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Dinosaurs, which were the largest terrestrial vertebrates, had diversified throughout the Mesozoic Era. The continental
amalgamation and fragmentation inducing dinosaur biogeographic dispersal, interchange and isolation amongst
continents resulted in the diversification of dinosaurs. Related to continental movements, the climatic change also
affected evolution of dinosaurs. The fossil record of iguanodontian dinosaurs is now among the best understood in the
world, as a result of abundant discoveries of them in dinosaur-discovering localities. The Lower Cretaceous of East and
Southeast Asia provides well-preserved late Early Cretaceous iguanodontians, and new investigations are helping to
expand our understanding of the evolutionary process toward the Hadrosauria. Moreover, the biogeographic affinities of
herbivorous iguanodontians over time were strongly related to the continental movements and environmental changes.
Therefore, considering iguanodontian distributions together with phylogenetic relationships makes it possible to
hypothesize temporal and geographical transitions of dinosaurs in general. Here | review the Early Cretaceous
sedimentary basins in East and Southeast Asia where dinosaur fossils have been known, to reconstruct their
paleoenvironment and paleogeography and compare compositions of each dinosaur fauna from those basins to
comprehend faunal transitions. | redescribe four iguanodontians from Japan and Thailand to add new information and
describe a new well-preserved iguanodontian skull from China, which shows each disarticulated cranial bones including
undescribed elements in iguandonotians. | perform a phylogenetic analysis focused on the Early Cretaceous
iguanodonitans with additional taxa and character states. The recovered cladogram indicates almost all Early Cretaceous
Asian taxa belong to a derived group, Hadrosauroidea. Lanzhousaurus and Fukuisaurus are exceptionally recovered as
basal positions from this clade. As a result, the iguanodontians paleobiogeography in East and Southeast Asia is
reconstructed as followings. From the Late Jurassic to the beginning of the Cretaceous, basal iguanodontains represent
their prevalence in Europe, North America and Africa, whereas no iguanodontian taxa appeared in Asia until the
Hauterivian—early Barremian. The most-primitive Asian iguanodontian (Lanzhousaurus) from China might be related to
European taxa based on the dinosaur faunal comparison. During the Barremian, primitive taxa (non-styracosternan
Ankylopollexia) were predominant in North America and derived taxa (Hadrosauriformes) existed in Europe.
Cosmopolitan distribution of iguanodontians had not occurred until the Aptian when European hadrosauriforms
migrated into Asia. During the Aptian—Albian, hadrosauroids were prevalent and diversified only in Asia. The late Early
Cretaceous diversification in Asia led the emergence of derived hadrosauroids (Hadrosauromorpha) in North America
after the occurrence of the connection between Asia and North America in the beginning of the Late Cretaceous. Thus,
the distribution pattern of the Iguanodontia in the Early Cretaceous represents the connection/intermission between Asia
and Europe or Asia and North America. These results suggest the possibility of Asian origin for the North American

iguanodontians during the Early Cretaceous.




CoAEERC 9) [Fasci i
im0 HOO&k
I 1R € 10 8 (o 1o TR P 1
2. Early Cretaceous Tectonic and Geological Background of the Studied Area:- -« -« vvereveinns 3
2.1, EQStErN MArGin OF ASiar-+++r«rreesrrrrremmmmereaatitraa ittt et a et 3
2.2, SOUtNEAST ASIA: TRAIIANG -+ - v +vrrrrrrenenenmnnntaneneae ettt e et et re e e a et e e e 6
2.3.  Northeast Asia: NOrth China PrOVINCES: - «««x«xrrrrrmrmmnmnnnnneaaeae i 6
2.4.  Connection of the Laurasian continent through the Early Cretaceous: -« -« -« «-veererereiiiniinns 8
2.4.1.  EUrOPE-ASIa CONNECTION: - +«x+rrerrrsnrre ettt 8
2.4.2.  NOIth AMEriCa-ASia COMNECTION: -« rxrrenenternnentneee ettt 8
2.5. Reconstruction of the paleogeography of the Early Cretaceous of East and Southeast Asia------- 10
3. Stratigraphies and Paleoenvironments of Lower Cretaceous of East and Southeast Asia:-«-«----«--eevee 12
3.1. Japan; Kitadani FOrmation of the TetOri GrOUP«««««««««««xrrsxrrmssrraeasaraaeiriiiiiiiiiiin 12
3.1.1.  Stratigraphy of the TetOri GrOUP: - ««««««xxxrrrrrmmmmnmnnrararee e 12
31,2, KitA0ANT FOIMMALION -+« -+ «xc e rrnenenennenentee et et e a et e e a e et e e e et e a e e e n e nenenes 12
3.1.2.1.  LithOSratigraphy-««««« -« sseeesermemmrrieiiieiiii e 12
RN O =0 Yo | S 17
3.1.2.3.  PalCOBNVITONMENTS: + v et rrrennetetet ettt ettt it 17
BUL.20 4, QB e 18
3.2. Thailand; Khok Kruat Formation of the KhOTat GrOUP-««««««««««+sseesererrrrmrireiiiiiiiiiinnnnn 18
3.2.1.  Stratigraphy of the KNOrat GroUD:««++++--rrerrrrremmmmmmmniiiiiiie e 18
3.2.2.  KNOK KIUAL FOIMALION: -+« v« e v errrmeemenennenenene et aae e e et e e et e e raenes 20
3.2.2.1.  SHrAtigraphy: -+ seeeeressserrriii 20
3.2.2.2. FOSSIIS ++ v rerrenerntnnet et et 20
3.2.2.3.  PalCOBNVITONIMIENE: -« v c v rrenrnenarnt ettt et e et e e aeaaans 23
8224, AQRrrer et 23
3.3.  China; Hekou, Jehol and Xinminpu groUps: - «««««xeeeeeeememmmmmmnneeee e 24
3.3.1.  SHratigraphies: -« «eeeeeesetrriiiiiin 24
33,2, FOSSIIS «+vvvvvrrererneenennnnt et e 29
I T T 2T 1 1-Y0 1= 0V T €0 0 11, 81 T T PR 29
B34, AQBSere e 30
4. Dinosaur Faunas in the Early Cretaceous of East and Southeast ASia:« -« -« xoreveereirrin, 33
AL, JAPAN -« e eee e ee e 33
A2, THRAIIANG -+ v e rerememenenen ettt et ettt ettt et et et e 36
e T O 11187 W T PP 36
4.4.  Summary of distributions of dinosaur faunas in the Early Cretaceous of Asia:---------xovvereenen. 37
4.4.1. NON-igUANOONtiaN QINOSAUS: -+« «++++++sssrrrrrrrrrrriiiiiiiiiii e 37
4.4.2. lguanodontians in the Early CretaCeous Of ASiar«««««««««xxxxssrrereressrrmriiiiiiiiii, 38
5. 1QUANOAONTIAN DIMOSAUIS: -+« xxxxxrrrsesss ettt 39

51. History of iguanodontian INOSAUN FESEAICN -+« + v v e e ettt sa e anaees 39

IR N)



Gl 9) (GRscitic k5 b o)

w3 B O (NO. 3)
5.1.1. Early discovery of the IQUANOTON «««««««««sxrrreasmrresmmmrraniirie e 39
5.1.2.  DISCOVEIIES 1M ASTA:+ v v rrrrerrmrernerunrntnt ettt ieaaeeartranereaaeans 40
5.1.3. Researches on the Early Cretaceous iguanodonitans in East and Southeast Asia------------ 40
5.2. Early Cretaceous localities and iguanodontians in Asia -« -« -« 41
5.2.1.  Locality of iguanodontians in ASIa:-««««««+«++sseserrrrrmmmmrmirriiii 41
5.2.2.  Taxonomic review of Asian igUuan0odONtianS:«««««««««++«rsseereeerrmmmmmeeiiiiinnen 44
5.2.2.1.  Hauterivian—early Aptian: -« -« eeeeremmm 44
5.2.2.2.  APHIAN: e e 44
5.2.2.3,  AIDIGN -+ v e emremeeemernee ettt e 49
LR TR |V =Y 0 T | 51
6. Iguanodontians from the Lower Cretaceous Kitadani Formation, Japan:-«««-«-«oxovevereieni, 53
6.1. Redescription Of FUKUISAUIUS tEIOFIENSIS: -+« -rrrrrrrrrrmrrrmmmniiiiiiiii e 53
6.1.1.  SystematicC Paleontology:-««««««rrsrrreesmrrnnmrinei i 53
B.1.2.  DESCIIPLIONS -+« v vnreeneeee ettt 55
ST T2 I < 1 55
B.1.2.2.  IMANAIDIE « -+ v v ememeenenen ettt e ettt e aas 67
L I T 0 1= 0 14T ) T T O 80
6.2.  Description 0f KOSNISAUIUS KALUSYAMA, <« ««««««xxxrrrrmmmsnnnnnnansaaaeaee e 82
6.2.1.  Systematic PaleontolOgy:««««««+-rrwrrrerrrrrrriii i 82
6.2.2.  DESCHIPLIONS: +++vevrerrertrunittie ittt 82
LI 2 2 T (0 | | P PP 82
B.2.2.2.  AXIAl SKEIBLOM:+ -+ v vverrerrenetnee ettt ettt e et et e e e e e 84
6.2.2.3.  Appendicular SKEIETON: «««« -« rrrrrruiiteii 88
6.3, COMIPAIISONS: +++++ s rreerrenssteertttt ettt e e 88
7. lguanodontians from the Early Cretaceous Khok Kruat Formation, Thailand «-««-«-covoveveeeeeiinnnnns 95
7.1.  Description of Sirindhorna KNOFAtENSIS: ««««««««««xxxxxuerserisaeieeiiii i 05
7.1.1.  Systematic Paleontology--«« -+« -««  rrrmrmrmmmii 95
702, DESCHIPLIONS: ++vrevseerrertttnittte ittt 96
2 T P || T PP 96
7122, MANGIDIE: -+« e e e reeee et et e et et et e 108
2 2 T 0 T4 1140 8 PR 112
7.2.  Description of RAtChasimasaUrUS SUFANAIBAE: -«««« -+« +-xrxrsrrsssrrssrrrnesii ettt 115
7.2.1.  Systematic Paleontology ««« -+« ««xeremeermmriiii 115
7.2.2. DESCHIPLIONS -« +v v e eee e e ettt 115
7.3, COMPAIISONS: +++vrrse st eererttuta ettt e 116

8. Cranial osteology of Probactrosaurus gobiensis Rozhdestvensky, 1966 from the Lower Cretaceous of Gansu
Province’ CHiNA: s e v e e ettt it i e i e e e s s 124
8.1. Systematic Pa|eont0|ogy .................................................................................... 127



Gl 9) (GRscitic k5 b o)

E I S = B/ (NO. 4)

8.1.1.  DESCHIPLIONS: -+ +rve v rerrnteettti ettt 129

8.1.1.1. Dermal bones of the SKUIl FOOF-«««««««rrxrrrrrarmmarrnnertnaeeinerrneenaeenneerneens 129

8.1.1.2.  Dermal Dones Of the PAlAte: -« «««««« s rrrrresmrrrrmmmrrranniiiesiie e 156

8.1.1.3.  BIAINCASE « v rrrrrrrrerrenenennenenene ettt 162

8114, MANCIDIE v e ettt e 166

8.1.1.5.  HYOIT @PPAIATUS: -+« +++ = reerrrenresneeet ettt 183

LT TR s T B - ¢ (1o )¢ PR T TP 183

8.2, COMPATISONS: +++xx e+ ererttttant e ittt e 189

9. PhylOgenetiC @nalysis ««-«««+++++srrerrrrrrmmmmmnniitii e 195
0.1, PrEVIOUS @NAIYSES: -+« =+ rrerrremeesneet ettt et 195

9.2. Result of new phylogenetic analysis with additional taxa, characters and character-states ------- 195

(o T 20 TN |V =31 Vo Yo FE T 195

(oY 2 B = Y-V | C P 199

9.2.3. Classification of clades in the IGUANOTONLIA-- -« -+« srrrrrrrrrrmmrmiiiin 203

9.3. Stratigraphic and paleobiogeographic distributions of the Iguanodontia:-«-««««-eoveveeereenenn. 204

(oY B 07 2 o) 11T o PR PP 206
10. Paleobiogeography of Early Cretaceous iguanodonitans in East and South east Asig ««-««xxveenees 207
10,1, PrE-CrElaCROUS: - -« xrrrrrrerrnenennnen ettt ettt et e et e e et e e eaens 207
10.2.  BOITiaSian—HaULEIIVIAN -+ -« rcrerrmrneremnenentne ettt ettt ettt neeaennenes 207
10.3.  BarTemMIAN—APLAN- -« -ceeeeree et 210
L0 1N [ o T 210
10.5.  CONOMANIAN ANG tHEIEAFLEE -+« « -+« v e e rrentnenn et et et re ettt ettt e e e eeenenens 211
10.6. Dinosaur faunal transitions in the Early Cretaceous: -« -« e vverereeirnnnen 211

11, SUMMAry and CONCIUSION ««««-xxxrremseeene ettt 215
LLIEEIALUTE CITEA «++« - vrx e rrrreermeennneenn e eese e eeen et st e et ettt et et e et et e e e e e et e et et n e e e e e et e e aeeneeees 218

Appendices ................................................................................................................. 240



Bl &

MXEEDOHREDOEE

B, PAERZBELCEHEILLESL ERROBRETHEEM TH D, TOESEMET, £ABLHT
TholoKEOAERE SEEICER T 5 A RBBMOILHOZ N, ISLR ENE D LERMED K& 722
ERIFLTEZ, £z, REBBNICE 25 fECHEAL L BB ELICKRESBEELTWD,

AT ) RUBEBREIL, BRAOZVBRED 1 7LV —7T, bFENEATHWLIREETH 5,
W~HE7 T O FHAERICHERT AL 77 v FUBEIZ, RERER LS, BEOH-LREA
WL, HERMILEL LI V=T DRt o)L 2E~0REELZ# GBI TE 5 2
EMRIBEIND LI/ oTe, T, MW ETHDI O, FOMBLFEN AR T EEITKWIZ
BE L, ZO0MARELPORESCKBEDOEI R LMD Z LN TEH I EHiEMINL TV D,
LN oT, ZONEBORKBEBENIEST S 2 L T, BAEEEOE AW MBL RN /2B - 220
MREALZ D TR0 LD,

AR TIE, MIMEELOR~HE T U7 ORELAFEMIZONT, LITHEZED THEREE
L HHBEICOWTKHREF L, SHORE T —TF OB EIToT-, £, BRSLKXADATT /K
VEOBERIZOWTHREHSCHMRF 21TV, —F, FEOEARICR LT, Rt Az i L.
RBETHIWMMOKEL, REEZITTo, ZNOLOHLWEREZBMN LEMER, Hilthy sV
CEAEBML, BI#ATELDA 7T ) RUCEHOF R REBT 21T o 7-, Z O/ R, Bi# A
HOTCTDOETHIE, —wHERE, BRI —TThoir NN L2 ERICoEEND
ZEDRHEMNER ST,

oz, MHRP DA 7T 7 RO A a5 MERRICR L TRIELZ, H~KE7T Y7
DODATT 7 RUVHICELTIE, #Y a7/ 0 BIlALHEEORRITIX, JRB 72 % 7 P IX BN
Rdbk, TTZVITERThHEN, TVT7ICEA—T IV ET v~V I 7 U BoH £ TIEH
Lo, 7TV7 CTROLFBEMRFEOZ Y a vt v AL, &7 +—F ok,
BRI o> &2 7 L BT D A REME N R SNz, XL I T iR, FH AR T X uRL v 7 A8
WAL K TEZ N RN TIHE X 7O RFad o L ABERGFIEL W, A 77 /R
VNP RNRSAA AR T OE, BRINOZ 7Y RN T O TICHERT AT IF T UBRTH D, T
TFTU~TNAET ZE, TYVTTEAReY LR ERRASELT 5, 727 O Ak
RKICEZ 7207 V=T O, Y AdLIkColELBLY 79 (~NFRaed ol
H) o2 baz bbb LizeE2LONS, BFELHL, BHABELONDIZAELEZT T kD
BEEOHBEANRKEREEZREZLTCWEEMREIND, FICHAELDO A 77 7 RO ST
DEBE T, 7V7 LM, W ix7 o7 Ldbko KEMOER Bt B —~%+%5, 2nbo
L, AR TR AWELICERT A 77 RUEN, TOTRIBETH D ATREMEZRLTWS,

IOXHICERER, TYTHIBEOKRAEBHTHY, BRREREONRKRN R DEETHDLA T
J Ry BoREitazitili L, 79728070 MRATOAL 77 7 RUBOGAAZR O TH L NI
L., 2OREOKEMOBEC BN KEREES Y — OB EOMESE, E SR ER L&
BRICEHEL TS Z 2R L, TROO/KEIT, BEo MBS HmET 7 h=27 20HE%
IS R LZH LW T, HEMPFICE > TRERERELCELSFHFMENS. LEBA-T,
By L CHFRIEEI 21T 5 KL EREEOH R D FHE2AT52 2R L, Bt (H%) 0%
X e L TEKBERD D,





