Crétacé du Brésil [7, 19],
Paralepidotus du Trias d'Europe [16], et Pliodetes du
Crétacé inférieur du Niger [18]. Thies [15] a proposé
une diagnose émendée de Lepidotes : semionotidé
fusiforme avec (3) un vomer impair ou co-ossifié chez
[adulte, (4) plus d’un suborbital, (5) le dentalosplénial
présente un long processus postérieur, atteignant le
bord postérieur de la mandibule, (6) deux chambres
sont creusées dans 'épiotique et (7) les écailles
faitiéres dorsales sont simples, sans épine postérieure.

L. buddhabutrensis piésente les caractéres (1), (4)
et (7). Le caractére (3) est absent chez K126, mais les
vomers ne fusionnent que chez les Lepidotes de grande
taille et une suture médiane est toujours visible [15].
Le vomer est pair chez les genres Pliodetes et Paral-
epidotus ; il est possible que la fusion des vomers se
produise uniquement chez les formes 4 dentition broy-
cuse {18].

Cette revue des caractéres permet d’attribuer les
spécimens décrits ici 4 la famille des Semionotidae, et
de les inclure provisoirement dans le genre Lepidotes.

L’arrangement des os de la joue (suborbitaux) est
considéré par Jain et Robinson [6] comme un caractére
permettant des regroupements d’espéces au sein du
genre Lepidotes. Ces auteurs reconnaissent deux
groupes : I’'un comprend les espéces avec deux a six
suborbitaux, disposés en une seule rangée entre
I’anneau circumorbitaire et la série operculaire (L. el-
vensis, L. semiserratus, L. laevis, L. pustulosus,
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L. leedsi, L. notopterus, L. toombsi, L. minor. L. len-
nieri, L. yaoanensis, L. xinjinensis, L. luchowensis,
L. tendaguruensis et L. alagoensis), I'autre comprend
les espéces avec sept suborbitaux ou plus, Deux sous-
groupes sont reconnus au sein de ce dernier ensemble :
les especes a suborbitaux disposés sur une rangée
unique (L. manteili), et celles a suborbitaux nombreux
disposés en mosaique (L. maximus, L. latifrons,
L. roxoi et L. souzai). Wenz [18] utilise également ce
caractére, mais élargit sa définition aux différents
genres de Semionotidae. Elle reconnait un groupe in-
cluant Semionotus et Paralepidotus, avec un suborbital
anamestique unique, un groupe incluant 4raripelepi-
dotes et certaines espéces de Lepidotes, avec deux & dix
suborbitaux disposés en une seule rangée et un groupe
incluant Pliodetes et certains Lepidotes avec des sub-
orbitaux disposés en mosaique.

Selon ce caractére, £. buddhabutrensis est inclus
dans le groupe rassemblant Araripelepidotes et cer-
taines des espéces de Lepidotes (celles possédant de
deux a six suborbitaux disposés en une seule rangée). Il
est cependant important de noter que le nombre et
larrangement des suborbitaux sont variables a
I’intérieur d’une méme espéce et peuvent varier légére-
ment d’un cté & I’autre d’un méme crine [6]. L. bud-
dhabutrensis et Araripelepidotes ont un infracrbitaire
postéroventral élargi postérieurement, qui entre en
contact avec le préopercule, Lepidotes tendaguruensis
présente également un infraorbitaire dans le coin
postéro-ventral de 1’orbite, qui est élargi ; mais, dans
cette espéce, il n’atteint pas le développement observé
chez L. buddhabutrensis et ne remplit pas la lacune de
la joue [1]. Paralepidotus posséde également un grand
infraorbitaire postéroventral [16].

La combinaison des caractéres observés sur les
spécimens de Thailande montre clairement que nous
sommes en présence d'une espéce nouvelle,
L'arrangement des os de la joue la rapproche de cer-
taines des espéces de Lepidotes (voir ci-dessus).
Cependant, d’autres caractéres, tels qu’une région an-
torbitaire réduite et la présence de deux paires
d’exirascapulaires, rappellent les genres Araripelepi-
dotes et Pliodetes. En conséquence, I’inclusion de la
nouvelle espéce de Thailande dans le genre Lepidotes
doit étre considérée comme provisoire. Une comparai-
son plus détaillée avec d'autres espéces, notamment
avec les formes dulgaquicoles du Jurassique terminal—

Crétacé inférieur de Chine (Lepidotes, Sinolepidotus,
Neolepidotes), doit &tre maintenant effectuée.

1. Introduction

The Mesozoic sediments from the Khorat Plateau
forming the Khorat Group, northeastem Thailand,
have yielded abundant vertebrate assemblages, rang-
ing in age from Late Triassic to Early Cretaceous (see
[4] for a recent overview). However, the Thai record of
Mesozoic bony fishes is scarce [2, 8, 9]. We describe
herein a new species of semionotid from the Phu Kra-
dung Formation. The material was collected by local
people on the slope of a hill (Phu Nam Jun), Tambon
Laoyai, Kalasin Province. Scores of specimens are
now housed at Buddhabutr temple. Five specimens
have been selected from this set in order to describe the
new taxon, and are now kept in the collection of the
Department of Mineral Resources (DMR) in Sahat
Sakhan.

2, Geological setting

Post-Triassic Mesozoic deposits of the Khorat
Group have long been regarded as Jurassic in age.
However, palynological studies [11, 12] have provided
younger ages for most of the formations. The Phu
Kradung Formation, which is the lowest formation of
the Khorat Group, as currently defined, however,
yielded inconclusive palynological evidence. Accord-
ing to age constraints provided by the overlying forma-
tions, the Phu Kradung Formation may be regarded as
Late Jurassic or basal Cretaceous in age. The Phu
Kradung Formation contains a diverse vertebrate as-
semblage, although most of the fossils are preserved as
isolated elements. Among dinosaurs, remains of thero-
pods, sauropeds, ornithopods and stegosaurs have
been recovered. Non-dinosaurian tetrapods comprise
crocodiles, turtles and temnospondyls. The sediments -
of the Phu Kradung Formation were deposited in con-
tinental environments, varying from river channels to
lacustrine environments [3].

3. Systematic Palaeontology

Division NEOPTERYGII Regan, 1923
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Order SEMIONOTIFORMES Arambourg & Ber-
tin, 1958

Family SEMIONOTIDAE Woodward, 1890

Genus Lepidotes Agassiz, 1832

Type-species Lepidotes elvensis (Blainville, 1818)

Lepidotes buddhabutrensis n. sp.

Diagnosis. Lepidotes, characterized by a reduced
preorbital region; skull roof slightly concave in lateral
view; frontal short, almost quadrangular in shape;
more than one pair of extrascapulars; large dermosphe-
notic, few infraorbitals (circa 8 or 9) and few suborbit-
als (2/3); cheek region filled with an enlarged infraor-
bital, which connects the preoperculum; numerous
strong (circa 12), slightly recurved teeth on the well
developed premaxilla; preoperculum with two limbs
arranged at an approximately right angle, the horizon-
tal branch is slightly shorter than the vertical one.

Holotype., K12-2, collection of the DMR, Sahat
Sakhan, Kalasin Province, Thailand (Fig. 1A).

Other material. K12-1, K12-3, K12-4, K126,
isolated heads; K12--} shows the anterior half of the
trunk with squamation, and with left pectoral and pel-
vic fins partially preserved. The specimens are laterally
compressed except K124, which is dorsoventrally
compressed. Smail differences are observed in the pat-
temn of cranial bones among the available sample; these
differences are regarded herein as intraspecific varia-
tions.

Horizon and locality. Phu Kradung Formation, Late
Jurassic-Early Cretaceous, Phu Nam Jun, Tambon
Laoyai, Kalasin Province,

Derivation of name. From the Wat Buddhabutr
{temple of the son of Buddha}, where are housed nu-
merous specimens.

3.1. Description

The skull bones are smooth, except for some shal-
low longitudinal ridges on the posterior part of the
skull roof, and few tubercles on the large dermosphe-
notic. The outline of the skull roof in lateral view was
slightly concave during life, as shown by the less
crushed specimen (K12-3, Fig. 1B). Anteriorly, the
frontal ends just in front of the level of the anterior
extremity of the anterior supraorbital. Although the
anterior tip of the skull is poorly preserved on the
available specimens, the frontals are almost quadran-

Fig. 1. Lepidotes buddhabutrensis. {A) K12-2, holotype. Right and
left lateral views, scale bar: 2¢ mm. (B) K12-3. Right and [eft lateral
views, scale bar: 20 mm. Abbreviations: Ch, ceratohyal; Dpt, der-
mopterotic; Dsp, dermosphenotic; ExScl, lateral extrascapular;
ExScm, median extrascapular; Fr, frontal; lo, infraorbital; lop, inte-
roperculumy; |, lower jaw; Op, operculum; Pa, parietal; Pop, preo-
perculum; Pt, post-temporal; So, supraorbital; Sob, suborbital; Sop,
suboperculum.

Fig. 1. Lepidotes buddhabutrensis. (A) K12-2, holatype, Vues laté-
rales droite et gauche, barre d'échelle : 20 mm. (B) Ki2-3. Vues
latérales droite et gauche, barre d’échelle : 20 mm. Abréviations :
Ch, cératohyal; Dpt, dermoptérotique; Dsp, dermosphénotique;
ExScl, extrascapulaire latéral; ExScm, extrascapulaire médian; Fr,
frontal; lo, infraorbitaire; lop, interopercule; 1j, mandibule; Op, oper-
cule; Pa, pariétal; Pop, préopercule; Pt, posttemporal; So, supraorbi-
taire; Sob, suborbitaire, Sop; suboperculum.

gular in shape, contrary to the condition in most other
semionotids in which the frontals become narrower
anteriorly. Short and almost rectangular frontals are
present however in Pliodetes nigeriensis [18] and
Araripelepidotes temnurus (7). The dermopterotic su-
tures with the frontal, as opposed to the condition in
Araripelepidotes in which the two bones are separated
by the dermosphenotic [7]. In addition to the lateral
extrascapulars, there is one, possibly two (K12-2,
K12-3), small median extrascapular on each side of
the head. Only one pair of extrascapular bones is
present in L. tendaguruensis, L. elvensis, L. deccan-
ensis, L. leedsi and L. notopterus [1], but two pairs are
present in Pliodetes nigeriensis [18) and Araripelepi-
dotes temnurus [7).
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Fig. 2. Lepidotes buddhabutrensis. Camera-lucida drawings of the
snout region of K12-6, scale bar: 10 mm. (A} ventral view. (B)
dorsal view. Abbreviations: Ao, antorbital; acsosc, antetior opening
of the supraorbital sensory canal; Fr, frontal; Na, nasal; nappmx,
nasal process of the premaxillary; Pmx, premaxilla; tb, tooth base;
Vo, vomer; I, opening for the olfactory nerve.

Fig. 2. Lepidotes buddhabutrensis. Dessins 4 la chambre claire de la
région éthmotdienne de Ki12-6, barre d*échelle: 10 mm. (A) vue
ventrale. (B) vue dorsale. Abréviations : Ao, antorbitaire; aososc,
ouverture antérieure du canal sensoriel supraorbitaire ; Fr, frontal ;
Na, nasal ; nappmx, processus nasal du prémaxillaire ; Pmx, pré-
maxillaire ; th, base des dents ; Vo, vomer ; I, cuverture pour le nerf
olfactif.

K12-6 shows in ventral view poorly preserved
paired vomers (Fig. 2A).

The circumorbital ring is complete, to the contrary
of Lepidotes lenneri [18), L. xinjinensis [14], Paral-
epidotus [16] and apparently L. fendaguruensis [1].
The dermosphenectic is the largest bone of the ring. The
posteroventral edge of the orbit is formed by one elon-
gated infraorbital extending backward alongside the
ventral margin of the large suborbital and connecting
the preoperculum. There are seven infraorbitals form-
ing the posterior and ventral margins of the orbit,
possibly two infraorbitals extending toward the snout
without contact with the orbit, and a small bone forms
the anterior margin of the orbit (Fig. 1A). There is one
small dorsal suborbital, possibly two on K12-3
{Fig. 1B) and a large ventral one is located between the
circumorbital ring and the preoperculum.

The paired premaxillac show a well-developed na-
sal process (nappmx) extending below the frontal
(K12-6, Fig. 2B). The oral margin of the premaxilla
bears circa 12 toothbases and complete, laterally com-
pressed, pointed and slightly recurved teeth. The pre-
maxillae of L. buddhabutrensis are larger and bear
more teeth than in other semionotids.

The mandible is poorly preserved and no salient
characters may be observed.

The preoperculum has a relatively well-developed
horizontal limb, by opposition with Semionotus and
most of the species of Lepidotes, but recalling what is
observed in Pliodetes nigeriensis [18]. In the later
species, however, the posteroventral edge of the preo-
perculum is sharp, while it is gently rounded in L. bud-
dhabutrensis (K12-3, K12-2).

On K12-1, the squamation is incomplete, partially
displaced and partially covered by matrix. We can
however estimate that a row situated just posterior to
the pectoral girdle has circa 18 scales. The dorsal ridge
scales are poorly preserved: they bear a shallow ridge
medially, but no pronounced spine.

4. Discussion

Olsen and McCune {10] retained only two genera,
Semionotus and Lepidotes, within the family Semion-
otidae. They define the family by the gccurrence of two
synapomorphies: the presence of (1) dorsal ridge
scales and (2) a large posteriorly directed process on
the epiotic. The family was subsequently enlarged by
the inclusion of the penera Araripelepidotes from the
Early Cretaceous of Brazil [7, 19], Paralepidotus from
the Late Triassic of Europe [16], and Pliodetes from
the Early Cretaceous of Niger [18]. Thies [15] pro-
posed a revised diagnosis for Lepidotes: fusiform
semionotids with (3) an unpaired or co-ossified vomer
in adults, (4) more than one suborbitals present on the
cheek, {5) dentalosplenial with a long posterior process
reaching the posterior border of the mandible, (6) two
pockets present in the epiotic, and (7) dorsal ridge
scales inconspicuous, without a posterior spine,

The Thai specimens show characters (1), (4) and
(7). Character (3) is not present on K12-6 but, as
mentioned by Thies [15], the vomers became co-
ossified in larger individuals only, and still show a
median suture. Moreover, the vomer is paired in Plio-
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detes and Paralepidotus; an unpaired vomer is possi-
bly correlated with the presence of crushing teeth [18].

These characters allow us to attribute the Thai speci-
mens to the family Semionotidae, and to include it
provisionally in the genus Lepidotes.

The pattern of ‘cheek bones’ (suborbitals) has been
regarded by Jain and Robinson [6] as a key character to
distinguish the different species of Lepidotes. These
authors recognised two groups: one group of species
with two to six suborbitals arranged in a single row
between the circumorbital ring and the opercular series
(L. elvensis, L. semiserratus, L. laevis, L. pustulosus,
L. leedsi, L. notopterus, L. toombsi, L. minor (see
discussion on the generic status of the last two species
in [15]), to which one can add L. lennieri, L. yaoanen-
sis [13], L. xinjinensis [14), L. luchowensis [17),
L. tendaguruensis [1] and L. alagoensis [5]), and
another group with seven or more suborbitals. The later
group is divided into two subgroups: those with the
suborbitals arranged in a single row (L. mantelli}, and
those with suborbitals numerous and forming 2 mosaic
of bones (L. maximus, L. latifrons, L. roxoi and
L. souzai). Wenz [18] also used this character, but
extended its use to the other genera of semionotids. She
distinguished a group including Semionotus and
Paralepidotus with a single anamestic suborbital, a
group including Araripelepidotes and some species of
Lepidotes with two to ten suborbitals arranged in one
row, and a group including Pliodetes and some species
of Lepidotes with a mosaic of suborbitals. According to
this character, L. buddhabutrensis may be included in
the group gathering Araripelepidotes and some species
of Lepidotes (those with two to six suborbitals ar-
ranged in a single row mentioned above). However, we
should keep in mind that the number and arrangement
of suborbitals are variable within a species, and some-
times even on the two sides of the head of a single
individual, although the variation occurs within certain
limit [6]. L. buddhabutrensis shares with Araripelepi-
dotes a cheek region filled by one posteriorly expanded
posteroventral infraorbital. Lepidotes tendaguruensis
shows an infraorbital at the posteroventral comer of the
orbit, which is enlarged and slightly expanded poster-
oventrally, but not reaching the development shown in
L. buddhabutrensis and not filling completely the gap
in the cheek region [1]. Paralepidotus also has a very
large posteroventral infraorbital [16].

5. Conclusion

The combination of characters of the Thai speci-
mens clearly shows that they belong to a new species.
The cheek pattern puts it together with some Lepidotes
species (see above), but other characters, such as a
reduced preorbital region and the presence of two pairs
of extrascapulars, are reminiscent of the genera
Araripelepidotes and Pliodetes. Consequently, the in-
clusion of this species into the genus Lepidotes is
provisional, pending “a world-wide revision of the
species included in the genus [...] in order to provide
unambiguous synapomorphies for the genus and to
define its composition™ [1]. A precise comparison with
other forms, notably with those from the Late Jurassic—
Lower Cretaceous of China (Lepidotes, Sinolepidotus,
Neolepidotes), should now be performed.
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PALAEOBIOGEOGRAPHICAL AFFINITIES OF THE FISHES
FROM PHU NAM JUN, LATE JURASSIC — EARLY
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Introduction

The Mesozoic sediments from the Khorat Plateau, North-eastern Thailand, have yielded
abundant vertebrate assemblages ranging in age from Late Triassic to Early Cretaceous (Fig. 1, see
Buffetaut er al. 1997 for an overview). However, the Thai record of Mesozoic bony fishes is
scarce, comprising mainly isolated teeth, scales and tooth plates (Martin 1984, Martin & Ingavat
[982). The situation has recently changed after the discovery of the rich locality of Phu Nam Jun

(the “hill of the spring™), Tambon Laoyai, Kalasin Province (Cavin er al. in press).

Some years ago, Phu Nam Jun villagers conducted excavations and collected pieces of
semionotid fishes, which are easily recognisable thanks to the presence of ganoid scales and thick
dermal bones. Scores of specimens were brought to the local temple or re-buried at the excavation
area. The specimens housed at Wat (temple) Buddhabutr are curated by the head of the monastery,
Phra Sakda Thammaratho. The Department of Mineral Resources of Thailand, in collaboration
with the Palaeontological Rescarch Centre of Mahasarakham University, the French CNRS
(Centre National de la Recherche Scientifique) and the Musée des Dinosaures d’Espéraza, France,
undertook systematic excavations during two fieldtrips in spring 2002 and winter 2003. The
specimens were mechanically prepared with air-pens and are housed in the Sahatsakhan Dinosaurs
Research Centre (SDRC), Kalasin Province.

! Department of Pataeontology. The Natural History Musewm, Cromwell Road, London SW7 58D - UK.
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1 Ge ological Survey Division, Department of Mineral Resources

? CNRS, 16 Cour du Liégat, 75013 Paris - France
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¥ Musée des dinosanres, 11260 Espéraza — France
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Figure 1 The Mesozoic formations of the K horat Plateau, n

ortheastern Thailand, with their

vertebrate assemblages,

r

‘The Phu Nam Jun locality is situated in the upper part of the Phu Kradung Formation,
which is regarded by some authors as a separate formation, the Waritchaphum Formation (Mouret,
1994), particularly because of its wood content (Philippe e al. submitted). The Phu Kradung
Formation, here including the Waritchaphum Formation, is the lowest formation of the Khorat
Group as currently defined. However, this formation has so far yielded inconclusive evidence for a
precise dating. According to age constraints provided by the overlying formations, which are
regarded as Berriasian to Aptian in age thanks to palynological studies (Racey er al. 1994, 1996),
the Phu Kradung Formation may be regarded as either Late Jurassic or basal Cretaceous in age.
The sediments of the Phu Kradung Formation were deposited in continental environments, varying
from river channels 1o lacustrine settings. The presence of large silicified logs in the Phu Kradung
Formation and their near-absence in the Waritchaphum and following formations may indicate a
shift from a subarid to a wetter climate (Philippe et al., submitted). According to taphonomical
evidence observed at Phu Nam Jun, it is suggested that the fish lived in a body of freshwater, and

that carcasses then dried out prior to fossilisation (Cavin et al., in press).

Patagobiogeographical Affinities of The Fishes fram Phu Nam tun, Late Jurassic-Early Cretaceous of North-Exnstern Thailand
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Palaeobiogeographic affinities (Fig. 2)

Only three taxa of bony fishes have been recorded so far at Phu Nam Jun. One taxon is
represented by more than one hundred specimens and two other taxa are represented by a single
specimen each. However, both the latter are reasonably complete and well preserved enough to
allow precise descriptions and comparisons. The phylogenetic relationships of the three taxa are
currently under study. The purpose of the present paper
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Figure 2 Palacogeographical distribution of fossil occurrences worthy of comparisons with the
Phu Nam Jun taxa. The map shows the palaecogeography in the Late Jurassic with the shape of the
continental blocks and the surface above the sea level in grey. Note that some of the fossil
occurrences are older or younger than the Late Jurassic. Map slightly modified from the
palaeogeographic atlas project, University of Chicago (http://pgap.uchicago.edu/). is to draw a
general overview of the occurrences of these three taxa in other localities worldwide, and to
provide preliminary data for more thorough paleobiogeographical studies. Because the Phu Nam
Jun locality is poorly dated, and because localities containing sufficiently well preserved fossil
fishes from fresh water deposits are scare, we include in the discussion occurrences from various
ages, ranging from the Triassic to the mid-Cretaceous.

Palacobiogeographical Affinities of The Fishes from Phu Nam Jun,

Late Jurassic-Early Cretaceous of North-Eastern Thailand
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Lepidotes buddhabutrensis Cavin et al., 2003

This species is by far the commonest at Phu Nam Jun. It is represented by numerous
specimens, which are sometimes very well preserved. A preliminary comparison of Lepidotes
buddhabutrensis showed that the pattern of "cheek bones” (suborbitals) of this species shows
similarities with the pattern in the following species: Lepidotes elvensis, L. semiserratus, .. laevis,
L. pustulosus, L. leedsi, L. notopterus, L. toombsi, L. minor, L. lennieri, L. yaoanensis, [.
xinjinensis, L. luchowensis, L. tendaguruensis, L. alagoensis and Araripelepidotes temnurus (Jlain
& Robinson 1963, Wang 1974, Su 1983, Maisey 1991, Wenz 1999, Gallo 2000, Arratia &
Schultze 2001). It is likely that L. buddhabutrensis, as well as other species mentioned above, are
not closely related to the type species of Lepidotes, L. elvensis, and deserve to be included in other

genera.

Although we do not exclude that the closest relatives of L. buddhabutrensis may be
marine forms, we focus here a priori on the freshwater occurrences in order to emphasize the
possible continental relationships only. Tt is noteworthy that among the set of species mentioned
above, several were freshwater or brackish dwellers (L. minor [English Weald, Woodward 1916],
L. xinjinensis [Early Cretaceous of the Jiaguan Formation, Sichuan, China, Dezao 1983], L,
tendaguruensis [Late Jurassic of Tandaguru, Amatia, & Schultze 2001, Heinrich 1999], L.
alagoensis [Early Aptian of the Coqueiro Formation, Brazii, Gallo 2000} and Araripelepidotes

temnurus [Albian of the Santana Formation, Brazil, Maisey 1999]).

This first glimpse shows that freshwater semionotid fishes, with a comparable cheek
pattern, occarred worldwide during the Late Jurassic — Early Cretaceous, and consequently they do
not show any strong biogeographic affinities. We should point out that one of this species, L.
xinfinensis, has been found in Sichuan, South China. Further studies should focus on the
comparison between the Thai and the Chinese forms, which are geographically close. An
understanding of the phylogenetic relationships of these species, together with the marine forms, is

necessary to sort out the palaeogeographical affinites of the semionotids.

Semionotiformes new species & new genus

A single specimen of an elongated fish with genoid scales represents a new genus and
new species. It shows a mixture of semionotid-like characters and lepisosteid-like characters, such
as the body shape and fin insertions. The Lepisosteidae, or gars, are still living today in North and

Central America. They were traditionally gathered with the Semionotidae into the

Pulacobiogeographical Affinities of The Fishes from Phu Nam Jun, Luwte Jurassic-Early Cretaceous of North-Eastem Thailund
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Semionotiformes. In 1973, however, Patterson suggested that both groups were not related, 2nd
this view has been generally accepted since, except by some authors who still regarded the
Lepisosteidae and Semionotidac as sister groups (Olsen & McCune 1991, Brito 1997). Current
phylogenetic studies conducted by two of us (L.C & VS) show firstly that the Semionotiformes
(Lepisosteidae and Semionotidae) form a menophyletic group and, secondly, that within this order
the Semionotidae sensu lato (Semionotus, Lepidotes, Paralepidotus, Pliodetes, Araripelepidotes)
form an unresolved polytomy. The new fish appears to belong to the Semionotiformes, but
occupies an unclear position within this group, being either the sister group of gars or the sister

group of Semionotidae sensu stricto (Semionotus, Lepidotes).

This result leads us to include in the paleobiogeographic discussion of the new taxon the
sermionotids, as well as the fossil lepisosteids. To the occurrences of semionotids mentioned above,
some others can be added, such as Pliodetes from the Early Cretaceous of Niger (Wenz 1999) and
Neolepidotes from the Early Cretaceous of Liaoning and Zhejiang (Jin 1987). As to the Mesozoic
fossil gars, very few are represented by specimens complete enough to allow accurate
comparisons. One can mention Obaichthys, from the Early Cretaceous of Brazil (Wenz and Brito
1992} and Oniichthys, from the mid-Cretaceous of Morocco (Cavin and Brito 2001). Here again,
the picture shows a worldwide distribution of the taxa under discussion, which provides no
biogeographical information. It is likely that the common ancestor of gars and semionotids, the
first Semionotiformes, was more ancient, maybe Early Triassic in age. In that case the
phylogenetic history of the group is closely linked with the fragmentation of Pangaea, and the
geographic distribution pattern of the different lineages could be the result of vicariant events

rather than dispersals.

Cf. Ferganaceratodus

A single isolated lungfish skull roof, with the pterygopalatine tooth plates still attached,
accompanied by the associated mandible and a few pieces of axial elements, has been discovered
in 2002. Isolated tooth plates of lungfish, or dipnoi, are relatively common and occur worldwide in
Mesozoic freshwater deposits, but cranial remains, especially with associated tooth plates, are very
rare. Skull remains in association with tooth plates are recorded from the Triassic of Austria,
Kyrgyzstan, Germany, South America and Morocco (see Kemp 1996 and 1998 for an overview).
Some specimens have been described from the Triassic of Angola (Thomson 1990) and Australia
{(Kemp 1982}, but they are not well preserved enough to provide characters on both skull and tooth

plates morphology. As far as we know, the single post-Triassic Mesozoic lungfish occurrence
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showing well preserved skull roof bones and tooth plates is Ferganaceratodus jurassicus from the
Late Jurassic of Fergana, Kyrgyzstan (Nessov & Kaznyshkin 1985). The Phu Nam Jun specimen
shares characters with the Kyrgyzstan species. These characters concern the pattern and relative
size of ossification of the skull roof, which is overall broad with two unpaired medial bones and
two paired mediolateral bones, and the tooth plates, which bear few (5) sharp and straight radiating
ridges (a precise anatomical description of the specimen is beyond the scope of this paper). In
Thailand, an isolated tcoth plate has been described from the Late Triassic Huai Hin Lat
Formation and was referred to ‘Ceratodus’ cf, szechuanensis (Martin and Ingavat 1982). Then, a
small complete tooth plate from Mab Ching (Changwat Nakhon Si Thammarat Province in the
southern peninsula of Thailand), supposedly Middle Jurassic in age (Buffetaut e al. 1994, Tong et
al. 2002}, and an incomplete tooth plate discovered in the Phu Kradung Formation of northeastern
Thailand (Ban Khok Sanam, Kalasin province), have been described (Martin ez af, 1997). Both of
them were referred to the same species as the Triassic one, which was then included in the genus
Ferganaceratodus (Martin et al. 1997). Based on tooth plate morphology, Ferganaceratodus
Jurassicus differs from F. szechuanensis by the first notch of the tooth plate, which is much deeper
in the former species than in the latter one. Thus, the discovery of bone remains and tooth plates at
Phu Nam Jun confirms the previous observations made on the isolated tooth plates, i.e. that a form
closely related to Ferganaceratodus jurassicus occurs in the Triassic, Jurassic and maybe Early

Cretaceous of Thatland.

Several species of dipnoi, based on isolated tooth plates, have been referred to
Ferganaceratodus. These are F. concinnus, from the Triassic of Germany, F. sharategensis, from
the from the Upper Jurassic of Mongolia (Martin ef al. 1997) and F. madagascariensis, from the
Late Cretaceous of Malagasy (Martin er al. 1999). Accordingly, although the gemus
Ferganaceratodus seems to occur preferentially in Asia, the occurrences of a European and a

Malagasy species alter its palacogeographic significance,

Discussion and conclusion

The palaeogeographic significance of the three fish taxa known so far at the Phu Nam Jun
locality is weak. Two of them, Lepidotes buddhabutrensis and cf Ferganaceratodus, show
relationships with taxa from Central Asia and China, which is an expected result since both the
Shan-Thai and the Indochina blocks have been in contact with Laurasia since the Late Triassic at
least. Other vertebrates from the Phu Kradung Formation also show affinities with Eastern Asia

{Buffetaut & Suteethorn 1998). However, the fishes also show similarities with taxa recorded from
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much more distant locations. The palacogeographic signals that these relationships could provide

will be understood only once the phylogenetic relationships between the different forms have been
sorted out. Pattems of vicariant events or dispersal events could then be proposed to explain the

faunal composition.

The Phu Nam Jun fish assemblage exemplifies a trend in the evolution of
actinopterygians, which is still poorly understood and underestimated. We have increasing pieces
of cvidence that the freshwater semionotiformes undertook an important radiation event in the Late
Jurassic, and especially in the Early Cretaceous. New semionotiform taxa, based on articulated
material, are regularly described worldwide and these forms, although still poorly known and
without a phylogenetic history, apparently show a wide range of morphologies. This event was
overlooked in the past, probably because the diversity of semionotiforms is difficult to assess on
the basis of isolated elements, mostly scales, as they regularly occur in freshwater deposits. Such
radiations have been shown to oceur in the semionotids of the Early Jurassic lake system of the
Newark Supergroup, eastern North America (McCune 1996). Today, radiations within freshwater
taxonomic groups of fishes are common, such as for instance the Cichlidae in East Africa, the

Characidae in South America or the Cyprinidae in Asia.

As a final general comment, we point out the marginal location of Thailand on a
palacogeographic map of the Late Jurassic, at the eastern tip of the Laurasia. Actually, since the
collision of the Shan-Thai and Indochina blocks with mainland Asia more than 200 millions years
ago, Thailand, regarded as a component Southeast Asia as a whole and more exactly as a
component of the whole Sundaland, was always located on the margin of the landmass to which it
was comnected. This relative isolation was even more pronounced during the Tertiary when
Southeast Asia became a peninsula attached to mainland Asia as a consequence of the collision of
the Indian plate with Asia. The peripheral location of Thailand was strengthened by a complex
topography controlled first by the Indosinian orogeny, when the Shan-Thai block and the
Indochina block welded together, then by the Himalayan orogeny. These orogenies caused the rise
of mountain ranges dividing the surface into areas with their own climatic and topographic
features, thus facilitating the partition of animal and plant species into isolated populations. This
feature could explain why Southeast Asia has been recognized as a place of early diversification
for several groups of land vertebrates since the Late Triassic up to the Miocene. Among these
groups are the tyrannosaurids, and possibly the ornithomimids, the Nemegtosauridae (Buffetaut &
Suteethorn 1999) and the basal sauropods (Buffetaut et al. 2000) for the dinosaurs, the suids
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(Ducrocq et al. 1998), the tayassuids (Ducrocq 1994), the anthracotheriids {Ducrocq et al. 1996)
and possibly the anthropoids (Chaimanee et a/. 1997) for the mammals.
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HYBODONT SHARKS FROM THE MESOQOZOIC KHORAT
GROUP OF THAILAND

Gilles Cuny ', Varavudh Suteethorn?, Eric Buffetaut® and Mare Philippe*

Abstract

Isolated teeth of seven hybodont genera, including Hybodus, Acrodus, Thaiodus and
Heteroptychodus, are described from the freshwater Khorat Group of Thailand (Uppermost
Jurassic — Aptian). These sharks show a wide range of diet and many of them were restricted to
freshwater environment and thus endemic to the Khorat Plateau. The distribution of Thaiodus and
Heteroptychodus, known in other Asian locations, may be explained by a mode of life similar to

that of the modern sawfish Pristis perotteti.

Key words: chondrichthyes, hybodontiformes, Thailand, upper jurassic, lower cretaceous.

Introduction

The first hybodont sharks may have appeared as early as the Early Devonian (Mader, 1986)
and they disappeared at the end of the Maastrichian (Cappetta ef al, 1993), but it is generally
admitted that they showed a maximum diversity during the Triassic and that their numbers were
greatly reduced by Cretaceous times (Thies & Reif, 1985; Carroll, 1988). Moreover, they appear to
have mainly inhabited freshwater environments during the Cretacecus due to overwhelming
competition from the neoselachian sharks in the marine realm (Rees, 1998). This would suggest
that from the Jurassic onwards, the hybodont sharks were unable to compete with other sharks and

by Cretaceous times, they were already some kind of living fossils taking refuge in fresh waters,
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However, new data from the Early Cretaceous of Thailand show that they were still very
successful at that time. With at least 7 genera, they show a remarkable adaptation to freshwater
environment. Moreover, this shark fauna shows affinities with those of Japan, Tibet, Kirghisia and
Mongolia, but is unknown outside Asia, suggesting, they might have followed the Asiatic coast to

spread into many freshwater ecosystems.

1. Material and method

The shark teeth described in the present work have been obtained by screen washing
sediments using 0.5 and 1.7 mm mesh-sized sieves, and by surface collecting for the largest
specimens. 1,200 kilograms of sediment have been processed from the Khok Pha Suam locality.
The fossils will be housed at the Sahatsakhan Museum of Palacontology (TF numbers) in
Sahatsakhan, Kalasin Province, but some teeth also come from the Srisuk House Museum

(Phetchaburi Province, SHM numbers).

2. Geologiczl settings

The Khorat Group is a set of sandstones, clays and freshwater limestones deposited during the
Mesozoic i Northeastern Thailand {and parts of adjacent Laos and Cambodia). It ranges in age
from the Late Jurassic (Phu Kradung Formation) to the Cenomanian (Maha Sarakham Formation),
and its total thickness is nearly 3200 m. These deposits occurred after the collision of the Shan-Tai
(= Sibumasu) terrane with the Indochina block (Metcalfe, 1996; Charusiri et al., 1997; Racey et
al., 1997a). The Khorat Group has yielded a succession of nonmarine vertebrate assemblages (see
Buffetaut & Suteethorn, 1998 for a recent review) but the stratigraphy and palaeoecology of its
different formations is still poorly known (Racey er al, 1994, 1996, 1997b; Metcalfe, 1998).
Hybodont shark remains have been so far retrieved from the Phy Kradung Formation (Uppermost
Jurassic), the Sao Khua Formation (Neocomian) and the Khok Kruat Formation {Aptian, Racey et
al., 1996).

3. Systematic description
Class: Chondrichthyes Huxley 1880
Subclass: Elasmobranchii Bonaparte 1838
Order: Hybodontiformes Maisey 1987

Family: Hybodontidae Owen 1846

Hybodont Sharks from The Mesozoic Khorat Group of Thailand
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Subfamily: Hybodontinae Maisey 1989

Genus: Hybodus Agassiz 1837
Hybodus sp. A

Material: 125 more or less complete teeth (including TF 7645), with only one being
reasonably complete (TF 7644). One tooth (TF 7658) has been embedded in resin and cut for SEM
study.

Occurences: Khok Pha Suam, Ubon Ratchathani Province, Khok Kruat Formation.

Description

The complete tooth is also the largest, being 19.5 mm mesio-distally, 4 mm labio-lingually
and 6 mm high at the level of the main cusp. All the teeth show a low main cusp flanked by up to
two pairs of lateral cusplets (Fig. 1A-C). The first pair may be almost as high as the main cusp,
while the second pair is half that height. One incomplete tooth (TF 7645) shows a minute
accessory cusplet on the labial face of the main cusp, near the valley separating the main cusp
from a lateral cusplet. As this was recorded in no other teeth, this is probably due to some anomaly
in the development of this tooth. The crown is omamented by a dense pattern of fine anastomosed
ridges that cover the whole crown, except the lingual shoulder that is smooth. There is a
moderately developed longitudinal crest that is interrupted at the tip of each cusp and cusplets
although this may be the result of wear. There is no labiat node at the base of the crown, but very
rarely faint lingual nodes may be scen near the mesial or distal extremities of the crown. When
preserved, the root is nearly as high as the crown and is not projected lingually. Its basal face is
flat. The whole root is perforated by a multitude of foramina randomly distributed with the

addition of a row of targe foramina at the base of the root, crossing it labio-lingually.

Histology

The studied tooth is osteodont (Fig. 2A) and the crown is covered with a rather thick (100 g
m) single-layered enameloid (Fig. 2B).

Discussion
The density of the ornamentation of these teeth is reminiscent to that of Hybodus brevicostatus
from the Wealden of Britain (Patterson, 1966). However, the teeth from Thailand are casily
distinguished from those of H. brevicostatus by the much better developed main cusp and latera)

cusplets and the absence of lingual nodes at the base of the crown. These teeth also show an

Hybodont Shirks from The Mesozoic Khorat Group of Thailand
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omamentation quite similar to those of Hybodus sp. described from the Upper Jurassic of Ethiopia
(Goodwin er al., 1999), but again are easily distinguished on the basis of the first pair of lateral
cusplets almost as high as the main cusp and the absence of fine, short non-branching ridges on the
cutting edge. The teeth from Thailand, with their first pair of lateral cusplets almost as high as the

main cusp, appear to be fairly unique and probably belong to a new species.

Fig. I: A-C: Tooth (TF 7644) of Hybodus sp. A in A: labial, B: apical and C: lingual view. D-F: Tooth (TF
7646) of Thaiodus ruchae in D: labial, E: apical and F: lingual view. G-K: Heteroptychodus steinmanni. G-H:
anterior tooth (TF 7647) in G: apical and H: labial view. I-J: lateral tooth (TF 7648) in I: apical and J: labial
view. K: posterior tooth (TF 7649) in apical view. All scale bars: 5 mm. All the specimens come from Khok

Pha Suam.
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Hybodus sp. B

Material: 160 fragmentary crowns.

Occurences: Phu Phan Thong, Nong Bua Lamphu province, Sao Khua Formation.
Description

The material is fragmentary, lacking either a complete crown, or a tooth with a root preserved.
The maximum estimated height of these cusps is 6 mm. Two morphotypes can be recognized in
the material at hand. The first one shows cusps that are slightly compressed labio-lingually with
well-developed cutting edges. The labial side is ornamented by numerous, up to 15, short ridges,
while the lingual side is ormamented by stronger, longer ridges, which are not anastomosed. Only
one cusp has its apex preserved and the lingual ornamentation does not reach it. This cusp is

sigmoid in mesial and distal view.

The second morphotype encompasses cusps with an almost circular cross-section at their base.
Both the lingual and the labial sides are ornamented by strong ridges reaching the apex and

anastomosing near the apex of the cusp. The cutting edges are less developed than in

morphotypel.

Fig. 2: A-B: Longitudinal section of a tooth (TF 7658) of Hybodus sp. A etched 30 sec in 10% HCI. A:
Dentine and enameloid, B: detail of the single crystallite enameloid. C: Section of a tooth of Heteroptychodus
steinmanni etched 95 sec in 10% HCL The specimen has been destroyed for further study. D: Transverse
section of a tooth (TF 7660) of genus #2 etched 6 min in 10% HCI. Please note that this section is upside

down.
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Discussion

With no complete teeth at hand, the assessment of a possible heterodonty is almost impossible,
and it is very difficult to decide if the two morphotypes identified in the material belongs to one or
two species. The sigmoid curvature of the only complete cusp belonging to morphotype 1 may
also indicate that it belongs to Egernofodus rather than to Hybodus (Rees, 2002), but again we
cannot reach a firm conclusion with such fragmentary teeth. This material is thus tentatively

attributed to a single Hybodus species pending the discovery of more material.

Hybodus sp. C
Material: 11 fragmentary crowns.
Occurrences: Chong Chat, Nong Bua Lamphu Province, Phu Kradung Formation.

Description

The cusps are low, slightly compressed labio-lingually, and ornamented by 5-6 coarse ridges
on the labial and lingual sides, which never anastomose. The ridges run from the base up to the

apex of each cusp. There is no cutting-edge.

One fragmentary tooth shows three accessory, broken teeth, and part of the root is preserved.
It is projected lingually, anaulacorhize with a row of enlarged foramina just under the crown/root

junction on the labial side.

The highest isolated cusp is 2.5 mm high and 3 mm mesio-distally at its base. The fragment
with three broken accessory cusps is 2 mm mesio-distally. A maximum width for these teeth could

then be estimated to be in the range of 7-8 mm.

Discussion

Rather similar teeth attributed to Hybodus sp. have been described in the Phu Kradung
Formation at the Wang Din So locality (Phitsanulok Province) by Srisuk (2002). However, the
teeth from Wang Din So show ridges anastomosing near the base of the crown, and are thus quite
easy to separate from those of Chong Chat. The poor preservation and the small number of teeth

recovered so far prevent a determination at specific level for the time being.

Family: Acrodontinae Maisey 1989

Genus: Acrodus Agassiz 1837

Acrodus sp.
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Material: One fragmentary crown from Chong Chat and one tooth from Wang Din So (SHM-
WD 219).

Occurrences: Chong Chat, Nong Bua Lamphu Province, Phu Kradung Formation; Wang Din

So, Phitsanulok Formation, Phu Kradung Formation.

Description

The fragmentary crown from Chong Chat measures 2 mm mesio-distally. The crown is
ornamented with a well-developed double longitudinal crest, separated by a groove (Fig. 3E). The
labial (?) one attain the mesial or distal extremity while the lingual (?) one stops well before. The
crown is ornamented by irregular ridges originating from the base of the crown, sometimes

attaining the longitudinal crests, sometimes not. Short ridges also originate from the crests.

The tooth from Wang Din So is 8 mm mesio-distally, 2 mm labio-lingually and 3 mm high.
The crown shows a low main cusp and a moderately developed longitudinal crest (Fig. 3A-D). It is
omamented by irregular, anastomosing ridges. Because of wear, it cannot be determined with any
certainty whether or not they attain the base of the crown, although this is likely. The root is
approximately a third of the height of the crown, quadrangular in outline with a flat basal side, and
slightly projected lingually. A well-developed furrow separates the crown from the root on the
lingual side, but it is less developed on the lingual side. The vascularization is anaulacorhize, and

the root shows no enlarged foramina.

Fig. 3: A-D: Tooth of Acrodus sp. (SHM-WD 219) in A: labial, B: mesial or distal, C: lingual, and
D: apical view. E: Crown of Acrodus sp. from Chong Chat in apical view. Scale bars: A-D: 1 mm,
E: 200 pm.
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Discussion

This is the first unquestionable mention of the genus Acrodus in Thailand, for its earlier
mention in the Khok Kruat Formation (Pitakpaivan et al., 1969) corresponds in fact to Thaiodus
(Cappetta et al,, 1990). The presence of a double longitudinal crest in the crown fragment of Phu
Phan Thong is reminiscent of Acrodus spitzbergensis from the Lower Triassic of Sptizbergen and
the Middle Triassic of Nevada (Stensis, 1921; Rieppel et al., 1996; Cuny et al, 2001). In A.
spitzbergensis, the double longitudinal crest is present in lateral teeth, but not in anterior ones
(Stensid, 1921; Rieppel ef al., 1996; Cuny ef al, 2001). It is thus not impossible that the tooth
from Phu Phan Thong and the one from Wang Din So belong indeed to the same species, although
the stratigraphic gap makes it unlikely that the uppermost Jurassic Thai teeth belong to the Triassic
A. spitzbergensis. The lack of a sufficient number of teeth prevents the erection of a new species

for the time being.
Family: Steinbachodontidae? Reif 1980
Genus: Thaiodus Cappetta, Buffetaut & Suteethorn 1990
Thaiodus ruchae Cappetta, Buffetaut & Suteethorn 1990
Material: 192 more or less fragmentary teeth plus one large complete crown (TF 7646),

Occurrences: Khok Pha Suam, Ubon Ratchathani Province, Khok Kruat Formation; Ban
Khok Kruat, Nakhon Ratchasima Province, Khok Kruat Formation.
Description
The complete crown is 16.5 mm mesio-distally, 5 mm labio-lingually and shows a maximum
height of 4.5 mm. It is elongated mesio-distally with a low central cusp flanked by a pair of lateral
cusplets (Fig. 1D, F). The labial face is gently convex while the lingual one is slightly concave and
flared basally. The main cusp is ornamented by short, but well developed, radiating ridges that are
longer on the lingual face than on the labial one. The lateral cusplets, more compressed labio-
lingually than the main cusp, are well separated from the latter. Between the main cusp and each of
the lateral cusplets, there are 7 to 9 denticles of irregular size. Each of these denticles is serrated,
although most of the serration has been worn away. The lateral cusplets, which are also serrated,
are almost as high as the main cusp. Mesially and distally from the lateral cusplets, there is another
serrated denticle. In apical view, the longitudinal crest is concave labially (Fig. 1E). The smaller
teeth do not show ridges ornamenting the main cusp, and lateral cusplets are lacking. Only
denticles can be seen mesially and distally from the main cusp. There is no tooth with the root

preserved.
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Discussion

The teeth of Thaiodus ruchae, currently known only from Thailand and Tibet (Cappetta et
al., 1990) show a unique morphology characterized mainly by the presence of irregular, obtuse,
serrated denticles and a highly asymmetric crown, the lingual face being concave and flared
basally while the labial face is gently convex. These characters clearly separate these teeth from
those of any Hybodontidae, even if one accepts the broad definition of this family by Maisey
(1989), which includes the genera Palaeobates, Asteracanthus, Bdellodus, Acrodus, Egertonodus
and Hybodus, plus Tribodus (Brito & Ferreira, 1989; Maisey & de Carvalho, 1997) and
Priohybodus (Duffin, 2001b). The inclusion of Thaiodus ruchae into the Hybodontidae by
Cappetta et al. (1990), not justified by the possession of shared derived characters, seems therefore
unlikely. On the other hand, the teeth of Thaiodus ruchae share a number of characters with those
of Steinbachodus: raised cutting edge deflected to the labial edge of the crown, poorly defined
cusps, labial face of the crown gently convex without a well-developed labial protuberance, lingual
face concave and flared basally (Reif, 1980; Duffin, 2001a; Rees & Underwood, 2002) and the
Steinbachodontidae are known up to the Cenomanian in Egypt (Duffin, 2001a; Rees &
Underwood, 2002). Thaiodus would thus appear closer to the Steinbachodontidae than to the

Hybodontidae, and is therefore cautiously attributed to this family in the present work.

New genus and species #1
Material: 87 fragmentary teeth, including TF 7656 and TF 7659.

Occurrences: Khok Pha Suam, Ubon Ratchathani Province, Khok Kruat Formation

Description

The teeth of this genus are very elongated, rod shaped. Their labio-lingual width is generally
around 1 mm although one tooth shows a width of 2.5 mm. The maximum mesio-distal length is
unknown as no complete teeth have been found yet but it is at least six times the width in TF 7656.
These teeth show a low coronal profile with a well-developed, zigzag-shaped longitudinal crest
(Fig. 4B). Ridges originate from the longitudinal crest, often branching, but they do not attain the
base of the crown (Fig. 4A, C). The crown is asymmetric with a short and convex labial face while
the lingual face is flared basally although remaining slightly convex (Fig. 4D). As a result the
longitudinal crest is displaced labially. There is a faint basal groove on the lingual face. At the
mesial and distal ends of the teeth, there is a short basal bulge on the labial face. No tooth shows a

completely preserved root.
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Discussion

The low crown profile and elongated shape of these crowns suggest that they formed
crushing batteries, as in Asteracanthus (Rieppel, 1981) or Acrodus (Mutter, 1998). But unlike
these two Hybodontidae, they share with the teeth of Thaiodus ruchae an asymmetric crown with a
convex labial face and a basally flared lingual face. Moreover, both kinds of teeth share a mesio-
distally elongated crown. This strongly suggests that these two genera are closely related and we
therefore consider genus #1 as a possible Steinbachodontidae, although the lingual face of the
crown is not concave but slightly convex. However, this is to be considered tentative in the
absence of a preserved root in both genera, which prevents detailed comparison with the

Steinbachodontidae.

Fig. 4: A-D: Tooth (TF 7659) of genus #1 in A: lingual, B: apical, C: labial and D: mesial or distal view. E: tooth (TF
7655) of a juvenile Heteroptychodus steinmanni in apical view. F: Lateral tooth (TF 7650) of Heteroptychodus steinmanni
in labial view. G-I: Tooth (TF 7657) of genus #2 in G: mesial or distal, H: lingual and I: apical view. J-L: Teeth of genus
#3. J-K: TF 7651 in J: apical and K: lingual view. L: TF 7653 in lingual view. Scale bars: A-C, E: | mm, D: 0.5 mm, F-L:
Smm. All the specimens come [rom Khok Pha Suam.

Hybodont Sharks from The Mesozoic Khorat Group of Thailand



& Mahasarakham University Journal 59 ' 1" International Conference *'”"t
Volume 22 Special Issue 2003 on Palacontelogy of Southeast Asia ,;“d.

Family: Ptychodontidae Jackel 1898

Genus: Heteroptychodus Yabe & Obata 1930

Heteroptychodus steinmanni Yabe & Qbata 1930

Material: 221 more or less complete teeth, including TF 7647-50, plus four teeth pfobably
belonging to juveniles (including TF 7655). Two teeth have been embedded in resin and cut for
SEM study.

Occurrences: Phu Phan Thong, Nong Bua Lamphu Province, Sao Khua Formation (103
teeth); Phu Wiang 1A, Khon Kaen Province, Sac Khua Formation (4 teeth); Phu Kum Khao,
Kalasin Province, Sao Khua Formation (about 10 teeth); Phu Phok, Sakon Nakhon Province, Sao
Khua Formation (2 teeth); Non Liam, Chaiya Phum Province, Sao Khua Formation (about 10
teeth); Khok Pha Suam, Ubon Ratchathani Province, Khok Kruat Formation (118 teeth).

Description

These teeth are parallelogram-shaped in outline. The largest crown, which is incomplete, is
I5 mm mesio-distally and 11 mm labio-lingually. It comes from Khok Pha Suam. The
ornamentation consists of up to 15 tightly packed parallel ridges running mesio-distally (Fig. 1G, I,
K). From each of these main ridges originate short, non-branching secondary ridges. They are
better developed on the lingual side of each of the main ridges. Labial ridges are seen only on the
largest teeth. The marginal area of the crown is ornamented with fine, branching ridges. In many
teeth, in labial or lingual view, the crown is arched, forming a bulge {(Fig. 1H). These teeth are
asymmetric, the bulge never being in a central position. It appears to be well developed on some
teeth while others are completely flat, without any bulge. The flatter teeth are the smallest ones
(Fig. 1K). The largest teeth show only a moderately developed bulge. It is therefore tempting to
reconstruct the dentition of Heteroptychodus as follows: Anterior teeth (TF 7647, fig. 1G, H) with
a well developed bulge not in the centre of the crown, large crushing lateral teeth (TF 7648, fig. 11,
J)) with a moderately developed bulge, and small, flattened posterior teeth (TF 7649, fig. IK).
Unfortunately, many teeth arc fragmentary and it is not always possible to recognize to which
category they belong. It is therefore difficult to assess the relative proportion of each kind, which

makes any attempt to reconstruct the whole dentition highly hypothetical at best.

The crown-root junction is incised, and the crown overhangs the root labially. In some teeth,
the crown covers the upper part of the root mesially and distally. One tooth (TF 7650, fig. 4F)
shows a well-preserved root that is twice the height of the crown. Its basal face is flat,
parallelogram-shaped with a surface smaller than that of the crown. The root does not protrude
lingually beyond the crown. The whole root is perforated by a multitude of randomly distributed

Hybodont Sharks from The Mespzoic Khorat Group of Thailand



60

" *lﬁi‘»’ 1 International Conference Mahasarakham University Journal
d. on Palaeontology of Southeast Asia Volume 22 Special Issue 2003

i
H
Y

foramina. On the labial face, there are five enlarged foramina in the lower third of the root,

forming an irregular row.,

Four parallelogram-shaped isolated crowns may belong to a juvenile Herteroptychodus
steinmanni. In the best-preserved one (TF 7655, fig. 4E), measuring 1.8 mm mesio-distally and (.8
mm labio-lingually, the crown is ornamented with three longitudinal ridges of dccreasing length.
On the mesial(?) part of the crown, each of the ridges shows 2 low cusp, decreasing in height from
one ridge to another. Mesially(?), after the cusp, each ridge curves lingually(?}. The marginal area
of the crown is ornamented with radiating, branching ridges. The only difference between TF 7655
and the other three teeth is that the former appears flatter than the latter three, which are arched in

lingual and labial view.
Histology

The teeth are osteodont, the vascular canals of the dentine being parallel to each other and
arranged vertically (Fig. 2C). This type of dentine is often called ‘tubular dentine’ (Smith &
Sansom, 2001). The crown is covered with a thin single-layered enameloid. Ptychodus also

possesses osteodont teeth (Cappetta, 1987).

Discussian
This genus and species was hitherto known only from a handful of teeth found in the Lower
Cretaceous of Japan (Yabe & Obata, 1930, Tanimoto & Tanaka, 1998). However, hybodont teeth
afiributed to the genus Asiadontus were reported from the Aptian-Albian of Kirghisia and
Mongolia {Nessov, 1997). The omementation of these teeth is very similar tg that of
Heteroptychodus and it is likely that that the two genera are synonyms. Heteroptychodus was thus

present all around the Asian continent.

There are no significant differences between the teeth from the Sao Khua Formation and
those from the Khok Kruat Formation. The largest teeth come from the Khok Kruat Formation, but
on average the size difference is not significant, and there is no reason to think that we are dealing
with two different species. H. steinmanni appears thus to have a rather large stratigraphic
distribution.

The teeth of Heteroptychodus differ from those of Prychodus by a reduced marginal area and
a denser pattern of parallel longitudinal ridges omamenting the crown. The teeth with a well-
developed bulge recall what is seen in Ptychodus whipplei (Williamson et al., 1993) or P. rugosus
(Cappetta, 1987). The massive root, narrower than the crown, is also similar to that of Ptychodus.

We therefore include Heteroptychodus in the family Ptychodontidae, which thus comprises two
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genera: Heteroptychodus and Ptychodus. as Hylaeobatis is now considered better included in the
family Lonchidiidae (Batchelor & Ward, 1990; Rees & Underwood, 2002).

The teeth of the juveniles are more reminiscent of the omamentation pattern of Ptychodus
showing well-separated longitudinal ridges devoid of secondary ridges although the marginal area
is still very reduced. The main difference however is the presence of ane cusp on each of the
ridges. However, if we compare with modemn sharks possessing a grinding dentition, Reif (1976)
has documented that the juveniles of the modern Heterodontus show a dentition that is not as
grinding as that of the adult. It is therefore reasonable to think that this may have aiso been true of
some Mesozoic hybodonts, although similar cusps, to the best of the knowledge of the authors,
have never been reported in the genus Prychodus. The presence of secondary ridges in
Heteroptychodus appears to be size-related as labial ones are present only in the largest teeth.
Their absence on juvenile teeth is therefore not surprising. The attribution of TF 7655 and similar
teeth to a juvenile Heteroptychodus, which must be considered tentative, relies therefore on the
hypothesis that their diet was different from that of the adults, and the fact that the ornamentation

is made of parallel longitudinal ridges with a reduced marginal arca.

Family: incertae sedis
New genus and specics #2

Material: 18 tecth including TF 7657. One tooth (TF 7660) has been embedded in resin and
cut for SEM study.

Occurrences: Khok Pha Suam, Ubon Ratchathani Province, Khok Kruat Formation.

Description

In apical view, the crown is broadly rectangular with a slightly convex labial outline and a
slightly concave lingual one. In TF 7657, the best-preserved tooth, the crown is § mm mesio-
distally and 4 mm labio-lingually. The largest complete crown is 9 mm mesio-distally and 5 mm
labio-lingually. There is a blunt cusp on the labial side that is almost as wide as the crown (Fig.
4G, I). The crown is omamented with a dense pattern of primary anastomosed ridges ariginating
from the longitudinal crest. These primary ridges attain the base of the crown, On large unworn
teeth, there are short secondary ridges originating from both sides of the primary ridges on most of
their length. In mesial or distal view, the labial face is slightly convex while the lingual face is

strongly concave and flared basally.
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The root is preserved in two teeth, including TF 7657, and is one and a half to two times the
height of the crown. It is perforated by a multitude of randomly distributed foramina. As in
Hybodus sp. A, Heteroptychodus steinmanni and genus #3, therc is a rather irregular basal row of
enlarged foramina, the central one always being the largest (Fig. 4H). The basal face is rectangular
in shape and flat. The root is oriented lingually, with a convex labial face and a concave lingual

face. The crown slightly overhangs the root lingually.
Histology

The microstructure is very similar to that of Heteroptychodus steinmanni, showing osteodont

teeth, with ‘tubular’ dentine, covered by a thin single-layered enameloid (Fig. 2D).

Discussion

These teeth share with Thaiodus ruchae and genus #1 a convex labial face and a concave,
basally flared lingual face, a character that would again suggest they belong to the family
Steinbachodontidae. They are easily distinguished from the two previous taxa by a strong
ornamentation and teeth that are moderately elongated mesio-distally, When compared with the
Steinbachodontidae however, genus #2 shows some important differences in the root morphology,
which is well developed, contrary to that of Steinbachodontidae, and shows a basal row of
cnlarged forammina, absent in Steinbachodontidae. According to the small number of teeth available
and their rather poor prescrvation, the heterodonty of this species cannot be assessed. Therefore,
the phylogenetic relationships of genus #2 are rather difficult to ascertain, and we prefer to leave

this genus in open nomenclature for the time being.

New genus and species #3
Material: 10 teeth, including TF 7651-54.
Occurrences: Khok Pha Suam, Uboen Ratchathani Province, Khok Kruat Formation.

Description
Seven teeth (including TF 7651 and TF 7652) have a rectangular outline in apical view, being
mesio-distally Jonger than labio-lingually wide, while three are parallelogram-shaped (including
TF 7653 and TF 7654) with a tendency to be wider than long. All teeth possess a singie biunt, low
cusp. The largest crown (TF 7652) is 6 mm mesio-distally and 4 mm labio-lingually, and shows a
heavily worn central cusp with an almost circular ¢ross-section. All crowns are ornamented with a

dense pattern of radiating, often anastomosing ridges. The ridges all originate from the
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longitudinal crest and attain the base of the crown. The longitudinal crest is not very well
developed. On the lingual side of the cusp, in some teeth, as in TF 7651, one or two pairs of ridges
become parallel to the longitudinal crest {Fig. 4]). In labial and lingual view, the base of the crown
is arched (Fig. 4K).

The roots of two teeth (TF 7653 and TF 7654) have been preserved, although only one is
complete. The basal face of the complete root (TF 7653) is flat and rectangular, wider than long,
while the crown is parallelogram-shaped. The surface of the basal face of the root is smaller than
that of the crown. The root is twice as high as the crown and is perforated by a multitude of
foramina on all faces, as in Hybodus Sp- A, Heteroptychodus steinmanni and genus #2. There is a

basal row of four enlarged foramina crossing the root labio-lingually (Fig. 41).

Discussion

With only ten teeth at hand and no precise idea about the heterodonty pattern, the affinities of
this new genus are rather difficult to decipher. Several characteristics recall the teeth of
Heteroptychodus. the parallelogram to rectanguiar shape of the crown with a very high root
showing a row of basal enlarged foramina, the basal surface of the root smaller than that of the
crown, the presence of some ridges parallel to the longitudinal crest, and a crown which is arched
in lingual and labial view. However, the small number of teeth currently available makes the
hypothesis of a relationship with Hereroptychodus difficult to ascertain. On the other hand,
similarities in root morphology (Compare fig. 4H and L) may indicate that genus #2 and #3 are
closer to each other than to Heteroptychodus. Pending the discovery of more material, we

therefore prefer to leave this genus in open nomenclature.

4. Discussion and conclusion

The Khorat plateau has yielded a rich hybodont shark fauna, although it was deposited in a
nonmarine environment. The diversity seems to increase from the uppermost Jurassic Phu
Kradung Formation to the Aptian Khok Kruat Formation, although it should be mentionned that
two new taxa of Lonchidiidae, not yet described, have been found in the Sao Khua Formation. One
belongs to the genus Lonchidion, while the other one seems to represent a new genus. For the time
being, we have thus 2 taxa in the Phu Kradung Formation, 4 in the Sao Khua Formation, and 6 in
the Khok Kruat Formation.

The Thai hybodonts display a wide range of possible diets according to their dentition.
Hybodus spp. and genus #2 were probably opportunistic feeders while the grinding dentition of

Acrodus, Heteroptychodus, genus #1, and genus #3 indicate more durophagous sharks. Finally, the
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cutting dentition of Thaiodus suggests a diet mainly consisting of large, soft-bodied preys. These
sharks thus represented an important and diverse component of the freshwater ecosystems of the
Khorat Plateau.

Genera #1, #2, and #3 are so far endemic to the Khorat Plateau and likely to have been
infeoded to freshwaters, hence their endemism. Hybodus and Acrodus possess a worldwide
distribution, but the exact affinities of the Thai material appear unclear due to a lack of material,
except for Hybodus sp. A, which clearly belong to a new species that appears again to be endemic
to the Khorat Plateau. Thaiodus on the other hand is known both from the Khorat Plateau and
Tibet, where it has been found in a deltaic environment (Cappetta et al., 1990). This shark was
therefore able to tolerate some changes in salinity. Finally, Heteroptychodus has the largest
distribution, having been recorded in Thailand, Japan, Kirghisia, and Mongolia (Yabe & Obata,
1930; Nessov, 1997; Tanimoto & Tanaka, 1998). The palaeobiogeographic distribution of the two
latter taxa is difficult to explain if we consider these sharks as strictly confined to freshwaters.
However, Maisey (1989) suggested that many hybodont genera (Hamilfonichthys, Hybodus,
Lissodus) were in fact euryhaline. Such a mode of life would explain the distribution of
Heteroptychodus and Thaiodus around the Asian continent, as it would explain how these
hybodonts were able to follow the coastline to invade several freshwater systems. A similar
strategy is seen today among the sawfish Pristis perotteti, which has colonized several lakes along
the Atlantic coast of Central and South America {Thorson, 1982). Following a similar pattern, the
spreading of Thaiodus and Heteroptychodus-Asiadontus would have been favoured by the Late
Aptian sea transgression (Averianov & Skutschas, 2000). However, as these sharks are unknown

outside Asia, they were probably unable to face open water.
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THE FIRST DINOSAUR FOOTPRINTS FROM THE KHOK
KRUAT FORMATION (APTIAN OF NORTHEASTERN
THAILAND)

Jean Le Loeuffl, Varayudh Sutteethorn2, Eric Buffetaut3,
Wongko Kamonlakz, Haiyan Tong3, Tonprom Wanidaz, Christel Souillatl,

Licnel Cavind

Abstract
We report here the first dinosaur footprints discovered in the Aptian Khok Kruat
Formation of Northeastern Thailand. The footprints are referred to small theropod dinosaurs,

including a possible deinonychosaur represerted by two-toed footprints.

Keywords : dinosauria, theropoda, foolprinté, early cretaceous, Thailand

Introduction

The Mesozoic continental formations of the Khorat Plateau in Northeastern Thailand have
been dated palynologically between the Late Triassic and the early Late Cretaceous (Racey et al,,
1994, 1996). Vertebrate remains are not unfrequent in these deposits (cf. Buffetaut & Suteethorn,
1998a,b ; Buffetaut ef al.’ this volume, for recent rcviews). Dinosaur bones have been described
frdm the Nam Phong (Upper Triassic), Phu Kradung (Late Jurassic to Early Cretaceous), Sao
Khua (Early Cretaceous) and Khok Kruat formations. Dinosaur footprints have already bcen
reporied from the Phra Wihan (Buffetaut & Suteethorn, 1993; Buffetaut e @/ 1997 : Le Loeuff &
af | 2002) and Phu Phan formations (Buffetaut ¢/ &/ 1985}, We report here the first footprints
from the Khok Kruat Formation. This unit had previously yielded skeletal remains of
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psittacosaurids, iguanodontids, sauropods and theropods (Buffetaut & Suteethorn, 1998a). Other
vertebrates include fresh water sharks and fishes, turtles and crocodiles {Buffetaut & Suteethom,
1998b). Palynological data cited by (Mouret 1994) suggest an Aptian age for the Khok Kruat
Formation, which is overlain by the Maha Sarakham Formation, dated of the Albian-Cenomanian
on palynomorph evidence. Palynological data are corroborated by the occurence of the freshwater
hybodont shark Thaiodus, otherwise known only from the Aptian-Albian of Tibet {Cappetta er ai,
1990).

Geographical and geological situation

The Huai Dam Chum locality is situated in the province of Nakhon Phanom, on the road
between Nahkon Phanom and Bang Pang, northwest of the confluence of the Mae Nam
Songkhram and Mekong rivers, about 18 kilometres from the little town of Than U Thane (Fig. 1.
It was discovered by geologists from the Department of Mineral Ressources in a sandstone quarry
where large blocks are extracted to consolidate the banks of the Mekong river (Fig; 2). In February
2003, we have been able to observe several large displaced siabs in the quarry, but we could not
locate the track layers in situ. The dinosaur tracks are associated either to mud-cracks or ripple
marks. Two slabs preserved more than two successive prints allowing us to calculate the speed of

trackmakers.

The First Dinosaur Footprints from the Khok Kruat Formation (Aptian of Northeastern Thailund}
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Fig. 1 : Location map.
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Description of the footprints

A large slab shows a high density of footprints (Fig. 3) ; the 39 observable footprints are
roughly parallel to the ripple marks. Thus the trackmakers probably walked along some riverside.
35 footprints go in the same direction, and only four in the opposite direction. Almost all the prints
are tridactyl with the impression of sharp claws and thus clearly belong to small theropod
dinosaurs. Measurements of foot length shows that two sizes of theroped dinosaurs are represented
(footprints length varies from 80 to 135 mm). Trackmaker's size can be calculated from the foot
length using Thulborn's (1990) formula : h=4.8 FL where h is the height at hip and FL is the
footprint length ; trackmakers' height at hip would thus be comprised between 384 and 648 mm.
All trackways are unfortunately represented so far by only two successive prints, and no direct

speed calculation is possible.

On this slab two successive footprints are two-toed (Fig. 4). The broader digit III shows the
impression of a sharp claw. It is difficult to decide on two successive prints which one is the left
one as the two prints are perfectly aligned ; if digit II is lacking, the prints could be referred to
Deinonychosauria (both dromaeosaurids and troodontids are recorded from the Barremian of
China and their occurence in the Aptian of Thailand would not be surprising), which have a
specialised foot enabling them to protract their hypertrophied digit I If digit IV is lacking, the
trackmaker could be some yet unknown (from skeletal data) highly specialised small theropod.
Interestingly enough, two-toed footprints have occasionally been obtained during recent

experiments with

The First Dinosaur Footprints from the Khok Kruat Formation (Aptian of Northeastern Thailand)
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Fig. 3 : Picture of slab 1.

running three-toed rheas (G. Cuny, pers. comm.). The slab is unfortunately broken, and we could
not observe if it was a part of a longer two-toed tracks, which would support a taxonomic
explanation rather than an accidental impression. So far, what can be said is that two-toed
footprints do not completely preclude a three-toed trackmaker and that the two-toed footprints
might well have been produced by the same dinosaur which made the smallest tridacty] footprints.

Alternatively, they might also have been produced by a deinonychosaur.

On a second large slab three little successive footprints are preserved, making speed
calculations possible. Footprint length is 100 mm; Stride length is 1000 mm. Using Thulborn's

formula, one obtains a speed of 7 m/s. On a third slab (fig. 5), the footprints are preserved as casts
on a mud-cracked surface.

The Huai Dam Chum locality thus demonstrates the existence of various small theropods in
the Aptian of Thailand, which are not yet known from the skeletal record (a few small serrated
teeth were the only evidence so far for the existence of small theropods from the Khok Kruat

Formation).

The First Dinosaur Footprints from the Khok Kruat Formation (Aptian of Northeastern Thailand)
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Comparisons with Lao footprint site and conclusions

Huai Dam Chum is not far from the Lao Savannakhet Province where (Allain er al. 1997)
reported various dinosaur footprints from the Grés Supérieurs Formation in the vicinity of Muong
Phalane. The uppermost part of this formation, also called Ban Na Yo Formation, is generally
considered as a lateral equivalent of the Khok Kruat Formation east of the Mekong river

(Buffetaut, 1991). Allain ez al. have

Fig 4 : Detail of slab I showing the two-toed footprint below the scale bar.,

described sauropod, iguanodontid and large theropod footprints.

So far only a few skeletal remains of dinosaurs have been reported from the Khok Kruat and
Ban Na Yo formations : the sauropod Tangyvasaurus hoffeti Allain et al. 1999 is a Lao form at
least closely allied to the slightly older Thai nemegtosaurid Phuwiangosaurus sirindhornae
Martin, Buffetaut et Suteethorn 1994; an undetermined iguanodontid is known from Thailand and
Laos by teeth, cranial and post-cranial bones (Buffetaut et al., 1997 ; Buffetaut, 1991) ; the
psittacosaurid Psittacosaurus sattayaraki Buffetaut et Suteethorn 1992 is known from cranial and
post-cranial remains; the possible spinosaurid Siamosaurus suteethorni Buffetaut et Ingavat 1986,
described from the older Sao Khua Formation on the basis of peculiar striated teeth is also present

in the Khok Kruat deposits; a larger theropod is known from a few large serrated teeth.

The First Dinosaur Footprints from the Khok Kruat Formation (Aptian of Northeastern Thailand)
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The ichnocoenosis from Laos is in good agreement with this dinosaur assemblage (presence

Eiun-.....ﬂc

of sauropods, iguanodontids and large theropods). The study of Thai footprints demonstrates that
several small theropods (including a possible deinonychosaur) coexisted with these larger

dinosaurs, their skeletal remains still waiting to be discovered,

Fig. 5. Picture of mud-cracked slab 3.
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MESOZOIC TURTLES OF THAILAND

Haiyan Tong', E. Buffetaut ' and V.Suteethorn 2

ABSTRACT

Turtles from the Mesozoic non-marine beds of Thailand include one of the most ancient
testudines, Proganochelys ruchae from the Late Triassic Huai Hin Lat Formation, trionychoids
from the Early Cretaceous Sac Khua Formation of the Khorat Platean, and Siamochelys

peninsularis from the Middle Jurassic of the southern peninsula.

INTRODUCTION

Studies on turtle remains from the Mesozoic non-marine beds of Thailand started in the
1980s. Since then, several taxa have been described from the Late Triassic Huai Hin Lat
Formation of the Khorat Plateau and the Middle Jurassic of the southern peninsula. The turtle
assemblage from the Sao Khua Formation of the Khorat Plateau has been reported on recently.
The purpose of the present paper is to provide an updated overview of the Mesozoic turtles of
Thailand. Fragmentary turtle remains have also been discovered in the Late Jurassic Phu Kradung
Formation and the late Early Cretaceous Khok Kruat Formation of the Khorat Plateau, but they are

still under study and will not be described here.

LATE TRIASSIC TURTLES FROM THE HUAI HIN LAT FORMATION

Turtles from the Huai Hin Lat Formation of the Khorat Plateau were the first Mesozoic
turtles to be described from Thailand. The Huai Hin Lat Formation consists mainly of lacustrine
bituminous shales and limestones. It is Late Triassic, probably Norian, in age, on the basis of plant

macroremains, palynomorphs, conchostracans and vertebrates (sce Buffetaut & Suteethorn, 19938).
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Turtle remains from the Huai Hin Lat Formation have been collected at three localities NW

of the city of Chum Phae. They only consist of incomplete shell elements (Broin ef al, 1982;
Broin, 1984). The diagnostic specimens include a lateral portion of the shell (Fig. 1), a part of the
anterior lobe of the plastron and an incomplete epiplastron (Fig. 2). The shell surface is covered
with faint and more or less branching vascular grooves. The carapace shows the supramarginals
between the marginal and pleural scutes. The plastron was attached to the carapace by ligaments.
The anterior lobe of the plastron presents an anterior and a lateral epiplastral projection. A strong
dorsal process is situated on the epiplastron. These plastral structures are reminiscent of
Proganochelys from the Late Triassic of Germany (Gaffney,1990), to which the Thai specimens
were tentatively referred. However, the Triassic turtles from Thailand differ from the type species
from Germany, P. quenstedti, in the more simple ormamentation of the shell surface and the more
tranversally directed lateral epiplastral projection, which is more dorsoventrally flattened. A new
species of Proganochelys, P. ruchae Broin, 1984, was erected. This is one of the most ancient
Testudines in the world. The estimated carapacial length ranges from 30 to 50 cm (Broin er al.,
1982, Broin, 1984).

~2pl

Fig. 1. Proganochelys ruchae Broin, 1984 from the Huai Hin Lat Formation, Khorat Plateau,
northeastern Thailand. Lateral portion of shell (TF 1440-7). 1a, dorsal view: 1b, ventral view
(After Broin, 1984).

Mesozoic Turtles of Thailund
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Abbreviations: e, epiplastron; en, entoplastron; hyo, hyoplastron; hypo, hypoplastron;
m.7, m.13, presumable 7" and 13" marginal scutes: me, mesoplastron; per, peripheral; p. g.

epiplastral  projection; pl., pleurals; pr. p. dorsal process of epiplastron; si., sulcus; su. m,
supramarginal scute.

Fig. 2. Proganochelys ruchae Broin, 1984, 1, Part of the anterior lobe of plastron, holotype (TF
1440-6). la, dorsal view; 1b, ventral view. 2, incomplete epiplastron (TF 1440-11). 2a, dorsal
view; 2b, ventral view; 2c, lateral view. Abbreviations see Fig. 1(after Broin, 1984)

MIDDLE JURASSIC TURTLES FROM THE SOUTHERN PENINSULA OF THAILAND

The Mab Ching locality, discovered in 1993, is situated west of Thung Song, in Changwat
Nakhon Si Tammarat. The vertebrate-bearing beds at Mab Ching were dated on the basis of
charophytes, which suggest a Middle Jurassic age (Buffetaut et a/., 1994a & b).

Turtle remains are among the most abundant vertebrate elements at Mab Ching,
Siamochelys peninsularis Tong, Buffetaut & Suteethorn, 2002 was described on the basis of
complete shell material (Fig. 3 & 4). This is a medium-sized turtle, with a carapacial length of
about 315 cm. The shell surface is covered with a distinct ornamentation consisting of raised
vermiculated ridges and tubercles. This turtle is characterized by a combination of a primitive
feature and derived characters. The primitive feature consists of the presence of a pair of
mesoplastra meeting on the midline and lying on both pectoral and abdominal scutes. The derived

characters include a loose plastron-carapace attachment, absence of the dorsal process of the

Mesozoic Turtles of Thailand
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epiplastron, a significant dorsal thickening of the lateral edge of the second to seventh peripheral
plates, an upturned anterolateral margin of the carapace forming a gutter, extension of the anal
scute to the hyo-hypoplastral suture or onto the hypoplastron, and midline sulcus of the plastron

sinusoidal. In these respects, Siamochelys closely resembles

Fig. 3. Siamochelys peninsularis Tong, Buffetaut & Suteethorn, 2002 from the Middle Jurassic of

Mab Ching, southern Thailand. a-b, TF 7635, holotype; c-d, TF 7636. a & c, dorsal view; b & d,
ventral view. Scale bar: 10 cm (vertical scale bar for a-b; horizontal scale bar for c-d) (after Tong

et al., 2002).

Mesozoic Turtles of Thailand
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Chengyuchelys (Ye, 1994), and more particularly Xinjiangchelys, from the Middle to Late
Jurassic of China and Central Asia (Peng & Brinkman, 1993; Sukhanov, 2000), but differs from
Plesiochelys from the Jurassic of Europe. The presence of a pair of mesoplastra, the absence of a
dorsal process of the epiplastron, a broader entoplastron which is wider than long and the
ornamentation on the shell surface in Siamochelys differ from Xinjiangchelys. Siamochelys is thus
considered as the sister taxon of Eucryptodira. The primitive features of Stamochelys relative to
Chengyuchelys and Xinjiangchelys support a Middle Jurassic age for the vertebrate-bearing beds
of Mab Ching, and its similarity with these forms from the Middle to Late Jurassic of China and
Central Asia suggests that the Sibumasu (Shan-Thai) block was in contact with the Asian mainland
by that time (Tong et a/., 1996, 2002).

Fig. 4. Siamochelys peninsularis Tong, Buffetaut & Sutecthom, 2002. Reconstruction of the shell.
a, dorsal view; b, ventral view (after Tong er al., 2002),

EARLY CRETACEOUS TURTLE ASSEMBLAGE FROM THE SAOQ KHUA
FORMATION

The Sac Khua Formation has yielded the most complete turtles remains of the Khorat
group. The Sao Khua Formation consists of red clays, sandstones and conglomerates, indicating
deposition in a floodplain with meandering rivers. Biostratigraphic evidence from formations
below and above the Sao Khua Formation indicate that it is Early Cretaceous in age (detailed

review see Buffetaut & Sutecthorn, 1999).

Mesozoic Turtles of Thailand
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The turtle assemblage of the Sao Khua Formation consists mostly of adocid-like
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trionychoids, including more than twenty more or less complete shells from the Phu Wat and Phu
Kum Kao Jocalities. They are small turtles, with a shell length of 170-280 mrm in adults. The shell
surface is decorated with 2 punctate ornamentation. The neural series is incomplete, the neural
formula being 6>6>6>6>6>5, the posterior costal plates meeting on the midline, Two suprapygals
are present, the first one being very small and the second much larger. The plastron has a truncated
anterior lobe and a straight front margin. The entoplastron is broad and posteriorly located, with
the posterior end at the level of the axillary notch. The pectoral scute is rather long in comparison
with other adocids, and it is not medially expanded. This turtle is more primitive than the primitive
adocid Ferganemys from the Albian of Kirgizstan (Nesov & Khozatskii, 1977; Sukhanov, 2000)
and an undescribed trionychoid from the Neocomian of Japan (Hirayama et al., 2000), in having a

six-sided second neural and a longer pectoral scute which is not medially expanded.

A second taxon of turtle is known from the Sao Khua Formation, by only one nuchal
plate, from the Phu Peng locality in Kalasin Province. This nuchal is very broad. The sheil surface
is covered with a strong trionychid-like ornamentation, consisting of raised vermiculated ridges
and tubercles. A pair of rounded depressions is present on the posterior part of the inner side of the
plate for the passage of the postzygapophysis of the eighth cervical vertebra. These features are
reminiscent of trionychoids. However, there is neither a costiform process, unlike trionychids, nor

a dorsal process, unlike carettochelyids. This nuchal is tentatively referred to Trionychoidae indet..

The turtle fauna of the Sao Khua Formation is still incompletely known. Two taxa have
been found in this formation, both belonging to Trionychoidae. This turtle assemblage consists
mostly of adocid-like taxa, and is different from the Early Cretaceous turtle fauna of Middle Asia,
and of the northern and eastern parts of China, which is dominated by macrobaenids. This may
suggest climatic and/or environmental differences. From a palacobiogeographical point of view,
the find of an adocid-like turtle in the Early Cretaceous Sao Khua Formation supports the idea that
adocids originated in Asia, and spread to North America during the Late Cretaceous or late Early

Cretaceous, like some dinosaurs (tyrannosaurs, omithomimosaurs).
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Stratigraphical and palaeobiogeographical significance of fossil
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Abstract — Fossil wood from the poorly dated (Jurassic—Cretaceous?) continental sediments of the
Khorat Group, northeastern Thailand (Isan) is described. The Khorat Group is widely distributed (Laos,
Cambodia and Thailand) and, despite its poorly known age, stratigraphy and palacoecology, is of
importance in understanding the Sibumasu-Indochina collision. The systematics of wood assemblage
and palaeobiogeographical analysis reveal strong relationships with Indochina, especially Vietnam,
and suggest an age in the range Middle Jurassic to Early Cretaceous. According to wood taphonomy,
the corresponding trees grew alongside streams under a rather arid climate, although this became
wetter during the deposition of the upper formations of the Khorat Group.

Keywords: Jurassic, Cretaceous, Thailand, fossil wood, palaeobiogeography.

1. Introduction

The Khorat Group is a set of continental sediments
deposited during Mesozoic times in northeastern
Thailand (and parts of adjacent Laos and Cambaodia).
The deposition of this thick terrestrial succession
occurred after the collision of the Sibumasu terrane
with the Indochina block (Bunopas, 1982; Metcalfe,
1996, Charusiri, Kosuwan & Imsamut, 1997; Racey
et al. 1997; Spiller, 2002). As clearly shown by the
abundant literature (Iwai et al. 1966, 1975; Hahn,
1976, 1982; Heggemann, Kohring & Schlutert, 1990;
Racey. Duddy & Love, 1997, Racey et al. 1994, 1996;
Metcalfe, 1998), the stratigraphy and palaeoecology
of the different formations of the Khorat Group is
still poorly known. Data about the palacogeographical
evolution and biogeography of the area are, however,
highly desirable, as Southeast Asia is a key region for
Mesozoic palacobiogeography. The biogeographical
importance of this region has been demonstrated, as for
the evolution of various groups of Cretaceous dinosaurs
(such as tyrannosaurid, ornithomimosaurid theropods
and nemegtosaurid sauropods: Buffetaut & Suteethorn,
1998, 1999}, hybodont sharks (at least seven genera,
showing aflinities with those of Fapan, Tibet, Kirghisia
and Mongolia but unknown outside Asia: Cuny ez al,

# Authar for correspondence: philippe@univ-lyoni fr

2001) as well as conifers such as the Araucariaceae and
the Podocarpaceae (Vozenin-Serra & Boureau, 1978;
Vozenin-Serra, 1983). Moreover, the area may yield
an answer to the disputed question of biogeographical
refationships and exchanges of terrestrial taxa across
the Eastern Tethys during the Jurassic and Cretaceous
periods {Vozenin-Serra, 1977; Vozenin-Serra & Salard-
Chelbodaeft, 1994; Franchesci & Vozenin-Serra, 1997;
Yin Hongfu, 1997; Philippe er al. 1999). Finally,
the timing of the Sibumasu—Indochina collision is
still a matter of debate, and the Triassic model
(Metealfe, 1996) is challenged (Stokes, Lovatt Smith &
Soumphonphakdy, 1997). Biogeographical and strati-
graphical inferences from terrestrial biota are relevant
to the discussion of these points (Tong, Buffetaut &
Suteethorn, 2002).

Fossil wood has been commonly reported from the
Khorat Group for quite a long time (Higbom, 1913;
Colani, 1919), but has been little studied up to now, with
only one genus recognized. namely Araucarioxylon
(Kobayashi, 1960; Asama, 1982). More emphasis has
been put on fossil leaf flora (Iwai et al. 1966; Kon'no
& Asama, 1973), despite these being poorly preserved.
Fossil wood is, however, a reliable and informative
record of terrestrial biota. As a result of renewed
prospecting and field collecting, we have examined
hundreds of fossil wood specimens, distributed through
the Khorat Group. Fifty-six determinations have been
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Figure 1. Indochina Peninsula with principal outcrop of the
Khorat Group (shaded area).

performed. We report here these preliminary results
and analyse their stratigraphical and biogeographical
significance.

2. Material

Fossil wood was collected all over the Khorat Plateau,
also known as Isan (Fig. 1), in the vicinity of Udon
Thani (17°02'N, 12°45'E), in Kao Yai National Park
(14°31'N, 102°06'E) and in the Phu Phan Range
(16°31'N, 104°18'E; 16°22'N, 104°23'E; 17°30'N,
102°50°E; 16°20'N, 103°55'E; 16°16'N, 104°05°E;
16°38'N, 103°52'E; 16°41'N, 104°09'E; 16°24'N,
104°21" E}. As the better outcrops for the Khorat Group
are in the Phu Phan Range, we focused on this area,
mainly in the Khao Wong and Tat Phut Wong anti-
clines. We attempted to obtain fossil wood from all the
different formations (Fig. 2), but failed to obtain any
samples from the two upper formations (Khok Kruat
and Phu Phan) and from the base of the Phu Kradung
Formation. Following Mouret’s proposal (1994), in
this paper we recognize the Waritchaphum Formation.
This formation accommodates the pale sandstones
formerly included in the upper part of the Phu Kradung
Formation. Interestingly, this formation yielded jet,
thermally evolved lignite and wood epigenized by iron
hydroxides, whereas the underlying reddish sandstones
of the Phu Kradung Formation contain only silicified
woods and few lignitic ones.

Despite the fact that fossil wood is common in
the Khorat Group, pieces with preserved anatomy
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Figure 2. Stratigraphy of the Khorat Group, northeastern
Thailand (adapted from Lovatt Smith & Stokes, 1997, and
Mouret, 1994}

are rather scarce. Of the approximately three hundred
specimens examined, sixty-one were selected, of
which fifty-six could be determined. The wood is
either silicified or lignitized, and no charcoal was
recognized with certainty. Lignite pieces are dark in
colour, with a glossy shine, which indicates that they
underwent some thermal evolution (the sarme was noted
for palynomorphs: Mouret ef a/. 1993). Large samples
of jet have been found, especially at the transition from
Waritchaphum to Phra Wihan formations. The fossil
wood occurs in pieces ranging in size from twigs and
branchlets to large trunks over a metre in diameter and
even stumps.

The technigques used for investigation are the
classical thin-section technique for silicified wood and
SEM for lignitic and haematized samples. Parlodion®
(purified pyroxylin) casts were also used for some
lignite. SEM was performed at the CMEABG of
Université-Lyon-1, France, with a Geol-35-CF under
10 kV accelerating voltage and with gold/palladium
coating.

Nomenclatural and taxonomical positions are those
of Philippe (1993) and Bamford & Philippe (2001). All
samples are kept in the collection of the Laboratoire de
Paiéobotanique of University Lyon-1, the original logs
still being in sifu in Thailand. Bibliographical data are
very few. Previously, wood had only been identified
from the Phu Kradung Formation: Araucarioxylon sp.
was identified by Ogura (Kobayashi, 1960), Ban Kut
Bot, Phu Phan Range: in 1982, Asama identified sili-
cified wood from the same iocality as Araucarioxylon
Japonicum Shimakura; a large fossil trunk from Phu
Tang Kwian was later assigned to Araucarioxvion
sp. without thin-sections (Srisuk, pers. comm. 2000).
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Phu Kradung Waritchaphum Phra Wihan Sao Khua
Agathexylon saravanensis 14 6 3 1
Brachyoxylon boureauis 4 0 0 0
Brachvoxylon orientale 15 0 0 0
Brachyoxyvion sp. nov, 4 4 0 0
Indeterminable 3 i l 1
Total analysed 40 10 4 2

Number of samples of cenifer fossil wood analysed and determinations for cach formation of the Khorat Group. No data from Phu Phan and

Khok Kruat formations.

A composite trunk, constructed from different wood
pieces from the Upper Phu Kradung Formation, on
display at the Phu Faek footprint site, is labelied
‘Podocarpaceae’ by park rangers.

3. Results

The xylological results are summarized in Table 1. Four
wood morphospecies were recognized (Fig. 3). They
show little differentiation, and it was often difficult to
attribute a wood to a taxon, in particular when radial
pitting is poorly preserved. Several samples were thus
not determined. It was necessary to observe at least
20~30 tracheids with preserved uniseriate pitting, 10—
20 tracheids with biseriate pitting, as well as 10-20
cross-fields, to decipher the affinities of a wood sample.
This similarity is unusual and raises the question of the
possible conspecificity of these four taxa. We did not
observe any intermediate, however, providing enough
pitting was preserved. :

Agathoxylon saravanensis (Serra) nov. comb.

1966b  Araucarioxylon saravanensis Serra, pp. 22-8,
figs 5-10, pl. IL.

Samples attributed to this taxon: MP1223, 1224,
1233,1234, 1236, 1238, 1241, 1242, 1252, 1253. 1254,
1255, 1279, 1282 (Phu Kradung Fm.); MP1219, 1220,
1269, 1270, 1278, 1301 (Waritchaphum Fm.); MP38§,
1272, 1274 (Phra Wihan Fm.); MP1275 (Sao Khua
Fm.).

This tracheidoxyl does not have particularly striking
features. Uniseriate radial pitting is composed of long
chains of slightly compressed to rounded pits, with
rare short spaces in between pits. While biseriate, the
pits either build two longitudinal chains which are
not contiguous, or a more classical row of alternating
compressed pits. Oculipores are few, rarely more
than six, and usually included in an eliiptic border.
Thai woods fit well with the Lao material described
as Araucarioxyion saravanensis. Araucarioxyion s,
however, an invalid generic name (Philippe, 1993),
and according to its xylological features this taxon
is referred to the genus Agathoxvion. Some of the
samples are similar to the Araucarioxylon 5p. described
by Vozenin-Serra & Privé-Gill {1989) from a Plio-

Pleistocene fluvial deposit of southern Isan, suggesting
that this later wood may have been reworked from the
Khorat Group.

Brachyoxylon boureauii Serra

1966a  Brachvoxylon bourcaui Serra, pp. 77-86, text-
figs 20-9, pls V-VIII.

Samples attributed to this taxon: MP1240, 1249,
1250, 1251, all from the Phu Kradung Formation.

This taxon’s most striking feature is the number
(up to 37 per field) and small size of its oculipores.
The radial pitting is mostly uniseriate, with pits in
long continuous chains of slightly compressed pits,
sometimes biseriate and then sub-opposite to clearly.
alternate. The biseriate pit pairs are never exactly
opposite, although some poorly preserved pairs may
look so. The uniseriate radial pits never display the
strong compression found in Brachvoxylon orientale
(Serra) nov. comb. A taxon with these features,
Brachyoxvlon boureauii, has already been described
from the base of the ‘Grés Supérieurs’ in Cambodia.

Brachyoxylon orientale (Serra) nov. comb.

1969  Protopodocarpoxylon orientale Serra, pp. 7-
11, text-figs 1-9, pls VII-IX.

1969  Protopodocarpoxylon  paraorientale
pp. 11-13, pls X, XI.

1982 Avaucarioxylon japonicum Shimakura, in
Asama, pp. 61-3, pl. X1, figs 1-10.

1990 Protopodocarpoxylon  orientale  Serra, in
Vozenin-Serra & Pons, p. 117, pl. V, figs 4-6;
pl. V1, fig. 1.

Samples attributed to this taxon: MP1225, 1226,
1227,1229,1230,1231, 1235, 1239, 1243, 1244, 1263,
1264, 1265, 1280, 1283 (Phu Kradung Fm.).

This is perhaps the most difficult taxon to recognize
among these Thai woods. Radial pitting is very vari-
able. Uniseriate radial pits are generally contiguous,
either round, compressed, or even strongly flattened
(as illustrated by Serra, 1969, text-fig. 3). Spaces in
between pits are rare. Biseriate pitting is common,
with opposite pairs, sub-opposite pairs, or, much more
rarely, alternate rows. Uniseriate pits as well as biseriate
pairs, when opposite, can be included in a rim that

Serra,
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Figure 3. Synthetic radial view of the encountered wood taxa.

mimics Sanio’s bar. Radial pitting is ofien podocarpoid,
that is, with pits jutting out from the others, oblique
contact in between two contiguous pits, and short
clusters of lop-sided uniseriate pits among rows of
biseriate ones. Oculipores are more numerous than in
Agathoxylon saravanensis (Serra) nov. comb. which
otherwise is quite similar to this taxon. The cross-
fields reguiarly display a typical pattern of bright
but low fields with 2(3) rows of 4-5 oculipores (as
illustrated by Serra, 1969, pl. VII, fig. 7). We agree
with Vozenin-Serra & Pons (1990) that the samples
from East Shandong (China) assigned to Dadoxvion
(Araucarioxylon) japonicum Shimakura by Sze, Li &
Hsu (1963) could belong to another taxon, their
radial pitting displaying a somewhat different pattern.
We propose here the new combination Brachyoxylon
orientale for the Thai wood, because this taxon
cannot be assigned to Protopodocarpoxylon (Philippe,
Zijlstra & Bamford, 2002) due to its araucarioid cross-
fields.
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Brachyoxylon nov. sp.

Brachyoxvlon orientale

Brachyvoxyion nov. spec.

1963 Brachvoxylon rotnaensis Mathiesen, in Serra,
pp. 469-82, pls I-III, text-figs 1-5. Non
Brachyoxylon rotnaensis Mathiesen (a taxo-
nomical synonym of Simplicioxyvion hun-
garicum Andreanszky).

Samples attributed to this taxon: MP1228, 1245,
1247, 1248 (Phu Kradung Fm.); MP1221, 1222, 1276,
1292 (Waritchaphum Fm.).

The radial pitting with 20 % to 30 % of spaced and
round pits clearly distinguishes this taxon from the
other three taxa. Biseriate pits are not common, forming
(1)2-3 (4} contiguous opposite pairs. Like Serra (1963,
pl. IIL, fig. 2) we observed the transition from a single
strongly compressed radial pit to a pair of opposite
pits. Oculipores are quite numerous, up to 12, and
sometimes included in an elliptic border (apparentiy
in compression wood). Tangential pits were observed
{(MP1228). Resin plugs are frequent.
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A sample from Laos with similar features was
attributed to Brachvoxylon romaensis Mathiesen by
Serra (1963), a taxon originally described from the
Liassic of Denmark. This Danish sample was later
related to Simplicioxylon hungaricum Andreanszky,
whereas the Lao sample described in Serra (1963) was
excluded from this taxon (Philippe, 1995). The Lao
sample and ours form a distinct xylological unit, which
will be described as a new species, as soon as Serra’s
material can be revised (work in progress).

4. Discussion
4.a. Stratigraphy

From a stratigraphical point of view all the taxa
recognized were already found in adjacent indochina
(Vietnam, Cambodia, Laos). There, they all belong
(Vozenin-Serra & Boureau, 1978) to the ‘Gisements
de la Serie Rouge, Série de Tho Lam’, more accurately
to the informally named *Grés supérieurs’, and have
not been recorded in older strata. The age of these
‘Girés supérieurs’ is, unfortunately, poorly constrained
(Corsin & Desreumaux, 1972). It is worth noting that
the taxa recorded in the Liassic (post-Pliensbachian?:
see Vozenin-Serra & Franchesci, 1999) strata of
Indochina, namely Araucarioxylon laosense Vozenin-
Serra (1978), Xenoxvlon latiporosum (Cramer) Gothan
and Ginkgoxvion guangnanmense Serra (1967q), are
all absent from our record. Overlying these Liassic
strata, the poorly dated ‘Terrains rouges’ also yielded
some wood in the Nong Son area (Vozenin-Serra &
Boureau, 1978). All four taxa recognized there (Fig. 3)
are absent from the Isan wood flora, either at the generic
level (Protophvilocladoxylon and Baieroxvion) or at the
specific level (Agathoxvion colanii and Brachyoxylon
brachyphviloides). If this is not for palacoecological
reasons, it could be that, in accordance with the Liassic
‘style’ of their wood flora, the ‘Terrains Rouges’ in
Vietnam are actually older than the Khorat Group,
possibly latest Liassic to Early Middle Jurassic. Such
an age would fit partly with the Middle to Late Jurassic
age proposed for the ‘Terrains Rouges’ in Cambodia on
palynological evidence (Corsin & Desreumaux, 1972,
p. 209).

Agathoxylon saravanensis was first dated as Liassic
(Serra, 1966b), because it occurs in the same locality
of Saravane province from which Serra identified Bra-
chyoxylon rotnaensis Mathiesen, a taxon first known
from the Liassic of Denmark. This later attribution
is, however, no longer accepted (Philippe, 1995). The
Saravane xyloflora has exactly the same composition
as the Thai Waritchaphum Formation: Agathoxyion
saravanensis (Serra) nov. comb. and Brachvaxylon nov.
spec.

Brachyoxylon boureauii has been described from
Treng, Cambodia, at the base of the ‘Grés Supérieurs’
(Serra, 1969). Interestingly enough we recorded it in
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Isan only from the oldest formation of the Khorat
Group, the Phu Kradung Formation.

Brachyoxylon orientale is the only taxon which has
been found in well-dated strata. It was reported from
the Lower Aptian of southern Tibet (Vozenin-Serra &
Pons, 1990}, on the Lhasa block, a terrane that became
accreted to the Asian mainland at the beginning of the
Cretaceous (Metcalfe, 1998). Amazingly, this wood is
recorded in Isan only from the lowest formation. In
the Thd-Chau archipelago, Brachyoxyion orientale was
probably (see Serra, 1969, p. 6) found in the *Grés
supérieurs’, together with Protelicoxylon asiaticum
(Serra) Philippe. The latter has not been recorded yet in
Isan. Also quite similar to Brachyoxylon orientale, as
stated above, are the woods from Shandong reported as
Dadoxylon (Araucarioxvlon) japonicum in Sze, Li &
Hsu (1963). These Chinese woods are dated as Late
Jurassic (Cheng, Hu & Fang, 1995).

The Phu Kradung Formation wood flora includes the
same woods (Agathoxylon saravanensis and Brachy-
oxvion sp. nov.) as that collected in Saravane (Laos).
On the basis of satellite imagery, the Lao locality had
been correlated with the Phu Kradung Formation by
Workman (1981),

The safest inference that can be drawn from this
15 that palaeoecology played a significant role in the
Isan fossil wood record. From our data we can only
bracket the age of the studied formations of the
Khorat Group (Phu Kradung to Sao Khua) in between
the Bajocian (as the taxa occurring in the Liassic—
lower Middle Jurassic of Indochina are all absent
from our record and as the taxa we recorded have
never been found elsewhere in Liassic—lower Middle
Jurassic strata) and the Albian {(as no Angiosperm
wood has been found). We have no record, however,
from the basal Phu Kradung strata, and these may
yield different woods. Such woods would be very
interesting, because the base of the Phu Kradung is
not yet dated exactly, despite its relevance for the
dating of Southeast Asia tectonic evolution (Racey
et al, 1997).

4.b. Palacobiogeography

From the biogeographical point of view, the [san
wood record has strong relationships with that from
the ‘Grés Supérieurs’ of Indochina (Fig. 4). By the
time of Khorat Group deposition, terrestrial biota in
Indochina had Laurasian affinities, demonstrated, for
example, by the occurrence of Goniopholis in Isan
(Buffetaut & Ingavat, 1983) or that of Xenoxvion
in Vietnam (Boureau, 1950). The wood flora of the
*Grés Supérieurs’ and Khorat Group is, nevertheless,
peculiar. Woods display peculiarities (like small
clusters of strongly compressed radial pits inciuded
in a normal araucarian row, transition from a single
compressed radial pit to a pair of pits, or pair of
opposite pits included in an elliptic rim) that are not



324

M. PHILIPPE AND OTHERS

AGE | Thailand (Khorat) Lao PDR Cambodia Vietnam
Khok Kruat Fm. Ban Thalat Fm.
5 no data
2 no data {@Muong Phalane
= - "bois
abiétinéens"”

Barremian
to Aptian

Phu Phan and Sao
Khua Fms

Aguthoxyion

Chamipa and Ban
Ang Fms

no data

Upper "Gres supéricurs”

Latest
Jurassic to
Barremian

Phra Wihan and
Waritchaphum Fms

Agathoxylon,

Brachvexyton

Phu Kradung Fm.

Phu Phanang and
Nam Set Fins

(@ Saravane -
Aguthoxvion,

Brachyoxvion

@Thé-Chau -
Brachvoxyion,
Protelicoxylon

no data

Lower "Grés supénieurs”

Middle
Liassic

(4]
&z
wy .
2 g Agathoxyion, @Muong Phin - @Treng -
=D .
S g Brachvoxyvion Agathoxvion, no data
= S Agathoxvion )
= 9 ; Brachvoxvion
o "Terrains rouges"
o .=
-
o & @ Nong-Son -
g3 no data no data reworked in Agathoxylon,
— %‘ Mekong terraces Brachvoxyvion,
2= {oathoxvion Protophvllocladoxyvlon
3= Agaitoxyion, " .
— =z & - Baieroxylon
Baleroxvion. ——
. Liassic shales
AXenoxvlon
- areNam -
no data no data @Quang-Nam

Arawcarioxvlon,
Gingkoxvien Xenoxylon

Figure 4. Chronological distribution of fossil wood flora from the Jurassic and Early Cretaceous of Southeast Asia. A synthesis based
on Boureau (1950), Boureau & Serra (1961). Colani (1919), Serra (1966a.0, 1967a.b, 1968, 1969, 1970). Vozenin-Serra (1971. 1978)
and Vozenin-Serra & Prive-Gill (1991, 1994) and our new results. Stratigraphy from Mouret (1994) and Lovatt Smith & Stokes (1997},

encountered elsewhere in the world, as far as we
know. A geographical or ecological isolation with some
floral endemism is thus probable after the Aalenian
in Indochina. This endemism makes difficult the bio-
stratigraphical correlation with the other wood flora
known from Eastern Asia. As Brachvoxvion orientale
has been observed in the Aptian of Tibet, and probably
older strata of Thailand and Vietnam, this isolation
must have been disrupted around Barremian/Aptian
time.

Despite being limited, the wood record suggests
biogeographical isolation of Indochina from the end
of Liassic to Early Cretaceous times. This scenario fits
well with the results from vertebrates, based mainly
on dinosaurs and hybodont sharks (Buffetaut &
Suteethorn, 1998, 1999). The agreement of the two
sets of evidence indicates that the isolation concerned
the whole terrestrial ecosystem.

For Southeast Asia outside the Indochina block,
Jurassic—Cretaceous wood is known only from western
Burma and southern China. Only one wood specimen
was reported from Burma, in the vicinity of Lake Inle
(Sahni, 1938), and this had been related to Xenoxvion

{Philippe & Thévenard, 1996). The locality, dated as
Jurassic, belongs to the Sibumasu terrane, which may
have been already bound to eastern Thailand in the
Late Triassic (Metcalfe, 1998). There are some wood
data from southern China in Shangtung, Fengtien and
Hunan (Gothan & Sze, 1933; Hsii, 1950; Sze, Li &
Hsu, 1963), but these are located much further north
and probably belonged to a different palaeofloristic
province. In the Soegi Island (south of Singapore), a
coniferous wood species is reported (Roggeven, 1932)
fromalocality attributed to the Triassic. This age, along
with the age of some other fossil woods from Borneo
or Malacca mentioned in the same work, is poorly
supported, however. Another oceurrence of doubtful
age (Permian-Cretaceous) that may be compared
to Isan woods is the Araucarioxvion relentangensis,
described by Idris (1990) from southern peninsular
Malaysia, but its protologue is not clear, In her 1919
paper, Colani, in addition to Triassic woods from Vin-
Phuoc (Vietnam), also mentioned some Agarhoxyion
that could be Jurassic-Cretaceous in age from Luang-
Prabang (northern Laos) and Khéne Island (on the
Mekong River in southern Laos). Unfortunately these
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woods are too poorly described to be compared with
those from Thailand. To sum up, the wood record
in adjacent areas is to be revised, but interesting
comparisons can be expected.

4.c. Sedimentology and palacoecology

The xylological singularity of the Waritchaphum
Formation supports it being distinguished from the
typically reddish underlying Phu Kradung Form-
ation strata. According to our record, two taxa
(B. boureauii and B. orientale) disappeared from
the record by Waritchaphum times, while only one
(4. saravanensis) is subsequently recorded in the
two younger formations. It could be argued that
the number of samples taken into account for Phra
Wihan and Sao Khua formations is limited. In both
Phu Kradung and Waritchaphum formations, however,
A. saravanensis 1s not dominant. Thus its exclusive (or
relative?) dominance in Phra Wihan and Sao Khua is
probably indicative of some palacoecological change.
Xylologically the Waritchaphum Formation is more
related to the Phra Wihan Formation than to the Phu
Kradung Formation,

Some imprints were found at Tad-Thong, Phu-
Phan Range, in the Phu Kradung Formation {work in
progress), including leafy twigs of Coniferales. The
leaf cuticle shows xerophytic features like scaly leaf
margins and papillate subsidiary cells, indicative of a
warm and dry climate.

It is striking how silicified wood is limited to
the Phu Kradung Formation. In these strata silicified
trunks are commonly found, some reaching as much
as 1.2 m in diameter and 15 m in length. In the Ban
Thung Chuak locality we found these trunks included
in their matrix. The latter is full of small lignitic
fragments, and looks similar to the other plant-bearing
strata of the younger formations of the Khorat Group
we observed (Waritchaphum, Phra Wihan and Sao
Khua). Silicified wood can be found in these younger
formations, although the woods are rare and small,
Silicification of this type (that is, in a siliciclastic flood
plain} occurs in a subarid climate {Lefranc & Guiraud,
1990; Pailler er al. 2000). The near-absence of large
silicified logs in the Waritchaphum and subsequent
formations, when compared with their abundance in
the Phu Kradung Formation, could be interpreted as
a transition to a wetter climate during Waritchaphum
times. This fits with other interpretations (Hahn, 1982;
Mouret et al. 1993; Heggeman, 1994) and could also
expiain why in the Phu Kradung Formation sensu lato,
most vertebrate remains are located towards the top
(Le Leeuff ef al. 2002), wetter climate meaning higher
plant biomass and more food availability. Subsequent
levels with silicified wood in the Phra Wihan and Sao
Khua formations (Ward & Bunnag, 1964) could then be
interpreted as short arid intervals. 1f it is admitted that
the climate was somewhat arid, the size of the complete
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trunks as well as the growth-ring brightness could
appear paradoxical. The only hypothesis to remove this
paradox is that the tree grew alongside streams. Modern
analogues are known, such as in the Okavango delta of
Botswana.

5. Conclusions

The new data challenge the common view of Khorat
Group wood assemblages as uniform and uninform-
ative. Stratigraphical correlations are drawn with
adjacent countries and biogeographical relationships
are discussed. We now have a firm basis to compare
the Jurassic—Cretaceous wood record east and west of
the Nan-Uttaradit ophiolitic zone. A newly discovered
locality in the Khiong Min Formation (Middle Juras-
sic?) of southern peninsular Thailand, containing both
silicified and lignitized wood, is of great potential im-
portance. There are also indications of wood flora from
the Mae Sot Basin (Stokes, pers. comm.). Moreover,
interesting results could be expected from comparisons
of Jurassic--Early Cretaceous terrestrial biota on both
sides of the Song Ma/Song Da suture. Unfortunately,
Eariy Cretaceous flora from southernmost China are
poorly known (Sun, 1995) and the closest basin with
published fossil wood data from this time interval is
in Shandong (Gothan & Sze, 1933; Cheng, Hu &
Fang, 1995). These are currently under review (work in
progress).
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Abstract

The well-preserved histology of the geologically oldest sauropod dinosaur from the Late Triassic allows new insights
into the timing and mechanism of the evolution of the gigantic body size of the sauropod dinosaurs. The oldest
sauropods were already very large and show the same long-bone histology, laminar fibro-lamellar bone lacking growth
marks, as the well-known Jurassic sauropods. This bone histology is unequivocal evidence for very fast growth. Qur
histologic study of growth series of the Norian Plateosaurus indicates that the sauropod sistergroup, the Late Triassic
and early Jurassic Prosauropoda, reached a much more modest body size in a not much shorter ontogeny. Increase in
growth rate compared to the ancestor (acceleration) is thus the underlying process in the phylogenetic size increase of
sauropods. Compared to all other dinosaur lineages, sauropods were not onfy much larger but evolved very large body
size much faster. The prerequisite for this increase in growth rate must have been a considerable increase in metabolic
rate, and we speculate that a bird-like lung was important in this regard.

@ 2004 Elsevier GmbH. All rights reserved.

Keywords: Dinosauria; Sauropoda; Prosauropoda: Acceleration; Gigantism; Respiration

Introduction

The famed American paleontologist and zoologist
E.D. Cope observed that large body size in vertebrate
animals is generally attained by a gradual size increase
within an evolutionury lineage that began with a small
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ancestral form. This evolutionary pattern is known as
“Cope’s ruie™.

Sauropods were a highly successful group of dino-
saurs which was widespread in the Jurassic and
Cretaceous. Sauropods were the largest animals ever
to inhabit the land, culminating in truly gigantic forms
in at least three lineages (Upchurch 1998; Wilson 2002).
These giants are unique in exceeding the body mass of
any other large terrestrial tetrapods (j.e. large mammals
and other dinosaurs) by an order of magnitude {Burness
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et al. 2001), which raises the question whether Cope’s
rule applies to them as well. Recent finds (Buffetaut et al.
2000, 2002) indicate that the group arose already in the
Late Triassic, but they also document the very rapid
evolution (within a few million years after their origin)
of very large body size in sauropods (Buffetaut et al.
2002). Sauropods therefore did not follow Cope’s rule
and are apparently unique among dinosaurs in this
respect, because all major dinosaur lineages show a
gradual size increase over tens of millions of years,
lacking large representatives before the Middle or Late
Jurassic, with the possible exception of the Theropoda
(Thulborn 2003).

The discrepancy in body size between other dinosaurs
and savropods has recently been highlighted by the
availability of more accurate mass estimates calculated
from volume estimates based on photogrammetric
measurements of actual skeletons (Gunga et al. 1999)
ot on scientific reconstructions (Seebacher 2001). These
estimates place common sauropods consistently in the
15-501 category (e.g. Diplodocus 10-20t, Apatosaurus
20-35t, Brachiosawrus 30-50t; Seebacher 2001). In
addition, there are a number of very large sauropods,
c.g. the diplodocid Seismosaurus, the brachiosaurid
Sauropaseidon (see Wedel et al. 2000), and the titanosaur
Argentinosaurus, that are estimated to have attained a
body mass of 80-100t, whereas sauropod species with
an adult body mass below 4-51t are virtually unknown
{Seebacher 2001). The largest representatives of other
dinosaur lincages, despite generally being perceived as
very big, rarely exceeded the 10t threshold and thus
actually are in the size range of very large terrestrial
mammals such as extant and fossil elephants and the
fossil indricotheres. Among animals only whales grow to
a larger body mass, but a direct comparison between
these two groups 1s difficult because of the vastly
different constraints of the aquatic versus the terrestrial
cnvironment.

What made the gigantism of sauropods possible? This
question obviously must center on a closer cxami-
nation of sauropod evolutionary origins. The earliest
currently known sauropod material is from the Late
Triassic of Thailand (Buffetaut et al. 2000, 2002),
from the Nam Phong Formation which is late Norian
to Rhaetian in age (Racey et al. 1996). The material
consists of the remains of two ndividuals. The first
was relatively small (total length about 6.5m) and
possibly juvenile (although histologic samples were not
available to confirm this), but the femur and other bones
offered sufficient morphaological characters for descrip-
tion as 4 separate genus and species, [sanosaurus
attavipachi Buffetaut et al. (2000). The second individual
(Buffetaut et al. 2002} is represented by various bones
(primarily a right and an incomplete left humerus)
which clearly pertain to a larger animal (Fig. 1). Because
of the size difference and insufficient overlap in skeletal

elements, 1t is uncertain if the second individual also
belongs to [ atravipachi or represents a different
sauropod taxon.

Based on the humerus length of [05cm, the large
individual is in the size range of the well-known large
sauropods from the Late Jurassic (e.g. a medium-sized
Apatosaurus has a humerus about | m long). The entire
animal was at least 12-15m long but, based on its bone
histology, was not fully grown yet (see below). This
documents the evolution of very large body size in
sauropods already by the late Norian or Rhaetian
{Buffetaut et al. 2002), at most 15 million years after the
appearance of the closest relatives of the sauropods, the
Prosauropoda, in the early Norian.

The groups ancestral to the Sauropoda are the
prosauropod dinosaurs. Although it has long been
recognized that there is a close relationship between
these small (< 100kg) to large (3t; Seebacher 2001)
animals and the sauropods, the exact nature of this
relationship has not yet been resolved. Prosauro-
poeds may be monophyletic and in their entirety
form the sistergroup of sauropods. Alternatively, it
could be that only certain prosauropods, namely the
melanorosaurids, are the sistergroup of sauropods,
the other prosauropod taxa such as plateosaurids
being successively more distantly related to the Saur-
opoda (Benton et al. 2000). Sauropod monophyly,
however, 15 unammously accepted, as is the mono-
phyly of Sauropoda plus all prosauropods, which are
united in the taxon Sauropodomorpha (Upchurch 1998;
Wilson 2002).

The evolution of gigantism in sauropod dinosaurs
from prosauropods, and of the body plan changes
linked to this, are an obvious case of a pattern of
heterochrony termed peramorphosis (Long and McNa-
mara 1997) in which the descendant has a larger body
size than the ancestor, and the juvenile descendant
resembles the adult ancestor whereas the adult descen-
dant is more ‘developed’. However, which process of
heterochrony produced the gigantic body size of
sauropod dinosaurs had not been understood until
recently. Because a number of recent studies (Rimblot-
Baly et al. 1993; Curry 1999; Erickson et al. 200i;
Sander 2000) detected very fast growth in several taxa of
Middle and Late Jurassic sauropods based on examina-
tions of their bone histology, 1t was suggested that an
increase in growth rate (acceleration) compared to
primitive dinosaurs was responsible (McNamara 1997).
At the time, however, the very large Late Triassic
sauropod was not known yet, and a model of prolonged
acceleration from the Late Triassic to the Late Jurassic,
.e. a gradual phyletic size increase, seemed tenable to
account for sauropod gigantism.

Heterochrony describes the evolutionary effects of
changes in rate or timing of ontogenetic processes of a
descendant compared to the ancestor, affecting its shape
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Fig. 1. Sampling location for the large sauropod from the late Norian to Rhaetian Nam Phong Formation at Khok Hin Poeng
(Chaiyaphum Province, Thailand). The sample was taken from the fragmentary left humerus (Paleontological Collection,
Department of Mineral Resources, Thailand CH 5). The sampling location (%) is marked here on an image of the right humerus.

(2) Cranial view and (b) Caudal view of the right humerus.

and size (Gould 1977: Alberch et al. 1979; McNamara
1997). As we concentrate here on the change of size, not
so much on change of shape, we follow the more general
terminology of McNamara (1997) and Long and
McNamara (1997). “*Acceleration™ thus also refers to
an increase in the rate of overall body growth and not
only to an increase in the rate of shape change of a
particular structure, the latter being the original defini-
tion of Alberch et al. (1979).

We examined the bone histology of the oldest
sauropod dinosaur and, by comparing it histologically
to numerous Late Jurassic sauropods and the ancestral
prosauropods, are now able to paint a detailed picture
of the evolution of the very large body size of sauropod
dinosaurs. The results may have a bearing on what made
the unique gigantism of sauropods possible.

Methods and material

The record of growth provided by bone histology

Fossil bone is generally characterized by good to
excellent preservation of its histology, which allows
comparisons with fossils of different geological ages and
with recent vertebrates. Bone histology records the
growth of the individual and thus provides information
about the growth strategies and life-history parameters of
species and higher taxa, making it uniquely suited to
detect heterochronic processes in evolution by comparing
life-history parameters in phylogenetic lineages. This has
been pointed out some time ago by Ricqlés ( 1980), and
applied to archosaurs by Erickson and Brochu (1999),
Padian et al. (2001), and Ricqlés and Buffrénil (2001).



168 P.M. Sander et ab. / Organisms, Diversity & Evolution 4 (2004) 165-173

Bone may show growth marks, most commonly lines
of arrested growth (LAGs), which record cessation of
bone apposition, albeit for an unknown duration. Other
types of growth marks are modulations (Rimblot-Baly
et al. 1995) and polish lines (Sander 2000). Making the
well-founded assumption of annuual growth cyclicity
(Castanet et ai. 1993; Chinsamy 1993), the growth mark
record can be quantified (this technique, called skeleto-
chronology, is regularly used in the study of recent
vertebrates), and estimates of growth and important life-
history parameters become possible (Ricqlés 1980;
Castanet et al. 1993; Castanet 1994).

A more general record of growth is contained in the
type of bone laid down; because a specific bone type is
linked to a particular rate of bone apposition. a
relationship known as “Amprino’s rule” (Ricglés et al.
1991: Castanet et al. 2000; Sander 2000; Padian et al.
2001; Margerie et al. 2002). This relationship is difficult
to quantify because of the limited number of tissue types
which are deposited within wide (but non-overlapping)
rate brackets. The fastest-growing bone is fibre-lamellar
bone without LAGs (found today in large mammals),
intermediate rates are indicated by fibro-lamellar bone
with LAGs, and low rates are indicated by lamellar-
zonal bone (found today in most reptiles) {(Ricqlés et al.
1991; Castanet et al. 2000; Margerie et al, 2002).

Sampling

Bone histology was studied in thin sections, polished
sections, and high-resolution digital photographs of
fracture surfaces. The fracture surfaces were located
around mid-shaft of the bones to capture a cross section
of the neutral growth region of the shaft. This contains
the longest record of an individual’s growth. The thin
sections and polished sections can be ground either from
samples cut off a fracture surface or from a core sample.
We obtained core samples by drilling with a diamond
drill bit at a standardized sampling location, also at mid-
shaft {for details see Sander 2000). After embedding in
polyester resin, the sample was cut perpendicular to the
long axis of the bone, revealing a segment of the cross
section of the shaft. One half of the sample was ground
into the thin section, the other half into the polished
scction.

The oldest sauropod frem the Late Triassic

The sample was taken from the fragmentary left
humerus of the large individual from the Nam Phong
Formation of Thailand (Buffetaut et al. 2002). The
sampling location is in the lateral side of the mid-shaft,
somewhat distal to the neutral region (Fig. 1). Sampling
would ideally have taken place 8 cm farther proximally
but was constrained by natural breaks in the specimen.

The medullary region is small and filled with cancellous
bone. The sections show conspicuous diagenetic altera-
tion in some regions, but this is not widespread enough
to preclude histological evaluation.

Late Triassic prosauropod bones

We sampled numerous prosauropod post-cranial
bones, concenirating on limb and girdle bones of
Plateosawrus from the German locality of Trossingen
and the Swiss locality of Frick (Sander 1992). but also
from the basal prosauropod Thecodontosaurus from the
Late Triassic of England (Benton et al. 2000). Techni-
ques employed for sampling the prosauropod bones
were mainly coring and high-resolution digitai photo-
graphy of fracture surfaces (not possible with the Frick
material because of a mineral cover on the fracture
surfaces).

Late Jurassic sauropod bones

The bone histology of later sauropods was studied by
us in extensive growth series of long bones of several
Late Jurassic taxa (Barosaurus, Brachiosaurus, Dicraeo-
saurus, Janenschiq) from the Tendaguru beds of
Tanzania (Sander 1999, 2000), and from the Morrison
Formation of the western United States (Apatosaurus,
Camarasaurus, Diplodocus; work in progress by the first
author), using the core sampling technique. Sauropod
limb bones such as the humerus and femur are ideal for
studying growth because they have a thick cortex that is
little affected by remodeling (Rimblot-Baly et al. 1995;
Sander 2000).

Results
Histology of the oldest sauropod

The primary bone of the cortex of the large sauropod
humerus from the Late Triassic of Thailand consists
entirely of laminar fibro-lamellar bone tissue (Fig. 2).
Growth marks are not very well developed, as there are
neither LAGs nor polish lines but only modulations.
The modulations are more closely spaced in the outer
cortex than in the inner cortex. The inner cortex shows
resorption cavities and incipient secondary osteons but
no secondary bone. The medullary cavity is small and
completely filled with cancellous bone.

This histology of the humerus is unequivocal evidence
of very raptd and uninterrupted growth at rates
comparable to those ol moedern large terrestrial mam-
mals such as large ungulates and elephants (Curry 1999,
Sander 1999, 2000). However, due -to the lack of
sufficiently developed growth marks, the life history of
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the individual cannot be quantified. It is also important
to note that the histology of the large Thai humerus
conforms in alt aspects to that seen in later sauropod
long bones and differs clearly from that of prosauropod
long bones. This provides independent histologic con-
firmation of the assignment of the material to the
Sauropoda which was based on morphology alone.

Bone histology also indicates that the individual was
not fully grown yet. Firstly, it lacks closely spaced LAGs
in the outermost cortex. The presence of this feature in
large individuals of the Late Jurassic sauropods
indicates the near termination of growth (Curry 1999;
Sander 1999, 2000). Tn addition, the lack of Haversian
remodeling in the cortex of the large Thai humerus
argues against an advanced ontogenetic stage, because
Haversian remodeling is seen to occur only in fully
grown individuals of Late Jurassic sauropods (Curry
1999; Sander 1999, 2000).

Prosauropod histology

Plateosaurus limb bones (humerus, femur, tibia,
fibula) exhibit a different histology (Fig. 2). There is a
large medullary cavity bordered by a thin inner zone of
remodeled cortex. The remainder of the cortex consists
of primary bone of the laminar fibro-lamellar type
contatning regularly spaced LAGs. Plateosaurus girdle
bones (scapula, pubis) also show LAGs, but the latter
are more distinctive and set in fibro-lamellar bone with
tongitudinal vascular canats. These differences in the
primary bone of long and girdle bones are due to the
lower bone apposition rates in the latter. In the girdle
bones, there is no medullary cavity but a limited internal
region of secondary cancellous bone. The growth mark
record is therefore longer and more distinctive in the
girdle bones than in the long bones. Thecodontosaurus
limb bone histology is essentially the same as that of
Plateosaurus, but the sample size is insufficient for
quantitative estimates.

Individuals of Plateosaurus with a femur length
between 56 and 89cm (the longest known femora are
nearly 1 m long) display between 5 and 15 cycles in their
cortex, usually between 6 and [3. This is a minimum
count, because several cycles were destroyed by expan-
ston of the medullary cavity of the long bones and by the
formation of secondary cancellous bone in the girdle
bones. An abrupt decrease in LAG spacing in the middle
to outer cortex of some specimens (Fig. 2) indicates a
decrease in growth rate fairly late in observed ontogeny.

The abundance of fibro-lamellar bone in combination
with regularly spaced LAGs in Plateosaurys and
Thecodontosaurus indicates that growth was cyclical
but rapid, at least until sexual maturity was reached.
Afterwards, growth rate decreased but still was sub-
stantial and elevated above typical reptilian rates.

Eventually, growth plateaued as indicated by a thin
layer of poorly vascularized lamellar-zonal bone with
very closely spaced LAGs in the outermost cortex of
some individuals.

Brief published descriptions of limb bone histology
are also available for the prosauropods Massospondylus
(Chinsamy 1993) and Euskelosaurus (Ricqlés 1968), The
quantitative data obtained for Massospondylus are
consistent with those for Plateosaurus (sec also Seitz
1907; Gross 1934). However, the largest individuals of
Massospondylus do not show any indication of a growth
plateau. This was interpreted as evidence for an
indeterminate growth strategy in this taxon (Chinsamy
1993) but could also be due to a taphonomic bias
against very large individuals of this species. Euskelo-
saurus is of particular interest because it belongs to the
Melanorosauridae, generally considered to be the
prosauropod group most closely related to the saur-
opods. It, too, shows the combination of fibro-lameliar
bone and LAGs (and also dense Haversian bone), but
precise counts were not given (Ricqlés 1968).

Histology of the Late Jurassic sauropods

As in the oldest sauropods, the primary bone of the
long-bone cortex of later sauropods consists entirely of
laminar fibro-lameilar tissuc. Commonly, the primary
bone lacks growth marks entirely. If present, most are
weakly expressed (as modulations; Ricqlés 1983) and
polish lines (Sander 1999, 2000), and irregularly spaced
LAGs are very rare.

As in the prosauropods and in modern reptiles, but
unlike in most large mammals, sauropod dinosaurs
apparently reached sexual maturity well before max-
imum size. An abrupt decrease in vascularization and an
increase in tissue organization in the fibro-lamellar bone
of the middle to outer cortex document a sudden slow-
down in growth best explained by the onset of sexual
maturity (Ricglés et al. 1991). Sauropods reached a
distinctive growth plateau which is indicated by a thin
layer of lamellar-zonal bone with closely spaced growth
marks in the outermost cortex of large individuals
(Cuarry 1999; Sander 2000).

Because of the poor expression or complete lack of
growth marks in their fibro-lamellar bone, quantitative
estimates of sauropod life-history parameters are the
exception. Janenschia from Tendaguru (Sander 2000)
and Apatosaurus from the Morrison Formation (Curry
1999) reached sexual maturity at > 11 and > 10 years,
respectively. One large individual of Janenschia stopped
growing at >26 years and died at > 38 years (Sander
2000). A large individual of dpatesaurus (femur length
16dcm) was estimated to be 33 years old and still
growing (Sander and Tickmantel 2003). An age
cstimate of only 15 years for another large Apatosaurus
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(Erickson et al. 2001) appears too low in comparison
with these estimates. Longevity data are not yet
available for any other sauropods.

The long-bone histology of Late Jurassic sauropods is
in agreement with that of the Middle Jurassic Lappa-
rentosaurus from Madagascar (Rimblot-Baly et al
1995). Detailed histologic data are not yet available
for Cretaceous sauropods, but there is no reason to
believe that their histology dilfered from that of the
earlier forms,

Discussion

The qualitative comparison of the bone histology of
the large humerus from the Late Triassic of Thailand
with that of prosauropods provides unequivocal evi-
dence that the oldest sauropods grew considerably faster
than the much smatller prosauropods and at the same
rate as in the Late Jurassic sauropods. The quantitative
figures for age at sexual maturity and life span for the
Late Jurassic sauropods are roughly comparable to
those for prosauropods, also indicating that sauropods
grew considerably faster than the much smaller pro-
sauropods because they reached a much larger body size
in a not much longer life span (Fig. 3).

The occurrence of a typical sauropod bone histology
in the oldest known sauropod clearly indicates that the
evolutionary process of acceleration {increase in growth
rate; McNamara 1997) produced the large body size of
sauropods (Fig. 3), and that acceleration was very
strong. An alternative scenario, which would call first
for phylogenetic size increase by hypermorphosis
(prolonged growth at the rate of the ancestor), followed
later by an increase in growth rate resulting in a
shortened ontogeny, apparently did not take place. This
suggests that the key innovation that enabled sauropods
to reach gigantic size was present {rom the beginning of
the linecage. The early evolution of very large body size
apparently allowed sauropods to be the dominant
terrestrial herbivores for at least the entire Jurassic,
and thus may well have been the key to the evolutionary
success of the Sauropoda.

Acceleration in growth rate was also at work in other
dinosaur lineages (Erickson et al. 2001; Padian et al.
2001) and by itself cannot explain the unique body size
of sauropods. Gradual phylogenetic size increase
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Fig. 3. Heterochronic processes in the evolution of gigantism.
Large size in the Late Cretaceous crocodilian Deinosuchus was
achieved by hypermorphosis (prolonged phase of growth at
juvenile rate), whereas large size in the Triassic and later
sauropods was primarily achieved by acceleration (increase in
growth rate). The growth curve for the large Jurassic
sauropods summarizes observations for several taxa (Rim-
blot-Baly et al. 1995; Curry 1999; Sander 1999, 2000). The
duration of the juvenile growth phase in the large Triassic
sauropod is an estimate, Age data for Plateosaurus were
obtained during this study, those for crocodiles are from
Erickson and Brochu (1999). SM = sexual maturity,

produced by acceleration is probably also seen in other
endothermic amniote lineages such as proboscidean
mammals. The difference between sauropod dinosaurs
and all other terrestrial tetrapod lineages leading to very
large representatives is the initial massive increase in
growth rate in sauropods, resulting in ‘instantaneously’
very large animals. The increase in growth rate must
have required an equally dramatic increase in metabolic
rate.

What evolutionary innovations could have allowed
this massive increase in metabolic rates? We speculate
that a major adaptation was a bird-like lung, although
the performance of other organs and organ systems such
as the heart and circulatory systems also would have had
to increase greatly. The lungs of living birds, with their
unidirectional flow, are twice as efficient as mammalian

«

Fig. 2. Comparison of the bone histology of the prosauropod Plateosaurus from the Triassic of Frick (Switzerland) and the large
sauropod from the Triassic of Thailand. (a) Cross section of a Plareosaurus humerus at mid-shaft, showing a large medullary cavity
and clear growth cyeles which are more closely spaced with increasing age of the individual; rectangle marks location of sample
in (b). (b) Detail of cortical bone; the cortex consists of laminar fibro-lamellar bone with regularly spaced LAGs. (¢) Cortex of the
large sauropod humerus, note the lack of obvious growth marks; rectangle marks location of sample in (d). (d) Detail; the cortical

bone is of the laminar fibro-lametlar type seen in later sauropods.
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lungs, greatly decreasing the energetic cost of breathing
(Perry and Reuter 1999). While nothing is known about
the lungs of prosauropods, there is considerable
osteological evidence for bird-like fungs in sauropods,
e.g. the highly pneumatized vertebrae of derived
sauropods, pointing to the presence of an extensive air
sac system (Wedel et al. 2000; Wedel 2003). In addition,
features of the axiai skeleton of the trunk region suggest
that the sauropod lung was attached dorsally (Perry and
Reuter 1999),

Even more evidence, osteological (pneumatization of
the skeleton) as well as phylogenetic (birds as the
descendants of maniraptoran theropods), is strongly
suggestive of derived theropod dinosaurs possessing a
bird-like lung (Perry 2001). Possibly, a bird-like lung
thus arose much earlier than in derived theropods and is
a synapomorphy of Saurischia in general. The ability of
predators such as Tyrannosaurus rex to grow to giant
size may have created the evolutionary pressure on size
increase in the sauropodomorph lineages. Of course, this
pressure must have been met with the ability of the prey
to ‘outgrow’ the predator, resulting in giant size of the
prey. The adaptive radiation of saurischian dinosaurs
may thus be seen as the arms race between giant
carnivores and giant herbivores, the unique gigantism of
which (Burness et al. 2001) was facilitated by a super-
efficient lung, among other improvements to the organ
systems. This would not only answer the question what
made gigantism in sauropods possible, but also which
selection pressure actually pushed up body size in
sauropods as well as theropods.

The hypothesis of super-efficient lungs in saurischian
dinosaurs can be tested in at least two ways: (1) by
further study of skeletal correlates of lung anatomy,
especially in prosauropods; and (2) by modeling
saurischian respiratory physiology. Respiratory physiol-
ogy is well studied in extant vertebrates, and insights
from it could be combined with the baseline data for
growth rates in saurischians obtained from this and
other studies to see if lung efficiency would make a
difference.
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Ahstract

We: present the first known occurrence of a Mesozoic fossil bird from Thailand, The new specimen is the distal end of a left
humerus, from the Early Cretaceous Sao Khua Formation in the Northeast of the country, and testifies to the presence of a
modium-sized avian in these non-marine strata. This is also the first Mesozoic bird known from the whole of Southeast Asia. To
cite this article: E. Buffetaut et al, C. R, Palevol 4 (2005),
© 2003 Académic des sciences. Published by Elsevier SAS. All rights reserved.

Résumé

Premiére description d’un oiseau fossile du Crétacé inférieur de Thailande. Nous décrivons le premier spécimen
('oiseau mésozoique trouvé en Thatlande. 11 s’agit de I"extrémité distale d'un humérus gauche, provenant de la formation Sao
Khua {Crétacé inféricur). dans le Nord-Est du pays. Ce spécimen indique 1a présence d’un oiscau de tajlle moycnne dans cette
farmation continentale. 1) s"agit 14 du premier oiscau mésozoigue signalé en Asic du Sud-Est. 7o cite this articie: E. Buffetaut
et al, C. R. Palevel 4 (2005).
© 2005 Académic des sciences. Published by Elsevier SAS. All rights reserved.
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Version frangaise abrégée tiques, en général les restes appartenant i d’autres
lignées archaiques demeurent peu nombreux. Les for-

Les restes d’oiseaux mésozoiques demeurent rarcs, mations Yixian et Jiufotang, en Chine, constituent une

en particulicr dans fe Crélacé inférieur. Bien qu'un cer-
tain nombre d’énantiornithes aient é1é découverls ces
derniéres années dans certains sites européens ct asia-

* Corresponding author.
£-mail address: eric.buifetant@wanadoo.{r {E. BulTetaut}.

exception nolable, car des centaines de spécimens de
oiseau primitif Confuciusornis, ainsi que des représen-
tants d’autres groupes, y ont éé découverts [9,22].
Ncanmoins, les données paléontologiques concernant
les oiscaux du Crétacé inférieur demeurent maigres
dans les autres régions de I'Asic.

1631-0683/% - see front matter © 2005 Académic des sciences. Published by Elsevier SAS. All rights reserved.
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Dans cette note, nous décrivons le premier spéci-
men d’oiseau mésozotque trouvé en Asic du Sud-Est,
un humérus incomplet provenant de la formation Sao
Khua [4], en Thailande. Ce fossile, récolté en 1992,
provient d’un aftleurement & Khok Kong (Fig. 1), prov-
ince de Kalasin, dans le Nord-Est de la Thatlande. Ce
site a aussi livré en abondance des dents de crocodit-
icns et de dinosaures théropodes. La formation Sao
Khua fait partic du groupe Khorat [3]. une succession
de formations condinentales bien visibles dans le Nord-
Est de 1a Thailande. Elle a livré des restes de vertébrés
particuliérement abondants (chondrichthyens, acti-
noptérygiens, chéloniens, crocodiliens, ptérosaures ct
dinosausres, ces derniers représentés nolamment par le
tyrannosauroide Siamotyrannus, le spinosauridé Sia-
mosaurus, un omithomimosaure, ot le nemegtosauridé
Phuwiangosaurus) [4). Elle affleure dans de nom-
breuses régions du plateau de Khorat, ¢t ¢st considérée
comme 8" étant déposée en milicu continental. dans une
vasle plaine parcourue par des rivieres i faible énergie
[17]. Bien qu'clle ait été d’abord considérée comme
jurassique, on Jui accorde généralement aujourd’ hui un
age Crétacé inférieur, & partir d”arguments principale-
ment palynelogigues [19,20]. La formation Sao Khua
repose ¢n effet sur la formation Phra Wihan, qui a livré
des patynomorphes indiguant un dge Berriasien 2 Bar-
rémien [19,20]. confirmé par I’étude des iraces de fis-
sion dans des zircons détritiques [1]. En outre, la for-
mation Sac Khua est recouverte par la formation Phu
Phan, elle-méme recouverte par ia formation Khok
Kruat. qui contient le requin hybodonte Thaiodits, indi-
quantun age Aptien—Albien [5], el qui a aussi liveé des
palynomorphes aptiens [21]. ] ne faii donc pas de doute
que la formation Sao Khua est d’iige Crétacé inférieur,
anté-Aptien.

Le fragment d’humérus de Khok Kong (collection
paléontologique du Department of Mineral Resources,
Sahat Sakhan Dinosaur Rescarch Centre, K3-1), trés
bien conservé, est long de 15.2 mm. Les dimensions
du spéctmen suggérent un oiseau cotnparable cn taille
A un canard colvert (Anas platyriynchos). Bien qu'elle
soit brisée & une courte distance proximalement 3 la
fosse brachiale, on peut voir que la diaphyse était légére-
ment courbée proximalement et dorsalement, La dia-
physe est creuse, avec des parois minces. La partie con-
servée est naturcllement aplatie en  direction
craniocaudale. L'ensemble de fa marge distale montre
une angulation ventrale, et un processus, qui pourrait

étrc homologue du processus flexeur avien, est visible
cctie région est bien développée et proéminente, comme
chez wous les Néornithes et certains Enantiornithes [8].
En vue craniale, les condyles distaux sont arrondis, bien
d¢veloppes, et font saillie distalement. Le condyle dor-
sal est bombé et son grund axe est presque perpendicu-
lairc & I'axe de Ja diaphyse. Le condyle ventral est nette-
ment plus court que le dorsal, 1a fosse brachiale est pen
profonde, mais distincte. 8'il était présent, le proces-
sus extenscur du condyle dorsal ne devait étre que tres
peu développé. Sur la surface caudale, il n'y a pas de
sillons pour les muscles scapulotriceps et humerotri-
cipitalis, ct ]a fosse olécranienne n'cst que peu dével-
oppée.

L’humérus de Khok Kong est le premier reste avien
mésozoique & Etre décrit d”Asie du Sud-Est, mais pas
le premier oiseau fossile de Thailande, des spécimens
miocénes ayant été signalés dés 1984 [6,7]. Bien
qu’incomplet, le fossile de Khok Kong montre deux
caractéres pouvant donner des informations sur sa posi-
tion phylogénétique : le grand axe du condyle dorsal
est presque perpendiculaire 3 'axe de 'os, et la fosse
brachiale est peu profonde (caractéres 120 et 124 de la
liste de Clarke et Norell [10]). Un condyle dorsal trans-
verse est présent chez certains Ornithurines (Apsa-
ravis), alors qu’une fossc brachiale peu profonde cst
considérée comme caractéristique d' fehthyornis el des
Néornithes primitifs [10]. La pluparl des Enantiorni-
thes, en revanche, n’onl pas de fosse brachiale visible
{8]. Les autres caracteres visibles sur cette extrémité
distale d"humérus (huit caractéres de la liste de Clarke
et Norell [10]) sont primitifs et donc pas informatifs.
Dans I'ensemble, les rares caractéres visibles surle frag-
ment de Khok Kong suggeérent qu’il ne s agit pas d’un
énantiornithe, et que ce pourrait ére un ormithurine.
Divers ornithurines primitifs ont été décrits du Crétacé
inférieur du Nord-Est de la Chine (groupe Jehol), qui
est d™fige comparable a celui de 1a formation Sao Khua.

Les oiseaux du Crétacé inférieur étant rares, toute
description de nouveau matériel présentc un intéré,
notamiment en provenance de régions o les données
paléontologiques sur ce groupe sont peu nombreuses.
Hors du groupe Jehol (formations Yixian el Jiufotang)
du Nord-Est de la Chine [19,23). Pinformation sur les
oiseaux du Crétacé inférieur en Asie est limitée & une
poignée d'os provenant de Mongolie et d° Asic centrate
[14,18], ’énigmatique Ambiorfus de Mongolie [13]
constituant une exception. car il est connu par un
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squelelte partiel, mais sa position phylogénétique
demeure incertaine [14].

L bumérus de Khok Kong démontre que les oiseaux
faisaicnt partic de la faune du Crétacé inféricur du Nord-
Est de la Thailande. Le bloc Indochinois, dont e pla-
teau de Khorat fait partie, est apparcmment entré en
contact avec les bloes chinois dés le Permien supéricur
[16}. ce qui fait que les faunes de verlébrés mésozo-
iques du Nord-Est de ]a Thailande montrent des res-
semblances avec les assemblages de méme dge en Chine
{2]. La présence d’oiseaux dans la formation Sac Khua
ne peut donc pas surprendre. Compte tenu de ce que
I"on sait des assemblages d’oiseaux abondants ct variés
du grouape Jehol [22,23], ainsi gue d'autres restes fos-
siles aviens plus ou moins énigmatiques du Crétacé
d’Asic [11-15], il est probable que & autres décou-
vertes d’oiseaux crétacés auront lieu en Thailande,

1. Introduction

The remains of Mesozoic birds are relatively rare,
but cspecially so from the earliest stages of the Creta-
ceous. Although in recent years a number of enantior-
nithine birds have been recovered from some Early Cre-
taceous localities in Europe and Asia, in general the
remains of other archaic Mesozoic lineages remain
insubstantial at this time. Notable exceptions to this
trend are the Yixian and Jiufotang formaltions of Liaon-
ing Province in northeastern China, and similar forma-
tions in nearby provinces. from where hundreds of
specimens of the primitive bird Confuciusorniy, as well
as representatives of several other lincages have been
discovered [9,22]. However, the fossil record of Early
Cretaccous birds from other parts of Asia remains very
imperfectly known.

In this paper, we present a description of the first
Mesozoic avian material from Southeast Asia, a partial
humerus from the Early Cretacecous Sao Khua Forma-
tion of Thailand.

2. Background and context

The humerus fragment was surface collected in
1992 by one of us (H.T.) from an outcrop of red silt-
stones of the Sao Khua Formation [4] at the locality of
Khok Kong, in Kalasin Province, northeastern Tlai-

land. Abundant teeth of crocodilians and theropod dina-
saurs have also been found al this locality.

Since the 1970s, remains of fossil vertebraies have
been recovered from a number of sites within the Meso-
z0I1¢ non-marine sedimentary sequences (Khorat Group)
of northeastern Thailand [3]. In particular, vericbrate
fossils arc especially abundant in the Sao Khua Forma-
tion, which over recent years has yielded the remains
of chondrichthyans, actinopterygians, turtles, crocodil-
ians, pterosaurs and dinosaurs {(including the tyranno-
sauroid Siamotyrannus, the spinosaurid Siamoscurus,
an ornithomimosaur, and the nemegtosaurid sauropod
Phuwiangosaurus) [4].

The Sao Khua Formation outcrops in many parts of
the Khorat Plateau in northeastern Thailand (Fig. 1. It
is now generally considered to be non-marine. having
been deposited in an extensive floodplain with low-
cnergy meandering rivers [17]. lts age, however, has
formed the subject of some controversy over the years;
early studics suggested a Jurassic age, but it is now gen-
erally accepted that the Sac Khua Formation is Early
Cretaceous. This assignment is mostly based on palyno-
logical studies [19,20]. The Phra Wihan Formation,
which underlies the Sao Khua Formation, contains
Early Cretaceous palynomorphs, suggesting a Berria-
sian to Barremian age [19,20], confirmed by fission-
track dating on detrital zircons {1]. Therefore, the Sao
Khua Formation cannot be older than Early Creta-
ceous. Its age is further constrained by dating of the
Khok Kruat Formation, which overlies the Phu Phan
Formation, which itself overlics the Sao Khua Forma-
tion. The presence of the freshwarer hybodont shark
Thaiodus suggests an Aptian—Albian age for the Khok
Kruat Formation [5], which has also yielded palyno-
morphs indicating an Aptian age [21]. There is there-
forc no doubt that the Sao Khua Formation is Early
Cretaceous, older than Aptian, in agreement with the
vertebrates 4] it has yielded.

The humerus presented here from Khok Kong (K3-1)
belongs to the Palaeontological Collection of the
Department of Mineral Resources. The specimen is
stored at the Sahat Sakhan Dinosaur Research Centre
(Sahat Sakhan, Kalasin Pravince).

3. Description

The Khok Kong fragment (K3-1; Fig. 2). 15.2 mm
in total length, is from a very well-preserved left
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j’Khoi?Kaen Katasin

N

Fig. 1. Map of northeastern Thailand showing outcrops of the Sao Khua Formation (in black) and several cities. The Khok Kong locality is

shown by a star. Map courtesy of Lionel Cavin.

Fig. 1. Carte du Nord-Est de Ia Thailande montrant les affieurements de la Formation Sao Khua (en noir) et plusieurs villes. Le gisement de Khok
Kong est indiqué par une étoile. Carte aimablement fournie par Lionel Cavin.

humerus. Although broken immediately proximal to the
brachial fossa, its shaft is slightly curved proximally
and dorsally. The dimensions of this bone suggest a
bird comparable to a Mallard Duck (Anas platyrhyn-
chos) in size. The shaft of K3-1 is hollow and thin
walled; notably, the entire element is naturally flat cran-
iocaudally. The entire distal margin of this element is
angled ventrally and a process that may be homolo-
gous to the avian flexor process can be seen; this region
is well-developed and projected as in all neornithines
and some enantiornithines [8]. In cranial view (Fig. 2),

Fig. 2. The bird humerus fragment from Khok Kong (K3-1) in cau-
dal (A). cranial (B), ventral (C), and distal (D) views. Scale bar is
10 mm.

Fig. 2 Le fragment d'humérus d’oiseau de Khok Kong (K3-1) en
vues caudale (A), craniale (B), ventrale (C) et distale (D). Barre
d’échelle : 10 mm.

the distal condyles are well-rounded, well-developed
and are projected distally. The dorsal condyle is bul-
bous and has its long axis orientated at a high angle
(almost transverse) with respect to the angle of the shaft.
The ventral condyle is much shorter than the corre-
sponding dorsal condyle, the brachial fossa is shallow
and well defined. If present at all, the extensor process
of the dorsal condyle would have been only very weakly
developed (Fig. 3). On the caudal surface, grooves for
the scapulotriceps and humerotricipitalis muscles are
not present and the olecranon fossa is only weakly
developed.

4. Discussion

Although the Khok Kong specimen is the first Meso-
zoic bird to be described from Southeast Asia, it is not
the first record of a fossil avian from Thailand —
Miocene bird remains have been known from this region
since the 1980s [6,7]. Despite the fact that the humerus
from Khok Kong is incomplete, it does at least pre-
serve two characters that may provide some informa-
tion as to its likely phylogenetic position — the long
axis of the dorsal condyle is orientated close to 90
degrees (transverse) with respect to the axis of the bone
and the brachial fossa is developed as a flat scar (char-
acters 120 and 124, listed in Clarke and Norell [10]).
Of these features, a transversely orientated dorsal
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Fig. 3. Interpretative drawings of the bird humerus fragment from
Khok Kong (IK3-1) in caudal (A), cranial (B), ventral (C), and distal
(D) views. Abbreviations: fo, olecranon fossa; pf?, flexor process?;
cv, ventral condyle; fb, brachial fossa; cd, dorsal condyle. Scale bar
18 10 mm. Drawings by David Waterhouse.

Fig. 3 Dessins interprétatifs du fragment d'humérus d’ oiseau de Khok
Kong (K3-1) en vues caudale (A), craniale (B), ventrale (C) et dis-
tale (D). Abréviations : fo, fosse olécranienne ; pf?, processus
flexeur ?; ev : condyle ventral ; fb, fosse brachiale ; cd, condyle dor-
sal. Echelle : 10 mm. Dessins de David Waterhouse.

condyle is seen in some ornithurines (¢.g., Apsaravis),
while a flat brachial fossa is currently considered char-
acteristic of Ichthyornis and basal Neornithes [10]. Most
enantiornithine birds, for example, do not have a vis-
ible brachial fossa [8]. The remaining preserved fea-
tures visible on this distal part of the humerus (the fur-
ther eight characters of this region listed in Clarke and
Norell [10]) are primitive and thus uninformative. On
the whole, the few characters seen on the humerus frag-
ment from Khok Kong suggest that it is not an enantio-
rnithine, and may be an early ornithurine. This is inter-
esting because a number of early ornithurines have been
described from the Early Cretaceous Jehol Group of
northeastern China, which is roughly coeval with the
Sao Khua Formation.

Because Early Cretaceous birds are usually rare in
the fossil record, any new descriptions of material of
this age are significant. This is especially true of new
specimens discovered in regions that continue to have
a patchy record with regard to the palacobiogeography
of some groups (such as Southeast Asia). With the
notable exception of Jehol Group sediments ( Yixian and
Jiufotang formations) in northeastern China [22.23], the
Asian fossil record of Early Cretaceous birds is limited
to just a handful of bones from Mongolia and former
Soviet Central Asia [14.18]. The sole exception to this

general trend from Asia outside of China, the enig-
matic Ambiortus [13] from Mongolia is known from a
partial skeleton, but remains of uncertain phylogenetic
position [14].

Although incomplete, the new humerus from Khok
Kong demonstrates that birds were constituents of the
Early Cretaceous vertebrate fauna of northeastern Thai-
land. The Indochina Block, which includes the Khorat
Plateau, apparently came into contact with Chinese
blocks in the Late Permian [16], thus Mesozoic verte-
brate faunas from northeastern Thailand show similari-
ties with coeval assemblages from China [2]. The occur-
rence of a bird in the Sao Khua Formation is therefore
not unexpected. The likelihood of more material from
these deposits is high, simply because the Sao Khua
Formation is similar in age to the Chinese Jehol Group,
which has yielded several abundant and diverse bird
assemblages [22], alongside some other previously
described and tantalising Early Cretaceous fossil bird
material from other parts of Asia [11-15].
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COMPARATIVE DENTAL ANATOMY OF JURASSIC AND CRETACEOUS
SAUROPOD DINOSAURS FROM THAILAND

Eric Buffetaut* & Varavudh Suteethorn**

*CNRS, 16 cour du Liégat, 75013 Paris, France
** Geological Survey Division, Department of Mineral Resources, Rama VI Road,
Bangkok 10400, Thailand

Remains of sauropod dinosaurs are frequent in many of the Mesozoic non-marine
formations of Thailand, both on the Khorat Plateau in the northeastern part of the country and
in the southern peninsula. They range in age from Late Triassic to mid-Cretaceous. Teeth,
either isolated or associated with skeletons, have been collected in some abundance in several
of the formations of the Khorat Group and provide interesting information about the various
types of sauropods which succeeded each other in Southeast Asia over a period spanning, the
end of the Jurassic and the beginning of the Cretaceous.

The Phu Kradung Formation (latest Jurassic to basal Cretaceous) has yielded only
spoon-shaped teeth, usually with a wrinkled enamel. Unworn teeth show coarse serrations
along the edges of the crown, which are obliterated by extensive wear facets in worn teeth.
These teeth are strongly reminiscent of those of the euhelopodid dinosaur Omeisaurus, from
the Late Jurassic of China.

The Sao Khua Formation (Early Cretaceous) has yielded two very distinct types of
sauropod teeth. The most common ones are found in association with skeletons of the

;snemegtosaurid Phuwiangosaurus sirindhornae. They are peg-shaped, with a flat lingual
surface and a convex labial surface, and resemble the teeth of Late Cretaceous
nemegtosaurids from Mongolia and China. Very faint serrations can be seen on some of them.
The second type consists of spoon-shaped teeth, which have a more slender and elongated
crown than those from the Phu Kradung Formation. They are similar to the teeth of the
cuhelopodid sauropods Euhelopus and Mamenchisaurus, from the Late Jurassic of China. The
Sao Khua Formation thus contains two types of sauropods with clearly distinct types of teeth,
presumably corresponding to different diets.

The Khok Kruat Formation (Aptian-Albian) has yielded only peg-shaped teeth which
resemble both those of Phuwiangosaurus and those of Late Cretaceous nemegtosaurids.

The dinosaur-bearing formations of the Khorat Group of northeastern Thailand thus
document a succession of sauropods, beginning with a presumably Late Jurassic assemblage
containing only cuhelopodids, which is replaced during the Early Cretaceous by a fauna in
which both euhelopodids and nemegtosaurids occur (the latter being apparently more
abundant). Towards the end of the Early Cretaceous, the nemegtosaurids seem to have
completely replaced the euhelopodids. This replacement of broad-toothed sauropods by
(presumably more derived) narrow-toothed forms has parallels in other parts of the world
during the Cretaceous, and may reflect adaptation to a changing vegetation.
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" The first Halecomorph fish from Southeast Asia: a Sinamiidae
" (Amiiformes) from the Lower Cretaceous Sao Khua Formation of
Thailand

CAVIN Lionel', SUTEETHORN Varavudh?, BUFFETAUT Eric’, BUNCHALEE

Pasakorn!, CUNY Gilles‘, LAUPRASERT Komsorn | LUTAT Petra ' & TONG Haiyan’.
! Department of Biology, Faculty of Science, Maha Sarakham University, Tambon Kamriang, Kantarawichai
District, Maha Sarakham 44150, Thailand, e-mail: lionel.cavin@dinosauria.org :
? Geological Survey Division, Department of Mineral Resources, Rama VI Road, Bangkok 10400, Thailand
3 16 Cour du Liégat, 75013 Paris, France
* Geological Museum, University of Copenhagen, @ster Voldgade 5-7, 1350 Copenhagen K, Denmark

The Mesozoic sediments from the Khorat Plateau forming the Khorat Group, Northeast of
Thailand, yiclded abundant vertebrate assemblages. Post-Triassic deposits of that Group have
long been regarded as Late Jurassic in age. However, palynological results lead to consider
most of these deposits as Early Cretaceous in age. The Sao Khua Formation is probably
Valanginian to Barremian in age (Buffetaut ez al., 1997).

The vertebrate fauna of the Sao Khua Formation comprises sauropod and theropod
dinosaurs, the hybodont shark Heteroptychodus steinmanni, turtles and crocodiles. Isolated
remains of bony fishes have been recovered in different localities from the Sao Khua
Formation for several years, but these have not been studied yet. o

During a fieldwork conducted in February 2002 by the Thai-French group in the locality of
Phu Phok, Sakon Nakhon Province, three articulated partial skulls of a sinamuid fish have
been discovered. Isolated fish bones have been found in the same locality for several years.
They comprise mostly pieces of jaws (premaxillaries, maxillaries, lower jaw) and vertebral
centra. Some of these isolated elements show characters of sinamiids and other have their .
equivalent on the articulated skulls; they are assigned to the same taxon as the articulated
skulls.

The sinamiids constitute a family of halecomorph fish known until now in the Late Jurassic
and Early Cretaceous of China only. The presence of an unpaired median parietal allows to
easily recognize the members of this family. In their extensive survey of Amiiformes fishes,
Grande and Bemis (1998) regarded the Sinamiidae as the sister group of the Amiidae.

The preliminary study of the new material reveals two synapomorphies of Sinamiidae: the
parietal is unpaired and the parietal and dermopterotic are about equivalent in length.
However, this specimen also shows characters conflicting with the distribution of derived
characters in halecomorphs proposed by Grande and Bemis (1998): the exoccipitals do not
reach the posterior margin of the occiput (character of the family Amidae) and the
ornamentation of the dermal bones is strong (character of the supersubfamily Amiista).

A detailed description and an analysis of characters are now necessary to understand the
phylogenetic relationships of this new form, and subsequently its paleobiogeographical
implications.

BUFFETAUT E., SUTEETHORN V., TONG H., CHAIMANEE Y. & KHANSUBHA S., 1997. The
International Conference on Stratigraphy and Tectonic Evolution of Southeast Asia and the South Pacific,
Bangkok, Thailand, 177-187.

GRANDE, L. & BEMIS, W.E. 1998. Journal of Vertebrate Paleontology, 18, suppl. 1, Mem 4, 1-650.

10



Palaeobiology of hybodont sharks from the Lower Cretaceous of Thailand

GILLES CUNY', VARAVUDH SUTEETHORN’ & ERIC BUFFETAUT
1: Geological Museum, University of Copenhagen, @ster Voldgade 5-7, 1350 Copenhagen,
Denmark [gilles@savik.geomus.ku.dk], 2: Department of Mineral Resources, Rama VI Road,
Bangkok 10400, Thailand, 3: Centre National de la Recherche Scientifique, 16 cour du Lié
gat, 75013 Paris, France

The Khorat Plateau in northeastern Thailand displays a thick but discontinuous series of
sandstones, clays and freshwater limestones, which have yielded a succession of nonmarine
vertebrate assemblages ranging in age from the Late Triassic to the later part of the Early
Cretaceous. The most recent assemblage, from the Aptian Khok Kruat Formation, shows a
diverse hybodont shark component. They are represented by six genera including Thaiodus,
which is restricted to Thailand and Tibet (Cappetta et al., 1990), and Hybodus, represented
probably by a new species. A large number of teeth belong to Heteroptychodus, hitherto
known from the Lower Cretaceous of Japan (Tanimoto & Tanaka, 1998). The three other
genera are new. Genus #1 possesses very elongated, rod-like teeth. Their crown is
asymmetric, the lingual part being more developed than the labial one in a way that strongly
reminds of Thaiodus, and it is likely that these two pgenera belong to the family
Steinbachodontidae known from the Triassic of Europe and the Cenomanian of Egypt
(Duffin, 2001). Genus #2 possesses teeth that show a broad cusp at their labial extremity, and
genus #3 is known from rare rectangular crushing teeth. The phylogenetic affinities of these
two latter genera among hybodonts are unclear in the current state of our knowledge.

These hybodonts had different diets as indicated by their dentition. Hybodus and genus #2
were probably opportunistic feeders while the grinding dentition of Heteroptychodus, genus
#1 and genus #3 indicate more durophagous sharks. Finally, the cutting dentition of Thaiodus
suggests a diet mainly made of large, soft-bodied preys. These sharks represented thus an
important and diverse component of the Early Cretaceous freshwater ecosystems in South
East Asia.

However, their known palaeogeographic distribution is difficult to explain if we consider
these sharks as strictly confined to freshwater. Moreover, hybodont teeth attributed to the
genus Asiadontus were reported from the Aptian-Albian of Kirghisia and Mongolia. The
ornementation of these teeth is very similar to that of Heteroptychodus and it is likely that
that the two genera are synonyms. Heteroptychodus was thus present all around the Asian
continent.

Maisey (1989) suggested that many hybodont genera (Hamiltonichthys, Hybodus,
Lissodus) were in fact euryhaline. Such a mode of life would explain the distribution of
Heteroptychodus around the Asian continent. This hybodont followed the coastline to invade
several freshwater systems. A similar strategy is seen today among the sawfish Pristis
perotteti, which has colonized several lakes along the Atlantic coast of Central and South
America. According to Averianov & Skutschas (2000), the spreading of Thaiodus and
Heteroptychodus-Asiadontus was favoured by the Late Aptian sea transgression. However, as
these sharks are unknown outside Asia, they were probably unable to face open water.

References :

Averianov, A. & Skutschas, P., 2000, Lethaia, 33, 330-340.

Cappetta, H., Buffetaut, E. & Suteethorn, V., 1990, N. Jb. Geol. Paléiont. Mh., 1990, 659-666.
Duffin, C. J., 2001, N. Jb. Geol. Paldont. Abh.,221, 145-218.

Maisey, J. G., 1989, Am. Mus. Nov., 2931, 142,

Tanimoto, M. & Tanaka, S., 1998, Chigakukenkyu, 47, 37-40.
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A new fish locality from the Continental Late Jurassic — Lower Cretaceous of North-
eastern Thailand

SUTEETHORN Varavudh '; CAVIN Lionel >*; LAUPRASERT Komsorn%; LUTAT Petra 2.

! Geological Survey Division, Department of Mineral Resources, Rama VI Road, Bangkok 10400, Thailand

? Department of Biology, Faculty of Science, Maha Sarakham University, Tambon Kamriang, Kantarawichai District,
Maha Sarakharmn 44150, Thailand

* Section de paléontologie, Office du Patrimoine Historiqué du Canton du Jura, Hétel des Halles, 2900 Porrentruy,
Switzerland

The Mesozoic sediments from the Khorat Platean forming the Khorat Group, north-eastern of
Thailand, have yielded abundant vertebrate assemblages ranging in age from Late Triassic to Early
Cretaceous (see Buffetaut e al., 1997 for a overview). However, the Thai record of Mesozoic bony
fishes is scarce (Martin, 1984, Martin & Ingavat, 1982). We report herein a new locality from the
Phu Kradung Formation with numerous and well preserved bony fishes specimens.

Post-Triassic Mesozoic deposits of the Khorat Group have long been regarded as Jurassic in age.
However, palynological studies (Racey et al., 1994) have provided younger ages for most of the
formations. The Phu Kradung Formation, which is the lowest formation of the Khorat Group as
currently defined, however, yielded inconclusive palynological evidence. According to age
constraints provided by the overlying formations, the Phu Kradung Formation may be regarded as
Late Jurassic or basal Cretaceous in age. The sediment of the Phu Kradung Formation were
deposited in continental environments, varying from river channels to lacustrine environments.
The first pieces of fishes were collected some years ago by local people on the slope of a hill (Phu
Nam Jun) in the vicinity of the village Ban Phon Sawang, Kalasin Province. Scores of specimens
are now housed at Phuttabun temple.

In April and May 2002, the Thai Department of Mineral Resources and the Maha Sarakham

" University undertook excavations in the Phu Nam Jun localities during 6 wecks. We uncovered
almost sixty complete or subcomplete and articulated bony fish specimens. Most of the fossils were
removed in plaster jackets, and cleared in the Paleontological research centre of Sahat Sakhan,
Kalasin Province. '

Preliminary studies of the fossil fishes show that more than 90 % of the specimens belong to a new
species of semionotid fishes. Specimens show differences in their body proportions, but we cannot
now specity if these are due to individual variations, sexual dimorphism or taphonomical
conditions. ,

One specimen is a ‘holosetean’ fish of uncertain affinities. The trunk is elongated an covered with
ganoid scales. The skull bone pattern shares characters with semionotid fishes, as well as with
lepisosteid fishes. '

Finally, a skull roof in connection with upper tooth plates of a lungfish (Dipnoti), has been
uncovered in associated with a lower jaw. Bone remains of lungfishes are extremely scarce in post-
Triassic deposits (except isolated tooth plates). The study of this specimen will likely provide
interesting results about phylogenetic and paleobiogeographic affinities of the post-Triassic
lungfishes.

Buffetaut, E., V. Suteethomn, H. Tong, Y. Chaimanee, S. Khansubha, 1997. New dinosaur discoveries in the Jurassic
and Cretaceous of northeastern Thailand. The International Conference on Stratigraphy and Tectonic Evolution of
Southeast Asia and the South Pacific, Bangkok, Thailand : 177-187

Martin, M. 1984. The actinopterygian scales and teeth (PISCES) from the continental Upper Triassic of Thailand, their
paleogeographical significance, Mém. Soc. géol. France, N. S, n°147 : 101-105.

Martin, M., R. Ingavat, 1982. First record of un Upper Triassic Ceratodontid (Dipnoi, Ceratodontiformes) in Thailand
and its paleogeographical significance, Géobios, 15(1): 111-114, )

Racey, A, 1.G.S. Goodall, M.A. Love, S. Polchan, P.I). 1994. Jones, New age data for the Mesozoic Khorat Group of
Northeast Thailand. Proceeding of the International Symposium on Stratigraphic Correlation of Southeast Asia,
Bangkok, DMR : 245-252.



First carettochelyld turtle from the Lower Cretaceous of Thailand
Haiyan Tong', Eric Buffetaut', Varavudh Suteethorn” & Paladej Srisuk’

' 16 cour du Liégat, 75013 Paris, France

% Geological Survey Division, Department of Mineral Resources, Rama VI Road, Bangkok
10400, Thailand

*100/11 M001, Tambon Khao Yoi, Phetchaburi 76140, Thailand

The Early Cretaceous Sao Khua Formation of the Khorat Plateau, NE Thailand, has
yielded an abundant and diverse vertebrate fauna, consisting of fishes, turtles, crocodiles,
sauropod and theropod dinosaurs and birds. Recently reported turtle remains include adocids
and an undetermined trionychoid (Tong et al., 2003a, b). Here we report new turtle remains
from the Sao Khua Formation, collected by one of us (P. S.) from the Phu Wat locality, about
30 km NW of Khon Kaen city, in Khon Kaen province. They consist of fragmentary shell
material. The shell surface is covered with a pitted decoration, the nuchal is wider than long,
the neurals bear a high dorsal keel, the carapace has a serrated margin. All these features are
reminiscent of Kizylkumemys, a carettochelyid turtle known from the Late Early Cretaceous -
Late Cretaceous of Middle Asia and Mongolia (Nesov, 1977; Sukhanov, 2000). The material
from Thailand is too fragmentary to allow a reconstruction of the shell. It is tentatively
assigned to the Carettochelyidae and considered as closely related to Kizylkumemys.
Kizylkumemys from Central Asia is a small turtle, 250 — 350 mm long, represented by a
single species, K. schultzi Nesov, 1977. The size of the Thai specimens seems smaller.

The Carettochelyidae were a widespread group during the Early Tertiary, known from
Europe, Asia and North America. The single extant species, Carettochelys insculpta, is
restricted to New Guinea and nerthern Australia. However, the Mesozoic fossil record of the
family is scanty. Besides Kizylkumemys, another trionychoid turtle, Sinaspideretes from the
Late Jurassic or Early Cretaceous of Sichuan, China, was tentatively attributed to
Carettochelyidae (Meylan & Gaffney, 1992). Some carettochelyid shell fragments are
reported from the Late Cretaceous of Japan (Hirayama, 1998). This Kizylkumemys-like turtle
from Thailand is the first carettochelyid record from the Mesozoic of SE Asia.
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