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KUBO Tai (2014) A biogeographical analysis of the Early Cretaceous dinosaurs including dinosaurs
from Fukui, Japan using Tree Reconciliation analysis. Mem. Fukui Pref. Dinosaur Mus. 13 : 1-7.

Taxon cladogram of Early Cretaceous dinosaurs that include all three species of dinosaurs found from
Fukui prefecture, Japan, was manually constructed by combining three taxon cladograms and a dinosaur
supertree of Lloyd et al. (2008). This cladogram was biogeographically analyzed using Tree Reconciliation
analysis. Dinosaur taxa were assigned to eight biogeographical areas : Japan, (China+Mongolia),
(Thailand+Laos), Africa, Europe, North America, South America and Australia. The result showed the
dinosaur fauna of Fukui is closely related to those of (China+Mongolia) and North America. However,
in the resultant area cladogram (Thailand+Laos) was closely related to Australia, South America, and
Africa, which is incongruent with the accepted paleogeography of the Early Cretaceous. Areas that
belong to Laurasia except (Thailand+Laos) formed a clade and Africa is the sister group of this clade.
Other areas of Gondwana were placed in the basal position of the area cladogram. These topologies
matches with the accepted paleogeography of the Early Cretaceous. However, the resultant area
cladogram failed the randomization test of a software Treemap, because the number of vicariance event
was not statistically high. For the future work of dinosaur biogeography, an algorithm that can compare
taxa of different ages without limitation in the number of analyzed taxa is warranted.
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#5545 4 (Hammer and Harper, 2006) % #H L 12 < v
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Y B OB ZE121% (Upchurch et al, 2002 ; Ezcurra,
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FRNT T2 X 032 CdH 4. Cladistic Biogeography ® %
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vERBLTC, MRS MR EESL & v b
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WX Tw 5 2% (Morrone, 2009), 2% @7 ¢ Cladistic
Biogeography D #iff 32 Cid Tree Reconciliation analysis (TR
A) LIFEN D FHEOAPHEDNL TG,

TRAZPage (1994) 12 & o TGS NFHT, L
IZATEOHIB O AE AL, ZN 5 Ol 4e T % Kini
(OTU) & L CTHo 4 7 it i X (Area cladogram)
% VBB Uheuristic searchC, A IEKIZH L TH - &
VTR FE PRI 2 5T FETH L. Ml
K2s, FAEN ESEEIC—T 5 2 L IFIFITEVDT,
WA O@ Y4 7% ) — K THOKE BEI129 5 R
(Sympatry) <, F5 RIS T AN RWE Z AT
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WZHHGT 2803 557 A £ % (Fig. 1). —7iT, TRA
TlE & 2 A HIN 53 X D & W 12 & 5 Hiudsh 2 ROV L C b
B2 2 55802 & 545074 (Dispersal) 13 —HIK%E L 7%
v» (Page and Charleston, 1998). a4k [ |2 [W] 7 Ao el 43
b & MR DEENEE L T2 BN 7GRN xS 3 4 43Ik
Mo, HHEXAOLBTIZEDORSOHEEL LTIE,
G E RTHZCLE -7/ — FOEIL RV DI
EENTWDRLEEZ L. 7272, hikd5 L9107 — FoH
Tl 7% L MR AT L ORIED B A 7 { TT &
IS BEWEEZ D HESH B, EHICINH0HR
WETEIN T 2 E S 573 LT, 2o
WA X % - 7235 A S HIB O 5 Wiz X - Tie & 2 FEa1L
(Vicariance) DI %E L 5-X, 15T ¥ 5 A2 HU I
HEfEo 72 GBI THEBEICZ RIS, WHH
T UE, T IERIIEHTE 2 LT 5.

fi > Cladistic Biogeography® T+ T 7% { TRADZELTE D
PO THbN TV A EHIE, B85 FHEoE
% TlE% <, TRA%472 5V 7 b7 = 7COMPONENTS20
BIUZOREEWRIT 5 7 FTREEMAP AR S T
B v (http://taxonomy.zoology.gla.ac.uk/software/index.html) ,
WD BATHMO TR AU CTH L 72072 L Bb
na5.

INF CTRAZ IV TP b N 72 BREOMEH ClE A RO
2L Fukuiraptor U 7> & % 11 C W 72 v (Ezcurra and
Agnolin, 2012). L2 L, fEHE2LSEN L= ok,
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FIGURE 1. An example showing the algorithm to match area and
taxon cladograms in TRA. Incongruence between area and taxon
cladograms (A) are fixed by modifying an area cladogram by
duplicating branches that are derived than the specific node (B)
and deleting branches (C). Duplication of a node is interpreted as
sympatric speciation and deletion of branch as extinction in TRA.
When the same divergence pattern is observed among both area
and taxon cladograms, it is considered as vicariance (allopatric
speciation) in TRA.
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LRI E TN TWA 72D (Sues and Averianov,
2009 : Carrano et al, 2012 ; Mannion et al, 2013), 215
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RIFZE TR HIEORE L 72 5 XL & & ORI
EHZEEHIEL. Z00B0OBOEIEEORE
1fi% & 3 20X % (Sues and Averianov, 2009,
Carrano et al, 2012, Mannion et al, 2013), ERIIZE & =
AR Z 22 L, BEIIZONEE R EVw) ER
WEDEHAE DY, SHICERBEEEKDA—/I—Y1) =T
& ALloyd et al. (2008) TRV ZRWEGZHMH 2 & THHT
O FE 5315 X % #E 4% L 72, Mannion et al. (2013) Tld\»
O DI AFER LT WA DS, Fukuititan )3 & F
n, L5 o4 % SR (Mannion et al, 2013 : fig.
26) %7z, Sues and Averianov (2009) 43X 1%
Hypsilophodonk £ 77 7 FYELMAEINLHZVWOT, B
B HIZE L CTldLloyd et al. (2008) 12X 0 fERK S /-2
DA—)XN=2 ) —DOBBARED ) L Equjubus £ 1) bk
WA 7T ) R X725 O %Sues and Averianov
(2009) @AM & HLEED 2 W X ) I2AF N2 72, Carrano
et al. (2012) O IE BRIZAX JRA A 72 BRIFE S & 3 e
WD T, Lloyd et al. (2008) DI IZFE S CTa v
OOV AEE TR L7z RICHESE L 725 I X o &
Fi oo A A & I & B X7z, Carrano et al. (2012) &
Mannion et al. (2013) IZ& N HHIZOWTIE, FHLH
DO E 0 F FH\, Sues and Averianov (2009) B
£ ULloyd et al. (2008) (2D RAKEICE F 5 EEIZD
W T B o BRAY & I8 % Paleobiology database (http://
paleobiodb.org/) %\ TH-~N7z. BEAF O EY HIL D Tk
TRz RO HREE ST IEME 20 % M
% &, o oIS IR AR S A TR IE AR R S T v
% (Grande, 1985 ; Hunn and Upchurch, 2001). % & 7z
W, TNFE TOTRAIZ & 2 2 O N TR I X 2 5
AT R R & 7 DR O % B, Time-Slicing & M-
LEAEEAT) . RWIZE CIZHTAL A OZE DS 5E R R T
50T, HIAAH SO ELE 2 IR A 5 B 7z,
FoLT, FREHEOERMS YT 7 )8, £—A M)
T, Ak, Bk, F-uvss, (S +T54R), (PE+E
YIN), HEARD8DIHIFT: (Fig 2). ThH0E#REY
COMPONENTS20 (2f}fi3 % F = — b V) 7 )V H ®Nexus
7 7 4 WV TdH ALicerandnex® ZE 27 — K28y & Hw
CTCOMPONENTS20 1258 5 Zi ONexus 7 7 1 V12 L
TN L 72. COMPONENTS2.0 T I3 #% j# 7 #bIa 43I (X %
BRIEM L LC, 30o0F T a vy b b, MG IEXE
[FIFTAOFE AL & Al & 0 FEA IS A3 S B 7205, b
EHEDFESIER LY X TCLE D/ — FOEER/C
4 2% leaves addedt 7" 3 . Huddi 4 I8 [ & 43 I [ &
BECE R D LE MR O H 5 % /MU B lossesF T
Toa v, WIS A FE I & AES D DL TR
T RS LD W% fi/ME$ A duplicationd 73 3 » T
% (Page, 1994). EDOF 7T a Y HBREBVOPIZOVWTE
By 7 L1 2 A (Page, 1994), COMPONENTS20 %
i L7230 % < CTldleaves added + 7 a v Al &
nCTwb (eg, Upchurch et al, 2002). Z 7-fll ™ Cladistic
Biogeography® T T & H 3 143 9 ileaves addedt 7
Toa v e USSR O RS o#EL LT
#H &N Twb (eg, Nelson and Platnick, 1981). 7z 72
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FIGURE 2. Taxon cladogram of Early Cretaceous dinosaurs
used in the biogeographical analysis in this study. The paleomap
of the Early Cretaceous (105 Ma) was modified from Blakey
(2009). In the paleomap, light gray area indicate shallow sea and
areas analyzed in this study were colored. Names of taxon in the
cladogram are in the same color as the area where it was found.
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and Agnolin, 2012). ARIFETIE, D%  OWFZE & FEE
lZleaves added# 7' ¥ 3 » CTHeuristic searchlZ & V) #c @
T M A I (X DR % B 2 72 o 72, Heuristic search Tl
Nearest-neighbor interchange® T % fi » 7275, Subtree
pruning-regrafting® FE % # IR L CTORFERIZF L TH - 72,

TRA% Hl \» 72 fi# #7 © 1Z, COMPONENTS2.0 O fi# #f
THOLNIHIB G IEMOE?2S L EZ2HRET S DI,
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FIGURE 3. Three resultant area cladograms obtained by
analyzing the taxon cladogram shown in Fig. 2 by TRA using
minimizing ‘leaves added” option and the consensus tree of these
three area cladograms. Numbers of leaves added are 206 for all
three area cladograms and numbers of vicariance are 21 for the
area cladogram 1 and 20 for area cladograms 2 and 3.
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FIGURE 4. A histogram showing result of 10000 randomization
tests using TREEMAP software. Number of vicariance events
were counted for 10000 randomly generated area cladograms
when these were fitted to the taxon cladogram. The histogram
indicates numbers of vicariance event in area cladograms obtained
in the present analysis that are 21 and 20, are not significantly
high.
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N7 F L %1EDL. COMPONENTS2.0 O N T 5 7z
B X % 2 T D 72 B 10 & 2 40 Wi X 2 sk oo [a]
A, T 27 DATHERL S 7z I a0 I X G & B 43Il
L BRSO E DL T D FALS %iZE FITwiLg,
COMPONENTS2.0 @ f##T T 5 AL 72 Hh3si43- I [X S E i ©
X5 LMW 4. TRATRED AW O MBI %17 - 72
MoeTix, ZoMmEIFTTHNTEY (eg, Upchurch et al,
2002 : Ezcurra, 2010 ; Ezcurra and Agnolin, 2012), 7 fiff
ZECHIEEE L7z,

COMPONENTS20 3 X O'TREEMAPIZ ™7 1 ~ K7 AXP
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B &) & 7 — FA3206 %\ or I 2 ED Z AT & % il
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DOAWrZ X AL o a1 E Treel Tl 21 [BIT, Tree2 B
L OTreed TIL 20 A TH - 72, O E Treel, 2, 3
DONEZ 176, 171, 172 [l TIFEFTA9HES55L13 42T Treel T 65
A, Tree2 & Tree3 Tl 66 HTH - 7=.

TREEMAPCY 7)) %, +—A bF U 7, 4Lk, Bk, 39—
Ty (¥4 +F4A), (FE+EYTIV), HRDID
DOTU % o Hidsi 43I X % 10000 [0 5 > & 2Bk L, Fil
SIS T B &, e & AT basE 2 5 [
e D 2 WIS I X TR & A bid 23 e & % 2
EWbroz (Fig 4). ARWFGE TR S L7 Mg X 21
], & 721% 20 B4 HIC X A F A LANE & T2 O TR
TIEZWHO A5 %Ic&Fn$ (21 M EA7 310 %, 20
i BA7 625 %), 5 EiA% AR VSR CdH 5
EOFEMEIZIH 5L (e.g, Upchurch et al, 2002 : Ezcurra,
2010 ; Ezcurra and Agnolin, 2012), ##A 5 L\ Hblsis5 15 X
THbHEIZVZ Do,

3OO IR, BENLMEIZCA T —ANTY
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tree) 3b o & LMWL ) — FH400 L, Bk F—
ANTVT, (A +TFRX) LZOMOMIDO 7 L — NI
S % Mils I & 7 5 (Fig. 3).
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HIF 0 I X D EHEME X, TRAO FHETIZ WIS X 55
SALORIBAEEIZL W, BL2IUET v 7 AR
L2 I 0 9 6 EAL S B2 A BN & - THEFE R
5. RWIEOMERIEZ OB G287, BEEEKN
L2 L, F403 2 O EHE I 2R BRA 2 B 13 72« (Morrone,
2009). #0700 Mo E ML (e.g, Blakey, 2008, 2009) &
I I I B S 2 o, IS & A AR b [l 5 &
FIAE IS I WM R Th 5. o £ I AR 5E
DEOT, FATKEEE V) IEFITRKE oIS o R84 %
WL TWwab7z0, BREORBERE & 4 { Rk 5 ik
BI2SIE L WHTREME XMV, L2 L, iy B & st o0 (X A3
BLeAE1203, BTRTONLTWARWKEES LOMT
b EW DL & BRIV T AT S DO ML R FEEES B o 7z,
H B I EYE O TSP RS ITb Il Cn b
72O V2K PR E & H3do5 I5 X  AHBE 25 7 W 2 & O % §
LI ELUEETH A, B2, BiE DOHBIZUpchurch et
al. (2002) @ ¥ = F R oo v o I 43 I B & T L FE,
#%EOFHIIIEzcurra (2010) O = EAt F IO HHES) O Hy
B & B, & OB A SRHT 2 0 ffib i T\w .

ARWFZE O Mk 45 1 2 o & Z A (Fig. 3) & H A A i
(105Ma) O (Fig. 2) OKEREVE, F14& T
F AN T L WIEAE KRR A — A N T ) T LRI H
HETHAH, HHHHEEZSI AR FTFHAEF =TT
REKOBRREIAG T HIE, LTk EET 7Y A%
B2 DLLERH L. 548 TF A05 755 s 55X
ONEZ RITIE, SRS S Lz EsEKciia—5 37
KEECEBT 2, duk, I—uvsS, 7V 70HENSY L —
FEZ2L, ZOWMEECT 70, o Ty vy
KEEIZR LT 7 sk & i 2 (0 % 5 o % (Fig. 3).
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7o IS I A5, ERE oI L Wi S o 2 JHERE E LT
i, 1, ST EENCn il b v, 7203 IEL W
TSGR TIE Ao 7z, 2, HAEAT OB (2L A 2
% & BIWAH O S ANE 56 T IR O FLE AL S L7 2 o
72, 3, MUEROBEDOAEZRE ) LHI2LThH, BEaff
DEZBEHZ T L TV B2, B HROBWE &0 5
& REH D 5 Cladisitic biogeography @ T Tl & - 724
BB RS DH D, O3 ENTELRLDELTELONS.

1 OFEHAA % v b ) BB L CIEARTFZE C U 45l
RO 8T TH D, ZOMHDL D hiz—#icid
E2RVH, HAEKIIERAS W IF EERES L VLT
Thb. HBHRENPL L “IELW HAOEXTHL, 556
2 HbIg 53 M6 [ 0 4% 473 Mk | 3 e 430 [ P AT i) & g 0 9 &
LSy — v S FEES N, TGO LA O Tk
MERPEDLDIZWVIETTH L. 22T, RO
Koo “mEEN" %3 =R ORI X 2 S Malawisaurus %
B CTOMT 24T o 72, S0HT O84S & 7z s o s 1% b
LD L OHIAGIEKE KE SRR, F4ETFANLR
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FIGURE 5. The resultant area cladogram of TRA when
Malawisaurus was omitted from taxon cladogram of Fig. 2. In
this cladogram the area consist of Thailand and Laos has sister
relationship with the clade consist of China, Mongolia and North
America and Europe form a clade with South America. The
drastic changes in the topology indicates result of the present
analysis is largely affected by the selection of taxa in taxon
cladogram.

A, ek EHE+E Y IND LT 2 L — Nk
7% o7z (Fig. 5). ¥723—avNid@kesL—F%7%
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B 120 5 Bifi—7 O 7 USSP SR EN TV A
Thb720 (Fig. 2), INxET5I Lo rkEn
OREEEbNL. LIEEA, 1HE2BRZTT, In2T
3555 I BN A3 - 72D, S OZE TE S ok
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W5 IR TIETRAD ATV 72 A I A5 “IE L
TG K 224 35 % T v, 15 S 37z sl 43I (X o0 4%
TS EDFEEFEDLS L O EHEIO L2121, HEk
MOV STV S5SNI K o 45z X 2 s
LD R E D AT T BIESTOT— M A NT v
T L RIS I M R S N fi A, TSR L 72
GRS T v 7 AIEAT, EHEHL GEEINHEOK
TRV HER A G S L 7 A4 I [ C b 7 M I8 oI (X & A o 72
WAL, YL EESN TSRO RIZH B &5
7Y & DREEDIERTHEICEN DL DD b5 L) E
DFFENH D L L,

2, BL7p 5 WA o 4 % Cladisitic biogeography @ fi# #1
AT A MENIEIINE TLHEMENTEBY (Grande,
1985 ; Hunn and Upchurch, 2001), #®ORIESIZAIGT 5
7O UBROMEZ T 2 H WL FEREbI s, R
Wzecd, ZOF: (Time-Slicing) % H > T FHE AT
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2T &% (Ezcurra and Agnolin, 2012).

3, M F CTRACTTime-Slicing% 17 - T\ A W72 Tl
B &SN TWA A Time-Slicing% 17> T & [ U 02
HERE —DOOMAMUTETHEY, FRAMHORDLER
FIEEEREN L D EH W E W) BERE DS 5. Cladistic
biogeography @ i CIZ I X IZ[H /8y — > o Hils o
SFIEAHE D R LBIND L2 LT, ENHDXY — V&R
9 2 & THIR A I X A2 I % 28, B SRS O
HHEACAT OMh0 ORI, EHIZE, BEEO 5
FNEL R Twize31UE, ZRENo5EEOTER
AR 2> & Hoall O Hs I [ % 832§ 4 2 L ICIERED D B
Bl 2L, B E BHBEOh OB L TNV —TH, FhE
NWHHEAFTHNC & 2 #2505 2 LT 72 L L
T, BARIET 7270 — 7 H AT O i 0 12 7 Huds
HEZAE, W CHI A XY SADIRED R ), FO54
MEBEBORELLRL>TCLE)DTHD. ZOMEDMH
W21, X OMWAEAT L7z & E iz &ff
N HI, FOEREZGHEES LIRS PITbIF, £
NZIUI D WTHI 24TV, W LIS IR D788 — 298
BoNDDHERT LI ENETE L.

DEo3mosH s, ENHPRNTETHS N7z HIs I
B OB OB E L T REED S E W2 A )
CNETOTRAIZ X 2 KB ORED 2 DD HT T
&, HEAETHI O W & K & B2 A HUIs S I NI S
NTBELHT, FNEFNICEVEH 2L ETrHEELTT
PRI FICEEINL ML L — FERES & W) RS
5 Cw5 (Upchurch et al, 2002 ; Ezcurra and Agnolin,
2012). H AL HT IS B O ST AT U T YL T 1
ECWed, FAEHELHHOBE Y ORI TO% Y
L — FOGADE DS, ARG THE O L7z Mild a5k X &y
I & OflEEZ b 725 Lz o1, towfzecd F LR
(Rl 20 & [ Bk 1S HUISA I B & BN — 3 L 2 W d 37 Ch
A HIEAEE 2 5 B 2 A2 T OB I R
(cosmopolitan) T o 72 & O EVER 7 E Wb FE O b &
%75 (Barrett et al, 2011), AW CTH 5 172 #ld 55 15 X
PEHHFR ESH L2V E v E, BOTRA% Hw/2hif7e
MEREFETHIZE b o FTHERAHORENSL
MR TH o772 EZLDFH LY. TNHOFELEZ
GhtnbE, KUGEOME T L R, £ 72170
Zel bR oM, HOWXICE FNREOR
WASATIIGE & e V), 72 R s+ 45 70 15 2 4
HTELZTOMBEELLDOTE» o7, HHWIE “IE
L\ FEGIE TR o2 ieMEsd 5. EoT, Fak
WH, R TROLNHERZT2 S, WHEOREHD
SAZEBEORE R 2T 5D L VWEEZ DL E2E LRV

TRATH: 5 4L 2 Huds 45 I [0 1 21 8K 70 A% & F 45 I8 (K] o
BMIEBLUOEGEEINTVLHEICKRESEGEN S, KEA
Hidsl o3 I 1% % 1% % 720 121%, BAE T TOWZE T o455
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