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Abstract

Project Code: MRG6180086
Project Title: Palaeoecology of Thai Mesozoic freshwater bony fishes
Investigator:  Dr. Uthumporn DEESRI
Dr. Varavudh SUTEETHORN
Department of Biology, Faculty of Science
Mahasarakham University
E-mail Address: uthumporn_deesri@yahoo.com

Project Period: 2 year

The study of the Mesozoic fish record of Thailand is still in its infancy. This
project aims at continuing the discovery of new bony fish material by excavating old
(Phu Nam Jun, Phu Noi, Chong Chat, ect.) and new (Triassic sites, Early Cretaceous of
Laos, ect.) fossil sites and to continuing the osteological and phylogenetic studies of
the new Thai ginglymodian taxa. The bony fish diversity is growing years after years
thanks to new discoveries but, strangely enough, most of the taxa belong to only few
clades, notably the ginglymodians and the halecomorphs. This situation might be due
to taphonomical reasons, but we cannot exclude that South East Asia was a center of
diversification for these fishes at that time. The palaeobiogeographical signal of the fish
assemblages is not yet very clear. In the Late Jurassic, affinities with Central Asia are
detected, then in the Early Cretaceous the affinities moved towards Eastern Asia.
Strangely enough, several taxa also show links with fishes from Africa. More detailed
analyses, however, are necessary to get a better image of the evolutionary history of
these groups, but it is already established that the fossil record of Thailand plays an
important role to understand the evolution of freshwater bony fishes during the

Mesozoic worldwide.

Keywords :ginglymodians, phylogenetic studies, taphonomical, palaeobiogeographical,

evolutionary history
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Ulansanwaz UUdWUILUIE T UTULAIER magﬂaim UANUNUNIVBIBURUUTEU 50 -
250 AT ANNLINADUVBINITANALNBULNNINNTELEAURLNDUINNWLUNTRA §15UUSEaU
ae wazlwitlAwmdaduuenss TuanmglionmaiirsuirsnaiuduasSoutu 9ndeya
AugInAnaAusIn 8eldusingiudiuaunszgn nuamgiilusessesmaduvedlaluians

W unassesfulaluanshuunavenuuianingiies 2. veuwiu (Wudu

UUINAULEITD (Sao Khua Formation) WuUnuIaiuinunsEanedInuL U190 usau

Tu Jufiuanldgaunnin dndwwignian eglugistuninuanssana 240 - 465 wns wile



syfunztaUIunans saeuatilszneusietuivaduiudusuy cycle vasAUlARUAY
n57e Amaunuuas @duiuiunseuds funsie Winezdesdadnuiunans uasfiunsan
uuﬁu%umm caliches, calcrete nodules Lag thin- bedded and nodular silicrete Iﬂaﬁﬁiﬂ
Fuinvemnaiuadafidmannuuns wazdl calcrete uaz silcrete nuazAuAITING
Tumnafiugnssfsagmnaiulannn duiiudaumunsening 200 - 760 wes Tngeia
soiflosanmnafiunszins uasiinainnisazaunznouainuitnldente Anuiainis
annznavluseaiiiaiunsaauy funse uazazneuiiazaudluiistuiviauds luanm
giomefiduuuuiauiauds uinuindunnefuiinuenindussiazamduduuuin

LALADUINNAINTLA

#AAUYWIU (Phu Phan Formation) nuusnszanemliuntnlnevnafiugaiaznuiiy

a

duitliganndndedesanniduveminfiueds Ysneusefiunse dmiunuan &
vadiangneutunandadianeiu funsinuu Wutumnuesiitudeassdurualngi
WUU planar Wag wWUU trough cross-bedding Inefiduusznaudumnemenddvn fugwn
Il Fd$ndn wnd dhaa uas f1 wasden iangnoufienuuufudfinsdauualidesd
TuvawisdduiuAunu Fmunusadvogidnwalduaud dnvasuromnnfiugwiu
Ao Wufiunseuasiiunsasuu Sinaunumdes duseu vy uazv1d vsduvesiunsed
91Uy wanadnvasAurestudssseAuTuIanas Ssuwalug mnefiugwiudanumun
511319 80 - 140 wms Nesaidlesfumnafiuandafineiogans iinannisazausuay

penauIINWitIvlns sUszauae wazkiildwinduuiesaunsn luanmgieinied

v
L4 =) =~ =

Aoutafauruiefuiaas 3ndeyasugndnmussinuintuvanaiui Galdusinguey

YUAITUVRIINANAIUTTNIUALINUAUMIARUNTZINNST NURNIZLUaITsRuvalaluEs
wuafiulannsan (Khok Kruat Formation) vinafiuiiwunszanesaliunn mandufiuiigs
NI DM DIUN ﬁa;u Us¥noUsefuns s Aunieeu WAILALYN FUIANALALLAY Y1IUA
e Tuuisieiiunans Wenznouruinaziden vistuimsuuvoadansan Funsiouds
Aulraunarfiunsanuy FUnaununas Fuainuang uenaindsamudy caliches uas
calcrete nodules a&ﬂu%uﬁuimu %uﬁwmmﬁmaﬁwiaLﬁaamﬂﬁmmﬁugwm dAunun

LUSIUABUUTZUN 30 - 150 LWAT LNAINNISALAUAILAZAZNOUINNLUUILUULAINTA Tu

angienianAeutansuildwalugaUaneve A AT ULUULITILES

a819lsAmuLMaIEI Tl UL Az LA T AN INASIAUS N0 1L AT S NWL YD

AENaUWANANNIY 19T Ugiuan mwInaey o vauztuuand1aiy Wy luuvdgiey 8.A1



13 2. g azneudnilvgidusznoufiune neeuls uasiiulaau Jaiuinly
anmndeuiiduihils wislvades 9 luvariluwmasiulnsnidout e.dleq 1.
upsTAIN aznoufidnuazAsuinuamzi TuAeUsznouseiunsin funneiame
wazvuelyg) wnsnuusgfueuiiulaau (mud nodule) Bwhegrainunsnilsieglufoudiu

TAAUAINATY AILARILLUAINT WAL AW 2-

R
Il \ i A Ty ;4“ i T\ % i

l (3 43 s A

SI\IE lgﬁ g" o e E".DM ,L. ey it

i AU o T 34\
O AT a0 L

2 < 31
T g 2|4l FI) o 27“.25”‘ 30 4 A w il
. | -

3

PN U 1 1 24 o 1 a U a
AN 2-2 G]'JE]EJ'NIULLW@QQU’E]EJ 9.A34 2. Mwaws Heslupznauiunsevulaay

q

PN o 1 v & v d a 5y a v
AN 2-3 WJE)‘c’J'NIULL‘VIaQU']‘NIﬂiﬂLﬂ@u‘VI'] 2.1UDY 9. UATINVEUN Ejﬂmiumzﬂaumﬂwmz

Aaud1aRNIEd tuRsUszneumeiunsin Aunsedareiuiazsuining



uni 3

3.1 AN veIRINAnAUITHUAINsEanuslulssmalne

F7987199 A 1INNITLAUAITINA LA U DU U AN ILAZIINNITATIVABULDNATTHY

1 U v ! N < 1 1% 1
wulraeudanaInuatengy Jalainssgnuduuseonidu 2 subclass lawn subclass

Y

4

Actinopterysii Fa.ludupanaveslainguindiinuasunis fadl
“Palaeonisciformes”

Uanludusu Palaeonisciforms \uanadilddaindu monophyletic group udungud
Aoutaliusngdesludieslne wazwinsevialagtuesdamudtegraiivsliidiete eann
ineglu cf. Ptycholepis sp. Inenuluunasinulanauiy Wraudy) uazarganuluunaag
oy Fansaeunasnseglulug 9.A1 2. NwaLS FeanalluansanvazAoutnuany tude
2 o N o <, a4 A . o =
inanusIngildnuazidunssd@maey (ganoid scale) Ay 817 wazddug1nasssuuly

AULLIENIVDUNAR waRasdlUError! Reference source not found. ag 3-2

| nuﬁtumn I

CENTIMETRES |1

AN 3-2 Fregrananvasuatludusiu Palaconisciforms TUwastnulAnNauI (hiadis)
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Pycnodontiformes

Hususuvesnguiaiigaiusluuddadldnuursusisiuvandsevann wagnudsinges
andlvamutnnglusgnouiidy uiitrefivanglungneuuaaiidaiasgagusadnmeu
nanssenaulatensneulivesUsemnalng lunuiniuunuds (Mab Ching Formation) wag
lurane o wiaasgaasinliganaufuUseuiaele Hauterivian 84 Barremian Tuvaindiu
111 (Sao Khua Formation) 1t unasgmiunes 2.vuestadng lnssnfndussyiainy 3
Snuazndumwituanadn Auaulademindeudisdesfinuluwmdnidn daduiun

Wwennnuusnglutlws Tueenvedanlusiau
Ginglymodi

Ualuaneiidnegsauiungu Halecomorphi Seniudalmidn Holostei Fefansfiaundnivie
senaglulagiudnegluduiuvesuainis (living gars) laenunszaneiugluuaveiisnnile

wnAnAUITHTaIUadinaludeudadunguinnunnngalulssindlve Usznause

Jendlupeunnuusingniunigatugislatvaalnsieadnvesuiniuiieiuain Tuwnas
WLHEN 0.a0ua1S 9. Tl FansfnwilesiudunseSuiednvazdiegeliudy waddl

anusadsfuadiunsansifiosnilensvasdendaldauysaldesandudiog sy

LY

Tumnnfiugnszis Sneglurenarsisasyaqusadn Wumnafiuiinuaamainyiaves
Jandsndladousnniian luudaanguans o Yaiiden 2. uasmedu Sadusdailusa
Viqm Ao Khoratichthys gibbus (Deesri et al., 2016) wazviinnauife Isanichthys lertboosi
(Deesri et al., 2014) luuna 9 ues .A1419 2. N1WAUT vdadau1AD Thaichthys
buddhabutrensis wuluuviasnihdu Fansieguugavomnniu aadndorgegludisiu
yanIlea Berasian) wardaiduanafinuroudiauin Immawwimmdqqfﬁ“’u 9.N&
weal 9. MWANS awsafnwseasidendugiuing1niguen NLINIA LAZNTTUIUATT
Ansnfndussildifuedned Wesmnwududuumnn venniuddeluuvasdessin
o.luuds 9. nupstnd1g wnastudmen 2. ynamns Yardendludsuluunaegiuidu

wenan Thaiichthys Fanuidudiuiuainluunasguidunds Samudiag19duLuuees

=

Isanichthys palustris (Cavin & Suteethorn, 2006) Bailluanaiieafuiinuluundagdesde

bYUNU

Yandenalutasulunuiniulandl (Sao Khua Formation) WUABUYINUDE LaZFHI19819N WU

1 1 v & & 1 [
ﬂ?ﬂiﬁiy,l,m AANLUULAY YUdIUVDITIU Uazindn
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Jendladsuluniiniiulannsin (Khok Kruat Formation) 81gUsesnas Aptian-Albian &3
gy Afdnvazuanindumsiudnldauyseisufotutumneduad snduluwmasi
agvnuiiu o.1dles 9. uATIBEN WULAYNIERN@ILTITIIAUwNAATT AT Baf U uelsl
auysaitei warfaudasnuudiaunszg nauia widnuusinundununszgniuiidy
Snuazianiziindefudiuiavesarfinuluvuiniu vesUszmaa1n Jadumneafiui
Wisuasslanunuiniulannsinvesine 3eszystaludadafediuiu Lanxansichthys

alticephalus Finulunuaniiu veauszmaan (Cavin et al,, 2019)
Halecomorphi

Uanluaneiidagduivdeiisssiiafeifie Ual bowfin (Amia calva) Banszaneiugegluunas
5 a2 = & 1 I3 v £ o 3 o 1
WIntulseinassnwidowidy egslsfinnn deyawndnaussiarluaeddeldiusing
luwnadlaluynegalnsweadnuazenyusadnveing nuusinganizluniieiuadiuag
wnaulannsiauinty sdausnidunidntulsendlnelvefie Siamamia naga (Cavin et
al,, 2007a) 90829 Siamamiidae Fudundnnulugaasindea wazdnindungudni
wngdulueWengTueen wu Ju guu wazluusemelne Tngludssmalvnedunuluumeg
! A [ d' A & Ay Y s iy ] =
wan a.4f9eY 9. anauas deidunusniilunidn MnuuAiusTInguaviudiuluundsdy 9
LU WARINUBLES 2. INAIYTT UNAIYNIUNBY 3. NUBIVIAN, WNAI)AULAY B.UA T,
uasnug FaluuasnAuunsil wenanUsnganvarvetndniiiseu ve Adne cf. Siamamia
W& FenunaafifeudaussratanastanAsurasdu § dude uSuRunaaldiSou ue
Usngdnvaslumnuunauasieiluiifamnga (Tong et al, 2019) Jaiosfunininegluid
g8 Vidalamiinae ufe fiunivinssinsasidnyuseeniluiiunaundieiiven Tuvnsis
Hupsudaen swiudnvazvesninidunuuuvasuuiongs ilidaduunuansisly
310 Siamamia lunuinfiulannsin ewginvestarluaed sinamids 10uii §3nuasny
& o ' Y N A 1 =~ a o I Aa
nsrarwegludnuiuannluunadandid@i e.asdleddu 4. auas1ws1il uardnieg1aning
2 o . | Y v A | & v a v a
Wusnw (preservation) Aewt1efd gnAunuieliuund Tuuvasiulnsnifewin e. Wies
3. uATIITANT wazdieg sEnInansAnw1iTe wisuTnenaIsIdediiuid amanly

sinamiids vilalual (Deesri et al., underprepared)
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Cretaceous Cenozoic
Late Early Late Palaeogene

=1 Myr & Million

g a
| | | | | | | | | | | | | | | | | | years
Pleronisculus stensiol i

i
Teffichthys madagascariensis

r Dorsetichthys

Teleostei

)
. 1 Laplolepis coryphasnoides.
Waltsonulus eugnathoides

I i Caturus furcatus

Semhcienes o B - T ——,
S iamamia naga
o jefla procera )
o

lonoscops cyprinoides

el

Lepidhoyas microrhis

[ Mavrosemius rostralus
L Ivata;
L Propte

itz

Semionotifarmes

L
Paralepidotus omnalus P.___ __
Sermiolepis brembanus * Khoratichi

Callipurbeckiidae

Lepisosteoidi

A7 3-3 AaAsEETIuINskazALdITuivesUaInsEgnulslunguiuAS UL

(Actinopterygian) Tunvngaillalednvasling

Subclass Sarcopterygii Usznausielafidiasuidumniile (lobe finned fishes) loun ngu
UanUenuasUandauausindaniosenaglutatu Tulssmelnedoyadugninmussiny

UsngLang Dipnoi visanauuaiven (lungfish)

Jaytudarven nunszareiuganiziuluivanivuensng (Protopterus annectens) 1@
nIvawsnle (Lepidosiren paradoxa) waglunivseansiae (Neoceratodus forsteri) 14

g Y v & K = = |
auanaiiduvariiawnsanelaldvsludinazuuun eowndvendrelunismels

=]

yanniiaannsidwiden neluuinveslatUanaziiftuiidnwausiduliuiumun washdass

Wiaiianisnatganimdurinfindiussiauvesruiuiozgnunuiisiewssgei 9 Famy

Wiuleiald Fesnnfnsiussivedskuivlarvaanuaswsnluniisiumeiuais (Martin &

=3

Ingavat 1982) uagantunuluunassnulis (Martin et al. 1997) Badnagluniiniiugnszia

a =

nanalaveding warluunaiieyin 2. nuesdiag dneglunuiniugnssauduineliu

a s sa ¥

lngluniiafiugnsedsiies luuvaaguiau e.nausieal 2. n1wdug NdnsAUNULAYNIEAN

9
(%

dunslnansauiuuduiufinuuinssinsuusasans auausasaduanal sialwi 1o
Fereanoceratodus martini (Cavin et al. 2007b) ielduunnilgiinsdunuimedudines
nszgnnzlnandweiiisidn Tuuvdanties o faie 9. nwdus Tseglumnafiugnsziaduiu
Tnesegsiiidsogludunounanisunadeffuilunsasummnisely (Cavin et al,

underprepared
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3.2 7109819 KT181

o [,

W c

Al 3-4 FegnanuaznszgnuasUatuduiu Amiforms Tuuvasdulnsnifiowi A

08 19PURUY KT181 B. AMagngdiuiiyuaean umaa C. nmegngaiuiyuuenugie

\dufogeiegseninananiens1s manuscript idudaog1ei Aunuluua sl
WAt UlnINAaUYI A.gTUNT B.ilee 3. uasTIwaN Heilungnouiunsnedunsinves
NIAAULANNTIA 8ARSITEaNDUAN AI8819AULUY (holotype specimen) KT181 wans
eazBundui nsggnduiiseweiuauysel dudwiigiingvianield Amiiay
Fomeiind uluraistfiuiaog e lnoileaduniaindusialml dnegludusuresuan

Amiiformes (gvineiaslunianwIn vt 34-40)
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3.3 29819 KS34 — 1785

Al 35 fegnsranuaziNuily (KS34 - 1785) vesadenludiusiu Dipnoi luuvasgifos

ﬁ].mw?iuﬁ: A, anterior bone of the mediolateral series in dorsal (A) and ventral (A’) views;

B, anterior bone of the medial series; C, posterior bone of the mediane series in ventral

view; D, posterior bone of the mediolateral series in dorsal view; E, posterior bone of the
lateral series (YZ bone) in dorsal view; F, ?lingual bone (angular) in ?lateral (F)

and ?oblique (F’) views; G, H, right (G) and left (H) dorsal tooth plates; I, left ventral tooth

plate in occlusal view with the posterior part reconstructed

Judeesiogseninaniswionsns manuscript 1udiegrsvesuaonfidunuly
widtey 8.A119 9. n1wdud ieireglunznauniunievulaauremaiaiugnizia gy
usadnmoulaeiwiugarsda fethaiiny (study materials) ualdluniseSuiednuas i
Snunzuonvaalunansdu Lild3swiety wianmeandenduindeutiedn uavanuns
AnwIUIBUBUAUMBY19AUILUYU FERGANOCERATODUS JURASSICUS Kaznyshkin & Nessov,

1985 wagnyadeunNuduiugmATaunsld @lunamnnviedy wi 41-43)
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1. Introduction

The Mesozoic non-marine deposits of the Khorat Group (Late
Jurassic-Early Cretaceous) in ME Thailand are rich in vertebrate
fossils. Among the five formations included in the Khorat Group
[from bottom to top: Phu Kradung, Phra Wihan, Sao Khua, Phu
Phan and Khok Kruat formations), numerous localities in the
Phu Kradung, 5ao0 Khua and Khok Kruat formations have yielded
abundant wertebrate body remains (see Buffetaut et al, 2000
and references therein), In this paper, we report on a new ver-
tebrate locality, Phu Din Daeng, in Makhon Phanom Province.
Recently discovered by local people, the site has been visited
regularly by the Palaeontological Research and Education Cen-
tre (PRC), Mahasarakham University, since 2012, The material
was collected on the surface or by systematic excavations to
extract apparently partially associated fish or turtle skeletons;
and the sediments were screen-sieved, The Phu Din Daeng site
has yvielded a diverse and somewhat peculiar vertebrate assem-
blage including sharks, bony fishes, turtles, crocodiles, pterosaurs
and theropod dinosaurs. The geology of the site is investigated
and the stratigraphical significance of the assemblage is dis-
cussed. A new species of turtle, yet unique to this locality is

described,

2. Geological setting

The Fhu Din Daeng site is located in Tambon (sub-District) Si
Chompu, Amphoe [ District) Na Kae, Changwat {Province) Nakhon
Phanom, NE Thailand (Fig. 1), The sutcrop where fossils were dis-
covered cormesponds to a small erosional area at the northeastern
end of the anticline of the Phu Phan Range, on the Khorat Plateau.
Stratigraphically, the Phu Din Daeng site is located at the top
of the 520 Khua Formation, a few metres below the Phu Phan
Formation, Next to the site is a hill that is topped by hard lay-
ers of medium to coarse-grained sandstones and conglomerates
typical of the Phu Phan Formation, The fossiliferous deposits cor-
respond to a thin layer of siltstone of a few centimetres thick,
itself interbedded in layers of red mudstones, siltstones and sand-
stones. Vertebrate fossils are relatively abundant, including sharks,
bony fishes, crocodiles, turtles, pterosaurs and theropod dinosaurs;
bivalves have also been collected, Large bones are very rare, fish and
turtle remains are by far the most abundant vertebrates at Phu Din
Daeng, but often represented by fragmentary and isclated elements
or by loosely associated sets of plates or scales, The generally dis-
articulated nature of the material may indicate that carcasses were
partially or totally decayed and disarticulated before burial. Most
fossils consist of relatively small elements suggesting a possible
winnowing, It does not appear that there are important concentra-
tions of fossils, indicating that the bone bed is probably the resule
of a single flooding event occurring at some distance from the main
water bodies somewhere in the floed plain, Some turtle elements
belonging to a single individual, although disarticulated, have been
collected over a small area, suggesting an in situ preservation or
short transportation,

Based on palynology and vertebrate palasontology, the Sao
Khua Formation is considered to be Early Cretaceous (Buffetaut
et al,, 2006; Racey, 2009; Racey et al, 1996), and more precisely
Barremian in age based on the study of bivalves (Tumpeesuwan
et al., 2010). Located stratigraphically at the top of the forma-
tion, the Phu Din Daeng site seems to be younger than some
other fossiliferous outcrops in the Sao Khua Formation, such
as Phu Kum Khao (Kalasin Province) and Phu Wat (Nong Bua
Lamphu Province), and indeed displays a slightly different fossil
assemblage,

3. Vertebrate fauna from Phu Din Daeng
31. Chondrichthyes Huxley, 1880

Hybodontiformes Patterson, 1966

Heteropiychodus steimmanni Yabe & Obata, 1930

Material: Three teeth with the root preserved [PRC34-PRCIE)
and three fragments of tooth crown (Fig. 2),

Description: The three teeth are flat, roughly parallelogram-
shaped in apical view with a sigmoid curvature in labial or lingual
view, PRC34, the most complete one (Fiz. 2A-B), measures 19 mm
mesiodistally, 14 mm labiolingually and is 7 mm high, induding the
root. Its apical surface shows 25 dosely packed mesiodistal ridges,
PRC35 (Fig. 2E-F) measures 15mm mesiodistally, but is incom-
plete and 17 mm labiolingually, It shows 31 mesiodistal ridges,
PRC36, the largest one, has been found in three parts that have
been glued back together (Fig, 2C-D), It measures 21 mm mesiodis-
tally and 15mm labiolingually and displays 30 mesicdistal ridges,
Each mesiodistal ridge bears fine perpendicular ridges on its lin-
gual side, A marginal area is visible on the lingual part of the apical
side of the crown, ormamented with anastomosed ridges roughly
oriented perpendicularly to the lingual edge of the crown, On the
labial, mesial and distal extremities, this marginal area is strongly
reduced. The labial, lingual, mesial and distal faces of the crown are
ornamented with fine, irregular, anastomosed ridges. The root is
thicker than the crown, up to twice so, and is very porous, showing
a multitude of small pores on all its faces. On the labial and lingual
sides, at roughly mid-height of the root, there is a row of enlarged
foramina,

Discussion; The presence on these veeth of several mesiodistal
ridges, each bearing numerous short perpendicular ridges together
with a reduced marginal area around the crown is characteristic of
the genus Heteroptychodus (Yabe and Obata, 1930), Three species
of Heteroptychodus are currently recognized. H. chuvalovi is eas-
ily separated from the Phu Din Daeng teeth by its chevron-shaped
mesiodistal ridges (Cuny et al. 2008), Heteroptychodus kokuten-
sis is also easily separated from the Phu Din Daeng teeth as its
teeth are more elongated mesiodistally and its labiolingual ridges
between the main ridges are not as regular and thin as in the
teeth from Phu Din Daeng (Cuny et al, 2010} The latter charac-
ter, as well as the labiolingual width of the teeth from Phu Din
Daeng allow attributing them to H. steinmanni (Cuny et al., 2003;
Yabe and Obata, 1930), This species was originally described from
the Hauterivian Tatsukawa Formation in Japan (Kozai et al,, 2005;
Yabe and Obatz, 1930), In Japan, H. steinmanni is restricted to the
Hauterivian-Barremian interval {Okaz aki, 2016), The species is also
known from the Aptian of southern China (Mo et al.. 2016) and in
Thailand, it has been reported in the Sac Khua (see Cuny et al,, 2007,
Fig. 2B} and Khok Kruat formations,

32 Actinapterygii Cope, 1887

Pycnodontiformes Berg, 1937

Genus and species indet.

Material: PRCE4, ragment of a vomer

Description: PRCE4 is an isolated fragmentary tooth-bearing
bone, It is referred with caution to a piece of a vomer of a pycn-
odontiform (Fig. 3). The molariform and oval shaped teeth without
pedicel but with an apical papilla are typical of the teeth of some
pycnodontiforms, The symmetry observed in the bone indicates an
unpaired toothed bone, i.e. a vomer,

Discussion: Rather similar teeth from Phu Phan Thong, in the
Sao Khua Formation, have been referred to cf. Anomoeodus by
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Fig. 1. Map showing the location and geclogy of the Lower Cretacepus Phu Din Dasng site (NE Thailand] A, geclogical map and B, section {modifed from Suteethorn and
Jarmyahman, 1980}, C, excavation ot Pha Din Daeng. Abbreviations: Kig, Khok Kruat Formation; K, Marasahakham Formation; Kqp, Phu Phan Formation; Ko, Phira Wikian
Formation; K, San Khua Formation.
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Fig. 2. Teeth of Heteroptychodus steimmarni from the

Cretaceous Phu Din Daeng site (NE Thailand L A-B, (PRCI4) in apical (A) and basal (B) views; C-1, (PRCE) in

Lower
apical () and basal (D) views; E-F, (PRO5) in apical {E] and basal (F) views. Scale bars=1cm
Denits d Het=roptychodus steinmanni provenant du site de Phu Din Daeng (Crétacé inférieur, NE de la Thatlande ). A-B, (PRC3| en vues apicale (A ] et basale (B) ; C-D, [PROIG) en
wees apscale (C) et basale () ; E-F, (PRC35) er vues gpicale (E ) ot bosal (FL Bore d'écheile= 1 cm.

Fig 3. Pycnodontiformes imdet. from the Lower Cretaceous Phu Din Daeng site (NE Thailand | PRCB4, fragment of 2 vomer in occhasal [A) and lateral | B) views_ Scalebar= 5 mm.
Pyonodortiformes indet. proverant du site de Py Din Daeng (Grétock inffriewr, NE de la Thoilande ). PROBY, fogmert de vomer en vues oocfusole (A ) et [otfrale (B]. Barre 0 échelle= 5

Cavin et al, (2009), Pending new and more complete material,
the material from Phu Din Daeng is referred to an indeterminate
pyenodontiform taxon,

Amiiformes sensu Grande and Bemis, 1998
Sinamiidae Berg, 1940cf. Siamamia
Cavin et al_, 2007

Material: PRC92, dermopterotic; PRC93, basioccipital; PRC9O,
fragment of a left maxilla; PRC91, posterior extremity of a maxilla;
PRCS89, right premaxilla; PRCE7, left dentary; PRCES, fragmentof a
right dentary with a coronoid; PRCBS, anterior vertebral centrum;
PRC8E, posterior vertebral centrum.

Description: Isolated fragments referable to sinamiids are com-
mon at Phu Din Daeng (Fig, 4), Most of the preserved bones are the
same as bones of sinamiids from other localities that have yielded
this taxon (Phu Phok, Khok Pha Suam, etc,), indicating that these
ossifications are the most resistant in the skeleton of these fishes.
These bones are vertebral centra, jaw bones (premaxillae, maxillae
and dentaries), basioccipitals, dermopterotics and scales. Most of
these bones show characters of sinamiids.

A more or less complete, but distorted left dentary is preserved
(Fig. 4G). It bears on its lateral side a row of irregular in size oval
pores corresponding to the mandibular sensory canal, Twenty large
and slightly compressed conical teeth strongly inwardly curved and
irregularin size can be counted along a single row, Most of the teeth
are broken but fine ridges at their bases are still visible, The acro-
dine caps are only imperfectly preserved, but it is visible that the
sections of the caps were oval and their cutline was likely conical,
A fragment of a dentary with a coronoid still in situ shows labially
elongated pores for the mandibular sensory canal, and lingually a
deep groove for the Meckelian cartilage [ Fiz. 4B), The sockets corre-
sponding to compressed dentary teeth, together with fragments of
teeth are visible on the dentary, A patch of small, thin and slightly
recurved teeth, smaller than the dentary teeth, are associated with
the coronoid still attached to the dentary,

An almost complete right premaxilla (Fig. 4E) has a typical tri-
angular shape with a large ovoid concavity on the labial face of
the nasal process, The locations of about ten compressed teeth
are visible, A large posterior tooth is still present, as well as a
smaller tooth at the mid-length of the bone. The base of the teeth
indicates that the anterior teeth were smaller than the posterior
ones.
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(Siamamia naga) Suam
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Fig.4. cf. Sinamiidae from the Lower Cretaceous Phu Din Deeng site {NE Thailand). A, fragment of the anterior part of 2 maxilla {PRCSD) in medial (A1 }and coclusal [(A2] views;
B, fragment of 2 right dentary [PRCSE ) with a coronoid in labial (B1) and lingual [B2) views; C, anterior vertebral centrum (PRCES) in median (C1) and lateral {C2) views; 0,
posterior wertebral centrum (PRCBE ) in anterior (D1} and lateral {D2) views; E, right premaxilla {PRCBD) in internal (E1) and extemal {E2) views; F, posterior extremity of 2
maxilla (PRCYD) in lateral view; G, left dentary (PRCET) in labial view [G1) and occlusal (G2) views; H, dermopterctic (PRO92] in external (H1) and internal [H2] views; 1,
basioccipital [PRO93] in dorsal view. Scale bars = 5 mm. Upper box, comparisons with dermopberatics from other localities; lower box, Comparisan with basioccipitals form
ather kocalities. Abbreviations: apr, articular process; oo, coroncid; d, dentany; di, dentary tooth; msc, mandibular sensory canal; m, ndge.

of. Sinomididor proverant du site de Py Din Daeng (Crétocé infériewr, NE de la Thailande). A, fogment de la partie antérienre dun modllore (PRO9D) en vues médiole (A1) et
ocrlusale (A2) ; B, fragment de demitaire droit [PRCBB) aver coronpide em vues lobiale (Bl ) =t fnguade (B2] ; C, centrum de vertébre ortériewre (PRCBS) en vues médiore (C1) et
latérale (CZ) ; D, centrum die ventébre postérizwre (PROBG) £n vue antérieure (D) et lotsrade (D2) ; E, prémoallaire droit (PRCBY) en vues interme (E1 ) et externe (E2) ;F, sremicé
jpostérieune du moalimire [PROG] ) en v latérale © G, dentaire grseche [PRCET ) en vues labiale (G ) et ooctusale (G2) ; H, dermoptérotique (PRO92) &n vues externe (HI ) et interne
(H2] ;1, basincoipitale (PRO93) en vue dorsale. Barres déchelle = 5 mm. Cadre ep hout, comporsons ovec dermophérotiques proverants des gutres sites ; Cadre en bas, comparisor
aver basiocopitoles provenants des guires sices. Abbréviotions © apr, processes anticuloine | oo, coronoide ; d, denbgire ; dt, dent dentodre | mss, conad sensoriel mandibulore ;r, oéte.

A fragment of an anterior part of a left maxilla (Fig. 4A) shows
the base of a large articular process and the sockets for teeth with
a round section, Another fragment (Fig, 4F) corresponds to the
triangular posterior extremity of the maxilla with an extended pos-
terodorsal corner reminiscent of Siamamia.

An ornamented skull roof bone, bearing internally a shallow
crest, is identified as a dermopterotic (Fig. 4H),

A bone bearing an ovoid articular facet, with excavated lateral
sides and sutural surfaces dorsally (for the exoccipitals)is identified
as a basiocdipital (Fig. 41},

Thin rhomboidal ganoid scales with a smooth surface are
present and assigned with caution to Siamamia,

The commonest elements are vertebral centra, which are gen-
erally found isolated but which also occurred as sets of two to
three centra still partly articulated. The shape of vertebral centra
ranges from short centra with an ovoid compressed section, cor-
responding to anterior vertebrae, to longer centra round in section
corresponding to posterior vertebrae (Fig, 4C-D],

Discussion: These isolated bones are very similar to isolated
bones of Siamamia nogo described from the type-locality of Phu
Phok, in the Sao Khua Formation. In particular, the premaxilla
shows the typical triangular outline of 5. nage, with a nasal process
broad at its base and extending posteriorly to a blunt process, The
only difference with the figured premaxilla of 5. naga (Cavin et al.
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2007, fig. 5E-G) is the proporticnally smaller size of the nasal
process, However, because the specdimen from Phu Din Daeng
is about 1.5 times larger than the specimen from Phu Phok, we
cannot exclude that this difference is caused by allometric growth.
The maxillae, with the departure of a well-developed articular
process (PRC90) and with a deep and triangular posterodorsal
comer (PRC91), are also similar to the maxillae of 5 noga from
Phu Phok, The general shape of the dentary PRCE7, the shape of its
preserved teeth and the arrangement of the mandibular sensory
pores is reminiscent of 5. naga. The second dentary assodated to
the coronoid (PRCE8) is referred here with caution to this taxon.
Both dentaries, although incomplete, seem to have had symphyses
proportionally deeper than the very shallow symphysis of the
sinamiids from Khok Pha Suam in the Khok Kruat Formation, but
reminiscent of 5. naga (compare Fig. 4B and G with fig. 7 in Cavin
et al., 2009), The basioccipital of the Phu Din Daeng sinamiid is
more similar to that from the Phu Mai Paw locality, in the Sao Khua
Formation, than to the one of 5. naga from Phu Phok because in
the first two the articular facet is more flattened than in the type
material, and the dorsal suturing surfaces form an X-shape, while
they are almost parallel in 5, naga (lower box in Fig. 4], The bone
identified with caution as a dermopterotic bears an ornamentation
more similar to the ormamentation of this bone from Khok Pha
Suam, but the shallow crest is more reminiscent to the condition
present in Siamamia naga from Phu Phok (upper box in Fig. 4

Widalamiinae Grande & Bemis, 1998
Genus and species indet.

Material: PRC94, right dentary; PRC9S, anterior extremity of a
right dentary; PRC9E, piece of a semi-articulated specimen with
unidentified bones, toothed scales and wvertebral centra in con-
nection; PRC97, piece of a semi-articulated specimen with scales
and fin rays; PRC98, accumulation of scales in articulation; PRC9G,
accumulation of bones, scales and fragments of fin rays.

Description: A right dentary, smaller in size than the dentary
referred to of, Siamamia nagn, presents other features differing from
5 naga(Fig. 5A) Theirregularin size, thin and tall teeth are arranged
in one row along the labial margin of the bone, They are gently
curved lingually and their base is separated from the crown by a
well-developed constriction (Fig. SA'). The crown of each tooth is
topped by an acrodine cap that is labiolingually compressed and
shows very well-developed mesial and distal carinae forming a tri-
angular outline. The shaft of each tooth has a rounded cross section
at its base then the labial face is slightly flat while the lingual face
is gently convex, A second specimen (not figured) corresponding to
the anterior portion of a right dentary bears teeth similar in shape
to the specimen described above, The symphyseal region appears
to be very shallow.

Several accumulations of bones associated with scales with a
very peculiar morphology, corresponding to strongly disarticu-
lated fish individuals, are referred here with caution to a probable
vidalamiin, This assignation rests on a specimen (PRC96), which
displays scales bearing well developed spines associated with ver-
tebral centra of amioid type (Fig. 5B). This association of bones
indicates that this fish is likely a halecomorph, but different from
the sinamiid cf. Siamamia from the same locality because the latter
possesses supposedly smooth scales without any kind of ornamen-
tation. The scalesin PRC9E are deep, with a vertical pointed articular
process (peg) at the anterior extremity of the dorsal margin, Three
spines arranged along the depth of the scale extend posteriorly.
Another specimen (PRC97) consists of an accumulation of scales
together with fin rays (Fig. 5C). The scales are deeper than long

(although proporticnally less deep than in PRC9E); a large trian-
gular process is present dorsally and two very elongated spines
extend posteriorly (Fig. 5C). A specimen (PRC29) with scales still
in articulation shows that each scale bears a pair of spines extend-
ing posteriorly and covering the following row of scales (Fig. 5D,
The fin rays on PRC97 are formed by slightly deeper than wide
elements, each one bearing a spine (Fig. 5C"), Another specimen
(PRC99) shows a fragment of fin ray with a dermal segment cov-
ered with ridges of ganoin (Fig. 5E). Because of the disarticulated
state of preservation of the material, we cannot reconstruct the
organisation of the fin, with the respective location of the spines
and ganoin patches on the rays.

Discussion: The general morphology of the dentary and espe-
cially of the carinate acrodine tooth caps are diagnostic features
of some halecomorphs, Carinate teeth in halecomorphs have been
regarded as independently acquired in Caturidae and Vidalamiinae
(Grande and Bemis, 1998: 341). There are no morphological
features visible on the material from Phu Din Daeng that allow
assignation to either the caturids or the vidalamiins, The caturids
are mostly marine fishes from the Late Jurassic, while vidalamiins
are represented by some marine { Pachyamia), but mostly brackish
or freshwater fishes (Calamopleurus, Vidalomia) from the Early
Cretaceous, For these environmental and stratigraphical reasons,
we assign with caution this kind of teeth from Phu Din Daeng
to a Vidalamiinae, pending that new material will allow a better
supported identification, The teeth referred to Caturus from Phu
Phan Tong (Cuny et al, 2006) and Nong Sung (Cuny et al,, 2009,
both situated in the Sao Khua Formation, can also be referred to
this taxon. While no spined scales are associated with carinate
teeth, we temporarily associated these teeth and scales to the same
taxon, although vidalamiins usually have elasmoid scales rather
than thin ganoid scales (Grande and Bemis, 1998), We cannot
exclude also that this material belongs to a sinamiids different
from Siamamia, based on the scale morphology with carinate tooth
caps convergent with vidalamiins and caturids, Here again, more
material will be necessary to confirm or refute this identification,

Ginglymodi sensu Grande, 2010
Genus and species indet.

Material: a large number of unnumbered thick ganoid scales.

Description:

The occurrence of ginglymodians at Phu Din Daeng is attested by
the presence of thick ganoid scales(Fig. 6], The shape of the scales
differ depending of their position on the body: A large elongate
rhombic scale was located in front of the anal fin, 3 more narrow
rhomboid scale was located close to the caudal part, rectangular
scales were located in the anterior part of the body, scales with
small pores were situated along the lateral line and a symmetrical
scale with a concave anterior margin and a posterior spine corre-
sponds to a scale from the dorsal mid-line, Some scales show an
ormamentation with faint parallel ridges on their external surface,
The anterior peg and socket articulation is present, The posterior
margins of all scales are smooth with no serrations,

Discussion

Ginglymodian remains are the commonest fish fossils within the
Khorat Group, which ranges from the Late Jurassic to the Aptian, The
taxic diversity is relatively highin each formation (Cavin et al . 2009,
2014; Deesri et al, 2017). However, a more precise identification
of the scales from Phu Din Daeng is difficult. The only cbserva-
ticn we can do here is that the scales differ from scales from most
of the described taxa, which are smooth except some scales from
Khok Pha Suam, in the Khok Kruat Formation (Ginglymadi indet,
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Fig 5. T¥idalamiinae indet from the Lower Cretaceous Phu Din Daeng site (NE Thailand). &, nght dentary (PRO94) in Eabial view with close up of a tooth (A), B, piece of 2
semi-articalated specimen {PRC9E ) showing unidentified bones, toothed scales and vertebral centra in connection; C, piece of a semi-articulated specimen (PROYT | showing
ipathed-scales (O] and fn rays with denticulated segment (C); D, detail of toothed scales (PRCS8Y; E, detail of fin-ray segments with patches of ganoine (PRC99). Scal=
bars =5 mm. Abbreviations: sc, scabes; v, weriebra.

Nidolamiinoe indst. provenormt du site de Phe Din Daeng (Orétocd infériewr, NE de lo Thoilorde . A, dentore drodt (PRO4) er vue fabiale ; A), gros plen d'ene dent ; B, spécimen
smi-oriiculnté [PROS6) montrort des os non idertgfifs, des érailles dentinelées et crntrums vertébromy en connection ; C, spfomen semi-orticuloeg (PROYT ) montrort des frailles
demticulées () =t rayors aver s=gment derpioulé () ; [, détml des Soailles denticplées [PRCSE]) ; E, détail des segments de rapons over gomoine (PROYS L Barres d'échelle= 5 mm.
Ablbréviotions : s, fcmiles | v, vertébre.

Fig 6. Ginglymodi indet. from the Lower Cretacecus Phu Din Daeng site {NE Thailand). Ganoid scabes {no number). Scale bar= 5 mm.
Ginglymodi mdet. provenont de site de Phe Din Dasrg (Orétocé imfEriewr, NE de la Thailorde ). Ecoilles garoides {sans rumére . Bore d'échelle= 5 mm
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4 in Cavin et al. (2014; Table 1), But the latter bear ridges that are
stronger than in the material from Phu Din Daeng,

3.3, Testudines

Cryptodira Cope, 1868
Trionychoidae Fitzinger, 1326
Adocidae Cope, 1870
Shachemydinae Khosazky, 1977

Protoshachemys rubra n. gen. n. sp.

(Fig. 7A-L and Fig. )

Etymology: Genus name from Greek ‘protes’ first, primitive
to denote that the taxon is more primitive than Shachemys;
species name from the name of the locality: Phu Din Daeng
((n & wwaap)inThai, red rock mountain or hill.

Holotype: PRC31 (Fig. 7A-D), a nearly complete but disartic-
ulated shell, including complete nuchal, ene neural, suprapygal 1
(incomplete], suprapygal 2, pygal (lacking posterior portion), right
costal 1, left costal 2, the distal portion of the left costal 3, right
costal 4 (lacking proximal end), left costal 5 and distal end of the
right costal 5, left costal 6({lacking the proximal end], left and right
costal 7 (the right one lacking the proximal end), right costal 8,
left peripherals 1-2, 4-6 and 8-11, right peripherals 8 and 10-11;
nearly complete left epiplastron and right hyoplastron, and incom-
plete right hypoplastron, All these elements were unearthed within
one square metre and in all likelihood belong to the same individ-
ual,

Referred material: PRCS4, nuchal (Fig. 7E-F); PRCSS, PRCSE,
PRC57, suprapygal 2; PRCSE, pygal (Fiz TK-L); PRCSO, left costal 6
[Fig.71-]); PRCBO, right costal 3 (Fig, 7G-H]); PRO61, right peripheral
1; PRCG2, left and right peripheral 2 of same individual; PRCG7,
right epiplastron;

Type locality and horizon: Fhu Din Daeng, Sakhon Makhon
Prowvince, NE Thailand. Top of the Sao Khua Formation, Lower Cre-
taceous [see Geological setting),

Diagnosis: a genus of Adocidae; with a combination of primitive
and derived characters that differ from all other members of that
family, as follows: shell surface smooth with sparse pores; cara-
pace flat with a serrated posterior margin; nuchal roughly aslong as
wide; neural series reduced, narrow neurals with a tetragonal neu-
ral 1 followed by a hexagonal neural 2; two suprapygals, the first
one much smaller than the second; cervical scute namrow; verte-
bral 1 notextending to the peripheral 2; lateral marginals extending
onto the costals 1-5, marginal 11 and 12 elongate and greatly over-
lapping the suprapygal 2 and also slightly the costal 8; plastron
with truncated anterior margin, entoplastron shortened anteriorly,
a hinge berween epiplastra and entoplastron/hyoplastra absent.

Description: Shell surface ornamentation; The surface of both
carapace and plastron is smooth, with sparse tiny pores,

Carapace; When reconstructed, the carapace is flat with an oval
outline. The anterior margin of the carapace is straight or slightly
emarginated. The anterolateral margin of the carapace, from the
posterior end of the peripheral 2 to the peripheral &, is blunt and
slightly upturned, but not forming a clear gutter, The posterolateral
margin, from peripheral 8 to 11, is sharp. The posterior margin of
the peripherals 10 and 11 presents sharp serrations, The posterior
margin of the pygal has a small triangular caudal notch. A light
ridge is present on the suprapygal 1, whereas the suprapygal 2 is
convex dorsally, The peripherals are sutured to the costals, without
acarapacial fontanelle, Alarge free rib end is developed on the distal
end of the costals; they are wide and flat on the costal 2 to 5, and
slender and long on the costal 7 and 8. The inner surface of the
costals is perfectly flat, without rib swelling. As partly preserved
on costal 2, the rib head is large and flat,

The nuchal in the holotype is slightly longer than wide,
trapezoidal in shape with a straight anterior margin; its lateral
margins are straight and convergent forward, PRC54 has a slightly
emarginated anterior margin, In the holotype, the neurals are
mostly missing, except one that is stuck on the inner surface of the
suprapygal 2 and presented in ventral view. It is hexagonal, longer
than wide and relatively narrow, but its precise position cannot be
determined, The morphology of the neural series is indicated by the
intact medial edges of the costals 1, 2, 5,7 and 8 of the holotype and
that of the isclated right costal 3 {PRCS0) and left costal &6 {PRCSD),
There are likely six neurals, the newral 1 is tetragonal, followed by a
hexagonal neural 2 with short anterolateral sides. Damaged on its
posterior end, the suprapygal 1 remains articulated with the costal
8 in the holotype, When reconstructed, the suprapygal 1 is trian-
gular, longer than wide and much smaller than the suprapygal 2,
with asmooth and concave inner surface, The suprapygal 2 is trape-
zoidal. It contacts anteriorly the small suprapygal 1, anterolaterally
the costal &, and posteriorly the peripherals 10-11 and the pygal,
This plate is greatly thickened posteriorly, especially the contact
region with the pygal, The pygal is elongate, expanded posteri-
orly; with straight lateral borders and a very thick anterior contact
with the suprapygal 2, The size of this plate is similar to that of
the peripheral 11, An isolated pygal (FRCSE) shows a small trian-
gular caudal notch, The costal 1 is long as in advanced turtles. It
is in contact with the nuchal, the neurals 1-2 and the peripherals
1-3, The costal 7 and the anterior part of the costal 8 meet their
counterpart at the midline. As indicated by the isolated costal 6,
this plate has also the posterior part meeting its counterpart at
the midline, The inner surface of the costal 8 bears a large pro-
cess to articulate with the ilium, The peripheral 1 is triangular and
relatively narrow, with a short contact with the costal 1. The periph-
eral 2 is roughly square, The peripherals 4 to 11 are mesiolaterally
elongate,

The scute sulci are lightly imprinted, The cervical scute is elon-
gate and narrow, Itis very narrow, with roughly parallel and slightly
convex lateral sulci in the holotype, but slightly wider in PRC54. The
vertebral 1 is wider than the nuchal, covering the posteromedial
part of the peripheral 1 and contacting the marginal 2. The anterior
sulcus of the vertebral 1 presents an anterior convexity at the level
of the cervical scute, The sulcus between the cervical and the ver-
tebral 1 is convex forward. The vertebrals 2 to 4 are narrow, being
clearly longer than wide, The vertebral 5 is triangular and wider
than thewvertebral 4; it contacts the ful| width of the marginal 11 and
12, but is not in contact with the marginal 10, The contact between
the vertebral 5 and the marginal 12 is straight. The pleural scutes
are wider than the vertebral scutes, The marginal scutes 1 to 3 are
short and restricted in the peripherals, with the marginal/pleural
sulcus located far from the peripheral/costal suture on the periph-
erals 1 and 2, The marginals 4 to 7 extend onto the costal plates
2 to 4, and cover also the posterclateral corner of the costal 1
and the anterolateral corner of the costal 5, The marginals 8 to
10 are restricted in the peripherals again, The marginals 11 and
12 are greatly elongated and much longer than the marginal 10,
overlapping the posterior half of the suprapygal 2, as well as the
posteromedial cormer of the costal 8.

Plastron; The plastron is well developed with wide anterior and
posterior lobes, The bridge appears to be long and narrow, The ante-
rior lobe of the plastron is truncated, with a straight or slightly
emarginated front border, as in Isanemys and Ferganemys spp. The
epiplastron has its anterior margin almost as long as its lateral free
edge and these two edges form together a clear angle. The epi-
plastron is slightly thickened at its anterolateral corner, as well as
its lateral edge. The intact sutural margin of the epiplastron and
hyoplastron shows that no hinge is present between the epiplastra
and entoplastron/hyoplastra, and the entoplastron is pentagonal
in shape and shortened anteriorly, with its anterior margin shorter
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Fig. 7. Adocid tartles from the Lower Cretacecus Pha Din Daeng site (NE Thailand). A-L, Protoshockerys rebra nog. nosp. A-D, holotype (PRCB1 L carapace in dorsal view
(A~ B} and plastron in ventral view (C-D); E-F, nuchal (PRCS4 Y, G-H, costal 3 {PROB0); I-], costal & (PROSO; K- L, pygal (PROSE] K, dose-up showing the caudal notch. M-T,
Protoshockemys sp., M-N, nuchal (PROGSY; O-P, left peripheral 1 (PRC70); Q-R, pygzal (PRCT3 ) 5-T. right epiplastron (PRCTE)L U-Z, Adocidae indet. U-¥, costal (PRCIT), LT,
close-up showing the surface oroamentation; W-X, pygal [PRCEZY, ¥-Z, peripheral 11 [PRC78). Scale bar=5cm (horizontal scale bar for A-[; vertical scale bar for E-Z)L

Tortwes adoadés provenart du site de P Din Deerg [ Crétocé infériewr, NE de lo Thollande ). A- L Protoshockemys rulra . g n. sp. A-IL holotype (PRCB1 ), oorapace =w vue dorsale
{A-B] et plastron en vue vertrale (C-0) ; E-F, puchole (PRC34) ; G- H, costale 3 (PROGD) ; 1), costole 6(PRCS3) K- L pygale (PRCSE), K, gros plon mongramt Méchomorwre coudale.
M-T, Protoshockemys sp.. M-N, ruchale (PRCG3) ; O- P, périphérique | gauchs (PRCID) ; 1R, pygole (PRCI3) ; 5-T, épplastron droit (PRCTE). U-F, Adooidas indet. L-V, costale
(PRCTT ), I, gros plon montront Formememtation sur b sunfoce ) W-X, pygoie (PRCBZ) ; Y-Z, périphérique 11 (PRC78 ). Borre d écheile = 5 cm (barre d'échelle horizomtole powr A-D ;

barre d'écheille verticale pouwr E-Z).

than the posterior one. The hypoplastron contacts the xiphiplastron
with a nearly straight suture,

The scute sulci are poorly preserved on the plastron, The
intergulars extend onto the entoplastron, but not the gulars,
The intergular/gular sulci are nearly parallel to cne another. The
intergular gular sulcus meets the gularfhumeral sulcus on the epi-
plastron, The gular/humeral sulcus runs from the posterclateral
comer of the epiplastron to the mid-length of the epi/entoplastral
suture, The humeropectoral sulcus is straight and located poste-
rior to the entoplastron as in Isanemys, but different from Adocus
spp. and Ferganemys spp. inwhich the humeropectoral sulcus over-
laps the posterior end of the entoplastron, The abdominofemoral
sulcus is located anterior to the base of the posterior lobe, The
inframarginal scutes are not discernible on the bridge region,

Comparisons and discussion: The reduction of the posterior
neurals and the suprapygal 1, with the costals 7 and 8 meeting their
counterpart at the midline; the suprapyzal 1 much smaller than the

suprapygal 2; a greatly reduced cervical scute that is much longer
than wide and the marginal 11-12 greatly overlapping the suprapy-
gal 2 indicate that the turtle specimens described above belong to
trionychoid Adocidae. They are assigned to the sub-family Shache-
mydinae based on the smooth shell surface with sparse pores and
an anteriorly truncated entoplastron,

Shachemydinae is a group of freshwater turtles endemic in the
Cretaceous of Asia. The subfamily contains two genera, Shache-
mys Kuznetsov, 1976 and Ferganemys Messov and Khosatzky, 1977
[Danilow et al, 2013; Lapparent de Broin, 2004; Syromyatnikova,
2011; Syromyatnikova et al, 2013, 2012; Syromyatnikova and
Danilov, 2013). Shachemys is known from three species; Shache-
mys baibolatica Kuznetsov, 1976 and Sh. ancestralis Nessov, 1984
from the Late Cretaceous of Kazakhstan, Tajikistan and Uz bekistan;
and 5h. leosigna Lapparent de Broin, 2004 from the Early Creta-
ceous of Laos (Danilow et al, 2007; Kuznetsov, 1976; Lapparent
de Broin, 2004; Nessov and Krasovskaya, 1984), Fragmentary shell
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Fig B. Reconstruction of the shell of Frotoshachemys rebra n. g n. sp. from the Lower Cretaceous of Phu Din Daeng site (NE Thailand L A, carapace in dorsal view: B, plastron

in ventral view.

Reconstruction de corapace de Protoshachemys nabra r g o sp. proverant du site de Phu Din Deerg [ Crétocé infériewr, NE de [o Thoifande ). A, carapare en vue dorsale ; B, plostron

N vue venirale.

remains of Shachemys sp. are also recorded from the Early Cre-
taceous Khok Kruat Formation (Aptian) of Thailand (Tong et al.
2005, 2009,), Ferganemys is known from two species: F. verzilini
from the Early Cretaceous [Albian) of Kirgizstan and F. itemiren-
sis from the Late Cretaceous {Cenomanian) of Lzbekistan (Nessov,
1981; Nessov and Khosatzky, 1977; Syromyatnikowa, 2011), Lap-
parent de Broin et al, (2004) assigned Sinaspideretes wimani [ Young
and Chow, 1953) from the Late Jurassic of Sichuan Basin, China to
Shachemydinae, but the subsequent review of that taxon placed it
at @ more basal position among Trionychoidae (Tong et al,, 2014),
Most trionychoid turtles have a sculptured shell surface, In the
family Adocidae, the shell surface has a pitted ornamentation, such
as in Isgnemys srisuki from the Early Cretaceous Sao Khua Formation
of NE Thailand (Tong et al_, 2006), Ferganemys spp. and Adocus spp.
from the Late Cretaceous and Palaeogene of Asia and North America
(Hay, 1908; Sonoda et al,, 2015; Syromyatnikova et al, 2013, 2012;
Syromyatnikova and Danilov, 2013), except for Shachemys, Shache-
mys has a smooth shell surface (5h laosiana) or with fine wrinkles
(Sh. baibelotica and Sh. ancestralis as figured in Danilov et al, {2007]),
with numerous marked pores, corresponding to a well-developed
reticular system of wvascular canals (Scheyer et al, 2017, Some tur-
tles referred to Adocus have a weaker shell surface sculpture with
small dots, such as in cf, “Adocus” orientalis from the Late Eocene
of Inner Mongolia, China and Adocus sp. from the Palaeocene of
Montana, USA that Danilov et al. (2013) considered different from
the sculpture with small grooves and pits of ‘true’ Adocus, These
sculptures, which give the shell surface a ‘rugose’ aspect, appear
however to be more pronounced than that seen in our specimens.
The shell surface of the specimens from Phu Din Daeng is smooth,
pores are variably developed. They are not obvious on PRC81 and
on the specimens from Phu Din Daeng of a dark colowr, but in some
specimens of pale colour, marked pores are more easily chserved,
Although an epiplastra-entoplastron/hyoplastra hingeis absent,
Protoshachemys shares with Isanemys, Ferganemys and Shachemys
an anteriorly shortened entoplastron, In these taxa, the ante-
rior margin of the entoplastron (the epiplastron/entoplastron
suture] is clearly shorter than its posterior margin (the

entoplastron/hyoplastron suture; in contrast to Adocus spp, which
have a diamond-shaped entoplastron, with the length of the
anterior margin roughly equal to that of its posterior margin,
In Shachemys spp. the anterior margin of the entoplastron is
straight and a hinge is developed between epiplastra and entoplas-
tron/hyoplastra (Danilov et al, 2007; Lapparent de Broin, 2004),
Such a hinge is also present in some juveniles of Fergonemys
(Syromyatnikova, 201 1],

Like Shachemys, Protoshachemys has a relatively narrow nuchal
thatis roughly as long as wide; while in Ferganemys spp, and Isane-
mys, the nuchal is clearly wider than long. However, Shachemys
is characterized by a series of autapomorphic features in addition
to pores on the shell surface and a plastral hinge. These include
absence of all or nearly all neurals, only one suprapygal, absence of
a cervical scute and the vertebral 1 overlapping the peripheral 2,
Protoshachemys is obviously more primitive than Shochemys spp. in
having more neurals {up to six), two suprapygals, a narrow cervical
scute and the vertebral 1 overlapping the peripheral 1.

Protoshachemys shares with Isanemys a tetragonal newral 1
and a straight humeropectoral sulcus that is located posterior
to the entoplastron, It is, however, more derived than Isanemys
and Ferganemys in having greatly elongated lateral and posterior
peripherals and lateral marginals extending onto the costals, These
characters are shared with Adocus spp, and might be plesiomorphic
at the level of Shachemydinae, Detailed comparisons between
Protoshachemys and other adocids are shown in Table 1. On the
basis of these comparisons, the turtle remains from Phu Din Daeng
described above appear to be distinct from other adocids and are
therefore considered as belonging to a new genus and new species,
The combination of shell characters of this new taxon supports its
basal position in Shachemydinae,

Protoshachemys sp.

(Fig. TM-T)

Referred material: PRCGE and PRCBY (Fig. 7TM-N), nuchals;
PRCTO (Fig. 70-F) and PRCT1, left peripheral 1, PRCTZ, right
peripheral 1; PRC73 (Fig. 7Q-R) and PRCT4. pygals; PRCTS, left
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Comparisans of shell characters between Profoshackermys rubra n. £ n. spoand other adocids.
Comparaisors des caractéres de carapace entre Protoshachemys rubra n. g r sp et d'autres Adocidés,

Characters Protoshockemys Shachemys spp. Isanemys sisuki Ferpuremys spp. Adocus spp
rubra

Shell surface ormamentation Smocth with sparse Smoath with marked Pitted Pitted Pirted
pores pores

Cervical notch Absent or very shallow  Present or absent Present Pressnt or absent Present ar abs=nt

Serrated posterior margin Yex Mo Na L] No

Muchal Roughly as lang as As long as wide Wider than long Wider than long Wider than long
wide

Mumiber of newral 17 Absent or only the first  Gor7 7 17

Meural formula 4> 6> 6> 6>6>5 - 4>6>6>6>6>5 b= 4> B> B> B>E>5 G<4>6>6>6>5

Mumber of suprapygal 2 1 F. F. 2

Cervical scube= Present, Absent Present, Pres=nk, Present,
Narrow Wide Narrow Narrow

Vertebral 1 Dverlapping peripheral  Owverlapping peripheral  Owerlapping peripheral  Overlapping peripheral  Owverdapping peripheral
1 F3 1 1 1

Vertebral 2-3 Clearly longer than Longer than wide or As long as wide Longer than wide Longer than wide ar
wide wider than long wider than long

Marginals 4B extending onto Yes No Na Ko Yes

oostals

Marginal 10 shorter than Yes Yes or no Na e No

marginal 11

Entoplastran anteriorly Yes Yes Yes Yes No

truncated

Hinge betws=n epiplastra and Absent Present Absent Pres=nt in juveniles Absent

entoplastron/ hyoplastra

epiplastron, PRCT6 (Fig, 75-T), right epiplastron and other shell
elements,

Remarks: Turtle shell remains are relatively abundant at
Phu Din Daeng locality, most of them are isolated elements or
fragments, Most shell elements have a smooth cuter surface and
when well preserved. tiny pores are apparent. These elements are
therefore tentatively referred to Protoshachemys, Some diagnostic
plates, such as nuchal, peripheral 1, pygal and epiplastron, show
a different morphology as compared with Protoshachemys rubra,
These include the presence of a large nuchal emargination, a wider
than long pygal, a larger and triangular cervical scute, a rounded
anterior edge of the plastron and the gular extending onto the
entoplastron, These differences may correspond to an important
inter-individual variation that could be due to sexual dimorphism
or may indicate distinct species, More complete material is needed
to make sure of the association of the characters and estimate
intraspecific variation,

Adocidae genus and species indet.

(Fig. 7U-Z)

Referred material: PRCFT (Fig. 7U-V), a costal; PRCEZ
(Fig. TW-X), 2 pygal and PRC78 (Fig. 7Y-Z), a peripheral 11.

Remarks: These plates have a slightly pitted outer surface, sim-
ilar to that of Isanemys srisuki (Tong et al, 2006), The pygal is wider
thanlong in contrast to the elongate pygal of Protoshachemysrubra,
The marginals 11 and 12 extend onto the suprapygal 2, The material
is too fragmentary to warrant a more precise systematic assign-

ment beyond Adocidae indet.

34. Crocodilia Gmelin, 1789

Meosuchia Benton & Clarck, 1938

Genus and species indet.

Crocodilians are poorly represented at Phu Din Daeng and con-
sist of a single mandibular element as well as isolated tooth crowns,
the latter being the most abundant type of material recovered
(Fig. 9).

Description: A single left articular (PRC144) is about 4cm long
and preserves the glenoid surface as well as the retroarticular pro-
cess, As seen in lateral view (Fig. 9A), the articular preserves a
sutural area for the surangular and angular, which extends toward
the posteriormost level of the articular, The retroarticular process
projects posteriorly; its tip is not projecting dorsally as is observed
in derived eusuchians (lordansky, 197 3, As observed in dorsal view
(Fig. 98), the retroarticular process is faintly concave and is nar-
rower than the glencid fossa. This is different from eusuchians
where the retroarticular process is concave and medially expanded
to provide attachment for M, pterygoideus posterius (lordansky,
197 3), As seen in ventral view (Fig. 9D), the retroarticular process
is straight and narrow and shows a groove that may correspond to
the suture with the angular. The glenoid fossa is divided into lateral
and medial articular surfaces of equal widths to accommodate the
craniomandibular joint, In eusuchians, the lateral hemicondyle is
wider than the medial one. The foramen aéreum is placed on the
medial edge of the articular (Fig. 98],

Subconical, slightly curved tooth crowns are often missing
enamel and possess distinct apicobasal ridges, which are about the
same strength as the mesiodistal carinae (PRC145, Fig, 9E)L

Discussion: Although the material is limited, the morphology of
PRC144 does not match that of a derived eusuchian. The mandible
of a probable eusuchian has recently been described from the
Aptian-Albian Khok Kruat Formation (Kubo et al,, 2018) and is not
comparable with the Phu Din Daeng specimen. Further identifica-
tion is presently not possible because the Phu Din Daeng articular
differs in morphology from those of pholidosaurids such as Cha-
lawan thailandicus from the Phu Kradung Formation ( Buffetaut and
Ingavat, 1980; Martin et al., 2014) or is unknown in other crocodil-
ians described from the early Cretaceous of Thailand (Lauprasert
et al, 2007, 2009), As such, the mandible is unknown in the derived
neosuchian Khoratosuchus jintasakuli from the Aptian-Albian Khok
Kruat Formation (Lauprasert et al, 2007 ) and in the goniopholidid
Siamosuchus phuphokensis from the ante-Aptian 5ac Khua Forma-
tion [Lauprasert et al_, 2007), The posterior region of the mandible
is also unknown in the diminutive atoposaurid Theriosuchus grand-
ingris from the ante-Aptian Sao Khua Formation (Lauprasert et al,
201 1), More complete discoveries are required to assess the iden-
tity of the Phu Din Daeng crocodilian beyond Meosuchia indet,
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Fig. 9. Neosuchia indet. from the Lower Cretacecus of Phu Din Dasng site (NE Thailand). Left articalar (PRC144) in A, lateral; B, dorsal; C, medial and [, ventral views. E,

solated tooth (PRC145). Scale bar= 1 cmo Abbresiations: fa, foramesn aérewme

Neomchia irdet. provemant du site de Pl [in Desrg (Orénace inférieur, NE de la Thailande L A-D, Articelore goweche (PRC144) en vues lotérale (A), dorsale (B} : mediole [C) et vertrale

(D). E, demi isolée {PRCI45). Bare déchelle = | cm. Abbréviations : fo, foraomen afreum.

3.5, Pterosauria Kaup, 1534

Genus and species indet.

A few long, slender and more or less tubular teeth (PRC146,
Fig. 10C) apparently belong to pterosaurs, although their enamel
is too poorly preserved to clearly show the distinguishing features
of pterosaur teeth, Pterosaurs have been reported from the Sao
Khua Formation { Buffetaut et al, 2003) and also occur in the Khok
Kruat Formation, The putative pterosaur teeth from Phu Din Daeng
provide no stratigraphic indications.

3.6, Dinosquria Owen, 1842

Theropoda Marsh, 1881
Spinosauridae Stromer, 1915

Genus and species indet.

Spinosaurid teeth are relatively common at Phu Din Daeng,
but mostly poorly preserved. They show the usual characters
of the teeth of Asian spinosaurids: a crown that is only slightly
compressed laterally and covered with strong apicobasal ridges
(PRC147, Fig. 10A). Spinosaurid teeth occur in abundance in both
the Sac Khua and Khok Kruat Formations, and several morpho-
types, which may correspond to distinct taxa, are present in both
(Suteethorn et al, 2018; Wongko et al, 2019) Because of this
morphological variability, at the moment it is not really possible to
clearly distinguish spinosaurid teeth from the Sao Khua and Khok
Kruat Formations on the basis of their shape or ornamentation,

Theropoda genus and species indet.

Apart from a large caudal vertebra lacking the neural spine,
which may belong to a theropod, this group of dinosaurs is mainly
represented by isolated teeth. Several blade-shaped, laterally com-
pressed teeth with serrated carinae have been found (PRC148,
Fig. 108), Their poor preservation makes it impossible to identify
them beyond Theropoda indet. and they provide no stratigraphic
information,

4. Discussion and conclusion

The Phu Din Daeng site has yielded a diverse wvertebrate
assemblage, Although it has some elements in common with the

vertebrate fauna from the Khok Kruat Formation, this assemblage
seems to be more comparable with those from the Sao Khua Forma-
tion, The stratigraphical significance of the assemblage is discussed
below.

The shark fauna is represented by a single species, Heteropty-
chodus steinmanni. This taxon has mainly been recovered from the
Khok Kruat Formation in Thailand {Cappetta et al,, 2006; Cuny et al.,
2008), but has also been reported from several sitesin the Sao Khua
Formation, like for example Ban Huai Dua (Cuny et al, 2008) and
Phu Wat (specimens PWAI 499, 537-550 from the collection of
the PRC) in Nong Bua Lamphu Province. However, H. kokutensis
appears to be more common than H. steinmanni in the Sao Khua
Formation, even though the separation between the two species is
not yet clear and a revision of Heteroptychodus is warranted (Teng
et al., 2017), but beyond the scope of the present work, On the other
hand, H. kokutensis has never been recovered from the Khok Kruat
Formation. The absence of H. kekutensis in Phu Din Daeng could
therefore be linked to the younger age of the site compared to the
other sites known in the 5ao0 Khua Formation, or to the scarcity of
shark remains in this locality that may be linked to taphonomical
or environmental factors, It is difficult to decide which explanation
is the most likely in the current stage of our knowledge.

Among bony fishes, pycnodont remains are rare in the Early
Cretaceous continental localities in north-eastern Thailand. Uniil
now, their fossils are only known in the Sao Khua Formation includ-
ing teeth with morphology close to the morphology of teeth from
Phu Din Daeng. Halecomorph remains corresponding to sinami-
ids and to vidalamiins, are the commonest fish remains in Phu Din
Daeng. Sinamiids have been recognized in several localities from
two Early Cretaceous formations of the Khorat Group in northeast-
ern Thailand. Siamamia naga was identified on the basis of material
from Phu Phok (Sakhon Nakhon Province) in the Sao Khua For-
mation (Cavin et al, 2007), Then, Siamamia sp. was recorded in
several localities in the Sao Khua Fm,, viz, Nong Sung (Mukdahan
Province), Phu Phan Tong (Mong Bua Lamphu Province) and Phu
Mai Paw (Kalasin Province), but also in one locality in the Khok
Kruat Formation, viz. Khok Pha Suam locality (Ubon Ratchathani
Province){Cavin et al,, 2009; Deesri etal., 201 7), Except a few articu-
lated specimens from Phu Phok, all the material consists of isolated
and often fragmentary remains, The sinamiid from Phu Din Daeng
appears to be closer to Siamamia naga than to the other sinamiids,
in particular the sinamiid from Khok Pha Suam, and thus would
suppart the inclusion of Phu Din Daeng in the Sao Khua Formation,



31

H. Tong et ol {f Anmales de Paiéontologie 105 (2015) 233237 235

Fig. 1. Dincsaur and pterasawr teeth from the Lower Cretaceous of Phu Din Daeng site [ME Thailand L A, spincsaurid theropod {PRCIAT ) B, indeterminate theropod [PRC143).

T, indeterminate pterosaur (PRC146). Scale bar = 1 cm.
Dents de dincsaure et ptfrosaure
, prérosowrs indéterminé (PRCI4GL Barre d'échelle= | cm.

However, more complete material is necessary to test this hypoth-
esis, The possible presence of a vidalamiin in Phu Din Daeng is the
first record of this subfamily in the Early Cretaceous of Thailand, and
actually of East Asia in general. This identification, if confirmed, will
have strong biogeographical implications because the vidalamiins
are known so far from Western Gondwana with Calamopleurus, and
from Europe (including the Near-East) and Morth America with sev-
eral genera, The presence of elongated spines on the scales of this
taxon will deserve to be studied in detail. A superficial examina-
tion indicates that these denticles may have a histology similar to
that of oral teeth. Such a tooth-like structure has been described
amang actinopterygians in the obaichthyids from the Early Cre-
taceous of Western Gondwana (Grande, 2010) and in the extant
lericarioidei siluriforms form South America (Rivera-Rivera and
Maontoya-Burgos, 2017, both clades being phylogenetically remote
from the vidalamiins. The occurrence of carinate teeth at Phu Phan
Thong and Mong Sung also reinforces the placement of Phu Din
Daeng in the Sac Khua Formation,

All turtle remains hitherto collected from Phu Din Daeng are
referred to Adoddae (Cryptodira: Trionychoidea), Protoshachemys
rubra n. g. n. sp., a primitive Shachemydinae, is the oldest known
representative of that group. A more advanced form, Shachemys, has
been reported from the Khok Kruat Formation in Thailand and its
lateral equivalent the Grés Supérieurs Formation in Laos (Lapparent
de Broin, 2004; Tong et al., 2005). The remains of Adocidae indet.,
although fragmentary, seem to be close to Isanemys srisuki from
the Phu Khum Khao and Phu Wat localities of the Sao Khua For-
mation (Tong et al., 20061 Therefore, the general aspect of the
turtle fauna from Phu Din Daeng is clearly more primitive than
that of turtle fauna from the Khok Kruat Formation and supports
the inclusion of the site in the Sao Khua Formation, The presence of
Protoshachemys as the dominant component of the turtle fauna

t du site de Pa Din Doeng (Crétocs infériewr, NE de [o Thoilorde ). A, théropods spinosmuridé (FRCI4T) B, théropode indéterminé (PRCT 48]

from Phu Din Daeng makes this assemblage distinct from other
turtle faunas from the Sao Khua Formation, This may be due to
an environmental or chronclogical difference. The absence of the
carettochelyid turtle Kizylkumemys at Phu Din Daeng seems to be
related to environmental factors, Present in both Sac Khua and
Khok Kruat formations (also in the Grés Supérieurs Formation in
Laos) (Lapparent de Broin, 2004; Tong et al. 2000), Kizylkumemys
remazins are found in the localities with higher energy palaeocenvi-
ronments,

As noted above, the dinosaur remains from Phu Din Daeng
are too fragmentary and too poorly preserved to yield much
stratigraphic information, However, the absence of ornithischian
remazins is worth noting, as it suggests that the locality belongs
to the Sao Khua Formation rather than to the Khok Kruat For-
mation, Although the Sao Khua Formation has yielded thousands
of dinosaur bones and teeth, so far they all belong to sauropods
and theropods, no ornithischian remains have been reported
(Buffetaut et al., 2006; Buffetaut and Suteethorn, 1999), By contrast,
ornithischians are well represented in the Khok Kruat Formation,
by both ceratopsians (Psittacosaurus) and various iguanodontians
{Buffetaut et al_, 2005). The shed teeth of the latter are very com-
maon at same Khok Kruat localities, such as Khok Pha Suam (Ubon
Ratchathani Province). Although it is negative evidence, the lack of
ornithischian remains at Phu Din Daeng is in line with an attribution
to the Sao Khua Formation.

In conclusion, based on the geology and vertebrate assem-
blage, Phu Din Daeng can be confidently placed in the Sao Khua
Formation, The difference in the faunal composition compared
with those from other localities of the formation may reflect
a difference im age (the locality being at the top of the Sao
Khua Formation), or in the environmental or taphonomic condi-
tioms.
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dinosar sita (KDH). Tha excavation site is originally 3 fild of cone and/or cassava The posteranial skalaton including the squamation and part of the vertebral coluran, but with tha
strata are coversd by soil about several ten centimeters in thickness. Outerops appeared 2s the fin missing becanse of preservation. The paratype is a bigger specimen than the holotype by
soil was removed. The strata wers eroded and were szparated as “izlands”. Many vertebrate comparison with scales dimension. The other material (NRRU-F01020025) is portion of 2
fossils including he dinosaur, pterosaur, fish, erocodile and furtle are presarved at this body with articulated scales. During the field excavation the spacimens wrs extracted using
excavation site. Coprolites and bivalves are preserved too. The sedimentary succession of the hammer to break down the rock. As 2 consequence, the material consists of isolated pieces,
Kok Duisan Ha site is composed of medium- o coarsa-grained sandstone and conglomerats which ara gued sfterward Ths preparstion was performed using an air pen in the lsboratory
but rarely mudstones. The conglomerats mainly comprisss clasts of clay rip-up pebble and ofth Research and Education Centre, Univarsity. dn air-
rounded calearsous nodule granule. Planar cross stratified well sorted medium- to coarse pan xx size was used for operating the sadiment far from the fossil, then a needlepoint xx size
Erzined sandstone with nodule gramile bed, frough cross stratified medium- to coarse-grained with lower pressure was used to free the surface of the fossil. The time-consuming preparation
sandstone with nodule pranule bed, not clear paralle] stratified relatively well sorted coarse- was done under the binocular. The nomenclature used in the anatomical deseription follows
Erzined sandstone with clay rip-up pebble and nodule sranule bed, massive relatively well Grande (1998).

sorted medium- to coarse-grained sandstone with clay rip-up pebble and nodule granule bed

and cross laminated well sorted medium-grained sandstone bed are observed. It was found 4. Syatamatic palasenolagy.

that some beds eroded lower sediments. These features indicated to be deposited in channs]

and bar. The fish specimen is found in the not clear parallel siratified relatively well sorted Order AMIFORMES Hay, 1529

coarse-grained sandstone with clay rip-up pebble and nodule grazule bed (Fig. 1). Superfamily AMIOIDEA Bonaparts, 1838
Family SINAMIIDAE Berg, 1940

3. Material. and metbod. Genus Sinapeia Stensia, 1935

The material described here has been found in the locality of Ban Krek Dusan Ha, Nakom

Ratchasima Province (Fiz.1), during 2 Thai ~Japan joint excavation in 2018. The holotype Tipe speciss: Sinamia sdanchyé Stansia, 1935

(MRRU-F01020023), paratype (NRRI-F01020024) and an isclated element (NRRU-

FO1020025) are housed at the Northeastern Ressarch Institute of Petrified Wood and Mineral

Resourees. The holotype, NRRU-F01020023 is the anterior half of an individual with details
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Derivation af name. The species is

important contribution o ¢

rtheastern Thailand

Hologpe. NRRU-FO1020023, anterior hat fish with the dermal bones preserved
Paraiype. NRRU-FO1020024, portion of a body with articulated scales, with a series of
vertebral canfia,wedged in between both flanks of the specimen.

Other material NRRU-F01020025, portion of a body with articulated scales.

Locality and horizon. Ban Bzok Dpasy Ha, Tambop Kook Eruh, Azaphes Muzng Maklx

Ratchasirus, Makbom Ratchasinaa Provines, NE Thailand ok Erust Formation, Early

Cretaceous, Aptian

Diagnosis: This species is distinguizhed from other species in the gemus by the following

of characters: cres ith dorsal and ventral ends broader; four
paired of extrascapulars with the six median ones rectangular in shaps and the lateral most
ones clongate and trizngular in shape; interdigitate sufure between the quadsate and
WaARtswaRid: pyriform shaped gular plate with 3 smooth undulate posterior margin; high
eylindrical teeth with conical enamel stalk marked by fine ridges and with an amow head
shaped acxadin cap with cutting carinae ; thombic scales with serrated posterior margins; mo
peg and socket articulation of the scales with a kel on the internal surface at the center of the

scales.

Abbreviations: ang, angular; g0, anterbital; b, branchiostegal rays; ¢, centrum; eha, anterior
ceratolyal; chp, posterior cerstohyal: el claithrum; d, dentary; dpt, demmonteratic; dsp.

tooth pateh; enp, es, exe.

excccipital; f, foramen mageum; fx, frontal, g, zular; b, hyomandibula; bb, bypakal: buf,

foramen and groove for the by trunk, a mixed nerve confaining fibers from

suured with the dequaptecatics.and a single unpaired parietal. The anterior margin of the
right fromtal is notched. This notch is filled with  bene, which extends ventrally underneath
+he antorbital, identified as the tip of the nasal process of the premaxilla. The lzteral branch of
the notch extends ventrally as a small process, with a concave surfase that probably
accommodated the dorsal extremity of the Lacrimal (clightly shiftad on the holotypa). Wa
canzot abserve the suture between the left and right frontals on most of fheir length because
of the presence of a erack along the mid-way of the skull roof. Only a short posterior portion
of the suture prasents a siraight line towards the point sxtremity of the medisn parietal The
dorsal surface of the frontal bears a faint rugose omamentation forming a reficulated patiern.
from the center of cxsification. The frontal is twice as lomg as broad at its broadest posterior

level. The parietal is 2 flat large median ossification s in other sinatmjids, Tt is longer than

wide (12 vs. $ mm), with 2 sharp and pointed extremity wedged in the reversed V of the W-
+hapad margin of both frontals antericrly. The right lateral margin is slightly undulats

whereas the let lateral sizaight, Both lateral mark 2 marrowing at the level

of the posterior fourth of theis langth, thus forming 3 spesrhead-shaped parists]. The dorsal
surface of the parieta] bears ridzes radiating from the center of the bone. The demuaptesatic
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‘borders laterally the paristal and extends anteriorly a: 2 lateral pointed process with 2 slightly

Aul along the margin of the frontall The demuoy is nearl

three times longer than bread (14 vs. 5 mm), and as long but naewer than the paristal.

Unlike the frontal and paristal, the dammoptaratic is slizghtly convex in laters] fiaw] Ridzes
radiating from the center of bone are present. The dewnosphepetic is 2 small roughly
ractangular bons wadged laterally batwasn the right anterior sxtremity of the deaaptesatic.
and to the posterolateral margin of the frontal. It forms part of the skull roof. Its surface bears

omamentation similar to the rest of the skull roof bones. Posterior to the parietal and

demmaptarotics.is 2 series of four pairs Thy | are

‘ @ umeicrn
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1 nerve VIT plus the lateral | ve; ingp, infracrbital sensory camal; igp,

1, lacrimal, inal=iol; le, lateral athmoid; mpt,

WAIRIEERI: WPAP, BRiARieERId process; mx, maxilla; g, anterior articular process of
maxilla; m, nazal; gop, posterior nostril; of, olfactory fayen: op. cpasels; pa, parietal; pel,

sostclutirua, pux, premanlla; pmxap, nasal of premaxilla; po,

used here to refer to the infracrbital bone posterior to the orbit = io4 and io3; pop, preopercle;

Depen, semsory cazal; fis o, q, quadrate; qe, condyle of

quadrate; g, rostral bone; roc, opening to rostral sensory canal; sag, supraanzlat: ol
supraclaithrum; selen. sensory canal of supsaclithoum which conneets to the main trunk
Iateral line; s, supsaarilla; so, eukindaochita), used here to refr to the small infrassbitals,

etween the lacrimal and the = io2 and io; gaen, suprastbital sensory canal;

sop, aubapaIcle; pe, sphenstis; step, supratemporal sensary canal; g, supracrbital bones

Deseription

‘The matarial at hand is not complete and enly the head and part of the trusk ean ba daseribad
‘The general feature of the fish is 2n elongated and cylindrical body shape based on the
Bolotype. The head length is 45 mm (including the opercular series), and approximately 23
s in depth. The ossifications of the head have no ganoin cover. Bones of the skull roof bear
a faint rugese ormamentation. The body is covered by rhombic scales with their postrior

margin serrated. The base of the anterior part of the dorsal fin is visible on the rizht sids of the

‘olotype, whereas as wll as elements of the paired fins on the left side of the same specimen.

Skull roef (Fig. xx). The foutals are the longest ossifieation of the dermal skull roof. Each
srontal is slightly narrower anteriorly than posteriorly, and marks a regular curvature at the

level of the orbit. The posterior margin of the pair of fontals is W-shaped and is firmly

rectanzular in shape and the two mest lateral ones are friangular with a blunt spine extending

posteriarly. The exteral surface of the % ion, but small pores

for th commissure Ths preserved bone of the skull roof is the

nasal, visible on the right side. The nasal is a plate like essification laying on the ascending.
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process of the premasilla. It artienlates vith Sromtal postarionly. |

Braincase. Nothing is visible of the braincase, except the lateral extremity of the spheaslis.
wedged between the dermosphanotic-and the dernqpteratic, and fragments of ethmoid bones.
The lateral sthmoid is visible on the right side as a vertical pisce of bone beld vertically uader
the antarolsteral comer of the frontal, which forms 2 smsall ventral process (ses above). On the
1eft side, this region is not well presarved, and only a fragment of the lateral ethmoid i visible

pesterior to the nasal process of the premaxills, which is almost vertical

Circumorbital Ring. The circumorbital ring is well pressrved on the right side. It consists of 3

thres posfi with the largest ons located

pessraxanitally: to the orbit, a laerimal and an antorbital. Ventral to the erbit is 2 gap between

v probably 2 subipfraochital, The
entppterygoid is visible in this gap. The demmosphspetic ossification bas no confact with the

arbit, becaus Iy is 2 tiny el £ likely to the third

the ventral most porfinfranzbitsl and the lacrimal, in which I

The shape of except at th ormer of the

bone marked by a notch. The external surface of the bons is not smooth and bears several
pores located mostly zlong the dorsal edze. Two supsaatbitaleare present above the orbit
‘They are firmly sutured to each other and form a narrow erescent shape with their convex

dorsal margin fitting well the deep curvaturs of the frontal. Anterior to the orbit is the

Iserimal, whic

ie slightly shifiad unveiling the lateral athmoid undemeath. It i boomerang
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shaped, with the length of dorsal arm equal to ventral amm. Its concave dorsal margin forms
the anteroventral barder of the orbit, The antorbital, without contact with the orbit, is zoughly

triangular in shape with pore openings for the sensory canal at each summits of the triangle. A

space delimitated by the antorbital, lacrimal, frontal and nasal corresponds to the posterior

Licrd Cavin
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indicating that 2 small subinforhital was probably present on the living fish. The ventral

pastinfacrbital (=pol), situzted at the posteroventral comer to the orbit, is the largest and

‘mare massive bone of the cir ring. Tt bears strong with strong knobs
and grooves, even stronger than on the dermal roof bones. The shape is very peculiar,
somewhat conch shell shaped, with the anterior portion protruding as 2 blunt process, with 2
‘broad mid-length area and with the posterior axtremity tspering. The marzins of tha bona zra
smooth excapt the ventral one, which is undulate in correspondence to the ridges and grooves
Iying on the lateral surface. There are two small postinfarbitals, dorsally to the massive
pestinfanrbital, The second postifanrbitel, po2 is desply sunk Som its normal position. It is
trapezoidal in shape with the ventral edge forming an obligue line contasting 2 curvature of
the massive pogtinfiaerbital, Its dorsal edge is indented at the mid length for the path of the
samsory canal Tha third pasfinfarbital is the smallest. It is rectangular in shape, and its

surface bears 2 pore opening.

Jansz. The premaxilla is incomplets being located in the most destroyed ragion of the skull
Therefore, it outline camot be precisely described but the nasal process i apparently
triangular in shape and held almast vertically. The extremity of the nasal process extends
‘postericsly a a spiny process fitting a notch o the frontal. The xposure of the nasal process
on the skull roof is, a5 far as we know, unique within balscomprpha but present in

Ispisnstenidei among bolostraps. On the right premaxilla one broken tooth is visible on the

base and gradually tapers at the tip. Alonz the lateral sdges of 3qxpding tip are strongly sharp

carinae. All teeth are curve mwardly into the mouth.

Susparsovivps, The well preserved suspepsatiom on the right side of the holotype shows tha
byomandibuls, the mataperrzaid, and the quadrate whereas fragments of these bones plus 3
piece of sctopteryzoid with small teeth is present on the lef side. The right hyomandibula
exposes its lateral side. The main axis of the bone is only slightly inclined posteriorly from the
horizontal axis, and only part of the rounded articular head, of the cancave posterior margin
and of a fragment of the concave anterior margin are visible. The foramen and groove for the
byomandibular trmk, a mixed narve containing fibers from cranial nerve VI plus the
antarovantral lateral lina nerva, opens near the antarior concava margin of the bona. Tha
general shape of the byomandibula is discussed in the ssction “comparisons’. Anterior to the

byomandibula is the matapfervasid, which is roughly sub rectangular, with 2 pesterior porti

slightly expanding over the hyomandibulz and an anterior portion narrowing. Itz anterior
margin has 3 deep notch for the path of the trizeninal nerve (Grande & Bemis, 1998),
batween the basal and otic processes, accerding to Stasia (1935) nomenclature. Ventrally it

comnects the quadrate through an i suture. The otic s ofthe idis

twisted while the basal process is blunted. The lateral surface of the ossification is totally
concave. On the left side, the ectopterygeid s visible as a poorly preserved rod of bone with.

tiny recurved teeth. The quadrate is 3 large fan-shaped ossification. Its lateral surfice shows 2

concavity extending vity on the 4. The convex ventral end formus the
jaw articulation with the lower jav. Along the posteroventral border of the bone runs 2 strong
erest starting from the condyle. Tha gypsplretic.is not visible. the rizht entopterygoid it

exposed between the ventral postinfracsbital and the lacrimal

oral margin of the bone, but the total mumber of testh cannot be estimate. 4 large excavation
marking the path of the olfsctory nerve, with the non-visible olfsctory foramen located in the
bottom is present on the left premanilla. The mardllze are visible on both sides of the head. On
the left sida, the poeteradpyzal.part of the bone is visible as an imprint only, but it clearly
shows the concave margin that forms 2 deep notch, On the right side the posterior extramity

of the maxilla appears distinetive conver, but the posterovntral part of the ossification is not

preserved.

The oral margin of the mavdilla is better preserved on the left side. Itis straight or very slightly
concave. There are about thirty-three teeth in total, each has  long conical base. The acxpding

cap is very peculiar baing y small with an arrow-head shape with cutting carinae.

There are some pits on the lateral surface of the right maxilla. A supraomasillais preserved on
the right side just above the postarior part of the maxilla. It is narrow and elongate, ca 8.5 mm.
in long and 2 mm in depth at the posterior part, and gradually tapering towards its anterior
axctremity. The length of the bone i about balf length of the maxilla.

The mandibles are low and their ventral margins expand horizentally. The visible part of the

lower jaw comprises a dentary that bears a single row of conical teefh, an angular, a

anda cisible 2s a tiny ossification at the p ] tip of the
right mandible. The angular forms most of the posterior part of the mandible. It contacts the
dentary alonz a zigzag suturs anteriorly and the supraanzular dorsally, which is partly visible
on both sides. The dentary iz long and anteriorly very shallow in lateral view with the
posterior part of the bone increasing in depth to form the coronoid process. The dentary bears
about 20 conical testh with pointed arrow-head carinate aeroding, caps. The teeth vary in size
the larzest ones are located at the mid length while tha ones on the posterior and anterior
portions of the bone are smaller. Each tooth is composad of a high cylindrical base and

exctends with conical enamel stalk marked by fine ridzes. Its acroding cap forms 2 rounded

Opercular ceries, branchiostegal vays, and gular. The opsrcular series is complate, formed by

h opesculum, di

The pranpszerlom is a narrow erescent shaped bone with ifs extremities distinctly widening
‘both ventrally and dorsally. The anterior and posterior margins are regularly curved, while the
dorsal margin is straight, The preoparcle is lying along the anterior edges of the oparcls,

1 . and ¢ The ior edge of the bone forms 2 plan which marks

an angle with the rest of the ossification and completely it the space with the opersle, This

feature seems ta be peculiar fo & T margin

of the bons rests against the strong crast of quadrate which runs along the upper am. The
operculum iz ronghly trapezoid in shape and deeper than long (12 x 8 mm). The dorsal and
antarior borders ara rather straight, whils the posterior and vantral borders are slightly curved.
‘The nearly upper half part of the posterior edge is smooth whersas the lowar part has strongly
serrations corresponding to the fine grooves present on its ventprapRstaNar surface area. The
shape of the gukpRasele, lving between the operels and inferapsrcle, is somewhat the
miniature of gpexcls, in ovarturn position. The dorsal border of the hone tightly contacts the
vantral border of the qpesels. The subapsscla reaches the half depth of the apexcle. The

posterior edge of the sukapsrala.is extirely semrated and no anterior ascending process is

visible. The inferapgzels i visible as a trisngular bone wedged between the gubapazele.and
the posteroventral edge of the preopercle Tts anteriar tip is pointed and it runs toward the
ventral tip of the precpercle. The ventral margin of the bons s gently comvex.

Eleventh elongated branchiostegal rays are well preservad on the holotyps, NRRU-

F01020023; the posterionmost one is the shortest but the widest. The branchiostegal rays are

sather closely packed to sach other. Each ray is narrow proximally and much broadsr distally.
‘The anterolateral surface of sach ray bears a crest, which is pronounced at the articulsted

‘point and gradually decrease and becomes complete flat at the halflength of the bone
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Anterior to the brapshinstegale is a median pyriform-shaped gular plate. The anterior portion.
iz longer and narrower than the posterior portion. O the midline of the ventral surfsce is 2
ridze that nearly rsachas tha center of the home. The ventral surface of the axpendad pasterior
portion shows fint ridges and grooves of regular size extending to the posterior margin,
which forms 2 slightly undulate edge. In the central portion of the gular are small pits
randomly distributed. The ceratohyal is partly exposed between the lef dentary and the gular
plate, but its shape is hard to precise. A thin element anterior to the ceratohyal is rezard a=

bynokaal

Pactoval girdls and fin. The large liss posteriorly to th Itis

visible as large trapezoidal o evoid shaped ossifieation with a notch along its posterior
margin for the path of the sensory canal. Its external surface bears a faint ruzose
ormamentation forming a reticulated pattern from the center of ossification. The anteroventral
2dze is strongly convex whereas its dorsal edge is almost straight with slight undulation.
Bacause of the posterior extension of the lateral most extrascapulars, the pasttemapatals,do not
seach the lsteral margin of the skull roof and have no direct contact with the gpazele. The
‘spraclaithrum is proportionally very large, with an slongated general ractangular shape, an
xpended ventral extremity and 2 dorsal border firmly applied against the notch at the
‘posterior marzin of the posttamparal. Along the dorsal margin of the rums 2
short and curved ridge, which lies against 2 notch at the posterior margin of the pasitampaml

The cleithrum is w

visibla on the left side Ttis crascant in shapa with the anterior part is
narrow where the posterior wider. Base on the right cleifhrum i twist fhus its provide us fhat
the lateral surface of the anterior narrow part is convex while postarir part become flat. The
Tateral face of the cleithrum is marked by smooth ridges which converge to the center of the

expanding posterior area. The ventral margin of the cleifhrum is convex. Two poskslaithra are

Iateral most extrascapular, which extends posteriorly, bears ca 6 openings along its lateral

border in ali ith the series on the Onth two openings
for the sensory camal are present oz the Lateral margin of the posterior prominent knob of
bone, and a third smaller foramen opens bstween the tivo on the dorsal surface. The pores on
the lateral margin of the bons carrespond to the entry and exit of the canal, which thus forms 2
short loop i the pasttasaporal. This pattern implies that a section of the canal is not bone-
enclosed between the axit of the extrascapular and the antry in the poattapotl The sensory
canal runs posteraantially. from the knob on the posterior extremity of the posHemporlto
the mid-depth of the bone posteriorly. The preopercular sensory canal runs along the center of
the bons. It gives off posterior tuhnli that open via a few pores in the depressed posterasssal.
commer, at least one pore in the mid-depth of the bone and at least four pores along the ventral
part of the preopercle. The infraorbital sensory canal crosses both small dorsal
possinfaorbitals as indicates the prasence of pores and notch. We cannot follow the path of
the canal within the large ventral postinfraarbitsl, in particular the potential prasence of gihuli
extending posteriorly 2 in Sinapia sdanshyd (Stansis, 1935) because of the presence of strong
omamentation. There are pores located at the canter of the lacrimal indicating the path of the
canal that reach the antorbital antericrly. The three pores in the antorbital indicates the path of
3 canal that crossas the bone and reaches the rostral (not preserved), and an opening dorsally
close to the posterior nostril. The mandibular sensory canal runs along the ventral horizontal
lamina of bona formad by the anzular and dentary. Small faramens alonz the madial margin
of the anzular, which are followad antariorly by 3 larzar pore zt tha limit betwsen this bona
and the dentary, and by another medinm-size foramen alizned in the dantary. Along most of
tha length of the dentary, the ca 10 large oval pores are shifted laterally compared to tha

posterior alignment, and located at the limit between the ventral and lateral sides of the

original place on the right side while on the 1eft side both of them are shifted to place
wnderneath the suborbital. The upper possslsithrun. is larger and deeper and is prominently
comves dorsally and hecomes thinner in its ventral part, which is flattencd. The lowast
‘poutclithrum is small and less convex, but it is not complete, making the estimate of its shape
impossible. The posterior edges of the pasclaithya have semation extending as compact
‘erooves on the surface of the bone. A saddle-shaped ossified seapulassracaidis partly visible
on the left side.

Eleven fin rays are visible, but more were likely present | The preserved portion of the rays,
225 mm long are unsegmented, indicating that the total length of the fin was proportionally
long because sbout half of the rays are imsegmented in the pectoral fin of dpvig cala.

Cephalic senzory canals (Fig x=). The numerous pores at the surface of the bones indicate the

‘general pattem of the ssnsory canal system. In some parts of the head, the path of the canals

an be seen throngh the very thin bone. The supraorbital sensory canal opens via xumerous

pores on the i and frontal, Th bears a douzaine of fregularly
arranged pores o its dorsal surface. Moreover, tiny pores also open along the thin lateral
margin of the damuantssatic, as previously observed in ofher sinamiids, The connection with
the preoparcular canal is not visible and it is possible that it occurred on the ventral surface of
tha bone. O the frontal, the pores ars irrsgularly aranged and mors concentrated sbovs the
posterior level of the orbit and in the anterior portion of the bone. The main supracrbital canal
apparently forms an angle in the center of the Frontal and gives off tubpli medially and
Iaterally that reach the openings spread over the surface. The denuoerhsvotis, which is part of
the skull roof, bears ca 6 foramens irregularly arranged. The path of the canal in the nasal is
wnelsar, but 2 largs pors is prassnt on tha anterior margin of the bons. The supratemporal

s clearly visible by along the mid length of the extrascapulars. The

mandible. At the antericr extremity of the mandible, five large oval foramens are located

again along the medial margin.

Vertebral column -A

£vertsbra is visible on the paratype (NRRU-F01020024). Five

articulated cepfza are preserved wadzed between the left and right scales covering of the body.

The length is shorter than width in lateral side (ca. 6 mm long and 11 mm, respectiv

i)
Thaxks to both posterior ceatza broken at their middle pa, the sandglass shape of the
cantrum is visible and indicates that the auterior and posterior articular surfaces are deeply
concave. The lateral surface prasent frace of grooves and ridges. Each centrums has the sanme

proportion.

Dorzal fir. Although this area was destroyed, the origix of the dorsal fin can bowever be

located. It is placed at the 5/8 distance of the pelvic fin.

Pelvic girdls and finz. The pelvic fins are apparently very small based on the pelvic fnrays
partly preserved on the left side, which are small and shodt. The basiptarsginm is visible s 3
long rod of bone with an axlarzed posterior extremity (char. 29 on G & B). Three pairs of

Izpidotriches can be count.

Squamation - The whols body is covarad by thick rhombic scalss covarad with 2 ganoin
Layer. The seales of the dorsal ragion ara small, as long a5 desp, whereas the scalas of the
Lateral or he ventral regions of the trunk are distinetly longer than desp (zbout 3 mm long and
1.5 mm deep). In addition, their lateral surface presents a ridge on the ventral edge in the
holotype, but in other material such as NRRU-FO1020025 there are two ridges located closed

to the dorsal and ventral margins. The posterior margin of all scales is serrated, with sbout 11



tiny denticulations in maximum (the munber varies Som 2-11 depending of the position an
the body). The lateral line scales are not visible on the anterior part of the preserved body. At
the level of the beginning of the dorsal fin, one scale every two or thres scale (with a gap of
four consecutive scales) are marked with 2 sensory pore, which has the shape of a vartical
elongate groove dug in the middle of the scale. No peg and sockst articulation has been
observed in the overlapped area where scales are destroyed. The imprints of scales indicate
that the internal surface of the scales is protruded like a stronz keel or ridge at its center. The

kel s visible on scales preserved in internal view behind the dorsal fn of the holotypa.

§. Discassion

Hyomandibula. Tha orientation of the hyemandibula in Fhoratumia is very inclined, probably
in connection with the slongated and shallow head of this fish, butits complete shape is
unclear because part of the bone is hidden under the preapercle. $tesia (1955) observed a
byomandibula with an elonzated opercular process in 8. sdanskyi, Peng etal (2015)
dascribad ox an articulated specimen of Sinamialarhoysnsis 3 bvomandibulz composed of

toro portions: one artieulating with the d dorsally and one long the

anterior marzin of the preopercle. They cannot decide if a preopercular procsss is present on
this bone, because this partis obscured or not preserved. However, they also figured (Pang st

al., 2015: fig. ST}, but not described, an isolated hyomandibula referred to Sirazaic,

which has 2 large doubla-headed ventral sxiramity. Tha posterior articular haad

is likely 2 poorly opercular process, while the auterior expansion applied against the
posferedazsal margin of the quadrate. Tt is difficult to understand how such a short opercular

process could reach the articular facet of the gpexsle, and we suggest that the isolated

the orbit of the Khpratmaterial is similar to the fifth infraosbita] of 5. ligauingssis (Zhasg,
2012) and to the fourth infraorbital of the 5. sdanchyi. But yyp has very somewhat peculiar

conch shell shape contrary to the trapezoidal shape in the 5. sdauskyi and to the rectangular

shape in the 5. ligaud The presance of interdigitate suture betwasn the quadrate and
msiapieriEnid is different from other Sinamiz, Gudar. The pyriform shaped gular shape bas
been described from fwo isolated ossifications of Sinapiaukurilis by Yabumesa, 2014,
which is raminiscent to the Khorat 3y, except the smooth posterior margin. The Japaness
specimens, however, are not complete preserved and the comparison between both fasa is still
uncertain, Compare to the 5. 2daxsia, the sular shape of xyy is clearly different by the desper
posterior portion than in 5. sdanslgd, The posterior margin of the gular of most amisids is

! the strongly presentin dindricus, which differs

from the smooth undulats argin bf the Ehorat one.

Y

characterized by the sbsence of peg and socket articulation on the scales, by
denticulstions along its posterior margin and by its internal face marked with a strong keel

and

scternal side by ome or two ridges, features that differ from Siamamis, which lacks the
denticulation on the postarior margin, its dorsal surface is smooth and no strong ridge or keel

is apparent on s interior surface

Semsory canal system. The density of pores for the exits of the sensery canals in Eheratamia,

is higher than in daxig. A typical feature is the presance of 2 series of pores aligned along the

Iateral margin of the i and the The porss in the

extrascapulars are apparently comnested to 2 canal that branches from the svpratemperal canal

close to its exit from the extrascapular. It is not clear how the lateral openings on the

cted to the mam canal. On the left side, a broken part of

the lateral margin of the frontal shows 2 cluster of three openings leading to a single small

1 reaching the main ital canal. In i, 2 series of pores along these

38

hyomandibula fizured by Peng stal. (2015) is sither uncomplete or do ot belong to the
species, and that Ehpratapia has a long opereular process under the preoperele, with almost
the same proportion s the one of Calamaplsurus (Grande & Bemis, 1998: fiz. 305).

Janss. Several features of the jaws are shared with the vidalamsiinas: the short premaxilla, with
2 vertically held nasal process and a large excavation for the olfctory foramen are
reminiscent of Calgmaplsyzus, the deep posterior margin of the maxilla very concave is

(idalamia and Pacluamia), although the ventral process below

the notch i mot as elongated, and sventually the carinate acrading tips of the teeth is a feature
shared with all vidalamiiss

Preopersie. The £ the Ehorat has narrow B

approximately similar to fhe praoparcls of other ginamiid fish but that differs by it distinctive
broader both ventrally and dorsally ends. The precpercle of Sinppiglanrbouensiy, (Peng stal,
2015) shows a similar general shape, but the extremities are less wide compare with Thai fish.
In addifion, the curvature of fhe anterior border of the preopercle of y3; is more dasply
concave. This strong curvaturs of the anterior bordar is similar to Sinamia sdansh (Stansia,
E. A 1935) but, however, the dorsal and ventral ends of 5. gdanakyi are not as wida as in the
Thai speciman. The posteradarsal.commer of the precpercle that forms a triangular arsa
aranged at an angle with the rest of the body of the bone appears to be restricted to
Ehovatamiz.

Pavietal. Tn gy, the median paristal has 2 spearhead-shaped with its sharp pointad mterior
extremity and its lateral margins curved inward at the posterior fourth, while in 5. sdapali the
anterior portion of the bone is bluent and the lateral margins present a beoad obiuse psocassas
Sitting into the median margin of the demmopferatic. One such process is visible on the right
lateral margin of the Khogat specimen, whareas the lateral margins are straight i Siamaaia

waga (Cavin et al, 2007). The largs ventral pestorbital located at the posteroventral comer to

0 bones ar also present, amd Stansia, suzgested that the pores along the lateral edze of the
dammantaratic ars comected to the mzin canal via chusters of two or thres sahli (1935: fig.
13). In Sigpaamia, a similar series of pores also open along the lateral margin of the
dempaterafis, In both Thai species, the supratemporal sensory canal open squally on the
surfzce of the pterotic, while such openings are apparently sbsent in A, calva and . sdanshit.
In Sinapyia liganingsnis, there is 2 high density of openings of the sensory canal along the
Iateral margin of the dexuopterafis, md sspacially along the latsral axtrascapular, but fow on,
the dorsal surface of the dexmapietatis (Zhang, 2012). This feature, when visible, seems to be

Testricted to the sinasids among the balscomornhs,

6. Conelusionz
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Text-fig. 1
‘Study; area at the dingsaw excavation bite in KDH. Star mark i the laver of fish The

layer yath spme vextebiaty assemblazes prazeryiad mn clay. ripup pebbles.

Text-fiz. 2



oo gppoy, NRRU-FO1020023 (holotype). A, preserved in right lateral view. B,

preserved in left lateral view. Scale barz = 10 mm_

Text-fiz. 3
xocx, skull roof of holotype (WRRU-F01020023) in right lateral views. A, detail in
photograph: B, line drawing. Seale bars = 10 mm.
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Text-fig 5
ocs, skl zoof of olotype (WRRU-FO1020023) in dorsal views. A, detail in

photograph; B, line drawing. Scale bars = 10 mm.
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Text-fig. 4
ex, skall oof of holotype (NRRU-F01020023) in left lateral views. A, detail in
‘photograph; B, line drawing. Scale bars = 10 mm
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Text-fic. 6

xx, skull roof of bolotype (NRRU-FO1020023) in dorsal visws. &, detail in

photograph; B, line drawing. Seale bars = 10 mm.
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RE.CAVIN ET AL .NEW LUNGFISH FROM THAILAND

The lungfishes, or Digai, fo clade of

ing today in

freshwaters of sastern Australia, Africa and South America Lungfishes were mostly marine in
the Devonian, then typically freshwater since the Carboniferous (Challands et al, 2015 An
evelutionary trend observed in this lineage is a redustion of ossification of the skeleton
associated to an increasing mineralization of the oral testh. As a consequence, the Mesozoic
fossil record of lungfishes, especially in post Triassic deposits, i made in larze part of
isolzted tooth plates and cranial elements are rarely found Tsolated tooth plates bear
diagnostic features for identification at the specific and generic levels, but only cranial bones
bring characters allowing to draw the general frame of the lmgfish evolution

Here we describe 2 new species of the lungfish Ferganarsratodus based on cranial slements
with associated tooth plates found in the fossiliferous site of by Hpd located in the lower or
middle part of the Late Jurassic - Early Cretaceous Phy Kradyng Formation in northeastern

articulation with the mandible longer than in F jyrgsgigs fmuknown in the other two speci
widest lavel of the anterolateral bons in its mid length similar in F jyrassious; the whole

anterior half of the bone s wide in Fmiatint; situstion unknown in F. gzechugngnsis); inner
this angle is

angle of upper and lower toath plates poorly marked (in the three other spe
sharpen; mesial marzin of npper and lower tooth plates slightly shorter than the lingual

margin Gsignificantly shorter in the three other specis

lower tooth plate with 2 first notch
significantly deeper than the following ones (as in F juyasgious but to the contrary of F
exschuanensiz, and F. mavtin,

Type locality: Bl Ngi, Tamskom Din Chi, Kam Muang district, Kalasia province, north
Thailand

Type horizon. Lower part of the Bl Kradung Formation, probably Late furassi

Anatomical Description
For synonymies between the names of the bones ussd hers and in other publication, ses Cavin

etal, 2007, table I and Criswell, 2015,

The skull roof is disarticulated but all bones are concentrated on a little space and obviously
belong to the same individual As far as the skull bones pattern can be reconstructed, it is elose

to those of F e

is smooth and the internal side bears fine radiating ridges One incomplete bone is regarded as
the anterior bone of the median series (Fig. 25). ts probable posterior xtramity is rounded and
athough its anterior partis damaged, it appears that the bone broadens slightly anteriorly. The
posterior bone of the median series (Fig. 2C)is ahmost complete except its right lateral margin

It was slightly more than 1.5 times longer than wide The maximum width is situated in the

mid length of the bone. Auteriorly to this point, the lateral that sutured with the

anterior bone of the mediolateral series are straight and slightly convergent frontward
Posteriorly to the widsst point, the margin marks a concavity close. No median groove for the

anchorage of the chondrocanium is visible on the internal side. The posterior margin is

Formatted: Font |tafc, Comptex Scrigt Font ftsic

Thailand Fig 1) This Formation has already yielded a separate species of Frgangearaiads
in 3 site located in the upper part of the series. The naw discovery sheds 2 new light on the

b ‘hical d steatizrapbical = fEast ian hungfish,

during the Jurassic and Early Cretaceous

SYSTEMATIC PALAEONTOLOGY

Class OSTEICHTHYES Huxley, 1880

Order DIPNOI Maller, 1844

NEODIPNOT Aznolin, 2010 ggysy Kemp etal 2017

Suborder CERATODONTOIDEI Nikpleki, 1954 ggosy Kemp et al 2017

Genus FERGANOCERATODUS Kagayahkis & Nassas, 1985

Type species- FERGANOCERATODUS JURASSICTS Kazayshkia & Nessqx, 1985

Ofther spacies.F grgehuanerssic/ Y oung, 1942, F. marrini Cavin, Suteatharn, Buffstant, Tong,
2007

FERGANOCERATODUS XXX sp. poy,

Holotype. K834 - 1783 Fiz.2)
Etymolozy-33y,

Diagnosis: Fergangceratodus distinguished from the other Asian speciss of that gemus by the

Sollorwing combination of characters: posterolateral bone (YZ bone)with a process for

irregular in shape, but because of the thiznes: of the bone its precise outline is uncertain The

posterior bone of the medislateral series Fig. 2D) oval with a short broad

expansion on ene corner that we regard as the comar, which rasted
undemeath the posterior bone of the lateral series (YZ bone). Another sutural surface loeated

nearly the quadrangular expansion is regarded as an area underlying the posterior margin of

the anterior bone of the I dial series (Fiz 3). The left dial bone 1s present(Fig.

24Tt is reminiscent of the same bone in Fmartini, except that in the latter the asterior
portion of the ossification corresponds to the widest part of the bone while in the new species

the anterior portion is significantly narrower than the posterior portion. The posterior margin

is regularly curved and marks no angle with the medial margin The contour of the rbit is
visible 25 a concavity at the anterior sxtramity of the lateral margin Traces of the sansory
canal is visible on the dorsal face of the bone in its midavidth Fig. 24 The descending
‘process for articulation with the ascending procesz of the pterygopalatine is present in the
anteromedial quarter of the vetral side of the bone Fig 24 The descending process is
inclined anteriarly, still more than in F. martini, but we cannot exclude that this arrangement

was causad by di ion due to fossilization The extramity of the ds ding process

shows no details because of presarvation. On the internal face of the bone, a ridge runs fom
the anterior comer of the base of the descending process towards the anterolateral comer of
the bone (Fig 245, The olfsctory cartilage anchored on this ridge (Kemp, 1938, An isolated
one bas an ovoid shape with an elonzated and slightly curved process (Fig 2 Pits and short

‘Erooves dug in the plate like portion of the bone are relsted to the sensory canal This
ossification is regarded here as the posterior bone of the lateral series (YZ bone In the
holotype of F. marfint, only a fragment of the posterior bone of the lateral series is preserved

and the complete ossification was reconstructed as 2 single ovoid bone without a procass for

rticulation based on i vith of F.jurgssicus by Kazmyshlin (1993,
In this model, this bone shows no anteroventral extension and it is unclear how the mandible

articulates with the skull In the quadrate is s and ocenrs as an
outzronth from the process of the postaricr lstaral bons (also named YZ or X¥Z bons or
squamosal, and the situation was likely similar in most extinct kmgfishes (Kemp, 1993, The

ariginal description of F jirassious by Nasse & Kaguyshlein (1985 shows that the YZ bone



actually bears a small process, that can be regarded as 2 reduced articular process for the
mandible Mgssoy & 1985, fig 15:. Our o of the skull F

i aszicis #hows this bone oriented with the process facing anterolaterally Fig. 31 This
raconstruction is also supported by the presence of o sutural surfaces that Likely rested
under both bones of the series A similar of the posterior bone of
the lateral series was made by Kemp (1998 for drgangdus (siatesraiedus. according to
Kemp) grlgryiy, nitially reconstructed by Martin (19811, The discovery of the complate

ossification in F.xex indicates that the situation was somehorw likely similar in F. martini,
although it is unknow if the extension of the process was as long as in the new spesies or
reduced as in F jyracsicns, Becauss the paths of fhe sensory canal are not visible on this bons,

itis unclear if an indapendent dermosphangtic bone was present, as in F martini Cavin st al,

2007 In F jupacsions, Bazmyshkin (1993 reconstructed the skull roof with an indepandent X

d bt his bone is app: pressrvad W susp

reconstruction rested on a supposition based on the absence of a triple junction of the sensory

canal in the posterior bone of the lateral series In dyganadys atlgnti, there is a single bone on
the lateral series the fusion of both 3YZ hone) Kemp, 1958
An ovoid bone forming a right angle, very witaa Fancther bone

located in its concavity (Fig 2F) is provisionally identified as a piece of the labial bone
(angular of the mandible, with pozsibly 2 frazment of the labial bene prearticulan inside. An
slongated rectangular bone, with 2 ridze possibly corresponding to the path of 2 sansory
eanal, is not identified (Fig 2E;

Both upper tooth plates and the left lowar tooth plats are prassrved The rather thick upper
tooth plates bear five ridzes (Fiz, G, ). The apferionmgst two ridges are sharp and the
posterior thrss are blust The surfacs of the plates shows 2 fine pattern of pits The inner angla
15 slightly less than 907 @pprosimately 867, The left lower tooth plate is still attached to 1tz
supporting bone Fig I It bears four ridges, the anfarionmast one baing significantly longer
than the posterior ones. The amteriormost two ridges are sharper than the posterior two. The
tooth plate is thick and bears the similar pitted pattern than the upper tooth plates. Its inner

angle equals approximately 98° Based on the prasence of 2 lamina of bane of the supporting

Cranial and tooth plates characteristics of the new hungfish specimens clearly point to a
distinetive species than F. maptini, which is nevertheless found in the same formation (Fig. I
F.martini was found in Phu Nam jssjun This site has yielded several bundreds of articulated
f ginghymodian fishes Thaiichvhys and which have likely died
Sollowing the drying up of 2 pond Fxox was found in the rich assemblage of the Bhy Ni site,

which has yielded a diversified fish and tetrapod assemblage partly articulated, probably
transperted before burial Lungfish are nsually a rare component of vertebrate assemblages,
alihough their tooth plates may be rather common in some Formation In the Early Crataceous
of Tunisia, for instance, a relatively high diversity of lungfishes has been recognized (Fanti ot
al, 2016, but in ¢his deposit the lunmgfishss balong to differant lungfish linsages. Both spacies
found in the By Eradung Formation are closely related species, and they rather comrespond to
distinct species from the same lineage separate in time, potentially the result of a anagenetic
evolution This result also supports the hypothesis that the Bhn Kradmg Formation has
deposited during a longtime span, with Fxxx located in the lower -middle part dated to the

Late Turassic, and F. maréini located in the upper part dated to the basal Crefaceous

oasification situated anteromedially to the lower tooth plate, it is assumad that both tooth

plates were not in contact

Discussion

Figure 3 show a comparizon of F xxe with F.jurasgicys,and F. martini The most distinctive
differences between F martini and F.xxx, both found in the same formation, such asés the
shape of the anterior bone of the lateral series, which namrows anteriorly in the naw species (as
in F jurgcyicu and remains wide in F.martini Other differences are visible in the shape and

siza proportions of the skull Toof bones between the hres spacies, but we ara reluctant to uss
these features 2s diagnostic characters because 1) these are weakly pronounced and 2iwe

t 2ssess the i ific variati loreover, the ion of the skull roof of F.

xxx 15 still uncertain, such 2= the identification and orientation of the posterior bone of the

saries [f comactly F jrasziciss, from the Middls Jurassic of
Kyrayzstan, diffars from F.xe by its mucharsduced articular procass of the posterior bons of
the lateral series (YZ bone: Dismostic charactars are present on the tooth plates, such as the
inner angle of uppar and lower tooth plates mors poorly marked and the mesial marzia of
upper and lower teoth plates only slightly shorter than the lingual margin in the new specis,
while the inner angle is miors marked and the mesial margin is significantly shorter in other
spacies o F including . grggh The latter species, known by

isolated tooth plates only, was identified in the Late Jurassic or Early Jurassic of South China
thenracorded in Thailand in the Late Triassic Higai Hip Lat Formation (Martin & Ingayat,
1932, and in the Middle Jurassic Kblong Min Formation and in the Late Jurassic Phy
Kradung Formation dlowar part (Martin st al, 1997, In Fxxx the first notch of the lower tooth
plates is deeper than the ofher ones, as in F.jypasgious but to the contrary of F. gzgshuanensls,
and F martini As a rasult, the zeneral pattern of the lower tooth plates shows sharp cutting
ridzes in F o and 2 broader erushing surface in other Farganacarargdus species

Recently found hungfish tooth plates from the Middle Turassic of the Hinfiangon Formation,
Chongaing, China, currently under study share features with F.xxx, but also with F.jirgsicns,
Buffstat et al in progress;
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ABSTRACT

In this paper, we report on a new Early Cretaceous vertebrate locality, Phu Din Daeng, in Nakhon Phanom
Province, NE Thailand. The Phu Din Daeng site has yielded a diverse vertebrate assemblage, includ-
ing sharks (Heteroptychodus steinmanni), bony fishes (Pycnodontiformes; Sinamiidae cf. Siamamia and
?Vidalamiinae, and Ginglymodi), adocid turtles, indeterminate neosuchian crocodiles, pterosaurs and
dinosaurs (spinosaurids and indeterminate theropods). A new adocid turtle, Protoshachemys rubran. g. n.
sp. is described on the basis of shell material. Field investigations on the geology and comparisons with
other vertebrate faunas place Phu Din Daeng in the Sao Khua Formation (Barremian) of the Khorat Group.

© 2019 Elsevier Masson SAS. All rights reserved.

RESUME

Phu Din Daeng, un nouveau site a vertébrés fossiles d’age Crétacé inférieur dans la province de Nakhon
Phanom, NE de la Thailande, est signalé. Le site de Phu Din Daeng a livré une faune de vertébrés fossiles
diversifiée, comprenant des requins (Heteroptychodus steinmanni), des poissons osseux (Pycnodontif-
ormes; Sinamiidae cf. Siamamia et ? Vidalamiinae, ainsi que Ginglymodi), des tortues adocidés, des
crocodiles néosuchiens indéterminés, des ptérosaures et des dinosaures (spinosauridés et théropodes
indéterminés). Une nouvelle tortue, Protoshachemys rubra n. g. n. sp., est décrite sur la base d’ éléments
de carapace. Les investigations géologiques sur le terrain et la comparaison avec les faunes de vertébrés
du Groupe de Khorat placent Phu Din Daeng dans la Formation Sao Khua (Barrémien).

© 2019 Elsevier Masson SAS. Tous droits réservés.
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1. Introduction

The Mesozoic non-marine deposits of the Khorat Group (Late
Jurassic-Early Cretaceous) in NE Thailand are rich in vertebrate
fossils. Among the five formations included in the Khorat Group
(from bottom to top: Phu Kradung, Phra Wihan, Sao Khua, Phu
Phan and Khok Kruat formations), numerous localities in the
Phu Kradung, Sao Khua and Khok Kruat formations have yielded
abundant vertebrate body remains (see Buffetaut et al.,, 2009
and references therein). In this paper, we report on a new ver-
tebrate locality, Phu Din Daeng, in Nakhon Phanom Province.
Recently discovered by local people, the site has been visited
regularly by the Palaeontological Research and Education Cen-
tre (PRC), Mahasarakham University, since 2012. The material
was collected on the surface or by systematic excavations to
extract apparently partially associated fish or turtle skeletons;
and the sediments were screen-sieved. The Phu Din Daeng site
has yielded a diverse and somewhat peculiar vertebrate assem-
blage including sharks, bony fishes, turtles, crocodiles, pterosaurs
and theropod dinosaurs. The geology of the site is investigated
and the stratigraphical significance of the assemblage is dis-
cussed. A new species of turtle, yet unique to this locality is
described.

2. Geological setting

The Phu Din Daeng site is located in Tambon (sub-District) Si
Chompu, Amphoe (District) Na Kae, Changwat (Province) Nakhon
Phanom, NE Thailand (Fig. 1). The outcrop where fossils were dis-
covered corresponds to a small erosional area at the northeastern
end of the anticline of the Phu Phan Range, on the Khorat Plateau.
Stratigraphically, the Phu Din Daeng site is located at the top
of the Sao Khua Formation, a few metres below the Phu Phan
Formation. Next to the site is a hill that is topped by hard lay-
ers of medium to coarse-grained sandstones and conglomerates
typical of the Phu Phan Formation. The fossiliferous deposits cor-
respond to a thin layer of siltstone of a few centimetres thick,
itself interbedded in layers of red mudstones, siltstones and sand-
stones. Vertebrate fossils are relatively abundant, including sharks,
bony fishes, crocodiles, turtles, pterosaurs and theropod dinosaurs;
bivalves have also been collected. Large bones are very rare, fish and
turtle remains are by far the most abundant vertebrates at Phu Din
Daeng, but often represented by fragmentary and isolated elements
or by loosely associated sets of plates or scales. The generally dis-
articulated nature of the material may indicate that carcasses were
partially or totally decayed and disarticulated before burial. Most
fossils consist of relatively small elements suggesting a possible
winnowing. It does not appear that there are important concentra-
tions of fossils, indicating that the bone bed is probably the result
of a single flooding event occurring at some distance from the main
water bodies somewhere in the flood plain. Some turtle elements
belonging to a single individual, although disarticulated, have been
collected over a small area, suggesting an in situ preservation or
short transportation.

Based on palynology and vertebrate palaeontology, the Sao
Khua Formation is considered to be Early Cretaceous (Buffetaut
et al., 2006; Racey, 2009; Racey et al., 1996), and more precisely
Barremian in age based on the study of bivalves (Tumpeesuwan
et al.,, 2010). Located stratigraphically at the top of the forma-
tion, the Phu Din Daeng site seems to be younger than some
other fossiliferous outcrops in the Sao Khua Formation, such
as Phu Kum Khao (Kalasin Province) and Phu Wat (Nong Bua
Lamphu Province), and indeed displays a slightly different fossil
assemblage.

3. Vertebrate fauna from Phu Din Daeng
3.1. Chondrichthyes Huxley, 1880

Hybodontiformes Patterson, 1966

Heteroptychodus steinmanni Yabe & Obata, 1930

Material: Three teeth with the root preserved (PRC34-PRC36)
and three fragments of tooth crown (Fig. 2).

Description: The three teeth are flat, roughly parallelogram-
shaped in apical view with a sigmoid curvature in labial or lingual
view. PRC34, the most complete one (Fig. 2A-B), measures 19 mm
mesiodistally, 14 mm labiolingually and is 7 mm high, including the
root. Its apical surface shows 25 closely packed mesiodistal ridges.
PRC35 (Fig. 2E-F) measures 15 mm mesiodistally, but is incom-
plete and 17 mm labiolingually. It shows 31 mesiodistal ridges.
PRC36, the largest one, has been found in three parts that have
been glued back together (Fig. 2C-D). It measures 21 mm mesiodis-
tally and 15 mm labiolingually and displays 30 mesiodistal ridges.
Each mesiodistal ridge bears fine perpendicular ridges on its lin-
gual side. A marginal area is visible on the lingual part of the apical
side of the crown, ornamented with anastomosed ridges roughly
oriented perpendicularly to the lingual edge of the crown. On the
labial, mesial and distal extremities, this marginal area is strongly
reduced. The labial, lingual, mesial and distal faces of the crown are
ornamented with fine, irregular, anastomosed ridges. The root is
thicker than the crown, up to twice so, and is very porous, showing
a multitude of small pores on all its faces. On the labial and lingual
sides, at roughly mid-height of the root, there is a row of enlarged
foramina.

Discussion: The presence on these teeth of several mesiodistal
ridges, each bearing numerous short perpendicular ridges together
with a reduced marginal area around the crown is characteristic of
the genus Heteroptychodus (Yabe and Obata, 1930). Three species
of Heteroptychodus are currently recognized. H. chuvalovi is eas-
ily separated from the Phu Din Daeng teeth by its chevron-shaped
mesiodistal ridges (Cuny et al., 2008). Heteroptychodus kokuten-
sis is also easily separated from the Phu Din Daeng teeth as its
teeth are more elongated mesiodistally and its labiolingual ridges
between the main ridges are not as regular and thin as in the
teeth from Phu Din Daeng (Cuny et al., 2010). The latter charac-
ter, as well as the labiolingual width of the teeth from Phu Din
Daeng allow attributing them to H. steinmanni (Cuny et al., 2003;
Yabe and Obata, 1930). This species was originally described from
the Hauterivian Tatsukawa Formation in Japan (Kozai et al., 2005;
Yabe and Obata, 1930). In Japan, H. steinmanni is restricted to the
Hauterivian-Barremian interval (Okazaki, 2016). The species is also
known from the Aptian of southern China (Mo et al., 2016) and in
Thailand, it has been reported in the Sao Khua (see Cuny et al., 2007,
Fig. 2B) and Khok Kruat formations.

3.2. Actinopterygii Cope, 1887

Pycnodontiformes Berg, 1937

Genus and species indet.

Material: PRC84, fragment of a vomer

Description: PRC84 is an isolated fragmentary tooth-bearing
bone. It is referred with caution to a piece of a vomer of a pycn-
odontiform (Fig. 3). The molariform and oval shaped teeth without
pedicel but with an apical papilla are typical of the teeth of some
pycnodontiforms. The symmetry observed in the bone indicates an
unpaired toothed bone, i.e. a vomer.

Discussion: Rather similar teeth from Phu Phan Thong, in the
Sao Khua Formation, have been referred to cf. Anomoeodus by
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Fig. 1. Map showing the location and geology of the Lower Cretaceous Phu Din Daeng site (NE Thailand). A, geological map and B, section (modified from Suteethorn and
Jarnyahran, 1980); C, excavation at Phu Din Daeng. Abbreviations: Ky, Khok Kruat Formation; Ky, Marasahakham Formation; Kpp, Phu Phan Formation; Kpw, Phra Wihan
Formation; K, Sao Khua Formation.

Carte montrant la localisation et géologie du site de Phu Din Deang (Crétacé inférieur, NE de la Thailande). A, Carte géologique et B, Coupe (modifié d’apreés Suteethorn and Jarnyahran,
1980) ; C, Fouilles a Phu Din Deang. Abbréviations : Ky, Formation Khok Kruat ; Kns, Formation Marasahakham ; Kyp, Formation Phu Phan ; Ky, Formation Phra Wihan ; Ksk,
Formation Sao Khua.
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B

Fig. 2. Teeth of Heteroptychodus steinmanni from the Lower Cretaceous Phu Din Daeng site (NE Thailand). A-B, (PRC34) in apical (A) and basal (B) views; C-D, (PRC36) in
apical (C) and basal (D) views; E-F, (PRC35) in apical (E) and basal (F) views. Scale bars=1cm.
Dents d’'Heteroptychodus steinmanni provenant du site de Phu Din Daeng (Crétacé inférieur, NE de la Thailande). A-B, (PRC34) en vues apicale (A) et basale (B) ; C-D, (PRC36) en
vues apicale (C) et basale (D) ; E-F, (PRC35) en vues apicale (E) et basal (F). Barre d’échelle = 1 cm.

Fig. 3. Pycnodontiformes indet. from the Lower Cretaceous Phu Din Daeng site (NE Thailand). PRC84, fragment of a vomer in occlusal (A) and lateral (B) views. Scale bar =5 mm.
Pycnodontiformes indet. provenant du site de Phu Din Daeng (Crétacé inférieur, NE de la Thailande). PRC84, fragment de vomer en vues occlusale (A) et latérale (B). Barre d’échelle = 5

mm.

Cavin et al. (2009). Pending new and more complete material,
the material from Phu Din Daeng is referred to an indeterminate
pycnodontiform taxon.

Amiiformes sensu Grande and Bemis, 1998
Sinamiidae Berg, 1940cf. Siamamia
Cavin et al., 2007

Material: PRC92, dermopterotic; PRC93, basioccipital; PRC90,
fragment of a left maxilla; PRC91, posterior extremity of a maxilla;
PRC89, right premaxilla; PRC87, left dentary; PRC88, fragment of a
right dentary with a coronoid; PRC85, anterior vertebral centrum;
PRC86, posterior vertebral centrum.

Description: Isolated fragments referable to sinamiids are com-
mon at Phu Din Daeng (Fig. 4). Most of the preserved bones are the
same as bones of sinamiids from other localities that have yielded
this taxon (Phu Phok, Khok Pha Suam, etc.), indicating that these
ossifications are the most resistant in the skeleton of these fishes.
These bones are vertebral centra, jaw bones (premaxillae, maxillae
and dentaries), basioccipitals, dermopterotics and scales. Most of
these bones show characters of sinamiids.

A more or less complete, but distorted left dentary is preserved
(Fig. 4G). It bears on its lateral side a row of irregular in size oval
pores corresponding to the mandibular sensory canal. Twenty large
and slightly compressed conical teeth strongly inwardly curved and
irregular in size can be counted along a single row. Most of the teeth
are broken but fine ridges at their bases are still visible. The acro-
dine caps are only imperfectly preserved, but it is visible that the
sections of the caps were oval and their outline was likely conical.
A fragment of a dentary with a coronoid still in situ shows labially
elongated pores for the mandibular sensory canal, and lingually a
deep groove for the Meckelian cartilage (Fig. 4B). The sockets corre-
sponding to compressed dentary teeth, together with fragments of
teeth are visible on the dentary. A patch of small, thin and slightly
recurved teeth, smaller than the dentary teeth, are associated with
the coronoid still attached to the dentary.

An almost complete right premaxilla (Fig. 4E) has a typical tri-
angular shape with a large ovoid concavity on the labial face of
the nasal process. The locations of about ten compressed teeth
are visible. A large posterior tooth is still present, as well as a
smaller tooth at the mid-length of the bone. The base of the teeth
indicates that the anterior teeth were smaller than the posterior
ones.
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Phu Ding Daeng

Phu Phok

(Siamamia naga)

Khok Pha

dermopterotics
TF 8005
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basioccipitals

TF 8008

Fig.4. cf.Sinamiidae from the Lower Cretaceous Phu Din Daeng site (NE Thailand). A, fragment of the anterior part of a maxilla (PRC90) in medial (A1) and occlusal (A2) views;
B, fragment of a right dentary (PRC88) with a coronoid in labial (B1) and lingual (B2) views; C, anterior vertebral centrum (PRC85) in median (C1) and lateral (C2) views; D,
posterior vertebral centrum (PRC86) in anterior (D1) and lateral (D2) views; E, right premaxilla (PRC89) in internal (E1) and external (E2) views; F, posterior extremity of a
macxilla (PRC91) in lateral view; G, left dentary (PRC87) in labial view (G1) and occlusal (G2) views; H, dermopterotic (PRC92) in external (H1) and internal (H2) views; I,
basioccipital (PRC93) in dorsal view. Scale bars =5 mm. Upper box, comparisons with dermopterotics from other localities; lower box, Comparison with basioccipitals form
other localities. Abbreviations: apr, articular process; co, coronoid; d, dentary; dt, dentary tooth; msc, mandibular sensory canal; ri, ridge.

¢f. Sinamiidae provenant du site de Phu Din Daeng (Crétacé inférieur, NE de la Thailande). A, fragment de la partie antérieure d’'un maxillaire (PRC90) en vues médiale (A1) et
occlusale (A2) ; B, fragment de dentaire droit (PRC88) avec coronoide en vues labiale (B1) et linguale (B2) ; C, centrum de vertébre antérieure (PRC85) en vues médiane (C1) et
latérale (C2) ; D, centrum de vertébre postérieure (PRC86) en vue antérieure (D1) et latérale (D2) ; E, prémaxillaire droit (PRC89) en vues interne (E1) et externe (E2) ; F, extremité
postérieure du maxillaire (PRC91) en vue latérale ; G, dentaire gauche (PRC87) en vues labiale (G1) et occlusale (G2) ; H, dermoptérotique (PRC92) en vues externe (H1) et interne
(H2) ; I, basioccipitale (PRC93) en vue dorsale. Barres d’échelle = 5 mm. Cadre en haut, comparisons avec dermoptérotiques provenants des autres sites ; Cadre en bas, comparison
avec basioccipitales provenants des autres sites. Abbréviations : apr, processus articulaire ; co, coronoide ; d, dentaire ; dt, dent dentaire ; msc, canal sensoriel mandibulaire ; ri, créte.

A fragment of an anterior part of a left maxilla (Fig. 4A) shows
the base of a large articular process and the sockets for teeth with
a round section. Another fragment (Fig. 4F) corresponds to the
triangular posterior extremity of the maxilla with an extended pos-
terodorsal corner reminiscent of Siamamia.

An ornamented skull roof bone, bearing internally a shallow
crest, is identified as a dermopterotic (Fig. 4H).

A bone bearing an ovoid articular facet, with excavated lateral
sides and sutural surfaces dorsally (for the exoccipitals) is identified
as a basioccipital (Fig. 41I).

Thin rhomboidal ganoid scales with a smooth surface are
present and assigned with caution to Siamamia.

The commonest elements are vertebral centra, which are gen-
erally found isolated but which also occurred as sets of two to
three centra still partly articulated. The shape of vertebral centra
ranges from short centra with an ovoid compressed section, cor-
responding to anterior vertebrae, to longer centra round in section
corresponding to posterior vertebrae (Fig. 4C-D).

Discussion: These isolated bones are very similar to isolated
bones of Siamamia naga described from the type-locality of Phu
Phok, in the Sao Khua Formation. In particular, the premaxilla
shows the typical triangular outline of S. naga, with a nasal process
broad at its base and extending posteriorly to a blunt process. The
only difference with the figured premaxilla of S. naga (Cavin et al.,
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2007, fig. 5E-G) is the proportionally smaller size of the nasal
process. However, because the specimen from Phu Din Daeng
is about 1.5 times larger than the specimen from Phu Phok, we
cannot exclude that this difference is caused by allometric growth.
The maxillae, with the departure of a well-developed articular
process (PRC90) and with a deep and triangular posterodorsal
corner (PRC91), are also similar to the maxillae of S. naga from
Phu Phok. The general shape of the dentary PRC87, the shape of its
preserved teeth and the arrangement of the mandibular sensory
pores is reminiscent of S. naga. The second dentary associated to
the coronoid (PRC88) is referred here with caution to this taxon.
Both dentaries, although incomplete, seem to have had symphyses
proportionally deeper than the very shallow symphysis of the
sinamiids from Khok Pha Suam in the Khok Kruat Formation, but
reminiscent of S. naga (compare Fig. 4B and G with fig. 7 in Cavin
et al., 2009). The basioccipital of the Phu Din Daeng sinamiid is
more similar to that from the Phu Mai Paw locality, in the Sao Khua
Formation, than to the one of S. naga from Phu Phok because in
the first two the articular facet is more flattened than in the type
material, and the dorsal suturing surfaces form an X-shape, while
they are almost parallel in S. naga (lower box in Fig. 4). The bone
identified with caution as a dermopterotic bears an ornamentation
more similar to the ornamentation of this bone from Khok Pha
Suam, but the shallow crest is more reminiscent to the condition
present in Siamamia naga from Phu Phok (upper box in Fig. 4).

?Vidalamiinae Grande & Bemis, 1998

Genus and species indet.

Material: PRC94, right dentary; PRC95, anterior extremity of a
right dentary; PRC96, piece of a semi-articulated specimen with
unidentified bones, toothed scales and vertebral centra in con-
nection; PRC97, piece of a semi-articulated specimen with scales
and fin rays; PRC98, accumulation of scales in articulation; PRC99,
accumulation of bones, scales and fragments of fin rays.

Description: A right dentary, smaller in size than the dentary
referred to cf. Siamamia naga, presents other features differing from
S.naga(Fig.5A). Theirregular in size, thin and tall teeth are arranged
in one row along the labial margin of the bone. They are gently
curved lingually and their base is separated from the crown by a
well-developed constriction (Fig. 5A’). The crown of each tooth is
topped by an acrodine cap that is labiolingually compressed and
shows very well-developed mesial and distal carinae forming a tri-
angular outline. The shaft of each tooth has a rounded cross section
at its base then the labial face is slightly flat while the lingual face
is gently convex. A second specimen (not figured) corresponding to
the anterior portion of a right dentary bears teeth similar in shape
to the specimen described above. The symphyseal region appears
to be very shallow.

Several accumulations of bones associated with scales with a
very peculiar morphology, corresponding to strongly disarticu-
lated fish individuals, are referred here with caution to a probable
vidalamiin. This assignation rests on a specimen (PRC96), which
displays scales bearing well developed spines associated with ver-
tebral centra of amioid type (Fig. 5B). This association of bones
indicates that this fish is likely a halecomorph, but different from
the sinamiid cf. Siamamia from the same locality because the latter
possesses supposedly smooth scales without any kind of ornamen-
tation. The scales in PRC96 are deep, with a vertical pointed articular
process (peg) at the anterior extremity of the dorsal margin. Three
spines arranged along the depth of the scale extend posteriorly.
Another specimen (PRC97) consists of an accumulation of scales
together with fin rays (Fig. 5C). The scales are deeper than long

(although proportionally less deep than in PRC96); a large trian-
gular process is present dorsally and two very elongated spines
extend posteriorly (Fig. 5C’). A specimen (PRC99) with scales still
in articulation shows that each scale bears a pair of spines extend-
ing posteriorly and covering the following row of scales (Fig. 5D).
The fin rays on PRC97 are formed by slightly deeper than wide
elements, each one bearing a spine (Fig. 5C”). Another specimen
(PRC99) shows a fragment of fin ray with a dermal segment cov-
ered with ridges of ganoin (Fig. 5E). Because of the disarticulated
state of preservation of the material, we cannot reconstruct the
organisation of the fin, with the respective location of the spines
and ganoin patches on the rays.

Discussion: The general morphology of the dentary and espe-
cially of the carinate acrodine tooth caps are diagnostic features
of some halecomorphs. Carinate teeth in halecomorphs have been
regarded as independently acquired in Caturidae and Vidalamiinae
(Grande and Bemis, 1998: 341). There are no morphological
features visible on the material from Phu Din Daeng that allow
assignation to either the caturids or the vidalamiins. The caturids
are mostly marine fishes from the Late Jurassic, while vidalamiins
are represented by some marine (Pachyamia), but mostly brackish
or freshwater fishes (Calamopleurus, Vidalamia) from the Early
Cretaceous. For these environmental and stratigraphical reasons,
we assign with caution this kind of teeth from Phu Din Daeng
to a Vidalamiinae, pending that new material will allow a better
supported identification. The teeth referred to Caturus from Phu
Phan Tong (Cuny et al., 2006) and Nong Sung (Cuny et al., 2009),
both situated in the Sao Khua Formation, can also be referred to
this taxon. While no spined scales are associated with carinate
teeth, we temporarily associated these teeth and scales to the same
taxon, although vidalamiins usually have elasmoid scales rather
than thin ganoid scales (Grande and Bemis, 1998). We cannot
exclude also that this material belongs to a sinamiids different
from Siamamia, based on the scale morphology with carinate tooth
caps convergent with vidalamiins and caturids. Here again, more
material will be necessary to confirm or refute this identification.

Ginglymodi sensu Grande, 2010

Genus and species indet.

Material: a large number of unnumbered thick ganoid scales.

Description:

The occurrence of ginglymodians at Phu Din Daeng is attested by
the presence of thick ganoid scales (Fig. 6). The shape of the scales
differ depending of their position on the body: A large elongate
rhombic scale was located in front of the anal fin, a more narrow
rhomboid scale was located close to the caudal part, rectangular
scales were located in the anterior part of the body, scales with
small pores were situated along the lateral line and a symmetrical
scale with a concave anterior margin and a posterior spine corre-
sponds to a scale from the dorsal mid-line. Some scales show an
ornamentation with faint parallel ridges on their external surface.
The anterior peg and socket articulation is present. The posterior
margins of all scales are smooth with no serrations.

Discussion

Ginglymodian remains are the commonest fish fossils within the
Khorat Group, which ranges from the Late Jurassic to the Aptian. The
taxicdiversity is relatively high in each formation (Cavinetal., 2009,
2014; Deesri et al., 2017). However, a more precise identification
of the scales from Phu Din Daeng is difficult. The only observa-
tion we can do here is that the scales differ from scales from most
of the described taxa, which are smooth except some scales from
Khok Pha Suam, in the Khok Kruat Formation (Ginglymodi indet.
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Fig. 5. ?Vidalamiinae indet. from the Lower Cretaceous Phu Din Daeng site (NE Thailand). A, right dentary (PRC94) in labial view with close up of a tooth (A’), B, piece of a
semi-articulated specimen (PRC96) showing unidentified bones, toothed scales and vertebral centra in connection; C, piece of a semi-articulated specimen (PRC97) showing
toothed-scales (C') and fin rays with denticulated segment (C”); D, detail of toothed scales (PRC98); E, detail of fin-ray segments with patches of ganoine (PRC99). Scale
bars =5 mm. Abbreviations: sc, scales; v, vertebra.

?Vidalamiinae indet. provenant du site de Phu Din Daeng (Crétacé inférieur, NE de la Thailande). A, dentaire droit (PRC94) en vue labiale ; A’, gros plan d’une dent ; B, spécimen
semi-articulaté (PRC96) montrant des os non identifiés, des écailles denticulées et centrums vertébraux en connection ; C, spécimen semi-articulaté (PRC97) montrant des écailles
denticulées (C’) et rayons avec segment denticulé (C”) ; D, détail des écailles denticulées (PRC98) ; E, détail des segments de rayons avec ganoine (PRC99). Barres d’échelle = 5 mm.
Abbréviations : sc, écailles ; v, vertébre.

Fig. 6. Ginglymodi indet. from the Lower Cretaceous Phu Din Daeng site (NE Thailand). Ganoid scales (no number). Scale bar=5 mm.
Ginglymodi indet. provenant du site de Phu Din Daeng (Crétacé inférieur, NE de la Thailande). Ecailles ganoides (sans numéro). Barre d’échelle = 5 mm.
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4 in Cavin et al. (2014: Table I)). But the latter bear ridges that are
stronger than in the material from Phu Din Daeng.

3.3. Testudines

Cryptodira Cope, 1868
Trionychoidae Fitzinger, 1826
Adocidae Cope, 1870
Shachemydinae Khosatzky, 1977

Protoshachemys rubra n. gen. n. sp.

(Fig. 7A-L and Fig. 8)

Etymology: Genus name from Greek ‘protos’ first, primitive
to denote that the taxon is more primitive than Shachemys;
species name from the name of the locality: Phu Din Daeng
(8 @ uwa3))inThai, red rock mountain or hill.

Holotype: PRC81 (Fig. 7A-D), a nearly complete but disartic-
ulated shell, including complete nuchal, one neural, suprapygal 1
(incomplete), suprapygal 2, pygal (lacking posterior portion), right
costal 1, left costal 2, the distal portion of the left costal 3, right
costal 4 (lacking proximal end), left costal 5 and distal end of the
right costal 5, left costal 6 (lacking the proximal end), left and right
costal 7 (the right one lacking the proximal end), right costal 8,
left peripherals 1-2, 4-6 and 8-11, right peripherals 8 and 10-11;
nearly complete left epiplastron and right hyoplastron, and incom-
plete right hypoplastron. All these elements were unearthed within
one square metre and in all likelihood belong to the same individ-
ual.

Referred material: PRC54, nuchal (Fig. 7E-F); PRC55, PRC56,
PRC57, suprapygal 2; PRC58, pygal (Fig. 7K-L); PRC59, left costal 6
(Fig. 71-]); PRC60, right costal 3 (Fig. 7G-H); PRC61, right peripheral
1; PRC62, left and right peripheral 2 of same individual; PRC67,
right epiplastron;

Type locality and horizon: Phu Din Daeng, Sakhon Nakhon
Province, NE Thailand. Top of the Sao Khua Formation, Lower Cre-
taceous (see Geological setting).

Diagnosis: a genus of Adocidae; with a combination of primitive
and derived characters that differ from all other members of that
family, as follows: shell surface smooth with sparse pores; cara-
pace flat with a serrated posterior margin; nuchal roughly as long as
wide; neural series reduced, narrow neurals with a tetragonal neu-
ral 1 followed by a hexagonal neural 2; two suprapygals, the first
one much smaller than the second; cervical scute narrow; verte-
bral 1 not extending to the peripheral 2; lateral marginals extending
onto the costals 1-5, marginal 11 and 12 elongate and greatly over-
lapping the suprapygal 2 and also slightly the costal 8; plastron
with truncated anterior margin, entoplastron shortened anteriorly,
a hinge between epiplastra and entoplastron/hyoplastra absent.

Description: Shell surface ornamentation: The surface of both
carapace and plastron is smooth, with sparse tiny pores.

Carapace: When reconstructed, the carapace is flat with an oval
outline. The anterior margin of the carapace is straight or slightly
emarginated. The anterolateral margin of the carapace, from the
posterior end of the peripheral 2 to the peripheral 6, is blunt and
slightly upturned, but not forming a clear gutter. The posterolateral
margin, from peripheral 8 to 11, is sharp. The posterior margin of
the peripherals 10 and 11 presents sharp serrations. The posterior
margin of the pygal has a small triangular caudal notch. A light
ridge is present on the suprapygal 1, whereas the suprapygal 2 is
convex dorsally. The peripherals are sutured to the costals, without
acarapacial fontanelle. Alarge free rib end is developed on the distal
end of the costals; they are wide and flat on the costal 2 to 5, and
slender and long on the costal 7 and 8. The inner surface of the
costals is perfectly flat, without rib swelling. As partly preserved
on costal 2, the rib head is large and flat.

The nuchal in the holotype is slightly longer than wide,
trapezoidal in shape with a straight anterior margin; its lateral
margins are straight and convergent forward. PRC54 has a slightly
emarginated anterior margin. In the holotype, the neurals are
mostly missing, except one that is stuck on the inner surface of the
suprapygal 2 and presented in ventral view. It is hexagonal, longer
than wide and relatively narrow, but its precise position cannot be
determined. The morphology of the neural series is indicated by the
intact medial edges of the costals 1, 2, 5, 7 and 8 of the holotype and
that of the isolated right costal 3 (PRC60) and left costal 6 (PRC59).
There are likely six neurals, the neural 1 is tetragonal, followed by a
hexagonal neural 2 with short anterolateral sides. Damaged on its
posterior end, the suprapygal 1 remains articulated with the costal
8 in the holotype. When reconstructed, the suprapygal 1 is trian-
gular, longer than wide and much smaller than the suprapygal 2,
with a smooth and concave inner surface. The suprapygal 2 is trape-
zoidal. It contacts anteriorly the small suprapygal 1, anterolaterally
the costal 8, and posteriorly the peripherals 10-11 and the pygal.
This plate is greatly thickened posteriorly, especially the contact
region with the pygal. The pygal is elongate, expanded posteri-
orly; with straight lateral borders and a very thick anterior contact
with the suprapygal 2. The size of this plate is similar to that of
the peripheral 11. An isolated pygal (PRC58) shows a small trian-
gular caudal notch. The costal 1 is long as in advanced turtles. It
is in contact with the nuchal, the neurals 1-2 and the peripherals
1-3. The costal 7 and the anterior part of the costal 8 meet their
counterpart at the midline. As indicated by the isolated costal 6,
this plate has also the posterior part meeting its counterpart at
the midline. The inner surface of the costal 8 bears a large pro-
cess to articulate with the ilium. The peripheral 1 is triangular and
relatively narrow, with a short contact with the costal 1. The periph-
eral 2 is roughly square. The peripherals 4 to 11 are mesiolaterally
elongate.

The scute sulci are lightly imprinted. The cervical scute is elon-
gate and narrow. Itis very narrow, with roughly parallel and slightly
convex lateral sulci in the holotype, but slightly wider in PRC54. The
vertebral 1 is wider than the nuchal, covering the posteromedial
part of the peripheral 1 and contacting the marginal 2. The anterior
sulcus of the vertebral 1 presents an anterior convexity at the level
of the cervical scute. The sulcus between the cervical and the ver-
tebral 1 is convex forward. The vertebrals 2 to 4 are narrow, being
clearly longer than wide. The vertebral 5 is triangular and wider
than the vertebral 4; it contacts the full width of the marginal 11 and
12, but is not in contact with the marginal 10. The contact between
the vertebral 5 and the marginal 12 is straight. The pleural scutes
are wider than the vertebral scutes. The marginal scutes 1 to 3 are
short and restricted in the peripherals, with the marginal/pleural
sulcus located far from the peripheral/costal suture on the periph-
erals 1 and 2. The marginals 4 to 7 extend onto the costal plates
2 to 4, and cover also the posterolateral corner of the costal 1
and the anterolateral corner of the costal 5. The marginals 8 to
10 are restricted in the peripherals again. The marginals 11 and
12 are greatly elongated and much longer than the marginal 10,
overlapping the posterior half of the suprapygal 2, as well as the
posteromedial corner of the costal 8.

Plastron: The plastron is well developed with wide anterior and
posterior lobes. The bridge appears to be long and narrow. The ante-
rior lobe of the plastron is truncated, with a straight or slightly
emarginated front border, as in Isanemys and Ferganemys spp. The
epiplastron has its anterior margin almost as long as its lateral free
edge and these two edges form together a clear angle. The epi-
plastron is slightly thickened at its anterolateral corner, as well as
its lateral edge. The intact sutural margin of the epiplastron and
hyoplastron shows that no hinge is present between the epiplastra
and entoplastron/hyoplastra, and the entoplastron is pentagonal
in shape and shortened anteriorly, with its anterior margin shorter
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Fig. 7. Adocid turtles from the Lower Cretaceous Phu Din Daeng site (NE Thailand). A-L, Protoshachemys rubra n. g. n. sp. A-D, holotype (PRC81), carapace in dorsal view
(A-B) and plastron in ventral view (C-D); E-F, nuchal (PRC54); G-H, costal 3 (PRC60); -], costal 6 (PRC59); K-L, pygal (PRC58), K’, close-up showing the caudal notch. M-T,
Protoshachemys sp., M-N, nuchal (PRC69); O-P, left peripheral 1 (PRC70); Q-R, pygal (PRC73); S-T, right epiplastron (PRC76). U-Z, Adocidae indet. U-V, costal (PRC77), U’,
close-up showing the surface ornamentation; W-X, pygal (PRC82); Y-Z, peripheral 11 (PRC78). Scale bar=5 cm (horizontal scale bar for A-D; vertical scale bar for E-Z).

Tortues adocidés provenant du site de Phu Din Daeng (Crétacé inférieur, NE de la Thailande). A-L, Protoshachemys rubra n. g. n. sp. A-D, holotype (PRC81), carapace en vue dorsale
(A-B) et plastron en vue ventrale (C-D) ; E-F, nuchale (PRC54) ; G-H, costale 3 (PRC60) ; I-], costale 6 (PRC59) ; K-L, pygale (PRC58), K’, gros plan montrant I"échancrure caudale.
M-T, Protoshachemys sp., M-N, nuchale (PRC69) ; O-P, périphérique 1 gauche (PRC70) ; Q-R, pygale (PRC73) ; S-T, épiplastron droit (PRC76). U-Z, Adocidae indet. U-V, costale
(PRC77), U', gros plan montrant 'ornementation sur la surface ; W-X, pygale (PRC82) ; Y-Z, périphérique 11 (PRC78). Barre d’échelle = 5 cm (barre d’échelle horizontale pour A-D ;

barre d’échelle verticale pour E-Z).

than the posterior one. The hypoplastron contacts the xiphiplastron
with a nearly straight suture.

The scute sulci are poorly preserved on the plastron. The
intergulars extend onto the entoplastron, but not the gulars.
The intergular/gular sulci are nearly parallel to one another. The
intergular/gular sulcus meets the gular/humeral sulcus on the epi-
plastron. The gular/humeral sulcus runs from the posterolateral
corner of the epiplastron to the mid-length of the epi/entoplastral
suture. The humeropectoral sulcus is straight and located poste-
rior to the entoplastron as in Isanemys, but different from Adocus
spp. and Ferganemys spp. in which the humeropectoral sulcus over-
laps the posterior end of the entoplastron. The abdominofemoral
sulcus is located anterior to the base of the posterior lobe. The
inframarginal scutes are not discernible on the bridge region.

Comparisons and discussion: The reduction of the posterior
neurals and the suprapygal 1, with the costals 7 and 8 meeting their
counterpart at the midline; the suprapygal 1 much smaller than the

suprapygal 2; a greatly reduced cervical scute that is much longer
than wide and the marginal 11-12 greatly overlapping the suprapy-
gal 2 indicate that the turtle specimens described above belong to
trionychoid Adocidae. They are assigned to the sub-family Shache-
mydinae based on the smooth shell surface with sparse pores and
an anteriorly truncated entoplastron.

Shachemydinae is a group of freshwater turtles endemic in the
Cretaceous of Asia. The subfamily contains two genera, Shache-
mys Kuznetsov, 1976 and Ferganemys Nessov and Khosatzky, 1977
(Danilov et al., 2013; Lapparent de Broin, 2004; Syromyatnikova,
2011; Syromyatnikova et al., 2013, 2012; Syromyatnikova and
Danilov, 2013). Shachemys is known from three species: Shache-
mys baibolatica Kuznetsov, 1976 and Sh. ancestralis Nessov, 1984
from the Late Cretaceous of Kazakhstan, Tajikistan and Uzbekistan;
and Sh. laosiana Lapparent de Broin, 2004 from the Early Creta-
ceous of Laos (Danilov et al., 2007; Kuznetsov, 1976; Lapparent
de Broin, 2004; Nessov and Krasovskaya, 1984). Fragmentary shell
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Fig. 8. Reconstruction of the shell of Protoshachemys rubra n. g. n. sp. from the Lower Cretaceous of Phu Din Daeng site (NE Thailand). A, carapace in dorsal view; B, plastron

in ventral view.

Reconstruction de carapace de Protoshachemys rubra n. g. n. sp. provenant du site de Phu Din Daeng (Crétacé inférieur, NE de la Thailande). A, carapace en vue dorsale ; B, plastron

en vue ventrale.

remains of Shachemys sp. are also recorded from the Early Cre-
taceous Khok Kruat Formation (Aptian) of Thailand (Tong et al.,
2005, 2009,). Ferganemys is known from two species: F. verzilini
from the Early Cretaceous (Albian) of Kirgizstan and F. itemiren-
sis from the Late Cretaceous (Cenomanian) of Uzbekistan (Nessov,
1981; Nessov and Khosatzky, 1977; Syromyatnikova, 2011). Lap-
parent de Broin et al. (2004) assigned Sinaspideretes wimani (Young
and Chow, 1953) from the Late Jurassic of Sichuan Basin, China to
Shachemydinae, but the subsequent review of that taxon placed it
at a more basal position among Trionychoidae (Tong et al., 2014).
Most trionychoid turtles have a sculptured shell surface. In the
family Adocidae, the shell surface has a pitted ornamentation, such
as in Isanemys srisuki from the Early Cretaceous Sao Khua Formation
of NE Thailand (Tong et al., 2006), Ferganemys spp. and Adocus spp.
from the Late Cretaceous and Palaeogene of Asia and North America
(Hay, 1908; Sonoda et al., 2015; Syromyatnikova et al., 2013, 2012;
Syromyatnikova and Danilov, 2013), except for Shachemys. Shache-
mys has a smooth shell surface (Sh. laosiana) or with fine wrinkles
(Sh. baibolatica and Sh. ancestralis as figured in Danilov et al. (2007)),
with numerous marked pores, corresponding to a well-developed
reticular system of vascular canals (Scheyer et al., 2017). Some tur-
tles referred to Adocus have a weaker shell surface sculpture with
small dots, such as in cf. ‘Adocus’ orientalis from the Late Eocene
of Inner Mongolia, China and Adocus sp. from the Palaeocene of
Montana, USA that Danilov et al. (2013) considered different from
the sculpture with small grooves and pits of ‘true’ Adocus. These
sculptures, which give the shell surface a ‘rugose’ aspect, appear
however to be more pronounced than that seen in our specimens.
The shell surface of the specimens from Phu Din Daeng is smooth,
pores are variably developed. They are not obvious on PRC81 and
on the specimens from Phu Din Daeng of a dark colour, but in some
specimens of pale colour, marked pores are more easily observed.
Although an epiplastra-entoplastron/hyoplastra hinge is absent,
Protoshachemys shares with Isanemys, Ferganemys and Shachemys
an anteriorly shortened entoplastron. In these taxa, the ante-
rior margin of the entoplastron (the epiplastron/entoplastron
suture) is clearly shorter than its posterior margin (the

entoplastron/hyoplastron suture); in contrast to Adocus spp. which
have a diamond-shaped entoplastron, with the length of the
anterior margin roughly equal to that of its posterior margin.
In Shachemys spp., the anterior margin of the entoplastron is
straight and a hinge is developed between epiplastra and entoplas-
tron/hyoplastra (Danilov et al., 2007; Lapparent de Broin, 2004).
Such a hinge is also present in some juveniles of Ferganemys
(Syromyatnikova, 2011).

Like Shachemys, Protoshachemys has a relatively narrow nuchal
that is roughly as long as wide; while in Ferganemys spp. and Isane-
mys, the nuchal is clearly wider than long. However, Shachemys
is characterized by a series of autapomorphic features in addition
to pores on the shell surface and a plastral hinge. These include
absence of all or nearly all neurals, only one suprapygal, absence of
a cervical scute and the vertebral 1 overlapping the peripheral 2.
Protoshachemys is obviously more primitive than Shachemys spp. in
having more neurals (up to six), two suprapygals, a narrow cervical
scute and the vertebral 1 overlapping the peripheral 1.

Protoshachemys shares with Isanemys a tetragonal neural 1
and a straight humeropectoral sulcus that is located posterior
to the entoplastron. It is, however, more derived than Isanemys
and Ferganemys in having greatly elongated lateral and posterior
peripherals and lateral marginals extending onto the costals. These
characters are shared with Adocus spp. and might be plesiomorphic
at the level of Shachemydinae. Detailed comparisons between
Protoshachemys and other adocids are shown in Table 1. On the
basis of these comparisons, the turtle remains from Phu Din Daeng
described above appear to be distinct from other adocids and are
therefore considered as belonging to a new genus and new species.
The combination of shell characters of this new taxon supports its
basal position in Shachemydinae.

Protoshachemys sp.

(Fig. 7M-T)

Referred material: PRC68 and PRC69 (Fig. 7M-N), nuchals;
PRC70 (Fig. 70-P) and PRC71, left peripheral 1, PRC72, right
peripheral 1; PRC73 (Fig. 7Q-R) and PRC74, pygals; PRC75, left
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Comparisons of shell characters between Protoshachemys rubra n. g. n. sp. and other adocids.
Comparaisons des caractéres de carapace entre Protoshachemys rubra n. g. n. sp. et d’autres Adocidés.
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Characters Protoshachemys Shachemys spp. Isanemys srisuki Ferganemys spp. Adocus spp.
rubra
Shell surface ornamentation Smooth with sparse Smooth with marked Pitted Pitted Pitted
pores pores
Cervical notch Absent or very shallow Present or absent Present Present or absent Present or absent
Serrated posterior margin Yes No No No No

Nuchal

Number of neural
Neural formula
Number of suprapygal
Cervical scute

Vertebral 1
Vertebral 2-3

Marginals 4-8 extending onto
costals

Marginal 10 shorter than
marginal 11

Entoplastron anteriorly
truncated

Hinge between epiplastra and

Roughly as long as
wide

6

4>6>6>6>6>5

2

Present,

Narrow

Overlapping peripheral
1

Clearly longer than
wide

Yes

Yes

Yes

Absent

As long as wide
Absent or only the first

1
Absent

Overlapping peripheral
2

Longer than wide or
wider than long

No

Yes or no

Yes

Present

Wider than long

Wider than long

Wider than long

6or7 7 6
4>6>6>6>6>5 6<4>6>6>6>6>5 6<4>6>6>6>5
2 2 2

Present, Present, Present,

Wide Narrow Narrow

Overlapping peripheral
1

As long as wide

Overlapping peripheral
1

Longer than wide

Overlapping peripheral
1

Longer than wide or
wider than long

No No Yes

No Yes No

Yes Yes No
Absent Present in juveniles Absent

entoplastron/hyoplastra

epiplastron, PRC76 (Fig. 7S-T), right epiplastron and other shell
elements.

Remarks: Turtle shell remains are relatively abundant at
Phu Din Daeng locality, most of them are isolated elements or
fragments. Most shell elements have a smooth outer surface and
when well preserved, tiny pores are apparent. These elements are
therefore tentatively referred to Protoshachemys. Some diagnostic
plates, such as nuchal, peripheral 1, pygal and epiplastron, show
a different morphology as compared with Protoshachemys rubra.
These include the presence of a large nuchal emargination, a wider
than long pygal, a larger and triangular cervical scute, a rounded
anterior edge of the plastron and the gular extending onto the
entoplastron. These differences may correspond to an important
inter-individual variation that could be due to sexual dimorphism
or may indicate distinct species. More complete material is needed
to make sure of the association of the characters and estimate
intraspecific variation.

Adocidae genus and species indet.

(Fig. 7U-Z)

Referred material: PRC77 (Fig. 7U-V), a costal; PRC82
(Fig. 7W-X), a pygal and PRC78 (Fig. 7Y-Z), a peripheral 11.

Remarks: These plates have a slightly pitted outer surface, sim-
ilar to that of Isanemys srisuki (Tong et al., 2006). The pygal is wider
than long, in contrast to the elongate pygal of Protoshachemys rubra.
The marginals 11 and 12 extend onto the suprapygal 2. The material
is too fragmentary to warrant a more precise systematic assign-
ment beyond Adocidae indet.

3.4. Crocodilia Gmelin, 1789

Neosuchia Benton & Clarck, 1988

Genus and species indet.

Crocodilians are poorly represented at Phu Din Daeng and con-
sist of a single mandibular element as well as isolated tooth crowns,
the latter being the most abundant type of material recovered
(Fig. 9).

Description: A single left articular (PRC144) is about 4 cm long
and preserves the glenoid surface as well as the retroarticular pro-
cess. As seen in lateral view (Fig. 9A), the articular preserves a
sutural area for the surangular and angular, which extends toward
the posteriormost level of the articular. The retroarticular process
projects posteriorly; its tip is not projecting dorsally as is observed
inderived eusuchians (lordansky, 1973). As observed in dorsal view
(Fig. 9B), the retroarticular process is faintly concave and is nar-
rower than the glenoid fossa. This is different from eusuchians
where the retroarticular process is concave and medially expanded
to provide attachment for M. pterygoideus posterius (lordansky,
1973). As seen in ventral view (Fig. 9D), the retroarticular process
is straight and narrow and shows a groove that may correspond to
the suture with the angular. The glenoid fossa is divided into lateral
and medial articular surfaces of equal widths to accommodate the
craniomandibular joint. In eusuchians, the lateral hemicondyle is
wider than the medial one. The foramen aéreum is placed on the
medial edge of the articular (Fig. 9B).

Subconical, slightly curved tooth crowns are often missing
enamel and possess distinct apicobasal ridges, which are about the
same strength as the mesiodistal carinae (PRC145, Fig. 9E).

Discussion: Although the material is limited, the morphology of
PRC144 does not match that of a derived eusuchian. The mandible
of a probable eusuchian has recently been described from the
Aptian-Albian Khok Kruat Formation (Kubo et al., 2018) and is not
comparable with the Phu Din Daeng specimen. Further identifica-
tion is presently not possible because the Phu Din Daeng articular
differs in morphology from those of pholidosaurids such as Cha-
lawan thailandicus from the Phu Kradung Formation (Buffetaut and
Ingavat, 1980; Martin et al., 2014) or is unknown in other crocodil-
ians described from the early Cretaceous of Thailand (Lauprasert
etal., 2007,2009). As such, the mandible is unknown in the derived
neosuchian Khoratosuchus jintasakuli from the Aptian-Albian Khok
Kruat Formation (Lauprasert et al., 2007) and in the goniopholidid
Siamosuchus phuphokensis from the ante-Aptian Sao Khua Forma-
tion (Lauprasert et al., 2007). The posterior region of the mandible
is also unknown in the diminutive atoposaurid Theriosuchus grand-
inaris from the ante-Aptian Sao Khua Formation (Lauprasert et al.,
2011). More complete discoveries are required to assess the iden-
tity of the Phu Din Daeng crocodilian beyond Neosuchia indet.
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Fig. 9. Neosuchia indet. from the Lower Cretaceous of Phu Din Daeng site (NE Thailand). Left articular (PRC144) in A, lateral; B, dorsal; C, medial and D, ventral views. E,

isolated tooth (PRC145). Scale bar =1 cm. Abbreviations: fa, foramen aéreum.

Neosuchia indet. provenant du site de Phu Din Daeng (Crétacé inférieur, NE de la Thailande). A-D, Articulaire gauche (PRC144) en vues latérale (A), dorsale (B) ; mediale (C) et ventrale

(D). E, dent isolée (PRC145). Barre d’échelle = 1 cm. Abbréviations : fa, foramen aéreum.

3.5. Pterosauria Kaup, 1834

Genus and species indet.

A few long, slender and more or less tubular teeth (PRC146,
Fig. 10C) apparently belong to pterosaurs, although their enamel
is too poorly preserved to clearly show the distinguishing features
of pterosaur teeth. Pterosaurs have been reported from the Sao
Khua Formation (Buffetaut et al., 2003) and also occur in the Khok
Kruat Formation. The putative pterosaur teeth from Phu Din Daeng
provide no stratigraphic indications.

3.6. Dinosauria Owen, 1842

Theropoda Marsh, 1881
Spinosauridae Stromer, 1915

Genus and species indet.

Spinosaurid teeth are relatively common at Phu Din Daeng,
but mostly poorly preserved. They show the usual characters
of the teeth of Asian spinosaurids: a crown that is only slightly
compressed laterally and covered with strong apicobasal ridges
(PRC147, Fig. 10A). Spinosaurid teeth occur in abundance in both
the Sao Khua and Khok Kruat Formations, and several morpho-
types, which may correspond to distinct taxa, are present in both
(Suteethorn et al., 2018; Wongko et al., 2019). Because of this
morphological variability, at the moment it is not really possible to
clearly distinguish spinosaurid teeth from the Sao Khua and Khok
Kruat Formations on the basis of their shape or ornamentation.

Theropoda genus and species indet.

Apart from a large caudal vertebra lacking the neural spine,
which may belong to a theropod, this group of dinosaurs is mainly
represented by isolated teeth. Several blade-shaped, laterally com-
pressed teeth with serrated carinae have been found (PRC148,
Fig. 10B). Their poor preservation makes it impossible to identify
them beyond Theropoda indet. and they provide no stratigraphic
information.

4. Discussion and conclusion

The Phu Din Daeng site has yielded a diverse vertebrate
assemblage. Although it has some elements in common with the

vertebrate fauna from the Khok Kruat Formation, this assemblage
seems to be more comparable with those from the Sao Khua Forma-
tion. The stratigraphical significance of the assemblage is discussed
below.

The shark fauna is represented by a single species, Heteropty-
chodus steinmanni. This taxon has mainly been recovered from the
Khok Kruat Formation in Thailand (Cappetta et al., 2006; Cuny et al.,
2008), but has also been reported from several sites in the Sao Khua
Formation, like for example Ban Huai Dua (Cuny et al., 2008) and
Phu Wat (specimens PWAI 499, 537-550 from the collection of
the PRC) in Nong Bua Lamphu Province. However, H. kokutensis
appears to be more common than H. steinmanni in the Sao Khua
Formation, even though the separation between the two species is
not yet clear and a revision of Heteroptychodus is warranted (Teng
etal., 2017), but beyond the scope of the present work. On the other
hand, H. kokutensis has never been recovered from the Khok Kruat
Formation. The absence of H. kokutensis in Phu Din Daeng could
therefore be linked to the younger age of the site compared to the
other sites known in the Sao Khua Formation, or to the scarcity of
shark remains in this locality that may be linked to taphonomical
or environmental factors. It is difficult to decide which explanation
is the most likely in the current stage of our knowledge.

Among bony fishes, pycnodont remains are rare in the Early
Cretaceous continental localities in north-eastern Thailand. Until
now, their fossils are only known in the Sao Khua Formation includ-
ing teeth with morphology close to the morphology of teeth from
Phu Din Daeng. Halecomorph remains corresponding to sinami-
ids and to vidalamiins, are the commonest fish remains in Phu Din
Daeng. Sinamiids have been recognized in several localities from
two Early Cretaceous formations of the Khorat Group in northeast-
ern Thailand. Siamamia naga was identified on the basis of material
from Phu Phok (Sakhon Nakhon Province) in the Sao Khua For-
mation (Cavin et al., 2007). Then, Siamamia sp. was recorded in
several localities in the Sao Khua Fm., viz. Nong Sung (Mukdahan
Province), Phu Phan Tong (Nong Bua Lamphu Province) and Phu
Mai Paw (Kalasin Province), but also in one locality in the Khok
Kruat Formation, viz. Khok Pha Suam locality (Ubon Ratchathani
Province)(Cavinetal.,2009; Deesrietal.,2017). Except a few articu-
lated specimens from Phu Phok, all the material consists of isolated
and often fragmentary remains. The sinamiid from Phu Din Daeng
appears to be closer to Siamamia naga than to the other sinamiids,
in particular the sinamiid from Khok Pha Suam, and thus would
support the inclusion of Phu Din Daeng in the Sao Khua Formation.
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Fig. 10. Dinosaur and pterosaur teeth from the Lower Cretaceous of Phu Din Daeng site (NE Thailand). A, spinosaurid theropod (PRC147). B, indeterminate theropod (PRC148).

C, indeterminate pterosaur (PRC146). Scale bar = 1 cm.

Dents de dinosaure et ptérosaure provenant du site de Phu Din Daeng (Crétacé inférieur, NE de la Thailande). A, théropode spinosauridé (PRC147). B, théropode indéterminé (PRC148).

C, ptérosaure indéterminé (PRC146). Barre d’échelle = 1 cm.

However, more complete material is necessary to test this hypoth-
esis. The possible presence of a vidalamiin in Phu Din Daeng is the
first record of this subfamily in the Early Cretaceous of Thailand, and
actually of East Asia in general. This identification, if confirmed, will
have strong biogeographical implications because the vidalamiins
are known so far from Western Gondwana with Calamopleurus, and
from Europe (including the Near-East) and North America with sev-
eral genera. The presence of elongated spines on the scales of this
taxon will deserve to be studied in detail. A superficial examina-
tion indicates that these denticles may have a histology similar to
that of oral teeth. Such a tooth-like structure has been described
among actinopterygians in the obaichthyids from the Early Cre-
taceous of Western Gondwana (Grande, 2010) and in the extant
loricarioidei siluriforms form South America (Rivera-Rivera and
Montoya-Burgos, 2017), both clades being phylogenetically remote
from the vidalamiins. The occurrence of carinate teeth at Phu Phan
Thong and Nong Sung also reinforces the placement of Phu Din
Daeng in the Sao Khua Formation.

All turtle remains hitherto collected from Phu Din Daeng are
referred to Adocidae (Cryptodira: Trionychoidea). Protoshachemys
rubra n. g. n. sp., a primitive Shachemydinae, is the oldest known
representative of that group. A more advanced form, Shachemys, has
been reported from the Khok Kruat Formation in Thailand and its
lateral equivalent the Grés Supérieurs Formation in Laos (Lapparent
de Broin, 2004; Tong et al., 2005). The remains of Adocidae indet.,
although fragmentary, seem to be close to Isanemys srisuki from
the Phu Khum Khao and Phu Wat localities of the Sao Khua For-
mation (Tong et al., 2006). Therefore, the general aspect of the
turtle fauna from Phu Din Daeng is clearly more primitive than
that of turtle fauna from the Khok Kruat Formation and supports
the inclusion of the site in the Sao Khua Formation. The presence of
Protoshachemys as the dominant component of the turtle fauna

from Phu Din Daeng makes this assemblage distinct from other
turtle faunas from the Sao Khua Formation. This may be due to
an environmental or chronological difference. The absence of the
carettochelyid turtle Kizylkumemys at Phu Din Daeng seems to be
related to environmental factors. Present in both Sao Khua and
Khok Kruat formations (also in the Grés Supérieurs Formation in
Laos) (Lapparent de Broin, 2004; Tong et al., 2009), Kizylkumemys
remains are found in the localities with higher energy palaeoenvi-
ronments.

As noted above, the dinosaur remains from Phu Din Daeng
are too fragmentary and too poorly preserved to yield much
stratigraphic information. However, the absence of ornithischian
remains is worth noting, as it suggests that the locality belongs
to the Sao Khua Formation rather than to the Khok Kruat For-
mation. Although the Sao Khua Formation has yielded thousands
of dinosaur bones and teeth, so far they all belong to sauropods
and theropods, no ornithischian remains have been reported
(Buffetautetal., 2006; Buffetaut and Suteethorn, 1999). By contrast,
ornithischians are well represented in the Khok Kruat Formation,
by both ceratopsians (Psittacosaurus) and various iguanodontians
(Buffetaut et al., 2005). The shed teeth of the latter are very com-
mon at some Khok Kruat localities, such as Khok Pha Suam (Ubon
Ratchathani Province). Although it is negative evidence, the lack of
ornithischian remains at Phu Din Daeng is in line with an attribution
to the Sao Khua Formation.

In conclusion, based on the geology and vertebrate assem-
blage, Phu Din Daeng can be confidently placed in the Sao Khua
Formation. The difference in the faunal composition compared
with those from other localities of the formation may reflect
a difference in age (the locality being at the top of the Sao
Khua Formation), or in the environmental or taphonomic condi-
tions.
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