7KH &URFRG\OLDQ %LUG DQG 7XUWOH
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'LVVHUWDWLRQ
GHU ODWKHPDWLVFK 1DWXUZLVVHQVFKDIWOLFKH(
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*HGUXFNW PLW *HQHKPLIJXQJ GHU O0DWKHPRW DWKKO WDW >GHAL
(EHUKDUG .DUOV 8QLYHUVLWIW 7-ELQJHQ

7DJ GHU P-QGOLFKHQ 4XDOLILNDWLRQ

'"HNDQ 3URI 'U 7KLOR 6WHKOH
%YHULFKWHUVWDWWHU LQ 3URI 'U ODGH:!
%YHULFKWHUVWDWWHU LQ 3URI 'U +HUY|



$FNQRZOHGJHPHQWYV

JLUVW DQG IRUHPRVW , ZRXOG OLNH SWRWKD QODBHW®WRRQ
%|KPH DQG 3URI 'U +HUYp %RFKHUHQN'|RUWKEHN BILRIQ JU
%|KPH LQ SDUWLFXODU P\ WKHVLV\ZIRXIRY KIDEYHHE H RQ/ REQNG
VKH WKH RQH ZKR OHG WKH H[FD YD QR QNW K I?WM EQ FEXIHWH U\
KDYH EHHQ SULYLOHJHG WR ZR UNVZ LEAXKYV RYKHU DIOR/HR PG [PH 2
SRVVLEOH E\ SURYLGLQJ WKH ILRBRFEDEBWHNINRUW PGEHWGH
DOZD\V EHHQ DQ DSSURDFKDEOH V)GSHDU/Y DQRSU KDLWV K RIQQWN DU
HQFRXUDJH PH WR H[SORUH QHZ WKHQRSBE P\2LROVD® ZL
JUDWHIXO WR KHU IRU WKRVH KD @IVK BXOW KRXH KP Q&RXW\A KDLW
LQ WKH VXEMHFW 3URI 'U %RFKHUHK®&W Q@ DWK B O R DAN UHKSIWRIE
+H ZDV HDVLO\ DFFHVVLEOH DQG ZDVOD GXMD®QJPHGURERH F
SHULRG DW WKH EHJLQQLQJ RI PDBRH PH ZDNUDRIVIR\ [ YUY \
FRPPLWWHH KHOSLQJ PH RUJDQLVH WKIRWBW'GRBOWRM®OL \BL
$OWKRXJK KH ZDV QRW D GLUHFW V X STHUWR \VCRIWN IR IWPR  R/HK®IW |
(ULFK :HEHU LQ WKLV SDUDJUDSK +H VQ\RMU R\Q ®\KWXE M UDQ @ |
PHPEHU RI WKH 7$& FRPPLWWHH %OXWZRXWKERARWKKP Y H FKR
P\ VXEMHFW IURP JRRORJ\ WR SDODHRQWWRORIJ\W L PIHD G MV\RF )
VFLHQFH DQG RWKHU WKLQJV RQ VW H QDRD QL\H®IG IWUHW B
JRRORJ\ KHOSHG PH D ORW LQ P\ SDODHRQWRORJ\ UHVHDUF

,Q DGGLWLRQ WR P\ VXSHUYLVRUVW KHKU U A SKOMDMHDEFH Q HRH
KDYH KHOSHG PH DORQJ WKH ZD\ WR RR\PHE® HPWL QX LAMQI KW
SXEOLFDWLRQ SURFHVV DQG NHSW RHWRQ+WUIDFNZRXWE P\
WKDQN IRXU SHRSOH LQ SDUWLFXODMW D@ ® 0B KB ERWW F DX
JHOL[ - $XJIJXVWLQ $OWKRXJK KH VVGRYX ®LHPUDWKIDQ RY LQFRI
ZLWK KLV H[SHULHQFH LQ ZULWLQJZRQG GRE G LMKV RLIUSIISS P K
KDUGHU DV ZHOO $OVR KLV FRPPHQM W R Q PASKHR B FPM FZ W
VW\OH 6HFRQGO\ , DP YHU\ JUDWH I XNoHW-RH3U HD CB\GKIHHIDS/H
WR JHW RQ WKH ULJKW WUDFN ZLWR KV \D R WLRMLEFHHK S M WIRH
PRUH WKDQ RQFH WULHG WR IRUFH PHZKRFKREXOR RQG\WKMH
VXFFHHGHG LQ DERXW KDOI RI WKMVWRON 'U ZBNIMER Q CB\DFE 1O
VXSSRUWHG PH LQ WKH VXSHUYLVLROQKRIIPUYDVSVTHILHIY RV KH
+LV H\H IRU GHWDLO ZDV D JUHDW RSHIS HO)U WRH SDVRX\D
HVSHFLDOO\ DERXW SK\ORJHQ\ LPWWEG® YDHRW RHO S MW O, &I
WKDQN 3' 'U 'DYLW 9DVLO\DQ ZKR MESRWHIERG RH RZ\L MXV
WKHVLY DQG WKH ILUVW SDSHU RIDRGIKU ,;\W ELH/U WKW\ WZR
IURP JRRORJ\ WR SDODHRQWRORJWHUYWKHRPW GOLWWRIUK Y W R
ZRXOG QRW KDYH ZRUNHG RQ WKH IQ\DW ®WVWAI WEE SDRERE(
QRW KDYH GRQH P\ 3K' LQ SDODHRQWRORJ\

JRUWXQDWHO\ , ZDV DOVR EOHVVHG®RXSK: D Y DHPE@W. Q JOAF
WLPH WRIJHWKHU KDG OXQFKHV GOINGNYDIER YW H € © HVCRWW \



IHYHUWKHOHVV PRVW RI WKH WLPH MUWH ,|RER®W ZDOF R QUDRL
WKH RWKHUV , KRSH , ZDV DE O HWXR B LDAH VIDR/HR XIIPKY HE DAFR RAH
WKH \HDUV SHRSOH FRPH DQG JR OENW WRRXRGQNVWHKFLD
PHPEHUV RI WKH JURXS ZLWK ZKRP ,QVBBSWDERWIL FPDIOPR WG
$QQD $\YD]\DQ &KULVWLDQ 'LHW]HO $J@HV 3DQDJILRWHS
.DPSRXULGLV 'U 8ZH .LUVFKHU &KULOWHQD HWILDNRX@KRHF
/IHFKQHU DQG $GULDQ 7U|VFKHU ,Q WKNMN WRQWKDWN , @R XX
'DUOLP DQG -XOHV ' :DOWHU IRU WHKHN RER®GW LEOLY\F RWMHR QN
\HDUV DQG ODUHLNH .H\VDQ IRU KHU KHOS ZLWK RIILFH ZRU

2WKHU SHRSOH , ZRXOG OLNH WR WHKIEXN D UAKR' JDY H QIR
DFFHVV WR WKH IRVVLO FROOHFWLRQ\W)GGERKN SCHILW R Q P £RY
DQG 'U $OH[DQGHU .XSIHU IURP WK WV XDWXIDNX\Q ZHRXY HE W R
VSHFLPHQV XQGHU KLV FDUH IRU WK KHLEW LAHJ B XYUHDUW LKRHD
DV FRPSDULVRQ PDWHULDO , ZRXOG (MHOQMRUOEKW \WR GV KB QW
ZKR SUHSDUHG DOO RI WKH P D W HHUFLLLDI®D O ¥ RAKNHH G DAL WK U D DK
QHYHU WLUHG RI UHSDLULQJ SDUWYV R IZ\D R M SR MLKIXYNI RR O |
*HUEHU ZKR KHOSHG PH ZLWK VRP G KRWR\W BI|WLRHHRYV ¥
KHOSHG PH ZLWK PDWHULDO IURP WWKH® BORMEDP Q ZRODMG |
WKDQN LQ WKLV SDUDJUDSK LV D RR/DXWKRUDRIGRQBI\RI PK |
H[SHUWLVH RQ ELUGYV ZDV DQ LPPHQN®HKR® SVKE RQION LELU
IURP WKH 1D 'XRQJ %DVLQ , ZRXO & UL®VIRDOXPNDH) Q¥ B QK DD N6 F
* +DELQJHU IRU VSHOO FKHFNLQJDRNLRRIDWLVFIBH Y WWU D O \L @\
PH ZLWK SKRWRJUDSKV RI FRPSDUDPSWHIMALF B W EIUW R R XMQ &K\
ZRUN ZRXOG KDYH EHHQ PXFK PRUH SURE® MWL XIO DQR W
LQGHEWHG WR WKH IROORZLQUGHIR SIUHRILQUDRRKDEWRSESKEO
3URI 'U :DOWHU * -R\FH DQG 'U -HUHP\ ( ODUWLQ

)LQDOO\ , ZRXOG OLNH WR WKQGN D®OL R IKPD\UFER KRQUNVRHH D\R
HYHU\RQH SHUVRQDOO\ DV PXFKHDVH EROQGL Q LANLHD & RV KEDXAMW
VSHQG PRQH\ RQ WKH FRSLHV RI WKLY Q\RMH WR/ TRQ ED,QARXCE
RI DOO WKH SDJHV , ZRXOG KDY K OVRRDUWWH W LIPM ZHUY SHQ W
ZKLFK KHOSHG PH D ORW WR UHFKDU3H'P\, K@ISH JW WIRWZ R W E
EHHQ DEOH WR UHWXUQ WKH IDY RGU\RXWE WLKFDHNZ LRAKK KIDHY H/ E
QRW OHDVW , ZRXOG RI FRXUVH 5DNHQWRWEKIOR) K IPX H DCPQ. 2D \
PH WKH RSSRUWXQLW\ WR IROORZ PD@GW HDR \G R Q 6 QR ZXKKRD
VXSSRUWHG PH LQ PRUH ZD\V WKD®W D QZ®&RVKD K HIUMZ D &K
RSHQ HDU IRU P\ SUREOHPYV

W ZDV YHU\ GLIILFXOW IRU PH WRKE XMW LD TWEBGDBEHR
DFNQRZOHGJHPHQW DV , DOVR FRQVLGYIR WRPHHRIRRGF ROLO®
DQG RWKHU SHRSOH RQ WKH OWWWR MQHHD @ RHAW pE X WWKD MH- HD(
PH ZLWK P\ ZRUN %XW , KRSH , KDYRUWRKRKEBEW PIIRNRLA E D@D
XQKDSS\ 7KDQN \RX DOO IRU WKLV JUHDW WLPH



DEOH RI &RQWHQWYV

BXPPDUBIXXXXXXXXXXX X XA RLRLRZKRLRLRL KRR R AKROK KRR
=XVDPPHQID MWK XXX XXX X X XRRKRLALRLRLRLRLRLRZRRERL KRR RO
ILVW RI 3XEOKKIXWXRRXX XX X X BKRERKRKRRZRKRLRRZRLRLRZ AR RKAOK K
,QWURGXEKWEKRERX XX XXX X XKLL KRR RO RO RS
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7 XU WRXXX XXX XXX X X RO ORI RO RO

,QVWLWXWLR QD OXDXEE B X X DX WX R IR XRERBKRBILRBLZRLZ R RKRZ KRR
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$ QHZ VSHFOLHRVPRRJIRV XRKXR WKH (RFHQH RI 9LHWQDP KLJKOL
SK\ORJHQHWLF UHODWLRQVKLS RIGALRBHVUWB® LRV DOGRWHK HVLR

$ WDUVRPHWDWDUVXV IURP WKHWKHHIQH\RYV BD ODRHRIHQH IRV
ELUG TURP 9KMHMWQOQDEX X X X X X X RRRRZRZRZRKRLALRLRLRLRLRZ KRR KRR

$ QHZ FU\SWRGLUH IURP WKH (RFHHZ RDILIRDGRDPP VKHGV
7ULRQ\FKILERPH 6 R X W K H DOXW XPAXODX X X X X X RO

& R Q F O XRANLRIOX X X X X X X X X XA KRR RO AR RO AKRROK K
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6 XPPDU\

$W WKH HQG RI WKH (RFHQH WKHUHWZXMV (D URKXM RAK LFA
VXEVHTXHQWO\ OHG WR D JUHDW BDYAW Bl QV&HQ & RLKRXQU HMK H R/
PRUH DERXW WKH IDXQDO H[FKDQJH @XULRVVW® LNF R MW\L\WY
HVSHFLDOO\ WKRVH WKDW H[LVW WG UL PAPKIHG ERW 8 DQ E B MR WHK E
(RFHQH DUH RI HQRUPRXV LPSRUWD Q RHR UMKKH DIV WX-RIQY P4 B
LV LGHDOO\ VXLWHG IRU VXFK D DWWGYH7RBHED ¥ DY VL \F RR@
LQ WKH ODWH (RFHQH LW FRQW DQQMGDOP/D VA BB QVGRYV DVQK D VF
ODUJH QXPEHU RI ZHOO SUHVHUY HGQM \D\QL® B @L PPCDX V S i FIIHH
EHHQ IRXQG LQ WKH 1D 'XRQJ %DVQKY LYRNEBRHAEQ DIER X WUW IOH
DQG ELUGV RI WKH EDVLQ DQ LP SRR WBGRQYWHFXF R WHIHV S
ZDV VWLOO PLVVLQJ 7KH PDLQ R B/MHEW LR BHRW R/ OLG/G VWKRI WAL
NQRZOHGJH RQ WKLV DVSHFW +RZ YO K DVGKW KLHH M KSSHEW K B Y
RQ WKH NQRZOHGJH RI WKH 1D 'XRQJ %DWVIRQ LP® URXYAKG R
XQGHUVWDQGLQJ RI WKH UHODWLRQ@MHWL M RIKAURFRGHRLUH |
(DVW $VLD DQG WKH HFRORJLFDO FROIQEBWLRY RY MKW
7KDLODQG DQG &KLQD

7KH ILUVW SURMHFW IRFXVHG RQ VHYHWDNMRUBRGGYRGMXU V

P LQ OHQJWK $IWHU WKH GHYVRUL SDVLRQ VWRH QVK MHP B MIDR
DQDO\VLYVY LW ZDV SRVVLEOH WR WRERZSW RIDNNH\G MHD ORRWAXLFX X
QDGXRQJHIYE VA KQWG XRQJAHQN MWAKH PLVVLQJ OLQN WR XQLW
VSHEFLHV WKDW OLYHG LQ (DVW $VLDRIFHPHWIQN B UH W B E HRO
2ULHQWDORVXFKLQD :LWKLQ WKLV RIRRS GWKGIAQRLWVW
VSHFLHV IURP WKH WZR ODWH (RFHQH @6 V.UP\E IR | 70DR_FOLDI)
7KH UHVXOWV Rl WKH SK\ORJHQ\ MHOG B DZX@OMRERKRAQ XXV G R Q!
RI HDUO\ DOOLJDWRURLGY DW WKH HQG RI WKH &UHWDFHR)

7KH VHFRQG SURMHFW Rl WKH WKHVEDWRBXKH® KRHQ 1\U K'BX |
%DVLQ D WRPLVWRPLQH DERXW P ORRPLQIRW XGKXVV
DFXWLURDWISBIODFHG L Q@ DARPH. Q HROPAWXN D GHWDLOHG GHVI
WKH KRORW\SH DQ DOPRVW FRPSOMHWHD\FRPISVHULYRG ZQ L
PHPEHUV RI WKH JURXS 3UHYLRXVO\ IWRPVWHKH BB R\ R @C
.UDEL EDVLQV 7KH SK\ORJHQHWLF DQPRVWL E DDVD\OR SIRANLK\LA
ODRPLQJRVX\FKIXY SUHYLRXVO\ SRVWXODWHG 7K HE HQWAE HULH V
ZLWK WKH DJH RI WKH JHQXV DQGQD KR VD QMRS ZNH WHGHWDRNQLF
WRPLVWRPLQHV PXVW KDYH UHD F K HG {DLVAG B '8 HE) G MQGHOD \RA
RWKHU

7KH WKLUG SURMHFW IRFXVHG RQ IN@MAY KRR HRNHAD U NVPKN\G |
VSHFLHV ZKLFK ZDV GHVFULEHG DQG FHRPS DWHGFKDW R FHYW D
DSSHDUDQFH RI WKH ERQH LV QRW F8RBDH\D EDKH ZIIRW K LODQ A\
RI WKH IHZ NQRZQ ELUGV IURP WKH 3D@DRBR JH®H IRIR PD WK
3DODHRJHQH RI 9LHWQDP 7KXV GHVSIGWHHOWW LIYHERP SE
SUHVHUYDWLRQ WKH IRVVLO PDNHW R QR X B SRRQRVZIOHE JFHR ®
3DODHRJHQH DYLIDXQD RI (DVW $VLD

7KH ODVW SURMHFW GHVFULEHG VSWHUBE®R RGLRQGFXDGD |
QDPHEWULDWRFKHOWH EWDEDFLHY LV D UHODWLYHO\ VPDOC
3DQ 7ULRQ\EKW®&DMH FDUDSDFH OHQJWK RI VOSDKW YR Q HA\LW K/

s



HIWDQW DQG IRVVLO UHSUHVHQWDWR Y$KACRRJWEHWILFR B § T
VXJIHVWV D UHODWLRQVKLS ZLW K WKV ¥ RAGRZDA YGHAE D BDH [W D ¢
VKRZV WKH JUHDWHVW VLPLODULWDWRLDJRVIVVLIOQVSHFLHV |

7KH UHVXOWYV Rl WKH WKHVLV VKRZ WKDWRWHKB WRIQHH
ODRPLQJ DQG .UDEL KDG D FORVHO\WMOB WHCQPU B AR G HOLH,
RI 2ULHQWDORVXFKLQDDR® GQWRKWZBKBXM XQG LQ HDFK RI |
EDVLQV DQG WK H WXUMDEDEHQOMBUHVHQWHG DW OHDVW L
ODRPLQJ 7KHVH UHVXOWV LQGLF D\ B OMDKHERWHIMWM WRKFHU 8 RRDQW
EHHQ D FRQQHFWLRQ EHWZHHQ WEXQW K UHH[IF KEDQY/1H) V2 D /G R
KDQG WKH UHVXOWY DOVR VXJJHV\EHMIQDWR A HWK G RK 55 M\
EDUULHU EHIRUH WKH HQG RI WKH DREBYHWR KDW VIHEO R D\
UHVXOWLQJ LQ WKH GLYHUJHQFH RUYW®H WHKWS A ORVDHOQ DU
VSHFLHV PD\ EH FKURQRVSHFLHYV

'LWK UHJDUG WR WKH IDXQDO H[PRXSYHVRX®KHG 5 HS & H
FRQFOXVLRQ LV OLPLWHG E\ WKH ODRND WI D VE I$ \G. DWW HEEV
FHUWDLQW\ LPPHGLDWHO\ DIWHUWKXHRYHYAKL@D KFEX XK URJO'
IDWH &UHWDFHRXV WR WKH ODWH (RRRGH Q E XMW \DHRE OE VH
SRVVLEO\ LQGLFDWLQJ WKDW WK u¥UDQRHS &ROGS QURHM \DXQLE)
SRVVLEO\ UHSODF H{0 B\L WAKWARIK @AW SHUVHG IURP 1RUWK $P|
$VLD DURXQG WKLV WLPH 7RPLVWRPSQHVHIQIW H DAX UEYXW H
ODRPLQJRVXORKMMIH LV QRW IRXQG LQ OLRFHQK DWVWHRABOD
WRPLVWRPLQHYHQIRKVX¥KXNUSDOUHVHQW LQ (DVW $VLD T
SUREDEO\ IURP D VHFRQG GLVSHUWWWY LDWWRFNK HRDVP EOXEIR
UHSUHVHQW D VWHP PHPIHMW \RRIMW KH G [WDWWG E\ GLUHFW |
ZLWK H[WDQW VSHFLHV DQG WKH SLKONRUXID HWK EVDDDHOR VH V
UHODWLYHV VXUYLYHG WKH FRRDAIQR BWQW K B CH R UVDXQQ MW HRA
IRVVLO LV WRR SRRUO\ SUHVHUYHG DRGHRWR R U/ SWWLHO W RL
DQ\ FRQFOXVLRQV DERXW LWV VXUYLYDO RI WKH p*UDQGH ¢



=XVDPPHQIDVVXQJ

$P (QGH GHV (R]IQV JDE HV HLQH VWDUNH $8MFKOXYY GX U
HLQHP JUR%HQ ODVVHQDXVVWHUEHQ GHPXWVRY HXUW\HN B
PHKU *EHU GHQ )DXQHQDXVWDXVFK GHU HHKBHEXQHV \GHW
VWDWWIDQG KHUDXV]XILQGHQ VLQG Q&MYHOB L #NRN N IWHHF
XQPLWWHOEDU YRU XQG QDFK GHU $ENHKOMOUHDW HQG H PGH
ZLFKWLJ (LQH 8QWHUVXFKXQJ HEHQ MGIMH ¥ D= H{LR\QUID% P A M HH
LP 1IRUGRVWHQ 9LHWQDPV +HXW]XWDJH LRK\ WD JBEF X H C
VSIWHQ (R]IQ HUVWHFNWHQ VLFK KLHU WIOFKH IURS b @ BIW NDOQHIL [
HLQHP DQR[LVFKHQ 6HH EHIDQGHQ ,P 1D HXRORI%WHEQHDXK @ X
HUKDOWHQHU RVVLOLHQ YRQ ]DKOUHX®KHIQ N b DV WHILGH GHHIQ K
'D ELVODQJ MHGRFK QXU VHKU ZH®UJHEB UG E VHY%EHFINHIQOL BB
LVW IHKOWHQ QRFK ZLFKWLJH 3X]]OHWMM FNHR YXWWSHNR Q B V
+DXSW]LHO GHU YRUOLHJHQGHQ 7KHWQIG\H @B U: LHAV 166 VKD G EHC
$VSHNW |X HUZHLWHUQ 'LH (UJHEQLVVEHCDWWADQ W H & RIEK (
DX| GDV :LVVHQ *EHU GDV 1D 'XRQJ %HF NHE LDADAWUWRHIF KH W Q'
XQVHU O9HUVWIQGQLY +EHU GLH 9HUZDQGWNRKDDMV YYHUX
BFKLOGNU|WHQ GHV 3DOIRJHQV 2VWDVLHQW REGERRBKQEF
GUHLHU VSIWHR]IQHU %HFNHQ 9LHWQDPV 7KDLODQGV XQG

'DV HUVWH 3URMHNW EHVFKIIWLIJWH \QLFHKL@HW NOGIK UMK
$OOLJDWRURLGHQ YRQ JHUDGH HLQPDB® UN@®BYF KUP LIEQDH
ODWHULDOV XQG HLQHU LQWHQVLYH QVSK\ITHR B QW VZ HVUFGKHH®
HV VLFK EHL GHP )RV VLO2XR HHQ W B MRNOHF KXW RDG &R Q WHOX Q¢
GDW2V QDGXRQ BHQWLWKOHQGH %LQGHJOLHG GDUVMVWHYORQ H P
GHU .UHLGH]HLW ELV LQV (R]IQ 2VWDVLHQV * OHENHQ
]XVDPPHQJHI*KUW ZHUGHQ NRQQWHQ HIH® QB LEICHNBIQ RAMIE
ZDUHQ GLH QIFKVWHQ PHQEZORRQ/HWMWRY DXV GHQ EHLGHQ
VSIWHR]IQHQ %HFNHQ YRQ ODRPLQJ &KLOH (XIHEQUNMEH GHK
3K\ORJHQLH HUP|JOLFKHQ GHV :HLWHUHQ® BLWHKNMF &6 UV Ve KX
$OOLJDWRURLGHQ DP (QGH GHU .UHLGH]HLW

'DV ]ZHLWH 3URMHNW GHU 7KHVLV EHVFKIDWRW & WL FIKD P
'XRQJ %HFNHQV HLQHP HWZD P ODQJHPHXWRPEVWRP
ODRPLQJRVXFKXV DRRWIQURNWIOLRK HLQHU LQWHQVLYHQ ¢
+RORW\SXV EHL GHP HV VLFK XP HDQW®DEHYX, ¥ B O VLMK QRS K.
XQG HLQHP 9HUJOHLFK PLW IRVVLOH®@ WHMOURIMVOH B @ XFHX V U
]IXJHRUGQHW ZHUGHQ 9HUWUHWHU G LHWH G HP W VKRLIQZ DXIPC
.UDEL %HFNHQ EHNDQQW 'LH SK\ORJHQHW ILWHUWH & QB IOQ W}
ZHVHQWOLFK EDVDOHWDRBWHRYUXBKWRYHOOHQ DOV IUsKH
ZXUGH 'DV QHXH (UJHEQLV SDVVW GDE@W HH \VGHUNDLF W EPH)
HUP|JOLFKW ]XVIW]OLFK GLH 6FKOXVVIR®IMWR®L QG D2AAMNVDHA
PLQGHVWHQV GUHLPDO XQDEKIQJLJQYRONMM®QGHU HUUHLFI

'DV GULWWH 3URMHNW EHKDQGHOWH HHQBQ Q\WWH g RFRIW DY
YRQ GHU *U|%H HLQHV +XKQV GHU EHWHUWLHHEW 8 WQQ & HRLMD
ZXUGH 'DV FKDUDNWHULVWLVFKH $XVVHKMQ NGHH\D HQ RELKWHD
EHNDQQWHQ $UW YHUJOHLFKEDU %HXPGHPQMRY \GLHOU KIDHIAH
9|JHO GLH DXV GHP 3DOIRJHQV 2VWDVLOIQW HENDRKIWL WIC
HLQJLJH ,QGLYLGXXP DXV GHP 3DOIRJHQ I LHWQ BPW GRWV L' C



VHLQHU 8QYROOVWIQGLIJNHLW XQG G HU QHIQ WA K WLFRIKIMH % K
]X XQVHUHP :LVVHQ *EHU GLH SDOIRJHQH 9RJHOZHOW 2VWD

'DV  OHW]WH 3URMHNW EHVFKULHE PHKUHUMV ,§BOQYLG
3DQ 7ULRQ\FKWGOMP BMPHHO®WRFKHONY EBIED$SUW KDQGHOW F
HLQHQ UHODWLY NOBDQHTQURR QVEKMWGHBLH) BH & DUDSD[OIQJH Y
XQWHU FP 'HU 9HUJOHLFK PLW UH]@QGHLQ*X® & SIR W\RLZQ H QH
SK\ORJHQHWLVFKH $QDO\WVH OHJHQ HWIHQI B VIZD\Y GWAKFHKD U
*DWWXIQIVVROKB 'LH JU|[%WH bK& OLFREHUNPEZWLMWQHU IRV
$UW GHV ODRPLQJ %HFNHQV DXI

'LH *HVDPWKHLW GHU (UJHEQLVVH GH G WHIH\RMW PRIV L M
%HFNHQ YRQ 1D 'XRQJ ODRPLQJ XQG .UDERNR®HH QRRKG!
BFKLOGNU|WHQIDXQD EHVD%HQ ,Q MHGHPHGWHMHWWH Y HGEH
2ULHQWDORVXFKLQD XP®R P& QU RAVDNEXGXNGLH 6FKLOGNU|WHQ.
BWULDWRFAKHO\VLFK ELVODQJ ]JXPLQGHVW LQ KRHDXRY XQ
'LHVH (UJHEQLVVH GHXWHQ GDUDXI KLQ GOIWQ HM QHJJIH
9HUELQGXQJ ]ZLVFKHQ GHQ GUHL %HFNHQ JBLHEHQQKDE
)DXQHQDXVWDXVFK P|JOLFK ZDU $X| GH3L D QG HUHIL 6 W HWHE
DXFK GDVV HV YRU GHP (QGH GHV (R]IQV HUG\Y Z HHEIHHE HB \ \
KDEHQ PXVV GLH HLQH 6HSDULHUXQJ GH®&S PhH FINH B UNQ R G
+HUSHWRIDXQD HUP|JOLFKW KDEHQ RIG b (GZDKYGMAH @ LFKWEH
&KURQRVSH]LHV KDQGHOW

DV GHQ )DXQHQDXVWDXVFK GHU XQWH OVRFBQHX WU XSS I
HLQH HLQGHXWLJH 6FKOXVVIROJHUXQJHERHBK R&/IWD Z HD W H\
)XQGVWHOOHQ GLH PLW 6LFKHUKHQF R XG HPL A *UHDLQAG B GARLY
GDWLHUW ZHUGHQ N|QQHQ EHJUHQIW 2 ULRQ WHR VBFWK H
.UHLGH]HLW ELV ]XP VSIWHQ (R]IQ YRUW IXQGN@ HDEGNQLF
P|JJOLFKHUZHLVH GDUDX|I KLQGHXWHWUBQYN &GRKSKUHIXSB
*EHUOHEWH XQG P|JOLFKHUZH LV$O GLXIUBRKR W HW * Z WWGKH J (
ZDKUVFKHLQOLFK HWZD ]X GLHVHU =HLWQ YHRLD Z2RYUGHPWN H
7RPLVWRPLQH KDEHQ ]ZDU ELV KHYWHALEHVAERWN DEWULG
PLR]IQHQ )XQGVWHOOHQ QLFKW PHKU YHO WU HMHUIH 8 WUDWUAH
*UXSSH ZHBJIJKXVXFKXJXSOGDHVHU =HLW LQ 2VWDVLHQ DC
ZDKUVFKHLQOLFK YRQ HLQHP ]ZHLWHQ (LORSD GHNXRRING U
%DVLHUHQG DXI GHU SK\ORJHQHWLVFKHEK$ODW\WH]KQ@ F
OHUWUHWHUQ N|QQW HE DHBCPV HEIQ HE MW DPPDUW 1G BV VIRIQLD L J
KDQGHOQ :HQQ GDV [XWULIIW KDW WG LHD/KH $UHN ZFOGHEUW i)
$EN+KOXQJ DP $QIDQJ GHV 20LJR]IQMV+ER UKGIRWN V LIDL BH V FLK
HUKDOWHQ XQG DQGHUH )RVVLOHQ DOPV52¥ WDV OIQ VHQ@X [)G
hEHUOHEHQ GHV 9RJHOV QDFK GHP A*UDQGH &RXSXUH: ]X |



ILVW RI 3XEOLFDWLRQV

SXEOLFDWLRQV LQFOXGHG LQ WKLV WKHVLYV

7KH IROORZLQJ SXEOLFDWLRQV KW YHYHFTM G XEOLNHKE® BN RX
DQG FDQ EH IRXQG LQ WKH 6XSSONPHRWBDSHDVW BRH WKVYW
DQG LQ WKH 6XSSOHPHQWDU\ LQ FKURQRORJLFDO RUGHU

ODVVRQQHO9DVLO\DQ ' 5DEL 0 %|KPH 0 RURLE QHRPDO
WKH (RFHQH RI 9LHWQDP KLJKOLJKW® GBS H{J &/H Q WWI LSF
HIWBHQ@LIDWRWBNHQHQVLV +

KWWS G[ GRL RUJ SHHUM

ODVVRQQHXIXVWLQ ) - ODWJNH $ 7 :HEHU ( % | KP
QHZ VSHFDBRPRIQJRVXBRRVWKH (RFHQH RI WKH 1D 'XR
QRUWKHUQ 9LHWQDP VKHGV QHZ OLDKWM RRYKWKWH FSl
WRPLVWRPLQH FURFRG\OLDQV DQG WEWILIR)XGLYSE UR/ID O
6\WWHPDWLF 3DODHRQWRORJ\

KWWSV GRL RUJ

ODVVRQQHA|RKPH O oOD\U * $ WDUVRPHWDWDUVXYV
(RFHQH 1D 'XRQJ %DVLQ = WKH ILUVWUBPODIHRNRAOHA |
$OFKHULQJD $Q $XVWUDODVLDQ -RXUQD& RI 3DODHRQ\

KWWSV GRL RUJ

ODVVRQQH $XIXVWLQ ) - ODW]JNH $ 7 %|KPH 0
FU\SWRGLUH IURP WKH (RFHQH RI WRHILBWRP®J WYaDVG\
QHZ OLJEMWQ RQLRQ\FKRBDERXWKHDRXW GBDDRI 6\VWHPD
3DODHRQWRORJ\ +

KWWSV GRL RUJ
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9LHWQDP KLJKOLJKWV DQ H[WLQPRW I$\RLPD E[CAMIDEHW R Q SHESTHIOM. @
H +

ODVVRQQH 7 $XJIJXVWLQ ) - HIDWINH%EKPH OHE $ QHZ VSHFLH

ODRPLQJRVXBRRWHKH (RFHQH RI WKH 1D 'XRNQ@PPV IMX HGR UGHZH 0 QJ
RQ WKH SK\ORJHQHWLF UHODWL RBQVIKDGVRD QR RMK/MLRIP & QWS HWR/DR |
$VLDRXUQDO RI 6\WVWHPDWLF 3DODHRQWRORJ\

ODVVRQQH 7 %|KPH 0 OD\U *DWDUY¥ XWDUMRPPMWH XSSHU (RFHQH
%DVLQ *+ WKH ILUVW 3DODHRJH® H OFKWILQ ELD G$ QU RRVILBIBVGIDV L D Q
3DODHRQWRORJ\ %

ODVVRQQH 7 $XIJXVWLQ ) - 6DWINH $ QHZ%|KSWRGLUH IURP WKH
RI WKH 1D 'XRQJ %DVLQ QRUW K HILQ ORMHR\DDIPR \HRHKRERE BORHAW K H D V W
$VLDRXUQDO RI 6\WVWHPDWLF 3DODHRQWRORJ\

1U[ $SFFHSWHGLVW RBRVLWURFRAQWLOWD JH $QDO\VLYV BREHU ZULWLQJ
SXEOLFDWDRNKREBQGLGRWHDY EQHUDWLRQWEHUSUH®R@H R Q
\HV QR LQ OLVWWRIH WK H E\ WKH E\ WKH

DXWKRU¥DQGLGIF'WBGLGWWPGLGDWAHDQGLGDWH

, FRQILUP WKDW WKH DERYH VWDWHG LV FRUUHFW

'DWH 6LJQDWXUH RI WKH FDQGLGDWH

, 'H FHUWLI\ WKDW WKH DERYH VWDWHG LV FRUUHFW

'DWH 6LIJQDWXUH RI WKH GRFWWWIRRIPRILWWH N RIHDWLYRDV
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Y)XUWKHU 3XEOLFDWLRQV QRW LQFOXGB& WL W MLKHVBKH VLV

7KH IROORZLQJ SXEOLFDWLRQV KD YHYYHFZH G X EXNWNKEQ B VN RX
DQG DUH OLVWHG KHUH LQ FKURQRORJLFDO RUGHU

'DOWHU - 'DWOVRQQH$DIVH $ )HUH\ ( B5DEL O 2
RULJLQ RI &DLPDQLQDH LQVLIKRDELFRR QUHEHBYEY BV R
D UHYLHZ RI WKH \WRGHBF® %LRQRJ\

KWWSV GRL RUJ

ODVVRQQH % 1KPH 0 5H HYDOXDWLRQ RI WWOHR PHRQ\S KR C
RILSORF\QRGRQ OHXDBIQWLQIUANRORII DQG WKH VWUL
RI WKH :HVW ODULWVD FRDO ILHOG 838HHW- AKUDFH %DV

+

KWWS G[ GRL RUJ SHHU -




,QWURGXFWLRQ

,Q UHFHQW GHFDGHV ZH KDYH EEBDQ PRYM RDW.HGE TLR® [E
WKH VL[WK PDMRU PDVV H[WLQFWLRQLBY H®DP RDW DOVDKJWRK
DQLPDOV DQG SODQWV :DJOHU DAMEK B W UHKU Bl Q © HS/D W\K M
ZRUOG DUH DIIHFWHG VRPH DUHDV DVYBIORIHS B/ RMDLEKHD DK IR
D PXFK JUHDWHU ELRGLYHUVLW\ WKBQVRMWK H K HVH IURIQ Y RRQ V
NQRZQ DV ELRGLYHUVLW\ KRWVSRWV @OWHWHUP ZDRRILU
FRQVLGHUHG RQO\ VSHFLDO DUHDWRI &KIRQ¥FWS RW N QK DV K YW
LQFUHDVHG DQG FXUUHQWO\ LQFOXGHYV DOHDV O0\HUV
OLWWHUPHLHU HW DO 1RVV HW KROVVSRWV2DW @®RRPDK
BRXWKHDVW $VLD DQG LQFOXGHV WKH ®DLUQA Q G DORX QMU
0\DQPDU 7KDLODQG DQG 9LHW QPR \VOW HEL. @ B P YLHU WHK HE R X Q W
ZRUOG ZLWK PRUH WKDQ QHZ SODTHZ WSHFNHEU PR H HY 8V
DQG PRUH WKDQ QHZ LQYHUWHEUDWHQVSHFDK\WG GLVFRY
BWHUOLQJ +XUOH\ DQG UHIHWHQRWVRW RN U B LKLV %% R WL
WKDW 9LHWQDPJV IORUD DQG IDXQD VKRZAMG VXFKYBQRA!
EHWZHHQ DQG LQ QRUWKHDVW HUQRILH WRQD R WQHFQ
(RFHQH HFRV\VWHP ZLWK VHYHUDO QHZWRDYDKHRSHQLRG M X\
WKH p*UDQGH &RXSXUHY DW WKH (RFHQIHD 2'XRIRF HAH LER X
&RVWD HW DO DQG UHIHUHQFHV WKHUHLQ %|KPH HW |

*HRORJLFDO VHWWLQJV

7KH JHRORJ\ Rl QRUWKHUQ 9LHW Q DW KLH SH/GURLQIHO) ).EDX O ¥k
55)= DOVR NQRZQ DV WKH $LODR 6KDQ 5H)G 5IZKHBK)DXC
VHSDUDWHY WKH WHUUDQHV RI 6RXV5&)& KR QDI IDADBN HMNG R G K7
DQG H[WHQGV RYHU NP VRXWK H DRMWNVKQIWER XWKK & IRIQND. C
7DSSRQLHU HW DO /JHORX®IHW DOXQ ‘\WRFND
)\KQ HW DO %|KPH HW DO ‘\WRFND HWKBODXOW
JRQH ZDV SUREDEO\ IRUPHG E\ WKH VRFEF® QW RQH R MWWALHV KQ &

0D DJR DQG KDG D PDMRU SKDVH RO DDAV I( R EWQ HE HVQZH Hi
OLRFHQH 7DSSRQLHU HW DO /IBRRHNO GIW D B®W DO
&OLIW 6XQ %|KPH HW DO ) OKDQ X USKIVFR O EXW



VHH DOVR 6HDUOH IRU D GLIITHUKQMK M L5 = HIMAV WK BIWAH
IDXOW JRQH LQ QRUWKHUQ 9LHW QD PV XEKSIWD DO & HMN.HW D\C
VLPLODU DJH HJ WKH &DR %DQJ 70EHQ 3XBHO®XOMU =HR 1D 0&

:\VRFND %|KPH HW DO \VRFND HW DO
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JLIXUHODS Rl QRUWKHUQ 9LHWQDP VKR ZLTQKIDWK.H H DARRL] @P® P@® LD 'X|
%DVLQ DV ZHOO DV WKH 5HG 5L PR W)DXDW.HRQHH Q Q B XVOKWH =R Q H

7KH &% 7<)= LV ORFDWHG DERXW  )NPDQ R URRKHILWWY \R IRW |
3DODHRJHQH VHGLPHQWDU\ SXOO DXDUW. EH V/IDIMI G6RH) BOA&
'XRQJ LQ RUGHU IURP QRUWKZHVW WR 9% ROPMKHE VIO :\VRF
)\KQ HW DO ‘\WRFND HWKID@K HW DO 7 )LJ
EDVLQV KDYH D EDVH RI OHVR]RLF DQG 3BODHRKRY A ULRIF/N K
GLIIHUHQW VLOLFLFODVWLF VHGLPHQWRW¥NB |[KWHDBW DO 7K
VXFFHVVLRQ RI EDVLQV FDQ EH GLY&ZBR @G DQWRLW KYRGJIIRQ
5LQ &KXD %|KPH HW DO \WRFNDB HRWUMPDWLRQV GKHW
FRPSRVLWLRQ WKLFNQHVV DQG DJH 7IONLEZWWR BDQQO)RE
FRQJORPHUDWH JUDYHO DQG VDQGVMFRI@H \D\Q & KD VPD PHL[C

(0]



WKH LQWHUPHGLDWH 1D 'XRQJ )RUPDWLRQREGRQWLOWN \RE

FOD\WWRQH DQG FRDO VHDPV DQG KDV ® REH RXM WX LN GH

&KXD JRUPDWLRQ RQ WKH RWKHU KB®® QFRDYGE WD \F B WER®
P WKLFN :\WRFEND %|KPH HW\\DROFND HW D O:

%RWK WKH 1D 'XRQJ DQG 5LQ &KXD )FROHP D@/ LVRIQW DIJHXRR
%DVLQ ZKLFK FRYHUV DRQIBUHY RHVWNPFFHVVHG YLD WKH
OLQH )LJ ,Q WKH XSSHU J YREP DM HRID DRRBQWKH OR?
RI WKH 5LQ &KXD )RUPDWLRQ ZHUH H[SRRHEY H| KWK HH W KOLGF N
Rl WKHVH H[SRVHG DUHDV LV FRQVMDIQRSHQF KEDWJIP DQ LEXH ¢
HW DO UHSRUWHG RQO\ +* )RURIMWWRE DRQRGXROHJ P |
WKH 5LQ &KXD )RUPDWLRQ ,Q WHKHQIUDVKR QJ L)RUPDIWLRDU @V
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JLIXUH 6KMGLPHQWRORJ\ ORJ Rl WKH 1D 'YRQDGR®B® PHQWL HZ KRV KH 1D
'XRQJ FRDO PLQH VKRZLQJ WKH 1WKGRRYHROPDMWLIREL QL&KKK D IRUPDWLR
FRDO VHDP OD\HU DOWHUHG D8 WHHO%| SRR WR VDDNHQ GXULQJ WKH |
FURFRG\OLDQ < ODGHODLQH %|KPH

FOD\WWRQHV PDUOV PDUO\ VLOWVWRKHVHDYGLQD\Y KN \§RQ K
JRUPDWLRQ WKHUH DUH QR OLJQLWHQWDMDORM ZQWKFSDUIVWE



GRPLQDWH :\VRFND %|KPH HW DOH WKH FRPSKVLWLR
WKLFNQHVYV RI WKH IRUPDWLRQV DWXKQQWOWRNRRWQP DWHL W
‘\VRFND %|KPH HW DO '\VRFND HW DO

$JH RI WKH 1D 'XRQJ %DVLQ

7KH DJH Rl WKH &DR %DQJ 1D 'XRQJLRQGE KDY &KX )RR\
GHEDWHG LQ WKH SDVW 6RPH DXWRRBLRB BXQHIG DIRHJ HD O HF
PDFURIORUD PROOXVFV DQG PDPPDOV WRBNODQK ZKLOH
.K~F HW DO DQG UHIHUHQFHV W KH UL QX RGDIWHIEG WbK 19
&KXD )RUPDWLRQV WR WKH (RFHQH SD®GQRPRRBSKYHVERUHE
SROOHQ ,Q WKH ODVW GHFDGH QHZUWWPDGILHRQ IRIEW K L\Q & HR
WKH 55)= DV ZHOO DV VWXGLHV RQRPLRRVIXWYDMQ G UBISKU R R
PDFURIORUD DQG PDFURIDXQD FRQILUMWHG(RKHQROWRI UH DU
20LJRFHQH IRU WKH 1D 'XRQJ DQG 5P® &KXDOQRUPDWLRQV

'‘XFURFT HW DO )\KQ 3KDFK \MR @ NHDWH W/OD O
%DVHG RQ WKH HYROXWLRQDU\ DQNGD W @& VD R W Bl UDK-LRQNRK
%|KPH HW DO FRUUHODWHG WK RHWUWMCHELID YWKHR @& H BolDL\

ZLWK WKH 1DGXDQ &KLQHVH /DQG ODPPDOLYJFD Q &EWBD WHKGH Z
SDODHRPDJQHWLF GDWD DQG EHORQJVW WR:* WKHD 80D
:DQJ HW DO 7KLV OHG WR1D PRRQUH DRUWPIDROL RO & K\ |
%DUWRQLDQ WR ODWH 3ULDERQLDQ + UHDFKHG R KT PH\G
FRQFOXVLRQ EDVHG RQ DQWKUDFRWK HRWLL GAVD \DIQG WG WAH:
HDUO\ PLGGOH ODWH (RFHQH $QR WIOHDH PBBURDW KF K DWXH
%|KPH HW DO FRXOG QRW SDRYXR®H YRIWVXDWIR R D QG
ORZHU SDUW RI WKH 5LQ &KXD )RUPWWR®Q QD GNKHIU WRL Q\N P
RFFXUUHQFH RI WKLY SUREOHP SUHYHB WO W HUB URHDA R W WRY
IRU WKH 1D 'XRQJ VHFWLRQ ,Q FRROMWWRSW RVRH WKHN QW &
JRUPDWLRQ VKRZHG WKH RULJLQDO PPRG HW UWHMHKHRW ¥Q @&/
(RFHQH LQFOLQDWLRQ :\WRFND HW QRPRUSKVYRFXRP GVRID &
%DQJ %DVLQ DQG IRXQG WKH PRVW \BKRLODRPWWHKW HIDWI
20LJRFHQH 3ROOHQ DVVHPEODJHV IRRRDWIRW RDWXRQY V& &
WKH JUHDWHVW VLPLODULWLHV ZLWK $\WRMMHBDNIRPY VHYBH



SROOHQ IURP WKH 6KDQJFXQ )RUPDWIERRDVRYXWEKHVMDR PIQQ B |
20LJRFHQH DJH IRU WKH 1D 'XRQJ MQGWBLRBENOKHYW TRUPDWLR

JRVVLOV RI WKH 1D 'XRQJ %DVLQ

,Q WKH &DR %DQJ %DVLQ IRVVLO YHUWWKHEQOWHLW DU W IUDX
UHPDLQV IRXQG DORQJ ZLWK ILY HGX\QE - HRFELIHY D@ (K W R \WDIVOV |
IHXEDXHU HW DO 6FKQHLGH&KXWD DRUPDWLR®&H ¥ LOO VR
GHYRLG RI YHUWHEUDWHY ZLWK RRDOVHYDMIP HBVUHQ LIG VW DU
\LHOGV VHYHUDO JDVWURSRGY DQG EDRVWYRN WKHKRE HW(
JRUPDWLRQ DOVR KDV D UHODW L DWW NRA/D/Q O \Q XA/HRHOD R/IHGH IU
DQG FURFRG\OLDQ WHHWK DV ZHOBLDD O'RPH BQYRQWGHER

DQG RQH JDVWURSRG VSHFLHV 3DFK\FKOLZLRHGHDIH JHX¥VKP
GLIIHUHQFH WR WKH RWKHU IRUPDVWH. BRI RKNRWHY HDU DHU M/ Wt
ZHUH IRXQG LQ WKH XSSHU WKLUGPRDWWKH P WKLFNoP DAK)
PDQ\ ZHOO SUHVHUYHG IRVVLO YHUWHERWWRE RHWKH [FDH
VHDP %|KPH HW DO '"XFURKDYBWVEBOX HW RO
*DUELQ HW DO ITVXEDPRWRHW DO )LJ

JLIXUH 8QLRQLGYV IURP WKH 1D 'XRQJ %DVRQ 1®DWHR QR FHRQIP DWLH W (
$ LRGXODULD BX®&RBW&BU HW DO %63*% &KULVWDULD PRWKDQ
6FKQHLGHU HW DO *3,7 %, FP ©ORDWHUBHBUNIWHU 6FKQHLGHU HW D

7KH H[FDYDWHG YHUWHEUDWHY FDQ LEH JOGRWIS&/H Gl L VG W)
DUFKHORVDXULGV VHH S DQG PDPPDOV WRoDIVOIG RC
GLVDUWLEFXODWHG ERQHV %|KPH HAW DALIIHUHQMGH QWKL IV
EHORQJLQJ WR WZR IDPLOLHV LH{ EPOHGWHK HD §BLEEDH. @D
FRXOG QRW EH LGHQWLILHG EH\RQUG QLIGH IBHQR YD MNRH O WW
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VSHFLHV RI WKH VXEIDPLO\ %DUELQDHYV 7WKHIS PDWVHRQW HIBQ
DOWKUDFRWKHULGY D UKLQRFHURWLGBQWRGDBR WIKY DL BGED
%DNDORYLD BoUJKRRKRWDN LD/O )LJ $ % LV SUHVHUY!I
LOQGLYLGXDOV 7KH NQRZQ PDWHULDDQGOQFOJGHEOB \F RR/S DHt
SRVWFUDQLDO ERQHYV

JLIXUHODPPDOV IURP WKH 1D 'XRQJ %DVLQ OIDWHNRRKFHRH PBNDR@IY R D
RULHQWBOLYV $QGRUVRODWH UIHR WQRBODWEHUDPH YDWAKHULXP QDGXRQ.
6%$8 KEQGRUVDO PHGWUDEWKHIDGDSLY YLHWQDPHQYQWDWHUDO DQG
) OLQJXDO YLHZ 6FDOH EDUYV FP(x9zDOMWHIJHGPD IWHU &KDYDVVHDX H

,Q FRQWUDVW WKUHH RWKHU VSHFLHV G HMFWEK BB 6 RE\HX\F L
QDGXRQJIB@RWHKULRIHQ\V YDRBRWRHQRINQ\V ODYH RQDQ VL
SUHVHUYHG ZLWK IUDJPHQWY RI WKW KP DWQGV.IHG HR Q QUK HV R C
PDWHULDO DQWKUDFRWKHULGV DSSRHDRIQWR KDY EMHQ QA
SUREDEO\ KDG D VHPL DTXDWLF OLPHVMWOBRIO 3LFNIRWGFRQW
WKH PXFK ODUJH (SUWREGRPMUIRIVILE P B PKEXR IQWHIY H LV R
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NQRZQ IURP D VLQJOH VNXOO )LJ &HH® PR s DEDEW WR
WHUUHVWULDO OLIHVW\OH %|KPHLMNWVRBD VL %DOMXKENDRSIDGS LW |
YLHW QD RHK@WIDNVHDX HW DO NQRZQ IURP D YLRQGH PD
UHSUHVHQWLQJ WKH ODUJHVW VLYDOWID SMGORXQG WR GD
,Q DGGLWLRQ WR WKH QXPHURXV YIHRWWHEYDRXQBQIGQ LW k
'XRQJ %DVLQ D ODUJH QXPEHU RI GLDI®VR GW HVHQY W G/ SHHLFM
VWHPV OHDYHV UHVLQ VSRUHV RU SROOHQ )W\RF N D%DWF
IRXQG D SODQW FRPSRVLWLHRWZ\WKRW PDHILH G$ E R K WK W C
WKH SODQWY DUH DQJLRVSHUPV IROORY®® \ESRUMHYRVSHUP
7KH DQJLRVSHUP IORUD ZDV GRPLQDWHEREY\DERO CHODLOWF
3HULSRURSROQKQDWR VR DRBOHPQ EWE @ QK MWHVWHW DO
GLVFRYHUHG D VOLJKWO\ GLIIHUHQW S®RYW FRPBRQLW
DQJLRVSHUPV ZBoDHK IOL@QEB\G LSWHURFDUSY ZKLFK DUH QRZ
BRXWKHDVW $VLD IRUPLQJ JLDQW UDLQGKWWH\RY RMIHHV A
<DPDNXUD HW DO 0DXU\ /HFKR®G L&KLRQH W |[KPH HQ DO
LGHQWLILHG ODUJH UR\DO IHUQV VEZUW K N\NQ\RHZ) O BIRRB VDKM HRJ
DTXDWLF SODQW YHRIXWRERWKYXVRXQG GLUHFWO\ EHORZ WK

(FRV\VWHP RI WKH 1D 'XRQJ %DVLQ

7KH ULFK IRVVLO UHFRUG RI IDXQDHRQ®J\OROORIZVDZBAW
UHFRQVWUXFWLRQ Rl WKH HFRV\VWHP JRWWHK HO DBV HX RRFH ©
'\WRFND HW DO IRXQG HYLGHQFZHWR URW KN V8 W DR S FED
RQ WKH KLJK DEXQGDQFH RI OLJQLVF® DD\ AV R B WOHBXL@®D ¢
SURYLGHG E\ IOXYLDO GLVWULEXWSRKANR VOREZHE®J LWWRRRJ I
+RZHYHU WKH DEVHQFH RI FRDO VHDPWKIHQ 1W K M R@R UWIKWIL
VXJIJHVWY WKDW WKH H[WHQW RI| WKHGYVWRPWY HZ VR YSW RIED € (

7KH VWXG\ RI SDO\QRPRUSK DVVHPEODJHXUBENK MUR ¥ XS SRW
WKHVH ILQGLQJV 6WXGLHV E\ %|KPH WODW I GFRQFOXNLRI) W
SUHVHQFH RI GLIIHUHQW IDFLHV WXRHM I%0OULFD BV BV K/ZW |
HFRV\WWHP ZLWK DTXDWLF DQG W HTUDMLLFL B Q YH.Q RIQUPRHIPW
GLYLGHG LQWR WKUHH GLVWLQFW BQMHWRI@RH QDN H\K DIU BIF
SRQGV FOD\WWRQHV DQR[LF ODNHV ®BDW\YXOHWAW | LIHC
PHGLXP JUDLQHG VDQGVWRQHV :KLOHMUWKHZPDLRUAEDELONH
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JLIXUH)RVVLOL]HG SODQW UHPDLQV IURP'X\WKQ¥W JRURRL RED VIODWIHD (R
9LHW@DPUDJPHQW RI D IHUQ %* ¥ HHIIVHROIXPER *3,7 3/ & XQLGHQWLILHG

OHDI ZLWK UHODWLYHO\ FRDUVH X\QHBW®&WUIBLA@/OHDI ZLWK ZLGHO\

*3,7 3/ 6FDOH EDUV FP DEWMUBG DIWHU %|KP

DQR[LF ODNH GXULQJ WKH ODWH (RBERWH \BRIG EH®LRZH W WK
OLNHO\ UHSUHVHQW D SRQG HQYLUR®RH@WUWDKHDEDWE G ER
DQG FKDUDFWHULVHG E\ PHDGRZV RI ORWXV 7XGIDPBM\Q % |
YHUWHEUDWH EHDULQJ KRUL]JRQ ZKQLFKWGERQHIWRPHEK G B OIRG
WR DQ DQR[LF ODNH KDV WKH JU H®D WHWNVDERWHU \DLQ\G RD D F

in



UHFRQVWUXFWLRQ RI D IRRG FKDLEH$SWHKRXIRKHQRW P RO
ZKRVH VKHOOV GLVVROYHG LQ WKH (OFLG LS DHNHY VHRICRHQL
6FKQHLGHU HW DO 7KH\ IRUP DVX®E WRKRIGV O R X U EZK LIRKJ
SURYLGH IRRG IRU FURFRG\OLDQV %WWRHDHWHIOYLUR Q P HKQHW
WKH ODNH ZzDV FKDUDFWHULVHG E\ DADAWIRS ER WCHMVW L WKLV D
WR VDQGVWRQHY DV ZHOO DV E\ WKHDWHMNUIMWY RKIDFISORK
PDIJQHWLWH DJDLQ LQGLFDWLQJ BHZIBDW HW VDW XUDbMWHGEUUR
VWXPSV SUHVHUYHG LQ VLWX DOVR DO RHORQWO RY LWRON I
ZKLFK FRXOG EH UHFRQVWUXFWHG WR HRUMHGCGWXD G VWLRPDM
FDQRS\ KHLJKW RI P EDVHG RQ WUXQWH@MD P HW K WAK H KMLUM |
DQG KHLIJKW LQ PRGHUQ SHDW VZDPS ARUHKW WDV H @ GRX W B H
GRPLQDWHG E\ GLSWHURFDUS VSHFLHV 1Ib@ODV
(QIHOKDUW HW DO %|KPH HW DO

SDODHRFOLPDWH RI WKH 1D 'XRQJ %DVLQ

.QRZOHGJH RI WKH IRVVLO SODQW RRPBBVLWLBQVRI DK
LQWHUSUHWDWLRQ RI WKH SDODHRRPLEDWHG 7EK\HGH BRAHV R/
ZKLFK DUH NQRZQ WR EH VHQVLWLYR WRW QIRAIPDID ®\VJIJWK R
EHORZ f& DQG FDQ WKHUHIRUH EH IXAVHGE ROW ZD ISP R/[X B R U
FOLPDWHV 7RPSVHWW %|KPH BWHDOVVHVVPHQW EWO LI
VXSSRUWHG E\ WKH SUHVHQFH Rl FURGRGMHYMWD PWDQ DVKPX
WHPSHUDWXUH IRU FURFRG\OLDQV WR GDQ LMUBRBDRHH W V fZ8L W
ORZ YDOXHV DUH RQO\ LQKPEDQMIHIK ERKWIKH EIHHW VD GD SW H G
FRQGLWLRQV ZKLOH RWKHU FURFRG\@GDWLRRHWF L&R/OE Ui i W

+DJDQ HW DO ODUNZLFN SUBIVEHQFHKXV FPMRARG\OI
1D 'XRQJ VXSSRUWV WKH FRQFOXVLRQ BDL%MWGE RRF KS$VG RO
RWKHU KDQG WKH PDMRULW\ RI OHDYHV & D'YH DV HHU\D YWUHHC
FRPPRQO\ DVVRFLDWHG ZLWK PRUH WHPSHURWRWVOLPDWF
%DNHU %URVK 3HHW LOI 3HSBHVHW BW DO  %|KP
HW DO '\WVRFND HW DO VRPHWYHQR 2/ ORKV R H R X B ¢
WURSLFDO ULYHUEDQNY DQG ZHW WRLHQ/Z RRGU Q K D PY%HKWP B CH
DO HFRV\WWHPYV VLPLODU WR MW KBV RIHF B@WW Q XLFQV Y
ODWH (RFHQH ,Q FRQWUDVW WR WKHW OOPDWH HMWRPDDVH

io



DO DUJXH IRU D VOLJKW O\ FROUDHVUHFW R P\DXENW WZRDSLAF BVG
'XRQJ %DVLQ EDVHG RQ GLIIHUHQRY MW@X\BKH GS QK DQOWHF:RWPE
HW DO DOVR IRXQG VSHFLHV WK /YW ER\DUR § HF D @ V\R RL ¥
FRQGLWLRQV WKH SROOHQ FRPSRVADWLR @ PLQDOM B8 GE L ¢ SHM|
ZKRVH FORVHVW OLYLQJ UHODWLYH\PDDWHV | RORZG YIHQY WM
GLIIHUHQFHV LQ FOLPDWH HVWLPDW®\E EFRXQ® EW PO WHRV

ZKHUH RQO\ IHZ SROOHQ VDPB OHWH ZIHDU KK R R © QRIE RDAVGL

$UFKHORVDXULD RI WKH 1D 'XRQJ %DVLQ

7KH VXEWURSLFDO FOLPDWH RI WKHA RRWHVW1IDQ & RMZD AP W
SURYLGHG LGHDO FRQGLWLRQV QRWCREODPRD QAW Y HXW HEU
FURFRG\OLDQV WXUWOHV DQG ELUGV DB(KRPHGH®YWRLOLHG \
GLIITHUHQW FURFRG\OLDQ VSHFLHV ZLWK ®&LIBUHYQWRWPWR
PRUSKRW\SH D ORQJLURVWULQH FURRQGLORGW ULRJQHS KR WL
PRUSKRW\SH DV ZHOO DV ILYH WRZWRLI[DW X3DUWOWHU V R B FRKILVG IDUH
DQ&DQ *HRPH\AQAIKGWHKH EDVLQ +RZHYHU RI WKWOH VSHFLHYV
%DQK[HRFKHOWRWUWDKRIDQRXERHP\KKIDBWLHHHQ GHVFULEHG VR
*DUELQ HW DO )LJ

JLIXUBDQ JHRHPAGOQB[HRFKHOAY, W®DQL IURP WKH 1D 'XRQJ %DVLQ 1D
JRUPDWLRQ ODWH (RBHQRIUVD®BWEEW UQO YLHZ 6FDOH EDU FP

io



&URFRG\OLDQV

7KH GHILQLWLRQ RI &URFRG\OLD KBV FXDHYIHRXVY Q\ UWKHHQ.
FRUUHVSRQGHG WR WKH QRZ PRUH FRPPRQ RAOXKGH&EUREF
SURWRVXFKLD OHVRVXFKLD DQG (XVXFKQD &ODU&ODUN

ODUWLQ %HQWRQ 5LR ODQQLRQ@V VW LID@GD\GRMRH DWW |
RI &URFRG\OLD LQ WKLV EURDGHU VHQWHI BDUWERYV KW
%HQWRQ &ODUN DUJXHG LQVW&DRFIRM\ OKH DQV W IRH ¥ B
VHQVH %URFKX IROORZHG WKRGYLIHY D\Q & IGH IR RW\E E
DQFHVWRADYRDOLYV JDQJAWQE®YV $OOLIJDWRU PLVVLVVLS
'DXGLQ &DAERG\O XV (PXURMYMFLX V DQG DOO WKHLU Gt

WKLV WKHVLV , ZLOO IROORZ WKH GHILQLWLRQ RI %URFKX
7KHUH DUH WZR GLIIHUHQW ZD\V RIWEUWHHS PQL @& URKRD
GHSHQGLQJ RQ ZKHWKHU PRUSKRORJLFDHGRYLPROHFXEBH
JURXSV DUH GHILQHG DV IROORZV
D $OOLJDWR®RPGHWDLWWLISQG QVA® FURFRG\OLDQV FORVHI
QLORRMLBRWIHWLRNHMOO HW DO % URFK X D
*DYLDORLGHIQDWVWLFXWDWOO FURFRG\OLDQV PRUH FORVHO
PLVVLVVLS8SL HQ DIREE UREK X
&URFRG\ORL®HDAMIGEOWOO FURFRG\OLDQV PRUH FORVHO
PLVVLVVLEBYLIDYLNWAFXNVMVEXU\ :LOOLV % URFKX
JRQJLURVWUHY DV WKH OD\&W @ R®RIARGNE DK W WREXRD O O
WKHLU GHVFHQGDQWY +DUVKPDQ HW DO % URFK X
7KH PDLQ REVWDFOH WR WKH LQQHLD UNWOWWHRQMRDSWLF
EHWZHHQ WKH JKDQUHDMREKBY WKH IDOVRPLKIVRIADO VFKOHJF

¥ R B M L

0-OOHU ZKLFK KDV EHHQ FRQWWR/Y HHUY L'TH@ YRR IDHE R X W
'"HOQVPRUH ‘"HVVDXHU &ODUN '"HOQOVPRUH
7TDUVLWDQR HW DO +DVV HW [EO * DAWW/WHR/R KXW D OD
+DUVKPDQ HW DO -DQNH HW DOHH < DA MY /
SLR ODQQLRQ 8VLQJ PRUSKRDRUDPRQ GHDNDUMOIRXID G
EDVH RI &URFRG\OLD H J YURFKX HULFK%URFKX
'"HOILQR HW DO .RED\DVKL HW DODO -RXYH H
ODUWLQ HW DO 6KDQ HW DO DO O6DODSMRLMWRDGL H)

)L $ 2Q WKH RWKHDIOHLINREQG WR EH WK H RRMMWWHRIP DH Q)

ZKHQ RQO\ PROHFXODU GDWD RU D PROHFXODU
io



HJ 'HQVPRUH '"HVVDXHU '"HQVPRUKPDZY HQ/ DO +DUV
OF$OLOH\ HW DO :LOOLV D@QDNV : D O3DHU HHW D O
,LMLPD HW DO )LJ % 7KHWDRYWKIISVEOORWZ@MRWLF UH
TRPLVWRZD/ IXUWKHU VXSSRUWHG E\ VWXGLHV XVLQJ
PRUSKRORJLFDO DQG PROHFXODU GDWHB *BWWWMV HW DO

,LMLPD .RED\DVKL 'DUOLP HWHIFF®I QW O\ DEQ G/ WPXRGILHH V' X \
PRUSKRORJLFDO GDWDVHWY DORQH 6RRNLDV D 5LVW
5LR ODQQLRQ %RHUPDQ HW DO

Gavialoidea L.
Gavialoidea

Tomistoma

Longirostres
Crocodyloidea

Crocodylus - - Crocodylus
e Y

Alligator : & 8 Alligator

Alligatoroidea gF e o Alligatoroidea

JLIXUH6LPSOLILHG SK\ORJHQHWLF WUHRIQWKRZ3LRI BRI R Q@ GDHWL R IO DWWV
EDVHG RQ PRUSKRORJhFDOHGEDB\DDV R® RQ PROHFXODU GDWPHRRFBLQHG
HIWHQGHG PRUSKRORJLFDO GDWDVHWYV

$00 Rl WKH DERYH JURXSV KDYH VWUYHDHR &H\SRWWK KHUS DK
GLYHUVLW\ LQ WKH HDUO\ WR P L G3GHH O(RRFAHH@HH D @ 8 WHID DO H \
RI PD[LPXP JOREDO PHDQ WHPSHUDWXUKWNBLFN+XWHAKLERQ
% URFKX 'XULQJ WKH (RFHQH FURNRGWH DQODQIGYHG
QRUWK WR $QWDUFWLFD LQ WKH VR XIMKO LW W HW L O-ZHAOFXK L
% URFKX ZKHUHDV WRGD\ WKH\ DNOIGI R/XE & RRDLFIDD Wt
HJ 7KRUEMDUQDUVRQ %URFKX $VLE LV RQERRWRADV
KRWVSRWY IRU FURFRG\OLDQ GLYHUWWH VESFHKEH\HHW RFVE XOUU L
D KLVWRULFDO VE&URH RGDO KV ISHOXRY UEVRFRG\OXV VLDPHQ"
BFKQHLGHU &URFRG\OXV SREHRWXGHU * JDQJHWDRXV
7 VFKOH3R@HYHU WKHLU KDELWDW KDV EHHQ BHGOWWWOLHY
HJ 30DWW 7UL 7KRUEMDUQDU®R®W DO 7KRUEM

io



BWXDUW HW DO BWXHELQJ HW DOH]XLM HQ GIKV HDAD D O
'HEE HW DO ) KW K KDRELDH $WRSXODWLRQ L
EHFDPH H[WLQFW DURXQG DQG ZUH PL/MQ WQIR S0 BRML\R R
LQKDELWLQJ PHUHO\ WZR SHUFHQW MINMKHHLWYW DRUPHU |
BWHYHQVRQ :KLWDNHU DQ& \8R B XVYWWDDIRIEW ZQY RIQ
&KRXGKXU\ GH 6LOYD ,Q SOHD/@ DB X QUK H DFW PR
VXIITHUHG VHYHUH ORVVHV LQ UHFHQWLR®Y¥DIGIHWH BRG ODLS
&URFRG\OXV SRBEDEQ®\ EHFDPH H[WLQFW LQ WKH ZLOG
7KRUEMDUQDUVRQ HW DO 6MAX CDUON HW DO D Q GHEEO
IHZ UHOLFW SR& XOIDDWPHEDM WRHPDLQ LQ WKH VRXWKHUQ SDU
30DWW  7UL BWXDUW HW DO %H]XL MHIK HW DD
SRVVLEOH RFFXMFHKQRHH®DULHWQDP LV TXHVWLRQDEOH DV R
IURP LV NQRZQ EXW WKH VSHEFLHVQPDLHINHDIOP KDY K LNV[W
WLPHV 6WXHELQJ HW DO % H ] XSLOMMIQR MWW DQORW GLUHFW
IURP 6RXWKHDVW $VLD D VL[WK VSHFHBQD\XW X RKXWK VAL IV
,LMLPD HW PIDQ\XVXFKXV ZDYHDWIDWJIJH JDYLDORLG WKDW Ol
RI VRXWKHUQ &KLQD XQWLO KLVWRUHfQQWWP BV R X®GR U
,LMLPD HW DO
'XULQJ WKH /DWH &UHWDFHRXV DQG SRBDDWWJIS\QUD ZDVWK R
WR D ODUJH QXPEHU RI GLIITHUHQW PODRRUGAWLRQ WKHB ZHKU

LQ &KLQD 6XQ HW DO ZKLOH H/®& FPHD \R WIKIHDJO ZIHVO B (B\H
IURP VLWHV LQ O\DQPDU 7KDLODQG DQG 9LHWQEP 7VX
ODUWLQ /DXSUDVHUW %|KPH HQVHDAD DO D ODKHWVIR)Y

UHFRUG RI FURFRG\OLDQV LQFOXGH\S®PBICH\VGILU RPU & IQMD B GEDHC
WR D JURXS FDOOHG 30DQRFUDQLLSBEWDRIEKHYOMR VKIDIE (R
(XURSH DQG 1RUWK $PHULFD %URFKX H JURMXSH RIR WL MH
SK\ORJHQHWLF WUHH LV XQFHUWDLQ LVHRWBG L @K RQ DAKH. Ak
FRQVLGHUHG D VLVWHU FODGH WR &UBRFRGYWRILG HD D G $iC
/IRQJLURVWUHY RU HYHQ RXWVLGH &URFROVHY %URFK:
5LRODQQLRQ 30DQRFUDQLD GDWDQJHQIW@®DQRFUDQLD
KHQJGRQJHQVLY DUH ERWK ZHOO SUHVHUYHG IRVVKBV IUR
IRUPHU LV NQRZQ IURP WKH 3DODHRFHOD QBRGRQK DIV RRUPE
DQG WKH ODWWHU IURP WKH (RFH@®DQLBYXBYQQPFRUPDWLRQ F
% URFK X



7KH IRVVLO UHFRUG Rl &URFRG\ORLGGIDVLR QD WKAHRU WSIDRU
IURP &KBYDDWRVXFKXVORERNQJHULIURP WKH (RFHQH ,UGLC
JRUPDWLRQ Rl ,QQHU ORQJROLD D Q4L KWK GIR VRQMKXWY G\R X
%RHUPDQ HW DO IURP WKH 3DODMRRHRQRI:PQHKX BXR Y E
$VLDWRVXFKXWHBDBYHQWYV W EMLIORCRMWERIKRY SUHVHUYHG
RQO\ RQH SDLU RI PDQGLEOHV 4ZKRRGUWKHHVB\GMWYLRQAURP
MXYHQLOH LQGLYLGXDO ORRN % HWR HUP D @ XHQVHINO D O
$QRWKHU SRVVLEOH$FURWRYYFKIXY LQPRMOQLDIHQVILWRP WKH
3DODHRFHQH 6KDQJKX JRUPDWLRQ LGRRIXWRVLQ RHK L ORANY
WKLV PDWHULDO LV YHU\ I[UDJPHQWDIJ RQO PRQGLEWM R
DVVLIQPHQW WR D VSHFLILF JURXSW OPRVW LP % RMV LDE® H
6KDQ HW DO

7KH ODUJHVW IRVVLO FURFRG\OLDQ JURDDSLIWBP QDYDWRQ €
ZLWK ILYH NQRZQ VSHFLHV IURP &KLQDJDQG ZKQF K WORF H& D
WKH /DWH &UHWDFHRXV WR WKH O DWMMHURLFQ Q D %X QDN W UD\D

BNXWVFKDV HW DO ‘DQJ HW DO 6KDQ /HWHWODO
‘X HW DO 7KH ROGHVW L Q ®GUNHDEXID OWX E ® XW K®IDIINXS) |
/L HW DO yLJ $ IURP WKH /DRVH  BEHWDWHR® VR LD Q[

BURYLQFH (XKLEBSKDORVXFKXVXBQQDEQVLYV )L % IURP
IDWH &UHWDFHRXV +HNRX JRUPDWLRQ RROD®ZHG3HR WIKHF B F
SUHVHURDBIGOLIJDWRWR¥®XQ\LL )LJ & IURP WKH 3DODHRFH
JRUPDWLRQ RI *XDQJGRQJ 3URNWRBOOKIDRW RIDEEXLQLQJIHQ)
)L J ' JURP WKH 3DODHRFHQH :DQJKXGXQUBRUGPWLRRLA
:DQJ HW DO J)LQDOO\ |URRRWKMHQOAD WHKERIP QX D O
)LJ ( TURP WKH <RXJDQZR )RUPDWARQ ® ILW KX DO RPR
BURYLQFH &KUPELDRBKXV VLDPRIWD@LARXSUDVHUW )
IURP WKH .UDEL %DVLQ LQ 7KDL O DWKHDIK\ ONRIRZAIH VBIOFV S BV
WKHVH WD[D ZDV XQFOHDUY MP® \MRPBIQ@EDNKXQ\ZHUH
VRPHWLPHV UHFRYHUHG DV FURFRG\ORDGV :DQJ:HWKDWKH
GHVFULSWURQRIDORVXFKXV GIDVGHRROIVHT QA VD O IURP \
'XRQJ %DVLQ RI 9LHWQDP WKHVH WDQR SZKHAODH WIQR 11LUIHRSX 5 QM
2ULHQWDORVXFKLQD VHH 5HVXOWV 'LWROHVYURRS ZBW OR
VXSSRUWHG E\ VHYHUDO DXWKRUV 6KDHW HBVO DO E
X HW DO



JLIXUHCRPSDULVRQ RI RULHQWDORVXFKW@HVLRIYBRPWVE G G DOVR M VEKHBDWD F
ODWH (RFH®@KI[LVXFKXV QDQNBQUIHQVLMIRP WKH /DWH &UHWMRHHREXV R ¢
DIWHU /L HW B QXU\FHSKDORVXFKXV,9B®DOQODHQVILVRP WKH /DWH &UHWDF
&KLQD DOWHUHG DIWH& (ROBOLDDWRIWBFXEQ\LL IURP WKH 3DODHRFH
&KLQD DOWHUHG DIWHU 'DQ@QURWRDOOLIJDWRU,9K8BLQLQIJIHQVRY WKH
BDODHRFHQH RI &KLQD DOWHUHG DR @ HWD:@RMXH WX OK V X)L

IURP WKH (RFHQH RI &KLQD DOWHUHG. DDWHWXBEKRQ VMDD PMBOED OOLF XV
IURP WKH (RFHQH RI 7KDLODQG DOHUEPY ( OOFPWLQ ©6F

&RPSDUHG WR WKH DOOLIJDWRURMWRPLIZHYUDRRSEGCMU R UWDKII
SDODHRJHQH RI 6RXWKHDVW $VLD )UYHG PIKWHUQOOZINR® &

An



JLIXUH&RPSDULVRQ RI WRPLVWRPLQHV RUD(DVRPDWIGHG6A RW KHORVFWM Qs W
$ ODRPLQJIJRVXFKXV SHWURAQURPVYWKH (RFHQH RI &KLIQDQ HOWBIQ@HG DIWH
% ODRPLQJRVXFEKXWE5& I[IURP WKH (RFHQH RIDTWBIUO OWGW ID@D W WUB G

& SHQIJKXVXFKXY03DBQL I[IURP WKH OLRFHQH RI 7DGEDQ HDMOWBHUHG DIW
' TR\ARWDPDSKLPHLD PDEXKENDQHQVURWP WKH 30LRFHQH 30 WDIOMHRFH® H R
DIWHU .DWVXUDBDQ\XVXFKXV VIQHQVLVIURP WKH %URQ]JH $JH RI &KLQD

DIWHU ,LMLPD WWRIPQVWRPD VFEFOQABJIJHOLUURP ,QGRQHVLD ODOD\VLD DQ
6FDOH EDU FP

EHORQJMRMLQIJRVXFKXV SHM(UROLFXVJ $ IURP WKH (R
<RXJDQZR )RUPDWLRQ RI WKH ODRPLQJ 9%DRANIQQFHQ
6KDQ HW DO $GGLWLRQDO PHDVDNWLDQHRI VDR WRRH VY

ODRPLQJRVXHKXV % LV NQRZQ IURP WKH (RFHQH .UDEL ¢

A



ODUWLQ HW DO D 7RPLVWRPLQHV DURIFRRHHREDRPRRY
ZLWBKQJIKXVXFKXoKBQQHW DO yLJ & IURP WKH OLRF
JRUPDWLRQ RI 7DLZDQ DQG HVSHFLZDOU®B VI ZR W KV B HD O\ /S
VXFK TRARWDPDSKLPHLD P D.FOKPLHNLD Q GIW Y X P R W R )LJ
VHYHUDO 30LRFHQH 30HLVWRFHQHDIRFDOURHEWDRQ\ -Di$PIL
7R\RWDPDSKLPHLD WOLNDMRFXVY I|IURP WKH 30HLVWRFHQ
+ VLQHQWLV ( PDLQO\ IURP WKH %URQ]H $&HIRQD/RXWW K b
HIWDIQWFKOHYIHIOLL) IURP ,QGRQHVLD ODOD\VLD DQG %UX
.RED\DVKL HW DO %H]XLMH® BI® DO , MIWVRL RIDV HD O
&KR 7VDL 7KHVH WRPLVWRPJHQ H\K DKW \LYLDB HUARXU® D
IURP VPDOO VSHFLHV LQ WKH ODWH (REHRP WIRHPXFXF @O}
RQZDUGV )LJ 7KH UDULW\ RI WRPQHVRIP (MHNV $ QLD KV 3
H[SHFWHG 7KH PRVW EDVDO WD[D RO\WNKGR ZQRNR P UWHK N RC
3DODHRFHQH HDUO\ (RFHQH RI WKH ZHVWHHDWQB 7A(KWRSH Ul
ODURFFRVXFKXV }IRQABURL :RXWHUVHQWLVXFKXV VSHQF
>%XFNODQG .H@VDWOGFKXWPYMWUHL DQG WKHLU HDVWZDU
RFFXUUHG RQO\ LQ WKH (RFHQH H J %URRKXH HW IL@DV H
“RXYH

,Q DGGLWLRQ WR WKH DERYH WD[D Q\H DHUHDNMQRE&AHURR (Y
DQG 6RXWKHDVW $VLD EXW PRVW DUBHIDNVMWHQWO UWR\ D
SDUWLFXODU JURXS 7KH PDMRULW\Q® WXE VHHWI POVLOV D LE
IXUWKHU HQLJPDWLF PDWHULDO LQ RWMH URQPD@| ERIQHW \
IUDJPHQWY DQG LVRODWHG WHHWR&LIEHORQWL. 6 U R¥FR ®\U LD
KDYH DOVR EHHQ IRXQG LQ WKH ODWR WPRLBWIORRQ (RF HQIMHQ BR
7VXEDPRWR HW DO D E 7KH PQWHKHLPRUG KRR\ \PRIL\Y |
2QH WRRWK W\SH KDV D W\SLFDO FOR FRKCH R\D IQHRIRKISBWK POJR 3
PRUSKRORJ\ ZKLFK LV VR IDU RQO\ N QFSHF IPHRVPHD Ul M X FRKUXR/F
YRUD[TUR[HOO %RYKULVXFKXV PRKQLIURQMXGE QN DSBS
IDQJVWRQ OROQDU :LOOLVWR E E H%H/R BKOX

7KUHH GLIIHUHQW PRUSKRW\SHV RI FURFRGURPD QYK H D DH
'XRQJ %DVLQ LQ 9LHWQDP %|KPH HWDR QHZ VSEHFARGY JILQ & U
ROQWRJHQHWLF VWDJHV VHH S 7 WVHK FBVHHW B U R FIIS G GOIVIFQV
SRVLWLRQ RQ WKH SK\ORJHQHW IR RWAUKHHU WXHIE IUH W HRO D (DL
BRXWKHDVW $VLD DQG WKH UHVXOWI@UFOIQ RPREDR B BIHRQ H LF
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| Toyotamaphimeia machikanensis

[ Penghusuchus panil

[ Tomistoma schlegelii|

[Maomingosuchus spp.

E
*— | Protoalligator huiningensis|
*— [Dongnanosuchus hsui]

G
?—- |Krabisuchus siamogallicus|

JLIXUH6L]H FRPSDULVRQ RI VHOHFWHG VSHFQLE \RBLMRPDORRRERQHYH S (
D KXPDQ RI P &ROXPQ ZLGWK P

PDLQ WDVNV RI WKLV WKHVLV 7KHRGREBUHMOWDRR VKIF KX
QDGXRQJHRAYLWW VS QRY DQG WKH GLVFRY HFWRRR G\ & L BVE
JURXS 2ULHQWDORVXFKLQD ZKLFK VRWDWSHRESVLWDNVZWIO
WKH GLVWULEXWLRQ RI HDUO\ BOWKHNMR URKIE VF IDLSHWSIIU V
GHVFULSWLRQ RI D QHRRWR®ILRWRPKLOQH DFXWQRRVWQ GV WK

-
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GLVFRYHU\ RI VHYHUDO GLVSHUVDO HYHQWR RDWWR BNV Y ROR
DOVR SDUW RI WKLV WKHVLV VHH FKDSWHU

%LUGV

$SDUW IURP FURFRG\OLDQV DQG WXUWQUHRKSERU G SDVMLFD
FXUUHQWO\ NQRZQ IURP WKH 1D 'XRQJKRBNERD @M QR DR
VIXDPDWHV KDYH EHHQ IRXQG XQWLIDUBRZOHRUON O3 HQ QL
ELUGV ZKHQ ORRNLQJ DW IRV VLONWWIX HE IH] B FD\F \® M DLADQ WILL\R
EOXUUHG OHDGLQJ WR VHYHWHOWGHUIH JEIQW B H1D RW\W LR Q V
6SHQFHU *DXWKLHU 4XHLUR] 0R G HY WMK L \$ QVGHHW/ Y
, ZLOO XVH WKH GHILQLWLRQ JLYHQ §\ *DX®NKH W W H 14DUAL W
FURZQ FODGH VWHPPLQJ IURP WKH PRVW DWEWQW XMRAARR Q
FDPHOXQQDHXYV 7 LIQ-DWPUSGLRYHD RER D M RRIH O L Q DQG
1IHRJQDVOKDKM XU JW\GRBM XV q

7KHUH LV IXUWKHU GLVDJUHHPHQWVDEREDW IMWRKH RR IALR G @ WD
7KHLU RULJLQ LV VRPHWLPH LQ WKH % UMD/QDFHRMNRW WXW (D

&UHWDFHRXV &RRSHU 3HQQ\ (ULFWRQ PA\V NHQ +
-HW] HW DO /IHH HW DO <RVRHWEB HDWB&UHWD|
/IRQJULFK HW DO &ODUDPXQW D&UDFUDIWUW K HUWRHPU K

LV XQFOHDU ZKHQ WKH GLYHUVLILFDRIPRIQ DXIWKIRUIG/ JRJRIXKIAV
GLYHUVLILFDWLRQ GXULQJ WKH &UHWDIFFERXNMW&R REBHINH U3 H C

/JHH HW DO ZKLOH RWKHU YV LER @YX HG3DUO G HRH H QHI LDA DM U
HIWLQFWLRQ DW WKH HQG RI WKH &UHRMDARHRXVODV PRV
/IRQJULFK HW DO &ODUDPXQW G@GUDFUDIW 3UXP H

JURP WKH /DWH &UHWDFHRXYV 3DOHRJHNM R G BDEAGW Z EE PGV
JURXSVY 3DODHRJQDWKDH DQG 1HRJQDWKD BD ¥X V \&HONDQURNRH
6RUHQVRQ HW DO [LYH]H\ AWXVL&UDFUDOWUDP X
<RQH]DZD HW DO OD\U SDOPRGIRVQDWEKVWEQRBUHVE
DUH PDLQO\ FKDUDFWHULVHG E\ D FRRR\GV DILWGFXDODDWHAIGQ A
VNXOO YLD D EDVLSWHU\JRLG SURFHVV &WDFUDIW
%DNHU HW DO OLWFKHOO HWRI@QDWKV ORQUWKH RWKH
DUH FKDUDFWHULVHG E\ D PRELOH MQGOSWHNWARH KBQDW KHD §
UHGXFHG EDVLSWHU\JRLG SURFHVV +XHRNQDONVKY DUMDWDUCL

70



GLYLGHG LQWR WZR JURXSV *DO O RD@\WHUD R RPE® L1HIRDIY WK
RI DOO ELUG VSHFLHV (ULFNVRQ HW DO®GW] HW 0DOU
. XKO HW DO &ODUDPXQW &UDDFUDIW +X HWUX® HW L
%UDXQ .LPEDOO
:KLOH RQO\ D IHZ VSHFLHV EHORQMW BLS\D G HVRK B VB IS R\
OLYLQJ ELUG VSHFLHV EHORQMU ®\R WKR FFROMKGLPBUNYE
RI WHUUHVWULDO YHUWHEUDWHY +IUOLGXHL#RQDVRQ

(ULFNVRQ HW DO 3UXP HW DOOD\U +X HWRDW RI WKH
VSHFLHVY DUH IRXQG LQ WURSLFDO UDLQIRUHVWYV ODF
/IRLVHOOH %ODNH 6HNHUFLRJOXVW $VLDR&RYV WOR OW®

QXPEHU RI GLIIHUHQW VSHFLHV RYHW SURDRWGWKBRQ WK H X
VSHFLHV WKXV OLYLQJ XS WR LWRWYBRMW D&R 0 KEL R@/L DU
5REVRQ +RZHYHU WKH QXPEHUWRRIR\D\H. OV YHRR WITHU
FRPSDULVRQ
:KLOH WKH DYLIDXQD RI WKH OHVR]RIXV HWSHHRDDOY W\
VDPSOHG VWXGLHV RI ELUGV IURP \RK I8 R3O DHIRVFW GBHY IDIQ B U
OLPLWHG .XURFKNLQ 5LFK HW+RX HW DOHVVRYOD\U
=HOHQNRY .XURFKNLQ +RR\GH B VB (DHOV HU Y H G RWV L

PDLQO\ NQRZQ IURP WKH 3DODHRFHQH FOM® (REE RKIRQPDQ GH
LQFOXGH VSHFLHV DVVLJQHG WR $QVHULWKH\H V*USDL0 R LRAH
DQG 6WULJLIRUPHV +ZDQJ HW DO FKORQU HWN IO
:DQJ HW DO 0D\U HW DO 6 WAIGIKRD PHW 1D.0
+RRG HW DO =HOHQNRY D FED WHAK DWW IIWIRFP WEW OB F
NQRZQ IRU *DVWRUGRWKHIARQRNV[LFKORXQHQVLVURP &KLQD
% X1IHWDXW D PHP E H U3RIR S\URRS/DARSAOXRBME BB R WA L
IURP 6XPDWUD DQG D SXWDWLYH PHPERP RIKAKBRIQEDRQ
JRUPDWLRQ RI 0\DQPDU 6WLGKDP @WVROWKH QH RY MIB/GK W
PHQWLRQHG DERYH VRPH SDODHRJQ DDAV (DV VO RYE WKL G
NQRZQ IURP WKH (RFHQH DQG HDUO\ 20NHRAFHMDH RI O0RQ.
+RRG HW DO OD\U =HOHQNRY GDWGOD\WRZHYHURQR E
DUH NQRZQ IURP WKH 3DODHRJHQH RVI9Q HWM®DPQB QRG WKH RF
DYLIDXQD DUH IURP WKH 30HLVWRFHRHA/ROE UHSUHVHQW P
*LYHQ WKH UDULW\ RI IRVVLO ELUG WRH PBIRDQWK HOR/PN WSK/HL DX
JHQHUDO DQG WKH FRPSOHWH ODFN RI V®&FXD G MWLFROHDWL H
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IUDJPHQWDU\ UHPDLQV FDQ PDNH DQ ROPLSRDWREZQWGHER QR UV
DYLIDXQD RI 6RXWKHDVW $VLD $ VRBWDK GUV\D ® ISD BW HRy
PHPEHU RI 1HRJQDWKDH ZDV IRXQG LTKM IGH\ PU'LXR/QLIR @ DR/
PDWHULDO DQG LWV FRPSDULVRQ XQ VDK G [B?MDERN DI & CEW UG V!
WKLV WKHVLV VHH FKDSWHU

I XUWOHYV

7KH VSHFLHV ULFKQHVV Rl HIWDQW W X®&\WOB Y VI DUKH [FHH 1
FXUUHQWO\ WD[D GLYLGHG LQWRVLR Q36 AM¥BENBBBLHV DR
RQ DOO FRQWLQHQWYV H[FHSW $QWDUFWBHL DIMHG RLFH DX
7XUWOH 7D[RQRP\ :RUNLQJ *URXS

7XUWOHV RU WHVWXGLQHV DUH GH ILQBI\G BN KR\F R OHOAD B'OW
FODGH FRQWDLQLQJ WEKH O SBRHWXURQ@RYEAX GRPEULDW XV
6FKQHLGHU WKH 7WURRJRAKLID QMHYOMX GRRUL X QI X LV
YRUVNNRO WKH D P KK HRKRHIRD L DIQYBIYOAX PRG D V
ILQQDHXV DQG WHKRHWWHKGRX CULQREB X V T 7KH WXL
OLYLQJ WRGD\ DUH GLYLGH&ULRDWRRSQEKFH X X E @GR\ H W
DO 'HUQHEXUJ HW DO )HULRNEHDHWWDDO
7XUWOH 7D[RQRP\ :RUNL@UYSWRSLEBILQHG DV pWKH VPDOC
FODGH FRQWDLQLQJ AWK XGHRY WKRDR XE WKH FKHOF
&KHORGQRWL JL DIDDWXB\REDV/LQQDHXV WKH 7WURAQ\FK L
R UL JLQHDVOMDIGRL X¥/Q )RV N n O W K H. INQ R\RW MBHVRIR Q® O O\
7THVWXYGERUSLRLQWDHXV DQG WK H CRIGRIDL GIDREWO\G R
VHUSHQM Q@M H XV T -R\FH HW3DGIXURGQSMXUQ LV GHIL
DV uWKH VPDOOHVW FURZQ FO D @H HOR®N DILAOHNVONGR] F K
ILPEULDBFXWQHLGHU WKH 3DHERR P IGORURLIE DH\OWDX G R
VXEUXPPRQQDWHUUH DQG WREBRSRERLQHPCPRDY O\
H[SDQWFKZHLJJIHU 1 -R\FH HW DO S

7KH IRVVLO UHFRUG Rl WHVWXGLQHVH H[BW B G\X UDHO/Q F
(YHUV %HQVRQ 7KH RO GHQW OMHXREEGARRIRHP\V
R[IRUGLHQMWYWH ,WXUUDOGH 9LQHQW IURREWKH /L
-R\FH HW DO &DGHQD -R\FH DW LV/WH RXHKRM WIR EH W
PHPEHU RB8DMK&U\SWR®DMSLGHUHWHRX @L P DEKR Z IURP

~

0



&KLQD LV PRUH LQGHWHUPLQDW HU FEX W KNHL P H GHB/QHL PYOMMDHAY L
(DUO\ &UHWDFHRXV OH\ODQ *DIIQH\ 7RQR\AW BW DO
(YHUV %HQVRQ &URZIHGBUNPRGODBBRUG QWL IURP
1LJHU DQG FURZQ FU\SWRGLUHV IUDJPHQWHRUDSYMHP WL
DSSHDUHG VRPHZKDW ODWHU LQ WKH DRLEBH\OHW(DDUD\ &UH

-R\FH HW DO &DGHQD -R\FH
&U\SWRBQGHYOHXURGLUHYV GLIITHU LQ WZR PIDAWLRDQ\\D QE O
SHOYLF JLUGOH PRUSKRORJ\ *DIIQHY HWWDOO “HL
LVH 6WD\WRQ KLOH FU\SWRGLUWYXHPRWYWHW\ILKDBDU SQ
SOHXURGLUHYV LQVWHDG SHUIRUP D KRULHRQWDO PRYHP
$QTXHWLQ HW DO )XUWKHUPR U\ SWKRG [SHDY ULV JQ R

FRQQHFWHG WR WKH FDUDSDFH DQGDYOMKA UIRWG B\HI IRO [SROHHQ
LV ILUPO\ DWWDFKHG WR WKH VKHOOHU® MW\ DIOW DO
'LVH 6WD\WRQ &U\SWRGLUHV DUWH WKH WRRHJGRRS
DFFRXQWLQJ IRU PRUH WKDQ R 1R PAQDEQ MQ VI SIHH/LKHAD WDHUG |
DQG WHUUHVWULDO HQYLURQPHQW\GLQWRKSH $ PIWEL EDW K $IV IV
VSHFLH&DUHWWREKHO\V 5D@VBXOSWD DOVR LQ $XVW
'LVH 6WD\WRQ JHUUHLUD HW M\ORUNL QUIXUIRXIS 7D[RQ
30HXURGLUHVY RQ WKH RWKHU KDRWH O LKBIEWWRBWYV R@OW K&
+HPLVSKHUH EXW ZHUH DOVR QDWDYV H RIRV RV OHUKIDE/L VIDII\R
ZRUOG GXULQJ WKH &UHWDFHRXV DQG &WQR]RIDUFDIIQH\ H
'LVH 6WD\WRQ JHUUHLUD HW PR\ :RUN L7QXU WUARKK S D[R
BRXWKHDVW $VLD PRUH VSHFLILFDOO\WKKH +QPERO BVDW/P D Q
WKH *DQJHV UHJLRQ WKURXJK VRXW KHHD &IO) QD W RV KO GIRL
DEXQGDQFH RI GLIIHUHQW WXUWOH IWDKRDFRELWHKH HQSHIPL

OLWWHUPHLHU HW DO 7XUWOH 7D[RRKRNL GRHUWNIQQIWK R >
RI WKH FRXQWU\ 9LHWQDP KDV WYXW WKLDKHVW VELZDHUH/W WAXR
WRWDO RI VSHFLHV ITURRHRYGLGDEBW VMWHBHYMWSOEH- QLGDH

7TULRQ\FKLGDANLQJ HLJKWK RYHUDOO LQ WKH ZRUOG (
7TXUWOH 7D[RQRP\ :RUNLQJ *URXS

*HRHP\GLGVY DUH E\ IDU WKH GRPL®BOQWWVXWMOBQI R KIS W
IROORZHG DwW VRPH GLVWDQFH E\ WULRQ\FKLGV
7TXUWOH 7D[RQRP\ :RUNLQJ *URXS U JKBWSPDSIHNL V& H. \O
XQLTXH VKHOO PRUSKRORJ\ 7KH FDUDSDRHGRKHS O DDWN I
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VEXWHYV SHULSKHUDOV DQG S\JDOV OH\ODQ oL
-R\FH /\VRQ 7TKH FDUDSDFH LMDMHOV FIRQ@ DIOWHU R P WG E
GLVF SDUW DQG D FDUWLODJLQRXYV SDUMNBD W LWIKIH IR Q BH LIQQY
EHWZHHQ WKHVH WZR SDUWV YDULHVRVHD/NVORRHRPSHM G HIFY |

ILVVHP\V SXQBWISNB H WKH FDUWLODJLQRWKDSD WWQ@F |
SHUFHQW Rl WKH WRWDO FDUDSDNH 1@ HRUDMK D ZKKESHDNQL
*HRIIUR\ 6DLQW +LODLUH LW R FEIX B DHPWR\DWP X FKHO B H QF

WKH WRWDO FDUDSDFH OHQJWK OH\ODQ
7TULRQ\FRUGDM KLIJKO\ DTXDWLF JURXS WKPRBWHUQRIZHIIRK &

$VLD $IULFD DQG 1RUWK $PHULFD -R\FH
7XUWOH 7D[RQRP\ :RUNLQJ *URXS WKRIZ HZYHHUH B Q@ FW KAHR B
ZLGHVSUHDG DQG DOVR OLYHG LQ $$HSPHVUUPDLD|KRBRSH D
O9LWHN -R\FH -R\FH /\WVRQ *HR UWIHROULND O LRAFH

3DQ 7ULR\QFKLBOH KQEDKGLQJ WKH VWHP WD[D FDQ EH GL
OLQHDJDQ &\FODQRDEI®BDE 7ULRQ\FKOL@®HD WKLUG OLQ]
30DVWRPHQ@K&BK KRZHYHU EHFDPH H[WLQFW LQ WKH (RF

/\WVRQ HW DO -DVLQVNIH HRD ®VW YDOLG
WULRQ\FKLBU MRINJU JA]HQVHVYVRY 3HURFKHO\V ODPDGRQJF
/L HW DO 3HURFKHO\V KHQ IWKID@NFRDQ VHW DO GDWH W
&UHWDFHRXV RI $VLD 'DQLORY 9LWHN EXW WWKHQNPDRNV HWI
WKH SK\ORJHQHWLF WUHH KDV QRW EG®GHBWIX®D®M\ UHVR

*HRUJDOLV -R\FH -R\FH HW D@UH D O:XWIDH QWKHEWKHHR) R
VLWHYV IURP WKH 8SSHU &UHWDFHRXYV R &HQWUD
HJ 9LWHN 'DQLORY '‘DQLOPQYLORYWHW DO

%ULQNPDQ HW DO *HRUJDOLV -RHHAHHV | URWL WHWH

3DODHRJHQH DUH PXFK UDUHU

7KH RQO\ WD[D QRW DVVLJQUHERWRXKKHPIMQOXIVOPHRFHQL
'DQLORY HW DO )LJ $ IURW HVEBIODKIRFHHVQ HD R OR
DQGD]LQGHUHWH V+WB & K\WQD/Q V yLJ % IURP WKH %I
(RFHQH RI 3DNLVWDQ *HRUJDOLV -R\F® IURP BWK{ HW.IH R XD
FULRR\[L FULRRIWHJIDUEX®PRUH JLITULRIMRKQVRQL
*LOPRUH JLIULRTOWQFKXKBKLYV yLJ 7 ULRR \li
LPSUHV¥MXK )LJ ) IURP WKH (RFHQMVRIL&ERUDIDHDV ZF
&KNKLNYDGI]H )L J * JURP WK HQHR RH QD] DIV MDLQY PRHC



JLIXUH &RPSDULVRQ RI SDQ WULRQ\FKLGV $ML DD YWR D QK H RIHXDNDKDHTRVIW

$ . XKQHP\V SDODHRFHQLFD IURP WKH 3DODHRFHQH HG3 ORWHROLD
'DQLORY HW BOUD]LQGHUHWHY "8BWE&\HQVIWRP WKH (RFHQH RI 3DNLVWD
DIWHU +HDG HW: IO LRTUYHJIDUS XM+ IURP WKH (RFHQH RI &KLQD DO
*LOPRUH ' 7ULRPMRKQVRQL+ IURP WKH (RFHQH RI &KLQD DOV
*LOPRUH ( HBULRTOLQFKXH®EBVI IURP WKH (RFHQH RI &KLQD DO
<HK ) AULRMHSUHVIWRP WKH (RFHQH RI &KLQD ¢ :POMRFDIQD-HR\FH
=,1 3+ IURP WKH (RFHQH 20LYRFGIQBORMHIDHGNBEMVHU 9LWHN  'D(
+ AULRPRPILOXVFXQ3XA$6 = IURP WKH (RFHQH RI UB®NBEWMDEO I
&KNKLNYDG]H 6FDOH EDUV £P $* DQG FP

7T ULRTPUQXVF X&OXNKLNYDG]H )LJ + IURP WKH) (RFHQF

9LWHN '‘DQLORY *HRUJD O LW L RFRRPSHU HVMORPU WKH
i



ODRPLQJ %DVLQ RI VRXWKHUQ &KLQD QM RROD \DFRZ QPISULF
*HRUJDOLV -R\FH EXW LW QHWHRQ/EHW® B VR/QUIKRPHW K
(RFHQH %DUWRQLDQ WR 3ULDERQLEQQWIUDMW BDICD RWKK I6
VSHFLHV DQG VSHFLPHQV IURP WKH ODWH DRIVWHEWLWH &REGD
=KHMLDQJ 3URYLQFH RU HDVWHUQ F HQW UDRR & RGN HAVHHY
DQG WKHUHIRUH FDQ RQO\ EBDQLBGUHRML FIHESHDYV
*HRUJDOLV -R\FH

$V VXPPDULVHG DERYH WKH IRVVLO UHFRD® RH RSIH® W R F
(DVW $VLD LV VSDUVH 2XU NQRZOHGJH RURWXH U R B UMK/H @\
(RFHQH LV HYHQ PRUH SUREOHPDWLFLY\8 WKHHR @B G @D MHKGF
VLQJOH LPSULQW ,Q WKLV UHVSHFW VWXL ILIF DXQRWQ F REDV U D
WKH WXUWOH IDXQD E\ SURYLGLQJOXD/GW RO Z HOHY SASHHFHL ¢
3DQ 7TULRQ\BMUAMMWRFKHOY EMENS QRY 7KH GHVFULSWL
VSHFLHV LWV SRVLWLRQ RQ WKH SW\R®V K QH WIRF RWKHU DQ
IRVVLO VSHFLHV RI (DVW DQG 6RXWKHDNW BKRBWKNUSDUW R

L QVWLWXWLRQDO DEEUHYLDWLRQV

$01+ $PHULFDQ OXVHXP RI 1DWXUDO +LVWRU\ 1HZ <RL
%63*%D\ULVFKH 6WDDWVVDPPOXQJ I|+U 3DOIRQWRIDRAILH
OXQLFK *HUBD®@®WUZLQ )RVVLO OXVHXP .HBOXBRORDILYBR

3DOIRQWRORJLVFKHY ,QVWLWXW 7+-EGRIHRORIEEQ DOHRX UHKF
3DNLVWDQ ,VODPDBD&6, DIVNLIMWOMH Rl 3DOHRELRORJ\ *HRU
6FLHQFHV 7ELOLVJI933*HRWWLWXWH RI 9HUWHEUDWH 3D
3DOHRDQWKURSRORJ\ .%hKELMDEI FKILFRG\OLDQ 6LULQGKR
.DODVLQ 3URYLQF6I287BRVYPR® G| 2VDND 8QLYHUVLW\ 2VD
1' 1D 'XRQJ &ROOHFWLRQV DW WKH ,RE® L*W R B/K\ \RU FOD ILGIRV
$FDGHP\ RI 6FLHQFH DQG 7HFKQRQRIY¥ 1HD/MIRRLQ DO HOXY B X P
1IDWXUDO +LVWRU\ :DVKL@QUBNMPOWLRQBO$SOXVHXP RI 1DWXUD
7DLFKXQJ 7BDUBD@HRQWRORJILFDO ,QVWLWXWH 5XVVLDQ
ORVFRZ 5XV3BED3DODHRQWRORJLFDO 5HVHDUFK DQG (G
ODKDVDUDNKDP 8QLYHUVLW)\ 0D K®0D&HDNKNDHPQ EZTHKIDL XY B X F
JUDQNIXUW DP ODLGOISHBVMPDRWOLFKHY OXVHXP I+U 1DWXUN}
BWXWWJIDUW OHUPDEXL OXVHXP -LDQJPHQ *XDQJGRQ



=,1 3IBDOHRKHUSHWRORJLFDO &ROOHMWKHREX\VARAOMRIEBGE R
6FLHQFHVY 6W 3HWHUVEXUJ 5XVVLD

2EMHFWLYHV

7KH ODWH (RFHQH 1D 'XRQJ %DVLQ\RHZ2L3ID/OHMRB HYHR QR FMIC
LQ 6RXWKHDVW $VLD DQG WKHUHIRUWRIVMX\GDDXQLGEKHYR B
DQLPDOV DQG SODQWYV IURP WKH S®RMWHIFRR ORIV P ¥ KRIOWR KHQU
SRVVLEOH GLVSHUVDO HYHQWYV ,Q WK K DBYDH WHGIKDF B KHO L Pt
IRFXVLQJ RQ EDVLQ DJH SDODHR HJIHRDDYWHL REL RIVAW R Q WW U
DQLPDO GHVFULSWLRQ XQLRQLGV PODPHPBDLHW DQI® @KVLQJIO
‘\VRFEND %|KPH HW DO 6 FKQKEQGRBETHMWNDIO
&KDYDVVHDX HW DO *DUELQ HW DODO \WRF
TVXEDPRWR HW DO

7KH DLP RI WKLV WKHVLV LV WR H{SIDQ X RXU HNRR/AQOWGE PHI
IRFXVLQJ RQ WKH UHSWLOH DQGWKYNVNIBXQGD RHMWRHGEDS/ ID@D
'XRQJ PDWHULDO FXUUHQWO\ KRXVHGRDW DMK HQ YRMMRLARIW HD
(EHUKDUG .DUOV 8QLYHUVLW\ RI 7 ELHMWIHHELFK ZQ® H[FD
XQGHU WKH VXSHUYLVLRQ RI 3URI '"ULQ@B GHO® IDQYH. 1% MPIH P DI
LQFOXGHV WZR GLIITHUHQW FURFRG\QGX® ON5 HW Z R VWZXALWNKO W}
RQH RI ZKLFK KDV DOUHDG\ EHHQ GHVFULEHGK EX HYDHAED Q
LQGLYLGXDOV DQG D VLQJOH ELUG ERQH

,Q DGGLWLRQ WR D PRUSKRORJLFDKVHDG@BSDD RDIFHF IGHW HLQ
FRPSDULQJ WKHP ZLWK H[WDQW DIQ& GRMWIUM HEHNWVH UL HN
VSHFLHVY DQRWKHU DLP RI WKH WKHYH W IZBD Y2 Q\DRO RDHMJ \ LROX W
RI WKH WZR FURFRG\OLDQ DQG WKHOWXWWIKOHHO § SMRLH®D U1
SRVLWLRQ RI WKH WD[D RQ WKHLICRXIWMHEPOWYVYH WH & B WLQ/GH
WR GLVFRYHU QHZ FODGHV WRIJHWKHU EKWHKDW@BBRPRKEW
KHOS LQ IXWXUH DQDO\VHV RI\GRII MKHQIK VOIR[IH N\KHAHL O B VX R
WR UHYHDO SRVVLEOH GLVSHUVDO HKHQWW RROWHWKER Q@RI H/
WKH HFRORJ\ RI (DVW DQG 6RXWKHDVW $VLD



SHVXOWYV 'LVFXVVLRQ

7KLV VHFWLRQ VXPPDULVHV WKH PDLQ WHNHX @\KM VRN WEKK
FRPSOHWH SDSHUV FDQ EH IRXQG LDQWKKIH U SXHQGVYK DGV YW
RI WKH WKHVLV

$ QHZ VSHFLHV IURP WKH (RFHQH R | 69RHWIQHIIPV KL $ X OD QK V
DOOLJDWRURLG OLQHDJH DQG LWV RULJLQ

7KH ILUVW SDSHU RI WKLV WKHVLS$OL DEWRRWRD GHIZ [\URPF
'XRQJ %DVLQ RI 9LHWQDP $ WRWDO HAWH G SGHFU P®D W \ X MUH-
VXUYH\V EHWZHHQ DQG DW W KWK I DI\DH' )RR QJID FHRRUD O Rk
DQG VXEVHTXHQWO\ SUHSDUHG E\ WKH , GHVRADLRN X WIHOR3 DADKHHR (
.DUOV 8QLYHUVLW\ RI 7<ELQJHQ *3,77K®b6|RPWHUWDDOLQFO
VHYHUDO FRPSOHWH )LJ RU QHOGDEORRPSAKHWH VDY
DVVRFLDWHG SRVWFUDQLDO PDWHULDOIXRW GHY EVWSRILRE
PDWHULDO VHH ODVVRQQH HW DO RYHUIDD W RKRMWD®SHRIGS [ H
LV JRRG EXW WKH VNXOOV DUH GRKFR GHI RWMHG \R LD B WX\
DUHDV DQG ZHDWKHUHG VXUIDFHV 7HKRXSFVEEVDQWD BDXPMDY
IXVHG WR WKH PDWUL[ 7KH EHVW SBBVHUYHBUP®GDYLG
*3,7 5¢( FRQVLVWVY RI D VNXOO )LJVWFDRGLDYVREFWBH
UHSUHVHQWLQJ DQ DOPRVW FRPS®RH\WHVEQHFWM GDRG ERM ¥
RI WKH QHZ ¥SHHFQWW ORV XFK XV JOIDG XR\Q VIS Q QIRW

,Q WKH ILHOG WKH PDWHULD®O @R YQ D WKIRMIKHFG\KH/IRF [DHQV
BXEVHTXHQWO\ WKH K\SRWKHVLV WYDMQ L VD LPQNKM) WHSH K\
$OOLIJDDAMR WKHQ LQYHVWLIJDWHG +RZHYHKHWD I WOIOLFRE D!
VSHFLHV LW EHFDPH FOHDU W KOIDWU® B W HR/GIQWGHLGS DV & H ZP D S\
LW DOVR GLG QRW DSSHDU WR E i CGODRINDLDAX KIRIDGE KEKIVR/\RH W
,QVWHDG D FORVHU FRPSDULVRQ UHYBWDIOMGZD VKK MHE H UDIO
(DVW DQG 6RXW K H.DADVE LSWXK XLV HV L CBRIRRMRDQ BXYDWRU KXLQ
(RDOOLJDWR-UDFRKNOQVIXIFKXV QDRADB QDA QMALYDPHG DOOLJIDWF
ODRPLQJ

'"HVSLWH WKHVH 2VLBDGXRIQVUEGWDRYO\ UHSUHVHQWY D QH

GLDIJQRVHG E\ D FRPELQDWLRQ RI FRIWKBIRMWHIRF REBWD L R R QW
(s}



JLIXUHBNXOZURHQWDORVXFKXV RRGRWQIMH QALY 39 IRUPHU *3,7 5¢
1D 'XRQJ )RUPDWLRQ ODWH (RFHQ#H %IGRNYDP& BRFBHQWWDDO YLHZ
$EEUHYLDWILBQYWVWDV LQWHYBBQXIXIPUW LER DY LRFENVMSEWWIOVSKHQRLG
FK FKRDGDGHQWDUGHQWDU\ WRRWKWNHUQDO PDQGLBEXO B[R FFQSMWL®
HFWHFWRSWHUNRQWD@GUDPIIBE IRUDPHQ HKKUKPPHUXW.QFLVLYH IRUDPHQ
LWLQIUDWHP SR U ® X HIOD/AVEP DRD[LPPDPD[LOOD @ RFDNVEFORFFLSLWD O
FRQG\OXVSDULSWSOHIUBQWIIODBR[QISUHPD RO SRV WRBWISMHW\IRLG

T TXDGUDIWXPXDGUDWRMXIDOQMRONVXSUDRFVFESYYO®WQTDWOTXDPRVDO
VWNXSUDWHPSRUDO IHQHVWUD 6B DWHUEDRNVVREOPH BIOMMHW HG
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JLIXUH/RZHU MPULRIQWDORVXFKXV ODBBRQIJHQVRVPHU *3,7 5( 1D
'XRQJ )RUPDWLRQ ODWH (RFHQH $L W QBIR) P BREAHDWDWENDEHEBUMD O YLHZ
$EEUHYLDWRORDYIJXORUFRURQ@RLEBHQWD U\ GHQWDU\ WRFPWHKI[WHUQDO
PDQGLEXODU ILFFQRIYVDWUIDQ LQWHUPDQGPEX©BBNW CAIDQRPORWYHLO OD
WRRWKDVXUDQYSOMBOHQLDO 6FDOH EDU FP BWWHUHG DIWHU 0DVYV

QRWFK EHWZHHQ WKH SUHPD[LO QD AIDJ GOPDUOVODGJH BAl
WKH QDVDO WKH ILIWK P D[LD\OW UP\D\WMFOROMDKI \E WIRRIVW K H CI
RI IURQWDO EHLQJ DFXWH DQG S URRNHWFW V ERDVZ® W SUOH B
IHQHVWUD ODUJH VXSUDRFFLSLVEDO LHWR DX R B UHYDHE
SRVWHULRU VNXOO WDEOH LQ DGXO®WN\LQJ TRD GUKHWGER IR
DQJOH Rl WKH TXDGUDWH ODUJHQUXEQWHIUW R O O H Qi WO
VHYHQWK WR HLJKWK PD[LOODU\WKRRWK IRUPDLODQ BB®RX
DQG QRW UHDFKLQJ EH\RQG WKH DWIVGI UHRUY VAMLED R1 W KSHD C
SWHU\JRLG VXWXUH OD\LQJ DQWHULR UV X\ER UNEK M CSAR VW E H |
SWHU\JRLG IRUPLQJ D QHFN VXU U RX\DAL QN RIRKAHK FKRRD B DV
WHHWK ODWHUDOO\ FRPSUHMVH&PIROMW H U IR U QD IOHRADK

i



IHQHVWUD IRUDPHQ DHUXP DW WXHHW O RQ UXDLIF XPDDAI LK
D[LV ZLWK D K\SDSRSK\VLV WKDW WN RIRFMDK¥H G HQ MWL
FRUDFRLG ZLWK D YHU\ ODUJH MK @R UG FW D QUXIOIDFU ESR

RXWOLQH DQG D GRUVDO LQGHQW DWY RZQ WIXQGR R UGRQYDD H

ULGJH

2ULHQWDORVXFKXV IQD GXRWKHQVEVV W.L QIXDR/KHIBO QUR KV

KDYLQJ DQ LQZDUGO\ SXVKHG SWHU\JEHENDVRXQRX Y& HQB |

RSHQLQJ DQG D YHU\ ODUJH VXS UD FRKXLGILRD®I HSRWIWH L

KDYLQJ YHU\ SURPLQHQW SUHRUE LWXIRF FLLSIMAINO H NSHRUAX O B

VPRRWK GRUVDO VXUIDFH RI -WKQHD YNDQIBERDW RWRIPUV L

KDYLQJ D VPDOO LQFLVLYH IRUDPHHV BQORPR Qb RGWIRSDRILEHMW

HQWLUHO\ RQ WKH VNX OOX WDLEDIBHRR/QE RWKM UV LQ KDYLQJ

FXUYHG GHQWDU\ ODWHUDOO\ FRPI$S HHRWHREK SIRDAWHHWDL @ UV W

DQG YHU\ SURPLQHQW SUHRUELWDO ULGJHYV

,Q RUGHU WR FODULI\ WKH UHODWUR® V(DLW [E® @/ BHREKQV K\

$VLD DQG WKHLU SRVLWLRQ RQ WKHVWALHH S B US R UPRIG @B W

WKH GDWDVHW RI %URFKX 6WRUUVG D WR\WBGRWDVFHKDBR

QLQH RI ZKLFK ZHUH QHZO\ FUHDWHGVRRAUD & KQXPEB D CRV MWD |

LQFUHDVHG IURP W R 7B H QDHDOR QDBMWIGVFRUHG IRU
FKDUDFWHUV )RU D IXO0O OLVWHUIUD GBWBUER/URBOWHDV

OLVW RI DOO DGGHG WD[D DQG WKH HIQFAWHWHBMKRGV XN® G/

DSSHQGL]J

7KH UHVXOWV RI WKH SK\ORJHQHW DRVDWQII \YHY VWEHFLHW

1D 'XRQJ SURYHG WR EH D VHUHQ GIHS LMAVIR UV Y P HHIQWF HZ DIYVS F

ILQG D PRQRSK\OHWLF JURXS FRQVL\GN{MVWR D Q/X H5 FOXEVR K Hi |

$VLDQ WD[D 7KH QHZ JURXS LV QDPHG GHILKQ® W DIDR WXKFK LFX

LQFOXVLYH FODBWL ARGM DIRYIXFXK XV .Q D & XWRORKXW VY DPRJIDO

(RDOOLJDW R UDRKXDRVYIXIEKXV QDINEURWRNOVWLIDWREXXLQLQ

QRWAUDFK\FKDPSVD PRQPPUWD 6WDQJHURFKDPSVD PFFL

‘X HW DO /HLG\RVXFKXV FD/@PEHQVLVLSORF\QRGRQ GDUZI

IXGZLJ %RWWRVDXUXMR®DIUHIBQ L RU DQ\ VSHFLHV ¥

&URFRG\OLD :LWKLQ 2ULHQWDORV XFHW QB HQDQHNDH L QY LS/F

( FKXQ3LLKXLQLQDHX®BVLYDGXRQJIJHQWILWDPRJID GZKILAFKV LV QRW

VXUSULVLQIF¥YXQFHKXLQLQDMWBVIRRUO\ SUHVHUYHG OLPLWL

i6



RI WKH WUHH 1HYHUWKHOHVV WERH®QEOARVHWUHIBDMOLARY DKS
WKH WZR ODWH (RFIQOQK XBREPHR/VVDPRIJDO®HFRWKHU (RFHQ
WD[RQ IURP WKH ODRPLQJ %DVLQ KD®WRVEH\S UWX\YH 6 DIRW L
SRRU SUHVHUYDWLRQ ZRXOG RWKHUWFROYGDKYHHRO AWK MV RV DHA
DUH WZR DOWHUQDWLYH SRVLWVRYHU |\ RAWD R\KH U\ WIHE QW HGN
DIRUHPHQWLRQHG WD[D RU LW LV \FORFKMH OKWHHOLIRWH Q HVRI F$
ZKLFK VHHPV PXFK OHVV OLNHO\ LQ GLUHFW FRPSDULVRQ

— Diplocynodon deponiae
—— Diplocynodon darwini
Diplocynodon hantoniensis

Diplocynodon ratelii
_I:: Diplocynodon tormis
] Diplocynodon muelleri
. . —— Leidyosuchus canadensis
AlllgatOrOIdea b —— Deinosuchus riograndensis
— Navajosuchus mooki
L @ — Ceratosuchus burdoshi
Globidonta —— Stangerochampsa mccabei
Brachychampsa sealeyi
—— Brachychampsa montana
— Eoalligator chunyii
—— Jiangxisuchus nankangensis
—— Protoalligator huiningensis
a Orientalosuchus naduongensis
—1__ Krabisuchus siamogallicus
_|: Alligator prenasalis
Alligator mcgrewi
—— Alligator olseni
Alligator sinensis
Alligator thomsoni
Alligator mefferdi
—— Alligator mississippiensis
_: Procaimanocidea utahensis
Procaimanoidea kayi
— Arambourgia gaudryi

Hassiacosuchus haupti
Wannaganosuchus brachymanus
Allognathosuchus wartheni
Allognathosuchus polyodon

Globidentosuchus brachyrostris
—— Culebrasuchus mesoamericanus
Caimaninae —— Eocaiman cavernensis

Paleosuchus palpebrosus
Paleosuchus trigonatus
Tsoabichi greenriverensis
Bottosaurus harlani
Centenariosuchus gilmorei
Purussaurus neivensis

— Mourasuchus atopus
Orthogenysuchus olseni

— Caiman crocodilus
Caiman yacare

Caiman lutescens

—— Caiman latirostris

e Melanosuchus niger
Melanosuchus fisheri

JLIXUH5HGXFHG VWULFW FRQVHQVXV WODBHWRIHHV HIXKOQ Y KRSMQLP $0 O
REWDLQHG IURP WKH PD[LPXP SDUYV LPKRIUDE@HUW LM ZOWBEHG OHQJIWK
&, DQG 5, HDY LQGLEDM R WLKH PQ WRHWXMHWSUXQHGKHODRPLQJ
DOWHUQDWLYH SRVLWLRQ OLHVGLGDWHY SNUKRHF RIG O/ HYMD W ILEN SRVLWI
$VLDWRVXFKXV QDIEKGILERHQRILM OLIKWY WKH PRQRSK\OBWHU HRG LHIQWHD
ODVVRQQH HW DO

Bulv

!

seulole

(V]

Alligatorida




'XH WR WKH DIRUHPHQWLRQHG SRR® \8D HY HEMMOWM DEQ R W
3 KXLQLQJRQNVHQWDORVXFKLQD LV VXSSRUWI$G HXHRDO \RRQ
DOO WUHHV D VKRUW GHQWDU\ VIR KRV LW KHH \WR-DXQUGALKQ WV W R LWV

+RZHYHU WKLV FKDUDFWHU LV D\GRMRREGY P R ® FIKQ DR/WR
VSHFLH$ORBLIJDY® WK DLPDQLQDH 2QH RI 3V KHX MIIR) REGIFILW V
( FKXQUM. IRXQG LQ WKH DQFHVWUD OHRRVIQN LRQ \R K W KHD PRIG
KDV D PDMRU LQIOXHQFH RQ WKH VD GREU V2IUR O Q@ DORWIXFKI
3 KXLQLQINQVMLWQ DQFHVWUDO SRVLWLRIO WXWDBRPRD SKL
IRU WKH JURXS$ FIKXQMWAMHBBRYHUHG DV WKH PRVW EDVDO WI
RI 2ULHQWDORVXFKLQD LV IXUWKH @ \DXSSRIRPHRE EK LIH W RAK|
OLVW RI DXWDSRPRUSKLHV FDQ EOMDMMIDED HHWKMHODSSHQGL
7KH XQFOHDU SRVKWLROQ®RIQVEXXQDAVR DIIHEFWV SRVYV
VIQDSRPRUSEL IV GRKRQ IHY VYDPRIDARLFKNUDFWHUYV DUH |
LQ DOO WUHHV EXW ILYH DUH GRXQ/GDIUQ FRPYLR I VB IKIHHFS OW K k
IRXUWK DQG WK GHQWDU\ DOYHROIRLG VXWKK S EGDYLYH)
IURP WKH SRVWHULRU DQJOH RI WK HWKXE RIFRELWRSD LH GIRWDY
OD\LQJ HQWLUHO\ RQ WKH VNXODOQWGDEBGELDO W HMKWK IKPW H |
YHUWLFDO ULGJHV RQ WKHLU ODEQLWBUWXSIWDFWHPSRUDDD G
VLPLODUO\ EURDG DV WKH VXSUDWHPSRUDO IHQHVWUD

7KH SRVLWLRQ RI 2ULHQWDORYV XF KL QW KRIQ UV KR US K\FOARR B\
WKHLU /DWH &UHWD FRHDRXND R THER/EK X QMW URQJIO\ VXIIHVW
WKH\ UHSUHVHQW D UHODWLYHO\ E DWRODWRYURSIG\D HWKLH |
VXJIHVW WKDW (DVW DQG 6RXWKHD VWD ®WVLD B R URRGR/Q LRAQ
WKH DQFHVWRU Rl 2ULHQWDORVXF RIXYDD®XURQF W EM D QRWH
PHPEHU R$ WKIHDHQVQWDJH GXULQJ WKH &HQR]JRLF %URFK
OLQHDJHV GLVSHUVDO DFURVYV %H (SIDQID BRI R RWIS K R GACLLY
SK\ORJHQ\ LQIHUUHG VWHQRKDOLQLW\UJHRWWLOGDWHHF\R
7DSOLQ *ULJJ % URFKX J)LRULQOHRW DO 2DNV 7KF
SUHVXPHG ORZHU HXVWDWLF VHD QHYRRLQD MWK @DWH 0D}
KDYH IDYRXUHG WKH GLVSHUVDO RI ZUMHQWBERYXNHKOQ D.
- QDQNDQJIM@WLFKXQ\WMLGHQFH IRU WKH GLVSHUVDO RI /
YHUWHEUDWHY IURP 1RUWK $PHULFD WRBUXKD HW ROXKHWUREP
W\UDQQRVDXURLG KDGURVDXULG DQG HMUDWRBOLDQ GL
)DUNH HW DO BULHWR O0iUTXH] HW DO
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$ QHZ VSHFOLDIRPRRJRVXFAKKR WKH (RFHQH RI 9LHWQDP KL.
WKH SK\ORJHQHWLF UHODWLRQVKLS RVSWR FDOWIRMRLIPQ X\WU R 8K
WR $VLD

7KH VHFRQG SDSHU RI WKH WKHVLV LFRLDWRRPWQD H) HIZR\PS W
1D 'XRQJ %DVLQ RI 9LHWQDP $00 WKH EFBWRQIDOWR[DP M
LQGLYLGXDO *3,7 39 IRXQG LIQOD\HW W.KQH WEKDH/ H [R ' X |
FRDO PLQH DQG VXEVHTXHQWO\ S U H KRIMWHREO R\J WHKCHD * HRVONRLIW |
(EHUKDUG .DUOV 8QLYHUVLW\ RI 7 ELQJHQ 7*3H7 E RIQ|HKW HD BiM
RYHUDOO ZHOO SUHVHUYHG EXW G LMD DW.HFXOD \VDRG D ®G

P $V DOO RI WKH ERQHV ZHUH IRXQRX LRWWKE RVBIQSU R PLYAH.
VDPH JHQHUDO VL]H ZLWKRXW G X8 GFLAFHDDAUL RVGK IRW H @ FP3HIQ W
UHSUHVHQWY D VLQJOH LQGLYLGXDO X®E PDWH LDLDWLFR
PDQGLEOHV )LJ DQG WKH DOPRWE BSRRS\FHM QO D G LPVD
)LJ 7KH VNXOO LV FRPSUHVVHGA @ BRRRIOD VBHUIDE O Y HGH
DQG RFFLSLWDO UHJLRQV )RU D DX® OV 8 H \OMUWLSRMLQRH HRW \I B
LQ WKH DSSHQGL]J

,Q WRWDO VHYHUDO VNXOOV RIHELHW ZHQW M[FBY RW MK HE
EULHIO\ H[DPLQHG DQG FRPSDUHG DDQ R Q RVK K6 WWKEHU\LIE\H G7 K
K\SRWKHVLV UHJDUGLQJ WKHVH VNX®IOVHUDNQ W KA HFILWWW H
PHGLXP WR ODUJH VNXOOV $AMLIDNW R VR EB® MO RRROWLDQ DC
RQH VNXOO RI PXFK VPDOOHU VL]H Z\DRP AKREKX B K QVHW R KU M SSA
DVVXPSWLRQ LV UHIOHFWHG LQ WKRHKHWSB® RID X Q D R/ZHY\H
D FORVHU FRPSDULVRQ RI DOO WKH \HNJX® 8 X OWH UHBOH g H\
VXEDGXOW LQGLYLGXDO DQG @KIDW ADMOEW KHH[ $10 DL WY HG J EG LW
ROQWRJHQHWLF VWDJH RI WKLV L QGLON. &/XRA H X D WK H K PRPH
D WRPLVWRPLQH IURP WKH ODRPLQJ PRIPLIVG RPKL BSENEZ DR GQLD
<HK DQG UHGHVFULEHG ODRBLQURQEPKEY SHWUROL
6KDQ HW DO EDVHG RQ VHYHU DG QMZW\ T&KLH/ FRIWHKDHAG
SULPDU\ DQDO\VLYV LV WKXQDNGKRQJHEHUVME RYRIP RQO\ RQH
VSHFLHV Rl &URFRG\OLD H[LVWHG LQWWERW 1 'ERQRQINV\
ORQJLURVWULQH 7RPLVWRPLQDH 3@ GDWRY RRAKRKBE VRD WK H
VLPLODULWLHY WKH QHZ VSHFLHV |WRPH 1\DD PXHR Q Bl @ X'V DIVV L\
VSHFLHV IURP ODRPLQJ EXW GXH WRVXRRHD® LW WH @AM VGH. IV

oi



LW UHSUHVHQWY D QHZDRPEPHBOURV XFBRKN GD/REX WIRMNR VKWL Q H Z
VSHFLHVY LV D VPDOO WR PHGLXP VL]HGHWBRWKY WRHRIHLD

VXSUDRFFLSLWDO RI PP DQG B(RHDWRRWWH G WRMWMHI5 GRH
VNXOO WR ERG\ OHQJWK UPDRLVRVRRDWYKHK 6HVIBFGRIUGLQJI W
"KLWDNHU KLWDNHU ZKLFK SUHRWPRSERUWIDRQVYLPLOL

A

JLIXUHODRPLQJRVXFKXV DEFRWRWRIMWFYLY 1D 'XRQJ )RUPDWLRQ ODWH
ILHWQDP &NXOERUYRODWHUD D WMNHEWFEGZLWK WKH YLVLEOH ERQHV D
$EEUHYLDWIQRRYIXODWUWLEXGHOWDWGHQWDU\ WBRRMHQWDU\ WRRWK
HFWFWRSWHBMNHRWHUQDO PDQGLER G PRF FHLIS HWR@BIL®R QW DM MRV B D

O ODFURDP P@WRJL[PD[LBODPD[LOOD UQWRRIDRVQXFKDO RV ISPEHH®W DO

S| SUHIUBPWBOHPDHRRP ORVWRSEEWRWYWRUETWIDX® GODMXDGUDWRMXJDO
U UMD VXUDQYROMMSUDRFFLYTWDPRVDO 6FDOH EDU FP ODVVRQQH |

,Q DGGLWLRQ DWRWLURQWOUULVSHWURORLFXWKLUG LQGLYL
ODRPLQJIJRVXBKXXYDV GHVFULEHG E\ ODUWLQ HWHH®H D Il

oi



JLIXUHODRPLQJRVXFKXV DFRO\RMWFIHAILULY 1D 'XRQJ )RUPDWLRQ ODWH
9LHWQDP &HUYLFBO%WIDUIWHEL®D LIHZ 6 DSXOWDIOQY LHZ & FODDWFHRW B OL Q
YLHZ ,0tXPQ@WHUDO YLHZ-QDKLKXPDIOQYLHZ GXEHWDRQ YLHD KXPHUXV L
ODWHUDO YLHZ2D G® PMAMID BEVULHHYZ D VARG W D DXOWOFEHWDEXOXP IRUDP H(
DS DQWHULRUDSUBRHVIM XODWLRQ VXDVDVMHIELWXODWMDRQ VXUIDFH ZLW
DVSXOUWLFXODWLRQ VBRWIDBOMW A UWR ESEEWBHFGI) WA XFRUDFRLG IRUDPHQ
GF GHOWR LGS FALHD\OWR SKAMHWY X U KIFDDI® H KL & XPHU XV KKHR@B DSRSK\VLV
LQGLQGHQWB®RRWHUDO FR® BHBX\DO FRXFGRGIXWDO QARDQBXYUDO VSLQH
SFGSRVWHULRU $RQSDOPBRSISWLBUH]\JDSRSEWHESRVWHULRU WXEHUI
S] SRVW]\JDSRSKW.M¥DFWFXSUDDFHWDEXODU FUHVW 6F D OBl WE-DW
ODVVRQQH HW DO

.UDEL %DVLQ RI 7KDLODQG EDVHG RP® DSOWPWIQIBAEGOSHUHKHU
UHIUDLQHG IURP HUHFWLQJ D QHID RBHFLRIWXFREK W R HL WD
IUDJPHQWDU\ SUHVHUYDWLRQ DQG SHMUWRQIDFWKRLBEDOWU WO
SK\ORJHQHWLF DQDO\VLV OMHRPEQJRVERKXNEREG WR EH FOR
UHODWHSHMWR RDXWXALWK WKUHH DXWDSRPRRPKWHW \R WKW UG
PDRPLQJRVXFKLGYV ODRRLQUREXIPKXWKHUHIRUH WUHDWHG |
SURYLVLRQDOO\ YDOLG EXW KRL@IRNGE PKSHFLHV R

ol



$V WKHUH DUH QRZ WKRM @ SRIVXWKXNRGLDJIJQRVLYV KDV FK
VOLJKWO\ IURP SUHYLRXV VWXGLHV RQIGG WK HWIKH X\Q LLTUX
FRPELQDWLRQ Rl WKH IROORZLQJ FKOWDPWBUW[WHGQGGY WL Q|
WKH ODWHUDO DQG PHVLDO VXUIDFHGE RLWKKB D QG HWRIW |
WRPLVWRPLQH IURP WKH ,NRYR ORPRQHWN QG VR Sk HOWRHR ¥
D IURQWDO IRVVD EHWZHHQ WKH RIWQEL WV WKAIRYHHMRR YWD G
ZLWHK RFRGDOIXQ DV VK SDRGLSORF\QRBR® ODQJL D IODW
IURQWDO PDUJLQ EHWZHHQ WKH RUEGWY \BHMWHE YZHGV R QF
0 DFXWLDRWBWIHWUPWIHFXVY SHUIRUDWLRQV IRU WKRUILUVW
WR WKH H[WHUQDO QBQW\LVXKENWGE IHYRDYLOODU\ WHHWK
VKDUHG 'ROWRVXFKRLGHV %GHRFKXRUHL DQG H[RFFLSL)
YHQWUDOO\ SURMHFWLQJ ODPL @D XQGR X BV b DRAGHN SIIDVQFHI A
ZLWK JKDULDOV DQG EDVDO HXVXFKLDQV

ODRPLQJRVXFKXV FEXQWHEKN RBLWIQRVHG E\ WKH FRPELQDWL!
FKDUDFWHUYV UHODWLYHO\ UK\ IWOWHHWWK RRW&XHD QBOW
WKGHQWDU\ WHHWE&D WRLPALFOWDXF KXK' ]HQ @MWRHULRU SDUW
SUHIURQWDO RQ WKH VDPH OHYHO OV \DKDWHGL R UWSKD W\ HR
ODRPLQJRVXFKRRH LQGLYL®XDGWWBROIQRXNYLDORVXFKXV
HIJJHQEXUJH@®XIOD .DLO @ VXSUDRPEL YINXDO WWD/E
VKDUHG?7 RPWKWRPIDUHR QO HU 7RPLYWRPHS HHQ¥NIRUG
3DUDWRPLVWRBRIRFRXUWILQJHULBK SHW DRGLAXWODQWDO ULE
SURFHVV RQ GRUVDO P DUR\RON D/KIDSKHL® HILIW R DG VREHQ V L
QRQ WRPLVWRPLQHV DQG LOLXR UZISWR FB VSU R\PH. D B GV
3HQJKXVXSRREQG PDFKLNDQHQVR®GLWLRQ WR WKH FKDUEL
0 DFXWLUROWQVEHV IXUWKHU GLVWLSHWIWREMNGEXNRIRP) RWKHU
FKDUDFWHUV DQ HORQJDWHG SUHPQPIOOQDUDWY\WNAGLR U AR
PHGLRODWHUDO ZLGWK RI WKH WXE UDK\HH P ISERW B CR | H/QKIH/ W N
WKH VDPH OHYHO RI 0 *DFXW®%RRMBWSHW URQLAXY [URP WK
.UDBDRPLQJRVXRKXPRQJ RWKHU FKDUDFWHUV WWHK ILUV\
JHWWLQJ FRQWLQXRXVO\ OB{DIHW KRN WA DUR UMDN HWK HP R U H
VSDFHG WKDQ RWKHU WHHWK DQG DO QW HDQHRWD QA GM QN b
PDQGLEXODU IHQHVWUD DQWHULRU WR LWV SRVWHULRU FR
7R FODULI\ ERWK WKH UHOIDRIPRQVRVBHBNIGE QVWKHU SR\
ZLWKLQ 7RPLVWRPLQDH D SK\ORJHQHWYEQDQWRMNVIG\D\EDV H
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1LFKROO HW OMRPLQJRVXFKXV DFRXGV MIRIDMREED JRVXFKXV
ZHUH DGGHG WR WKH GDWDVHW ZKLFX QREKPROQ¥MHWW RTF
DQDO\VLY IROORZHG WKH PHWKR ®D RR L QLIFRVRXFE XAWDB® W L U
FRXOG EH VFRUHG IRU FKDUDFWH GWHRF WKW G R @ RV MWK H$P
XVHG FDQ EH IRXQG LQ WKH DSSHQGL[ RI ODVVRQQH HW DO

7KH UHVXOWV Rl WKH SK\ORJHQHWLF DQDM®RYKNOHWLUF
ODRPLQJRVXFKXY EDVDO SRVLWLRQ ZLWKLQ 7RPLWWRRPLQEL
7RPLVWRPD3IDUDWRPLVWREPDLDORVXFKXWOLWR VD XUNXKL Q
ODRPLQJRVXFKR¥XWLUWRVWRXYG DV D VLWWHWHWIDERQF ¥R
.UDBDRPLQJRVXFKNHWRQRSBEDRPRQIJRVANKXXSSRUWHG E\ W
DXWDSRPRUSKLHY D IOXVK PDUJIX® ® IVWKHD RMELW: ZL\DKY W
ERUGHU Rl WKH H[RFFLSLWDO FRQYHf DQG G/ BQWR Q DO SH@
DW WKH VDPH OHYHO DV WKH DQWIWIIRAY H[WHQ W RV HRY LV
DQDO\WHV 6KDQ HW DO , L MOL W HD/D D OS H W U RIDIFAORVO
IRXQG LQ GLIIHUHQW SRVLWLRQV DPRQ®L W RPGNWRMH® BRVE)
3LUDV HW DO REWDLQHG UHVX@®WVVVYP I7&BUDW R OMKLH
ODUWLQ HW DO D zZDV WKH RQOK OR QSH WWKREMR ELXQYF O X
.UDBDRPLQJRVXFEXVUHFRDPRPHGIRVXPKXV VLVWHU FODGH
H[WDQWFKOHIJKEBLUHHYDOXDWLRQ RI VRPH HW D RDEGMM V
.UDBDRPLQJRVXFRXXWKH LQBPORY¥XRQ UBBHWYOMW LQ D PRUH
SRVLWDRGPRIQJRVXBKWKH FXUUHQW DQDO\VLV ZKLFK LV PF
ODWH (RFHQH DJH

%DVHG RQ WKH SK\ORJHQHWLF DQDQHALVPRY® RUHNYKR XBI
WRPLVWRPLQH WD[D ZHUH H[FDY DWH3 LLRQW K KIHZHNM R/ WK QL ™WH
SDUVLPRQLRXV WR DVVXPH WKDWDWEHR BH LW IK® DMOHE L QR k
SUHYLRXVO\ VXJJHVWHG E\ -RXYH HW6BPDQ HW D@XYH
,LMLPD HW DO 1ILFKROORIM DWKH FXUUKHQWK BQ® O\V LYV
GLVSHUVDO WR 6RXWKHDVW $VLD PXVW KB QRBAHFQXW OH G
$FFRUGLQJO\ WKH ILUVW GLVSHWYRE LE@URWRFKEXWHIRGOQQH
ODWHU WKDQ WKH ODWH (RFHQH ZKW®H BWHPFRQQ HBUW
3HQJIKXVXFKXRWDPDSREEXUDNHG QR ODWHU WKDQ WKH HDUC
DQG D WKLUG GLVSHUVDO IRU WKH WRKHORRBHE@ HILD Bl FSIXW K €@ JH
1HRJHQH )LJ %DVHG RQ SDODHRJHRJWERBRKGEEIDB®UHOAVR Q)

00



Maroccosuchus zennaroi

Kentisuchus spenceri

. Megadontosuchus arduini

Dollosuchoides densmorei

i e— Thecachampsa carolinensis
Thecachampsa antiqua
Tomistominae e Penghusuchus pani
L= Toyotamaphimeia machikanensis
[—Maomingosuchus acutirostris
: Maomingosuchus petrolicus
Krabi-Maomingosuchus

“Tomistoma" cairense

“Tomistoma*“ coppensi

1— Paratomistoma courti

| Tomistoma schlegelii
“Tomistoma" lusitanica
Gavialosuchus eggenburgensis
“Tomistoma " gaudense
“Tomistoma* calaritanum
: tsg f gz g ¥ 8% 58F 3.8
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JLIXUH 7LPH FDOLEUDWHG 7RPLVWRPLQDH SKUORWHRR QR H\V@ K X VU WE XIFH B
HTXDOO\ RSWLPDO WUHHV REWDYQMREQNUREGDWYKWHL ? RL P X W 5[DUD Q G F
OHQJWK &, DQGIGWLVXFKXVQEEMWIMIRYDXUXV FIXUDHP SWURKLQEHG/
ODVVRQQH HW DO

GLVSHUVDO URXWHY VHHP SRVYV LEDRHP LR RWKIE & XB V VOAL QUHE®
URXWH IURP (XURSH DORQJ WKH 1HBWIHDNRWDFRBVWZBR G R
IURP (XURSH YLD 1RUWK $PHULFD DQG %RIHQHUD WKRH6BRW
DV SURSRVHG IRU 2ULHQWDORVXFKLQDNWHOH GKERYHR WHKH RV
VXLWDEOH IRVVLOV LQ 1RUWK $PHULFD DW WKDW WLPH



$ WDUVRPHWDWDUVXV IURP WKH (RAHQWH F ADHRRLQYJH+ W
IRVVLO ELUG IURP 9LHWQDP

7KH WKLUG FRQWULEXWLRQ WR WKH WKHVLV LMD ELUG V
IURP WKH 1D 'XRQJ %DVLQ RI 9LHWQD® VIHNHDERN HRWWHKY
ZDV FROOHFWHG GXULQJ VI\VWHPDWLF VEWYWKH E-DWVEHRIQO L

LQ WKH 1D 'XRQJ FRDO PLQH DQG \DVE\WMEKKHTHRO\R SR
3DOHRQWRORJLFDO ,QVWLWXWH RI WKH +ELHUKRUG*3,3UO0"
%|KPH HW DO 7KH VSHFLPHQ UHSWHVRIQ WYV UWIHN
WDUVRPHWDWDUVXV ZLWK D VKDIW FWRYRUWLRUUIS/SBR [L\WD W
OHQJWK 'LDJHQHWLF FRPSUHVVLRQUKB'S QDQW B/HQ\H ® QWX HE
SODQWDU VXUIDFH DQG WKH GRUVDOHVXRWDIWKH BRH GV K)H UG ID
GHVFULSWLRQ RI WKH PDWHULDO WHH{ MB\SWHRGBIH HW DO

2QH Rl WKH JUHDWHVW FKDOOHQJHV ZPLDMKHWUD OP H.§ WID
DVVLIJQPHQW WR D SDUWLEXODU JRIQR¥ \RUDIDPH Q\Q $\KRW KH
VSDUVH IRVVLO UHFRUG RI ELUGV IRU 6\R KW KHIDVDM RRML@H
 QWURGXFWLRQ )RU WKLV UHDVRDD W ¥XH OFHER\SHDG P\U L Q1D \PF
EDVLV RI H[WDQW JURXSV WKDW HYRDYBRGWE&XWK®J L\BKB
*3,7 39 PLJKW UHSUHVHQW DQ LGHQWR QLD RO M K MAHP JAUH
+RZHYHU WKH ILUVW VWHS ZDV \W@® DLGHH @/\R L2 K MAKH VWKH.H KIR W \Q
EHORQJHG

(IWDQW ELUG VSHFLHV FDQ EH GL¥D®KG \L QDR VR JIQIDIW K|
1HRJQDWKDH *3,7 39 PRVW OLNHOU BHSUKH ©QWW BDUPJ
7KH RQO\ ORQJ OHJJHG SDODHRJQDMRVGWHKD®J RFKEKX UBHRB QL
PHPEHUV RI WKH 3DODHRWLGLGDH DQG (RROQWWGDWW OW}
*3,7 39 WKH\ KDYH D OHVV UREXFMWQVKDVWX DO B UG HW\
ZLGHU LQFLVXUDH LQWHUWURFKOHD UMNVF N D/QHHD®DQ 0D Q\G
WURFKOHDH PHWDWDUVRUXP 7KLV FRPELR® WVRQ JRIP HKQIU |
HLWKHU 3DODHRWLGLGDH RU (RJUXNLGBH VBBHNLEOHQWURPOIL
LV D SDODHRJQDWK

'XULQJ WKH (RFHQH WKH 1D 'XRQJ %D R ZZDWK DQV DS Q V¥
IRUHVW VHH ,QWURGXFWLRQ )RU WKLV UHDWR@L WX 7HBW D (
DTXDWLF DQG VHPLDTXDWLF PHPEHUV \RIDQBT XRURQUINVK HD/C
*UXLIRUPHVY H J FUDQHV DV ZHOO DDWEINWX R/IHUNKVWR L

HJ FKLFNHQV DQG DUERUHDO PHPEHUV I1RIRAKILIAR WKW F
00



D VvVLPLODU WDUVRPHWDWDUVDO PRUSKROCPRUSKRORJI\ R#

*3,7 39 LV QRW LGHQWLFDO LQ DDOM RV WKHWVH IRURIX ER SL
WR DVVLIQ LW ZLWK FHUWDLQW\ WR DQ\ RI WKHP

ridge ridge

JLIXUH "1HRJQDW®BHUWDH *¥,HGLWV 1D 'XRQJ )RUPDWLRQ ODWH
9LHWQDP 7DUVRP$ WDBPWWIXE YRBDDQWOU) YEHRVV VHFWLRQ RI WKH S
HQG Rl WKH ¥ KBUWWDO- YHBDDUJHPHQW Rl WKH GLVWDOHBQOG WLIH BHRQWD ¢
RI WKH GLVWDO HQG HRUS ¥ DQBIZDRERQ M ZiW® ORVVD PHWDVEDRUYDP HQ

YDV F X0 DU HP & LPVHMDDOMD B WIXAOH XV H[ WM B WRIRIEX\XOHD PHWDWDUVL 6FDOH
ODVVRQQH HW DO

*DOOXV JDQOBRMXYV ODFNV DQ HORQJDWH®G GRMNQORU
VXUIDFH DV ZHOO DV D SODQW DHUDIOGAHV KRN HW V $AK®H WGLD

&LFRQLLGDH VWRUNV DQG UHODWHG WSHHBIQHM OB Q GDW N G G\L
00



JLIXUH &RPSDULVRQ Rl 7DUVRPHWDWQENUVRDHMBHRGODWKDHD 'XRQJ
JRUPDWLRQ ODWH (RF$QGRWB® YERL@WDU YR O@ XA WEDOXVIRUP HV
*3,7 39 HQGRUVD® YSLOHZQW U G'HLBI K H URHELDARD QLIRUPHY 101+
L& GRUVDQ $DHDWDUFYWHIZLD DPEUERQRIDIRUPHY 101+GRUVDRQ YLHZ
SODQWHDWLBRQH FDGDEHI@®WIAHY 101+ ( GRWOQDO YSGIZQWDU YLHZ
DQ&ROLXV VWRIOOWMWPHY 60) GRUYRO YLHEOD@WDU YLHZ 3LFWXUH
101+ 101+ DQG 101+ DUHPWWKH®GXERLF LPDJH GDWDEDYV
BPLWKVRQLDQ 1DWLRQDO OXVHXP RIFROWXURW &EVWREDOXHQEBU
ODVVRQQH HW DO

OLNH *3,7 39 EXW WKH\ ODFN D P D WNHRE NV XNVKAX\G RHY W
VXUIDFH RI WKH VKDIW DQG D SONVXRWIDF HJLTGKIH\ Q@ WRK K DYYH

06



VOHQGHU VKDIW SURSRUWLRQV DQG DO® D U K UUIHRSIDHPVHHQ WII
RI WKH DUERUH D G R®IOWL | R WARHHBIVDX V KDV DQ RYHUDOC
WDUVRPHWDWDUVDO VKDSH D VLPLODRIQ YREXX®DWKD BA
HTXDOO\ VLIHG WURFKOHDH PHWDW D QWRHWWPU FORK®D 9D WKR
DQG PHGLDOLV +RZHYHU LQ FRQWE DWW UMKBDVSW BOH VYV
SURQRXQFHG VXOFXV H[WHQVRULXWE 8 REDWK B GR ODEN W B
ULGJH DORQJ LWV YHQWUDO VXUIDFH,, D® & DD \G RHW URFW CS
IXUWKHU GLVWDOO\ WKDQ WKH W WYRF & OHDGIL Wi WO WDQ O R
IRVVLO PHPEHUV RI PRXVH ELUGYV DUHI PRFKINPRRQHU2WKB!
(RFHQH JURXSV ZLWK D VLPLODU KDEPWB®WHWR R3,6VB9LJLIR L
RZOV DQG 3VLWWDFRSDVVHUHV SDUURW W \DRORSH B/DWWIHUIM X
RI WKHVH OLQHDJHV GLIIHUV VLJQLILF® GSQUR'SRURR RGV7 B
PRUSKRORJ\ Rl WKH GLVWDO H[WUHPLW\ 0D\U
8QIRUWXQDWHO\ GXH WR SRRU SUHVBQRMVERQLGHEWI
EH\RQG "1HRJQO@MHKDMD HEXWGRPY\ UHSUHVHQW DQ HQGHPLF
NQRZQ IURP RWKHU 3DODHRJHQH ORFDOLMMSLW HR XIYWAL (
LQFRPSOHWHQHVV *3,7 39 SURY L GMR/HWECH GL DV WHPE 0L
RI WKH 1D 'XRQJ %DVLQ DQG UHSUHVHQWXYQD G) RE FROUDDHERR
(DVW DQG 6RXWKHDVW $VLD



$ QHZ FU\SWRGLUH IURP WKH (RFHEHRA @LIH3MDVR@DP VKHGYV
7ULRQ\FKILUGRPH6RXWKHDVW $VLD

7KH IRXUWK DQG ILQDO SDSHU RI WSKH VIRORTLYL R\D FEKR G\ +
IURP WKH 1D 'XRQJ %DVLQ Rl 9LHWQDBRXD® W R MWD FRR OQCLHFHWV I
VIVWHPDWLE VXUYH\V EHWZHHQ D QHEU LDQW WK KIH 1 B DR ¢
FRDO PLQH DQG VXEVHTXHQWO\ SUHSDQUWRORYLWES *@RORW
(EHUKDUG .DUOV 8QLYHUVLW\ RI 7<ELQJHQ TRH P DAYKRH DH
FRQVLVWVY Rl WZR DOPRVW FRPSOHWH V¥WUD®SDHBW PAH.QWKV L
VHYHQ SDUWLDO FDUDSDFHV VRPH RDQVKBP ZHQ\K\DV, QREFG D
D SHEWRUDO JLUGOH DQG D KHDYQG\ DWDAWIOHOU B'G VN XBODIx
SODVWUDO HOHPHQWY WKDW FDQQRWHERDDDSRFIHD/W H & HZ [E
SUHVHUYHG VSHFLPHQ GHVLJQDWHG DV WHKHR ERIORWASH

DOPRVW FRPSOHWH FDUDSDFH )LJ ZK MK \ZHDYW/H ILRX@ G DD
HOHPHQWY HQWRSODVWURQ ERWK KIRSGDRVWQD WHH C
[LSKLSODVWURQ )LJ DQG D GUELLINL R@ D OD SIK DWW F&HD\DAWDLCE
PDWHULDO VHH ODVVRQQH HW DO LQ WKH DSSHQGL]

$ VLQJOH ZHOO SUHVHUYHG VSHFLPHQ *Q@ BWULRQ\FRL®
VSHFELHV ZDV DOUHDG\ LOOXVWUDWHG %X P4 KPW B® DO
SURYLVLRQDOO\ UHSRUWHG D WRW EG RR @D MM RQL\[F W IX® DW
DQBDQ *HRHP\GBKEGMOKJIOH VSBHELHNR RP\GRBQK[HRFKHO\V WUL
ZDV GHVFULEHG E\ *DUELQ HW DO LRG LWKG X BEDVL VS IR
HIDPLQDWLRQ RI DOO DY D &0 DV/E @HQIAON WGBS IPHDWWHHQUALD QV K H
VSHFELHV RI SDQ JHRHP\GLGV IURP 1D 'RIRGE® IYQYE RHJ DAFKLLGEIDY
PDWHULDO FDPH WR WKH VDPH FRQ®OONMDR QVKDW WKLY WKR
EHORQJV WR D VLW OHD WRFKBHOQV BEWENS QRY

%HVLEHEDEWKHUH LV DQRWKHU VSHFLHV &W WKHN @ R K HIBH\C
LPSUHV¥IOLY VSHELHV ZDV RULJLQDOO\ GHMWMSILEH® HEW HH
LPSUHVIWRW WKH ODWH (RFHQH RI WKH ODRPHGILHWDXDQ +
UHFRPEL QMG FOQA[ LPSEHWXIMORY HW DO DQGRMAMWDLQ
LPSUHWAXWRUJDOLYV -R\FH SHQGLQJ RORHG\ISYF UQ SMKL
SUHVHQW ZRUN LWWVLDWEDRHG\WEQ LWV KL6KBOLBIMGD UL W\
D FRPSDULVRQ ZLWK RWKHU WDI[D

BWULDWRNKGEOXWLQJIXLVKHG IURP RWKHU SDQEIWYURLWQREK L

RI WKH IROORZLQJ FKDUDFWHUYV K @ GDAMWLYAHDON H\GP PO QL |
Al



FDUDSDFH OHQJWK RI FP DEVHQ®H \RW DD UKW HXWEIG V
FDUDSDFH H[WHQGLQJ IURP FRVWOVWURWBRHARVW®IHY, SR DWW

JLIXUH 6WULDWRFKHBRORWEDPH *3,7 39 1D 'XRQWBHRUFPAHQERQ  (
ILHWQDP &DWDSPGERUVNP®R DQGHQWUDEEFUHYLDWRFRYWHEGRVWLIRUP

SURFHMMRUVI)M QHXK QR @ X FKDYOWKRUDFLF[¥YHUSWKHEBWDVWURQ 6FDOH EDL
ODVVRQQH HW DO

'LWKLQ WKH QN UIHDQWR/FKADQVEEDGDVWLQE XLV EHEMVYR P

WKH FRPELQDWLRQ RI WKH IROORZLQUWHBKD WD,FWHUMLQJ I
A



SRVWHURODWHUDO PDUJLQ RI WKH NDRI®@ SLKHFHHQHXBDBVHQKL
VWUDLIJKW DQWHULRUO\ DQG VLQRYRDVFWW B Q \ADIDDIRRULGA\ D

RI D EXOJH XQ&NQRSYHRD SRVVLEO\ DQ DXOWIEIREBRUSK)\ IR
LPSUHVVD

JLIXUH 6WULDWRFKHODV "'X®PE@D )RUPDWLRQ ODWH (RFHRH KBOHRWQO®SH 3
*3,7 39 *3,7 39 *3,7 39 *3,7 39

*3,7 39 EQ»WGRUVD®@ DQXHQWUDO YLHZ O0OLVVLQJ ERQHV DUH PLU
$SEEUHYLDWLROWQYWHWHOBODWHUD®S URFHVRPHGLD HQSWHRFWREODVWURQ
K\R K\RSODKKWURK\@RSODYWSSRYWHURODW HU PG KSUWBFOFHWWURQ 6FDOH EDU
DOWHUHG DIWHU ODVVRQQH HW DO

&RPSDULVRQ ZLWK RWKHU (DVW3D® G Ut RQWREN-LIEDM LI KLV
$FFRUGLQJ WR *HRUJDOLV DQG -R\FH3DQ 7 RQRQ\AKREBD D P
WKH 3DODHRJHQH RI $VLD DUH GLDJOWWW LIR UDPRSP W/KHMHR
6 EDEDKHVH VSHFDHMQIDRAW SDODHRPHOQQAEBUHWHY WHWK\
FULRTOLQFKXHOVRIIWHJID ULXNVRTMRK Q VRWOQURTPLQXVFXO XV

7ULRROLQDMQGWULDWRFKHO\V+RPBYHVVDFRPSDULVRQV ZL
3DODHRJHQH WD[D IURP $VLD KLJKOBDIQW? D LRI AKD®DMHR E O
PDQ\ RFFXUUHQFHV WKH PDWHULDORQ®@\TRH VWOLIPGI RMDI®

=1
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UHPDLQV WKDW DUH UDUHO\ GLDJQRVWLF DWVRWNKH
*HRUJDOLV -R\FH > @ 'HVSLWH /DKWYXD V8 FREXOP K H WKBI
GR QRW VKRZ D SDUWLFXODUO\ KH KQ 86X WHM[IR @ Il WR P LIIDD WXLRA

BRXWKHDVW $VLD KRZHYHU QRW RQ® BOVRPW@WH | RVYKI
GLYHUVLW\ RI H{\WDQW WULRQ\FKL G WV RVFF BV GD Q MVDRDP RIOMIR
D VLQJOH PRQRSK\OHWLF JURXS BEP®RCGY¥BAMBYBQILHDQHUD
$P\GIQBGLOVVRAKXIUFK SUREDEO\ RULJLQDWHG EHWZHHQ WK
(QJVWURP HW DO /H HW DO 7 KRHPWHRIQU BI W4 VB CD O
7KHUHIRUH WKH\ DUH DQ LGHDO AR PREBHQN R\D JD) REB P RD WKk
DQG ODRPLQJ

$QRWKHU LQWHUHVWLQ3ODRWSR RHQR B WHON MWHH & UHWDF|
1IRUWK $PHULFD :LWK WIKH LHPSHSWHREHEVY RI WKLV JUJ
L HLOPRUHP\V OD'QPRQVHV DQG*HYBRIGHPOWOIHWW\VSKHU
-R\FH HW DO DUH WISK B RN W RMRKRQMIRVW RO WD[D 7KH\
ZLWK ERWK VEWMELBWRUKRRLYHQW DQWHURSRVWHULRUO\ |
DGXOWV DQG DQ RYHUDOO YHU\ VLPX QD& NED B\BKMHY KQ YHR DS K
ZHOO GHYHORSHG SUHQHXUDO D QG WDYH B GPRN WR®D,\W H X D Q/aX\
PHPEHUV RIOWKWRPHIQUKSD/MR IDU RQO\ NQRZQ IURP WKH &
3DODHRJHQH RI 1IRUWK $PHULFD -R\FWO /\VRQ “R\FH H
$QWHURSRVWHULRUO\ SURMHFWLQJ ¥UGLI® W RRHW.IQHG EDIUE
RI H{WDQW VSISEDH\R QM JBFRKRPHLGHIULR@ [ WUSEK\@GIXLV
FDUWLOPBRGHDHUSMORGAVFXV VLA HONVQ Y @ EXW DUH
ZHDNHU DQG XVXDOO\ SUHVHQW R GOWK®RX\XYWRE HM & XH
DEVHQW LQ DGXOW SDQ WULRQ\FKLQW\ QWKXY SQHQHYFRIl R/
QRW SDUWLFXODUO\ FORVHO\ UHO DWHIGD W VRR@\ NISHFH HWVS
KDYH UHWDLQHG WKLV PRUSKRORJ\7IKWM OB WHHQFRQRV DI B QH @
LV NQRZQ H[FOXVLYHO\ IRU BDQDDUMWRQ\FRLWKL K VUBIF B U VD (
1LOVVRQLD JBRRYHWWFD 1LOQBGRQLD*KBUXP 7KH DEVHQFH
D SUHQHXYUEBEOBMXHUHIRUH VWURQJO\ V X6/8RILDNWRZE KGRI W L |
3DQ 7TULRQ\FROLRGBLWLRQ FR¥WHDBIED QBSUHMHD VLPLODU
LQ VKDSH WR WKRVBOL@® PR\RQ\$KLMBO®HY LQ PDUNHG FRQWU
FRQGLWLRQ SUWOPRLUHRQXFKLFK FRVWDO ,, LV VWURQJO\ FXL
DUJXLQJ DJDLQVW D FORVH6WHLQ DWW IRRRGACDE R IEHIRRZHHHY G U
WKH SOD$WHEHREHVRUHPDUNDEO\ V L*RI0PIRW MER\WWKHDIW RV KHUH D

ni



PDQ\ GLIIHUHQFHV ZLWK BRQW ULRKREKYQBRVW VSHFLHV
3DQ 7ULRQ\FWK@®DSODVWURQ LV PXFK PRUH UHBKBHBODQG
SURFHVVHV DUH ORQJHU 7KH H[FHSWLRQM O\RVR/GBEY ,QUH V
WKHVH VSHFLHV WKH RYHUDOO SODDW URREW RDBBRIOR J\ LV
WKH RYHUDOO SODVWURQ PRUSKRORLUS BQ/GILDINWRK\BCHKY R V
ZLVBRDVWRPHRQLBDWMK HfWDQW (DVW $VLDQ WULRQ\FKLQHV

JURP WKH DERYH LW FDQ EH FRQF6W G HDBWRHKRE @\WK\M UFRDQUD
DIILQLVBDIQV7IWRRQ\FMKUIHD DEVHQFH RI D SUHQHXUDO LV NQRZ«
RI WKLV JURXS DV ZHOO DV LQ EDFEBUWULR®LFRIMLDJ DX
UHODWLRQZRDY WRPHKYXERHDY WKH VWURQJO\ GHYHORSH(
FDUDSDFH FDQ DOVR EH IRXQG LQ VRYPHGXMOWHQRIOF
3DQ 7ULRQ\FIQL @B LWLRQ GLIIHUHQFHV LQ WKH XWRADKSHU R
VXSSRUW D GLIIHBOQOWWRWHRQHE SRP\6WBEBRBRMRYHU\ VLPLODU
WKDW. ®YVROEDDQG PD\ LQGLFDWH D FO R VHHU UZH O\VCKWR. R E/HKUL &
RI WKLV JHQXV 7KH YHU\ VLPLO D UGSOD®R/RVHRYYRW KMHK R WSKOHDL
KDQG SUREDEO\ UHSUHVHQWYV D FRQYHUJHQFH

7R IXUWKHU FODULI\ RI WKHZDMEKDRWL RIQWY KSIDEQRWBLRQ\FKLG

RI -R\FH HW DO ZDV XVHG IRUWUKHVWXS SO BHREAWHK EQ
DQG UHVFRULQJV IURP /A\VRQ HW DO QHZ WDRIGWWHKH BIDW
FRQVLVWYV RI WD[D DQG FKDUDFWHUY FBRWE® EG RIFR URK

QHZ WD[RQ $ GHWDLOHG GHVFULSMILE® RRXDGH LRHWKR @\S
RI ODVVRQQH HW DO

,Q WKH SK\ORJHQHWLF DQDO\/L\EDEIDV | RIHFRG HKHGH Z LW
3DQ 7ULRQ\E® IR BRO\WRPWXYRQKD FRIDRRVD JDQJHDVQGD

1 KXUXRJ 2Q0\ D VLQJOH DXWOESRPRNEKKBYV EDERU WV
DOO WUHHV VXSUDVEFDSXODU IRQWDQHZ8 HRWHKMHRIV HKDD W FA
DQG DUH FRQVLGHUHG DXWDSR®A® SKDHM)GRU WK

1 JDQJHWRLFD D PRQRSK\OHWLF VLWXHXRIURUP RRIL KL |

1 JDQJHMWLMWXH PRVW EDVDO WD[RQ RI WK WRK S RVRIH R
6 EDEZDWKL@VVROSDDPELJXRXV EXW DO VFDDRWW SRYLAKILR® K
LQ JHQHUDO LV XQVWDEOH DQG@&IDDGULQHOHQMK D Q VAHWIS U H\D |
GLIIHUHQW SRBRVLEVMEDQ RI SRO\WRPOPRWHPW WKH EDVH R
30DVWRPHRQRWKHU SUREOHP ZLWK WKH FXRQHQWLS K\W/®JIB
IURP WKH (DUO\ &WXH\WHPMRXRUIORWLRWIN\ $VSL@EHUHWHYV

fio



PDRUWXHKMKLY 7ULRRNJUJ\JHQY¥HVRFKHO\V KHQJNY®BQHQV!
3HURFKHO\V ODPDGRKDWQVAWUH UHFRYHUHG GHHSO\ (
3DQ 7ULRQ\FKMWXO-HHVH WD[D DUH IRBPHG7WRRWYKERKERY H LR)IJ
WR WKHIBU BODHRLN IRXQG DW WKH EDVH RI WKLV (DEK\ &UH
FRQWUDVWY VWURQJO\ ZLWK LWV ODWH (RFHQH DJH

JLIXUH BWULFW FRQVHQVXV WUHH Rl REWDIDQKWG RSRA RDKH WWDHEPX P SD
DQDO\VLV RI  WD[D DQG FKDUDWNWHSV WRGWVLIWODFKLQGH] DG
LQGH] ODVVRQQH HW DO

$V KLIKOLJKWH G DERGHEH UHFRYHUHG LQ VHYHUDO GLIIHL
WUHH EDVHG RQ RQO\ PLQRU FKDQJHWZIRQPWKH8 GBDDROW |
XQFHUWDLQW\ 2QH LV UHODWHGRW RDW R M &SWHRVE D FHPRX\W. BV B |

WKH FURZMQRFRIULRQ\FWK@DRWKHU LV WKH SRRU SUHVHUYD
fif



6 EDEDKLFK PDNHV FUDQLDO VFRULQJ L PSRN WIHRD YHBN VD
SRVLW ISR EREZD WKLQVVROED DV SURSRVHG KHUH VKRXOG E
FDXWLRQ

$OWKRXJK WKH UHVXOWYV RI WKH SK\@RHDQHNGE Z LDADKD © DX
WKH SRVBWERBRIDRD SRO\WIRP\WXIRBEDLY QRW VXUSULVLQJ JL
DQG RFFXUUHQFH LQ 6RXWKHDVW $VLD $FFWRHKBQQVRWRD3H
FODGH RULJLQDWHG GXULQJ WKH HPLVBIGHDH (I RWO BW H6 R OW KR
DQG WKH VBIDQMDIVRMHLQPENEKQHWIRIEN $ FDDGWE @B FXQWBI G
VRPHWLPH GXULQJ WKH ODWH (RFHQH W& H\RHK \@ KDV W. V8 WLE
SRVVLE®H BMDKERM™OG EH D EDVDO IWOIWVRHSHDHRRHYHU EDVH
RQ RWKHU DQDO\WHV 7KRPVRQ HW DOLOVVRGSDRW HW @BDW H
PXFK ODWHU LQ WKH PLGGOH 0L R FGHLFD WH 1B VAR U H VEXDVWD\O Z3
IR8 EDEZDWKLQ WKH H[WDQW (DVW $VLDQ WULRQ\FKLQHYV



&RQFOXVLRQ

7KH ODWH (RFHQH 1D 'XRQJ %DVLQ RU LOAHKINWQD PRMW LRID M LI
BRXWKHDVW $VLD 0DQ\ VWXGLHV IRFXVH QELRY WWNYWDRJIHD:
YHIHWDWLRQ YHUWHEUDWHY DQGOLYXHGWRHYEHIDWKN SDYW |
EXW ZLWK RQO\ D VLQJOH WXUW QWK MSHFS WV OGH B O GLE HGGW I
EDVLQ VWLOO UHPDLQV D JUHDW P\QWHZARUWNR W ERHFUFRIFR G\
RQH ELUG DQG RQH WXUWOH ZHUH GHWWEOLEBG B QUGDRRP V3!
3K\ORJHQHWLF DQDO\VHV ZHUH SHUIRKWP HE OWRY LR QWKIHU R
FURFRG\OLDQV DQG WXUWOHV RI W K¥QINDH XRIUWWADNILRP ZR Wt
(RFHQH EDVLQV RI (DVW DQG 6RXWKHDVW $VLD

7KH ILUVW SDSHU RI WKH WKH YV LIVGLY HBER}AM @WLRDIOD @D
2ULHQWDORVXFKXV JHIMG XRQ M VQARY NQRZQ IURP VHYHUD
LQGLYLGXDOV 7KH QHZ VSHFLHV LV R® DRJDFFVDHIDIFWHIGU B\ B X
GRPLQDQW PD[LOODU\ ULGJHV D O[R QD DWKHWRIRWDKO E MK Wi
PD[LOODU\ WRRWK WKH DQWHULREXWHS B OMKH H LWRSW D €
H[SRVXUH DQG D YHU\ VPDOO H[W H,QQW R HP 8 K\®REMHWY LHF Qb
SHUIRURH®DGXRQJEDWLYHFRYHUHG DV D VUDBIHXPKBRMR Q
VLDPRJDOWREXWKH ODWH (RFHQH Rl WKH . UHW K HAD WIK®! \R Il RAK
D PRQRSK\OHWLF H[WLQFW EDVDO (DWAR WRR G5 RPONDIGHD \F\I
2ULHQWDORVXFKLQD RI /DWH &UHW IFHOROGHDRUIIL UV R F KXKL F
QDQNDQJKHRNQULJIDWRIQBKRWRDOOLJIDW R T KHX UGIMXIHVDW LLP ¢
WKDW WKHUH ZHUH DW OHDVW WXRR GRV®/\V QB WPGLR/SW K \APO
(DVW $VLD RQH GXULQJ WKH /DW HQEHDHI\N DREIHRXIVH BW\B B IR WX
DQG D VHFRQG GXULQJ WKH &H QR]R L0 B\L DDWWRHIP VRMGFEEDL \R |

7KH FRQWHQW Rl WKH VHFRQG SD S®GINUR H W\ H- BVK®IVYLR URFR K
'XRQJ %DVLQ UHSUHVHQWLQJ D QHZ VSBRPH®JRVXFRKW
DFXWLURVWIRW ZKLFK LV SUHVHUYHG ZLW O BWH X¥©® 8 (HYER
7KH QHZ VSHFLHV LV FKDUDFWHULVH® @\RWKKDOBDPWEAUYJ E
WHHWK DQWHULRU SDUW RI WK® $3W M KR @Y NG DMR W ISH WD R
VXSUDRFFLSLWDO YLVLEOH RQ WWHK BSNRG 8 VW DEQ KV KHW®RWD\
DQG LOLXP ZLWK D SURPLQHQW DQWHUWLRQ DSAREM VYV H FTRY
0 DFXWLURVWWKW VLVWHU WD[RQ RI D PRQRSK\OHWLF
ODRPLQJRVXFKXV ISHRW WRIOL DOWH (RFHQH Rl WKH ODRPLQJ
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.UDBDRPLQJRVXERRWEKH ODWH (RFHQH RI WKH .UPEVD®DVLQ
SRVLWIOP@®RIQJIRVRRKXWKH WUHH UHFRYHUHG E\ WKH SK\OJ
FRQJUXHQW ZLWK WKH ODWH (RFHQB RIHQRWWK D QBIQWAL V7
VXSSRUWYV D ZHVWHUQ 7HWK\DQ R WKIUH.I LRQ GHSRILQGHRPPA QGHL\
HYHQWYV IURP (XURSH WR 6RXWKHDVW H IR RIQMHI RRAX FAKKKH/ V
DQRWKHU IRU WKH JMQHK OLQAKRWNRIWRI P D S IDIQPGI DDWKLUG IR U
VWHP OLQHDJH RR RIKHVRRDDQYMKOHJIHOLL

7KH WKLUG SDSHU RI WKH WKHVLV UHQUWWHGWR IV KEH U3 WS |
RI D ULJKW WDUVRPHWDWDUVXV 7KHURPQW KL/ 3DIOH HRU WY
9LHWQDP DQG RQH RI RQO\ IHZ VSHFRHWBRX\WR HDKMW JFD/QDH |
WDUVRPHWDWDUVXV KDV EHHQ FRPSDWW GLDIONB QHY VDG W UDH
VSHFLHV IURP WKH 3DODHRJHQH +RIZH YRRP SGHWV MRR) @
IUDJPHQWDU\ SUHVHUYDWLRQ LW XPWRRWRENHQ WRVNQE GI
JURXS DQG LW LV WKHUHIRUH U HQHFHWHGED W R/ YL WLKHHRG B D W K\
VSHFLPHQ KDV D GLVWLQFWLYH PRUSKRQRBHP DR ® HPRIQUDMS
ZKLFK LV QRW NQRZQ IURP RWKHU 3DRDBRHIWQB P RFDOLWL!

7KH IRXUWK SDSHU RI WKH WKHVLVYIHG DLERXW LVGXDHQ\D @ | Z
VSHFLBD ®I7TULRQ\EWIUG DM R F K BIIOQV W E\BSV LYW R FKHW\V EDI
D VPDOO WR PHGLXP VL]JHG VSHFLHV FKDSDFWHUGJYHE® ER G B
FRVWDOV DQG QHXUDOV LQ DGXOW, VIRWPLRHQW KD SRWWH WU I
PDUJLQ Rl WKH FDUDSDFH DQG DQ K WKDGSHVRIURQERDO
&RPSDULVRQ ZLWK SODVWRPHQLGV RAKKBY BUDROM HR/LIDQH C
H[WDQW WD[D IURP 6RXWKHDVW $VLD Ul6Y HEDGEG DKFHORD W W
JURXS HVSHFLDOO\ WR PHPIEUA RORBHK -R WKEXVFKDUDFW |
6 EDBMH RWKHUZLVID XQWREH RS SlK\ORJHQHWLF DQDO\VL
WKH UHVXOWV RI WKHVH FRPS®UIEWEDPY DQSROHFRNHWZV\
1LOVVROSWULDWRFKH®\PRADBEKRORJIJLFDOO\ YHU\ VLPLODU \
IURP WKH ODWH (RFHQH RI WKH ODRFKQKD¥WDSYUBYRRXKQQTI
UHIHUUHGUURTIDPSUHV$RFRUGEZ QURSUHVMWXBVVLIQHG WR WKE
JHQX%WULDW DMK H®SUHVVD

7KH FRPELQHG UHVXOWYV SUHVHQW H®J CFERRQYRHD R OIORRZ DE & Y0\
ODWH (RFHQH ZRUOG RI 6RXWKHDVWWAHIDQ W KORMHE BR QQW
ORFDWHG LQ 9LHWQDP 1D 'XRQJ &KIGQDUDBRPLQJ DQG 7K

=1}
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JLIXUH 0DS Rl BRXWKHDVW $VLD VKRZLQJ UKW QD P X RYD @IV LWKB 0DF
%DVLQ LQ &KLQD EOXH DQG WXH JWHELQ %D Y GOMIY ¥ RD FAURFRG\OLDQV [
LQ WKH UHVSHFWL YO RPREDWYRBKXYV DFRWLUWRRW@WHHQWDORVXFKXV
QDGXRQJHIMHQWDORVEWKLQW R F K FBO\W 7BDLRI\FK KMDIHK[HRFKHO\V WUDC
3DQ *HRHP\GL@DRPLQJRVXFKXV FRWURWRPXQYDH DOWHUHG DIWHU 6KI
) 'RQIJQDQRVXFKIVLKMXUDORVXFKLQD DOWHUHGWUNBDWRBRKRBCHW IDRCS U H
3DQ 7ULRQ\FKL®MWHU * +RVRIPHWUHP\V 3OQFXOROHP\GLGOWHUHG DIWH L
&ODXGH HW DOXDQJGRQJHP\BBQ OBHRHP\GLBOWHUHG DIWHU &ODXGH HW
- .UDEDRPLQJRVXHIRPLVWRPLQDH DOWHUHG DIWHU ODRELNXFKWV DO

VLDPRIDODUIFXKQWDORVXFKLQD <« {HYBIPG H O ODUWRDR HHRIWVP\GLGDH
DOWHUHG DIWHU &ODXRGGHGD KUWHP\WY WKDQEXLRQHERHW\GLBOWHUHG DIWHIL
&ODXGH HW DO 6FDOH EDU FP
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7KH UHVXOWV IRU WKH FURFRG\OLD/G PR GIE) VDD G RVXIFW H G
ODRPLQJRVXPKYHVRQH VSHFLHV LQ HDFK RI WRW WYX DHOHJED &
LQGLFDWHG E\ WKH FRPSDULVRQV WRB §¥K\DRIM IQHHW V K DR
WKH FXUUHQW ZRUN $OWKRXJK WKHVRD\WHG ¥ RQ RILD P ODR R
E\ 6NXWVFKDV HW DO DQG XVHG HQHWKMODQDO\VYVVSRR
SUHVHUYHG DQG WKH WD[RQ KDG WR BWKHSUX.@HGD ULRWP
2 QDGXRQJIHQNUHPDUNDEORQJIQRDQRVXFKXNVKENVYFULEHG E
6KDQ HW DO EDVHG RQ QHZ P DMGHW KBIOVXUJR A \OW RRQ Rl |
UHODWLRQVKLS EHWZHHQ WKH WZR\WRJB @BW LWXB 8 R OWHE
UHFRYHUKWGXIQ D SRO\WRPQEZGWRQJIHDWLBHULYHG SRVLWLR
2ULHQWDORVXFBEDRPLQYRVXFKNKM UHVXOW ZDV DOUHDG\
ODVVRQQH HW DO DV DOO WK DHMROREKLBOWEHEHURXS
7RPLVWRPLQDH ODUWLQ HW DO URPDHUWHAWLQD O\ QHZ WISIH]
WKH .ODRPLQJRVXEKXW DIWHU WKH FRPSDEXWRIREGBMWEK V
0 SHWUR®IGFY\KH UHVXOWYV Rl WKH SK\ORW\HRDRIWN FLIVQD®S WL
WR EH D YDOLG EXW XQQDPHG WD[RQ

JRU WXUWOHV WKH UHVXOWYV DUR @HRY W& HDUZBRQ® RRIH
*HRHP\GLGIDHWV QRW VWXGLHG IRU WKLV WKHVLV KEHAD XVH
DOUHDG\ GHVFULEHG WKH R Q O\%WSHK[HRF KUHFROR KIHVIORE R U V
PHQWLRQYGWZXDWPRVW VLPLODU WR WK H* WMZ®JGRRPIHPIW S F
SLQBODXGH HW DO ,VRPHWQG P\V &KRZXQBHK RI DOC
SDQ JHRHP\GLGY VWXGLHG +RZHYHUVIWKIBLG RIMORUHBORW
PRQRSK\OHWLF (DVW $VLDQ JURXS EXW- LONVQZHDIHARXQYGVS
LQ D ODUJH SRO\WRBD QW HWRKIHP EIP\B-BRIU WD[D IRXQG LQ WKL
LQFOXGHG WZR SDQ JHRHP\GLGV IURPU®HK®ODUIEDP ph@®"
&ODXGH HW DOODXUHPQG W KD @GO H [HW D O DPRQJ
VSHFLHV ZKLFK ZHUH LQLWLDOO\ UHOHDWXGHGHWR DR GH U Q DJ
&ODXGH HW DO D UHVXOW BN KDKH ZIDYD Q RWL W RS SR WK E

$OWKRXJK D KLJK GHJUHH RI ZHML® WD[W\IZRFN LIRX'QYR (
DQG ODRPLQJ WKH SK\ORJHQHWLF UH\DABDW D FIORKY H) RIW ODW
EHWZHHQ WKHVH WD[D DQG WKXV GLR QRMO RO AFER QVKHHF \
EHWZHHQ WKH ORFDOLWLHYV WKHP\GHOMH\ Q3VVE PEW R UH BHXPW
WKHQ 7ULRQ\RKULGBEHZHUH VWXGLHG IRU WKLV W IDHWIHWI 7 KH
WKDQ WKDW Rl SDQ JHRHP\GLGV 7KHWHWH® RYMALROE BRA
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ODRPLQJ ZKLFK FRXOG QRW EH DQDO\WHG W QZ R LKA CRRINQH §
DUH NQRZQ IURP WKH .UDEL %DVLQ +RYHYHRP® .WRHLODWF A
VXUSULVLQJ %DVHG RQ WKH PLQLPXPIQRP EHUORO R BIBQ YW G b
JHRHP\GLGYV DUH DERXW WHQ WLPHVWRRBE\DEX®G DIV ' XK

WR ODRPLQJ WR DQG .UDEOW PWRHV ZWLYHWH\OLNH
ODFN Rl SDQ WULRQ\FKLGV LQ .UDEL LHW GXKD @ RX ¥\DXRISWDD
HQYLURQPHQWDO FRQGLWLRQV DV DOWHDG\ VXJJH\HV B GWE
WKH ODFN Rl SK\ORJHQHWLF VX SPSLRODW L W K HR K IQIK 1GH WKHH FR
EHWZHAHBDDEDRP 1D 'XR®J IDRBAW HVRP ODRPLQJ OHG WR WKH G
SODFH WKHP LQ WKH VDPH JHQXV XQRKNUHOWQDQDW MRGH BUS
WKH WZR WD[D

7KH UHVXOWYV Rl WKH WKHVLV VKRZ WKDWRWHKB WRQHH
ODRPLQJ DQG .UDEL KDG D FORVHO\ UEBBDWKGDFURFRG\O
SHSUHVHQWDWLYHV RI 2ULHQW DD®RPX DK RYX AKKY | RKGIGI H Q X
HDFK RI WKHVH EDVLQV DQWwUWBW RV BV UHVPDOWHG DW
1D 'XRQJ DQG ODRPLQJ 7KHVH ILQGLPRYQHFWRQRID E N WIZHH/
WKUHH EDVLQV GXULQJ WKH 3D O DHRIGIH +HRQBIF 6 UQ IVIKHK @
DOVR LQGLFDWH WKDW HLWKHU D SMAKHF@OXS ERD UW K H U( RiF HY
UHVXOWLQJ LQ WKH EDVLQ VHS D UMK KO UBHHEV RIDK G V R C
VLPLODU VSHFLHV DUH LQ IDFW FKURIQFO/EWM FLW \L W7 K VVGSRI
DVFHUWDLQ WKH H[DFW DJH RI DO O SRRK/WH B CE-D WIKDW Z\KKLHFK F
VHSDUDWHG E\ VHYHUDO PLOOLRQ \HRIUW K HKV P DZRX @ 8 IDSKRR
YDULDWLRQV REVHUYHG EHWZHHQ VSHFLHYV

7KH UHVXOWV RI WKH WKHVLV DOV R D/ EH \GRIMHE @ LDFELRAKH
LPSDFW RI WKH PDMRU FRROLQJ H¥H QYW D QW GMKE&RKS & URITW R
UHSWLOLDQ IDXQD RI 6RXWKHDVW $W IDDJ H+ RZ A IY W H G VEK HV R RIC
IRVVLOV IURP WKH 20LJRFHQH RI 6BXWHRDW/IN HW L) $OLDI
JHQHUDOO\ YHU\ VSDUVH 1L HW DOWHG I|IRDQIE 2HMH G RE
FURFRG\OLDQV DQG WXUWOHY DUH HYHOREDOHWL2Q HD BRH WK
+LOOV LQ 3DNLVWDQ ZKHUH UHSUHVRBMWDWRP/LHH R | KDURF B
HIFDYDWHG ODUWLQ ODUWBQWRWJIRMXFKXV EEXJWLC
ODUWLQ HW DO UHSUHVHQWYV DVWHYH ® DRUIRIF G VO RSLRR
VHYHUDO VNXOO IUDJPHQWYVY IURP YRPBL\ODRBHQWNSEHRINGI® \Q
DVVLJQHG WR D VSHFLILF JHQXV ODURGIQ 7ULRIDEKRGHOH
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NQRZQ IURP VLWHV LQ -DSDQ DQG .D]DNK YV WDHY HUHR KH D6 VW
D IHZ WKLQJV FDQ EH VDLG DERXWJ NV OH G DS W HO L BVE H Dy
&RXSXUHT

'XULQJ WKH /DWH &UHWDFHRXV WR WXAK LOIDN B HURF HQ 6 H
GLVWULEXWHG LQ (DVW DQG 6RXWKHD VW HIQMH DR QIURWPG W K
KRZHYHU QR UHSUHVHQWDWLYHYV K DG HWEKHiH QDIFRXQ@VE © RF KTH
VPDOO DOOLJDWRURLG LQ 6RXW K HDIHV JSHQUDNV KMV REMHKP! | L C
OLRFHQH WR WKH SUBI@BHQW 6KDQ HW DO ,LMLPD H
'DUOLP HW DO 7KH 20LJRFH®X A DO OWL B HWHMVQL WB W HP R
EHWZHEQLIJDWRU PLVDQBYQESDWEQVDWL® HRW MKH DUULYDO R
PHPEHUV RI WKH ODWWHU LQ (DVW $VLD YLD %HUL
ODVVRQQH HW DO 'DUOLP HW MG W R O KAGIDIQ FBMERAH U F
KDYH SOD\HG D NH\ UROH LQ WKH RRR ORFHEB YR Q& QFPCH QRAD
FRQWULEXWHG WR WKH H[WLQFWLRQ REZKHINKIQW DADKRY XFFR
WHPSHUDWXUHY SOD\HG WKH P D 2Q LUHRIDMDIOR WHKBHOHP B VWIRRGV
PHUHO\ RFFXSLHG YDFDQW QLFKHVLR®@ RRHAXWKHLUGG LYVHAW 6
7RPLVWRPLQHV KDYH VXUYLYHG W RDW RHQS RN YIAEMOGID L K X
QR ORQJHU IRXQG LQ OLRFHQH DVVHBBDOBHEY E\ (P K DD UL
WRPLVWRPLOHYJKXYXFKXVZEDRK SUREDEO\ DUULYHG LQ (C
(XURSH LQ D ODWHU GLVSHUVDO HYS$\QWLW R VMRGIQN B/RD
DQGOOLIJDWRIWNV XQFOHDU ZKHWKHU WKHUHZZHMQ DN &HUWER/
JURXSV RU ZKHWKHU YDFDQW QLFKHV RQUHGEREFLXSW R 6K HRWY
EDEIKRZHYHU WKH FDVH LV GLIIHUHQWR®FBRGGILIQD RIRH GHVY
DQDO\WHEDERXOG UHSUHVHQW D VWHP PHPEHOWIRWKBD H
ODVVRQQH HW DO 6 , IEWRIVRQHWUIXHVY GHVFHQGDQWYV
UHODWHG VSHFLHV VXUYLYHG WKH p*WDQ &P &RX\S K G H.IQDERX
$VLD 8QIRUWXQDWHO\ QRWKLQJYD® FEIHWKH. 8@ PERNQRE® HE
WKH 1D 'XRQJ %DVLQ ,WV SUHVHUYDWLRX® RNQWR R RS PRVSY
IDPLO\ DQG WKH ODFN RI ZHOO SUHVRENGIE DR\GY RO LERFE )
6RXWKHDVW $VLD PDNHV DQ\ IXUWKHUHVHANUWHPHQW GQRIUHA
GDWD HVSHFLDOO\ IURP WKH 20GHRBFW Q HE HDNW HRUH D WADHL\D\D W
Rl WKH P*UDQGH &RXSXUHYT RQ WWHKHDYV/SW BOLD Q+PXOMHR |
'XRQJ ODRPLQJ DQG .UDEL EDVLQV WR I1HWRQW DLW MDG\ORL Q
UHSWLOLDQ IDXQD RI BRXWKHDVW $VLD GXULQJ WKH ODWH
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SHIHUHQFHYV

$OQTXHWLQ - 7TRQJ + &EOP XBWIDYVLF VWHP SOHXURGLUH VK
IXQFWLRQDO RULJLQ RI QHFRNLHBWULDLFWIHRSR U/ WXUWOHV

%DLOH\ | : 6LOQQRWW 7KH: &OLPDWLF 'LVWULEXWLRQ Rl &
$QJLRVSHUP $RBYHNDQ -RXUQDO RI #5RWDQ\

%DNHU $ - +DGGUDWK 2 OF3KHUMWRQ -*HQREBDRXWESRUW I
D ORD*7LQDPRX &0ODGH DQG $GDSWLYRIFHRIUG KB DRIMW BPBIY \& BRI
OROHFXODU %LRORJ\ DQG (Y(ROXWLRAQ

%DNHU %YURVK . ) SHHWKH (FRORJLFDO 6LJQLILFDQRH RI /RE
/HDYHV LQ 7THPSHUDWHFRRORIYW 7UHHV

%HQWRQ 0 - &ODUNSUFRRVDXU SK\ORJHQ\ DQG WKH UHOL
SEURFRGHBBQWRQ 0 7KHHEB&VORJHQ\ DQG &ODVVLILFDWLRQ |
9RO XPH $PSKLELDQV 5HSWHCPWLBYWBEWRFLDWLRQ 6SHF

+

%HUJ " ( 'LH .URNRGLOH IS\ DPAWRVXGBKEMBHIEHFXD XV GHP
(R]1Q YRQ OHVVHO EHL 'DUPVAMWD/VGAWFKHHWVHD QGHVDPW
WRGHQIRUVFKXQJ

%H]XLMHQ O 5 6KZHGLFN % O 6RPPH& ODGWHXEAWHY H Q WR

7TRPLVWRFPDLLVWRPD VEROBDORAOULY 6 & 6WHYHQVRQ
&URFRGLOHY 6WDWXV 6XUYH\ DQG E&ZRQYVGH UGLDWLRQ S$&WRF
6SHFLDOLVW *URXS 'DUZLQ +

%H]XLMHQ O 6LPSVRQ % %HKOPIVUULSIRMWUEURFRGE\O XV
VLDPHQWILWPHVH &UREKRGL®&L 5HG /LVW RI 7KUHDWHQHC
H 7 $ +

%H]XLMHQ O 5 &R[ - + TKRUEMNMRWRDWDRQ& - % GHPDUN
5DVSKRQH $ 6WDWXV RI| 6LDPH&UHREFRERREVY OHPRAB Y GWHU

S5HSWLOLD &URFREBGVWOULPDOQQR®RIDRMWSHWRORJI\

%H]XLMHQ 0 5 6KZHGLFN % 6LPSVRQ ®BWXHEWQQLHZLF] ¢
7TRPLVWRPD VFKOOHIHOKDKHH.D®&1 5HG /LVW RI 7TKUHDWHQH:
H 7 $ +

%WRGGDHUW ZYHU GH .UDDNEHHQLJH 7BHFPKWRGEQK &DUWLODJLQF
YDQ 7TRQJHUOR $PVWHUGDP +

%YRHUPDQ 6 $ SHUULFKRQ * <D@J -- (/L6SSHLGMVHOUD BW& 6Pl
7 $ MXYHQLOH VNXOO IURP WKHDHB[WCH @®\O WHKRIF B  SIH®DI
RI FURFRG\ORLGYV LQ $VLD EDFN-ERORJLFD@OIRR{Q QHDU R |1 WK
6RFLHW\ +

%RHY = /IDWH 3O0HLVWRFHQH DQG (DUO\ +PQRWH®@H %L MNCGHN |
'LHX DQG O0OD[D , 7TKDQK +RD 3URYLQFH 2GWOHRU QLKWHK RRLR
%X0JDULDQ 9LHWQDPHVH $UFKDHRORJLFDO R(@OSHI@®XNQLLRD V
SHVHDUWRDOWHUQDUN\ £

%|KPH 0 (LQH :HLFKVFKLOGNU|WH TULRQ\FRLULGDHWRPDXV C
'LHWULFKVEHUJ EHODOFKVDDEXKUD $OWHQEXUJ

%|KPH O $LIOVWRUIHU O SOWRLQBOLR 3 PPWHDAV( * +BKXF
7 6FKQHLGHU 6 6HW]HU ) 7DS8SKOW 5 3UIUHDVQRLD 1
'XRQJ QRUWKHUQ 9LHWQDP + DQ H[FOQSWHRR\D\O WHBRARL
6RXWKHDVWWVBWIHBD L D QD

%|KPH 0 3ULHWR - 6FKQHLGHU 6 ' +XQJUDQ9 ' 4XDRH
&HQR]JRLF RQ VKRUH EDVLQV Rl 1RUWKHUWQHYWHEQ DWW H %MD
LOYHUWHEUDRXUIPX@ RY $VLDQ (DUWK 6FELHQFHYV
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%RQQDWHUUH 3IDEOHDX HQF\FORSPGLTXH HW PpWKRITILTXH G
QDWXUH 9RO  (VBYMWRSBRIIANRXFNH +{WHO GH 7KRX =
%UDXQ ( / .LPEDOO '®WD 7\SHV DQG WKH 3K\ORAIHLAVRI| 1H

+

%ULQNPDQ ' G5DEL 0 =KRRHW &UHWDFHRXV IRVVLOV IURP &
RQ WKH DQFHVWUDO ERG\ SODQ RI BURKIE VR I VUK SW 8 GW
6FLHQWLILF 5HSRUWWYV

%URFKX & $ ORUSKRORJ\ )RVVLOV 'LYHUJHIQWRJHE®HQLFD
5HODWLRQDKILDORWHPDWLF %LRORJ\

%URFKX & ¥ 3K\ORJHQHWLF 6\WWHPDWLFV DQG 7IKRWQIRP\ RI
S8QLYHUVLW)\ RI 7H[DV $XVWLQ =

%URFKX & $ 3K\ORJHQHWLFV 7D[RQRP\ DQG +LRWRULFCL
$00LJDWRRMUGHD® RI 9HUWHEUDWSXSBOHRQWRORJ\

%URFKX & $ 3K\ORJHQHWLF $SSURDFKHV 7RZDQ Q&WDRF R G\
5HYLHZ Rl (DUWK DQG 30DQHWDU\ 6FLHQFHV

%URFKX & $ 6\WWHPDWLFV DQG 7D[RQRP\ Rl (RFHQHDIRPLVW
IURP %ULWDLQ DQG 1RUWKHUQ (XURSH (BDOYDHR BMVRDRAIL

+

%URFKX & $ 3K\ORJHQHWLF UHODWLRQVKRRW RH XA\DXCFKH. B HQ B
WKH VWDWXWWUIFKDPRASYPYLY (DUWK DQG (QYLURQPHQWDO
7UDQVDFWLRQV RI WKH 5R\DO 6RFLHWYRI (GLQEXUJK

%URFKX & $ *LQJHULFKLHZ 7TRPLVWRPLQH &URFRG\OLDQ IU
(RFHQH %DUWRQLDQ RI :DGL +LWDQ&RDWPLENRYIRMAH | YR
OXVHXP Rl 3DOHRQWRORJ\ 7KH 8QLYHUWLW\ RI OLFKLJDQ

%URFKX & $ 6WRUUV$ 3LDQW FURFRGLOH IURP WKH 30LR 3C
WKH SK\ORJHQHWLF UHODWLRQVKLSQHM 1B®RGE HQKH$ DLW DX
&URFRGLQXMURRKDQDO Rl 9HUWHEUDWH 3DOHRQWRORJ\

%URLQ ) GH/HV 7RUWXHV GH *DGRXIDRXD SIWXHOXEXODL
SDOPRELRJpRJUDSKLH GHV 3HORPHBGKRALGH\H G 30 KYOU BRIEW
JpRORJLTXH GH )UDQFH

%XFNODQG : *HRORJ\ DQG PLQHUDORJ\ FRQVLGHUXGD@LWK
WKHRORBLFNHULQJ /RQGRQ *

%XIITHWDXW (7KH JLDQW ELUG *DVWRUQLV E®R®VLED BXWHY
[LFKXDQHE@XLV IURP WKH (DUO\ (RBEBRQRNVRERQIDFDO -RXL

+

%XUQKDP 5 - 3LWPDQ 1 & $ -PKQYRQ+DEMWMMDBWHG HUUFR
LQ HVWLPDWLQJ WHPSHUDWXUHV |URP RSHBD ®PRWLHDANDL Q I
“-RXUQDO RI %RWDQ#

&DGHQD ( -R\FH : $ 5HYLHZ RI WKH )RVVLO 5HFRGEWI 7XU
30DW\FKHDQIBEWDWMR N XD HWLQ RI WKH 3HDERG\ OXVHXP RI

+

&KDYDVVHDX 2 &KDLPDQHH < 'XFURFD 3 '/DIJXDEXKPYXQJ O
6XUDXOW - 7XDQ ' O -DHY$HIHZ SULPDWH IURP WKH ODW
9LHWQDP LOOXPLQDWHY XQH[SHFWHGOXWULRRVLY BRXWMKBDY
6FLHQWLILF 5SHSRUWYV

&KNKLNYDG]JH 9 01HZ WXUWOHV IURP WKH 20LJRAHQH RI
VIVWHPDWLF SRVLWLRQ RI VRP HsRBEFKFHKQRIDORNYDREPD @
*UX]LQVNRL 665% >, Q 5XVVLDQ@

&KNKLNYDG]H 9 G7HUWLDU\ WXUWOHV RI WKH/ =DLVRQILBSU!
OHWVQLHUHED + >,Q 5XVVLDQ@
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&KR < < 7VDL & &JRFRG\OLDQ SULQFHVV LQ 7DLZAFQ 5HY
VWDWXVRRLVWRPD WDLZPRLAXH 30HLVWRFHQH RI 7DLZ
SDOHRELRJHRJUDSK LR XLPEHQ ARO VB DRO@R QW R OR J)\

&KRXGKXUU\ % & GH 6&ORPRG\OXV IXOXWWULKH ,8&1 5HG /L
RI 7TKUHDWHQHG 6SHFLHV H 7 $ +

&KRZ 0 & <HK + $ QHZ HP\GLG IURP (RFHQH RI ODRPLQJ
9HUWHEUDWD 3DOS$VEDWLFD

&ODUDPXQW 6 &UDFYDQWZ WLPH WUHH UHYHDOV (DHWK KLV
HYROXWLRQ Rl PBPFGHQOHESGEUQFHYV +

&ODUN - 03K\ORJHQHWLF 5HODWLRQVKLSV RI WKH KHMNARG\O
7KH 8QLYHUVLW\ RI &KLFDJR +

&ODUNH - $ 1RUHOO 0 $ 'DYKPH¥WHUDOQ 5HPDLQV IURP WKH
Rl ORQJROLD DQG WKH 3K\ORJHQHWLF S$SRWVWLIRQRRG X H
$PHULFDQ OXVHXP 1RYLWDWHYV

&ODXGH - 6B6XWHHWKRUQ 9 7XBWOHY¥ IURP WKH ODWH (F
20LJRFHQH RI WKH .UDE %% DQHW LTK BHOOQ GRFLpWp JpROR.

&ODXGH - =KDQJ - < /L - QJ QR: - </RQXID + *HRHP\GLG
WXUWOHV IURP WKH /DWH (RFHQH 0DR®KXQ.D HV QG K ROON &R
JpRORJLTXH GH )UDQFH

&OLIW 3 ' 6XQ 7KH VHGLPHQWDU\ DQG WHFWRRQIHK B Y BEXQW L
+RQJ EDVLQ DQG WKH VRXWKHUQ +DLEHDQ FPSWDILRD WELRRQN K
7LEHWDQ XSOLIW DQG PRQRRBQDAWHHRSKFDMFIDRI) 5HV HD U
+

&ROEHUW ( + &RZOHV 5 % % RHPBWMUBWERUH WROHUDQF
$PHULFDQ DOOLJDWRU DQG WKHR O XEWIDRIQ QD QRE WWKHH HK[BVELLOA
GLQRVEXWODWHWLQ RI WKH $PHULFDQ OXVHXP RI 1DWXUDO +1

&RRSHU $ 3HQQ\ 0ODVV 6XUYLYDO RI %LUGV $FURVV WKH &
%RXQGDU\ OROHFXO®PBUHOWMHEHQFH =

&RVWD ( *DUFpV 0 6iH] $ &DEUHWD 0/ /§yBH]D¥WBDRY WKH
3*UDQGH &RSXUH" PDPPDO WXUQRYHU 1HZ HRQNIREFBIQMHW V
UHFRUG Rl WKH (DVWHUP (EBR ODHRIHRUUBSKLQ3DODHRFOL
3DODHRHFRORJ\ #

&UDFUDIW -3K\ORJHQ\ DQG HYROXWLRBLRI WKH WDWLWH ELUG

&XYLHU ) *S5HFKHUFKHV VXU OHV RVVHPHQV IRVVIFQH\W HR/ O
GH SOXVLHXUV DQLPDX[ GRQW OHV WYLR OHVLRQOXJEXWORE
HW ( GJ2FDJQH 3BRULV

'DQLORY , * 9LWHN 6RIWW VKHOOHG WXUWOHV 7ULRQ\FKLG!
JRUPDWLRQ /DWH &UHWDFHRXV ODWH 6KHR®D EDY HGR | W
&UHWDFHRXV 5HVHDUFK

'DQLORY , * 6\URP\DWQLNRYD ( 9RG&ENOWVFRDV -3 3

7KH ILUVWGRFXMHMWXGLQHY $GRFLGDH IURP WKH 3D
-RXUQDO RI 9HUWHEUDWH 3D@GHRQWRORJ\
'DQLORY , * +LUD\DPD 5 6XNKD®RYDWD®H ®X]XBLWHN 1
&UHWDFHRXV VRIW VKHOOHG WXUMOHD DUIZR GLPKH G\
UHFRUGV DQG -RXWQYDOLRIQ6\VWHPDWLF 3DORHRQWRORJ\

'DQLORY , * B6XNKDQRY 9 % 2EUD]WWRYD 7KHOILUYW/ HNOLL

UHFRUG RI WULRQ\FKLG WXUW OBNVOHR @\ R GRILHFROHRX BQ B



'‘DUOLP * [/HH 0 6 < DOWHU -7KHSDESDEW RI PROHFXODU G

SK\ORJHQHWLF SRVLWLRQ RI WKH 8XW0Q WIQYAH VRIOHG B Y M AFIUW K
%LRORJ\ /[HWWHUV *

‘buoLp * 6 XUDSUDVLW . &KDLPDRHH & PXDRXPRUXQJ O
.DZHHUD % 5DEL &Q H[WLQFW GHKIO® VIIBHMAUHY IURP WK
AXDWHUQDU\ RI 7KDLODQG DQG FRPPIRQWWKIR@I VEKH WLYW O
DOOLJDAWFRHUOGWLILF SHSRUWV +

'DXGLQ ) O +LVWRLUH QDWXUHOOH *pQpUDOH HW SDUWL
/{1, PSULPHULH GH ) 3DULV 'H /p,PSULPHULH GH ) 'XIDUW

'"HOILQR O 3LUDV 3 6P WRP\ DQG SK\ORJHQ\ RI WKF

FURFRG\RYBRKXV OHIRFFKWHKHH 3DOHRFH®HAWRI IBOBBRQWROR
SRORQLFD +

'"HQVPRUH [ ' %LRFKHPLFDO DQG ,PPXQRORJLFDOUG6\VWHP
&S&URFRGQGIHFKW 0 . :DOODFH % SUDRFHW EFR@DUWHGHNLRO
6SULQJHU 86 %RVWRQ 0% +

'"HQVPRUH [ '"HVVDXHU #ARZ&EOHYHOV RI SURWHLQ GLYHUJ

EHWZHBIQLDDQARPLVWRFPDGHQFH IRU FURFRG&REB D UDRMIR/GK \
%LRFKHPLVWU\ DQG 3K\VLRORJ\ 3DUW % &RPSDUDWLYH %LI

'"HQVPRUH [ 2ZHQ 5 OROHFXODU 6\VWHPDWLFV RI WKH 2
$PHULFDQ =RRORJLY¥YW

'‘XFURFT 6 %YHQDPPL O &KDYDVVHDX 8XUDKSICPLLQWH H. 3KD
GRQJ 3KXRQJ 9 OH 3KDFK 3 YDQ 1HZHDOQWKUDFRWKH
&HWDUWLRGDFW\OD ODPPDOLD IURP WHKWQ 39I0HRQBOH
ELRFKURQRORJLFDEXAWPSGDOQ AFADIVOIHRUQWHEUDWH 3IDOHRQWRORJ

'IDQK 7 BWUDWLJUDSKLF FRUUHODWLRQ \RQDRRJ®I®H EMDXH
DUHPRXUQDO RI *HR@RLI\ 6HU %

'IDQK 7 &KURQR HFRORJLFDO YHJHWDW IEDHD DEVAVWHHREERORIHHQ D
1HRJHQH DQG 1HRJHQH 4XDWHUQIDLODBRERW RQ4MWMW QD P
(QJOKDUW 6 -XEDQVNL - OHDBWWI\DQJ '\QDPLFV LQ 7URS
6ZDPS )RUHVW %LRPDVV ZLWK OXOWL FHPBWUHDEHQVERIDWD

+

(QJVWURP 7 1 6KDIIHU + % OF&RXGWLSGH 'DWD BHWV
+RPRSODV\ DQG WKH 3K\ORJHQ\ RI GRIQHWKHDWL RRE\F\K DGIL
6\WWHPDWLF %LROR:J\

(ULFVRQ 3 * 3 $QGHUVRQ & / %WHULWWRQRKRDQMWW/RQRB ¢
JOOHUVM| 0 2KOVRQ - , 3DUVRQV @OD\U *XFFRQ
'LYHUVLILFDWLRQ RI 1HRDYHV LQWG®RH I5/DMRI) [RY GRRERIAXCD\D
JHWWHUV  +

(VWHV 5 +RZDUG +XWFKRMRHQH ORZHU YHUWHEUDWHYV IURP |
&DQDGLDQ $UFWLF3HOPKIRIHRDU®SK\ 3DODHRFOLPDWRORJ

+

(YHUV 6 %HQVRQ 5 % QHZ SK\ORJHQHWLF K\SRWKHVLV
LPSOLFDWLRQV IRU WKH WLPLQJ \BQDBQY{LMAHRW RIWHR RO KWQR
WKH JURXS 6PLWERO®HRI@GWROR Jx

(YHUV 6 : &KDSHOOH . ( - -R&EUHDQLDO DQG PDQGLEXODU
30DVWRPHQXVDWKRPQHI WLPH WUHH RI BALMR/QARKU® HY ARG
3DODHRQWRORJY

)DUNH $ $ +HQQ 0 0 :RRGZDUG 6 /HLGVRVXFRKURFRG\OLD
$OOLJDWRURLGHD IURP WKH 8SSH W RMWWOF HRXW H DLBDIIIRG
SWDK S8A30HR%LRV +

00



JHUUHLUD * 6 %URQ]DWL 0 /DQJHU 3G\@GRJHQQNHBDRJHRJUD
DQG GLYHUVLILFDWLRQ SDWWHUQV RHWLGB HXHFRGAL@ DV X U\
6RFLHW\ 2SHQ 6FLHQFH

JLRULOOR $ '6QRVDXUV Rl $ODVND ,PSOLFDWLRIQY RR Y MKLIHQ& L
,Q %ORGJHWW 5 % 6B6WDQE&H\7HUUDBQH BBNOH 1HZ 3HUVSFH
3DOHRQWRORJ\ DQG 6WUDWLJUDSK\ |ORPWRERUREWE® &R F UK
RI $PHULFD 6SHFLDO 3DSHU

JRUVNNO 3 'HVFUSWLRQHV DQLPDOLXP DYLXP DPBRUERPRUXF
YHUPLXP TXDH LQ LWLQH U HDRUQLHMHW B & SRHEQYKIDIMDYY LAWO O H U

)XHQWH 0 6 GH OD ,WXUUDOSGEHZAQEAMWURGLUDQ 7XUWOH IL
JRUPDWLRQ 2[IRUGLDQ RRXHQWE W) Z3dXEERQWRORJ\

J\KQ 0 % 3KDFK 3 BDWH 1HRJHQH VWUXFWXUDO LQYHL
QRUWKHUQ *XOIl RI 7RQNLQ 9LHWQDPG I(MS 6 WVHPHRPWUD FK\R
5HG 5LYHU IDXOW JRQH ,QYHUVRRQRIQNHWEMR QRFMVKHUQ *XC

J)JKQ 0 % : &XRQJ 7 ' +RDQJ & -+ 2ORYDNRWXN 0 7XDQ

7XQJ 1 7 +X\HQ 1 7 &XRQJ 7 SEDWJRVW, + BLHOVHQ
JLQNLQJ 3DOHRJHQH 5LIWLQJ DQ®KQY® UBR®RD +RX W B

%HLEXZDQ %DVLQV O9LHWQDP :LWK /I$LVD DBRWEKDIO 5 6IRBWI IR
6KHDU =RHOHWRQLFV =

*DIIQH\ ( 6 7RQJ + OH\ODQYROS$WLRQ RI WKH 6LGH 1HFNHC
)DPLOLHV %RWKUHP\GLGDH (XUD[HP\GLGPXO OBIQG Q$ LRD U I\
$PHULFDQ OXVHXP RI 1DWXUWDO +LVWRU\

*DUELQ 5 & %|KPH O -R\FH$ QHZ WHVWXGLQRLG WXUWOH
WR ODWH (RFHQBHHW-LHWQDR
*DWHV\ - $PDWR * 1RUHOO 0 VKH6ROOBRPELQBI\® 6 XSSRUW

KROHVDOH 7D[LF $WDYLVP LQ *BWWIORDWLFURERGRILDQV

*DXWKLHU -6DXULVFKLDQ ORQRSK\O\ DQ@®WHRELDILIZKRHRG %LU
RULJLQ RI ELUGY DQG WK DHY ROX@MAIRG RO KB PRILIUMURIL DV K H
&DOLIRUQLD $FDGHP\ R 6FLHQFHV

*DXWKLHU - 4XHLUR] )HBDWKHUHG GLQRVDXUV 10\LQJ GL
GLQRVDXUV DQG WKB DMDPHRBYHW *DXWKLHU -1HZDOO |/
3HUVSHFWLYHV RQ WKH 2ULJLQ DQG (DUOLQ(YWR®XWNARID
,QWHUQDWLRQDO 6\PSRVLXP LQ +RGRERAE\-RXDHX P 2R IWLRP
+LVWRU\ <DOH 8QLYHUVLW\ 1HZ +DYHQ &RQQ

*HRIIUR\ 6DLQW +LODBXH OQHV WRUWXHV PROOHV QRXKHDX Jt
7ULRO®W VXU OD IRUPDWLR®QGBWYH\D BXSDERMYXP QDWLRQDC
QDW X U3 DD +

*HRUJDOLV * HNLUVWBEDRQ\FKLG WXUWORUIZRYWXGGOHV IBRP
3DODHRJHQH RD SHWIVFDQ 3DODHRQWRORJ\

*HRUJDOLV * / -R\FH $ 5HYLHZ RI WKH )RVVLO 5HFRUG RI 2¢(
RI WKH 80QGHJLRQ\PKLABDHWLQ RI WKH 3HDERG\ OXVHXP RI

+

*LOPRUH & : $ 1HZ )RVVLO $OOLJDWRU IURPIVWRHWBQD &U
SURFHHGLQJV RI WKH 8QLWHG 6WDWHY 1PWLRQDO OXVHXP
*LOPRUH & : 'HVFULSWLRQ RI WZR QHZ VSHFLWYXHRIDQNNLO

IRUPDWLRQ RIBURFHAGLQIV RI WKH 8QLWHG 6WDWHY 1DWLF
+

*LOPRUH & : )RVVLO 7XUWOHW IROORQYILRORD WKH $PHULFDQ
I1DWXUDO +LVWRU\

00



*LOPRUH & : )RVVLO 7XUWOHV RI O0RQJR O LEP HUHLFFOIG 0K GIW R L
1IRYLWDWHY

*PHOLQ - ) 5HJIXQXP DQRP&HEIOUROL B\VMWHPHD 1DWXUDH SHU UH
QDWXUDH VHFXQGXP FODVVHV RUGLQUDVFWHQIHEXDY VGEH R W
VIQRQ\PLV 9RROPARH * ( %9HHU /HLS]LJ *

*UD\ - ( 6\QRSVLV 5HSWLOLXP 3W &DWDSKRUDFWD 7RUWF
(QDOLRVDXUHX@MVHO :XUW] /RQGRQ #

*UD\ - ( 1RWHV RQ WKH IDPLOLHV D@6 \JW RG U@DRVDW RJOVR R\
FKDUDFWHUV DIIRUGHG E\ WKH ¥WREHHRIL@XHIRU WKXO0 OR/R
BRFLHW\ Rl /RQGRQ

*UHHQZRRG ' 5 /HDI ODUJLQ $QDO\VLV 7DSKRBREBPAGF &RQVWU

+

*XQDZDQ + .RED\DVKL 6 OL]JXQR .3HRWQRZ®PS IRUHVW W\S
WKHLU UHJHQHUDWLRQ LQ *LDP 6LDN .MAUQY Hb6XMNLIK %(IDW X
6XPDWUD ,QGIRUHWDRG 3HDW

*XVVHNORR 6 : 6 =ZHHUV 7RH $3DOHRJQDWKRXV 3WHU\JRL
&RPSOH[ $ 7UXH &KDVUIDHWHLOGY -RXUQDO Rt =RRORJ\

+DGGUDWK 2 %DNHU OXOWLSOH QXFOHDU JHQHV DQG UHYV
YLFDULDQFH DQG GLVSHUVDO RI WKH &SDHODBIRHEROW RW L DG
PRGHUQ BURGEMHGLQJV RI WKH 5R\DO 6RFLHW\ % %LRORJL

+

+DJDQ - 0 B6PLWKVRQ 3 & 'RWMKDBLRUDO 5HVSRQVH RI WK
$OOLJDWRU WR )UHRXWAID M RWKHUSHWROH R J\

+lUOLG $ $UQDVR®QBO\WHV RI PLWRFKRQGULDO LI$ WQKNW U
1HRJQDWKDH VXSSRUWLQJ D QHRWHORRURRIUADOQ FR D ULLF
3URFHHGLQJV Rl WKH 5R\DO 6RFLHW\ RO BFFQEREOHGHULHV %

+

+DUVKPDQ - +XGGOHVWRQ & - RAROTEDFN %U3XQ3D0UV
7UXH DQG )DOVH *KDULDOV $ 1XFOHDU ©H®M WK\RIRWHD \
%LRORJ\ +

+DVV & $ +RIIPDQ 0 $ 'HQVPRUH // 5B 0R[WRIEORGLOLDQ

HYROXWLRQ ,QVLJKWYV IURBRM®HKQRODR BKRDABIGQPWW LFV DQ
+

+HDG - - ODKPRRG 6 *LQJHUUBKL@BGHUHWHYV DV WX \GRWIH/
7TULRQ\FKLG S5HSWLOLD 7HVWXGLQHV]LQUXRP )WKRDOWIURQ H I(|
6 XODLPDQ 5DQJH 3XQMBBRWIONRXWWRE@EY I URP WKH OXVHXP F

+

+RRG 6 & 7RUUHV & 5 1RUHO® 0 $HZ&BRNVNE %LUGV IUR
(DUOLHVW (RFHQHSRHORBDQ ®XD/HXP 1RYLWDWHYV

+RX [+ 1HZ IRUP RI WKH *DVWRUQLWKLGBHRIUWRRHW K AKRZE
+RQDIHUWHEUDWD 3DOS$VLOWLFD

+RX / + &KXRQJ & 0 DQJ $ =HQJ & RVWRXELUGV RI &KI
<XQQDQ 6FLHQFH DQG 7THFKQRORJ\ 3UHVV .XQPLQJ

+X + 6DQVDORQH * :URH 6 OFR®RMOG 3 fL 21&RQ ; =KR.
= (YROXWLRQ RI WKH YRPHU DQGLDWWLEOSULVDWLRDVY
B3URFHHGLQJV Rl WKH 1DWLRQDO $FDGHPt Rl 6FLHQFHYV

+XWFKLVRQ - +#XUWOH FURFRGLOLDQ DQG FKDPSYRWRMU C(
&HQR]RLF RI WKH QRUWK FHQWUDO UHIV2RQDRR ZHR/IVIDS® \ !
3DODHRFOLPDWRORJ\ 3DODHRHFRORJ\



+ZDQJ 6 + O0OD\U * %RORUWVKWWDIUOLHVW UHFRUG RI D JL
$VLD IURP WKH ODWH 3DOHRFHQH* DWW (REGRRODE@D OV RH *
9HUWHEUDWH 3DOHRQWRORJ\

,LMLPD 0 .RED\DVKQR¥DLF QDWXUH LQ WKH VNHOHWRQ RI (D
ILOOV WKH PRUSKRORJLFDO JDS E HMYZHHOE Q@ DISALMWLFER/L Q D H

+

,LMLPD 0 7DNDKDVKL . .RETKBVWKAGHVWS$OBERDWR VLQHC
IURP WKH /DWH 30LRFHQH RI :HVWHBRLMD 5P KO-IBRDGLDRIY RE L R
$VLDQ (DUWK 6FLH®FHYV

,LMLPD 0 ORPRKDUD $ .RED\DVKNHGD #D\DDKIXQR + :DWDC

7DQLPRWR 0 )XUXR\BWDPDSIKIFIHALKOLND QQRERG\OLD
7RPLVWRPLQDH IURP WKH OLGGOH 30HDWQGRFH@HARRBNOL\DL
VXUYLYRUVKLS WKURXJK WKH 30LRFHRGGDIOHLWRURIRIQ B FHO L
3DODHRFOLPDWRORJ\ 3DOBRHRHFRORJ)\

,LMLPD 0 4LDR < J/LQ : 3HQJ /4+X <RQHGO LQOWHUPHGLD)
FURFRG\OLDQ OLQNLQJ WZR H[WDQW J&IRIUQD M\Q GURW WHKXIP ¢
LQGXFHG H[WUBFWHRBQQJV RI WKH 5R\DO 6RFLHW\ % %l

+

JWR $ $RNL 5 +LUD\DPD 5 <RVIQGH 40 7R8 5HGLVFRYHU\
DQG 7D[RQRPLFDO 5HH[DPLQDWLRQ RIOLRIY I1RGPLWR WO
RI 7DLBD@HRQWRORJLFDO 5HWHDUFK

-DQNH $ *XOOEHUJ $ +XJKHV 63$UWQIDNYBRDD® 0L WRJIHQRPLF
$QDO\VHV 30DFH WKH *KDULDO *DYLDQIOH JDUQHH \WRFEXBURY
3UH . 7 'LYHUJHQFH 7LPHV IRU-BRVW D RFRROBIFX@WD U (YRC

+

-DVLQVNL 6 ( +HFNHUW $ % 6DLOXFDV&6 /LtFKWRGNVNRQ 3
$ VRIWVKHOO WXUWOH 7HVWXGLQHV URR ROKFKXGBH U B\
&UHWDFHRXV ODDVWULFKWLDQ +HOO &UHIBHES$ )RALAMDKIVLR
LPSOLFDWLRQV IRU WKH HYROXW L RQ DU\ UHD® R WRKGNUK WIM. R
&UHWDFHRXV 5HVHDUFKz=

“HW] : 7KRPDV * + -R\ - % +DRMWPDQR 2. 7KHR JOREDO
GLYHUVLW\ Rl ELUGYV LQWSDHH QG WLPH
“-RQHW 6 :RXWHUWUHVHQFH GIXQ FURFRGLOLHQV QRXYHDX

<SUHVLHQV G%XODWHRWLQ GH OD 6RFLHWH %HOJRJGH HMWROR
GT+\GURORJLH

-RXYH 6 $ QHZ EDVDO WRPLVWRPLQH GWRFRIRPLDPVEORBRG
(RFHQH )UDQFH SDODHRELRJHRJUDIKQRISEDDBAJWRPUD SR
FRQVHTXHE®RORILFDO -RXUQDO RI WKH /LQOHDQ 6RFLHW\

-RXYH 6 %DUGHW 1 -DOLO 1 ( XWXEWUEBRDDK]D]3 0 %R
7KH ROGHVW $IULFDQ FURFRG\OLDQ SK\D@GHGLIIBDAAWE
VXUYLYRUVKLS Rl PDULQH UHSWLOHV WERKXRIGIRUW IQH G URH W I
9HUWHEUDWH 3DOHRQWRORJ\

“-RXYH 6 %RX\D % $PDJK]D] O OHVORXKRBXFKXV JHQQD
&URFRG\OLD 7RPLVWRPLQDH IURP WKH JHRFHWHF RDQGR
SDODHRELRJHRJUDSKLFDO LPSOLFDWLRQWRPRRXWEBO ERNVD
6\WVWHPDWLF 3DODHRQWRORJ\

-R\FH : * /\AWVRQ 7 51HZ PDWHULDRR RHP\V O DRNH FRIPE
7HVWXGLQHV 7ULRQ\FKLGDH IURP WKHWKHOGLRUGRWLYR
SODVWRPHQLRBXWRD®®RHBDOHRQWRORJ\

“R\FH : * /\WRQ 7 57KH VKHOO PRUSKRORJ\ RI WKH OD)
ODDVWULFKWLDQ WHQ R DK S0 WDHEMIO\WML Q F WD

00



-R\FH : * B5HYDQ $ /\WWRQ 7 5* 'DQIDRVIHZ 30DVWRPHQL
BRIWVKHOO 7XUWOHV IURP WKH 3D OHR% KQE HRN I0R RWWER B B
OXVHXP Rl 1DWXUDO +LVWRU\

-R\FH : * 3DUKDP - ) J/\WWRQ 755& :DUQRFQRJIKXH 3 & -

$ GLYHUJHQFH GDWLQJ DQDO\VANORE WDXW WROHWV RQLBDI
EHVW SUDRWUBBY Rl 3DOHRQWRORJ\

-R\FH : * J/\WRQ 7 5 'LOOLDIFHVZ BUDQLDO PIDONPHRWIHPAVR I
ODQFHQ@WMWXGLQHY 7ULRQ\FKLGDH IURP WHRHK WK E O VANIHHUH
ORQWDQD -REWQDO RI 9HUWHEUDWH BHDOHRQWROR J\

-R\FH : * /\WWRQ 7 5 BHUWLFKS$ -QHZ:VSHFLHV Rl WULRQ\F
IURP WKH 8SSHU &UHWDFHRXV &DP SDR)ILDIZ PUHX L WO DSEG )F
-RXUQDO RI 3DOHRQWRHRJ\

-R\FH : * $QTXHWLQ - &DGHQD 'O@LOROGDXGH {YHUV 6
JHUUHLUD * 6 *HQWU\ $ ' *HRRUJIJDGLV3pgUH] tDWFtD $ 5
0 6WHUOL - 9LWHN 1 6 SBPUKXKROFPHQFPDWXUH IRU IRVVL

WXUWOHYV XVLQJ SK\ORJHQHWLFYQ UV GR XWX FRODIDODBR ¢
+

.DPHO 7 ODWVXPRWRVFRYHU\ RI FURFRGLOH IRVVLQ IURP W
.REDWDNH 1 &KLML O ,NHEH 1 1DWWWMHNR6 . .DPBWVXPR
( 'LVFRYHU\ Rl FURFRGLOH IRVVLO7KHRRX\WKH 2@ DND SHNRKE
'DL\RQNL .HQN\X =
.DWVXUD < 3DOHRSDWKRRWWDPIDSKLPHLD PDFKRSWDIQGD VL)
&URFRG\OLD IURP WKH OLGGOH 30HLVYWREHGHCR #4&RQRI\D C
+
.KRVDW]N\ / ,$ QHZ UHSUHVHQWDWLYH Rl WUHRDFKREV RIRP
ORQJROHDSHWRORJL\D .XEDQVNL\ JRVXGDUVWYHRG\\ XQL"
+ >,Q 5XVVLDQ@
KXF 9 7KDQK 7 ' 7UL1RAZ9YFKHPD Rl VXEGLYLVLRQ DQG F
RQ VKRUH 7HUWLDU\ VHGRXH@DD IRQ SHIRWARLD, PY%:+
.RED\DVKL < 7RPLGD < .DPHL 7 ¥OPORMKRP\7RI D -DSDQH
WRPLVWRPLQH FRRRRGWRDLDKLPHLD PDEKRND GHMD \OIDMW V XP R W
IURP WKH PLGGOH 30HLVWRFHQH RHRVDNDVBUIQW FRV:
SK\ORJHQHWLF VWDWX\WZWWRQQ & BRERGFOLOXVHXP ORQRJU

_.RPLQ] 0 $ %URZQLQJ - 9 OLOOHU3 .- * OLGXDDVNHDYD 6
6FRWHVH & 5/DWH &UHWDFHRXV WR OLRFHQH KHDLI®OHYHO |
-HUVH\ DQG 'HODZDUH FRDVWDO SODLQ %RVHKRDHWHDDE K-

+

.XKO + )UDQNO 9LOFKHV & %DNRODXY *ODWRHUQR 6 7 .
6 7LPPHUPDQQ % *DKWQ®WQELDVHG OROHFXODU $SSURL
875V 5HVROYHV WKH $YLDQ )D P LOR\O/HFMmD DUKH HRROIR\I B QG (1

+

XKQ 2 'LH & URFRGLOLHU DXV GHP P LWWD®HYHBH(IR HDO®HHY
$FWD /HRSROGLQR

XURFKNLQ (1% 6XUYH\ Rl WKH 3DOHRJHQH2 O\RIGV6RI/ $VHG
&ROOHFWHG 3DSHUV LQ $YLDQ 3DOHRRUWRIORDI\ RRGRULDQ (
'HWPRUH 6PLWKVRQLDQ &RQWULEXWLRQV WR 3DOHRELROR

XURFKNLQ ( 1 "\NH *7KH ILUVW IRVVLO RZOV $YHV 6WUL
3DOHRJHQH RI $VLD DQG D UHYLHZ RIIRUKFAHVEM R QW R E R RIURK
-RXUQDO +

Oi



IDFpSqGH % * ( SWWRLUH 1DWXUHOOH GHV 4XDGUXSqGHV 2Y
7RPH 3UHPLHU 3DULV +{WHO GH 7KRX +

IDPEH / 0 2Q D QHZ FURFRGLOLDQ JHQXV ORWKVSHFHHY IURI
JRUPDWLRQ R7WIDEHWAWLRQV Rl WKH 5R\DO 6RFLHW\ Rl &DQ

IDPEUHFKW .3URWRSORWXQ EHRDXVRUWILQ 6FKODQJHQKDOVYF
7HUWLIU YRQ : :lBWPMWBRDSSHOLMNH OHGHGHHOLQJHQ 'LHQ
LQ 1HGHUODQGLVFK ,QGLH

IDQJVWRQ : =LSKRGRQW &BRERGLPKINPSVXMIR[ROD[ 1HZ
&RPELQDWLRQ )URP WKH (RFHQHORI LIRQUDNVHKH ROHRU kF D
IDXUHQWL - BSHFLPHQ PHGLFXP H[KLEHQV V\QRSVLQ UHSWL

H[SHULPHQWLY FLUFD YHQHQD HW D QWLR® WX WHIRSW_ MDD W |
FRQVHQVXMKRPDH 9LHQQD =

/H 0 'XRQJ + 7 'LQK / ' 1JXWHF®DUDG4 3 3&L+ OF&RUPDFI

$ SK\ORJHQ\ Rl VRIWVKHOO W X U@/EDHH VZ LW K WX GH QH @ F [ L

WD[RQRPLF VWDWXV RI WKH FULW IKRHD0000 W B HAMDG WEZ HGK R HI
2UJDQLVPV 'LYHUVLW\ (¥ROXWLRQ

/IHH 0 6 < <DWHV $710S GDWLQJ DQG KRPRSODV\ ZUHFRQF
PROHFXODU GLYHUJHQFHV RI PRGH WY LG DBIBREVGHE G WEKI W RH
WKH 5R\DO 6RFLHW\ % %LRORJLFDO 6FLHQFHYV

JHH O 6 < &DX $ 1DLVK '\NHORUSKRORJLFDO &ORF
3DOHRQWRORJ\ DQG D OLG &UHWDFBRXVHPDMWLD RLRORZQ

+

/JHORXS 3 + /DFDVVLQ 5 7DSSRNQ:tKRQ3 '6HKMJHU =KDQJ
L 6 7ULQK 3 7KH $LODR 6KDQ 5HG 5LYHU VKIDU ]JRQH
7HUWLDU\ WUDQVIRUP ERXDEWRD RS KQ\GLENKE QD

/JHORXS 3 + $UQDXG 1 /DFDVWLQ+BUULWR@VW 0- 7URQJ 7
SHSOXPD] $ 7DSSRQQLHUHZB FRQVWUDLQWVY RQ WKH
WKHUPRFKURQRORJ\ DQG WLPLQJ RIWKKIDUWLEBRR 6&KDQVLD
_-RXUQDO RI *HRSK\VLFDO 5HVHDRWFK B6ROLG (DUWK

/JHVVRQ 5 3 &DWDORJXH GHV 5HSWLOHV RAOHRW IR ©D]JRWR DR X
UHEXHLOOH GDQV OY1,QGH FRQWSQHQYWID Gl RUDQF ¥ 18D UXMH /
BLTXBWOOHWLQ GHYV 6FLHQFHV 1DWXUHOOHV+#W GH *pRORJ

/JL & :X : & G5XIROR 6 QHZ FURFRG\ORLG (XVXFKLD &URFI
8SSHU &UHWDFHR&WHRN DSFH ROV 5HV HD U F K

/L - JRVVLO Rl 6HEHFRVXFKLD GLVFRY HGHR®AWRKE HEDID[WRC
3DO$VLDWLFD

L - $ QHZ VSHEQOBQ RFUDRALBHQJGRQ D HUYHDEUDWD 3DO$VL

/L - :DQJ % $ QHZ VSHFLHV RI $OOLJDWRU |URHPUMKHDEIZD\Y D
3DO$VLDWLFD =

/L / -R\FH : * /LX 7KH ILUVW VRIW VKHOOHG WXRIWOH IL

&KLQRXUQDO RI 9HUWHEUDWH BDOHRQWRORJ\

ILQQDHXV &6\WWHPD QDWXU SHU UHJQD WULD QDWXU VHF)
JHQHUD VSHFLHV FXP FKDUDFWHULBPRWFITRIPIXNUH QW LVAL R
GHFLPD UHIRUPDWD 6WRFNKROP /DXUHQWLXV VDOYLXV

ILQQDHXV & 6\WWHPD 1DWXIUWR 'XRGHFLPD 5HIRUPDWD 7RPX
5HJQXP $QLPDOH +ROPLD 6WRFNKROP /DXUHQWLXV VDOY

JLYH]JH\ % & =XVL 5 LUKHU RUGHU SK\ORJHQ\ Rl PRGHUQ E
$YHV 1HRUQLWKHV EDVHG RQ FRPSDWDWDQHG DBQNVWRWPYV L
=RRORJLFDO -RXUQDO RI WKH /L®EQHDQ 6RFLHW\

oi



/IRHZHQ 0 $ L,UPLV 5 % B6HUWLFX - -6DPR8%KRQLH
7\UDQW 'LQRVDXU (YROXWLRQ 7UDF MW NWKBIFHRM\IPE D) Q © O
21 ( H +

/IRLVHOOH % $ %ODNMHRSXODWLRQ 9DULDWLRQ LQ D 7URSLI
,PSOLFDWLRQV IR U6 ERMHHOQMHN L RQ

/IRQJULFK 1 5 7TRNDU\N 7 J)LHOOD&VV "HEWLQFWLRQ RI ELUC
&UHWDFHRXV+3DOHRJHQH 3URBHHHERX@IDRI WKH 1DWLRQDO
6FLHQFHYV +

/IXGZLJ 5 )RVVLOH &URFRGLOLGHQ DXV GHQHHUWHFRNRQRDW
3DOHRQWRJUDSKLFD 6XSSOHPHQW

/\WRQ 7 5 3HWHUPDQQ + OL® @QHZ SODVWRPHQLG WULRQ)
3ODVWRPHQXVSMR\EWL I URP WKH HDUOLHVW 3 RUPDRMLGRD 'D
RI VRXWK FHQWUDO &RPRWPIBAR R3 69OHUWHEUDWH 3DOHRC
H +

ODF$UWKXU 5 + ODFSUWKRQ %LUG 6SHFLH¥RDRHUVLW\

+

ODUNZLFN 3 D &URFRGLOLDQ GLYHUVLW\ LQ V SR DM LQL

SDOHRHFRORJ\ DQG LWV LPSOLFDWHRNML QRBOREOYE UR D G
+

ODUNZLFN 3 E )RVVLO FURFRGLOLDQV DV LQGR®ODBWRIWRRI LDV
FOLPDWHYV LPSOLFDWLRQV IRU X VU BB RIDODUHRRYW RAJ RSID 6 D €
3DODHRJHRJUDSK\ 3DODHRFOLPDWRORJ\ SDODHRHFRORJ\

ODUVK 2 & 1RWLFH RI VRPH QHZ IRVVLO UHSD/Q G H\H UMRD WK H
IRUPDWERHULFDQ -RXUQDO RI 6RBLHQFH

ODUWLQ - (7KH WD[RQRPLF FRQWHQW RI WKH SHQDNXT L*ND ¥LDOL
,QGLD DQG 3DSHWWD® 3DODHRQWRORJ\

ODUWLQ - ( %HQWRQ@URZQ &0DGHV LQ 9HUWHEUDWH 1RPHQ
WKH 'HILQLWLRQ ®RIVEHPERGLP 19D R O ReJ \

ODUWLQ - ( /IDXSUDVHU®WHZ SULPLWLYH DOOLJDWRULQH IL
7KDLODQG UHOHYDQFH RI $VLDWLF PHIPEHRXRBW@RWIKAD @ D
_-RXUQDO RI WKH /LQQHDQ &RFLHW\

ODUWLQ - ( 6PLWK 7 GH /DSSDUEBQW GH % WU QQ R DRMF X L
3DODHRFHQH HXVXFKLDQ UHPDLQV IURP RHQ R/UGHL @ HRU UWXK
DOOLJDWRURLGQRBRQRILFDO -RXUQDO RI WKH /LQ®QOHDQ 6RFI

ODUWLQ - ( /DXSUDVHUW . 7RQJ X+IHWDWMWHDY KRU @R FH Q Ho
WRPLVWRPLQH IURP SH@R@DOHD/UGHKBDOPRGWR®RJILH
obuwLQ - ( $QWRLQH 3 2 3HUULHOHWDLWYWOFRPRBULYDX]

E $ ODUJH FURFRG\ORLG IURP WK+ QOVJRBPREN RDQVRH °
9HUWHEUDWH 3DOHRH)WROR J4
ODVVRQQH 7 9DVLO\DQ ' 5DEL 0 $ QHKPHWODLIDWRURLG I
(RFHQH Rl 9LHWQDP KLJKOLJKWV D& QiGWQ Q/F W R G /IO RIE
VLQHG@WIHW - H +
ODVVRQQH 7 $XJIJXVWLQ ) - ODW]INH%|KPH OHEKUQHZ
VSHFLHUDRPLQJRVXNERPVWKH (RFHQH RI WKH 1D 'XRQJ %D
9LHWQDP VKHGV QHZ OLJKW RQ WX IR ISW RPR VRPN IOFH LFFUGRD A
DQG WKHLU GLVSHUVDO {BRB QRO RSIH6 WRVBEPDWLF 3DODHRQ!
+
ODVVRQQH 7 %|KPH O ODSUWBPUVRPHWDWDUVXV IURP WKH
1D 'XRQJ %DVLQ2WKH ILUVW 3DODHRJHPHSORKKMUQQEDU G Q!
$XVWUDODVLDQ -RXUQDO RI 3DODHRQWRORJ\
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ODVVRQQH 7 $XJIJXVWLQ ) - ODWINH $$7QHRFKRSWRGLUH |
WKH (RFHQH RI WKH 1D 'XRQJ %DVLQ QRUWKHK®BOQLHWQL
7ULRQ\FKIWRPH 6RXWKHDRWU®DIOD RI 6\VWHPDWLF 3DODHRQ

+

ODXU\ /HFKRQ * &XUWHWLRIJHRIJUDSK\ DG HYROXWLRQDU\
'LSWHURFDUSBSISDIPDK 6 7XUQEX®BGHYLOHZ RGWSWHURFD
7D[RQRP\ (FRORJ\ DQG BRORUFX@MWRQHVLD &HQWHU IRU
YRUHVWU\ UHVHDUFK

OD\HUO & - %UDLQHUG ( / SHORELF5IJLUGOH PRELOLW)\ RI F
SOHXURGLUH WXUWOHV GXULQ-RXDOQNOQR I DQFH VEZRR B WIDIO

+

OD\U * 3DOHRJHQH )RVVLO %LWBGEGYLRLIHUN {BLBHEBEHUJ

0D\U * &HQR]RLF P\WWHU\ ELUGYV ROLWYXHRSERIRIWRRWKHA®
3HODJRUQEWRD®DHFD 6FULSWD

OD\U * 3DOHRJHQH )RVVEHULQIHEY ,QWHUQDWLRQDO 3XE
)DVFLQDWLQJ /LIH 6FLHQFHV =

OD\U * &ODUNH 7KH GHHS GLYHUJHQFHV Rl QHRMQHMWEKEQH
DQDO\VLV Rl PRUSKRO RJLEF G DVRKIFWDE W H UV

OD\U * =HOHQNRY (IWLQFW FUDQH OLNH ELUGV (RJUXLGDH
IURP WKH &HQR]RLF Rl &HQWUDO $VUDRBWYB LLVOIGRIGIFEI RV W U L
+

OD\U * 5DQD 5 6 B5RVH . ' 6DKQ&LGIK.XPDBPLWK 7
4XHUF\SVQMNMDELUGY IURP WKH HDUO\ (RFHRHPRR/XQ®IDD $Y!
RI 9HUWHEUDWH 3DOHR@WRORJ\

OD\U * *RUREHWY / =YRQ@RN WDUVRPHWDWDUVXV Rl WKH
ORR@®O\PELFXOXV XGOOHFRKUWQINRKRORILFDO UHVHDUFK |
WKMWKLQWHUQDWLRQDO OHHWLQJ Rl WKRH\6REGHW R B WY RIQ

9LHQQD 1DWXUDO +LVWRU\ OXVHXP 9LHQQD

OD]XU 6 *UHHQ & B6WHZDUW 0 * LEPWWONHWRXDWPDIQRO

'LVSODFHPHQW DORQJ WKH 5HG B\LNBUH)PWIORD FR/QWLVP D DY
SODWH UHFRQ@WWWREW ER QV

OF$OLOH\ / 5 :LOOLV 5 ( 5D& '%PREKXWK $ 'HQVPRUH |

$UH FURFRGLOHYV UHDOO\ PRQR SKGOWM/LLR Q#/ (VLFRSH @ A A X

DQG PRUSKRORUROBG X®MWUD3K\ORJHQHWLFYV D®G (YROXWLR

OH\HU + YRQ3DOHRORJLFD ]XU *HVFKLFKWH GHU GUIBHPXQG LKL
6FKPHUEHU )UDQNXUW DP 0DLQ +

OH\ODQ 3 $ 7KH 3K\ORJHQHWLF 5HODWLRQXKWS\WH\RI| )®FPIMND ¥
7ULRQ\FKHEOBHWLQ RI WKH $PHULFDQ OXVHXP RI 1DWXUDO

OH\ODQ 3 $ *DIIQH\ ELODVSLGHWHRMV WKH ROGHVW WULR
-RXUQDO RI 9HUWHEUDWH 3DOHRQWRORJ\

OLWFKHOO . - /ODPDV % 6RXEULHIWIRUWIKDZOHQFERRG - [H
0 6 < &RRSHU $QFLHQW '1$ UHYHDOV HOHSKDQW ELUG)
WD[D DQG FODULILHV UDMIHWHARHELUG H¥YROXWLRQ

OLWWHUPHLHU 5 $ 7XUQHU : 5 NYDUVHQ )*D:VFBRQ®RR&
*OREDO %LRGLYHUVLW\ &RQVHUY DRWLRQROVKIH KRRV WLFDO 5R
+DEHO - &%LRGVYYHUVLWASHRMVMDVSERWAHUOLQ +HLGHOEHUJ %
+

OLWWHUPHLHU 5 $ YDQ 'LMN 3 1DVKKKRGLQ 7¥UWOH +RWVSR
$Q $QODO\WLV RI WKH 2FFXUUHQFH RI 7RUGHRL \LKV YDLRGE L) UH
+RWVSRWV +LJK %LRGLYHUVLW)\ :LOGHUQUINDRESHERYL DD G
&RQVHUYDWLRQ DQG %4LRORJ\
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ORGHVWR 6 3 $QGHUVRDKH 3K\ORJHQHWLF 'HILQLWLRQ R &
6\WWHPDWLF %LROR:J\

OROQDU 5 ( 30HLVWRFHQH JLSKRGRQW FURGSREROGD QR/I RVK4)
$XVWUDOLDQ OXVHXP

ORRN & & $ QHZ IRVVLO FURFRGLGPMHQYULBER® ORQHROLIRYLWI

+

ORRN & & $ QHZ FURFRGLOLDQ IURP WRHUDPFE JRVPEWLRQ
1IRYLWDWH V+

0eOOHU / (UJHEQLVVH GHU )RUVFKXQJVUHLVHQ 3QRI ( 6WURI
bJ\SWHQV 9 7HUWLIU :LUEHOWLHUH HU%KMRMNBDLD LKW C
II\SWLVFKHQ FEKMNIGOXQJIJHQ GHU %D\HULVFKHQ $NDGHPLH
ODWKHPDWLVFK QDWXUZLVVHQVFKDIWOLFKH $EWHLOXQJ

0+OOHU 6 :DDUQHPLQJHQ RYHU GH ,QGLVFKHL§URNRGHBQHQ
QLHXZH VRRWAKULIW YRRU 1DWXXUOLMNH *HVFKLHGHQLV HC

0\HUV 1 7KUHDWHQHG ELRWDV p+RW VERWQY LR Q¥ RIRS WD

+

O\HUV 1 7KH ELRGLYHUVLW\ FKDOOHQJH \(YEBAXGHHG KR
(QYLURQPHQWDOL¥YW

0O\HUV 1 OLWWHUPHLHU 5 $ OLVOWHBBHEtEH® % *.H®W)R
%LRGLYHUVLW\ KRWVSRWYV |RIDWRKQWHU¥DWLRQ SULRULWLH

1HVVRY / $ OHVR]JRLF DQG 3DOHRJHQH ELUGV RI WKH
SDOHRHQYLUR@MHPEEMOO .3DSHWGY LQ DYLDQ SDOHRQWRO
3LHUFH %URBWRUBO +LVWRU\ OXVHXP RI6FAR\H @6 BHEOHM R X Q

+

1HVVRY / $ 2Q VRPH OHVR]JRLF WXUWOHV Rl WKH JWDIDQD G

DQG ']KXQJDU $ODWDX ULBXWVLDJDNKVYWIDP RI +HUSHWROR

IHXEDXHU 7 $ 6FKQHLGHU 6 %|KPH)LWOUVV ULHAMRR G-V RI IUH"
ULVVRRLGHDQ JDVWURSRGYV I[URP WKH)IRXDRROIHRIHOR D KX\
6WXGLHV *

1L ; /L 4 JL [/ %HDU@OLJRFHQH SULPDWHV IURP &KLQD U
EHWZHHQ $IULFDQ DQG $VLB@LHOQAPHDWH HYROXWLRQ
1LFKROO & 6 & 5LR - 3 O0ODQQLRQ 3$'UH'HDMPREDWLRQ R

DQDWRP\ DQG V\VWHPDWLFV RI WKH WRWKWWRRIE® D H URR F, R\
DQG 0D®RWDQDO RI 6\VWHPDWLF 3DODHRQWRORJ\

1LNODV . - 6L]H GHSHQGHQW $OORPHWU\ RDQ@GHMH & NIWW S HL
$QQDOV Rl %RWDQA
1RUHOO 0 $ &ODUN , - 0 +XWKHKLYR®QH -&UHWDFHRXV $0¢

%YUDFK\FKDPSVD RRRWRQUDDLD 1HZ ODWHULDO DQG 3XWD
$PHULFDQ OXVHXP 1RYLWDWHYV

1RVV 5 ) 30DWW : - B6RUULH %O0OMDQWDNOM\ &RWWDQ]D
3HHW 5 . +RZ JOREDO ELRGLYHUVLW\ KRWVSRWYRPN I1RR
WKH 1RUWK $PHULFDQ ®RRDVMWND\ODRED'LYWULEXWLRQV

2DNV - 5 $ 7LPH &DOLEUDWHG 6SHFLHV 7UGW RISEBRORG)
5DGLDWLRQ RI WKH 7UXH &URFR G& ORIFMR GMR®E W LG LDWLR

+

3DQ 7 OLDR - 6 =KDQJ + % <DQJ3; KHH2®\D&®RJ-L + 'HQJ

< 3 =KDQJ % : :X ; PHDU FRPSOHWH SK\ORJHQ\ RI H[WI

SHSWLOLD XVLQJ PLWRJIJHRRCRJIEBVMABGROMDO RI WKH /LQ
+

00



3HSSH ' - SR\HU " / &DULJOLQR %HZPODRYHAJ BHLIKW (
(QLNRORSRY * )b QDRG HO +HUUHUD ) $GDPV - O &

&XUUDQR ( ' (ULFNVRQ - 0 +LQRRRVD 7 ), JOHRUDDV $
-DUDPLOOR & $ -RKQVRQ . 5DIVRUGDQ % -/RYHORFN (

IXVN & + 1LLQHPHWY h 3HXxXHORWJ- 6 5DSVRIQIJKW , -
BHQVLWLYLW\ RI OHDI VL]H D@ED\WKBHMW WHRUBVL B QW HS D)

DSSOLFOWZREYWRORJILVW =

3HUHLUD $ * G6WHUOL - ORUHLWD *) 5 0BXOVWEBRPYR SK\OR.
DQG VWDWLVWLFDO ELRJHRJUDSK\\FRJDPUDLNM\RW KCH. € M R OEKW RR
OROHFXODU 3K\ORJHQHWLFV BQG (YROXWLRQ

3pUH] *DUFtD $$ QHZ WXUWOH FRQILUPV WK HDSHU HB\OHHXFIR 8 L O4F
LQ WKH &HQR]RLF Rl (XURSH DQG HJB L@®\VWRH)RIKMVGUDW L
6FLHQFH RI 1DWXUH

3LFNIRUG O0/DWH &HQR]RLF FURFRGLOHV 5H SWKIHOLHDV VEMWBRBGRG'
5LIW 8JDQGBQXW % 3LFNIRMHKRORJI\HIBQG 3DODHRELRORJ
$OEHUWLQH ULIW YDOOH\+ 8JDQGD =DLUH

3LFNIRUG 0 7KH P\WK RI WKH KLSSR OLNHWB QQ B O DF&RREKHHUR-
KRPRORJ\ DQG FROYHQYUWKQFRXUQDO RI 3DODHRQWRORJ\

3LUDV 3 'HOILQR O )DYHUR / ' 3RWWRDINDWWLF SRVLWLR
FURFRGOBIUDGRQWRVXFKRPD® WRAIMWRPLQH SDOIFMRELRJH
3DODHRQWRORJLFD 3RAGRQLFD

30DWW 6 * 9DQ 76WDWXV Rl WKH 6LDPHVH RWRFRGLOH LQ

+

BULHWR 0iUTXH] $ )RQGHYLOOD 9 -6HOOpPpDOREDUWIOHU
$G\QRPRVDXUXV DUFDDQROWPEHRVDXULQH GLQRVDXU IURP W
,EHUR $UPRULFDQ ,VODQG RI WKE&UKWRBHRRVDIH\KHS H PID JR

3UXP 5 2 %HUY - 6 'RUQEXUJIREQVJYH®GG-'3- /HPPRQ ( O
JHPPRQ $ 5 $ FRPSUHKHQVLYH SK\ORJHQ\ RI \WHGGYH BN HV
JHQHUDWLRQ '1$ HWOHGQF L QY

3XEHOOLHU 0 5DQJLQ & 3KDFK J3'97 4XDQ8 & /7X®
&DR %DQJ + 7LHQ <HQ )DXOW ,P SOOAKLBWLRIQW ZRIGI QV KHK W HE G §
)DXOW DQG WKH 6RXWK SBYDRQFAHRD N DDVEXHDIM 6FLHQFHYV

5DPVD\ ( 3 2Q D QHZ JHQXV DQG VSHFLHWRIIURHPV W KH WOI\L

S5LYHU 1HZ *XURHDHGLQJV RI WKH /LQQDHDQ 6RFLHW\ RI 1HF
+

S5LFK 3 9 +RX [/ + 2QR . %D WEHYEHY RI WKH IRVVLO ELU
-DSDQ DQG 6RXWKHDEAWRBVLD +
SLR - 3 ODQQLRQ BK\ORIJHQHWLF DQDO\VLY RI D QHZ PRU:

HOXFLGDWHY WKH HYROXWLRQDU\ KW W R H\CRR QIURW R @ \®LL@J
SUREGHPU- H +

5LR - 3 ODQQLRQ 3 ' 7VFKRSS'HOIQRBWQQ5HDESUDLVDO R
WKH PRUSKRORJ\ DQG SK\ORJHQHWLRDWHRQURWGREVRERG\ !
'LSORF\QRGRQ KDQWR QLK) WIDWH (RFHQH RI WKRIORQ L WG
"RXUQDO RI WKH /LQQHDQ &RFLHW\

S5LVWHYVNL - <DWHV $ 0 B3ULFH:HLVEHFRGIQDY 56DOLVEX!

$XVWUDOLDYV SUHKLVWRULF pKEDBSLR LIDIMLVUHRYL

FURFRG\OL 3O G6 OXYBHFXXW 3HHU- H +

5LVWHYVNL - :HLVEHFNHU 9 B6EDQOREDOLVEX3IULREH :
&UDQLDO DQDWRP\ RI WKH P HNRMORKIIQRV ¥ HKRFR QXDAD QD P

7KH $QDWRPLFDO 5HFRYG

o0f



5LVWHYVNL - :LOOLV 3 0 $ <BWHWDUW 0/ KLGMWHLED 0 ' 3
x 6DOLVEXU\ 6E: OLJUDWLRQV GLYHUVLILFDWLRQV D
HYROXWLRQDU\ KLVWRU\ RI FURFRGRRHIRIPID LYQ$EX WW DD
-RXUQDO RI 3DODHRQWRORJ\

SREVRQ & %LUGV RI 6RXWK (DVW $VLOHBM PROGG(GEXMWARY +

6DODV *LVPRQGL 5 ORUHQR %HUQDOGIQFKHFKHM\EDJIUD 00 5
-DUDPLOOR &HZ OLRFHQH &DULEEHDQ JDY L DDRRLIE Y FOVQ}GU § D
FURFRG\CRODUQDO RI 6\VWHPDWLF 3DODHRQWRORJ\

6DOLVEXU\ 6 'LOOLVY 3 @QHZ FURFRG\OLDQ IURP WKH (DU
VRXWK HDVWHUQ 4XHHQVODQG DQG DI SWKBLBKYDRIHQEW
UHODWLRQVKLSYV RBIOFKRERQUDRIS®YV$XVWUDODVLDQ -RXUQD

+

6FKH\HU 7 0 $JXLOHUD 2 $ 'HOBLQRDUOLDUWLHU BiQFKH
&DUULOOR %ULFHXR - ' 4XLUR] /0 BiQFKERYUBRERGDAUDQ
GLYHUVLW\ SHDN DQG H[WLQFW LVRIQH LQRW WH HOLDQIVIHWER YRR & L
&RPPXQLFDWLRQV#

BFKQHLGHU - *$00OJHPHLQH 1DWXUJHVFKLFKWH GHU 6FKLO
VIVWHPDWLVFKHQ 9HU]JHLFKQLVVH GHU HL@ HGQHIQ SRKDHM®
*RWIULHG 0*OOHUVFKH %XFKKDQGOLQJ +

6FKQHLGHU - ®%LVWRULDH DPSKLELRUXP QDWXUDODRWXW OLW
FRQWLQHQV FURFRGLORV VFLQFRV FKDPRDIDBBXUDQJIJKRD\
DPSKLVEDHQDV HVHGDHFURPBBQL =

6FKQHLGHU 6 %|KPH 0 3ULQIMRRDLGDH %LYDOYLD 3DODHF
IURP WKH 3DODHRJHQH RI QRUWKHRQLILEW @D PV KH SFORRGH Q)
$VLDQ IUHVKZDWHU-EXVYDOVHRIDK®W HPDWLF 3DOBHRQWROR

6FKZHLJHU $ )3URGURPXV PRQRJUDSKLDH FKHIOLR@ERUJRU 3
$UFKLY IsU 1DWXUZLVVHQVFKDHENV XQG ODWKHPDWLN

BHDUOH 0 3 5ROH RI WKH 5HG 5LYHU 6KHDUHRQ®P <XQQW&!
FRQWLQHQWDO H[WUXRXBQDRI RB( WKIHD*HRORJLFDO #5RFLHW

6HNHUFLRJOX & %LUG IXQFWLRQDO GLYHUVLW\QDWGRISERMO/
IRUHVWY DJURIRUHVWYV D@ERXDQDIOFR O MXYIDVOKIBIIIRD V +

6KDQ + < X ; & &KHQJ < O YWHRZ WRPLVWRPLQH &URFRC
WKH OLRFHQH RDDDIGAM® -RXUQDO RI (DUWK+t6FLHQFHV

6KDQ + < &KHQJ < 1 X7TKH&LUVW IRY¥OOQIVNFOLOMRHQVL
WKH BOHLVWRFHQH 7DLZDQ ZLWK RXQ SHOMIRE HRSKUHDEKA R IL P
SVLOIQUWK 6FLHQFHYV

6KDQ + < X : & &KHQJ < 1 GDRPRQIRVXFKXV BHWURC
UHVWXBGRRIVWKRIPWUREBKFD 3DODHRZRUOG *
6KDQ + < :X : & B6DWR 7 &KHQJ < $5@HZOROGLJIJDWRU

(XVXFKLD &URFRG\OLD IURP WKH (RFHQWLRR\&KRYD WXQ
UHODWLRQVKLSV Rl 2RXH QWO GRR \BORKH.R@®W R#O R J\

6KLNDPD 7 )RVVLO &URFRGLOLD IURP 7VR FKaRL H\OREHWKZSHR/WN
RKRNRKDPD 1DWLRQDO 8QLYHUVLW\ BUHRORILFBO DQG *HR

6LHEHQURFN ¥XU .HQQWQLV GHU 6FKLOGNU|WHRRIDRIDVEKY UC
$QJHLJHU =

6NXWVFKDV 3 3 'DQLORY , * .RGUXOKH IDUVWLGLVFRYHU\
DOOLJDWRULG &URFRG\OLD $0OOKHDWRRKH®@HGHBERXIL@MIO) RW R
9HUWHEUDWH 3DOHRQWRORJ\

00



6REEH , + 3ULFH * - .QH]REULSKMGRQW FURFRGLOH IUF
30HLVWRFHQH .LQJ &UHHN FDWFKPHQWG OBBPRLQY MRIZ®NKH
AXHHQVODQG OXVHXP 1DWXUH
BRGKL 1 6 .RK / 3 %URRERYWKHDVW $VLDQ THKHIGXNLQ D !
+
BRRNLDV 5 9%([SORULQJ WKH HIITHFWV RI FKD UBRWRNXWIREX\8V ;
DQG DQDOVWLFDO PHWKRG RQ SK\WRUHWHNE R DLUD AWHQ FHL
FURFRGERRMDERILFDO -RXUQDO RI WKH /LQOHDQ 6RFLHW\
BRUHQVRQ 0 ' 2QHDO ( *DUFtD ORUBIQR ORUGLQBHOORUH
&KDUDFWHUV 7KH +RDW]LQ 3URBRE R F X 5D @ Q RBARIH \DRYOGY Y
+
BWHUOLQJ ( - +XUOH\ &RQUHUYLQJ %LRGLYHUVLW\ LQ 9L
%LRJHRJUDSK\ WR &RQVHBYRPWHRGLBHVHDIUWKH &DOLIRUQL
6FLHQFHBXSSO +
BWHYHQVRQ & 'KLWDNKDUBEDO *DYLDOLWY ODQROMVFEV &
BWHYHQVRQ &URFHRBGLOHY 6WDWXV 6XUYH\ DQG &RDQWG UYD
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ABSTRACT

During systematic paleontological surveys in the Na Duong Basin in North Vietnam
between 2009 and 2012, well-preserved fossilized cranial and postcranial remains
belonging to at least 29 individuals of a middle to late Eocene (late Bartonian to
Priabonian age (385 Ma)) alligatoroid were collected. Comparative anatomical
study of the material warrants the diagnosis of a new ta®oientalosuchus
naduongensigen. et sp. nov. The combined presence of an enlaftfedaxillary

tooth, prominent preorbital ridges, a large supraoccipital exposure on the skull table,
a palatine-pterygoid suture anterior to the posterior end of the suborbital fenestra,
and a pterygoid forming a neck surrounding the choana is unique to this species.
Unlike previous phylogenies, our parsimony analysis recovers a monophyletic Late
Cretaceous to Paleogene East to Southeastern Asian alligatoroid group, here named
Orientalosuchina. The group includ@sientalosuchus naduongenkisbisuchus
siamogallicysEoalligator chunyjidiangxisuchus nankangeresisl Protoalligator
huiningensisall of them sharing a medial shifted quadrate foramen aerum. The
recognition of this clade indicates at least two separate dispersal events from North
America to Asia: one during the Late Cretaceous by Orientalosuchina and one by the
ancestor oflligator sinensiduring the Paleogene or Neogene, the timing of which is
poorly constrained.

Subjects Evolutionary Studies, Paleontology, Taxonomy, Zoology
Keywords Eocene, Crocodylia, Asia, Na Duong, Phylogeny, VietAdigator

INTRODUCTION

Alligatoroidea is a monophyletic group of Crocodylia that includes extant North
American/AsiarAlligator spp. and Central to Middle American caimans, as well as
many fossil taxagrochu, 1992004 Scheyer et al., 20Qland is dened as a stem-based
group including living alligators and caimans and all taxa closer to them than to
Crocodylusr Gavialis(Brochu, 1999 The fossil record points to the Late Cretaceous

of North America as the time and place of origin, with subsequent dispersals to South
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America, Europe, and Asia, but the timing, mode, and the number of dispersals are poorl
constrained Brochu, 19992004 2010 Bona & Barrios, 20)5Europe may have been
colonized multiple times by alligatoroidsrochu, 2004 but the phylogeny is in a state of

ux and key European taxa are in need of re-description.

Alligatoroids are now extinct in Europe, but they still survive in Asia with the Chinese
alligator,Alligator sinensisauvel, 187Jntil now, no fossils from the Paleogene were
placed on the stem-lineage Afligator sinensidPrevious studies found the Paleogene
East to Southeastern Asian alligatordidabisuchus siamogallicikartin & Lauprasert,
2010from Thailand,Protoalligator huiningensisoung, 198 oalligator chunyii
Young, 1964nd the*Maoming alligatoroitl from China phylogenetically outside
Alligatorand mostly unresolved relative to other alligatoroldsi(tin & Lauprasert, 201,0
Skutschas et al., 2QWang, Sullivan & Liu, 2036Vu, Li & Wang, 2018 Recently,
Eoalligator chunyiwas recovered as a basal member of Crocodylia together with
Jiangxisuchus nankanger(sis Wu & Rufolo, 201P The oldest record of thalligator
sinensidineage has been reported from the Pliocene of Jdpama( Takahashi &
Kobayashi, 20)6The early Miocendlligator luicusrom China (i & Wang, 1987
Brochu, 1999was never included in a phylogenetic analysis and its relationships with
extantAlligator species therefore remain uncertain. The ancestélligfator sinensis
nevertheless expected to be present in the Paleogene of Eastern Asia, since recent
molecular clock analyses estimate its divergence from North AmeXitigator
mississippiens{®audin, 180)in the Paleocene or Eocerduring times of favorable
climatic conditions for crocodylians crossing the Bering Stvdit €t al., 2003Roo0s,
Aggarwal & Janke, 200@aks, 201)1 The arrival ofAlligator sinensifrom Europe is
not supported by previous phylogenies, although European taxa are in need of revision
On the other hand, a post-Eocene dispersal via Beringia would have been problematic
because of the low tolerance for cool climate of crocodylidask{vick, 1998 Alligator
sinensigherefore represents a biogeographic enigma, so the East and Southeastern
Asian Paleogene fossil record is critical for resolving this issue. However, all previously
described fossils from this continent are highly incomplete, which hinders a rigorous test
of phylogenetic relationships.

Most of the Paleogene fossil record of Crocodylia comes from North America and
Europe, whereas the Asian record is still insigant in comparison: only ca. 10% of the
Paleogene sampled taxa of phylogenies are Asfarti(i & Lauprasert, 201;Brochu,

2012 Skutschas et al., 20buve, 2016Vang, Sullivan & Liu, 2016&han et al., 20}.7
Moreover, with one exceptiois(ian et al., 20),7/these taxa are only known from
fragmentary or deformed fossils.

During systematic surveys in the Na Duong Basin in Northern Vietnam between 2009
and 2012, 29 well preserved individuals of an Eocene alligatoroid were collected and
subsequently prepared by the Geological-Paleontological Institute of the Eberhard Karls
University of Tubingen (GPIT)Rohme et al., 20).2

In this study, we provide a complete description of this material, which represents the
best preserved alligtatorid from the Paleogene of Asia. We demonstrate that Cretaceou
Eocene East to Southeastern Asian alligatoroids form a monophyletic group, here name
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Orientalosuchina and that Asia was colonized by alligatoroids at least two times
independently.

GEOLOGICAL SETTINGS

The Na Duong Basin is located in northern Vietnam near the border with Cliiga ).
It represents one of the few areas in East and Southeastern Asia with continental sedimer
of Eocene to Oligocene ag&dqime et al., 20).ZThe pull-apart basin is part of the Cao
Bang—Tien Yen fault system and covers an area of around 45 square kilometers.
The middle to upper Eocene (late Bartonian-Priaboniar-§39Ma)) Na Duong
Formation is 240 m thick; its upper 140 m are part of the Na Duong open cast coal mine.
The alligatoroid remains in this work were found within the transition zone between the
coaly shale of the main seam and the underlying dark-brown clay-stone (layer 80),
together with many other vertebrate fossit$ime et al., 20).2

The fossiliferous layer 80 was a tropic to warm-subtropical swamp ecosystem with
aquatic and terrestrial environments. During sedimentation, the area was in a transitiona
stage from shallow ponds to an anoxic lake. Further, tomistomineé\aradosuchus
like crocodiles, as well as mangh taxa and two different turtle species occurred
sympatrically with the herein described alligatordgidiime et al., 201Garbin, Béhme &
Joyce, 20)9

MATERIALS AND METHODS

We expanded the taxon-character datas&rofthu & Storrs (201%8ee Appendix), which
was the most recent global Crocodylia matrix available during the start of this study.
The expanded dataset includes 202 characters; 189 characters aBedobm & Storrs
(2012) two characters froriVang, Sullivan & Liu (2016pbne character frontossette &
Brochu (2018)one character fromdouve (2004and nine new characters from the
present study. We further modéd characters (51) and (91) Bfochu & Storrs (2012)
(190) ofWwang, Sullivan & Liu (201@&nd (174) oflouve et al. (200@)95 in this study). In
total, we included 114 taxa: in addition to the 103 taxa added femaez et al. (2015)
Globidentosuchus brachyrosgiseyer et al., 20 Culebrasuchus mesoamericanus
Hastings et al., 20Jahd Centenariosuchus gilmoiéastings et al., 20fBom Hastings,
Reisser & Scheyer, 20tte Maoming alligatoroidK. siamogallicy$rotoalligator
huiningensisEoalligator chunyiand Asiatosuchus nanlingensisung, 1964from Wang,
Sullivan & Liu (2016)Bottosaurus harlarfrom Cossette & Brochu (2018)nankangensis
from Li, Wu & Rufolo (2019and the herein describedrientalosuchus naduongensis
For Orientalosuchus naduongengie could score 118 characters (the complete data set
is found inFile S). Character scorings were modd for 32 taxa in total (a complete list of
changes together with the specimen list can be fouRddrs). We provided the complete
character list irFile S3

We conducted a maximum parsimony analysis in TNT 1.5 standard version updated on
November 20, 20183ploboff, Farris & Nixon, 20N8Ve treated the multistate characters
as unordered and equally weighted; set the maximum of trees to 10,000, and the tree
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Figure 1 Map of northern southeastern Asia, showing the Na Duong Basin in northeastern Vietnam
near the border with China Béhme et al., 2012 Full-size DOI: 10.7717/peerj.7562-1

replications to 1,000. For swapping algorithm, we used tree bisection reconnection with
10 trees saved per replication.

A rst run of heuristic search tree-bisection-reconnection, faileahtball the most
parsimonious trees (MPT) and, therefore, the heuristic search was repeated until the MPT
were found 50 times during each replicate (using the comramailt = hits 50}). The
trees retained in the memory were exposed to a second round of tree-bisection-
reconnection.

The electronic version of this article in portable document format will represent a
published work according to the International Commission on Zoological Nomenclature
(ICZN), and hence the new names contained in the electronic version are effectively
published under that Code from the electronic edition alone. This published work and the
nomenclatural acts it contains have been registered in ZooBank, the online registration
system for the ICZN. The ZooBank Life Science Idensi (LSIDs) can be resolved and the
associated information viewed through any standard web browser by appending the LSII
to the pre x http://zoobank.org/The LSID for this publication is: urn:lsid:zoobank.org:
pub:08B6F167-AAC7-4184-97BA-B7467D4F036B. The online version of this work is
archived and available from the following digital repositories: PeerJ, PubMed Central an
CLOCKSS.
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SYSTEMATIC PALEONTOLOGY

EusuchiaHuxley, 187%ensuBrochu, 2003
CrocodyliaGmelin, 178%ensuBenton & Clark, 1988
Alligatoroidea Gray, 1844ensuBrochu, 2003
Globidonta Brochu, 1999

Alligatoridae Cuvier, 180%ensuBrochu, 2003
Orientalosuchina new clade name
Orientalosuchugen. nov.

Orientalosuchus naduongersgis nov.

(Fig. 9

Orientalosuchus
Etymology: The nam@®rientalosuchusefers to the Latin wordoriens for “east and
“suchus the old Greek wordsoukhos for “crocodil€e:

Orientalosuchus naduongensis
Etymology: The species nafirmduongensigefers to the Na Duong coal mine type
locality in northeastern Vietnam.

DiagnosisOrientalosuchus naduongerisigsiagnosed by the combination of the
following characters: notch between the premaxilla and maxilla; dominant maxillary ridge
alongside the nasal; théth maxillary tooth is the largest maxillary tooth; anterior tip of
frontal is acute and projects between the nasal bones; small supratemporal fenestra;
large supraoccipital exposure preventing the parietal from reaching the posterior skull
table in adults; quadrate foramen aerum lies on the dorsomedial angle of the quadrate;
large suborbital fenestrae reaching anteriorly the level of the seventh to eighth maxillary
tooth; maxilla-palatine suture forms an obtuse angle and not reaching beyond the anterio
end of the suborbital fenestra; palatine-pterygoid suture lies anterior to the posterior
end of the suborbital fenestra; pterygoid forms a neck surrounding the choana; dentary
tooth row with only 16 teeth; laterally compressed posterior teeth; very small external
mandibular fenestra; foramen aerum at the lingual margin of the retroarticular process;
axis with a hypapophysis that is located near the center of the centrum; coracoid with a
very large glenoid; iliac blade with a rectangular posterior outline and a dorsal indentation:
dorsal osteoderms with no or only modest ridge.

Differential diagnosi€rientalosuchus naduongerdiifers fromKrabisuchus
siamogallicum having dorsal osteoderms with no or only a modest ridge; an inward-pushed
pterygoid around the choana and a neck surrounding the aperture, while the pterygoid
surface is ush with the choanal margin id. siamogallicusind a very large supraoccipital
exposure, preventing the parietal from reaching the posterior edge of the skull.

Orientalosuchus naduongerdiffers fromEoalligator chunyiin having dorsal
osteoderms with no or only a modest ridge; very prominent preorbital ridges; squamosals
that do not extend ventrolaterally to lateral extent of paroccipital process; a very large
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Figure 2 Skull of Orientalosuchus naduongengl&PIT/RE/09761) (holotype), Na Duong Formation,
upper Eocene, VietnamSkull in dorsal (A and B) and ventral (C and D) view. Abbréorat ai, atlas
intercentrum; an, angular; ar, articular; bo, basio@jdis, basisphenoid; ch, choana; d, dentary; d4, dentary
tooth 4; emf, external mandibular fenestra; eo, exodcigitd, ectopterygoid; f, frontal;, fo, foramen;
fae, foramen aerum; hu, humerus; if, incisive foramenijnitiatemporal fenestra; j, jugal; I, lacrimal;
mx, maxilla; mx5, maxilla tooth 5; n, nasal; oc, occipitatlgtus; p, parietal; pf, prefrontal; pal, palatine; pmx,
premaxilla; po, postorbital; pt, pterygoid; g, quadratgirguadratojugal; sa, surangular; so, supraoccipital; sp
splenial; sq, squamosal; stf, supratemporal fenest@=3cam. Full-size DOI: 10.7717/peer|.7562J-2
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supraoccipital exposure, preventing the parietal from reaching the posterior edge of the
skull; a smooth dorsal surface of the surangular, whétealigator chunyihas a large
sulcus next to the anterior half of the glenoid fossa; and an intersupratemporal bar
similarly broad as the supratemporal fenestra, while the bar is strongly constricted in
Eoalligator chunyii

Orientalosuchus naduongerdii$ers fromJiangxisuchus nankangerisifiaving a
deeply curved dentary; a small incisive foramen; prominent preorbital ridges; a
palatine-pterygoid suture nearly at the posterior angle of suborbital fenestra; a
frontoparietal suture entirely on the skull table (the suture modestly enters the
supratemporal fenestra ih nankangensis very large supraoccipital exposure preventing
the parietal from reaching the posterior edge of the skull; anterior maxillary teeth with
vertical ridges on their lateral surface; and an intersupratemporal bar that is similarly
broad as the supratemporal fenestra (the bar is constrictédrinnkangen3is

Orientalosuchus naduongerdiffers fromProtoalligator huiningensis having a
deeply curved dentary; laterally compressed posterior teeth; a deep notch lateral to the
naris; an occlusion pit between the seventh and eighth maxillary teeth with all other
dentary teeth occluding lingually, whilefmotoalligator huiningensadl dentary teeth are
lingual to maxillary teeth; very prominent preorbital ridges; and maxillary teeth with
vertical ridges on their lateral surface.

Holotype: GPIT/RE/09761; partial skeleton consisting of skull, lower jaws and
incomplete postcranial skeleton (Sesble ).

Type locality and horizon: The fossils were recovered from layer 80 of the Na Duong
coal mine in northern Vietnam (N 282.2, E 10658.6); Na Duong Formation, Eocene,
late Bartonian to Priabonian age (3% Ma) Bohme et al., 20).2

Referred material: A total of 29 individuals represented by incomplete skulls, skull
fragments and associated postcranial material, Na Duong Formation, Na Duong coal
mine, Vietnam (see a complete list of preserved specimens and their associated material
presented infable ).

Preservation: The material from Na Duong is mostly well preserved and nearly
complete but all skulls are dorsoventralgttened and many have deformed and crushed
areas or weathered surfaces. The postcranial material is mostly disarticulated or fused
together with the matrix. The majority of the bones are pyritized.

PHYLOGENETIC NOMENCLATURE

Orientalosuchina

De nition: Orientalosuchina refers to the most inclusive clade contalDimentalosuchus
naduongensigen. et sp. novKrabisuchus siamogallicisartin & Lauprasert, 2010
Eoalligator chunyiiroung, 1964Jiangxisuchus nankangerisiswu & Rufolo, 201%@nd
Protoalligator huiningensisoung, 1982but notBrachychampsa montanzimore, 191,1
Stangerochampsa mccabei, Brinkman & Russell, 199€6eidyosuchus canadensis
Lambe, 190 Diplocynodon darwir(Ludwig, 187); Bottosaurus harlanion Meyer, 1832
or any species of recent Crocodylia.
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Table 1 List of specimens ofrientalosuchus naduongensida Duong Formation, upper Eocene, Vietnam.

Individual Cranial material Postcranial material

GPIT/RE/09761 Complete dorsoventrallyattened skull and lower jaw Atlas intercentrum; axis; seven cervical vertebrae; 10 dorsal vertebrae;
(holotype) fused together one sacral vertebra; eight caudal vertebrae; two cervical ribs; four
Fig. 2and dorsal ribs; one scapula (right); one coracoid (right); two humeri; one
Figs. 1220 radiale; four metacarpalia (?); seven manus phalanges (?); two ilia; one

ischium (left); two femora; one tibia (left); onbula (right); four
claws; >50 osteoderms

GPIT/RE/09730 Dorsoventrally attened anterior skull part reaching —

Fig. 3 slightly behind the orbita and the complete right lower
jaw ramus
GPIT/RE/09729 Well preserved dorsoventrallyattened posterior skull —
Fig. 4 part reaching to the premaxilla on the right side
GPIT/RE/09728 Crushed complete skull and broken but well preserved
Figs. 58 anterior lower jaw parts

GPIT/RE/09727 Crushed complete skull and well preserved posteriorThree cervical vertebrae; 11 dorsal vertebrae; six caudal vertebrae; two
Fig. 9 lower jaw parts dorsal ribs; one scapula (left); one humerus (right); one radius (right);
two ilia; two femora; two tibiae; twdbulae; >50 osteoderms

GPIT/RE/09762 Complete skull without the most anterior part, lower faw
fragments and a few further skull fragments

GPIT/RE/09763 Posterior skull part -
GPIT/RE/09764 Posterior skull part -
GPIT/RE/09765 Anterior skull part -
GPIT/RE/09766 Posterior and lateral skull part -

GPIT/RE/09767 Posterior and lateral skull part One cervical vertebra

GPIT/RE/09768 Skull and lower jaw -

GPIT/RE/09769 Half skull Vertebra + rib + osteoderms
Fig. 6

GPIT/RE/09770 Anterolateral skull part bone fragments

GPIT/RE/09771 Posterior and lateral skull parts -

GPIT/RE/09772 Posterior skull part -

GPIT/RE/09773 Posterior skull part with fused lower jaw -

GPIT/RE/09774  Skull with fused lower jaw -

GPIT/RE/09775 Skull and lower jaw with the anteriormost part missing
GPIT/RE/09776 Skull fragments and lower jaw -

GPIT/RE/09777 Posterior skull part -

GPIT/RE/09778 Premaxilla One dorsal vertebra
GPIT/RE/09779 Skull fragments -

GPIT/RE/09780 Single small skull fragment and lower jaw fragments

GPIT/RE/09781 Lower jaw -

GPIT/RE/09782 Lower jaw ramus -

GPIT/RE/09783 Lower jaw Bone fragments

GPIT/RE/09784 Lower jaw fragment Seven cervical vertebrae; eight dorsal vertebcaeidal vertebrae;
one cervical rib; four dorsal ribs; one scapula (right); two ulnae;
two ilia; two ischia; one pubis (left); two femora; two tibiae; tinalae;
three tarsalia; one astragalus (left); one calcaneus (left);

ve metatarsalia; 14 pedal phalanges; four claws; >50 osteoderms

GPIT/RE/09785 — Fragments

Massonne et al. (2019), PeerJ, DOI 10.7717/peerj.7562 8/60



Peer/

Table 2 Cranial measurements oOrientalosuchus naduongensida Duong Formation, upper Eocene, Vietnam.

GPIT/RE/09731 GPIT/RE/09728 GPIT/RE/09729 GPIT/RE/09730

(Holotype)
Skull length (premaxilla-supraoccipital) 190.5 185.1 ? ?
Skull width (quadratojugal-quadratojugal) 127.1 135.8 *82.6 ?
Preorbital length 104.5 101.8 ? 64.4
Skull table length 43.6 49.3 34.6 ?
Skull table width 652 65.9 46.2 49.8
External naris length 21.1 10.8 12.8 101
External naris width 225 24.2 10.2 17.8
Orbita length 41.1 426 33.3 28.6
Orbita width 26.8 275 17.3 19.7
Supratemporal fenestra length 12.3 194 13.6 ?
Supratemporal fenestra width 13.7 154 8.7 ?
Infratemporal fenestra length 114 19.2 9.1 ?
Infratemporal fenestra height ? ? 115 9.0
Suborbital fenestra length 63.7 ? 49.9 43.6
Suborbital fenestra width ? ? 17.6 ?
Width between orbits 15.8 15.9 10.3 10.3
Width between supratemporal fenestrae 12.1 11.8 11.9 ?
Width between suborbital fenestrae 22.7 ? *13.6 17.4
Occipital condyle height 9.5 9.7 ? ?
Occipital condyle width 14.4 12.8 9.3 ?

Note:
All measurements in mm* (neasurements on deformed sections).

DESCRIPTION

Cranial description
Measurements of the cranial material are presentédhlvie. 2 Unless otherwise stated,
the description is based on the holotype (GPIT/RE/097BiL) Q).

Premaxilla
The premaxilla in ventral view is best observable in GPIT/RE/09809. It has ve
teeth in total. Between thest and second tooth there is a large occlusion pit for the

rst dentary tooth. The teeth increase in size posteriorly. Tétawo teeth are very small
with the third one nearly double their size. The fourth tooth is the largest one. fithe
tooth is again much smaller, but still larger than thet two.

The dorsal surface is best preserved in GPIT/RE/097614 and GPIT/RE/09730

(Fig. 3. Itis ornamented with multiple small pits. The premaxilla surrounds the naris with
a prominent anterolateral bulge, but it does not possess a crest. Lateral to this bulge,
the premaxilla has a deep depression. The anterior margin of the naris has a short (roughl
one third of the naris length) posteriorly reaching process formed by the premaxilla.
The naris opening itself has a roughly square-shaped to round outline. The naris is dorsall
oriented. The relatively small oval incisive forameiy (39 does not abut the tooth row.
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Figure 3 Skull of Orientalosuchus naduongens{&PIT/RE/09730), Na Duong Formation, upper
Eocene, VietnamSkull in dorsal (A and B) and ventral (C and D) view. Abbreviations: ect, ectopter-
ygoid; f, frontal; if, incisive foramen; j, jugal; I, lacrimal; mx, maxilla; mx5, maxilla tooth 5; n, nasal; pal,
palatine; pf, prefrontal; pmx, premaxilla; pmx5, premaxilla tooth 5; po, postorbital; pob, postorbital bar;
pt, pterygoid. Scale = 5 cm. Full-size DOI: 10.7717/peer].7564-3

Laterally, the premaxilla-maxilla suture originates irog&ch for the enlarged fourth
dentary tooth and terminates in a long premaxillary process, which extends between the
nasal and the maxilla up to the level of the fourth maxillary tooth. The lateral origin of
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the suture lies shortly behind the level of the posterior part of the naris. The deep notch for
receiving the fourth dentary tooth is present in all the large and presumably adult
individuals; in the preserved juveniles, this region is damaged, making it impossible to
document the condition early in ontogeny.

In ventral view, the premaxilla-maxilla suture is somewaiscure, but seems to extend
relatively straight lateromedially along the level of the nofch. (3.

The premaxilla-nasal suture originates at the posterior end of the narisaaed
lateromedially toward the posterior process of the dorsal plate of the premaxilla.

Maxilla
The maxillary tooth row comprises 13 teeth. Thiet maxillary tooth is about the same
size as thefth premaxillary tooth. They increase in size until reaching fitle maxillary
tooth, which is the largest on€if. 3. Between the seventh and eighth maxillary tooth
there is a complete intengering of a dentary tooth (most likely the 11th). The fourth
dentary tooth ts in the notch between the premaxilla and maxilla. The posterior part of
the dentary tooth row lies completely lingually to the maxillary tooth row, except for the
presumably 11th dentary tooth, indicated by marks of the posterior dentary teeth lingual to
the maxillary teeth, best visible in GPIT/RE/0978( 3.
The lateral outline of the maxilla is considerably curvedidrsal view, the bone

ares laterally until reaching the level of tffin maxillary tooth, which marks the most convex
point of the snout. From there it tapers medially up to thelefthe constriction between the
seventh and eighth teeth andres further posterior towards the suture with the jugal.

The dorsal surface of the maxilla is densely ornamented and has a strictly
anteroposteriorly oriented prominent ridge alongside the nasal bone (best observable in
GPIT/RE/09730-ig. 3 GPIT/RE/0972%ig. 4and GPIT/RE/09728ig. 5. The dorsal
surface of the ridge is rounded and becomatser anteriorly and terminates at the
posteriormost part of the premaxillary process. Posteriorly, the ridge continues across
the lacrimal and prefrontal until reaching the anteromedial part of the orbit. Laterally to
the ridge, there is an elongated groove. The maxilla-prdleaxture extends
posteromedially until reaching the nasal. Slightly posteriorly to the suture, a shallow
groove is present. The maxilla-nasal suture extends straight anteroposteriorly and is
relatively short due to the long premaxilla process and the far anteriorly reaching lacrimal.
The suture between the maxilla and lacrimal projects posterolaterally and then projects
laterally in front of the orbit. The suture with the jugal is somewhat obscure, but seems to
extend laterally until it becomes straight when it extends posteriorly (best observable in
GPIT/RE/0972Fig. 9.

In ventral view, the suture between the maxilla and palatine forms an obtuse angle
with the anteriormost tip of the palatine situated at the level of the anterior end of the
suborbital fenestra. The suture extends posterolaterally until reaching the anteromedial
border of the fenestra. The small maxillary foramen for the palatine ramus of the cranial
nerve V is visible in a single individual (GPIT/RE/09770) medial to ftietooth of the
maxilla.

Massonne et al. (2019), PeerJ, DOI 10.7717/peerj.7562 11/60



Peer/

Figure 4 Skull of Orientalosuchus naduongens{&PIT/RE/09729), Na Duong Formation, upper
Eocene, VietnamSkull in dorsal (A and B) and ventral (C and D) view. Abbreviations: bo, basiocci-
pital; ch, choana; ect, ectopterygoid; f, frontal; fae, foramen aerum; fo, foramen; itf, infratemporal
fenestra; j, jugal; I, lacrimal; Icf, lateral carotid foramen; Is, laterosphenoid; mx, maxilla; mx5, maxilla
tooth 5; oc, occipital condylus; p, parietal; pf, prefrontal; po, postorbital; pob, postorbital bar; pt,
pterygoid; g, quadrate; qj, quadratojugal; so, supraoccipital; sq, squamosum; stf, supratemporal fenestra;
vf, vagus foramen. Scale =5 cm. Full-size DOI: 10.7717/peer].756 -4
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Figure 5 Skull of Orientalosuchus naduongens{&PIT/RE/09728), Na Duong Formation, upper
Eocene, ViethamSkull in dorsal (A and B) and occipital (C and D) view. Abbreviations: bo, basioc-
cipital; eo, exoccipital; j, jugal; I, lacrimal; mx, maxilla; n, nasal; oc, occipital condylus; p, parietal; pf,
prefrontal; pmx, premaxilla; ptf, posterior temporal fenestra; so, supraoccipital; sq, squamosum. Scale =
5 cm (A and B). Scale =1 cm (C and D). Full-size DOI: 10.7717/peerj.7562-5

The maxilla-ectopterygoid suture is shifted posteraddigefrom the tooth row,
preventing the ectopterygoid from contacting the alveoli (best seen in GPIT/RE/09730

Fig. 3.
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Nasal

The elongated nasal is around four-times longer antereposty than lateromedially

wide and similarly ornamented as the premaxilla and maxilla. The bone seems recesse
compared to the paired maxillary ridges in GPIT/RE/09#84.(9 and GPIT/RE/09730

(Fig. 3, however, this is an artifact due to the postmortem deformation of the skull.
GPIT/RE/09728Kig. § reveals, that the nasal was at the same height as the maxilla ridges
giving them a rim-like outline.

Anteriorly, the nasal projects into the naris with a short process for around one-third of
the naris length, but it is unclear how complete this septum in the intact skull was.
Therefore it remains unclear whether the naris was bisected. A complete or near-complet
bisection would be consistent with the midline posterior process of the premaxilla but
only better preserved specimens will help resolving this.rasal-lacrimal suture is
posteriorly oriented. The suture between the nasal and prefrontal slopes slightly
posteromedially until reaching the frontal. Posteriorly, the nasal sends a long process
between the frontal and prefrontal.

Lacrimal

The general outline of the lacrimal is roughly triangular with a concavity around the
lacrimal-maxilla suture, leading to a relatively slender appearance of the bone, best visib
in GPIT/RE/09730Kig. § and GPIT/RE/09729g. 4. The ornamentation is overall

weak but it is pronounced near the lacrimal-nasal suture. The medial part of the lacrimal is
strongly elevated as the maxilla ridge proceeds toward the orbit, which is best observable
GPIT/RE/09728Kig. 9.

The lacrimal-prefrontal suture originates at the anteromedial part of the orbit and
extends anteromedially until reaching the nasal. Posteriorly, the lacrimal covers the
anterior part of the orbit. The naso-lacrimal duct is visible on the posteromedial end of the
bone near the suture with the prefrontal. The contact between the lacrimal and jugal
projects nearly straight posteriorly from the anterior end of the orbit.

Prefrontal

The prefrontal is roughly wedge-shaped. Its central region is highly elevated due to the
posteriorly projecting ridge, which extends roughly to the posterior part of the bone.
Medially to the ridge, the prefrontal has an anteroposterior-oriented row of deep pits,
especially visible in GPIT/RE/097249d. 4 and GPIT/RE/09728Hg. 5. The suture
between the prefrontal and frontal extends anteroposteriorly and is relatively short due tc
the far posteriorly reaching nasal.

Frontal

The frontal is roughly wedge-shaped with an elongated anterior process projecting
between the two nasal bones. It forms the dorsomedial border of the orbit. The border itsel
is nearly ush with the orbital margin (GPIT/RE/0972%g. 9 or only very slightly

upturned (GPIT/RE/0973Big. 3. The orbit is nearly oval and slightly constricted
anteromedially.
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The anterior region of the frontal has nearly no ornamentation, whereas large pits are
present between the orbits posteriorly. Between the orbits, the pits are roughly aligned in
pair of rows and dissolve in ald of large pits posteriorly (best observable in GPIT/
RE/097291g. 9.

The suture with the parietal is oriented entirely on the skull table and has a small
posteriorly reaching medial process, best visible in GPIT/RE/08#6D)(and GPIT/RE/
09729 Fig. 9. The suture with the postorbital originates near the posteromedial border of
the orbit and slopes afterwards very slightly posteromedially until reaching the parietal.

Postorbital
The bone is best observable in GPIT/RE/09F2§. ). It is nearly boomerang-shaped
and forms the anterolateral part of the skull table. The ornamentation is roughly arranged
in a single line in the center of the bone and is composed of relatively large pits. The
anterior part of the postorbital forms the posterior margin of the orbit, whereas its
posterior region forms the anterolateral margin of the supratemporal fenestra. The slende
postorbital bar is inset from the skull table and shapes the anterior part of the nearly
triangular infratemporal fenestra.

The postorbital-parietal suture originates at the anterimst point of the
supratemporal fenestra and extends anteriorly only for a very short section until projecting
straight medially and reaching the frontal. The suture between the postorbital and
squamosal begins roughly at the level of the last third to the mid point of the
supratemporal fenestra and projects laterally, until reaching the skull table and then it
becomes obscure. The suture between the postorbital and jugal on the postorbital bar
cannot be clearly followed.

Parietal

The parietal is best observable in GPIT/RE/09F29 {. It is roughly rectangular and densely
ornamented with deep pits. It forms the anteromedial andiah@ehlls of the supratemporal
fenestra. The supratemporal fenestrae are oval and opey.afé relatively small and
located far away from the posterior border of the skull tdbkling to a very long
parietal-squamosal suture, which originates at the pmstlial margin of the supratemporal
fenestra and projects straight toward the posterior edgfeeaskull. Posteriorly, the parietal
does not reach the skull table in adults because of the taygezoid supraoccipital.

Squamosal
The squamosal forms the posterolateral margin of the skull table and the posterolateral
margin of the supratemporal fenestra and is best observable in GPIT/RE/69Y2R (ts
surface is richly ornamented with deep pits. The dorsal and ventral rims of the squamosa
groove for the external ear valve musculature are parallel. Due to the dorsoventral crushin
of all individuals, the otic aperture is not preserved.

Posterolaterally, the squamosal has an elongated process projecting dorsally towards t
paroccipital process. The most posterolateral part is not well preserved, but the squamos
does extend ventrolaterally to the lateral extent of the paroccipital process. The suture
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between the squamosal and exoccipital origins ventrolaterally from the posttemporal
fenestra and extends ventrolaterally. Due to the crushing, the suture between the
squamosal and quadrate is obscure.

Jugal

The jugal is best observable in GPIT/RE/09F6d. (9. It covers the lateral part of the skull
contacting the maxilla and lacrimal anteriorly, the quadratojugal posteriorly and the
postorbital on the postorbital bar dorsomedially. Its posterodorsal surface is highly

ornamented with larger pits (GPIT/RE/09780. 3.

Medially, the jugal forms the ventrolateral border of the orbit and infratemporal fenestra.
The border with the orbit is nearly straight, only curving slightly laterally, whereas at the
border with the infratemporal fenestra, the jugal seems slightly more concave in oline. T
postorbital bar is not ush with the rest of the jugal, but inserted from it medially. At the
height of the postorbital bar, the posteroventral part of the jugal is strongly concave.

The jugal forms a straight suture with the quadratojugal bone, which slopes
posterolaterally. The suture seems to originate from the posterolateral corner of the
infratemporal fenestra{gs. Zand4), but the preservation is insufient to state this with
con dence.

Quadratojugal
The quadratojugal surface is mainly smooth, but ornamented with a few large pits near the
suture with the jugal.

The bone forms the posterolateral part of the skull and the posterior border of the
infratemporal fenestra. The border is smooth and does not possess a spine. The
quadratojugal seems to cover the whole border preventing the quadrate from reaching th
postorbital, as seen in GPIT/RE/097&1g( 2 and GPIT/RE/09729g. 9.

Posteromedially, the bone is very broad and rounded. Posterolaterally, it nearly reaches tt
most posterior part of the skull, only slightly anterior to the quadrate.

Quadrate

The condyles lay on a horizontal axis, which is slightly inclined ventromedially with the
lateral condyle larger than the medial one. The medial condyle bears a notch for the
foramen aerum on its dorsomedial border. The relatively small foramen aerum is visible ir
GPIT/RE/09761Kig. 9 GPIT/RE/09729Kig. Y and GPIT/RE/09728 and lies on the
dorsomedial surface of the medial condyle. The opening of the cranioquadrate canal an
the otic area are crushed. On the ventral surface of the bone, a prominent crest of the
posterior mandibular abductor muscle is visible.

Palatine

The palatine shapes the most part of the interfenestral bridge between the suborbital
fenestrae. Its surface is smooth, but bears many small foramina, especially in the
anterolateral region (GPIT/RE/09761g. 9. Anteriorly, the palatine is fan-shaped, but
does not produce a shelf into the suborbital fenestra.
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Anteriorly, the palatine does not reach at all, or protrudes only slightly beyond, the
suborbital fenestra and contacts the maxilla with an obtuse V-shaped suture (GPIT/RE/
09761Fig. 2 GPIT/RE/0973Fig. 3and GPIT/RE/0976ig. §. The suture with the
pterygoid lies in front of the posterior end of the suborbital fenestra and is nearly straight
lateromedially, except for a small midline process from the pterygoid projecting into the
palatine (GPIT/RE/0976#ig. 2.

The suborbital fenestrae are anteroposteriorly very laeggehing anteriorly the level of
the inline occlusion between the seventh and eighth maxillary teeth (GPIT/RE/09730
Fig. 9. Their medial border is anteroposteriorly nearly straigthereas the lateral border
is slightly constricted due to the ectopterygoid reaching into the fenestra. The posterior
border of the fenestra is smooth without a notch.

Pterygoid

The pterygoid is preserved in GPIT/RE/09761y( 9 and GPIT/RE/09729g. 9.

It forms the posterior and posteromedial borders of the suborbital fenestra and contacts
the palatine anterior to the posterior end of the fenestra. Dorsally, the pterygoid extends
further anteriorly along the suborbital bridge and reaches the level of the prefrontal
pillar (Fig. 9. Posteriorly, it is lateromedially straight, except for a very prominent pair

of the posterior pterygoid processes. Laterally, it contacts the ectopterygoid with a
posterolateral projecting suture. Although the anterior part of the suture is not optimally
preserved, aexure seems to be absent.

The pterygoid surface is uneven. In the medial region, posterior to the suborbital fenestr:
there is a prominent bulge, which transforms into a posterolaterally and a posteromedially
projecting ridge. The posterolateral ridgatens shortly after, whereas the posteromedial
ridge projects caudally until reaching the choana opening. The choana itself is not entirely
preserved, but its rough outline is still visible. Its orientation cannot be determined due to
dorsoventral crushing, although it seems to be anteroventrally oriented in a juvenile
individual (GPIT/RE/09772). A septum seems present at least anteriorly as indicated in a
CT-scan of GPIT/RE/09761, but it is unclear if it projects out of the choana or remains
recessed within. In adult individuals, the posterolateral margin of the choana is siooth.
the juvenile GPIT/RE/09772, the posterolateral margin seems more concave (notched), b
this could be a crushing artifact.

Anterolateral to the choana, the pterygoid surface is pushed inward and forms a thin
neck surrounding the choana opening in GPIT/RE/0978d.(9 and GPIT/RE/09728
(Fig. 9. Between the posterior border of the choana and the suture with the basisphenoid
the pterygoid has a shallow medial ridge (GPIT/RE/09728).

Ectopterygoid

The ectopterygoid forms the posterolateral border of the suborbital fenestra.
Anteromedially, the bone tapers into an acute tip and expands posteriorly, forming a smal
medial shelf projecting into the suborbital fenestra. Posteromedially to the suborbital
fenestra, the ectopterygoid contacts the pterygoid and forms a posterolaterally
projecting process that does not reach as far posteriorly as the pterygoid. The ectopterygo
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Figure 6 Partial palate (GPIT/RE/09769) and pterygoid (GPIT/RE/09728) @rientalosuchus naduongensla Duong Formation, upper
Eocene, VietnamSkull (A and B) and pterygoid (C and D) in ventral view. Abbreviations: ch, choana; mx, maxilla; mx5, maxilla tooth 5;
mx10, maxilla tooth 10; mx13, maxilla tooth 13; pal, palatine; pt, pterygoid. Scale =5 cm (A and B). Scale = 1 cm (C and D).

Full-size DOI: 10.7717/peer].7562f-6
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Figure 7 Skull of Orientalosuchus naduongens{&PIT/RE/09729), Na Duong Formation, upper
Eocene, VietnamSkull in occipital (A and B) view. Abbreviations: bo, basioccipital; bs, basisphenoid,;
ch, choana; eo, exoccipital; f, frontal; fm, foramen magnum; fo, foramen; j, jugal; Icf, lateral carotid
foramen; leu, lateral eustachian opening; Is, laterosphenoid; meu, medial eustachian opening; oc, occipital
condylus; po, postorbital; pt, pterygoid; q, quadrate; gj, quadratojugal; so, supraoccipital; sg, squamosum;
vf, vagus foramen. Scale =5 cm. Full-size DOI: 10.7717/peer|.7562-7
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does not abut the maxillary tooth row as seen in GPIT/RE/09%B0 § and dorsally it
terminates ventrally to the postorbital bar.

The surface of the anterior process bears many small foramina, whereas the posteric
region is decorated with venyne anteroposteriorly oriented lines, visible in GPIT/RE/
09761 Fig. 9 and GPIT/RE/09729g. 9.

Supraoccipital

The supraoccipital is the most dorsal bone of the occipital region and has an ornamente
dorsal surface. It forms a large trapezoid process on the skull table, which prevents the
parietal from reaching the posterior edge of the skull table in adults. In a juvenile (GPIT/
RE/09772), the supraoccipital is still large, but the parietal has a minor lateral contact with
the skull table.

GPIT/RE/09728Kig. 9 offers the best occipital view for the supraoccipital. The bone
has a dominant, strictly dorsoventrally oriented ridge, which is most prominent dorsally
and becomes shallow ventrally. Laterally, there is a pair of even more dominant
ridges, which extends parallel to the medial one. Between these ridges, the bone is dee|
pushed inwards. The posttemporal fenestra has oval outline and slopes ventrolaterally.

The suture with the exoccipital originates ventrally to the posttemporal fenestra and
projects ventromedially resulting in a roughly triangular outline of the bone.

Exoccipital

The exoccipital is best observable in GPIT/RE/09F28 {). It shapes most of the

occipital region and the paroccipital process. Further, it surrounds the foramen magnum
nearly completely. Although the foramen magnum is crushed, its posterolateral margin
can still be seen as well as the lateral pillars of the exoccipital, which were attached to tf
occipital condyle.

Alongside the ventrolaterally extending suture with the basioccipital, the exoccipital
possesses a relatively short ventrally oriented process. Laterally from the occipital condyl
the caudal aperture of the carotid foramen is visible, and dorsolaterally from the occipital
condyle lies the opening for the foramen vagus. The suture with the basisphenoid is no
preserved.

Basioccipital

The basioccipital forms the ventral part of the occipital region and the occipital condyle.
Directly ventrally to the condyle, a small foramen is visible in GPIT/RE/091894,

which is not present in GPIT/RE/09728¢. 7). Further ventrally, the basioccipital forms a
prominent dorsoventrally projecting medial ridge leading into the median eustachian
opening. On the lateral side of the ridge, a small foramen is visible in GPIT/RE/097298
(Fig. 7. At the lateral contact with the basisphenoid, the basioccipital has a bulge, wherea
the ventral suture around the median eustachian opening is relatively smooth.

Basisphenoid
The basisphenoid is anteroventrally located from the basioccipital and projects relatively
far ventrally. Its extension on the lateral braincase wall cannot exactly be determined in
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GPIT/RE/09728Kig. ), but it looks relatively narrow in GPIT/RE/09761iq. 9. The

lateral eustachian opening is not preserved, but a canal potentially leading into it can be
seen in GPIT/RE/0972&iQ. ). This reconstructs the opening at the same height as the
dorsal end of the medial ridge of the basioccipital. The suture between the basisphenoi
and pterygoid is strongly curved with the basisphenoid sending a rounded process
ventrally into the pterygoid.

Dentary

The dentary is best observable in GPIT/RE/0928. § and GPIT/RE/09727Hg. 9.

It lies nearly completely lingually to the maxilla as observable in GPIT/RE/ORIZ6D(

The only exception is the region around the fourth and around the 11th dentary alveoli
where an inline occlusion with the maxillary tooth row occurs (indicated by occlusion
pits in GPIT/RE/09736ig. 3and GPIT/RE/09768ig. §. The general outline of the tooth

row of the dentary is strongly sigmoidal. There is a shallow curvation betweersthe

and fourth alveoli and a much deeper one between the fourth and 11th alveoli. The leve
of the 11th alveolus is slightly higher than the level of the fourth one. Below the
posteriormost teeth, the outline is nearly even.

In total the tooth row consists of 16 teeffiff. §. The rstthree alveoli are nearly equal in
size, whereas the fourth one is much larggmg in the notch between the premaxilla and
maxilla. The fth and sixth alveoli are very small, with th&h being the smallest of the
dentary. The seventh to the 10th alveoli, are as large as the third. Between the seventh a
eighth alveoli, there is a small diastema for receiving the fourth maxillary tooth.ek larg
diastema is present between the eighth and ninth alveoli for the mafkiweaxillary tooth,
which left a very prominent mark on the dentary. The 11th alveolus is slightly larger than the
previous ones and the second largest alveolus in the dentary. The 11th dentary tooth is
most likely the one intemngering between the seventh and eighth maxillary teeth. The 12th
and 13th alveoli are again smaller. The posterior alveoli of the 14th to 16th alveoli are
lateromedially attened and anteroposteriorly elongated.

The dentary surface is ornamented with small pits anteriorly and grooves posteriorly.
Anteriorly to the external mandibular fenestra, nearly no ornamentation is visible. The
symphysis extends to the height of tHéh dentary tooth. The Meckelian groove is
preserved as a very narrow canal, nearly closed by the surrounding dentary.

The dentary-splenial suture abuts the tooth row at the lef/tHe 13th dentary tooth.

The dentary contacts the angular posteroventrally and the surangular posterodorsally.
The suture with the angular projects ventrally from the height of the most posterior
dentary tooth to the ventral part of the external mandibular fenestra in a bowed line.
The suture with the surangular intersects the external mandibular fenestra at its
posterodorsal corner. The external mandibular fenestra itself is very small. It has nearly th
same size as the foramen intermandibularis caudalis @estis GPIT/RE/0972Fig. 9.
Despite its size, it forms posteroventrally a clear concavity with the angular. Its anterior
margin, on the other hand, is straight.
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Figure 8 Lower jaw ofOrientalosuchus naduongengiSPIT/RE/09728), Na Duong Formation, upper Eocene, Vietnatower jaw in lateral

(A), medial (B) and dorsal (C) view. Abbreviations: an, angular; co, coronoid; d, dentat$, déntary tooth 416; emf, external mandibular

fenestra; c, foramen intermandibularis caudalis; mg, meckelian groove; mx4-5, maxilla tooth 4-5; sa, surangular; sp, splenial. Scale =5 cm.
Full-size DOI: 10.7717/peer].756 -8

Splenial

The splenial lies lingually to the dentary and does not participate in the symphysis. Its
surface is smooth. The splenial abuts the tooth row from the 13th tooth posteriorly and
extends anteriorly to the level of the seventh dentary tooth. The anterior process passe:
ventrally to the Meckelian groove. This is visible in a single individual (GPIT/RE/09781)
and in form of marks in GPIT/RE/0972&i@. §. An anterior perforation for the

mandibular ramus of the cranial nerve V is not present.
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Figure 9 Lower jaw of Orientalosuchus naduongens{(&PIT/RE/09727), Na Duong Formation,
upper Eocene, ViethamLower jaw in lateral (A and B) and medial (C and D) view. Abbreviations:
an, angular; ar, articular; co, coronoid; d, dentary; d11, dentary tooth 11; emf, external mandibular
fenestra; fo, forameng, foramen intermandibularis caudalisn, foramen intermandibularis medius;
mx5, maxilla tooth 5; sa, surangular; sp, splenial. Scale =5 cm.

Full-size DOI: 10.7717/peer].756 -9
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Posteriorly, the splenial meets the surangular, coromachagular, as well as it forms the
anterior border of the foramen intermandibularis cauddltse suture with the surangular
projects anteriorly until reaching the tooth row. The carecauture with the coronoid is only
visible in the right ramus of GPIT/RE/097Zd. 9. The anteroventral part of the coronoid
is damaged, but it seems the foramen intermandibularisusedas located completely on
the splenial or at least the coronoid only borders the mostapior border of the foramen.
The suture between the splenial and angular, ventrallyetdottamen intermandibularis
caudalis is ambiguous, but it seems to extend slightlyrmstebefore turning ventrally.
Dorsally to the foramen, the suture is visible and projeetsin straight dorsoventrally
without the splenial producing a posterior process betleemangular and coronoid.

Surangular

The surangular is best observable in GPIT/RE/09#8/ § and GPIT/RE/09727Hig. 9

and shapes the posterodorsal portion of the lower jaw. The dorsolateral part of the bone i
elevated laterally in form of a shallow bulge and densely ornamented with deep pits,
whereas the anterior and the posterior parts around the retroarticular process does not
possess ornamentation.

Anteriorly, the surangular has two processes. The ventral process is slightly shorter tha
the dorsal one, but they do not differ much in length. Posteriorly, the surangular extends to
the posterior end of the retroarticular process. Dorsally, the surangular is slightly elevatec
but does not seem to reach to the dorsal tip of the lateral wall of the glenoid fossa (best
observable in GPIT/RE/09783). Laterally, the suture with the angular contacts the externe
mandibular fenestra slightly ventrally to its posterodorsal corner. Lingually, the suture
between the surangular and articular cannot be clearly followed within the glenoid fossa
due to deformation. The suture ventrally to the fossa is simple, without any visible lamina.
A lingual foramen is not preserved. The surangular-anguture meets lingually the
articular dorsally to the ventral tip of the articular. Posterodorsally to the
surangular-coronoid suture, a small foramen is visible in GPIT/RE/097879.

Angular
The angular is best observable in GPIT/RE/09F6d. () and GPIT/RE/09727Hg. 9.
Its lateral surface is densely ornamented with deep posteriorly elongated pits. The
retroarticular process has no ornamentation. Laterally, the angular forms the concave
posterior border of the external mandibular fenestra.

The bone borders most of the foramen intermandibularis ahsidorsally and ventrally
as well as its complete posterior border. The angular-coronoid suture is nearly straight an
anteroposteriorly oriented. Ventrally, anteriorly to the height of the glenoid fossa, a
relatively large foramen is visible. Another posterior foramen, is only preserved in GPIT/
RE/09761Kig. 9.

Coronoid
The coronoid is only well preserved in GPIT/RE/0972¢.(9. Its outline is roughly
boomerang-shaped with an incomplete posterodorsal part. The ventral process is relative
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large and projects posteriorly. The bone has a smooth surface and does not bear any
foramina.

Articular

The articular possesses the glenoid fossa and the posterodorsally oriented retroarticula
process in its medial part. Anteromedially, the process produces a broad shelf. The gleno
fossa is separated from the process by a mediolaterally oriented sigmoidal-shaped ridg
with its lateral part being slightly more anteriorly oriented than the medial one. The
foramen aerum is visible in GPIT/RE/097Zig( 9 on the medial corner of the ridge.

Teeth

Most of the teeth attached to the skulls and lower jaws are poorly weathered. Only
disarticulated teeth of GPIT/RE/09728 (posterior ones) and GPIT/RE/09761 (a single
anterior one) Fig. 10 are well preserved, but their original positions are not clear. Based
on the size of the alveoli, the fourth and 11th dentary teeth were the largest teeth in the
lower jaw, whereas in the upper jaw, thth maxillary tooth was by far the largest one and
left deep marks on the lateral dentary wall (GPIT/RE/097289.

The anterior and middle teeth are pointed. In a single well-preserved tooth several
relatively dominant vertical ridges are present laterally and weaker ones lingually. This
condition is not visible in poorly-preserved teeth, making it unclear if this condition is true
for all pointed teeth. Laterally, the teeth are slightly convex, whereas they are concave
lingually.

Posteriorly, at the 10th maxilla tooth (GPIT/RE/09T69. § the teeth become conical
and blunt.

The most posterior three teeth are relatively large, have a very blunt crown and are
anteroposteriorly elongated and laterally compressed. They are smaller than in typically
bulbous tooth taxa likélassiacosuchus hauptieitzel, 1935

Both types of posterior teeth beare dorsoventrally oriented lines, but no clear vertical
ridges are present like in the well-preserved anterior Bite (0.

Postcranial Description

Most of the postcranial material is preserved in GPIT/RE/09761, GPIT/RE/09727 and
GPIT/RE/09784. If not otherwise stated the description is based on the holotype GPIT/RE
09761. Measurements are deposited inRhe S4

Atlas

From the atlas, only the rectangular intercentrum is preserved dislocated into the left orbit
of GPIT/RE/09761Kig. 9. The bone is plate-shaped in lateral view and has prominent
parapophyseal processes. The slightly convex ventral part has a shallow anteroposterio
projecting central groove.

AXis
The axis Fig. 1) is better preserved posteriorly. The neural spine looks completely
horizontal, but its surface is weathered. The base of the postzygapophysis is visible on tl
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Figure 10 Tooth morphology of Orientalosuchus naduongensidla Duong Formation, upper
Eocene, VietnamAnterior tooth of GPIT/RE/09761 (holotype) in lateral (A), anterior (B) and dorso/
ventral (C) view. Medial tooth of GPIT/RE/09728 in lateral (D), anterior (E) and dorso/ventraiedi)
Posterior tooth of GPIT/RE/09728 in lateral (G), anterior (H) and dorso/ventral (I) view. Scalem.0.5
Full-size DOI: 10.7717/peerj.7562-10

left side, but also poorly preserved. The neural arch and neural canal are laterally
compressed due to fossilization. The hypapophysis is posteriorly shifted.

Cervical vertebrae

A total of 18 cervical vertebrae are preserved (seven in GPIT/RE/09761 and GPIT/RE/0978
three in GPIT/RE/09727 and one in GPIT/RE/09767 (1). All of these are crushed and/or
covered by a pyritized matrix except for the single vertebra of GPIT/RE/0QIf61 .
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Figure 11 Cervical vertebrae ofOrientalosuchus naduongengi6PIT/RE/09761) (holotype), Na Duong Formation, upper Eocene, Vietnam.
Cervical vertebrae in lateral left (A and F), anterior (B and G), posterior (C and H) dorsal (D, amdl ventral (E and J) view. Cervical vertebra
in lateral left (K and P), anterior (L and Q), posterior (M and R) dorsal (N and S), and ventral (O ane\f)Abbreviations: dp, diapophysis; hp,
hypapophysis; na, neural arch; nc, neural canal; ns, neural spine; pcd, posterior condylus; pp ys@apapprezygapophysis; pz, postzygapophysis;
vb, vertebra body. Scale = 1 cm. Full-size DOI: 10.7717/peerj.7562-11
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The neural spine is slightly sloping anteriorly, but the most dorsal tip is not preserved.
The spine has a dorsoventrally extending anterior ridge and a posterior groove, with
the latter deepest between the postzygapophyses. Thedpypesis is located at the
anterior part of the centrum and reaches posteriorly roygisimidpoint. The pre- and
postzygapophyses are similarly formed and have oval kEtisurfaces. The
diapophysis initiates above the base of the neural archreabehe parapophysis
originates ventrally on the centrum. The centrum is conagaedially, smooth and
without any pits. A lateral foramen is preserved on the rigitle, slightly posteriorly
between the diapophysis and parapophysis. A few smalknfoa are visible posterior
to the hypapophysis.

Dorsal vertebrae

A total of 30 dorsal vertebrae are preserved (10 in GPIT/RE/09761, 11 in GPIT/RE/09727
one in GPIT/RE/09778 and eight in GPIT/RE/09784). They are best preserved in
GPIT/RE/09761Kig. 13. The posterior dorsal vertebrae are anteroposterioolygeited

and lack a hypophyseal keel. The transverse processes are only preserved as small
fragments. The neural spine has an anterior, dorsoventrally oriented keel and a posteric
groove. In a single vertebra of GPIT/RE/09761, there is an anterior pit ventrally to the keel
The anterodorsal end of the neural spine possesses a large crest with a rounded outlin
which forms a small horizontal plateau. The articular surfaces of the prezygapophyses
are oval and slightly medially shifted. The articulation surfaces of the postzygapophyses a
also oval, but facing straight ventrally. The vertebral centra are procoelous and differ in
length. They are slightly concave and smooth without any visible foramina at the middle
part of the lateral surface.

Sacral vertebra

Only the rst sacral vertebra=(g. 13 is preserved, but it is twisted and deformed. The
neural spine slopes slightly anteriorly. Its dorsal tip issing. The prezygapophyses are
relatively large, whereas the only preserved left postzygapophysis in comparison is very
small. The articulation facets of the prezygapophyses are oriented medially, whereas th
postzygapophysis is ventrolaterally oriented. The centrum has a smooth surface with a
small foramina ventrally.

Caudal vertebrae

A total of 19 caudal vertebrae are preserved (eight in GPIT/RE/09761, six in GPIT/RE/
09727 and ve in GPIT/RE/09784). Theast caudal vertebra in GPIT/RE/09764d. 1) is

by far the best preserved and can be distinguished from the others by its convex anteric
and posterior condyles. The neural spine of th& caudal vertebra originates relatively
anteriorly and slopes posteriorly. Its anterior part is nearly vertical and has a large
dorsoventrally extending groove. The prezygapophyses are relatively large and oval. The
articulation surfaces point dorsomedially. The transverse processes are laterally oriented
their bases, but bent posterolaterally. The centrum is slightly concave medially. The
condyle is slightly larger than the cotyle. The lateral surface of the centrum is smooth with
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Figure 12 Vertebrae of Orientalosuchus naduongens{&PIT/RE/09761) (holotype), Na Duong
Formation, upper Eocene, VietnanmDorsal vertebra in lateral left (A), anterior (B), posterior (C), dor-
sal (D), and ventral (E) view. First sacral vertebra in lateral right (F), anterior (G), posteridio¢sal (1),
and ventral (J) view. First caudal vertebra in lateral left (K), anterior (L), posterior (M), dorsain@N),
ventral (O) view. Abbreviations: acd, anterior condylus; fo, foramen; nc, neural canal; ns, reeiraksp
osteoderm; pcd, posterior condylus; prz, prezygapophysis; pz, postzygapophysis; sr, satrahsbetpe
process; vb, vertebra body. Scale = 1 cm. Full-size DOI: 10.7717/peerj.7562-12
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a lateroventrally located foramen on each side. In contrast, the antero- and posteroventr:
regions of the centrum have a rough surface with many small pores. A further rough
surface is located posterodorsally on a small bulge of around 5 mm in length and continue
from the base of the transverse process posteroventrally toward the condyle.

The rest of the caudal vertebrae are poorly preserved and their neural spines are
narrower and originate more on the posterior part of the centrum. Their pre- and
postzygapophyses are of similar size and relatively small. The prezygapophyses are ve
close to each other. Their articulation surfaces point medially. The transverse processes ¢
fragmentarily preserved in the anterior caudal vertebrae and absent in the more posterio
ones. The centra gradually elongate aatlen laterally as well as reduce in size posteriorly
in the vertebral column. The centrum further has a broad, anteroposteriorly extending
groove, which makes the centra even narrower and the articulation facets more oval
posteriorly. The ventral side of the centra bears a deep anteroposteriorly projecting sulcu
in all caudal vertebrae except for thest one.

Ribs

Three cervical and 10 dorsal ribs are preserved. The cervicatiips § have a

horizontally oriented shaft. The capitulum and tuberculum project at nearl§fr&® this

shaft near its anterior end. The capitulum is larger than the tuberculum and the articular

surface of the former is nearly twice as large as the articulation surface of the latter.
The shaft of the dorsal rib$-{g. 13 is slightly convex anteriorly and concave

posteriorly. Its ventral end is broad anteroposteriorlyt, kattened lateromedially.

Scapula

Two highly weathered right scapulae (GPIT/RE/09¥61,14and GPIT/RE/09784) and a
well preserved, but broken left scapula (GPIT/RE/09727) were recovered. The scapular
blade ares dorsally. The deltoid crest is damaged and located at the antero-ventral part
the constricted area between the base of the scapula and its blade. The crest seems to
narrow, but due to the weathering, this cannot be stated with demce.

Coracoid

The right coracoid of GPIT/RE/0976Ei§. 19 is well preserved. Only the posteromedial
part of the scapula-coracoid suture is weathered and pusheatd the glenoid, resulting

in a deep postmortem notch along the suture. The glenoid is very broad, oval and
anteriorly elongated. The coracoid foramen is located anteriorly to the glenoid near the
scapula-coracoid suture. The coracoid blade is relatively broadaaes

anteroposteriorly. It slopes slightly anteriorly at the connection surface with the
interclavicula and ends with an anterior tip in form of a small tuber.

Humerus

The humeri of GPIT/RE/0976F(y. 19 are partially preserved. The right humerus of
GPIT/RE/09727 is complete in length (83.2 mm), but highly weathered. Its anterior part
including the deltopectoral crest is missing.
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Figure 13 Ribs of Orientalosuchus naduongengiSPIT/RE/09761) (holotype), Na Duong Formation, upper Eocene, Vietna@ervical ribs in
lateral (A and G), medial (B and H), dorsal (C and I), ventral (D and J), anterior (E and K) and posterior (F and L) views; dorsal rib in lateral (M) and
medial (N) view. Abbreviations: asdp, articulation surface with diapophysis; ca, capitulum; tu, tuberculum. Scale = 1 cm.

Full-size DOI: 10.7717/peer].75624-13

The humeral head is only slightly elevated from the anterior tuberosity. The head and
the anterior tuberosity form a nearly horizontal plateau, which bends slightly towards the
latter. The posterior tuberosity lies on a small process distally from the humerus head.
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Figure 14 Pectoral girdle ofOrientalosuchus naduongengiSPIT/RE/09761) (holotype), Na Duong Formation, upper Eocene, VietnaRight
scapulain lateral (A and G), medial (B and H), anterior (C and I), posterior (D and J), ventral (E and K) and dorsal (F and L) view. Right coracoid in
lateral (M), medial (N), anterior (O), posterior (P), dorsal (Q), and ventral (R) view. Abbreviations: cf, coracoid foramen; dc, deltoid crest; gl, glenoid;
Sc-co suture, scapula-coracoid suture. Scale = 1 cm. Full-size DOI: 10.7717/peerj.75624-14

The deltopectoral crest is damaged, but the ridge between the crest and the anterior
tuberosity is partially preserved.

The lateral condyle from the distal end is larger and nearly round, whereas the media
condyle is more oval. The shatft is slightly bowed posteriorly.
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Figure 15 Humeri of Orientalosuchus naduongensi€GPIT/RE/09761) (holotype), Na Duong
Formation, upper Eocene, VietnamProximal portion of right humerus in dorsal (A), ventral (Bjteral
(C), medial (D) and proximal (E) view. Distal portion of leftmerus in dorsal (F) and ventro-distal (G) view.
Abbreviations: atb, anterior tuberosity; Icd, lateraldyduns; mcd, medial condylus; ptb, posterior tuberosity.
Scale =1 cm. Full-size DOI: 10.7717/peerj.75624-15

Ulna/Radius

Only the right radius (63.1 mm) is preserved in GPIT/RE/09727. It has a very broad
proximal and a broad distal end. The shaft is slightly S-shaped, which could be an artifac
of crushing. The right and left ulnae of GPIT/RE/09784 are poorly preserved.

Radiale

The left radialeKig. 1§ is relatively well preserved, but slightly twisted and the medial
part of the proximal end is eroded. The proximal end consists of the articular surface for
the ulna and radius. Posteriorly the contact zone with the ulna is nearly vertical. The
contact zone is very broad, giving the bone a P-shaped outline. In contrast, the contact
area with the radius is kidney-shaped, nearly horizontal and slopes only slightly
anterolaterally with a small lateral process. The shaft of the radiale is constricted, very thii
and slightly sloping anteriorly. The distal end is oval and enlarged.

Metapodials

In GPIT/RE/09761, elongated autopodial elemeétits (L9, either metacarpals or metatarsals
are preserved, but cannot be assigned with dence. The autopodials of GPIT/RE/09784
represent metatarsals based on their position on the dgiaagide and are much longer
than the elements in GPIT/RE/09761 suggesting that thesmetacarpals. The distal
portion of the shaft of the metapodials are dorsoventradlyened. Their proximal end is
oval, whereas their distal end with two condyles is smailgémarrower.

Phalanges
There are seven disarticulated phalanges of GPIT/RE/081H11¢, but we cannot
determine whether they belong to the pes or manus. They are mostly highly weathered,
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Figure 16 Left Radiale, Metapodial and Phalange Gfrientalosuchus naduongengiSPIT/RE/09761) (holotype), Na Duong Formation, upper

Eocene, VietnamLeft radiale in lateral (A), medial (B), anterior (C), posterior (D), proximal (E), and distal (F) view. Metapodial in lateral left or
right (G and H), dorsal (1), ventral (J), proximal (K) and distal (L) view. Phalange in dorsal (M), ventral (N), lateral left or right (O and P), proximal
(Q) and distal (R) view. Abbreviations: asra, articulation surface with radius; asul, articulation surface with ulna; clf, collateral ligament fossa,; fc
foramen. Scale = 1 cm. Full-size DOI: 10.7717/peerj.7562J-16
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only a single one is well preserved. The 14 phalanges of GPIT/RE/09784 belong to the p
based on their recovered position.

Its proximal end is nearly triangular with three knob-like structures, which are seg@arat
by a ridge. Its distal end has two condyles. Their articulation surfaces slope dorsally and
ventrally. The condyles are separated from each other by an intercondylar groove. In later:
view, relatively deep collateral ligament fossae are visible on the distal condydésifiltinees
a smooth surface, but bears a foramen on the slightly laterally bent side.

Ungual phalanges

The preserved claws of GPIT/RE/09761 differ considerably in length, but cannot be
assigned to either manus or pes. They are long, only slightly curved, veraitédiyed,
dorsally curved and pointed. The claws of GPIT/RE/09784 belong to the pes based on the
position recorded in theeld and are partly articulated with the distal phalanges. The
better preserved ones are much smaller and stronger curved than the claws of GPIT/RE
09761, but it is unclear to which digit they belong.

llium

Both ilia are preserved in GPIT/RE/09761g( 1§ and GPIT/RE/09784. The posterior part of
the iliac blade is rectangular and has a modest indentaticsatly. Anteriorly, the blade
slopes at approximately 3tbward a small anterior process. The sutural surface forréte
sacral rib is slightly visible on the anteromedial part ia ldft ilium. In ventral view, the
posterior sutural surface for the ischium is triangulahvaitiarger posterior part and a
narrower anterior one. The anterior sutural surface is noweg and smaller. Dorsolaterally,
an articulation surface with the femur is visible. The deéts foramen lies between two
articular surfaces. The acetabulum itself seems rejatigaiow. Dorsally from the
acetabulum, the supraacetabular crest is visible. Itagepahe acetabulum from the iliac
blade. Medially, at the articular surface with the secoochkab, a prominent ridge is
present, although the surface itself is not clearly vidildeto weathering.

Ischium

The best preserved ischium is the left one of GPIT/RE/0976119. Its proximal region

has two articulation surfaces, separated from each other by the ventral part of the acetabul
foramen. The iliac process is approximately four times larger than the pubic process. The
articulation surface with the ilium is oval, broad and has a shallow posterolaterally pgpjecti
ridge. The proximal part of the pubic process is oval and lateromedially oriented. The
anterior edge of the shaft is bowed and the blade projects posteriorly.

Pubis

A single left pubis is preserved in GPIT/RE/09784. Its articulation surface with the ischium
is oval and anteroposteriorly elongated. The shaft is émand the blade ares strongly
anteroposteriorly.

Femur
The femur of GPIT/RE/0976F(g. 19 is 112.8 mm in length, while the femora of GPIT/
RE/09784 and GPIT/RE/09727 are 110.8 and 109.2 mm, respectively. The femur is slight
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Figure 17 llia of Orientalosuchus naduongengiSPIT/RE/09761) (holotype), Na Duong Formation,

upper Eocene, VietnamRight ilium (left) and left ilium (right) in lateral (A and F), medial (B and G),
anterior (C and H), posterior (D and ) and ventral (E and J) view. Abbreviations: as, articulation surface;
act, acetabulum; actf, acetabulum foramen; sactc, supraacetabularcrest; srss, sutural surface for sacral rit
Scale =1 cm. Full-size DOI: 10.7717/peer].75624-17

sigmoidal with the proximal head lateromediallgttened and anteriorly broader than
posteriorly. On the convex medial region, the head forms an articular surface with the
acetabulum of the ilium. The smooth shaft has a prominent fourth trochanter on its medial
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Figure 18 Ischium of Orientalosuchus naduongensi&GPIT/RE/09761) (holotype), Na Duong
Formation, upper Eocene, VietnamLeft ischium in lateral (A), medial (B), anterior (C), posterior

(D), ventral (E) and dorsal (F) view. Abbreviations: as, articulation surface; actf, acetabulum foramen;
ppr, pubic process. Scale =1 cm. Full-size DOI: 10.7717/peer].75624-18

side. Anteriorly to the fourth trochanter, a large groove is present. The distal end of the
femur consists of the larger lateral and the smaller medial condyles with an intercondylal
groove between them.

Tibia/Fibula

The tibia and bula are best preserved in GPIT/RE/0976i1y.(19 and GPIT/RE/09784.

The tibia of GPIT/RE/09784 is 83.3 mm in length and has a slightly bowed shaft. Its
proximal articulation surface is broad, whereas the distal one is narrow. Medially on the
proximal epiphysis, a deep sulcus is present. Dléa of this individual is with the length

of 78.1 mm, slightly smaller than the tibia and very thin.

Astragalus/Calcaneum
The left astragalus and calcaneum are preserved in GPIT/RE/09784 and show no
noticeable difference from other alligatoroids.
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Figure 19 Femur and bula of Orientalosuchus naduongens{&PIT/RE/09761) (holotype), Na

Duong Formation, upper Eocene, VietnanRight femur in lateral (A), medial (B), dorsal (C), ven-

tral (D), proximal (E), and distal (F) view. Righibula in lateral (G), medial (I), dorsal (J), ventral (K),
proximal (L) and distal (M) view. Right tibia in medial (H) view. Abbreviations: 4th tr, fourth trochanter;
acd, anterior condylus; as, articulation surface; cd, condylus; Icd, lateral condylus; mcd, medial condylus;
pcd, posterior condylus. Scale = 1 cm. Full-size DOI: 10.7717/peer].75624-19
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Figure 20 Osteoderms ofOrientalosuchus naduongensi€PIT/RE/09761) (holotype), Na Duong
Formation, upper Eocene, ViethamProbable dorsal osteoderm (A and B) and a probable ante-
rolateral osteoderm (C). Scale =1 cm. Full-size DOI: 10.7717/peer].75624-20

Osteoderms

More than 150 osteodermbi. 2() and osteoderm fragments are preserved, but most are
in poor condition. All of them are ornamented with small rounded pits. Most of the
osteoderms are disarticulated, but some are still in contact with the vertebra column and a
such can be associated widhientalosuchus naduongensis

Most of the preserved osteoderms of GPIT/RE/09761 are dorsals. They are nearly
square-shaped and possess no, or only a very shallow keel. This is also true for the
posterodorsal midline osteoderms of GPIT/RE/09784.

Another osteoderm type, probably more posterolaterally located and very well
preserved (GPIT/RE/09727) is relatively small and oval. These osteoderms show still wee
but slightly more pronounced keel than the dorsal osteoderms.

A single osteoderm of GPIT/RE/09761 is roughly triangular and could belong to the
anterolateral region. No keel is visible, but the surface is weathered.

RESULTS OF PHYLOGENETIC ANALYSIS
A total of 20,160 equally optimal trees with a length of 927 steps were recovered, with ¢
consistency index (CI) of 0.292 and a retention index (RI) of 0.6 .(21and 22).
Two taxa (the Maoming alligatoroid amssiatosuchus nanlingensisung, 1964were
pruned from the strict consensus tree, because of their unstable position on the tree.
Due to the expansion and modiation of previous matrices, the retrieved trees differ from
that of previous analyseBrochu, 20072007k Brochu & Storrs, 20).2A list of
synapomorphies can be found in thée S2

Outside Brevirostres, the monophyleficenysuchus gascabadiolorbBmértolas,
Canudo & Cruzado-Caballero, 20t Allodaposuchus subjunipefasértolas-Pascual,
Canudo & Moreno-Azanza, 20#23Allodaposuchus precedeéitsocsa, 1928
Lohuecosuchus mechinortvarvaez et al., 2016 Lohuecosuchus megadontos
Narvaez et al., 201dgroup is no longer found as the sister group to Hylaeochatapsi
but as sister group to all other Crocodylia except Gavialoidea. Omitting one of the new
characterg199) from the analysis results in the previous sister group relationship outside
Crocodylia.
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Figure 21 Reduced strict consensus tree of 20,160 equally optimal trees, obtained from the
maximum parsimony analysis with 202 characters included; length: 927; CI: 0.292 and RI: 0.759.
“@ indicates the alternative position of the prurfédaoming alligatoroid.

Full-size DOI: 10.7717/peer].75624-21

The polytomy betweeRachycheilosuchus trinqé&igers, 200Rietraroiasuchus
ormezzanoBuscalioni et al., 20 2hd Shamosuchus djadochtaeisimk, 1924¢Narvaez
et al., 201} was solved in the current trdietraroiasuchus ormezzamaoid Shamosuchus
djadochtaensisow form a monophyletic group witAcynodon iberoccitanus
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Figure 22 Alligatoroid phylogeny as inferred from the reduced strict consensus tree of 20,160
equally optimal trees, obtained from the maximum parsimony analysis with 202 characters
included; length: 927; Cl: 0.292 and RI: 0.759a" indicates the alternative position of the pruned
“Maoming alligatoroitl. “b" indicates the alternative position of the prungsiatosuchus nanlingensis
The box highlights the monophyletic Orientalosuchina.Full-size  DOI: 10.7717/peer|.7562§-22

Buscalioni, Ortega & Vasse, 198¢ynodon adriaticu®el no, Martin & Buffetaut, 2008
Hylaeochampsa vectiafaven, 1874&nd Iharkutosuchus makadiisi, Clark &
Weishampel, 200The characte¢196) supports this monophyletic group as all of these
taxa, exceptlylaeochampsa vectigria which the state is unknown, lack a notch between
the premaxilla and maxilla as an adult (196Rachycheilosuchus trinqigihe sister
taxon to the clade formed by these taxa and all Crocodylia.

The cladeCrocodylus depressifraisinville, 185% Crocodylus ahis Marsh, 1871
representing basal members of Crocodyloidea in previous stiiiesi¢ & Smith, 2009
Brochu & Storrs, 20iZonrad et al., 20)3were retrieved in a weakly supported more
derived position, as a basal member of Crocodylinae. One of the characters responsible
for the more derived position d@rocodylus depressifron€rocodylus ahisis their
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short dentary symphysis (49-0), similar to most Crocodylidae, whereas the symphysis i
long (49-1) inAsiatosuchus germanicBisrg, 1966The character (142; posterior angle
of the infratemporal fenestra), on the contrary, points towards a close relationship
with Asiatosuchus germanicarsd a more basal position (142-0). By adding a new
charactel(197), Crocodylus depressifrarsd Crocodylus ahis are now drawn closer to
Crocodylidae, but it is worth to mention that the character can be only scored for
Crocodylus depressifrgshort sutural contact of the exoccipitals dorsal to the foramen
magnum; 197-1).

In former analysessrochu, 2007Brochu & Storrs, 20),2the cladeCrocodylus acer
Cope, 1882 Brachyuranochampsa eversdlengerl, 1944vas found in a sister group
relationship with Crocodylidae. In the current phyloge@yocodylus acevas moved to a
more derived position inside Crocodylinae. The reason for this is, that the scorings for the
new characters are identical@rocodylus ac@ndMecistops cataphract(Suvier, 182p
and similar to other Crocodylinae, whiBrachyuranochampsa eversofaild not be
scored for these new characters.

Paratomistoma courfsrochu & Gingerich, 200&as found as the sister taxon to the
monophyletic group consisting domistoma lusitanicantunes, 196ITomistoma
schlegeliiMuller, 1839, Toyotamaphimeia machikanengisbatake et al., 19pand
Gavialosuchus eggenburgensisa & Kail, 1885n the current analysis. In previous
analysesRrochu & Storrs, 201Zonrad et al., 2033vVang, Sullivan & Liu, 2036
Paratomistoma courtiras found in a monophyletic group wilMaomingosuchus petrolica
(Yeh, 195Band Penghusuchus padhan et al., 200Penghusuchus pamgs not included
in the current analysis, which most likely led to the new positioRaritomistoma
courtion the tree.

Leidyosuchus canadensis been considered the most basal alligatofiddhu,
1999 2004 Martin & Lauprasert, 201,0N/ang, Sullivan & Liu, 20361n the current
analysis, howevekgidyosuchus canadenisipositioned more crown-ward and
Diplocynodontinae is found as sister group to all otherg&lioroidea. This result is
due to one of the new characters: the anterior jugal prodassgat the same level
(195-1)or posterior(195-2)to the anterior frontal process in Diplocynodontinae (only
preserved irD. tormisBuscalioni, Sanz & Casanovas, 188dD. muelleri(Kalin &
Peyer, 193, as opposed theidyosuchus canadensimswhich the jugal processes is
anterior to the fronta(195-0)

Navajosuchus mookbimpson, 193@nd Ceratosuchus burdoshchmidt, 193are
outside of Alligatoridae, while in previous analyses they were unresolved at the base of
Alligatorinae Brochu, 1992004 Cossette & Brochu, 201t the current analysis, they
form a polytomy with a monophyletic group consistingStingerochampsa mccabei
Brachychampsa seal&yilliamson, 199@rachychampsa montaaad Orientalosuchina.

Orientalosuchina is supported by one synapomorphy ‘(Bé&eussioh). Inside
OrientalosuchinaQrientalosuchus naduongeresisl Krabisuchus siamogallictsm a
monophyletic group, which in turn forms a polytomy wiHvalligator chunyji
Jiangxisuchus nankangeresis Protoalligator huiningensis

Massonne et al. (2019), PeerJ, DOI 10.7717/peerj.7562 42/60



Peer/

In the present analysis, a broad scapulacoracoid facet immediately anterior to the
glenoid fossa (26-1) and nearly squared dorsal midline osteoderms (39aEsde
Alligatoridae and three characters de Alligatorinae: eight contiguous dorsal osteoderms
per row at maturity (40-2), a premaxilla with a deep notch lateral to the naris (86-1) and a
longer prefrontal than the lacrimal (130-1).

The Bremer support for Orientalosuchina is 1 and the absolute frequency Bootstrap
value is 5%. The Bremer support farientalosuchus naduongensis. siamogallicus 1
and the absolute frequency bootstrap value is 35%. If the poorly pregeotedlligator
huiningensiss removed from the analysis, the absolute frequency bootstrap value of
Orientalosuchina goes up to 45% and further removing the also poorly preserved
Eoalligator chunyiresults in a bootstrap value of 54% for Orientalosuchina and 51% for
Orientalosuchus naduongensik. siamogallicus

DISCUSSION

Phylogeny of Globidonta

Globidonta is better resolved in the current analysis compared to previous studies with
East and Southeastern Asian alligatoroids inclu@édischas et al., 2Q14ang, Sullivan

& Liu, 2016 Wu, Li & Wang, 201§ Statistical support (Bremer and Bootstrap), however,
remains low. The group has three synapomorphies: a lingual foramen for articular
artery and alveolar nerve perforates surangular entirely (69-0), a concavo-convex
frontoparietal suture (151-0) and an anterior jugal process extending anterior to the
anterior process of frontal (195-0), but none is unique for this group.

Omitting the new characterE94, 195 197 and 199, results in a similar phylogeny in
most non-globidontan taxa as in former analyseo¢hu, 1992007hBrochu & Storrs,
2012 Cossette & Brochu, 20Q1But the resolution is reduced inside Tomistominae and
Alligatorinae.

Orientalosuchina

Orientalosuchina, include8rientalosuchus naduongerfsisn the middle to late Eocene
of Vietnam,Krabisuchus siamogalliciiem the late or latest Eocene of Thailand
(Benammi et al., 200Martin & Lauprasert, 201)) Protoalligator huiningensfeom the
middle Paleocene of Southeast China,Badlligator chuny@ndJ. nankangensiom the
Late Cretaceous-early Paleocene of Southeast China.

In all trees, the single synapomorphy of Orientalosuchina is a short dentary symphysis
extending to the height of the fourth tdth alveolus (49-0) as opposed to the long
symphysis (49-1) of for exampBtrachychampsspp. andStangerochampsa mccabei
A short symphysis is otherwise common for alligatoroids (mdiggator spp. and most
Caimaninae).

Inside Orientalosuchina, nankangensigoalligator chunyjiProtoalligator
huiningensisand Orientalosuchus naduongensik. siamogallicubrm a polytomy.

In those trees in whiclProtoalligator huiningensis ancestral, the presence of a notch
between the premaxilla and maxilla (196-0) is a further synapomorphy for the group.
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If Eoalligator chunyiis recovered as the most basal taxon, the monophyly of
Orientalosuchina is further supported by seven synapohiesp

(1) a truncated surangular around the lateral wall of the glenoid fossa (67-1);

(2) the medial position of the foramen aerum on the retroarticular process (70-0) and
(3) the quadrate (177-0); (4) a very short anterior palatine process, not reaching the
anterior end of the suborbital fenestra (115-1); (5) the quadratosquamosal suture extend
dorsally along the caudal margin of the external auditory meatus (148-1); (6) the
squamosal extends ventrolaterally to lateral extent of paraoccipital process (159-1); and (
the 11th dentary tooth is the largest one after the fourth one (200-0).

Further synapomorphies may diagnose Orientalosuchina including: (1) the posterior
lateral edges of the palatines are parallel (120-0); (2) the lacrimal makes broad contact
with the nasal without any sign of a maxillary process (128-0); (3) the anterior tip of
the frontal is acute (131-0); (4) the postorbital does not contact the quadrate and
quadratojugal at the mediodorsal angle of the infratemporal fenestra (143-0); and (5) the
angular-surangular suture lingually originates near the dorsal border of the external
mandibular fenestra and is straight (201-1). However, given that the corresponding
anatomical regions are unknown in the basally branching and poorly preserved taxa thes
now de ne a more inclusive clade.

Consistent with their basal divergence and age, orientelidgns retain several
crocodylian plesiomorphies, which may explain their recpinside Crocodyloidea in
previous analyses\(ang, Sullivan & Liu, 203&Vu, Li & Wang, 2018Li, Wu & Rufolo,

2019. These characters include: (1) and (2) the medially lddat&amen aerum
(70-0) (177-0); (3) the fth maxillary tooth is the largest one (93-1); (4) the arderi
palatine process does not extend anterior to the suborfeitedstra (115-1); (5) the
lateral edges of palatines are posteriorly parallel (32@®)0an acute anterior frontal tip
(131-0); (7) a postorbital neither contacting the quadraiethe quadratojugal
medially at the dorsal angle of the infratemporal fenesté8{0); (8) the
guadratosquamosal suture extends dorsally along the cmadgin of the external
auditory meatus (148-1); (9) the squamosals extend vewémallly to the lateral extent
of the paraoccipital process (159-1); and (10) the presainaaiotch between the
premaxilla and maxilla (196-0).

Relationships inside Orientalosuchina
Orientalosuchus naduongeraigl Jiangxisuchus nankangersdigre a very similar
pterygoid around the choana opening (123-2), which strongly resembles the morphology
of Osteolaemus tetrasfispe, 186andVoay robustusThe choanal region iKrabisuchus
siamogallicu@hough not intact) looks like the pterygoid surfaceush with the choanal
margin (123-0). InEoalligator chunyiand Protoalligator huiningensike pterygoid is
not preserved. The pterygoid forming a neck around the choana is a condition unknown
for any other alligatoroid and could be a further synapomorphy for Orientalosuchina with
a potential reversal iK. siamogallicus

A further potential synapomorphy for the group is the axial hypapophysis located
towards the centrum of the axis body (15-1)dmientalosuchus naduongeresisi
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Eoalligator chunyiiThe axis is, unfortunately, not preserved in any other members of
Orientalosuchina. A shifted axial hypapophysis among Crocodylia is otherwise only
present in Diplocynodontinae ardrocodylus depressifrons

The clade oDrientalosuchus naduongensik. siamogallicusas no synapomorphies
in all trees, but hasve in some trees including (1) the intersupratemporal bar being
similarly broad as the supratemporal fenestra (199-1); (2) the dentary curves deeply
between the fourth and 10th dentary alveoli (50-1); (3) a palatine-pterygoid-suture situatec
far from the posterior angle of the suborbital fenestra (118-1); (4) the frontoparietal
suture lies entirely on the skull table (150-2); and (5) the anterior and medial teeth have
dominant vertical ridges on their labial surface (198-1) and to a lesser extent on their
mesial side. Such strong ridges are only present in few crocodyidodaposuchus
precedeng\llodaposuchus subjuniperrsd Maomingosuchus petrol)cédut not in other
member of Alligatoroidea.

Martin & Lauprasert (20100lescribed. siamogallicuas having unusually long
lacrimals, reaching the premaxilla and as a result preventing the maxilla from contacting
the nasal. These sutures are more likely the preorbital ridges (97-1) also present in
Orientalosuchus naduongen3isese ridges may be a further autapomorphy for
Orientalosuchus naduongermisa synapomorphy foOrientalosuchus naduongensis
K. siamogallicusProminent preorbital ridges are otherwise only preseMdurasuchus
atopusLangston, 196among alligatoroids and in some members of Crocodyloidea, like
in Osteolaemus tetraspisd Crocodylus porosusut these structures are more
prominently developed i@rientalosuchus naduongensis

Orientalosuchus naduongerisisharacterized by a very large supraoccipital exposure
on the skull table (160-3), whereas the exposure is large (16@&galligator chuny@nd
K. siamogallicysdut small (160-0) ind. nankangensi§he state of this character for
Protoalligator huiningensis unknown. A very large supraoccipital exposure is otherwise
found in some Caimaninae, but in most of those taxa, exceglfaridentosuchus
brachyrostristhe supraoccipital is not trapezoid-shaped but block-shaped.

Omitting Protoalligator huiningensfeom the phylogenetic analysis results in a
sister taxon relationship betweé&nnankangensandEoalligator chunyjiforming a sister
group toOrientalosuchus naduongensik. siamogallicusA close relationship between
the two Late Cretaceous/early Paleocene spiamsmkangensand Eoalligator chunyii
was also recently found in the analysis.pfWu & Rufolo (2019)although the clade was
nested inside of Crocodyloidea.

Brachychampsa spp., Stangerochampsa mccabei and

Orientalosuchina

In some trees, the monophyly 8tangerochampsa mccab&@rachychampsspp. +
Orientalosuchina is supported by: (1) a dorsally pojecting naris (81-1), (2) a large incisive
foramen, intersecting the premaxillary-maxillary suti@®-2), (3) a maxilla with posterior
process between lacrimal and prefrontal (128-2) and (4) a frontoparietal suture making
modest entry into the supratemporal fenestra (150-1).
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The monophyly oBrachychampsspp. + Orientalosuchina is supported by: (1) tfié
maxillary alveolus as the largest (93-1) and (2) a large supraoccipital exposure on the
skull table (160-2).

In basal members of AlligatoroideBiplocynodorspp. andLeidyosuchus canadesis
the fourth and fth maxillary teeth have the same size (93-3), whereas it is the fourth tooth
(93-2) in members of Alligatoridae. The only exception is the Late Cretaceous/early
Paleocen®ottosaurus harlanalthough position of this taxon inside Caimaninae is
questionableossette & Brochu, 2018

The monophyly oBrachychampsa montaraOrientalosuchina is supported by
the anterior tip of the splenial passing ventrally to the Meckelian groove (54-1).

A closer relationship betwed@rachychampsa montamaad Orientalosuchina than
betweerBrachychampsa montaaadBrachychampsa sealsgems unlikely and could be
an artifact due to the poor preservation of the latter.

Navajosuchus mooki and Ceratosuchus burdoshi

The shift to a more basal position Nf mookiand Ceratosuchus burdostompared to
Alligatoridae in this study can be explained by: (1) a straight dentary (50-0), (2) the
presence of a large incisive foramen (88-1), and (3) a relatigebkull in lateral view
(193-0) unlike in the monophyletic group consistingf@dmbourgia gaudryiDe Stefano,
1909 + Hassiacosuchus hauptiWannaganosuchus brachymariirgkson, 1982
Allognathosuchuspp..

Allognathosuchus spp.

The monophyly oAllognathosuchuspp. is supported by: (1) a surangular-dentary suture
intersecting the external mandibular fenestra at the posterodorsal corner (64-1) and (2) ai
anterior jugal process extending anterior to the frontal (195-OWéamnaganosuchus
brachymanusArambourgia gaudryand Hassiacosuchus hauygtie anterior jugal process

lies at the same height as the anterior frontal process (195-1).

Alligator spp.

In the present phylogenylligatoris polyphyletic withAlligator prenasali§_oomis, 1904+
Alligator mcgrewischmidt, 194butside the otheAlligator species due to a long dentary
symphysis (49-1). They further differ in: (1) an anterodtysprojecting naris (81-0), (2) a
lingual foramen for the articular artery and alveolar ngq@dorating the surangular/angular
suture (69-1) and (3) a maxilla bearing a broad shelf extgridio the suborbital fenestra
(112-1). The last two characters, however, can also be fowtler Alligator species
(Alligator mississippiensiligator mefferdiook, 1946@nd Alligator sinens)s

Caimaninae

Eocaiman caverensisnpson, 1938 found as the sister taxon to most of other caimans
with the exception of the Miocer@lobidentosuchus brachyroséisl Culebrasuchus
mesoamericanug/hich are found in an ancestral position in the current analysis, with
Globidentosuchus brachyrostristhe most basal caiman.
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This basal position d&lobidentosuchus brachyrostésults mainly from (1) the
splenial participating in the mandibular symphysis (54-0), (2) a concavoconvex
frontoparietal suture (151-0) and (3) a trapezoid-shaped supraoccipital exposure on the
skull table (202-0)Globidentosuchus brachyrossi®l Culebrasuchus mesoamericanus
both differ from most of other Caimaninae in: (1) having an angular-surangular suture
contacting the external mandibular fenestra at the posterior angle (60-0) and (2) an
exoccipital terminating dorsally to the basioccipital tubers (176-Quilebrasuchus
mesoamericanug/hereas this is unknown f@lobidentosuchus brachyrostris
Considering the Miocene age of both taxa, either they have a ghost lineage reaching back
the Cretaceous, or their basal position is an artifact due to incompleteness of those tax:
As in Cossette & Brochu (2018)e Late Cretaceous/early Paleod@attosaurus
harlaniwas found in a polytomy witfPaleosuchuspp.. In the present analysis, however,
Tsoabichi greenriveren8isochu, 201Wwas also found inside this polytomy. The reason
for this is the new characté202). In Tsoabichi greenriverenaisd Paleosuchuspp., the
large supraoccipital exposure is triangular (202-1), while it is block-shaped (202-2) or
unknown for the remaining caimans, including all recent species.

Taxonomic status of the Maoming alligatoroid
Two taxa were pruned from the consensus tree because of their unstable positions: the
fragmentaryAsiatosuchus nanlingenaisd the Maoming alligatoroid. The Maoming
taxon (Skutschas et al., 2(1d either the sister taxon ©rientalosuchus naduongerwis
placed inside Crocodylinae. This is due to the poor character support, resulting in the sam
character combination for the Maoming alligatoroid as that of the crocodslioehuchus
pigotti (Tchernov & van Couvering, 1978

Orientalosuchus naduongeraigl the Maoming alligatoroid closely resemble each
other in the prominent ridges along the nasals, the triangular-shaped lacrimals and
anteriorly shifted supratemporal fenestrae are marked similarities. The Maoming
alligatoroid was interpreted as lacking a premaxilla-fizambtch Skutschas et al., 2014
but this is likely an artifact of deformation as indicated byattened specimen of
Orientalosuchus naduonger($ig). 9 in which the notch appears absent even though
better preserved specimens clearly reveal the presence of the notch in this species. Th
complex sutural contact between the nasal and frontal, proposed for the Maoming
alligatoroid bySkutschas et al. (201djffers fromOrientalosuchus naduongensig the
area in the Maoming specimen is damaged and an anterior process of the frontal, similar t
the one inOrientalosuchus naduongenssuld be assumed, making the taxa identical
in this regard. These two taxa further share a close geographic and temporal proximity ant
we predict that they either represent the same taxon or are closely related to each othe

Biogeographic implications

The Chinese alligatoAlligator sinensjdgs the only recent alligatoroid in Asia and the
timing and climatic context of its dispersal from North America to Asia is still unresolved
(Brochu, 199%nyder, 20QDaks, 201;1Shan, Cheng & Wu, 20\8/ang, Sullivan & Liu,
2019. Martin & Lauprasert (2010yere the rst to include an Asian alligatoroid
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(Krabisuchus siamogalligusther thanAlligator sinensisto a phylogeny, followed by
Skutschas et al. (20J@laoming alligatoroid)\Wang, Sullivan & Liu (201§Eoalligator
chunyiiand Protoalligator huiningengiand Li, Wu & Rufolo (2019{Jiangxisuchus
nankangensjs

Our phylogenetic analysis robustly places Orientalosuchina including all the above tax
distantly fromAlligator sinensiand their morphology as well as their Cretaceous
origin (Eoalligator chunyandJ. nankangensistrongly suggest that they represent a more
basal monophyletic clade of alligatoroids. East and Southeastern Asia was, therefore,
colonized by alligatoroids twice: once by Orientalosuchina during the Late Cretaceous an
once by thesinensidineage during the CenozoiBi(ochu, 1999 For both lineages,
dispersal via Beringia is the most consistent with paleogeography, climate, phylogeny,
inferred stenohalinity, the fossil record, and divergence datesi( & Grigg, 1989
Brochu, 199%iorillo, 20080aks, 201;1Li, Wu & Rufolo, 201p Inferred late
Maastrichtian lower eustatic sea levebihinz et al., 2008&vould have favored the
dispersal of Orientalosuchina, which is consistent with the probable &mathigator
chunyiiand J. nankangensikvidence for Late Cretaceous vertebrate dispersal from
North America to Asia is otherwise scarce and include some tyrannosauroid, hadrosaurid
and ceratopsian dinosaursgewen et al., 20;lBarke et al., 2034Prieto-Marquez et al.,
2019. Dispersal from Asia to North America, on the other hand, has been more
commonly inferred for the Late Cretaceotisell, 1998lutchison, 20QGereno,
200Q Godefroit, Bolotsky & Alifanov, 2Q0Fhe relationships of the Late Cretaceous
Asiatosuchus nanlingenfiiem Asia andProdiplocynodon lan@iiom North America are
yet to be resolved and, therefore, alligatoroids are so far the only crocodylians showing
migration from North America to Asia during this time.

Timing of the dispersal of theinensidineage remains ditult to constrain because:
(1) molecular divergence date estimates and fossil dates of éitigettorare in conict,
(2) pansinensién Asia cannot be traced back further than the Pliocélie@, Takahashi
& Kobayashi, 20)6and (3) the dispersal may have occurred long after a possible
North American divergence betweAligator sinensiand mississippiensi¥he most
recent molecular divergence date estimate placed the split beMNigeror sinensiand
mississippiensis 58-31 Ma (Oaks, 201)1as opposed to 14 Ma suggested by the earliest
known fossil record of crowAdligator (Alligator thomsonMook & Thomson, 1923
Brochu, 199 7#his study). The early Miocerdligator olseniVhite, 1944s also close to
crown-Alligator (Brochu, 199%nyder, 20Qthis study) and, thus, ca. 20 Ma can be
considered the maximum divergence date of the lineage based on fossils. Even though t
molecular data sampling @faks (2011js using a multilocus sequence dataset of both
mtDNA and nDNA, similar analyses have been subjected to overestimate shallow node
(<10 MY), particularly when they are dated with old external priges(Tuinen & Torres,
2015. Given that both calibration points @aks (2011are deep (Alligatorinae-
Caimaninae split, 764 Ma; Crocodylia, 90 Ma), a potential overestimatioAlb§ator
divergence should be taken into account. Climate obviously constrsiigatordispersal
via Beringia [flarkwick, 1998but a revised molecular clock analysis using shallower
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calibration points and the inclusion of the Chinese MiocAhigator luicuss critical for
evaluating the more precise role it played.

CONCLUSIONS

Parsimony analysisnds the new late Eocene taxon from Vietna@mnientalosuchus
naduongensisas the sister taxon térabisuchus siamogallicirem the Eocene of

Thailand. Together they form a monophyletic extinct basal East to Southeastern Asian
alligatoroid clade of Late Cretaceous origin that also incld@edxisuchus nankangensis
Eoalligator chunyiand Protoalligator huiningensi$he current phylogeny supports at
least two different dispersals from North America to Eastern Asia: one during the Late
Cretaceous (Orientalosuchina) and a second during the Cenddbgafor sinensis
lineage). Improved fossil calibrations and taxon sampling will be vital for further
constraining the timing and resolving the climatic/paleogeographical context of these
dispersals.

APPENDIX

Modifications and new characters added to the characterlist of
Brochu & Storrs (2012)
SeeSupplementaryle 2for further modi cations andsupplementaryle 3for a complete
character list.

(51) Largest dentary alveolus immediately caudal to fourth is (0) 13 or 14, (1) betweer
11 and 14 and a series behind it, (2) 11 or 12, (3) no differentiation, (4) behind 14, (5) 10.
(modi ed fromBrochu & Storrs (201R)

CommentsAccording toBrochu (200867, “this character expresses the enlarged rear
dentition of some fossil alligatoridand“The exact position of the largest alveolus varies
within species, butitis never in front of the thirteenth in most taxa, and is never behind the
twelfth in crown-group caimans. Behind these, alveoli grow progressively smaller. But ir
some blunt-snouted forms, there is a third region of maximum diameter behind the
thirteenth or fourteenth alveolus. This is where globular teeth erupt in those taxa bearing
them-teeth erupting from the large 13th or 14th alveoli are still cohical.

We rephrased character state (1)Bobchu & Storrs (2012jom “largest dentary
alveolus immediately caudal to fourth is 13 or 14 and a series behindhietween 11 and
14 and a series behind in order to score all taxa with enlarged posterior teeth, regardless
the shape of the crown, with the same state. Previously, some taxa with a lower tooth cour
(e.g.Hassiacosuchus hayptrere scored with (1) despite the fact that their largest tooth
was not the 13 or 14 because they also possess enlarged posterior teeth. In addition, te
with enlarged posterior teeth that are compressed instead of globular were furthermore
excluded previously from this state. For instanc&iiientalosuchus naduongensis
Bottosaurus harlanProcaimanoidea utahengisiimore, 1946and Procaimanoidea kayi
(Mook, 194 the rear dentition consists of enlarged but laterally compressed teeth.
Previously both species®Bfocaimanoideas well aB. harlaniwere scored with (2) as in
recentAlligator spp. orCaimanspp., but here we score them as (1).
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(193) Skull in lateral view relativelyat (0) or wedge-shaped (1) (new character).

CommentsA triangular- or wedge-shaped skull in lateral view occurs in some short
snouted taxa. The character is not fully correlated with the presence of an anterodorsall
positioned external narial opening because some fossil taxa with an anterodorsally
positioned naris have a relatively long arat snout (e.gNavajosuchus moqgki The
character is somewhat problematic to score due to the often ocuring dorsoventrally
deformation in most crocodilian fossils. In most taxa, the skull shows a sudden increase i
height between the orbits giving the it a slide-like outline in lateral view. In wedge-shapec
taxa, however, the snout region is nearly straight triangular from the narial opening to the
skull table, clearly visible in some basal alligatorinedHassiacosuchus haupti

All speicmens oOrientalosuchus naduongereis dorsoventrally compressed due to
deformation, making a reliable scoring for this character impossible. The snout, however
looks more elongated than that of the typical wedge-shaped short snouted alligatorines.
Martin & Lauprasert (20108escribecKrabisuchus siamogallicas having a similar
morphology ad1. hauptiand the head of Kr-C-007 indeed looks wedge-shaped, although
the preservation is suboptimal and it could be an artifact due to the apparent postmortem
deformation.

(194) Nasal bone does (0) or does not (1) reach to the level of the orbita (new character)

Commentsin Alligator, the nasal usually reaches the level of the orbits, but Hdtigator
sinensisn which the nasal terminates anterior to the orbits in the herein analyzed
individuals (SMNS 4915, IRSNB 13904-348ssiacosuchus hauptid Arambourgia
gaudryihave a far posteriorly reaching nasal bone, while it is shorter in all other basal
alligatorines andNavajosuchus moolin crown-group Caimaninae, onMelanosuchus
niger(Spix, 1825 Orthogenysuchus olséfiok, 1924fand bothPaleosuchugpecies have

a nasal bone, reaching to the level of the orbits. In Orientalosuchina, this character can b
scored forOrientalosuchus naduongereml Krabisuchus siamogallicwghich have far
posterior reaching nasal processes reaching the orbita.

(195) Anterior process of jugal extends anterior (0), lies at the same level as (1), or well
posterior to the anterior process of frontal (2). (Mgl fromJouve (201§174),Jouve
et al. (2008{(174),Jouve (20041L77)).

Commentsin Crocodyila, the jugal shows different anterior extensions, which can be
compared to the anterior extension of the frontal. In non-Brevirostres taxa, the anterior
process of the jugal commonly lies posteriorly to the anterior frontal process, which is
present in some species liReocaimanoidea utahensfligator mcgrewschmidt, 1941
or Paleosuchus palpebrogtsvier, 180) but in most Brevirostres, the anterior jugal
process either extends anterior or lies at the same level as the anterior process of the
frontal. The prior version of this character fromuve (201@id not differentiate between
(0) and (1), which led to the present modation of this character.

Among Globidonta, the jugal extends anteriorly to the frontal (0llognathosuchus
polyodonCope, 187)3Allognathosuchus wartheBiase, 192Alligator sinensjAlligator
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mississippiensand Alligator prenasaljsas well as iBrachychampsa montaad
Stangerochampsa mccalvhile it is on the same level (1) Massiacosuchus haypti
Arambourgia gaudryNavajosuchus mogkiVannaganosuchus brachymaraunsl
Procaimanoidea kayln crown-group Caimaninae, the process always reaches anterior to
the frontal, except foPaleosuchus palpebroasnsl Melanosuchus nigen which the

process lies on the same height as the frontal. For Orientalosuchin@ragyalosuchus
naduongensisould be reliably be scored as state (1).

(196) Notch between the premaxilla and maxilla present (0) or not present (1) in adult
individuals (new character).

CommentsA few characters in the matrix are referring to an early ontogenetic state of a
taxon (10, 25, 60, 87, 91, 126 and 152). The reason for this is potential changes during
ontogeny like the development of a notch between the premaxilla and maxilla late in
ontogeny inCaiman crocodilu@_innaeus, 1794Brochu, 1999

However, several fossil taxa are scored for Saotogenetic charactérgven if no
juvenile specimens are known.

We added a new character that pertains to the presence of the premaxillary-maxillary
notch in adult individuals in order to allow consistent scoring of fossil taxa with unknwon
juvenile stage. To avoid double weighting, character (91) was reviewed based on publish
work and if the scoring was solely based on adult individuals, they were rescored as (?) ar
the previous scoring was added to the new character (196).

(197) Sutural contact of the exoccipitals dorsal to the foramen magnum (0) long, at least
half the height of the foramen magnum, (1) short, shorter than half the height of the
foramen magnum, or (2) no sutural contact between the exoccipitals (new character).

Commentsin recentCrocodylusind Alligator species, the supraoccipital does not project
far ventrally, resulting in a relatively long suture between the two exoccipitals. In for
exampleOsteolaemus tetraspisd some globidontBfachychampsa montana
Stangerochampsa mccabtssiacosuchus haypirambourgia gaudryand Eoalligator
chunyi) the supraoccipital projects further ventrally and the sutural contact between the
exoccipitals becomes smaller, until it is only roughly half as long as the maximal height
of the foramen magnum. Unfortunately, in many fossil taxa, the occipital region is too
poorly preserved or notgured to reliably score this character, but it could be valuable to
understand wheter some bagdligator species show a short suture and if there are
differences between basal Alligatorinae taxa. Among recent CaimaniRadeasuchus
palpebrosuandMelanosuchus nigdre suture is long and it is short Daiman crocodilus
andCaiman latirostrigDaudin, 180). In Orientalosuchina, onlgoalligator chunyiould
be scored (with a short suture).

In two non-Brevirostres taxaA{lodaposuchus precedensl Borealosuchus sternbergii
(Gilmore, 191)) the supraoccipital reaches the foramen magnum preventing the
exoccipitals from contacting one another.
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(198) Anterior maxillary teeth without (0) or with (1) ridges on their lateral surface
(new character).

Commentsin many crocodilians, the maxillary teeth beake striae, but iDrientalosuchus
naduongensendKrabisuchus siamogallidhere are marked dorsoventrally running ridges
present on the labial surface of the anterior teeth, (unknowidalligator chuny)i
Dominant ridges are also present in the tomistonfifeeomingosuchus petroliaad in
Allodaposuchus precedans Allodaposuchus subjuniperus

(199) Intersupratemporal bar (0) as or near as broad as the supratemporal fenestra, (1) ¢
least twice as broad as the supratemporal fenestra, (2) around half the broadness of the
supratemporal fenestra or (3) constricted, less than half the broadness of the
supratemporal fenestra (new character).

CommentsThe intersupratemporal region differs among crocodilians, but most
commonly, the region is either similarly broad as the supratemporal fenestra or
constricted, especially in longirostrine taxa. The level of constriction was divided in
two states (2 and 3). A markedly broad state is only present in few taxa, especially in
crown-group Caimaninae in which the supratemporal fenestrae are overgrown, but it is
not completely correlated with (152) as a broad intersupratemporal bar is also present ir
Procaimanoidea kaywhich has open fenestrae.

Other globidonts mostly have an intersupratemporal bar as broad as the fenestra or
slender, but not constricted one. ExceptionsBnachychampsa montar@eratosuchus
burdoshiand Eoalligator chunyjiwhich have a constricted bar.

(200)If largest dentary alveolus is between 11th and 14th and a series behind it, is it the (0
11th, (1) 12th, or (2) 13th to 14th (new character).

CommentsThis character is only applicable for taxa with (51-1).

(201) Surangular-angular suture lingually originates (0) near the ventral border of the
external mandibular fenestra, (1) near the dorsal border of the external mandibular
fenestra and straight, (2) near the dorsal border of the external mandibular fenestra anc
bowed (new character).

Commentsin most crocodylians, the surangular-angular suture lingually originates near
the ventral border of the external mandibular fenestra (201-0). In Orientalosuchina,
however, the suture originates near the dorsal border of the external mandibular
fenestra and is notably straight (201-1). The state is, however, unkno&odbigator
chunyii The only other taxon showing this morphologyMaomingosuchus petrolica

In Stangerochampsa mccadad Voay robustugGrandidier & Vaillant, 187 the suture

also originates near the dorsal border of the fenestra, but the suture is notably bowed
(201-2).

(202) Large to very large supraoccipital exposure on skull table is (0) trapezoid, (1)
triangular, or (2) block-shaped (new character).
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Commentsin most crocodylians, the supraoccipital exposure on the skull table is
either small (160-0) or absent (160-1). In some species, however, therexposu
either large (160-2) or very large, excluding the parietal from the pmsézige of

skull table (160-3). Among species with a large to very large exposeishahe can
differ markedly. In Orientalosuchina, except dengxisuchus nankangensikich only
has a small exposure, the supraoccipital is trapezoid. Budrae forStangerochampsa
mccabegiBrachychampsspp.,Bottosaurus harlarand Globidentosuchus brachyrostris
In most Caimaninae, on the other hand, the shape is eithendtilar, for example,

in Paleosuchuspp. or block-shaped like @aimanspp.. This character is only
applicable for taxa with large to very large supraoccipital exposureeosktll roof.
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A new species oMMaomingosuchusfrom the Eocene of the Na Duong Basin
(northern Vietnam) sheds new light on the phylogenetic relationship of
tomistomine crocodylians and their dispersal from Europe to Asia
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Maomingosuchus acutirostrisp. nov. is a new tomistomine crocodile from the miedigper Eocene deposits (late
BartoniarPriabonian age, 335 Ma) of the Na Duong Basin in northern Vietnalkh. acutirostriscan be differentiated from
the type specielflaomingosuchus petrolicly having an acute anterior tip of the premaxilla. Both species differ from another
Maomingosuchuffom Krabi (Thailand) by differences in the surangut#gntary suture and maxillary alveoli. According to
our phylogenetic resultd)l. acutirostrisseems to be the sister species to the gidupetrolicusp Krabi-Maomingosuchus
The close relationship between those three tomistomines is supported in the presentngiiglogealysis by three
synapomorphies. In our phylogenetic analyslapmingosuchug/as retrieved in a basal position forming the sister group to
Paratomistomg Gavialosuchup Melitosaurusp Tomistomaincluding the extanTomistoma schlegeliThis phylogeny
indicates three different dispersal events of Tomistominae from Europe towards eastern Asiath&)<tem lineage of
Maomingosuchysno later than the late Eocene; 2) for the stem lineagéd@fighusuchus pary Toyotamaphimeia
machikanensjso later than the earyniddle Miocene; and (3) for the stem lineagdokchlegeliiduring the Neogene.

http://zoobank.org/urn:Isid:zoobank.org:pub:19B27C1E-0A3F-4425-AA8C-F904277DF327
Keywords: Eocene; Crocodylia; Asia; phylogeny; biogeography

Introduction Nicholl et al. 2020, whereas a polytomy between

Maroccosuchus Kentisuchus and, if included,
The subfamily Tomistominae is commonly regarded as Xaymacachampsa kugle(Berg, 1969 was recovered
a monophyletic clade of crocodiles (e.g. BrocR007, by others (Jouveet al. 2015 lijima et al. 2018 lijima

Jouve 2016 Shanet al 2017 Nicholl et al. 2020 but & Kobayashi 2019 Martin et al 2019 Nicholl
see Lee & Yate2018§ lijima & Kobayashi 2019 Rio et al. 2020).

& Mannion 2021, Darlim et al. 202 with only one liv- During the early and middle Eocene, the tomistomine
ing representative, the false gha}r‘lajmlstgma schlegelii  crocodiles lived in central and southern Europe
(Mé€ller, 1839 from the M.glaysmn Penmsulq, Borneo, (Dollosuchoides ~ densmorei Brochu, 2007 and
Sumatra and Java (Bezuijegt al. 2010. Their fossil Megadontosuchus arduinide Zigno, 188(), northern

record is much more diverse, with representatives found
in Europe, Africa, America, Asia and Australia (Jouve
et al. 2015 Jouve 2016 Kuzmin & Zvonok 2021

Ristevski et al. 2021). Previous studies suggested that | d iahtl duri
Tomistominae originated in the upper Paleocene to et al 2015and Jouve201§. Slightly younger, during

lower Eocene in the region around western Tethys (e.g. e middleupper Eocene, the first undisputed tomisto-

Brochu 2007 Piraset al 2007 Jouveet al 2015 Jouve ~ Mines are known from Asia (Shaet al 2017 ljima
2016 Shanet al. 2017 Martin et al. 2019, but the pos- et al. 2018 Martin et al. 2019 Nicholl et al. 2020. All

iton of basal species differs between studies. other tomistomines from eastern Asia are Miocene and
Maroccosuchus zennaralonet & Wouters,1977 was Pleistocene in age Tpyotamaphimeia machikanensis
retrieved as the most basal taxon by several recent stud{Kobatake, ChiJi, Ikebe, Ishida, Kamei, Nakaseko &
ies (Jouveet al. 2015 Jouve 2016 Shanet al. 2017 Matsumoto,1968) and Penghusuchus parthan, Wu,

Africa (‘Tomistoma cairense Méller, 1927 and
Paratomistoma courtBrochu & Gingerich,2000 and
even Central AmericaXaymacachampsa senslouve
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Cheng & Sato,2009 (Kobayashiet al. 2006 Shan
et al. 2009 lijima et al. 2018.

Maomingosuchus petrolicus(Yeh, 1958 was

described based on a fragmentary skull. Later, a par-

tially preserved individual was described by 1975,
based on new material from the Youganwo Formation
of the Maoming Basin; Shaet al. (2017 later pro-
vided a re-description of this material. Recently,
another Maomingosuchus from Wai-Lek, Krabi
Province, Thailand was described by Martet al.
(2019. Unfortunately, this specimen is poorly pre-
served and was provisionally referred to as Krabi-
Maomingosuchussp., but it might represent a dis-
tinct species.

In this study, we describe a new almost complete spe-

cies of Maomingosuchyswhich was excavated in the
Na Duong Basin in northern Vietham in 2011 §f@ne
et al 2013 and prepared at the laboratory of the

Figure 1. Map of the northern part of south-eastern Asia, showing the Na Duong Basin in north-eastern Vietnam close to the border

with China (BBhmeet al 2013.

T. Massonnet al.

Geological-Palaeontological Institute of the Eberhard
Karls University of Tbingen (GPIT). The new species
allows novel insights into the anatomy of
MaomingosuchusWe incorporated these new data in an
expanded phylogenetic analysis of Tomistominae,
retrieving a more basal position fdlaomingosuchus
than previously suggested (Shat al 2017 lijima

et al. 2018 Martin et al. 2019 Nicholl et al. 2020.

Geological setting

The Na Duong Basin is located in northern Vietnam
near the Chinese bordéfi¢). 1). It represents one of the
few areas in eastern and south-eastern Asia with a com-
plete sequence of continental sediments from the middle
Eocenelower Oligocene (Bhmeet al. 2013. The basin

is part of the Cao Bang-Tien Yen fault system and
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covers an area of 45Km The middleupper Eocene For our phylogenetic analysis we used the dataset of
(late BartoniarPriabonian, 3935Ma) Na Duong Nicholl et al. (2020 (see Supplemental material $1
Formation is 240 m thick with the upper 140 m of the which was the most recent dataset focusing mainly on
section being exposed in the Na Duong open castthe relationships of tomistomines. Their dataset is
coal mine. mainly based on Jouve2Q16, which is derived from
The tomistomine remains described in this study were multiple previous datasets including Brochi989 and
found within the transition zone between the coaly shale Jouveet al (2019. The focus of our updated phylogeny
of the main seam and the underlying dark-brown clay- is to clarify the relationships oMaomingosuchusvithin
stone (layer 80). the family Tomistominae. The speci®éaomingosuchus
The sediments of layer 80 are lacustrine lignitic acutirostris sp. nov. as well as the Krabi-
shales and were deposited during a time of tropical to MaomingosuchugMartin et al. 2019 were added to the
warm sub-tropical climate. During this time, this region dataset that now consists of 72 taxa and 244 characters.
was in a transitional stage from an environment charac- Bernissartia fagesiiDollo, 1883 was used as the out-
terized by shallow ponds to a large anoxic lake environ- group taxon. For the analysis, we followed Nichetlal.
ment (BShme et al. 2013 Garbin et al. 2019. The (2020 and retained the 31 ordered characters from that
ecosystem yielded both aquatic and terrestrial faunal ele-analysis (characters 7, 30, 37, 62, 64, 75, 78, 81, 87, 91,
ments. The new tomistominMaomingosuchus acutir- 99, 103, 124, 131, 145, 151, 152, 153, 156, 161, 169,
ostris occurred sympatrically with Orientalosuchus 171, 17_3’ 17_4’ 176, 177, 179, 194, 195, 206, 238). Fc_)r
naduongensisMassonne, Vasilyan, Rabi & @&me, M. acutirostriswe scored 111 characters (see dataset in

2019 members of Cetartiodactyla and Perissodactyla, SUPPlemental material $1 Character scorings were
many fish and two turtle species §Bme et al. 2013 modified for Maomingosuchus petrolicuand the Krabi-

Garbinet al. 2019. While the majority of aquatic speci- Macmingosuchuga complete list of changes and the list
mens were found articulated, the terrestrial mammals of specimens are iSupplemental material Svhile the

were preserved disarticulated (Garleinal. 2019. list of characters is irsupplemental material $3
We conducted a maximum parsimony analysis as a

‘traditional search in TNT v. 1.5 standard version

updated on 31 March 2021 (Goloboff & Catalano

2016. We treated the multistate characters as ordered
(see above) and equally weighted; set the maximum of
trees to 99,999 and the tree replications to 1000. For the
branch swapping algorithm, we used tree bisection
reconnection with 10 trees saved per replication. A first
run of heuristic search tree-bisection-reconnection failed

Materials and methods

All of the herein described material belongs to one indi-

vidual GPIT-PV-31657, which was found at the base of

layer 80 éensuB6hme et al. 2011 in the Na Duong

coal mine. The bones were disarticulated and dispersed
2 .

over a small area of around 4“nSince all of the bones to find all the most parsimonious trees (MPT) and,

were found in close proximity, and are of the same gen- therefore, the heuristic search was repeated until the

eral size with no duplication of elements, it is clear that MPTs were found 50 times during each replicate (using
GPIT-PV-31657 represents a single individual. The the command xmult¥zhits 50:), as in Massonnet al.

material consists of a skull with articulated mandibles as (2019. The trees retained in the memory were exposed
well as the almost complete disarticulated postcranial 15 5 second round of tree-bisection-reconnection.
material. The skull is dorsolaterally compressed, so the \ve also conducted ANew Technology search due
ventral and occipital regions are poorly preserved. The g the large dataset (Goloboét al. 2009. The random
disarticulated vertebral column consists of the proatlas, 5qdition sequence was set to 1000. For the search algo-
seven cervical, 12 dorsal, two sacral and 15 caudal ver-rithm, sectorial search, ratchet and tree fusing were
tebrae, as well as multiple chevrons. Of the ribs, a sin- ysed. For sectorial search in the RSS settings, the max-
gle atlantal rib, seven cervical ribs and nine dorsal ribs jmal sector size was set to 36, representing half of the
are preserved. Both scapulae and coracoids are also pretaxa in the dataset, in the CSS settings the rounds were
served as well as both humeri and a single ulna, while set to 100 and the minimal sector size to five, and for
the radius, the metacarpals and the manual phalangeshe XSS settings the number of rounds was set to 10. In
are missing. Also preserved are both ilia, ischia and the ratchet settings the total number of iterations was set
pubes, both femora, a single tibia and fibula, as well as to 100, for tree fusing the rounds were set to 100. All
four metatarsals, whereas all pedal phalanges are miss-other options were left as default. After the first round,
ing. Osteoderms from the dorsal and lateral body sec- we conducted a second round of new technology search
tions were found in large humbers. with the trees saved from ram. Sectoral search was
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disabled, and we changed the number of iterations in the following characters: 1) relatively robust teeth, espe
the ratchet settings to 1000 and the tree fusing to 1000 cially the 5th maxillary tooth and the 11th or 12th dentary
rounds. The result was filtered for sub-optimal trees and teeth (similar toMaroccosuchus 2) anterior part of the
the analysis was run again until the number of found prefrontal on the same level as anterior part of the frontal
trees did not change further. (shared with the KrabMaomingosuchyssome individuals

of Maomingosuchus petrolicuand Gavialosuchus eggen-
burgensis[Toula & Kail, 1885); 3) supraoccipital visible
on dorsal skull table (shared witfTomistoma cairense
‘Tomistoma coppensgParatomistomaand M. petrolicug;

4) atlantal rib with process on dorsal margin (shared with
Toyotamaphimeiaand some non-tomistomines); and 5)
ilium with a prominent anterior process (shared with
Penghusuchuand Toyotamaphimeja

Beside the characters mentioned abdve,acutirost-
ris can be further differentiated frorv. petrolicusby:
having an elongated premaxilla, anterior to the external
naris; a ratio of the mediolateral width of the supratem-
poral fenestral bar to the width of the skull table at the
same level of 0.108.175, and a ratio of the anteropos-
terior length of supratemporal fenestra to the anteropos-
terior length of the orbit> 0.75.

Both M. acutirostrisand M. petrolicuscan be differenti-
ated from the KrabMaomingosuchudy: having the first
five maxillary teeth getting continuously larger postdyip
the 7th and 8th maxillary teeth more widely spaced than
other teeth; a ratio of the anteroposterior length of thessup
temporal fenestra to the anteroposterior length of thet orbi
>0.75 and a surangufatentary suture intersecting the
external mandibular fenestra anterior to its posterioneor

Institutional abbreviations

DM, Darwin Fossil Museum, Keelung, Taiwa@PIT

Geologisch-P#ontologisches Institut ébingen,
T€bingen, Germany; NMNS National Museum of
Natural Science, Taichung, Taiwan.

Systematic palaeontology

Eusuchia Huxley, 1875 sensuBrochu2003
Crocodylia Gmelin, 1789 sensuBenton & Clark1988
Crocodyloidea Fitzinger, 1826 sensuBrochu 2003
Tomistominae Kélin, 1955 sensuBrochu2003
MaomingosuchusShanet al.,, 2017

Emended genus diagnosisMaomingosuchuds diag-
nosed by the unique combination of the following char-
acters: 1) distinct dorsoventrally extending ridges on the
lateral and mesial surfaces of the anterior teeth (shared
with an indeterminate tomistomine from the lkovo local-
ity and some non-tomistomine taxa); 2) presence of a
frontal fossa between the orbits, close to the posterior Etymology. The species name derives from the Latin
end of the prefrontals (shared witlCrocodylu$ affinis word acutus for ‘acuté and rostrum for ‘snout and
Marsh, 1871 and Prodiplocynodon langiMook, 1941); refers to the elongated acute premaxilla anterior to the
3) a flat frontal margin between the orbits (shared with external naris, which stands in a marked contrast to the
Dollosuchoides Only preserved inMaomingosuchus  short and rounded premaxilla ®f. petrolicus
acutirostris and Maomingosuchus petrolicusre: 4) per-
forations for the first dentary tooth anterior to the exter-
nal naris (shared witlKentisuchus spencefBuckland,
1834); 5) 15 maxillary teeth in total (shared with
Dollosuchoidey and (6) exoccipital with ventrally pro-
jecting lamina hiding the entrance to the cranio-quadrate Type locality and horizon. The fossil was recovered
passage (shared with gharials and basal eusuchians).  from layer 80 of the Na Duong coal mine §Bmeet al.
2013 in northern Vietnam (242.2N, 106 58.6E); Na

Holotype. GPIT-PV-31657, partial skeleton consisting
of the complete skull, lower jaw and incomplete post-
cranial material (seeSupplemental material Sfor a
complete list of the material).

Maomingosuchus acutirostrisp. nov. Duong Formation, Eocene, late BartoriBniabonian
(Figs 2-14) age (3935 Ma).
Remarks. Martin et al (2019 described a
Diagnosis. M. acutirostris is a medium-sized tomisto- Maomingosuchussp. from the upper Eocedewer
mine with a skull length (premaxilaupraoccipital) of  Oligocene Wai-Lek Formation from Krabi Province,

546 mm and an estimated total length of around 3.5 m Thailand based on a partly preserved skull and lower jaw.
based on the skull to body length ratio of extant The authors refrained from erecting a new species for the

Tomistoma schlegeli{1:6.4 according to Whitaker &
Whitaker 2008, which presumably has similar body
proportions. It can be diagnosed by the combination of

Krabi-Maomingosuchuslue to its fragmentary preservation
and the overall similarity wittMlaomingosuchus petrolicus
In our analysis, the Kralidaomingosuchusvas found to be
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closely related tdM. petrolicus but with three autapomor- but unnamed species of Maomingosuchus (see
phies distinguishing it from the other maomingosuchidsa 1)  Discussion, below).

surangulardentary suture that intersects the external man-

dibular fenestra at its posterior corner (character [cB:1)6

2) from the 1st to the 10th maxillary alveolus only one tooth

larger, the others being of nearly same size (ch. 203-1); andDescription

3) maxillary teeth widely spaced and the 7th and 8th teeth not

more widely spaced than other teeth (ch. 235-1). We there-Overall, the material is well preserved and represents
fore treat the KrabMaomingosuchuas a provisionally valid ~ nearly a complete individual. The skull is articulated

Figure 2. Maomingosuchus acutirostrifiolotype, GPIT-PV-31657, Na Duong Formation, middle to upper Eocene, Vietham. Skull
in A, B, dorsolateral view andC, a sketch with the visible bones and characteristidsbreviations: an, angular;ar, articular;d,
dentary;dl, dentary tooth 1d4, dentary tooth 4pct, ectopterygoidemf, external mandibular fenestrap, exoccipital;f, frontal; ff,
frontal fossajj, jugal; I, lacrimal; ma, matrix; mx, maxilla; mx5, maxillary tooth 5;n, nasal;nos nuchal osteodernp, parietal;pf,
prefrontal; pmx, premaxilla; po, postorbital; pob, postorbital bar;q, quadrate;qj, quadratojugal;r, rib; sa surangular;sq,
supraoccipitalsg, squamosal. Scale b&s 10 cm.
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with the lower jaw and dorsolaterally flattened. The pos- Cranial bones

terior part of the skull is still covered in matrix. The

postcranial material is disarticulated and preserved three

dimensionally with only minor compression artefacts. General shape and taphonomic remarksThe skull is

Most of the bones are pyritized. relatively robust, with the snout (measured from the
For measurements of the cranial and postcranial snout tip to the anterior margin of orbit) making up
material seeSupplemental material S4 around 72% of total skull length. The snout is overall

Figure 3. Maomingosuchus acutirostrigolotype GPIT-PV-31657, Na Duong Formation, middle to upper Eocene, Vietnam. SRyl in
B, ventrolateral view an€, a sketch with the visible bones and characterisAddreviations: an, angularar, articular;co, coronoid;d,
dentary;d4, dentary tooth 4ect, ectopterygoidfr, fragmentj, jugal;Is, laterosphenoidna, matrix; mx, maxilla; mx5, maxillary tooth

5; mx15, maxillary tooth 15n0s nuchal osteodernus osteodermpmx, premaxilla,pt, pterygoid;q, quadrateqj, quadratojugale, rib;

sa surangularsg scapulasof, suborbital fenestrap, splenial;stf, supratemporal fenestra; vertebra. Scale bat 10 cm.
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narrow but widens at the level of the 5th maxillary maxillary tooth, presumably reaching the level of the
tooth. The skull table is solid with relatively small posterior border of the 4th maxillary tooth parasagitally.
supratemporal fenestrae and a wide frontal region Both premaxillae meet each other anterior to as well as
between the orbits. The postorbital bar is very robust. posterior to the external naris. The premaxiltanaxil-

The skull is highly pyritized and cracked in multiple lary suture extends as a sinusoidal line from the notch
regions; for example, posterior to the external naris, the for the 4th dentary tooth posteromedially. The premax-
region of the skull table and the otic region. The skull is illa contacts the nasal behind the external naris. Only
articulated with the lower jaw and dorsolaterally com- one large tooth is visible, which can be identified as the
pressed, so that most of its ventral surface is obscured.4th premaxillary tooth, based on comparisons with other
The occiput is partly embedded in matrix together with tomistomines. Taking the length of the premaxilla into
some postcranial elements. Most cranial features account a total of five premaxillary teeth is estimated.

described below can be seenkigures 2and3. Maxilla. The maxilla forms the posterolateral part of the

Cranial openings. The external narisFig. 2) is a large snout, most of the tooth row and terminates about 15mm
singular opening in the anterior region of the snout and posterior to the last tooth. It is weakly ornamented with a
formed exclusively by the premaxillae. Due to mediolat- higher density of pits and grooves on the level between
eral compression of the skull the exact shape of the the 3rd and 5th maxillary tooth. Along the tooth row,
external naris is difficult to assess, but it seems to be openings for the receptor canals can be observed. These
trapezoidal and broader anteriorly than posteriorly. Both foramina are rounded anteriorly and get more elongated
orbits (Fig. 2) are preserved, but only the right one is Posteriorly. In dorsal view, the maxilla broadens slightly
well exposed and is oriented dorsolateral and almost from the notch for the 4th dentary tooth towards the level
oval, but slightly lateromedially compressed. Its margins ©f the 5th maxillary tooth, narrowing again at level of the
are formed by the lacrimal, prefrontal, frontal, post- 7th to 8th maxillary tooth, before bending posterolatgrall
orbital and jugal. Both supratemporal fenestr&e( 2) The maxilla sutures with the nasal medially, the lacrimal
are visible, lie on the skull table, and are small for a Posteromedially, the jugal posteriorly and the ectoptery-
tomistomine. The outlines of the fenestrae are difficult 90id posteroventrally. The maxilla has a total of 15
to determine due to some broken areas and compressiorﬁ've()”- The 1st maxillary alveolus is the smallest. The
but they seem to be rounded and slightly longer than teeth then increase in diameter until the 5th maxillary
broad. Their medial walls are smooth without any vis- tooth, which is the largest in the series. The teeth become
ible foramina, and their margins are formed by the post- Slightly smaller posteriorly, but stay relatively largecept
orbitals, squamosals and parietals. Only the right for the last four which are.5|gn|f|cz_intly smaller than the
infratemporal fenestraF(g. 2) is visible posterior to the ~ Previous ones. The alveoli are widely spacédg( 2),
orbits. It is triangular in shape and enclosed by the post- especially among the smaller anterior teeth, whereas the
orbital, jugal and quadratojugal. Only the left suborbital larger poster.|or teeth are cIo;er together. Between the 7th
fenestra Fig. 3) is exposed in ventral view, bordered by and 8th maxillary teeth there is a wider gap.

the ectopterygoid and pterygoid so far as visible. Both Nasal. The nasals are thin, elongate bones forming the
external mandibular fenestra€igs 2 3) are preserved  medial part of the snout. Their anterior-most part is not
and lie in the posterolateral region of the lower jaw. clearly visible but it is definitely excluded from the
They are oval and anteroposteriorly elongated. Their external naris. The nasal surface is only weakly orna-
margins are formed by the dentaries, angulars and sur-mented anteriorly, but more strongly so posteriorly with
angulars. The incisive foramen, posttemporal foramen, rounded and elongated pits. The nasal contacts the pre-
foramen magnum, eustachian opening, choana and themaxilla anteriorly, the maxilla laterally and the lacrimal
foramen intermandibularis caudalis are not exposed. posterolaterally. Posteriorly, the nasal sutures with the
d prefrontal for a short distance (only 20 mm), whereas
posteromedially they are separated by a 15mm long
anterior process of the frontal.

Premaxilla. The right premaxilla is better preserve
than the left. The premaxillae form the anterior part of
the snout and entirely surround the external naris. Their
surface is weakly ornamented. Close to the tooth row, Lacrimal. Only the right lacrimal is well preserved.

small, rounded foramina for the receptor canals are The bone is elongated anteroposteriorly, slightly bowed
exposed. The premaxilla projects anterior to the external medially and forms the anterolateral margin of the orbit.
naris for around half of narial length and forms the The bone is almost double the size of the prefrontal and
acute tip of the snout. In front of the external naris a projects far anteriorly between the nasal and maxilla. Its
perforation for the first dentary tooth is visible. The pre- surface is heavily ornamented with large rounded pits.
maxilla extends posterior to the level of the 3rd The opening for the ductus nasolacrimalis is not
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exposed. The lacrimal contacts the maxilla anterolater- Parietal. The flat, dumbbell-shaped parietals are fused

ally, the jugal laterally, the prefrontal medially and the
nasal anteromedially.

Prefrontal. The prefrontal forms the anteromedial mar-
gin of the orbit. The bone is almost rectangular and
does not project further anteriorly than the anterior end
of the frontal and is approximately as broad as the lacri-
mal. The orbital margin has a small bulge extending
medially onto the frontal fossa. The surface of the pre-
frontal is weakly ornamented with a few deeper pits
posteriorly. Due to crushing of the skull, neither pre-
frontal pillars is preserved. The prefrontal contacts the
nasal anteriorly, the lacrimal laterally and the
frontal medially.

Frontal. The frontals are fused and form the anterior

part of the skull table. The bone is almost square-shaped
with an elongate anterior wedge-shaped process, which

projects with its anterior-most extension between the

nasals. The whole process has nearly the same length a
the broad part between the orbits and the skull table.
The frontal does not reach the supratemporal fenestra

posteriorly. The region between the orbits is flat, not

upturned, very broad and around three times wider than
the supratemporal bridge. The region between the

broader part of the frontal and the narrow region of the

anterior process is marked by a lateromedially oriented

frontal fossa forming a ledge between the skull table

and the snout. This fossa extends anterolaterally onto

the prefrontal. The frontal is weakly ornamented anteri-
orly, but heavily ornamented with deep rounded pits
posterior to the ledge. Anteromedially, the frontal con-

tacts the nasal and anterolaterally, the prefrontal. On the

skull table, the frontal contacts the postorbital laterally
and the parietal posteriorly. The suture with the latter
seems to project relatively straight lateromedially, but a
slight posteromedial convexity is visible.

Postorbital. The right postorbital is the better preserved
and forms the anterolateral part of the skull table, the
posterolateral margin of the orbit, the anterolateral mar-

gin of the supratemporal fenestra and the anterior mar-

gin of the infratemporal fenestra. The skull table is

damaged and therefore the postorbital is somewhat dis-

torted with its surface partially broken off. The pre-
served part is ornamented with large rounded pits,
especially posteriorly. In dorsal view, the postorbital

contacts the frontal anteromedially, the parietal postero-

medially and the squamosal posteriorly. In lateral view,

S

at midline and form most of the posteromedial part of
the skull table as well as the medial margin of the
supratemporal fenestra. The region posterior to the
supratemporal fenestra is very broad. The supratemporal
bar is narrow, but quite broad for a tomistomine. The
parietal surface is ornamented with deep rounded pits.
The parietal contacts the frontal anteriorly, the post-
orbital anterolaterally and the squamosal posterolater-
ally. The parietal encompasses the supraoccipital in the
posterior part of the skull table, so that the parietal does
not form the entire skull table. Inside the supratemporal
fenestra, the parietal contacts the quadrate along its pos-
terior wall, but the suture is difficult to see.

Squamosal. The squamosal is better preserved on the
right side, and forms the posterolateral part of the skull
table and the posterolateral margin of the supratemporal
fenestra. The squamosal prongs extend posterolaterally,
away from the skull table. The dorsal and ventral rims
of the squamosal groove for the external ear valve mus-
culature are parallel. The squamosal surface is orna-
mented with rounded pits only in the skull table region.
Due to compression, the squamosal completely covers
the auditory meatus. On the skull table, the squamosal
contacts the postorbital anteriorly, the parietal postero-
laterally and the quadrate on the lateral wall of the
supratemporal fenestra. In lateral view, the squamosal
projects anteriorly into the postorbital and contacts the
quadrate posterolaterally on the squamosal prongs. The
suture with the exoccipital is poorly preserved, but it is
clear that the squamosal does not cover the paroccipi-
tal process.

Jugal. The right jugal is better preserved than the left
and forms the lateral part of the skull as well as the
ventrolateral margins of the orbit and the infratemporal
fenestra. Anteriorly, a process extends far anteriorly to
the level of the anterior extension of the frontal. The

jugal is narrowest at level of the postorbital bar. The

postorbital bar is set inwards from the lateral part of the
skull and separated from it by a deep groove. The entire
surface of the jugal is heavily ornamented. The jugal
contacts the maxilla anteriorly, the lacrimal medially
and the ectopterygoid ventrally. The jug@liadratojugal
suture is somewhat damaged posteriorly and its inter-
action with the posterior margin of the infratemporal
fenestra is unclear. The jugalostorbital suture on the
postorbital bar is not visible.

the postorbital is indented by an anterior process of the Quadratojugal. The right quadratojugal is the best pre-

squamosal. The postorbital bar is slightly inset from the
margin of the skull table, very robust and is at least
50% the size of the infratemporal fenestra. The sutural
contact with the jugal is not visible.

served. The bone is small, situated at the posterolateral
part of the skull and forms the posterior margin of the
infratemporal fenestra. The quadratojugal extends to the
posterior end of the skull, surpassed only by the



A new species oMaomingosuchus 1559

guadrate condyles. No surface ornamentation is observ-Exoccipital. The right exoccipital is exposed in occipital
able. The quadratojugal contacts the jugal anteriorly and view but only its posterolateral-most parts are preserved.
the quadrate posteromedially. A potential contact with It forms most of the posterolateral region of the skull
the postorbital and squamosal at the superior margin of and the paroccipital process is visible in lateral view.
the infratemporal fenestra is not exposed. The opening for the cranioquadrate passage is not dir-
ectly visible, but the exoccipital shows a ventrally pro-
jecting convexity at the level of the foramen. The
exoccipital contacts the squamosal dorsal and the quad-
rate ventrally. No other sutural contacts are visible.

Quadrate. The right quadrate is visible in dorsal and
posterior views, while the left quadrate is exposed in
ventral view only. It forms the posterior-most part of
the skull, the inner posterior part of the supratemporal
fenestra as well as the articulation with the articular of Laterosphenoid. Only the left laterosphenoid is partly
the lower jaw and most of the margin of the auditory exposed and situated on the anteroventral part of the
meatus, which is not exposed. The articular surface of skull table, posteromedial to the orbit. It forms the
the quadrate is formed by two condyles, of which the anterolateral braincase wall and the inner anteromedial
lateral one is more expanded lateromedially than the wall of the supratemporal fenestra. Sutural contacts with
medial one. The surface of the bone is unornamented.other bones are not discernible.

The quadrate foramen aerum is located in the dorsome-
dial corner of the bone. The quadrate is broad at the
level of the condyles and narrows anteriorly close to the
guadratojugal. The ventral surface of the quadrate is
generally smooth with a moderate ridge for the insertion
of the posterior mandibular adductor muscle. In dorso-
lateral view, the quadrate contacts the quadratojugal
anteriorly, the squamosal medially and the exoccipital
posteromedially. Inside the supratemporal fenestra, the
guadrate contacts the parietal posteromedially and the
squamosal posterolaterally, but this region is poorly pre-
served. In occipital view, the quadrate contacts the exoc-
cipital dorsally.

Dentary. Both dentaries are well-preserved in lateral
view. The bone covers the anterolateral part of the lower
jaw and reaches the anterodorsal and anteroventral part
of the external mandibular fenestra. The dentary sym-
physis is relatively short for a tomistomine and seems to
extend back to the level of the 6th to 8th dentary alveo-
lus, although its exact length is difficult to determine
due to poor preservation. The surface of the dentary is
slightly ornamented with rounded pits anteriorly and
elongated grooves ventrally, while its posterodorsal part
is almost smooth. The tooth row is almost straight and,
close to it, openings for receptor canals are visible. The
slight curvature of the dentary, observable on the right
Pterygoid. The pterygoid is only visible in ventral view side in lateral view Fig. 2) is most likely a compres-
where it forms the posterior part of the palate and the sional artefact, as it is not present on the left siBia(
posterior margin of the suborbital fenestra. Due to 3). The dentary contacts the surangular posterodorsally,
dorsolateral compression, it is poorly preserved and only the angular posteroventrally and the splenial posterome-
the left wing of the pterygoid is exposedig. 3). The dially. The total tooth number is unclear. The 1st den-
region around the choana is damaged. The pterygoidtary tooth perforates the premaxilla immediately anterior
contacts the ectopterygoid anterolaterally. Unfortunately, to the external naris. The 4th dentary tooth is the largest
no other sutural contacts are visible. tooth in the anterior half of the lower jaw and its alveo-
lus is slightly elevated. Posteriorly, the teeth are smaller
but the 11th or 12th tooth (estimated based on the dis-
tance between the anterior teeth) is very broad and
slightly larger than the 4th. Posteriorly, the tooth row is
not exposed.

Ectopterygoid. Only the left ectopterygoid is exposed
in ventral view. It forms the posterolateral part of the
palate and forms the posterolateral margin of the sub-
orbital fenestra. The ectopterygoid is poorly preserved
and distorted, but its posterior extension contacts the
pterygoid and ends anterior to the posterior tip of the Splenial. The left splenial is the best preserved but is
latter. It further contacts the maxilla anteriorly and the somewhat distorted. It forms the posteromedial part of
jugal dorsally. the mandibular symphysis with a length that is less than
the distance between five alveoli. An anterior foramen
for cranial nerve V is not visible, but this could be a
preservational artefact. There is no surface ornamenta-
tion. The splenial contacts the dentary laterally, the cor-
onoid posterodorsally and the angular posteroventrally.

Supraoccipital. The supraoccipital is an unpaired bone
and forms a small part of the skull roof and the central
dorsal part of the occiput. On the skull table, it is a
small triangular element that is pinched between the
parietals. Its surface is somewhat weathered but no sur-
face ornamentation is visible. The occipital part of the Coronoid. The left coronoid is exposed medially but is
bone is damaged due to dorsolateral compression. poorly preserved, and only its crescent-shaped anterior



1560 T. Massonnet al.

part is visible. Its surface is smooth, with no visible for- bowed medially, whereas its medial part is nearly
amina, but this could be an artefact. The coronoid con- straight and dorsoventrally oriented. The anterior-most
tacts the splenial anteriorly and the angular ventrally. extension is rounded and has a rough surface. Posterior
The contact with the surangular is not exposed. to this surface there are multiple shallow pits of differ-
| ent sizes. The dorsal surface of the ventral cornual

Surangular. Both surangulars are preserved in latera ) ,
branch has a shallow anteroposteriorly oriented groove.

view only. The surangular forms the posterodorsal part i _
of the lower jaw, the posterodorsal margin of the exter- The dor§al branch Qf the cornu is Iateromed.|ally. flat-
nal mandibular fenestra, contributes laterally to the pos- t€ned with parallel sides. Its dorsal-most part is slightly
terior-most end of the retroarticular process, and reachesPosteriorly shifted and has a rugose surface.

the dorsal tip of the lateral wall of the glenoid fossa. pentition. The teeth ofM. acutirostris are circular in
Anteriorly, the bone has two processes, a longer dorsal oogs.gection and differ in size. The premaxillary, anter-
one, presumably reaching the tooth row, and a shorterjo, mayiliary (to the 5th tooth position) and anterior

\é(_abntlral fone, ext(?ndmg ar:jterrllo#Iy ftohth(: externla: maﬂ- dentary teeth (to the 4th tooth position) have multiple
oular fenestra for around half of the fenestral length. dorsoventrally oriented ridges on their lateral and medial

Thf ;urf[mgula{ IS sttror:l[ﬂly orpamelnted é\{ghlde?p el?n- surfaces, and sharp but unserrated edges. In the premax-
gated piis posterior fo the external mandibular tenestra. illa, the 4th tooth is the largest one. In the maxilla, the

It contacts the dentary anteriorly, the angular ventrally 1st tooth is small and the following teeth are gradually

and the articular dorsomedially. larger until the 5th maxillary tooth, the largest tooth in
Angular. Both angulars are preserved in lateral view the tooth row. Posteriorly, the teeth become gradually
and the right one is partially visible in medial view. The smaller, but are still much larger overall than the first
angular forms the posteroventral part of the mandible four maxillary teeth. The posterior-most four teeth are
and the posteroventral margin of the external mandibular reduced in size and the smallest in the series. In the
fenestra. Anteroventrally, the bone forms a process pro- mandible, the 4th dentary tooth is the largest one in the
jecting between the dentary and splenial while extending anterior half of the lower jaw and projects into a notch
posteriorly alongside the surangular on the lateral wall petween the premaxilla and maxilla. The other anterior
of the retroarticular process until its posterior-most end. dentary teeth are small until reaching the presumably
The angular is strongly ornamented on its lateral part 11th or 12th tooth, which is very broad and even
with deep and elongated pits, as well as with a few gjightly larger than the 4th one. Further posteriorly, the
rounded pits posteroventral to the external mandibular ety seem to get smaller, but due to the occlusion of
fenestra. On its posteroventral part, a small nutritional {he jaws this region is not exposed. The dentary teeth
foramen is visible in ventral view. In lateral view, the ;.6 in line with the maxillary tooth row and the teeth
angular contacts the dentary anteriorly and the surangu-,re more widely spaced anteriorly, but closer together

lar dgrsally. I_n medial view, Fhe angular contacts the posteriorly due to their larger size. An enlarged gap can
splenial anteriorly, the coracoid anterodorsally and the be found between the 7th and 8th maxillary teeth for

_artlcula_r pqsterpdorsally. A contact with the surangular the enlarged 11th or 12th tooth.
in medial view is not exposed.

Articular. Both articulars are preserved in dorsolateral
view and the right one is partially visible in medial
view. The articular forms the posteromedial part of the
mandible, the articulation surface with the quadrate,
most of the retroarticular process and is slightly visible
in lateral view. The retroarticular process projects post- &€ preserved.

erodorsally. The glenoid fossa and the foramen aerum pygstjas. The proatlas Fig. 5A-D) is boomerang-

are not exposed. In lateral view, the articglar _contacts shaped with a posterolateral process on each side. The
the surangular ventrolaterally and, in medial view, the o iarior part is slightly offset from the main body with-
angular ventrally. out forming a distinct process. The ventral tubercle is
Hyoid. Both hyoids Fig. 4) are preserved and have a not clearly discernible, but based on the general morph-
recumbent L’-shaped outline with a longer ventral than ology it is relatively large and at least half the width of
dorsal branch of the cornu. The dorsal branch is flat- the dorsal crest. Sagittally, a well-developed median
tened and the ventral one is broadened anteriorly. Thekeel is present that has a slightly rounded dorsal surface
lateral part of the ventral branch of the cornu is slightly and slopes strongly posteriorly.

Postcranial bones

Axial skeleton. The vertebral column Higs 58) is
nearly complete and in total, the proatlas, seven cer-
vical, 12 dorsal, two sacral and 15 caudal vertebrae



A new species oMaomingosuchus 1561

Figure 4. Maomingosuchus acutirostrifiolotype, GPIT-PV-31657, Na Duong Formation, middle to upper Eocene, Vietnam. Right
hyoid in A, B, lateral andC, D, medial views. Scale baf: 1 cm.

Cervical vertebrae. The best-preserved cervical verte- as high as the ventral part of the vertebra, is anteropos-
bra (Fig. 5E-J) is from the anterior region, but its exact teriorly broad and slightly rounded dorsally.

position is unknown. Because the cervical vertebrae are
rather uniform in morphology, we only describe the
best-preserved in detail. The centrum is longer than
wide but its height and width are similar. The centrum

Dorsal vertebrae. The best-preserved dorsal vertebra
(Fig. 6) is from the anterior region, but its exact position

is unknown. Because the dorsal vertebrae, like the cer-

is constricted between the parapophysis and diapophysisVic@l Vertebrae (see above), are rather uniform in
and is ventrally convex in lateral view. The surface is MOrphology, we only describe the best-preserved dorsal

smooth but bears small nutritional foramina below the Vertebra in detail. The centrum is nearly as long as wide
diapophysis. The anterior articular surface is rounded Put damaged by deep cracks. The anterior articular sur-
and slightly more expanded dorsoventrally than the cen- face is round and wider than the centrum, while the pos-
trum. The posterior condylus is rounded. The hypapoph- terior condylus seems to be nearly equal in size to the
ysis is short and does not reach the middle of the centrum. Ventrally, the centrum is slightly convex in lat-
centrum. Posteroventrally, a short shallow ridge is dis- €ral view. Its surface is smooth without visible fora-
cernible. The articular surface of the parapophysis is mina. The hypapophysis is narrow and anteriorly
oval and projects mostly laterally. The slightly damaged oriented, and does not reach the central part of the cen-
diapophysis is lateroventrally oriented and its articular trum. The transverse process is relatively slender and
surface is oval and smaller than the articular surface of projects horizontally at an angle of 9@rom the cen-

the parapophysis. The prezygapophysis is oval-shapedirum. The parapophysis is located anteroventrally at
and larger than the postzygapophysis. It projects dor- mid-length and the diapophysis is positioned on the dis-
sally, whereas the oval-shaped postzygapophysis turnstal end of the transverse process. The prezygapophysis
ventrally, both at a 45angle. The neural spine is nearly projects dorsally and seems to be larger than the
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postzygapophysis. The latter faces ventrally with an the iliac blade. The prezygapophysis is larger than the
oval articular surface. A deep groove is present betweenpostzygapophysis and projects dorsally, whereas the
the postzygapophyses. The neural spine is long and rela-postzygapophysis turns ventrally, and both have a later-
tively low. Its dorsal tip is generally wide but broader omedially shifted angle of 45 The neural spine is bro-
anteriorly than posteriorly. ken but its height is around two-thirds of the

Sacral vertebra. Both sacral vertebrag={g. 7) are pre- dorsoventral length of the centrum.

served. In the first sacral vertebra, the lateral extensionsCaudal vertebrae. The first caudal vertebra F{g.
of the sacral ribs are covered by osteoderm fragments,8A—F) differs significantly from the more posterior cau-
the neural spine is broken into two pieces and the neuraldal vertebrae and is described separately. The first cau-
canal is damaged due to dorsoventral compression. Thedal vertebra is biconvex and its centrum is similar to the
second sacral vertebra is also covered by osteodermscentrum of the sacral vertebra in being as wide as it is
and its neural spine is broken but the neural canal long. The surface of the centrum is mostly smooth and
is intact. no sulcus is present, but the ventral part slightly poster-
The centrum of the first sacral vertebféid. 7A-F) is ior to the anterior condylus has a rugose surface. In lat-
nearly as broad as long, and anteriorly and posteriorly eral view, the centrum is concave with a strong ventral
slightly ventrally curved and posteriorly sloped. The sur- shift posteriorly. Both condyles are similarly sized with
face of the centrum is smooth without discernible fora- the anterior condylus being slightly broader, whereas the
mina. On the ventral part of the centrum there is a posterior condylus is more rounded. The transverse pro-
sulcus reaching from near its posterior end to the middle cess is incomplete but its lateral-most part shifts slightly
of the centrum. The anterior articular surface is concave, posteriorly. The prezygapophysis is larger than the post-
lateromedially expanded and deep, whereas the posteriorzygapopm,siS and its articular surface is oval. The
articular surface is also expanded but nearly flat with o;ral spine is elongated but narrower than the neural
only a very slight concavity. The sacral rib is dorsoven- spines of the sacral vertebrae.
trally compressed. The anterior extension of the articular — \jore posteriorly positioned caudal vertebraBig
surface for the ilium reaches further laterally than the 8G-L) have a slenderer morphology than the first caudal
posterior one. The prezygapophysis is one-quarter largeryeriepra and the centrum is elongated, mediolaterally
than the postzygapophysis and its articular surface is narrow and slightly convex in lateral view. The centrum
rectangular.  The prezygapophysis projects dorsally, {3hers towards its middle part and a deep sulcus extends
whereas the postzygapophysis turns ventrally. The gyer the whole length of the centrum on its ventral sur-
neural spine is long and reaches two-thirds of the dorso- t3ce  The anterior articular surface is rounded and con-
ventral length of the centrum. Its dorsal-most extension c4ye \whereas the posterior articular surface has a round
is damaged but seems to be slightly broader anteriorly ,nqyus. The transverse process is incomplete and proj-
than posteriorly. , o ects straight from the centrum at almost 9The articu-
The second sacra_l vertebriid. 7G-L) h_as a similar lar surface of the prezygapophysis is oval and projects
morphp logy to the first, but the sacral ribs are antero- dorsally, whereas the articular surface of the postzyga-
postenorly gompressed. The centrum has small nutn- pophysis turns ventrally. The neural spine is posteriorly
tional foramina :_:mterolaterally and the sulgus on Fhe shifted. In the anterior caudal vertebrae, the spine is
ventral surface is less pronounce_d thgn in_the _f'rSt elongated and flares towards the postzygapophyses. In
sacral. The centrum is nearly straight in lateral view the posterior caudal vertebrae, the spine tapers into a

P : iorly and transverse processes are lost.

first sacral vertebra is wide and flat with a slight con-
cavity. The posterior articular surface is also wide but Chevron. The articular surface of the chevrorFig.

with a deep concavity for the anterior condylus of the 8M-P) for the caudal vertebra is dumbbell-shaped and
first caudal vertebra. The lateral articular surface of the the haemal canal is rectangular and slightly ventrally
sacral rib with the ilium is boomerang-shaped with a tapered. The haemal arch is narrow in anteroposterior
posterodorsal extension contacting the posterior part of view but expanded in lateral view. The haemal spine

e

>

Figure 5. Maomingosuchus acutirostrisholotype, GPIT-PV-31657, Na Duong Formation, middle to upper Eocene, Vietnam.
Proatlas inA, B, dorsal andC, D, lateral left views. Cervical vertebra i, H, anterior,F, I, lateral left andG, J, posterior views.
Abbreviations: ce, centrum;dp, diapophysishp, hypapophysisna, neural archnc, neural canalns, neural spinepcd, posterior
condylus;pp, parapophysisprz, prezygapophysigz, postzygapophysis. Scale B#rlcm.
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Figure 6. Maomingosuchus acutirostrifiolotype, GPIT-PV-31657, Na Duong Formation, middle to upper Eocene, Vietnam. Dorsal
vertebra inA, B, anterior,C, D, dorsal,E, F, lateral andG, H, posterior views Abbreviations: ce centrum;dp, diapophysisgr,
groove; hp, hypapophysisnc, neural canalns, neural spinepcd, posterior condyluspp, parapophysisprz, prezygapophysispz,
postzygapophysigp, transverse process. Scale bad cm.

comprises around two-thirds of the total chevron length shaped and the anterior part of the rib has parallel sides.
and is slightly thickened at its ventral-most part. Neither a large articular facet for the other atlantal rib
nor a thin medial lamina are present. The medial part is
Atlantal rib. The atlantal rib Fig. 9A-D) is elongated slightly concave, whereas the lateral part is slightly con-
and flat. The articular surface with the atlas is kidney- vex. From the middle part onwards, the rib expands and
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Figure 7. Maomingosuchus acutirostrisolotype, GPIT-PV-31657, Na Duong Formation, middle to upper Eocene, Vietnam. First
sacral vertebra i\, B, anterior,C, D, dorsal andE, F, posterior views. Second sacral vertebraGnH, anterior,1, J, lateral left
andK, L, posterior viewsAbbreviations: ce centrum;nc, neural canalns, neural spineps osteodermprz, prezygapophysigpz,
postzygapophysissr, sacral rib. Scale bdts 1 cm.
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Figure 8. Maomingosuchus acutirostridiolotype, GPIT-PV-31657, Na Duong Formation, middle to upper Eocene, Vietnam. First
caudal vertebra i\, D, anterior,B, E, lateral andC, F, posterior views. Middle caudal vertebra @, J, anterior,H, K, lateral left
andl, L, posterior views. Chevron iM, O, anterior andN, P, posterior views Abbreviations: acd, anterior condylusge centrum;

hc: haemal canalhs, haemal spinenc, neural canalns, neural spineps osteodermpcd, posterior condylusprz, prezygapophysis;

pz, postzygapophysigp, transverse process. Scale bat cm.
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forms a dorsal process, which tapers rapidly posteriorly. Humerus. The right humerus Kig. 11A-H) is better
The ventral part expands only slightly before projecting preserved than the left. The bone is relatively slender
straight posteriorly. and its surface is mostly smooth with rugose areas ven-
tral to the proximal and dorsal to the distal articulation
surfaces. The humeral head is divided in an anterior and
a posterior tubercle. The anterior tubercle forms the
proximal-most point of the humerus, whereas the poster-

Cervical ribs. The best-preserved cervical rib is from
the anterior regionKig. 9E-J), but its exact position is
unclear. The dorsal part consists of two columnar proc-

esses, the medial capitulum and the lateral tuberculum. o, v percle is posterodistally shifted. The deltopectoral
The capitulum contacts the parapophysis of the cervical ;ast has a concave surface and projects nearly perpen-

vertebra, whereas the tuberculum contacts the diapophy-gjicylar to the shaft. Close to its distal end, the humerus
sis. The capitulum is shorter than the tuberculum, but its has 3 visible central concavity on its dorsal and ventral
articular surface is broader and rounded, while that of part. Distally, the medial and lateral condyles form the
the tuberculum is more elongate. The anterior region of articular surfaces for the radius and ulna. Both condyles
the ventral part of the bone is shorter than the posterior are rounded with the lateral condylus being slightly
extension and steep, whereas the posterior part is flatlarger. Scars for the musculature are not visible.

with a deep medial concavity.

A posterior left cervical rib Fig. 9K-N) is preserved
and likely contacted the 6th cervical vertebra. The capit-
ulum is elongated and much longer than the tuberculum.
The articular surface of the capitulum is small and
rounded, while that of the tuberculum is nearly double
the size and broad. A lateral projecting lamina was
folded due to compression, but would normally project llium. The right ilium (Fig. 12A-D) is better preserved,
perpendicu|ar to the shaft. The posteroventra”y projec- but deformed with its pOSterOdorsal end Shifted, whereas
ting shaft tapers slightly distally and has a lateral ridge the left ilium is less deformed but fused to the left
contacting the lamina and reaches the posterior third of iSchium. The dorsal part of the bone has a rugose sur-

the bone. The medial part of the shaft is flat. face, is slightly sigmoidal with a shallow indentation
posteriorly and a small anterior process. The iliac blade

Dorsal rib. The dorsal ribs are incomplete, but their iy general is narrow but posteroventrally slightly broad-
general morphology does not seem to differ from other ened. In medial view, the bone has two prominent scars
tomistomines. for articulation with the first and second sacral ribs. The
anterior scar is oval, whereas the posterior scar is elon-
gated and reaches the ventral part of the iliac blade. In
lateral view, the supraacetabular crest is narrow with a
rounded outline and the acetabulum forms a broadly
rounded depression. The ventral part of the ilium forms
the articular surfaces for the ischium. The posterior

medially flattened due to compression. Anterior to the articular surface is boomerang-shaped, whereas the
y P ) anterior one is elongate and kidney-shaped. The acet-

deltoid crest gnd anterodorsal to the articulation surfaC(_a, abulum foramen is visible between the two surfaces.
the scapula is elongated and rectangular. The glenoid

fossa is ventrolaterally oriented and oval. Ischium. The right ischium Eig. 12E-H) is better pre-
) o ) served, but has a deformed posteroventral part, whereas
Coracoid. The left coracoid Fig. 10C, D, G, H is

. the left ischium is less deformed but fused to the left
better-preserved, but lateromedially compressed. Thejjiym The ventral part is formed by the ventromedially

shaft is slightly bowed and the coracoid blade expands powed ischium blade and the anteroventral part of the
ventrally, but is narrow compared to the scapular blade. pjage is nearly rectangular, whereas the posterior part
Anteroventrally, the blade has a small process projecting extends far posteriorly. The dorsal part of the bone can
anteriorly. The articular surface for the scapula is elong- pe divided into two processes. The posterior process
ate, but lateromedially flattened due to compression. forms the articular surface with the posterior part of the
Anterior to the articular surface with the scapula, the ilium. This surface is triangular with a small elongate
coracoid is elongated and rectangular. The glenoid fossaanterior process. The anterior process is slenderer and
has an oval outline and the coracoid foramen is small has two separated articular surfaces. The dorsal one con-
and situated well anterior to the glenoid fossa. tacts the anterior articular surface of the ilium, whereas

Ulna. Only the left ulna Fig. 11HL.) is preserved. It is
sigmoidal and proximally expanded. The articular surfa-
ces are compressed. The small olecranon process forms
its proximal-most point and the proximal articular sur-
face slopes anteriorly. The distal articular surface is kid-
ney-shaped.

Scapula. Both scapulaeKig. 10A, B, E, B are present,

but only the right one is well preserved. The scapular
blade expands dorsally, with a relatively straight anterior
edge. The deltoid crest is partially covered by a dorsal
rib, but the bulge of the crest is relatively narrow. The
articular surface for the coracoid is elongate, but latero-
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Figure 9. Maomingosuchus acutirostriholotype, GPIT-PV-31657, Na Duong Formation, middle tgpemEocene, Vietnam. Left
atlantal rib inA, B, lateral andC, D, medial views. Right anterior cervical rib i, H, dorsal,F, I, medial andG, J, lateral views. Left
posterior cervical rib irK, L, lateral andM, N, medial views.Abbreviations: ca, capitulum;tu, tuberculum. Scale bas 1 cm.
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Figure 10. Maomingosuchus acutirostrifiolotype, GPIT-PV-31657, Na Duong Formation, middle to upper Eocene, Vietnam. Right
scapula inA, E, lateral andB, F, medial views. Right coracoid i€, G, lateral andD, H, medial views.Abbreviations: bl, blade;
cf, coracoid foramendc, deltoid crestgl, glenoid,r, rib. Scale bats 1 cm.

the anteroventrally projecting one contacts the pubis. with small openings, most likely representing nutritional
The articular surface with the ilium is lateromedially foramina. Proximocaudally, the insertion scar for the M.
elongate and the articular surface with the pubis is oval. puboischiofemoralis externus is visible. The 4th trochan-
Between the anterior and posterior process, the acetabuter is prominent and positioned on the proximal one-
lum foramen is present. third of the bone. The distal end of the femur is divided
into two condyles: a lateral condylus and a slightly
smaller medial condylus. In dorsal view, a small groove
between the two condyles is present, whereas a deeper
depression can be seen in ventral view.

Pubis. The left pubis Fig. 12HL) is well-preserved. Its
ventral blade flares nearly symmetrically with a rounded
ventral edge. The posteroventral part of this edge is ver-
tical for a short distance. The blade is lateromedially
flattened and the shaft is oval in cross-section. The dor- Tibia. The left tibia Eig. 13HL) is poorly preserved
sal articular surface is oval and slightly shifted poster- and its shaft is damaged. The proximal part is divided
iorly. It contacts the anteroventral articular surface of into a medial and lateral condylus. The medial condylus
the anterior process of the ischium. is oval and separated from the larger lateral one by a
groove. The distal articular surface is crescent-shaped
with an anterior and a posterior condylus, which are
separated from each other by a shallow groove.

Femur. The left femur Fig. 13A-H) is better preserved,
relatively slender, larger than the humerus and has a sig-
moidal outline with a slight torsion. The femoral head is
compressed and therefore appears to be oval. DirectlyFibula. The left fibula Fig. 13M-P) is poorly pre-
ventral to the femoral head, the bone surface is rugose,served, with a proximal articular surface that has been
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Figure 11. Maomingosuchus acutirostrifiolotype, GPIT-PV-31657, Na Duong Formation, middle to upper Eocene, Vietnam. Left
humerus inA, B, dorsal,C, D, ventral, E, G, proximal andF, H, distal views. Left ulna inl, J, lateral andK, L, medial views.
Abbreviations: acd, anterior condylusatb, anterior tuberclegpc, deltopectoral cresthh, humeral headicd, lateral condylusmcd,
medial condyluspp, olecranon procesgicd, posterior condylusptb; posterior tubercle. Scale b&k 5 cm.

nearly completely lost. The shaft is oval in cross-sec- are very low with only a very shallow groove separating
tion. The distal articular surface is bean-shaped andthem. In ventral view, a deep depression is visible directly
slightly shifted posteriorly. proximal to the distal articular surface.

Metatarsals. The left metatarsal Il Kig. 13Q-T) is the Osteoderms. Several dorsal osteodermBig. 14A, B),
best preserved and its proximal articular surface is flat an some putative lateral osteodermfig. 14C, D and
elongate. The shaft is flattened proximally, but is slightt many osteoderm fragments are preservednost of
oval in cross-section distally. The distal articular soefas them occurring isolated. The osteoderm central surface
broad with a nearly rectangular outline. The two condyles is strongly ornamented with a pattern of deep oval and
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Figure 12. Maomingosuchus acutirostrifiolotype, GPIT-PV-31657, Na Duong Formation, middle to upper Eocene, Vietnam. Right
ilium in A, B, lateral andC, D, medial views. Right ischium iiE, F, lateral andG, H, medial views. Left pubis in, J, lateral and

K, L, medial views.Abbreviations: act, acetabulumactf, acetabulum foramergp, anterior processasil, articulation surface with
ilium; asis articulation surface with ischiumaspy, articulation surface with pubisassr], articulation surface with sacral rib 1;
assr2 articulation surface with sacral rib fd, indentation;sactc supraacetabular crest. Scale bad cm.

round pits. Towards the edges, the surface is smooth.medium-sized tomistomines with skull lengths of
The dorsal osteoderms are rectangular with a broad facetslightly over 500 mm M. acutirostris 546 mm;M. pet-

to contact the anteriorly positioned osteoderm. A well- rolicus, 280-503mm, with NMNS005825-F044383
developed dorsal keel is present, projecting from slightly slightly larger based on the incomplete skull table [see
posterior of the anterior facet to the posterior end of the Shanet al 2017; Krabi-Maomingosuchys>500mm,
osteoderm. The putative lateral osteoderms have a moreanterior part missing [see Martiet al 2019). The
oval outline and are slightly curved, but show a well- snout length is also very similar  within

developed dorsal keel also. A contact surface is not vis- Maomingosuchusvith a snout-to-skull length ratio rang-
ible but the edges seem to be damaged. ing between 0.71 and 0.72, but the snout shape differs

slightly: in M. petrolicusand KrabiMaomingosuchust

is narrow, with only a slight broadening at the level of
the 5th maxillary tooth, while the snout &f. acutirost-

ris is much broader at this level with a strongly enlarged
5th maxillary tooth.

Comparisons

Comparisons with other
Maomingosuchusspecimens Cranial openings. The general skull shape, as well as
Skulls. Maomingosuchus acutirostrisMaomingosuchus  the cranial openings, are very similar in all
petrolicus and the KrabiMaomingosuchusare all Maomingosuchuspecimens. The external nares of both



1572 T. Massonnet al.



A new species oMaomingosuchus

M. acutirostris and M. petrolicusare large and broader
anteriorly than posteriorly (unknown in the Krabi speci-
men), but the premaxillary process reaching into the
external naris described favl. petrolicus (Shanet al.
2017 p. 675), is not visible irM. acutirostris The orbit
of M. acutirostrisis more elongated than the rounded
one of M. petrolicuswhereas the supratemporal fenestra
is smaller than in the latter, resulting in a different ratio
of the supratemporal fenestral length to orbit length
(0.57 in M. acutirostris 0.83 in M. petrolicus and 0.76
for Krabi-Maomingosuchys

The supratemporal bar iM. petrolicusis thin com-
pared to skull table width (Shaet al. 2017, fig. 2). Its
ratio is only around 0.07, while it is 0.11 iN. acutir-
ostris In Krabi-Maomingosuchushis ratio is difficult to
determine, but the bar seems to be relatively broad
(Martin et al. 2019 fig. 1), and the ratio appears to be
closer to the ratio seen M. acutirostris

Skull bones. In general, the shapes of the individual
skull bones and their sutures are similar in all
Maomingosuchuspecimens.

The premaxilla is only known foM. acutirostris and
M. petrolicus but in both species the anterior-most part
differs, with a short and rounded anterior snoutNh
petrolicus(Shanet al. 2017, figs 2, 4) and an elongated
and acute one iM. acutirostris

The anterior part of the prefrontal lies at the same
level as the anterior part of the frontal M. acutirostris
and KrabiMaomingosuchusAccording to Shanet al
(20179, this condition is variable iM. petrolicus as in
some specimen (e.g. NMNS005146-F041793) the frontal
is shorter than the prefrontal.

In M. petrolicusand KrabiMaomingosuchushe pre-
frontal slightly overhangs the orbital margin (Martin
et al. 2019. This is not the case iM. acutirostris but
this could be a compressional artefact.

The supraoccipital is largely exposed on the skull
table inM. acutirostrisand M. petrolicus In M. petroli-
cus the exposure and shape of the supraoccipital is vari-
able and either more rectangular, as in DM-F0001, or
more triangular, as in NMNS002060-F027511 (Shan
et al. 2017, fig. 3). In M. acutirostris it is more triangu-
lar, whereas in KrabMaomingosuchusthe condition
is unknown.

Krabi-Maomingosuchudiffers from M. acutirostris
and M. petrolicus in the position of the
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surangulardentary suture in the external mandibular
fenestra. Only in KrabMaomingosuchusloes the suture
reach the posterior-most corner (Marth al. 2019 fig.

2), whereas the suture intersects the fenestra anterior to
its posterior margin irM. acutirostrisand M. petrolicus

Teeth. In general, the tooth rows and teeth of
Maomingosuchusspecimens are similar but there are
some noteworthy differences. In total, there are 15 max-
illary teeth in M. acutirostris and M. petrolicus In
Krabi-Maomingosuchushe tooth number is difficult to
assess, but at least 14 maxillary alveoli are visible
(Martin et al. 2019 fig. 1). The 1st dentary tooth perfo-
rates the premaxilla anterior to the external naridvin
acutirostris and M. petrolicus which is a rare character
among tomistomines (see below). Due to the missing tip
of the snout this condition is unknown in Krabi-
Maomingosuchudn Maomingosuchyshe premaxillary,
anterior maxillary and anterior dentary teeth have clearly
visible dorsoventrally projecting ridges on their lateral
and mesial surfaces and the teeth have sharp outer edges
(Shanet al. 2017, fig. 4; Martin et al. 2019 fig. 3).

Differences between th#&aomingosuchuspecimens
occur in tooth size. IVl acutirostris the 5th maxillary
tooth and the 11th or 12th dentary tooth are enlarged,
whereas inM. petrolicus(Shanet al. 2017, fig. 2) and
Krabi-MaomingosuchugMartin et al. 2019 fig. 1), the
5th maxillary tooth is also enlarged but smaller overall.
In M. acutirostrisand M. petrolicusthe anterior alveoli
increase in size towards the 5th maxillary tooth, whereas
there is no size difference in Krablaomingosuchus
with the 5th maxillary tooth being only slightly larger
(Martin et al. 2019 fig. 1).

The spacing of the teeth posterior to the 5th maxillary
alveolus also differs withinfMaomingosuchusA wider
distance between the 7th and 8th maxillary alveoli for
the enlarged 11th or 12th dentary tooth is only present
in M. acutirostrisand to a smaller degree M. petroli-
cus (Shan et al 2017 fig. 4c, e). In Krabi-
Maomingosuchughere are no enlarged dentary teeth
and therefore no enlarged maxillary distance is present
(Martin et al. 2019 fig. 2).

Postcranial skeleton.Two differences betweeM. acu-
tirostris and M. petrolicusare present in the postcranial
skeleton but not preserved for Krallflaomingosuchus
On the atlantal rib, there is a process on the dorsal

N,

Figure 13. Maomingosuchus acutirostriiolotype, GPIT-PV-31657, Na Duong Formation, middle to upper Eocene, Vietnam. Left
femur in A, B, dorsal,C, D, ventral, E, G, proximal andF, H, distal views. Left tibia inl, J, anterior andK, L, posterior views.

Left fibula in M, N, lateral andO, P, medial views. Left metatarsal two i@, R, dorsal andS, T, ventral views.Abbreviations: 4th

tr, fourth trochanteracd, anterior condylusth, femur headjcd, lateral condylusmcd, medial condylusmpe, insertion scar for the

M. puboischiofemoralis externuprd, posterior condylus. Scale b&k 5cm.
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Figure 14. Maomingosuchus acutirostrisholotype, GPIT-PV-31657, Na Duong Formation, middle to upper Eocene, Vietnam.
Dorsal midline osteoderm iA, B, dorsal view. Presumably lateral osteodernCinD, dorsal view. Scale baysa 1 cm.

margin in M. acutirostris while this region seems to be (see above). Tomistomines in general have a broad size

smooth in M. petrolicus (described as similar tarl. range, from around 430 mm ikentisuchus spenceand
schlegeliiby Shanet al. [2017). The ilium of M. acu- Dollosuchoidesto over 1 m in the giant species
tirostris has a prominent anterior process. This region is Toyotamaphimeia The extant Tomistoma schlegelii
poorly preserved iM. petrolicus(Shanet al. 2017, fig. exhibits remarkable size variation with a typical skull
10), but the anterior iliac border does not seem to lead length of around 500mm to a maximum of over
into a process comparable to the oneMnacutirostris 800 mm (Whitaker & Whitake2008. By contrast, the

skull to snout ratio in Tomistominae remains relatively

constant and ranges from around 0.7 to 0.8. With a skull
Comparisons with other taxa to snout ratio between 0.71 and 0.Maomingosuchus
Skulls. Maomingosuchuss a medium-sized tomistomine is one of the shortest-snouted taxa, comparable to
genus with a skull reaching slightly more than 500 mm Maroccosuchusand K. spenceri This is shorter than
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extant T. schlegelii (with a ratio of 0.74) and much  schlegelii the fenestra is slightly larger, while it is
shorter than long snouted Miocene taxa like smaller in Toyotamaphimeia(Kobayashiet al 2006
Gavialosuchugwith a ratio of 0.79). figs 11, 12) andParatomistoma(Brochu & Gingerich
Snout shape differs among tomistomines. In 200Q fig. 4).

Maroccosuchusthe snout is laterally broadened at the
level of the 5th maxillary tooth (Jouvet al. 2015 figs

3, 8), which is also the case Megadontosuchu@Piras

et al. 2007 fig. 1) andM. acutirostris but to a slightly

lesser degree. On the other hand, almost no expansion igVicholl et .al. 2020 fig. 2; Dollosuchoides Brochu
present in T. schlegeli ‘Tomistoma calaritanum 2007, fig. 3; mostT. schlegelj. In other taxa, the snout

Capellini, 1890 (Nicholl et al 202Q fig. 10), is more roqnded (e.g.Toyotamaphimeia Kobayashi
Dollosuchoides (Brochu 2007 fig. 3) and et al 2006 fig. 7; MaroccosuchusJouveet al. 2015

GavialosuchugToula & Kali 1885, table 1). Most other 1198 3, 7, 8; andK. spenceri Brochu 2007 fig. 2). In

tomistomines have a slight expansion of the snout at the Ma@omingosuchus petrolicughe anterior region is espe-
level of their largest maxillary tooth. cially short, shorter than in other tomistomines. In some

more round-snouted taxa, a perforation of the premaxilla

Cranial openings. The external naris in all known v the first dentary tooth occursTgyotamaphimeia
Maomingosuchuspecimens with a preserved snout is Kobayashiet al. 2006 figs 7, 15:K. spenceri Brochu

Iargg and anteriorly wider .thap posteriquy, with' a nea}rly 2007, fig. 2; andM. petrolicussee above), but for taxa
straight lateromedially projecting anterior margin, which with a more elongated anterior snout this is only the
is unigue among tomistomines. In species likeschle- case inM. acutirostris

gelii or Melitosaurus champsoideSwen, 1849 (Nicholl In M. petrolicusand KrabiMaomingosuchysthe pre-

etal 20.20 fig. 2) the exter_nal naris is sma_ller and oval. frontal slightly overhangs the orbit (see above). This is
In species likeK. spenceri(Brochu 2007, fig. 2), the also known forMaroccosuchugJouveet al. 2015 fig.

e>r<lterlne:l n;ms |sW:tehIat|vetI?/ ilar:?er a”not' C:IV arll' n? rmi(r)wre i:ﬁﬁt} 9), PenghusuchugShanet al. 2009 fig. 2) andT. schle-
anguiar shape a straighter anterior margin simiia geli. A frontal fossa is only present in

to Maomingosuchuscan be seen inMaroccosuchus . S . .
MaomingosuchusA similar structure is found in the

E‘é?g;’ﬁueztooﬂ ﬁéoé? figs 3, 7) and Dollosuchoides crocodyloid ‘ Crocodylus affinis (Mook 1921, pl. XVI)
While the difference in orbit size seems to be small and I‘Dr(’)dlplocynodon IangMook (194]‘ fig. 2), a nar-
row ‘U’-shaped structure in the alligatoroBbttosaurus

among tomistomines, the differences in supratemporal . .
fenestra size are significant. For a longirostrine taxon, harlani Meyer, 1832 (Cossette & Brochu2018§ figs 4,

Maomingosuchushas relatively small fenestrae with 5& agd albroadUh.-shaped dstru%ture fgrther anter;p rly n
broad posterior and lateral margins. Similar small fenes- the basal eusuchiaAcynodon Iberoccitanuguscalion,

trae are present only irParatomistoma(Brochu &  Ortega & Vassel997(Martin 2007 fig. 1).
Gingerich 200Q fig. 2). In T. schlegeli The frontal in Maomingosuchusis wide and flat

Maroccosuchus Megadontosuchys K.  spenceri betweep the orbits, and the edges are n_ot upturned,
Thecachampsa carolinens{&rickson & Sawyer1996), which is otherw!se only_known foE?oIIosuchmdes'Ifhe
‘Tomistoma cairense ‘Tomistoma gaudense(Hulke, postorbital bar mMa_ommgosuch_uss e_mteroposten(_)rly
1871 and ‘Tomistoma lusitanica Antunes, 1961, the expanded, whereas in most tomistomines the bar is mas-
supratemporal fenestrae are medium-sized to large,Sive but slenderer (e.g.. schlegel). Otherwise, a broad
while they are very enlarged inDollosuchoides bar is only found in some basal eusuchians and gharials.
Thecachampsa antiqud_eidy, 1852, Toyotamaphimeia ~ The supraoccipital is only slightly exposed on the skull
and Gavialosuchus table and barely visible in most tomistomines, but this is
The size of the supratemporal fenestrae also affectspronounced in Maomingosuchuys ‘T cairense and
the shape of the interfenestral bar, which is usually ‘TomistomacoppensiPickford, 1994
wider in taxa with smaller fenestrae. The broadest bar is I[N Maomingosuchysthere is a ventrally projecting
found in ParatomistomaBrochu & Gingerich200Q fig. lamina on the exoccipital covering the entrance to the
2) which also has the smallest fenestrae. The interfenes-cranio-quadrate passage. The character is otherwise only
tral bar is relatively broad iMaroccosuchuslespite its ~ known for basal eusuchians lik&llodaposuchus prece-
medium-sized fenestrae (Jouvet al 2015 figs 3, dens Nopcsa, 1928 (Delfino et al 200§ fig. 3) or
8, 11). Hylaeochampsa vectian®wen, 1874 (Clark & Norell
The external mandibular fenestra Bfaomingosuchus 1992 fig. 8) and among crocodilians only for gharials
is medium- to large-sized for a tomistomine. Ih and thoracosaurs. A similar structure is present in

Skull bones. In many tomistomines, the anterior-most
part of the snout is more elongated, often including a
lateral notch for the 1st dentary tooth (eMdelitosaurus
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Penghusuchys but here the lamina is more medi-
ally oriented.

In Maomingosuchus acutirostrigand M. petrolicus
the suranguladentary suture intersects the external
mandibular fenestra anterior to its posterior border,
whereas in KrabMaomingosuchysthe suture reaches

the posterior-most corner of the fenestra (see above).

The condition in KrabiMaomingosuchugs unknown in
any other tomistomine, but present in some alligatoroids
like Stangerochampsa mccabeWu, Brinkman &
Russell, 1996 fig. 2, Navajosuchus mook{Simpson,
1930 (Lucas & Estep200Q fig. 4) or Orientalosuchus
naduongensigMassonneet al. 2019 fig. 9).

Teeth. The total tooth count in tomistomines is variable
between speciesMaroccosuchusThecachampsa caroli-
nensisand ‘T." gaudensehave 14 teeth in the maxilla,
Dollosuchoidesand Maomingosuchusave a maximum
of 15 teeth,T. schlegeliiand Toyotamaphimeidave 16
and Penghusuchu4? teeth.

In Maomingosuchysthe 1st dentary tooth perforates
the premaxilla anterior to the external naris. In tomisto-
mines, this is only known foK. spenceri(Brochu 2007,
fig. 2) and some specimens @t schlegelii(C. Brochu,
pers. comm.). InToyotamaphimeiathe premaxilla is
also perforated by the 1st dentary tooth, but the open-
ings are situated inside the external naris (Kobayashi
et al 2006 figs 7, 15). In other taxa, such as
Dollosuchoides(Brochu 2007, fig. 3) or mostT. schle-
gelii, the 1st dentary tooth projects into an anterolateral
notch of the premaxilla. IrlMaroccosuchusthere is no
lateral notch or perforation for the 1st dentary tooth vis-
ible in dorsal view (Jouvest al. 2015 figs 7, 8), imply-
ing that the 1st dentary tooth is small. A perforated
premaxilla is rare among tomistomines, but frequently
present in members of Crocodylinae, such as
Crocodylus niloticud_aurenti, 1768 in which the perfo-
rations are positioned further anteriorly.

Only the premaxillary, anterior maxillary and anterior
dentary teeth ofMlaomingosuchushow dorsoventrally
running ridges on their lateral and mesial surface, with

sharp outer edges. Strong ridges are found in a tomisto-

mine from the middle Eocene lkovo locality (Kuzmin &
Zvonok 2027, fig. 3) and in non-tomistomines such as
Allodaposuchus precederfMartin et al. 2016 fig. 11),
Krabisuchus siamogallicud/artin & Lauprasert,201Q
fig. 5 and Orientalosuchus naduongensi@glassonne
et al 2019 fig. 10). Fine ridges are known for other
tomistomines (such a¥. schlegeliiand Melitosauru$.
Sharp outer edges on the teeth are present
Thecachampsa antiqugMyrick 2001, fig. 5) and
MaroccosuchugJouveet al 2015 p. 15), whereas in
other species likeT. schlegelii and Melitosaurus

T. Massonnet al.

(Nicholl et al 2020 fig. 3) the teeth are more rounded
with shallower edges.

In M. acutirostris the difference in tooth sizes resem-
bles the condition found iMaroccosuchusbut the gaps
between the teeth are distinctly smaller and the dentary
is only slightly bent in lateral view, but more curved in
MaroccosuchugJouveet al. 2015 figs 2, 4, 15). The
teeth ofMegadontosuchuare all enlarged and represent
an apomorphic morphology for a tomistomine (Piras
et al. 2007, fig. 2). The dentition ofT. schlegeliiis
homodont with only the 5th maxillary tooth being
larger, and almost constant spacing along the tooth row.
Similar morphology is also found inGavialosuchus
(Toula & Kail 1885 pl. 2), ‘'T. calaritanum (Nicholl
et al 202Q fig. 14) and‘T. gaudense(Nicholl et al
202Q fig. 8).

Postcranial skeleton.The postcranial region is missing
or poorly preserved in many tomistomines, making
detailed comparisons difficult. Therefore, only species
with well-known postcranial material are used here,
including MaomingosuchysPenghusuchugShanet al.
2009 figs 6-14), ToyotamaphimeiaKobayashiet al.
200§ figs 31-68), Thecachampsa carolinengijgrickson
& Sawyer1996 figs 7-21) andT. schlegelii

The proatlas ofM. acutirostris is boomerang-shaped
and resembles that of Penghusuchus and
Toyotamaphimeiabut it has a more elongated posterior
process and a much higher medial keel. In the other spe-
cies, like T. schlegelii the proatlas is more block-like.
An atlantal rib with a dorsal projection is known only in
Maomingosuchusand Toyotamaphimeia

In M. acutirostris Thecachampsa carolinensid T.
schlegelij the scapular blade is broad, whereas it is nar-
rower in Toyotamaphimeia and even wider in
PenghusuchusThe coracoid foramen iM. acutirostris
is much smaller than that ofToyotamaphimeia
Thecachampsa carolinensend T. schlegelii The iliac
blade of M. acutirostris is slightly distorted, but rela-
tively broad with a shallow dorsal indentation, similar to
T. schlegelii Toyotamaphimeiahas a narrower iliac
blade and a shallower dorsal indentation. In
Penghusuchushe dorsal indentation is very small, and
in Thecachampsa carolinenstie posterior part of the
blade seems to be sloped. Anteriorly, a prominent pro-
cess is visible on the ilium oM. acutirostris The pro-
cess is visible, but smaller than froyotamaphimeiand
PenghusuchusNo such process is visible if. schlege-
lii or Thecachampsa carolinensiBesidesM. acutirost-

inris, Toyotamaphimeiand Penghusuchyssuch a process

is known in gharials.
The dorsal osteoderms M. acutirostris T. schlegelii
and Toyotamaphimeiahave a prominent dorsal keel,
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whereas no keel is present
Thecachampsa carolinensis

ifPenghusuchusor

Comparative discussion

Maomingosuchusdiffers from other tomistomines in

general snout shape, but the sizes and snout-to-skull

ratios are almost similar. Only iMaomingosuchus acu-
tirostris is the snout much broader at the level of the
5th maxillary tooth and similar tdélaroccosuchusBoth
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acutirostriswith M. petrolicusor it could be an autapo-
morphy for the whole genus, depending on the condition
in Krabi-MaomingosuchusDetermination of the condi-
tion in Penghusuchuss needed to check if the structure
present there is homologous to the condition in
Maomingosuchus

Phylogenetic analysis

Results

of these species also have large teeth (see below) that~or the maximum parsimony analysis of the traditional

could indicate a more generalist lifestyle.

search, a total of 17,496 equally optimal trees with

The size ratio between the supratemporal fenestra andlengths of 1017 steps, a consistency index (Cl) of 0.317

the orbit differs betweenM. acutirostris and other

Maomingosuchuspecimens. However, the size differ-
ence in the supratemporal fenestrae
Maomingosuchuspecimens is not large, but represents

and a retention index (RI) of 0.690 were recovered
(Figs 15 16). For the New Technology search analysis,

betweena total of 864 equally optimal trees with the same

lengths and same consistency and retention indices were

the only synapomorphy in the phylogenetic analysis that found, and there are no differences in the tree topologies

unites Maomingosuchus  petrolicus p Krabi-
Maomingosuchus This ratio seems to be variable
between other tomistomine taxa. For ch. 244 (ratio of

between the results of the traditional and the New
Technology search approaches.
Two taxa Kentisuchus astreiJouve, 2016 and

the anteroposterior length of the supratemporal fenestraMelitosauru were pruned from the strict consensus

to the anteroposterior length of the orbk 0.5 [0],
0.5-0.75 [1] or>0.75 [2]); half of the tomistomine taxa

tree after the analysis, because of their unstable posi-
tions in the tree. Their potential positions are indicated

were scored with state (1) whereas the other half were by the letters'a or ‘> & for K. astreiand ‘> b’ for

scored with state (2). The variability of this character
within Tomistominae challenges the synapomorphy of
M. petrolicusp Krabi-Maomingosuchus

In most tomistomines, the intersupratemporal bar is
very narrow in comparison with the width of the skull
table. In M. acutirostris the ratio is slightly different
and the bar is broader compared to other
Maomingosuchusspecimens, but the difference is not
that large (for more information se&upplemental
material S2.

In M. acutirostris and M. petrolicusthe 1st dentary
tooth perforates the premaxilla anterior to the external
naris (unknown for KrabMaomingosuchys and this
could either be autapomorphic fdlaomingosuchusr
synapomorphic foM. acutirostrisp M. petrolicus

In M. petrolicus and KrabiMaomingosuchusverall

Melitosaurus (Fig. 16: ‘a indicates that the taxa, if
included on the tree, would be sister taxon to a single
other taxon, whereas> & and ‘> b’ mean that those
taxa would be in a polytomy. IK. astreiis not pruned
from the tree, the resolution is reduced at the base of
Tomistominae, whereas the inclusion ®felitosaurus
leads to a significant loss of resolution among more
derived taxa. A complete tree with all of the taxa
included can be found iSupplemental material S2
Overall, the consensus tree is consistent with previous
analyses (e.g. Brochd999 2011 Jouveet al 2015
Shanet al 2017 Martin et al 2019 Massonneet al
2019 Nicholl et al. 2020, but compared to the analyses
of Jouveet al (2019, Shanet al (2017 and lijima
et al. (2018, our tree resolution is lower within some
groups (Gavialoidea, Borealosuchus spp. and

tooth size is uniform and the teeth are slender and Crocodyloidea).
pointed, as in most tomistomines, but some teeth are Maomingosuchuss monophyletic withM. petrolicus

more robust and blunter iM. acutirostris similar to
MaroccosuchusThis may indicate a somewhat different
lifestyle for M. acutirostriswith a less exclusive pisciv-
orous diet.

M. acutirostris and M. petrolicushave a thin lamina
of the exoccipital projecting ventrally to cover the

from Maoming and KrabMaomingosuchu$orming the
sister group toM. acutirostris Maomingosuchusvas
recovered in a basal position within Tomistominae as
the sister clade toTomistomap Paratomistomap
Gavialosuchusp Melitosaurus A list of synapomor-
phies can be found iSupplemental material S2

entrance of the cranio-quadrate passage on the exoccipi- Bremer support and bootstrap values on the tree are

tal, similar to Gavialis gangeticugGmelin, 1789. This
lamina could either be a synapomorphy unitifg.

generally low. The Bremer support for Tomistominae is
1. This is also the case favlaomingosuchusand M.
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Figure 15. Reduced strict consensus tree of 17,496 equally optimal trees, obtained from the maximum parsimony analysis of 72 taxa
and 244 characters; tree length1017 steps; consistency ind&x0.317; and retention indeb 0.690.
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petrolicus p Krabi-Maomingosuchugall Bremer sup- autapomorphies, a flush margin of the orbit with the
port values can be found iBupplemental material $2 skull surface (1020), a ventral border of the exoccipital
In Tomistominae the frequency differences (GC) stand- convex and ventrally projected (168 and a frontal
ard bootstrap values are 15 for Tomistominae and 18 ending at the same level as the anterior extension of the
for Maomingosuchus M. petrolicus p  Krabi- prefrontal (17%1).
Maomingosuchufave a support of 2. The monophyly ofMaomingosuchuss the most par-
simonious hypothesis and found in all trees, despite the
L i weak Bremer support.

Phylogenetic discussion _ _ _In previous analyses (Shaet al. 2017 lijima et al.
Outside Tomistominae, the tree is mostly consistent with 2018 Nicholl et al. 2020, M. petrolicuswas found in
previous analyses based on morphological data alonevarying positions among tomistomines, but usually in a
(e.9. Brochul999 2011 Jouveet al. 2013 Shanet al more derived position than in our current analysis. Only
2017 Martin et al. 2019 Massonneet al 2019 Nicholl Piras et al (2007) obtained similar results. Only the
et al 2020, but lacks resolution at some nodes analysis by Martinet al (2019 included M. petrolicus
(Gavialoidea,Borealosuchusspp. and Crocodyloidea) as 35 well as KrabMaomingosuchus and  found
iS aISO the case in N|Ch0ét al. (2020 ThlS iS diﬁerent Maomingosuchusas the Sister C|ade to the extant
in Shanet al. (2017 and lijimaet al (2018, most likely T. schlegelii
due to our ordering of characters (See Materials and Our rescoring of some characters fir. petro”cus
methods, above). This ordering also affects tomistomines, and KrabiMaomingosuchus (Supplemental material
in that Dollosuchoidesds considered to be the sister taxon S2), as well as the incorporation dfl. acutirostris
to Thecachampsa antiqua Thecachampsa carolinensis results in a more basal position dflaomingosuchus
b Penghusuchup Toyotamaphimeianstead of being  that is more congruent with its upper Eoceluaver
placed in a more basal position on the tree. Oligocene age.

Our analysis yields a polytomy at the base of It is noteworthy that the position dflaomingosuchus
Tomistominae includingMaroccosuchus Kentisuchus is generally stable on the tree. The genus always forms
astrei Kentisuchus spencednd Megadontosuchusr a the sister clade to a group consisting ‘Gfomistoma

polytomy betweerMaroccosuchusind K. spenceriif K. cairensep ‘Tomistoma coppensip Paratomistomap
astreiis pruned from the tree. Tomistoma schlegeliip ‘Tomistoma lusitanica p

Maomingosuchugonsists ofMaomingosuchus acutir-  Gavialosuchug ‘Tomistoma gaudense ‘Tomistoma
ostris Maomingosuchus petrolicusand the Krabi- calaritanum p Melitosaurus regardless of whetheK.

Maomingosuchus and is supported by three astreior Melitosaurusare pruned from the tree or not.

Figure 16. Tomistominae phylogeny as inferred from the reduced strict consensus tree of 17,496 equally optimal trees, obtained
from the maximum parsimony analysis of 72 taxa and 244 characters; tree kAGth7 steps; consistency indéx 0.317; and
retention index/s 0.690.‘a indicates the alternative position of the pruri€entisuchus astrei'b’ indicates the alternative position

of the prunedVelitosaurus champsoides
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A new phylogenetic analysis by Rio & Mannion stem lineage ofMlaomingosuchyswhile a second dis-
(2021 recoveredGavialis as more closely related to persal occurred no later than the earddle Miocene
Tomistomathan to other extant crocodylians, based for the stem lineage of Penghusuchus p
solely on morphological data. This further suggests par- Toyotamaphimeiaand a third one took place for the
aphyly of the classical subfamily Tomistominae. Stem lineage of the extanfomistoma schlegeliduring
However, the more basal position ®. petrolicus is the Neogene. For better clarification, we mapped the
also supported in this analysis, indicating that 29€s of the respective fossils based on available data
Maomingosuchusbelongs to a stem group leading to from the literature onto our phylogenetic trd'e_'q. 17). _
recent Tomistomaand Gavialis Further analyses that Based on palaeogeographical reconstructions, two dif-
include M. acutirostris and KrabiMaomingosuchugre ~ ferent dispersal routes for the stem lineage of
necessary to get better insights into the relationships Ma@omingosuchuseem possible: an eastern route from

. o Europe via coastal dispersal along the Neotethys to
betweenMaomingosuchuand other gavialoids. . ) .
g g south-eastern Asia (consistent with Jouse al. 2015

fig. 18) and a western route from Europe via North
. . . .. America and Beringia to south-eastern Asia. The latter
Palaeobiogeographical implications one as suggested for Orientalosuchina (Massatnal.

) ) _ 2019 seems rather unlikely, due to the absence of suit-
Based on our analysis and previous phylogenies most . tossils in North America at that time.

basal tomistomine taxa are from the western Tethyan potential key to solve this problem are the tomisto-
region. It is therefore most parsimonious to assume that yine species from the middle Eocene of central and
they originated in that area before the early Eocene (assouth Asia, but their tomistomine affinities have been
already proposed by Jouvet al 2015 Jouve 2018 questioned (Jouve 2004 Jouve et al 2015.
Shanet al 2017 lijima et al 2018 Nicholl et al ‘Tomistoma borisovi Efimov, 1988 and Dollosuchus
2020. Moreover, based on our analysis, we conclude zajsanicug(Efimov, 1982 are only fragmentary and dif-
that dispersals towards eastern Asia must have happenedicult to diagnose (Piragt al. 2007 Jouveet al. 2015
multiple times independently. Accordingly, the first dis- Kuzmin & Zvonok 202J). ‘ Tomistoma tandoni Sahni &
persal occurred no later than the late Eocene for the Mishra, 1975 is known only from a mandible and

Figure 17. Time-scaled reduced strict consensus tree of Tomistominae, based on available data from the likatisechus
astrei and Melitosaurus champsoidgsuned (modified after Nichokt al. 2020.
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Ferganosuchus planugfimov, 1982 from a skull table
and some postcranial material. Further crocodilian
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middle-upper Eocene deposits in eastern and south-east-
ern Asia (e.g. the Pondaung Formation in Myanmar)

remains are known from the middle Eocene Pondaung will yield species ofMaomingosuchusand orientalosu-

Formation of central Myanmar (Tsubamatb al. 2006a
b), including two different crocodilian teeth figured by
Tsubamotoet al. (2006h fig. 12) of which the larger
one resembles the larger teeth MAomingosuchus acu-
tirostris in exhibiting a well-developed lateral edge.
According to Tsubamotet al. (20063, there are more

chines. Further investigations on those fossil sites are
needed to obtain more information of the faunas and
palaeobiogeography of eastern and south-eastern Asia
during the upper Eocentower Oligocene.

teeth and bone fragments from the same locality, but Conclusions

they remain unpublished.

The results of the current phylogenetic analysis,
together with previous analyses (Martin & Lauprasert
201Q Skutschaset al. 2014 Shanet al. 2017, 202%
Martin et al. 2019 Massonneet al. 2019 demonstrate a

Maomingosuchus acutirostrisp. nov. is a new tomisto-
mine species from the middlapper Eocene deposits
(late BartonianrPriabonian age, 385Ma) of the Na
Duong Basin in ViethamM. acutirostrisis a medium-

close connection between the crocodilian faunas of threesjzed tomistomine with a relatively robust snout and

east Asian fossil sites: the Na Duong Basin in Vietham
(e.g. BBhmeet al. 2011 2013 Wysockaet al 2020,
the Maoming Basin in China (e.g. J2D08 Averianov

et al 2016 and the Wai-Lek from Krabi Province,
Thailand (e.g. Benammet al 2001 Claude et al
2007. In all three localities, similar crocodilians of two

unrelated groups are found that, based on their morph-pgasin

ology, occupied different niches, with the longirostrine
Maomingosuchusnore piscivorous (Shamt al 2017
Martin et al 2019, and the brevirostrine
Orientalosuchina with a more generalist diet (Martin &
Lauprasert201Q Skutschaset al. 2014 Wang et al.
2016 Li et al. 2019 Massonneet al 2019 Shan
et al. 2021).

multiple enlarged teeth, similar tdMlaroccosuchus
potentially indicating a less piscivorous diet than the
extantTomistoma schlegelii

Our phylogenetic analysis recovelié acutirostris as
the sister taxon to a monophyletic group consisting of
M. petrolicus from the upper Eocene of the Maoming
of  south-eastern China and Krabi-
Maomingosuchus from the upper Eocenéower
Oligocene of Wai-Lek from Krabi Province, Thailand.
The basal position oMaomingosuchuss generally sta-
ble on the tree, being congruent with the upper
Eocenelower Oligocene age dflaomingosuchus

The phylogenetic analysis supports a western Tethyan
origin for tomistomines with three independent dispersal

Dispersal towards eastern Asia, however, probably eyents from Europe to eastern Asia. One for the stem

differed for both groups. While Orientalosuchina were

lineage of Maomingosuchysanother for the stem lin-

already present in the region during the Late Cretaceousgage of Pengusuchup Toyotamaphimeizand a third

(Li et al. 2019 and most likely originated in North
America (Massonneet al. 2019, the stem lineage of
Maomingosuchugrobably arrived in eastern Asia from

for the stem lineage of the extamt schlegelii
The similarities between the crocodile faunas of Na
Duong, Maoming and Krabi are noteworthy. More

Europe sometime before the upper Eocene (e.g. Jouvematerial from other upper Eocedewer Oligocene sites

et al. 2015 Shanet al. 2017 Martin et al. 2019.

The crocodilian faunas of the three localities (Na
Duong, Maoming and Krabi) are very similar, but show
distinct species, which could be explained by either cli-
matic and/or geographical barriers. Climatic barriers

in eastern Asia could show if representatives of
Maomingosuchusand orientalosuchines were more
widely spread across east Asia than currently known
and could shed new light on the palaeobiogeographical
and faunal connections between these different

between the Na Duong and Maoming basins seem ggceneoligocene localities in eastern Asia.

unlikely, since both basins are close to each other

( 400km apart) and at the same latitudgg( 1). This
distribution recalls a similar case in the turtle fauna with
Banhxeochelys traniGarbin, BShme & Joyce, 2019
from Na Duong being closely related tisometremys
lacuna Chow & Yeh, 1962 and Guangdongemys pingi
Claude, Zhang, Li, Mo, Kuang & Tong2012 from
Maoming (Garbinet al. 2019. Based on the presence
of closely related crocodile and turtle faunas in Na
Duong, Maoming and Krabi, it seems likely that other
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A tarsometatarsus from the upper Eocene Na Duong Basir-the first Palaeogene
fossil bird from Vietnam

Tobias Massonne), Madelaine Bhme, and Gerald May:

ABSTRACT ARTICLE HISTORY
Knowledge of the Palaeogene avifauna of East Asia is scarce, and only a few fossils have beeReceived 18 July 2022
described thus far. A tarsometatarsus from the upper Eocene Na Duong Basin represents the firsfRevised 14 September 2022
Palacogene fossil bird from Vietnam. The fossiliferous sediments in the Na Duong Basin originatecAccepted 14 September 2022
from an aquatic ecosystem but also yielded terrestrial animal and plant remains suggesting a KEYWORDS
dense forest habitat surrounding an ancient lake. In accordance, the Na Duong Basin tarsometatar-y ... conozoic: East Asia
sus is compared with extant aquatic, terrestrial and arboreal bird species, but because of diagen- ' '

etic compression and fragmentary preservation, it is difficult to classify the bone. Nevertheless, the

specimen exhibits a distinctive morphology and is potentially referable to an endemic neognath

unknown from other Palaeogene localities outside of Vietham.

Tobias Massonrtelias.massonne@uni-tuebingeisdeckenberg Center of Human Evolution and Palaeoébaiogy, Toermany;
Department of Geosciences, Eberhard-Karls&tifileirsiien, @bingen, Germany; Madelaibleniie fn.boehme@ifg.uni-tuebingén.de
Senckenberg Center of Human Evolution and Palaeoéitimgpn, Germany; Department of Geosciences, Eberhard-Kaéils-Universit
Tébingen, ibingen, Germany; Gerald Mggmald. mayr@senckenbggS#mckenberg Research Institute and Natural History Museum
Frankfurt, Ornithological Section, Frankfurt am Main, Germany.

WHILE there is a rich fossil record of birds from theexcavated in 2011 @meet al. 2013. The bone represents
Cretaceous of East Asia, current knowledge of Palaeocehe first record of fossil birds from the Na Duong Basin,
and Eocene avifaunas from southern and eastern Asiadfd it is also the first evidence of bird remains from the
scarce (Kurochkinl976 Richet al. 1986 Nessovi992 Hou Eocene of Vietnam. As such, it improves our knowledge of
2003 Mayr 2009 2022 Zelenkov & Kurochkin2015 Hood the east Asian avifaunas as a whole and Vietnam in particu-
et al. 2019. More substantial fossils are mainly documenteghr. Furthermore, the specimen adds to the significance of
from the Palaeocene and Eocene of India, Mongolia anfle Na Duong Basin as a Lagdtse from the Eocene of
China and include, among others, species that were assigngskt Asia.

to the Anseriformes, Galliformes, Mirandomithes, palaeogene bird fossils from Vietham have not been pre-
Gruiformes, and Strigiformes (e.g., Hwaegal. 2019 Mayr  yiously described, but a comprehensive Pleistocene avifauna
et al. 201Q Kurochkin & Dyke 2011 Wang et al. 2012 pa5 peen recently published (Bo&023. This latter study
Mayr et al. 2013 Stidham & Ni2014 Zhao et al. 2015 rgported various species that no longer occur in Vietnam,
Hood et al. 2019 Zelenkov2021a 2021D. Fossil remains |, 4| represent modern taxa, and in most cases, the identi-

referred 10 Gfastormtmformes are known from the _earIX‘ication of fragmentary remains requires corroboration with
Eocene of China (Buffetau2013, and there is a specimen more material

of the suliform clade Protoplotidae from Sumatra ’

(Lambrecht 193), and a putative record of

Threskiornithidae from the upper Eocene Pondaungseological setting
Formation of Myanmar (Stidhanret al. 2003. In addition, The Na Duong Basin is located in northern Vietnam near

late Eocene and early Oligocene fossils attributed .
Eogruidae and Ergilornithidae have been reported fror%Re Chinese borderHig. J. It represents one of only a few

Mongolian localities (Clarkeet al. 2005 Hood et al. 2019 areas in East and Southeast Asia with a complete sequence
Mayr & Zelenkov2021 Mayr 2023 of continental sediments from the middle Eocene to lower

In this study, we describe an avian tarsometatarsus frofdigocene (Bhmeet al.2013. The basin is part of the Cao
the Na Duong Basin in Northern Vietnam, that wasBang-Tien Yen fault system and covers an area of 45 km

The middle to upper Eocene (late Bartonid®riabonian) Na

O supplemental data for this article is available onlirtetas://doi.org/10. Puong .Formatlon IS .240 m thick with the upper 140m S‘?C'
1080/03115518.2022.2126010 tion being exposed in the Na Duong open cast coal mine.

R 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & FR&tEme et al. (2013 biochronologically correlated the fossil
roup. . .
This is an Open Access article distributed under the terms of the Creative Conmmmals from Na Duong (layer 80) with the Chinese

Attribution  License hftp://creativecommons.org/licenses/by}4.0/which  permits Naduan land mammal agel/( Ulangochuian stage: Wang
unrestricted use, distribution, and reproduction in any medium, provided the origlng' ’

work is properly cited. et al. 2019, and provided an 394 Ma age estimate.
Published online 12 Oct 2022
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Figure. 1.Map of northern Southeast Asia showing the Na Duong Basin in northeast Vietnainadter 8.2013.

Palaeomagnetic data calibrate the Ulangochuian at betweemterials and methods

40 and 37 Ma (Wangt al. 2019. . . . i
The tarsometatarsus described herein was excava%ﬁtemog'CaI termmology_ls based on BaumeI&W|trm=£DQ3_.
icro-CT (I CT) scanning was undertaken on a Nikon

ithin th iti h ly shale of the ;
within the transition zone between the coaly shale o t?\/lmato, Tokyo, Japan) XTH 320 CT scanner in the 3D

Z:“gr ;g)am and the underlying dark-brown - clayston maging Lab of the Senckenberg Centre for Human Evolution
y ' . . . and Palaeoenvironment (SHEP) and University dibingen

The layer 80 sediments are lacustrine lignitic shales th T), Germany. This used an X-ray tube containing a mult
were deposned.at a time of tropical to'warm-subtrp'p ical CIIFnetal reflection target with a maximum acceleration voltage of
mate. The region was also undergoing a transition frorE25 KV. Scan parameters included 210KV andi 90 with a
shallow pond systems to a large anoxic laké&hiRe et al. X

. . . . oxel size of 27.31305mm, and utilization of a 0.1 mm thick
2013 Garbin et al. 2019. This fossil ecosystem has yleldmXopper filter. Segmentation used threshold and brush tools in

both aquatic and terrestrial faunal elements. The bird spec \mira v.2021.1 (Thermo Fisher, Waltham, Massachusetts,

men occurred sympatrically with two species of crocodiI[aJSA)’ with the surface mesh exported as a STL file. The 3D-
(Orientalosuchus naduongensiassonne, Vasilyan, Rabi &Model is provided inSupplementary Data. 1

Béhme, 2019 and Maomingosuchus acutirostrigassonne,
Augustin, Matzke, Weber & &me, 202), the anthraco-
there Bakalovia orientalis BEhme, Aiglstorfer, Antoine,
Appel, Halvik, Metais, Phug, Schneider, Setzer, TappeGPIT, Geologisch-P&bntologisches Institut #bingen,
Tran, Uhl & Prieto, 2013, the rhinocerotinEpiaceratherium T&bingen, Germany. NMNH, National Museum of Natural
naduongenseB6hme, Aiglstorfer, Antoine, Appel, Havlik, History, Washington, DC, USA; SMF, Senckenberg
Metais, Phug, Schneider, Setzer, Tappert, Tran, Uhl Museum, Frankfurt am Main, Germany.

Prieto, 2013, a strepsirrhine (Chavasseauwal. 2019, fishes
representing the families Amiidae and Cyprinidae, and
least two species of turtle @Bme et al. 2013 Garbin
et al.2019. Aves Linnaeus]758

Institutional abbreviations

aé,ystematic palaeontology
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Figure. 2.Neognathaéncertae sed{SPIT-PV-122865). TarsometatargyBirdorsal viewC, D plantar viewE, F cross-section of the proximal end of the shaft;
G, H distal view|, J enlargement of the distal end in dorsal vikwt, enlargement of the distal end in plantar view. Abbreviations: bw, bone wall; fmt1, fossa
metatarsi 1; fvd, foramen vasculare distale; mt, metatarsale; se, sulcus extensorius; tm, trochlea metat&fsh.rBoale bar

Neognathaeincertae sedis half to two-third of its original length Fig. 9. Distal width
(Fig. 2 Y4 15.2mm; trochlea metatarsi Il widtts 5.0 mm; shaft

width % 8.3mm; foramen vasculare distale lengti

1.5mm. Diagenetic compression has flattened the bone dor-
Referred material GPIT-PV-122865, a partial right soplantarly, and both its plantar surface and the dorsal sur-
tarsometatarsus. face of the distal end are weathered.

The shaft is elongate with an equal width over the pre-

Locality, unit and age Layer 80 of the Na Duong coal mineserved length, but it is much wider than the trochlea meta-
in northern Vietnam (2142.2N, 10658.6E); Na Duong tarsi lll. In dorsal view Fig. 2A, B, GPIT-PV-122865 has a
Formation (Na Duong Basin), late Bartonian to Priaboniandleep sulcus extensorius that is proximally bordered by
(late Eocene), 385 Ma (BShmeet al. 2013. prominent ridges; the shaft becomes flat and smooth

towards the distal one-third of the bone (s&applementary
Description.GPIT-PV-122865 represents the distal part of ®ata 1. On the plantar surfaceHg. 2C, D, a sulcus is bor-
right tarsometatarsus with a shaft approximately coverindered by a prominent latera ridge. The fossa metatarsi | is
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situated on the plantar surface medial to the midline of thés nearly closed (otherwise much wider @& gallu. Finally,
bone, and appears to be oval in outline but is poorly prethe trochleae metatarsorum Il and IV reach an equal distal
served Fig. 2K, D). distance in GPIT-PV-122865, whereas the trochlea metatarsi

The foramen vasculare distale is very small and ovdl-is further proximally oriented inG. gallus
shaped. The canalis interosseus distalis cannot be discernedBirds with elongate tarsometatarsi that may have
The incisurae intertrochleares lateralis and medialis are notcurred in the Na Duong Basin palaeoenvironment include
evident due to mediolateral flattening, as well as the dorsmaembers of the Ardeidae (herons), Ciconiidae (storks and
plantar compressionHig. 2G-L, S1). allies), and Gruidae (cranes). We therefore usedea hero-

The trochlea metatarsi Il is shorter than the trochlealias Linnaeus,1758 (Ardeidae;Fig. 3C, ), Mycteria ameri-
metatarsi Il and has a medially slanting distal margingana Linnaeus,1758 (Ciconiidae;Fig. 3D, J and Antigone
although it does not form a plantarly directed projection. AcanadensigLinnaeus,1758 Gruidae;Fig. 3E, K for compar-
broad sulcus on the plantar surface is bounded by two proxsons. These taxa share an elongate tarsometatarsal shaft,
imodistally oriented large ridges. The distal portion of thealthough GPIT-PV-122865 has a more marked sulcus exten-
trochlea metatarsi Ill is damaged with50% being lost. The sorius along the dorsal surface of the shaft and a plantar
narrow plantar rims are widely separated by a large furrowidge on the ventral surface, and broader shaft proportions,
which is likely to be a taphonomic artefact. The trochleas well as a smaller foramen vasculare distale. GPIT-
metatarsi IV is mediolaterally broad, but its distal portion isPV-122865 specifically shares equally-sized trochleae meta-
damaged. It also lacks a distinct trochlear furrow on the prearsorum and relatively narrow incisurae intertrochleares
served surface and appears to be slightly larger than thgeralis and medialis, together with a small plantar opening
other trochleae Kig. 2G-L, S1). The bone wall is thick in of the foramen vasculare distale with. herodias GPIT-
cross-sectionKig. 2E, F. PV-122865 otherwise differs in its much smaller dorsal
opening for the foramen vasculare distale, and a more dis-
tally projected trochlea metatarsi lll.

Similarities withM. americanainclude a relatively narrow
Extant bird species can be separated into two higher-levietisurae intertrochleares lateralis and medialis, and a troch-
clades: Palaeognathae and Neognathae. GPIT-PV-12286%4s metatarsi Il that is more distally projected than the
most likely a representative of the latter group. The onlyrochlea metatarsorum Il and IV. Conversely, GPIT-PV-
long-legged palaeognaths present during the Eocene 122865 lacks a proximally positioned canal leading into the
Eurasia are members of the Palaeotididae and Eogruidimgamen vasculare distale, and the trochlea metatarsi Il is
(Mayr 2029. Although GPIT-PV-122865 shares with the latsubequal to the size of the trochleae metatarsorum I
ter taxa a long shaft, and the presence of a trochlea metad IV.
tarsi Ill that reaches further distally than the trochleae GPIT-PV-122865 shares the possession of a trochlea
metatarsorum Il and IV, it differs in many other characteris-metatarsi Il that reaches further distally than the trochleae
tics. For example, GPIT-PV-122865 has a more robust shaftetatarsorum Il and IV with A. canadensis However,
smaller foramen vasculare distale, narrower incisurae inteGPIT-PV-122865 differs in having narrower incisurae inter-
trochleares lateralis and medialis, and equally-sized trochldaechleares lateralis and medialis, the trochlea metatarsi Il
metatarsorum. This character combination precludes referrbbving the same distal extent as the trochlea metatarsi IV,
to either Palaeotididae or Eogruidae. and the trochleae metatarsorum being of equal size.

The Na Duong Basin late Eocene palaeoenvironment wasAmongst arboreal birds, GPIT-PV-122865 is comparable
characterized by a transition from shallow ponds to a large Colius striatusGmelin, 1789 (Fig. 3F, I} in overall tarso-
anoxic lake supporting rich aquatic and terrestrial faunasietatarsus shape, the robust shaft, small foramen vasculare
(B6hme et al. 2013 Garbin et al. 2019. We therefore com- distale, equally sized trochleae metatarsorum, and narrow
pared GPIT-PV-122865 with extant aquatic and semincisurae intertrochleares lateralis and medialis. By contrast,
aquatic members of Aequornithes and Gruiformes, togeth&PIT-PV-122865 has a more marked sulcus extensorius
with terrestrial representatives of Galliformes, and arborealong the dorsal surface of the shaft and a plantar ridge
members of Coliiformes, which have similar tarsometatarsalong its ventral surface, as well as the trochlea metatarsi Ill
morphologies Fig. 3. The distal width of GPIT-PV-122865 that projects further distally than the trochleae metatarso-
is comparable toGallus gallud.innaeus,1758 (Fig. 3B, H, rum Il and IV. In addition, the general size difference is
which exhibits a trochlea metatarsi Il reaching further distabubstantial.
than the trochleae metatarsorum Il and IV, and trochleae Well-studied Palaeogene avian fossil assemblages from
that are subequal in size. The common presence of a smilé Palearctic region also include stem group representatives
rectangular process on the medial flank of the trochleaf Strigiformes (owls) and Psittacopasseres (parrots and
metatarsi Il is also visible in ventral view. By contrast, thpasserines); however, the tarsometatarsus of these lineages
shaft in GPIT-PV-122865 is longer than that &. gallus differs significantly in proportions and morphology of the
and has an elongate extensor sulcus along its dorsal surfdistal extremity compared to GPIT-PV-122865 (Ma&3022.
as well as a plantar ridge (absent 6. galluy In The lacustrine palaeohabitat of the Na Duong Basin was
addition, the foramen vasculare distale is much smaller isurrounded by a dense dipterocarpacean swamp forest, as
GPIT-PV-122865, and the incisura intertrochlearis lateralimdicated by preserved leaves, woods and resiShiie

Discussion
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Figure. 3. Tarsometatarsi comparisons. Neognatitaetae sed{&PIT-PV-122865pirdorsal ands, plantar viewsGallus gallugGalliformes) (GPIT-PV-122866) in

B, dorsal andH, plantar viewsArdea herodidg®elecaniformes) (NMNH 555718) dorsal and, plantar viewsylycteria americari€iconiiformes) (NMNH 16295)

in D, dorsal and, plantar viewsAntigone canadengruiformes) (NMNH 432703} idorsal andk, plantar viewsColius striaty€oliiformes) (SMF 8019F,idor-

sal andL, plantar views. Images of NMNH 555715, NMNH 16295 and NMNH 432705 obtained from the open-access database of the Smithsonian Ir
Washington DC, US#ips://collections.nmnh.si.edu/search/hif8isale ba¥s 5 mm.

et al. 2013. Estimates of tree density and canopy heighBasin bird assemblage and offers a novel Palaeogene avi-
suggest 600 individual trees/ha and a maximum canopyaunal occurrence for East Asia.
height of around 35 m, which is compatible with swamp for-
ests found in Southeast Asia todayétBne et al. 2013. Like

: ) 3 Acknowledgements
these modern settings, we expect that the avian fauna was
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A new cryptodire from the Eocene of the Na Duong Basin (northern Vietnam)
sheds new light onPan-Trionychidaefrom Southeast Asia

Tobias Massonf® @), Felix J. Augustifi (», Andreas T. Matzkéand Madelaine Bhmé*°

aSenckenberg Centre for Human Evolution and Palaeoenvironméhbtngen, Germany’Department of Geosciences,
Eberhard-Karls-Univers#it T8bingen, Bbingen, Germany
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Striatochelys babaen. et sp. nov. is a new pan-trionychid from the middfger Eocene (late BartonidPriabonian,
39-35Ma) of the Na Duong Basin in northern Vietnam. It represents one of the best documented and most completely
known Palaeogene pan-trionychid species from ASigiatochelys babacan be diagnosed by: (1) its relatively small

size; (2) the absence of a preneural; (3) the presence of well-developed straight ridges on the costals and neurals in
adults; (4) ridges more strongly developed posteriorly than anteriorly; and (5) entoplastron callosity in the shape of a
bulge. A phylogenetic analysis recoveéds babawithin Pan-Trionychinadn an unresolved polytomy with species of the
genusNilssonia In addition, comparisons of the new taxon with plastomenids, pan-trionychids from the Palaeogene and
extant trionychids from Asia demonstrate a particularly close resemblanddilieonia spp. Based on the close
resemblance betweed. babaand‘TrionyX impressug(a pan-trionychid from the Maoming Basin of southern China),

we here assign the latter species to the new g&tratochelys The close relationship betwe& babagen. et sp. nov.

from the Na Duong Basin anfl. impressacomb. nov. from the Maoming Basin further supports the hypothesis that a
close connection between both localities existed, as already exemplified by other faunal elements such as pan-
geoemydids and crocodylians.

http://zoobank.org/urn:lsid:zoobank.org:pub:ESE5C4DE-E52A-43FB-B9C1-CE3ED2ED66C1

Keywords: Eocene; turtlePan-TrionychinagNilssonig Asia

Introduction described by Head et al1999 from the middle Eocene

of Pakistan). The largest extant trionychids are slightly
Pan-Trionychidae (softshell turtles) represents one of smaller than this and have a maximum BDL of 74.5cm
the most diverse aquatic radiations of cryptodiran tur- (pritchard,2001). Whereas extant trionychids are known
tles, with more than 107 fossil and extant species and afom Asia, Africa, North America and Australasia, fossil
fossil record dating back to the late Early Cretaceous representatives were more widespread and have also
(Georgalis & Joyce,2017 Joyce et al., 2004 Turle  peen found in Australia, Europe and South America
Taxonomy Working Group,2021 Vitek & Joyce, (B6hme, 1995 Ernst & Barbour,1989 Georgalis,2021;

igrlaa.a-(lz—ge |g(';okl-]np 1S Z?.afgrtzgze:ngy hav;TSg ?J;eil;ceg Georgalis & Joyce2017 Joyce & Lyson,2017 Vitek
P 'ng_perp Pyg y & Joyce, 2015. Recently, the in-group relationships

Lyson, 2017 Meylan, 1987. Softshell turtles range in ) o .
y y K 8 ge ! between extant species were clarified with the use of

size from less than ¥15cm bony disc length (BDL) )
(e.g. ‘'TrionyX gobiensisDanilov, Hirayama, Sukhanov, molecular data (Le et al2014), but comparatively long

Suzuki, Watabe & Vitek, 2014 from the Late ghost lineages are currently still reconstructed for sev-
Cretaceous of Mongolia; extarRelodiscus huangsha- ©€ral taxa (Danilov et al2014 Vitek & Joyce,2013.
nensisY. A. Gong, Peng, Huang, Lin, Huang, Xu, Yang Pan-Trionychidae can be divided into three
& Nie, 2021 extantPelodiscus shipiars. Gong, Fritz, clades: Pan-Cyclanorbinag Plastomenidaeand Pan-
Vamberger, Gao & Farkag022from China) to a BDL  Trionychinae (Joyce et al., 2018 2021 Lyson et al.,

of 97cm (completely preserved carapace of an indeter- 202]). Plastomenidaewent extinct during the Eocene
minate taxon described by Gaffneyi97g from the (Jasinski et al.2022 Joyce et al.,.2009 2016 2018
Eocene Bridger Formation of North America), or even Lyson et al.,2021), whereas the latter two groups still
larger (estimated based on a fragmentary specimenhave extant representatives.
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The oldest known pan-trionychids originated in Asia China, originally described aAspideretes impressusy
during the Early Cretaceous'TfionyX kyrgyzensis  Yeh (1963 and subsequently revised by Danilov et al.
Nessov, 1995 Perochelys lamadongensis, Joyce & (2013 and Georgalis & Joyce2017). Due to the close
Liu, 2015 Perochelys hengshanensirinkman, Rabi resemblance ofT.” impressuswe herein assign it to the
& Zhao, 2017 (see Brinkman et al.2017 Danilov & new genus as well.

Vitek, 2013. However, the phylogenetic positions of

these early members are poorly understood, and they are

either recovered as basal pan-trionychids (in accordanceGeologica| setting

with their old geological age) or nested inside

Trionychinae, due to their derived set of characters The Na Duong Basin is located in northern Vietnam
(Brinkman et al.,2017 Georgalis & Joyce2017 Joyce close to the Chinese bordefi¢. 1). It represents one of

et al., 2021). Upper Cretaceous sites in central and east the few areas in East and Southeast Asia with a com-
Asia (China, Kazakhstan, Kyrgyzstan and Mongolia) plete sequence of continental sediments from the middle
have yielded abundant remains of pan-trionychids (e.g. Eocene to lower Oligocene @me et al.,2013. The
Brinkman et al.,2017 Danilov et al.,2014 Danilov & basin is part of the Cao Bang-Tien Yen fault system
Vitek, 2013 Georgalis & Joyce, 2017 Vitek & and covers an area of 45KniThe middle-upper Eocene
Danilov, 201Q 2012, but taxa from the Palaecogene are (late BartonianrPriabonian) Na Duong Formation is 240
far less common.Kuhnemys palaeocenicgDanilov, m thick with the upper 140 m section being exposed in
Sukhanov, Obraztsova & Vitek, 2015) from the the Na Duong open cast coal mineSiBne et al. 2013
Thanetian (late Paleocene) of Mongolia and biochronologically correlated the fossil mammals from
Drazinderetes tethyensldead, Raza & Gingerich1999 Na Duong (layer 80) with the Chinese Naduan land
from the Bartonian (late Eocene) of Pakistan are the mammal age Y Ulangochuian stage: Wang et al.,
only taxa that have not been assigned to‘tvaste-bas- 2019, and provided an age estimate of -39 Ma.

ket genus'TrionyX (Georgalis & Joyce2017). Among Palaeomagnetic data calibrates the Ulangochuian at 40
the latter,'TrionyX linchuensis(Yeh, 1962, ‘TrionyxX 37 Ma (Wang et al.2019.
gregarius(Gilmore, 1934, ‘TrionyX johnsoni(Gilmore, The new taxon, together with most of the other ver-

1931 and ‘TrionyX impressus(Yeh, 1963 from the tebrates, was excavated within the transition zone

Eocene of China and ‘TrionyX minusculus between the coaly shale of the main seam and the

(Chkhikvadze, 1973 from the Eocene andTrionyX underlying dark-brown claystone (layer 80). The layer

ninae Chkhikvadze, 1971 from the Eocene and 80 sediments represent lacustrine lignitic shales that

Oligocene of Kazakhstan are known. None of these were deposited at a time of tropical to warm-subtrop-

taxa, however, has been included in a phylogenetic ana-ical climate. The area was also undergoing a transition

lysis, and their relationships are unresolved (Georgalis from shallow pond systems to a large anoxic lake

& Joyce,2017). (B6hme et al.,2013 Garbin et al.,2019. This fossil
‘TrionyX impressusfrom the Maoming locality of ecosystem has yielded both aquatic and terrestrial

South China represents the only taxon of Bartonian faunal elements. The new taxon occurred together with

Priabonian age (late Eocene) from east Asia. Other the pan-geoemydid Banhxeochelys trabarbin, BShme

named species and all other specimens from the late& Joyce, 2019 two species of crocodiles

middle Eocene of Myanmar, east China (Zhejiang (Orientalosuchus naduongensidfassonne, Vasilyan,

Province), or east-central China (Henan Province) can Rabi & B6hme, 2019 and Maomingosuchus acutirostris

only be identified afan-Trionychidagndet. (Georgalis ~ Massonne, Augustin, Matzke, Weber &Bme, 2021),

& Joyce,2017). a bird (Massonne et al.2022, anthracotheriids and
Recent excavations in the midelate Eocene depos- rhinocerotids (Bhme et al.,2013, a strepsirrhine pri-

its of the Na Duong Basin (northern Vietnam) have mate (Chavasseau et a019, and fishes representing

recovered a diverse vertebrate fauna that includes the families Amiidae and Cyprinidae @8me et al.,

besides fishes, pan-geoemydid turtles, crocodylians, 2013.

birds and mammals- several well-preserved specimens

of a pan-trionychid turtle, which has not been studied so

far. Here, we describe the pan-trionychid turtle remains Materials and methods

from Na Duong, and, based on a set of unique charac-

ters, assign it to a new genus and species. Interestingly,All of the specimens of the new taxon described herein

the new taxon shows several morphological similarities were found at the base of layer 88efisuB6hme et al.,

to ‘TrionyX impressudrom the late Eocene of southern 2011) in the Na Duong coal mine. The material consists
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Figure 1. Map of northern Southeast Asia, showing the Na Duong Basin in north-east Vietnam and the Maoming Basin in southern
China. The map was created using the Generic Mapping Tools program (Wessekéi gl.,

of two almost complete carapaces with associated plas-were chosen as outgroup taxa. For the analysis, 11 char-
tral elements and seven partial carapaces, some of thermacters (1, 3, 5, 16, 20, 22, 41, 54, 79, 81, 94) were
with associated plastral elements. Additionally, a highly treated as ordered. A total of 40 characters (42%) could
weathered skull and pectoral girdle, as well as several be scored for the new taxon.
isolated plastral elements were found, which, however, The maximum parsimony analysis was conducted as
cannot be associated with any of the carapaces. Thea traditional search in TNT v. 1.5 standard version
best-preserved specimen and designated holotype conlpdated on 13 July 2022 (Goloboff & Catalar)16.
sists of an almost Comp|ete carapace, which was foundThe multistate characters mentioned above were treated
associated with several plastral elements (entoplastron,@s ordered; the maximum trees were set to 999,999 and
both hyoplastra, the right hypoplastron and the left the tree replication to 1000. For the branch swapping,
xiphiplastron), as well as additional postcranial material trée bisection and reconnection with 10 trees saved per
(one cervical vertebra, the left pectoral girdle and repl|cat|-0n was used. Additionally, we qpplled molecular
humerus, the right radius and ulna, and a phalanx). Theconstraints based on the phylogenetic tree f_or gxtant
holotype material can be confidently referred to a single taxg aﬁer Le et al. 2014 and an .extended |mp_I|ed
individual because it was found semi-articulated. weighting k¥212 to decrease the impact of variable
The data set of Joyce et aql9 (seeSupplemental characters (Goloboff et al2018 as in the analysis of
material File S] was used for the phylogenetic analysis Lyson et al. g02]) and Joyce et al.2018.
with taxa and rescorings of Lyson et aROR1) added.
The data set is derived from multiple previous data sets |nstitutional abbreviations
including Brinkman et al. 2017, Joyce and Lyson  AMNH, American Museum of Natural History, New
(2010 2011 2019, Joyce et al. Z009 and Meylan York, New York, USA; FMNH, Field Museum of
(1987. Together with the new taxon, the data set con- Natural History, Zoology Department, Chicago, lllinois,
sists of 40 taxa and 95 charactessdocus lineolatus  USA; GPIT, Geologisch-P&ontologisches Institut
Cope, 1874 and Carettochelys insculpt&kamsay,1887 T€bingen, Ebingen, Germany;IVPP, Institute of
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Vertebrate Paleontology and Paleoanthropology, Chineseforming the posterolateral margin of the carapace; (2)
Academy of Sciences, Beijing, ChinaNHMUK, presence of ridges on the neurals, which are straight
Natural History Museum, London, UK;UCMVZ, anteriorly and sinusoidal posteriorly; and (3) entoplas-
University of California Museum of Vertebrate Zoology, tron callosity in the shape of a bulge (unknown f8r
California, USA; USNM, National Museum of Natural impressaand possibly a synapomorphy & babap S.
History, Smithsonian Institution, Washington, DC, USA. impressa.

Etymology. The species name is derived from the
Taxonomic nomenclature Viethamese word‘Ba bd, meaning softshell turtle,
We follow the phylogenetic nomenclature of Joyce et al. declared as substantive.
(2027 and highlight all clade names defined herein in

italics according to the PhyloCode. Holotype. GPIT-PV-112860, carapace, Xxiphiplastron,

thoracic vertebrae (GPIT-PV-112860-1) and partial plas-
tron (entoplastron, GPIT-PV-112860-2; hyoplastron
right, GPIT-PV-112860-3; hyoplastron left, GPIT-PV-
112860-4; hypoplastron right, GPIT-PV-112860-5) and
further postcranial material (cervical vertebra, GPIT-PV-
Cryptodira Cope. 1868 sensuJoyce et al.2021 112860-6; left pectoral girdle, GPIT-PV-112860-7; left

Pan-TrionychidaeJoyce et al.2004 sensuJoyce et al., humerus, GPlT'PV'ﬂZSGO'& right radius, GPIT-PV-
2021 112860-9; right ulna, GPIT-PV-112860-10; phalanx,

GPIT-PV-112860-11).

Systematic palaeontology

TestudinataKlein, 176Q sensuloyce et al.2020

Referred material. Additional material consists of: a

nosed by the following shell features: (1) the presence N€ary complete carapace missing only the nuchal with
of sculpturing that covers all metaplastic portions of the & "ght hyo- and hypoplastron (GPIT-PV-122867); a
shell bones; (2) absence of scutes; (3) absence offfagmentary carapace with a complete row of neurals
peripherals; (4) absence of pygals: (5) absence of Supra_and a nuchal (G_PIT-PV-_122879); the anterior part of a
pygals; (6) boomerang-shaped entoplastron; and (7) acarapace associated with an entqplastron (GPIT'-P\./-
plywood-like microstructure in the metaplastic portions 122872); fragmented costals belonging to a larger indi-

Diagnosis. Members ofPan-Trionychidaecan be diag-

of the shell (modified after Georgalis & Joyc2017). vidual (GPIT-PV-122875); fragmented costals and a
right hypoplastron (GPIT-PV-122871); a costal fragment
Striatochelysgen. nov. (GPIT-PV-122874); a medial part of a hypoplastron

(GPIT-PV-122873); an anterior part of the carapace and
) _ ) ) ) right hyo- and hypoplastron (GPIT-PV-112861); a part
Diagnosis. Striatochelyscan be differentiated from other ¢ 1o carapace and plastron and a first thoracic vertebra

pan—trionychid genera by the combir_\ation _of the follow- (GPIT-PV-112862 and GPIT-PV-112863); multiple iso-
ing characters: (1) relatively small size, with a carapace lated costal fragments belonging to a single individual

length reaching an estimated maximum Of_ 27cm; (2) (GPIT-PV-112864); multiple carapace fragments belong-
absence of a preneural; (3) strong straight ridges on theing to a single individual (GPIT-PV-112865); left xiphi-
carapace, spanning frpm costal | to costal VIIl; and (4) plastron and a right costal VIII (GPIT-PV-112866); and
stronger ridges posteriorly. a single costal fragment (GPIT-PV-112867).

Etymology. The genus name is female and derives from  Additionally, an isolated pectoral girdle (GPIT-PV-
the Latin word‘striatu$ meaning‘streaked due to the 122869) and skull (GPIT-PV-122870) putatively belong-
multiple anteroposteriorly running ridges across the ing to a single individual of a pan-trionychid turtle, as

carapace, resulting in a furrowed surface, anbelys well as additional postcranial material consisting of an
meaning turtle in Greek. isolated costal fragment (GPIT-PV-122877), a phalanx
(GPT-PV-122878) and a plastron fragment (GPIT-PV-
Striatochelys babasp. nov. 112868) are tentatively referred & baba
(Figs 2-7)

Type locality and horizon. The fossils were recovered
from the base of layer 80 of the Na Duong coal mine
Diagnosis. Striatochelys babaan be differentiated from  (B6hme et al.,2013 in northern Vietnam (242.2N,
Striatochelys impressaomb. nov. by the combination 10658.6E); Na Duong Formation, Eocene, late
of the following characters: (1) a larger costal VIII, BartoniarPriabonian age (335 Ma).
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Figure 2. Striatochelys bahaholotype, GPIT-PV-112860-1, Na Duong Formation, mieldjgper Eocene, Vietnam. CarapaceAn
B, dorsal andC, D, ventral views.Abbreviations: co, costal; cp, costiform processdr, dorsal rib; ne, neural; nu, nuchal;tv,
thoracic vertebraxi, xiphiplastron. Scale bar equals 5cm.
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Figure 3. Striatochelys bahaGPIT-PV-122867, Na Duong Formation, midelgper Eocene, Vietnam. CarapaceAnB, dorsal and
C, D, ventral views.Abbreviations: alp, anterolateral processp, costal;dr, dorsal rib; hyo, hyoplastron;hyp, hypoplastron;ne,
neural;plp, posterolateral process, thoracic vertebra. Scale bar equals 5cm.

Remarks. The holotype carapace of. baba was Additional species.Striatochelys impress@reh, 1963.
embedded with its ventral part facing upwards. This

allowed for a negative relief of the dorsal carapace, espe-Remarks. Striatochelys impressdVPP V1036) was ori-
cially the ridges, in the sediment below. Based on those ginally described ag\spideretes impressus/ Yeh (1963
ridges, a cast was modelled for the missing posterior from the late Eocene deposits of Maoming and was
most part, but does not cover the correct outline, as seenrecombined adrionyx impressudy Danilov et al. 2013.

in the posteriorly complete specimen GPIT-PV-122867. Georgalis & Joyce 2017 retained the taxori Trionyx
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Figure 4. Striatochelys bahaNa Duong Formation, middiepper Eocene, Vietnam. Carapace of GPIT-PV-122874, idorsal andB,
ventral views. Carapace of GPIT-PV-112862 G dorsal andD, ventral views. Carapace of GPIT-PV-112861 Hi dorsal andF,
ventral views. Carapace of GPIT-PV-122879 @ dorsal andH, ventral views.Abbreviations: co, costal; dr, dorsal rib; ent,
entoplastrongpi, epiplastronhyo, hyoplastronhyp, hypoplastronne, neural;nu, nuchal;tv, thoracic vertebra. Scale bar equals 1 cm.



8 T. Massonnest al.

Figure 5. Striatochelys babhaNa Duong Formation, middieipper Eocene, Vietnam. Plastron of holotype (GPIT-PV-112860-2,
GPIT-PV-112860-3, GPIT-PV-112860-4, GPIT-PV-112860-5, GPIT-PV-112860-B), iB, dorsal andC, D, ventral views. Missing
bones are mirrored and faded. Right medial hypoplastron fragment (GPIT-PV-12288) dorsal andF, ventral views. Left
xiphiplastron (GPIT-PV-122866) i3, dorsal andH, ventral views.Abbreviations: alp, anterolateral processimp, anteromedial
processent, entoplastronhyo, hyoplastron;hyp, hypoplastronplp, posterolateral processi, xiphiplastron. Scale bars equatB,
5cm; BEH, 1cm.

impressusas valid but treated its genus-level assignment Description

as uncertain, pending a re-description of the holotype.

Based on the high degree of similarity to the new material Overall, most of the material is well preserved. It con-
from Na Duong and a comparison to other relevant taxa, sists of two nearly complete carapaces with associated
we uniteS. impressand the new species from Na Duong plastral elements, as well as vertebrae and appendicular
under a new genus name herein. elements. Additional postcranial material of the anterior
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Figure 6. Striatochelys bahaholotype, Na Duong Formation, mideigpper Eocene, Vietnam. Left pectoral girdle (GPIT-PV-
112860-7) inA, dorsal andB, ventral views. Cervical vertebra (GPIT-PV-112860-6)dndorsal andD, ventral views. Left humerus
(GPIT-PV-112860-8) irE, dorsal,F, ventral, G, anterior andH, posterior views. Right radius (GPIT-PV-112960-9)ljndorsal and
J, ventral views. Left ulna (GPIT-PV-112860-10) iy dorsal and., ventral views. Phalanx (GPIT-PV-112860-11)Nh dorsal and
N, ventral views.Abbreviations: acd, anterior condylusap, acromion procesga, capitellum;cor, coracoid;dp, dorsal processf,
glenoid fossahh, humerus headf, intertubercular fossdp, lateral processnp, medial processph, phalanx;prz, prezygapophysis;
pz, postzygapophysisg scapula. Scale bar equals 1 cm.
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Figure 7. Skull of a Pan-Trionychidae referred to
Striatochelys babaNa Duong Formation, middle to upper
Eocene, Vietnam. Skull of GPIT-PV-122870 A dorsal and
B, ventral views. Scale bar equals 1 cm.

T. Massonnet al.

width at the level of costal VIII. The carapace consists
of a single nuchal, seven neurals and eight pairs of cos-
tal bones. The dorsal ribs are only slightly visible in
larger individuals Fig. 2), whereas they are clearly pro-
nounced in younger onefi@. 3).

The central part of the carapace exhibits up to 20
relatively straight prominent ridges with deep furrows in
between. All ridges originate at costal I. The medial
ridges extend mainly anteroposteriorly and reach costal
VIII posteriorly, whereas the more laterally placed
ridges diverge posteriorly and extend posterolaterally.
However, even the rather straight medial ridges become
more sigmoidal on neurals VI and VII (i.e. posteriorly).
Approximately half of the ridges are continuous, while
the other half become shallower or are even interrupted
by the costal sutures. Generally, the medial ridges are
more prominent than the lateral ones and become even
stronger posteriorly. Two rows of ridges are further pre-
sent on all neurals in large individualgig. 2. In
smaller individuals (e.g. GPIT-PV-122867Fig. 3,
ridges are only pronounced on the anterior neurals and

skeletal region, including partial carapaces, plastral ele- are not visible on neurals VI and VII. This part (i.e. the

ments, vertebrae and appendicular material can also beanterior medial region) of the carapace becomes slightly
referred toS. baba but are slightly deformed and less domed in larger individuals. The lateral part of the cara-
well preserved. A single skull referable to a trionychid Pace is, in contrast, narrower and flat and seems to

(here assigned tentatively ®. baba was found, but it

develop only later in ontogeny and grows with age.

is unfortunately highly weathered and no sutures are WWhereas, for example, in the holotypeid. 2) and cos-

visible.

Carapace

Two well-preserved carapaces are available, GPIT-PV-

112860 (holotype;Fig. 2) and GPIT-PV-122867 Hig.

tal 1I? of the largest individual this region is clearly
defined, smaller individuals like GPIT-PV-12286FFig.
3) lack this region completely and the central ridged
region fills out the complete size of the carapace.

Aside from the ridges, the overall sculpturing of the
carapace comprises small pits, which is typical for pan-

3). Other less well-preserved carapaces are also avail-trionychids. The sculpturing pattern is sectioned into

able (GPIT-PV-122872, GPIT-PV-122879, GPIT-PV-
112861, GPIT-PV-112862Fig. 4), together with mul-
tiple costal fragments from at least four individuals.
Striatochelys babais a medium-sized pan-trionychid.
The carapace of the holotyp&ig. 2) is from an adult

two regions. Towards the centre of the carapace, the
sculpturing consists of multiple unordered pits, whereas
towards the lateral margins the pits are ordered in lines
following the outline of the carapace in multiple rows.

The number of rows depends on the size and thus the

(or near-adult) specimen based on the very short freea@ge of the individual, with more rows being present in
ends of the ribs and represents the second largest indilarger individuals.

vidual, with a carapace length of 20 cm. Another indi-

Nuchal. The nuchal is an unpaired bone forming the

vidual is larger than the holotype but only preserves anterior part of the carapacgigs 2 4). It is trapezoidal
isolated costal fragments. The best preserved costal 117 3ng around four times wider than long. In some speci-
is one-third larger than its holotype equivalent and leads mens (e.g. GPIT-PV-12287%ig. 4) there is a strong

to an estimated maximum carapace length of around nuchal emargination, whereas in others, the anterior
27cm, likely representing the maximum carapace size margin of the nuchal is only slightly convex. In dorsal

for the species. The maximum width is 18.4 cm for the
holotype and around 24.5cm in the largest individual.
The carapace is oval in outline with its maximum width
at the level of costal Il and tapers anteriorly to a width
of 35% of the maximum width at the level of the nuchal
and posteriorly to a width of 55% of the maximum

view, the nuchal is strongly ornamented with many
unordered pits anteriorly and shallow furrows poster-
iorly at the suture with costal I. Suprascapular fonta-
nelles are not present between the nuchal and costal | of
S. baba As there is no trace of fontanelles even in the
smallest preserved individuals (e.g. GPIT-PV-122872),
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the fontanelles most likely close very early in ontogeny. xiphiplastra Figs 2-5). For S. baba the epiplastra are,
In ventral view, the anterior and posterior costiform however, unknown. A possible epiplastron is present in
processes are united and situated close to the sutureGPIT-PV-122872, located posteromedially to the ento-

with costal I. A prenuchal is absent.

Neurals. In three individuals ofS. baba (GPIT-PV-
112860 [holotype], GPIT-PV-122872, GPIT-PV-
122879), the complete set of neurals is preserved. In
these individuals, seven neurals are present in t&igls(
2-4). The neurals span from the posterior margin of the
nuchal to the middle of the costal VII, but do not reach
costal VIII. The preneural is either absent or fused with
the first neural. The first neural is the largest neural of
the row spanning from the posterior margin of the
nuchal to the anterior margin of the costal Il. The anter-
ior margin of the first neural is rounded (GPIT-PV-
112860, holotype) to pointed (GPIT-PV-122879) in con-
trast to the straight margins of the more posterior neu-
rals. The first four (GPIT-PV-112860 [holotype], GPIT-
PV-122872) to five (GPIT-PV-122879) neurals are hex-
agonal with a long anterior side and a small posterior
one. A reversal occurs on the fifth (GPIT-PV-112860
[holotype], GPIT-PV-122872) or sixth (GPIT-PV-
122879) neural. The sixth neural in GPIT-PV-112860
(holotype), and GPIT-PV-122872 is again hexagonal
with a short anterior side. The seventh neural in all

plastron Fig. 4B). The plastral bridge is short and only
reaches less than half of the hyoplastron width. All plas-
tral elements except for the entoplastron are sculptured
with multiple small pits, similar to the carapace.

Entoplastron. The only well preserved entoplastron is
GPIT-PV-112860-2 (holotypefig. 5. An additional,
slightly weathered, entoplastron is preserved in GPIT-
PV-122872 Fig. 4B). The entoplastron is boomerang-
shaped with two long posterolateral projecting branches.
GPIT-PV-112860-2 (holotype) is asymmetrical, although
this appears to be a preservation artefact with the left
branch likely showing the correct morphology judging
by the comparison with other pan-trionychids. The
anterior part of the bone is lateromedially straight. The
branches have a straight anterolateral margin and a con-
vex posteromedial one. In lateral view, the entoplastron
is slightly curved dorsally with the anterior part being
more upturned than the posterior one. The dorsal surface
of the bone is smooth, whereas the ventral surface has
very prominent oval bulges, which likely represent ento-
plastral callosities, reaching from the anterior margin to
the last third of the branches. The posterior part of the

specimens is much shorter than the others and pen-pranches ends in a narrow process loosely contacting

tagonal with a pointed posterior tip.

Costals. Striatochelys babdas a total of eight paired
costals Figs 24). Costals +VII are similarly-shaped
and have a rectangular outline with costal | the antero-
posteriorly longest and costal Il the lateromedially
broadest. The first three costals have a relatively
straight, mediolaterally extending suture. More poster-

iorly, the suture between the costals extends posterolat-

erally. Costal VIl is trapezoidal and only slightly wider
than long. Costals VIII contact each other only anteri-

orly, whereas posteriorly they are separated by a narrow

notch. The posterior margin is only well preserved in
GPIT-PV-122872. Medial to the ninth dorsal rib, the
costal VIl shows a shallow indentation followed by a
convexity. In ventral view, the costals contact two adja-

cent thoracic vertebrae medially. Depressions for a con-

tact with the ilium are absent on the costal VIII. The
tenth thoracic vertebra is only poorly preserved and

nothing can be said about its shape. It is also unknown

whether a tenth dorsal rib is absent or not preserved.

Plastron
A nearly complete plastron is preserved in GPIT-PV-
112860 (holotypefFig. 5). As for other pan-trionychids

the plastron consists of two epiplastra, a single entoplas-

tron, two hyoplastra, two hypoplastra and two

the hyoplastron.

Hyoplastron. The hyoplastron contacts the entoplastron
anteriorly and the hypoplastron posteriorlFids 3-5).
Four complete hyoplastra are preserved for baba
(GPIT-PV-112860-3, holotype), GPIT-PV-112860-4
(holotype;Fig. 5), GPIT-PV-122867 Fig. 3), and GPIT-
PV-112861 Fig. 4F. The hyoplastron is rectangular
and three times broader than long. The lateral and anter-
ior margins are straight, whereas the medial margin is
convex. Posteriorly, it is sutured to the hypoplastron
over its whole width. The connection appears, however,
to be rather weak, as the two bones were found articu-
lated in only one individual (GPIT-PV-112861). The
ventral surface is sculptured with many small pits which
are aligned in lines laterally and more diffusely ordered
towards the centre of the bone and at its medial margin.
The dorsal surface is smooth with the exception of the
raised extension of the paired anterolateral processes.
The anterior process is slightly longer than the posterior
one. In contrast to the anterolateral processes, the ante-
romedial process is very short and consists of at least
two short spikes, but the surface is abraded, making a
correct assessment difficult. However, there is no sign
of a strong serration. On the anterior margin, at the area
of contact with the entoplastron, a shallow flap is devel-
oped in GPIT-PV-112860-3 (holotype) and GPIT-PV-
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112860-4 (holotypefig. 5. In GPIT-PV-122867 Kig. distinguished, roughly following the bone outline. In
3) and GPIT-PV-112861HFig. 4P, the anterior margin  contrast to this, the dorsal surface is smodtlg(5G).

is, however, completely straight, which might be due to
either intraspecific or ontogenetic variation.

Vertebrae
Hypoplastron. The hypoplastron contacts the hyoplas- A single cervical vertebra is preserveffig. 6C, D),
tron anteriorly and the xiphiplastron posteriorkyigs 3- which is slightly deformed and weathered dorsally. Due

5). Three complete hypoplastra are preserved $or  to incomplete preservation, the bone cannot be assigned
baba (GPIT-PV-112860-5 [holotypeFig. 5; GPIT-PV- to an exact position in the neck. The anterior condyle is
122867 Fig. 3]; GPIT-PV-112861 Fig. 4H). The hypo- round. The prezygapophysis is larger than the postzyga-
plastron can be divided into a small lateral part and a pophysis and closer to the centrum. The dorsal portion
much larger medial part, which are connected by a nar- of the bone is heavily damaged and nothing can be said
row bridge. Anteriorly, it is sutured to the hyoplastron about the potential presence of a dorsal process. In ven-
over the whole width. The connection appears to be tral view, a midline keel projects from a point slightly
weak, however, as only one individual (GPIT-PV- posterior of the anterior condyle to the posterior end of
112861) has the two bones articulated. The ventral sur-the bone.

face is sculptured with many small pits, which are  All thoracic vertebrae are fused to the carapa€gg
aligned in lines laterally and more irregularly arranged 2, 3). The first thoracic vertebra reaches anteriorly the
towards the centre and medially. The dorsal surface is level of the nuchal bone midlength. Its prezygapophyses
smooth except for the raised extension of the paired are very broad. The first dorsal rib is not fused to the
posterolateral processes. The posterior process is slightlycarapace and is short and slendefig( 4B, D
longer than the anterior one. Posteromedially, the hypo- Supplemental material Flle $2It originates at the
plastron has multiple processes. The lateral-most of anterolateral part of the first thoracic vertebra and proj-
these projects into a notch between the two anterolateral€Cts posterolaterally until reaching the second dorsal rib.
processes of the xiphiplastron. Medial to this single pro- The more posteriorly positioned thoracic vertebrae are
cess is a shallow notch, followed by a posteromedial fan "ather uniform in size and morphology. No caudal verte-
of four connected processes that direct ventromedially Prae of a pan-trionychid have thus far been recovered
(best visible in GPIT-PV-122867F[g. 3; worn away in  fom Na Duong.

GPIT-PV-112860-5 [holotypeFig. 5). The fan is fol-

lowed, again, by a small gap and then a single slightly pectoral girdle

enlarged and medially projecting anterior process (bestThe left pectoral girdle of the holotype GPIT-PV-
visible in GPIT-PV-122867Fig. 3. 112860 Fig. 6A, B) was found in close association

Xiphiplastron. The xiphiplastron contacts the hypoplas- With the carapace. As in other pan-trionychids, the scap-
tron anteriorly Figs 2-5). Only two xiphiplastra are pre- ula and coracoid are tightly sutured at the glenoid fossa

served forS. baba(GPIT-PV-112860-1 [holotypeFigs with the scapula forming the largest part of the fossa.
2C, D, 5C, D|; GPIT-PV-112866 Fig. 5G, H). The The scapula has two processes: a dorsal process loosely

xiphiplastron is triangular with a straight anterior and contacting the carapace and a slightly shorter acromion
medial margin and a convex lateral margin. process. The angle between the acromion process and

Anterolaterally, there are two prominent processes with € main body of the scapula is larger than the angle

a deep notch in between, which encompasses the lateralPEWeen the acromion process and the coracoid. The
most medial process of the hypoplastron. It is not dis- coracoid has a blade-like morphology and is larger than

cernible, in any of the preserved specimens, whether thethe dorsal process of the scapula. In GPIT-PV-112860-7
left and right xiphiplastra are sutured to each other (holotype), the plade appears to be anterom§d|ally con-
along the midline. Although the straight medial margin vex, gnd thus d|ffers' from that of other pan-trlonyc.hld's,
is somewhat indicative of such a contact GPIT-PV- N which the blade is convex posterolaterally. This is,

112866 Fig. 5G, H has two separate medial processes, E?S\z%f):]’ likely an artefact stemming from taphonomic
which are seemingly worn away in GPIT-PV-112860-1 '

(holotype), and that could have prevented a continuous

sutural contact between the xiphiplastra. The ventral sur- Appendicular skeleton

face is sculptured with multiple small pits. Although the Among the bones of the appendicular skeleton, only the
arrangement is more irregular than that on the hyo- and left humerus Fig. 6E-H), the right radius Fig. 6l, J,
hypoplastron, weakly developed rows can be the left ulna Fig. 6K, L) and a single proximal phalanx
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(Fig. 6M, N) are preserved, which were all found asso-
ciated with the holotype carapace (GPIT-PV-112860)
and are also referred to the holotype individual. The
general morphology of the appendicular skeleton does
not differ from that of other members ofan-
Trionychidae The humerus i$S -shaped with a promin-
ent medial process and a smaller lateral one. The
humerus head is round to oval and the capitellum is
small and round. The radius is slightly larger than the
ulna and has an elongated morphology with a sloped
proximal and a wide distal articulation surface. The ulna
has a broad proximal and a narrower distal articulation
surface. The phalanx is dumbbell-shaped with broader
proximal and narrower distal articular surfaces.

Skull

Only a single, isolated pan-trionychid skull (GPIT-PV-
122870; Fig. 7) has been recovered from Na Duong,
which we refer tentatively toStriatochelys baba It
measures approximately 45 mm and, if corrected for the
missing posterior part, it would have had a length of
approximately 50 mm. The skull is dorsoventrally com-
pressed, and its surface is highly weathered, to the
extent that it is impossible to locate any sutures or other
diagnostic traits. The material only allows for an assign-
ment to Pan-Trionychidaebased on its general slender
outline, the anteriorly projecting snout region and the
far posteriorly reaching supraoccipital crest. Although it
was found isolated it most probably belongsSobaba

as this is the only pan-trionychid currently known from
the Na Duong Basin.

Intraspecific and ontogenetic variation

A high degree of intraspecific variation has been
described in many pan-trionychid taxa (Meylat987),

and the same is true f@triatochelys bahaThe carapace

of the holotype (representing the largest nearly complete
specimen) is almost planar laterally. In this area, ridges
are absent or only weakly developed, although the typical
trionychid ornamentation is preserfig. 2). This lateral
area is, however, almost absent in smaller individuals
(Fig. 3), in which the ridges nearly reach the lateral mar-
gin of the carapace. The presence of this planar area,
which is devoid of the otherwise prominent ridges, in iso-
lated costals of another large individual therefore indi-
cates ontogenetic variation in this feature. Interestingly,
there is almost no variation in the number of ridges (up
to 20) between individuals irrespective of their ontogen-
etic stage. Overall, the lateral part of the carapace
changes much more during ontogeny than the central
part, indicating growth from the lateral margin outwards,
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as in the extantPelodiscus sinensi§Wiegmann, 1835
(Sanchez-Villagra et al2009.

The position of the reversal of the neural orientation
in S. babavaries between the fifth and sixth neural. The
complete neural row is only visible in three individuals,
two of which show a reversal on the fifth neurdids
2, 3) and one a reversal on the sixth neurBig( 4G).
This feature does not seem to correlate with ontogenetic
stage, as the individual showing reversal on the sixth
neural is intermediate in size.

The hyoplastron has two distinct morphologiesSn
baba In the holotype, the hyoplastron forms an anterior
notch, into which the posterior process of the entoplas-
tron projects Fig. 5. This notch is missing in two
smaller individuals Figs 3 4F). It is conceivable that
the stronger contact between the hyoplastron and the
entoplastron in the holotype, formed by the notch and
the process, is related to the greater robustness of the
plastron generally developing later in ontogeny, as is the
case for some other species like sinensisor Apalone
ferox (Schneider1783. To verify this hypothesis, how-
ever, more individuals, especially of the same size as
the holotype, are needed.

Comparisons

Asian taxa from the Palaeogene

According to Georgalis and Joyc(Ql7, only a few
named Pan-Trionychidaefrom the Palaeogene of Asia
are diagnostic and these were chosen for comparison
with Striatochelys babaThese species arBEuhnemys
palaeocenica Drazinderetes tethyensis TrionyX lin-
chuensis ‘TrionyX gregarius ‘TrionyX johnsonj
‘TrionyX minusculus ‘TrionyX ninae and Striatochelys
impressa (Y4 ‘TrionyX impressus Whereas most of
these species preserve a complete or nearly complete
carapace, ifT." linchuensisonly the anterior right part

of a carapace is known (Yel962 fig. 1.1), and‘T.
minusculusonly preserves a right hyo- and hypoplastron
(Chkhikvadze,1973 pl. 4.2). In addition, comparison
with K. palaeocenicds complicated by the juvenile sta-
tus of this species. Comparison with the plastron is even
more challenging as it is only partially preservedKn
palaeocenica (Danilov et al., 2015 fig. 1), ‘T.
gregarius (Gilmore, 1934 fig. 3), ‘T. minusculus
(Chkhikvadze,1973 pl. 4.2) and‘T. ninae (Vitek &
Danilov, 2015, figs 2, 3).

Carapace. The carapace ofS. baba reaches an
estimated size of 27cm in the largest individual (GPIT-
PV-122875), which lies well within the range off’
gregarius and ‘T. linchuensis (Gilmore, 1934 Yeh,
1962. Drazinderetes tethyensidn contrast, is much
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larger, with a carapace length of 80cm (Head et al.,

1999. ‘TrionyX johnsoni and ‘T. ninae are only
slightly larger thanS. baba with a carapace length of
around 40cm (Gilmorel93Z1 Vitek & Danilov, 2015.

Kuhnemys palaeocenicaand S. impressaare each

T. Massonnet al.

and sixth neuralKigs 2, 3 4G), but intraspecific vari-
ation in the location of the reversal is common among
Pan-Trionychidae(Meylan, 1987. A reversal on the
fifth neural is also known forT. johnsonj ‘T." ninae
and S. impressawhereas it occurs on the sixth i,

known from only one specimen and reach a carapacegregarius In K. palaeocenicathe neurals are more uni-

length of 12.5cm and 14cm, respectively (Danilov
et al., 2015 fig. 1; Ye, 1994 fig. 70). The general shape
of the carapace is oval i®. baba which is consistent
with most of the other species. It is noteworthy, how-
ever, that inD. tethyensighe posterior part of the cara-
pace becomes proportionately narrower tharSinbaba
(Head et al. 1999 figs 3, 4), whereas inT." gregarius

formly shaped. The last neural does not reach costal
VIIl in S. baba which is also true for the other species
considered here, except fofT. gregarius and S.
impressa in which the additional eighth neural reaches
costal VIII (Gilmore, 1934 fig. 1; Yeh, 1973, fig. 70).
Costals +VII are almost uniformly shaped i8. baba
While this is true for most other species as well,0n

the carapace appears to be more rectangular (Gi|more,tethyensisand‘T.’ ninae costal | is much shorter latero-

1934 fig. 1). The most striking characteristics &.

medially and costal 1l much more expanded distally

babaare the pronounced ridges on the carapace, projec-(Head et al.,1999 fig. 3; Vitek & Danilov, 2015 figs

ting in multiple, roughly parallel rows from costal | to

costal VIII. In most of the species mentioned above,

there are no such ridges, but they are presentSin
impressa(Yeh, 1963 pl. XX) and, at least posteriorly,
in ‘T. gregarius(Gilmore, 1934 fig. 1). Importantly, in

2, 3). In S. baba the anteroposteriorly longest costal is
the first, whereas irK. palaeocenicaD. tethyensis'T.
gregarius and ‘T.’ ninae the second costal is longer
(Danilov et al.,2015 fig. 1; Gilmore, 1934 fig. 1; Head
et al.,1999 fig. 3; Vitek & Danilov, 2015 figs 2, 3). In

both taxa, these ridges do not occur on the neurals as inS- baba costal VIII is triangular and anteroposteriorly
S. baba(Fig. 2). longer than costal VI and VII together, which is

In S. babathe nuchal is around four times broader lat- unknown for the other species from Asia. An overall
eromedially than long anteroposteriorly. This is also the Similar but proportionately slightly smaller costal VilI

case inK. palaeocenica‘'T.” gregarius ‘T. ninaeand S.
impressa In D. tethyensisthe nuchal is more robust and
only three times broader than long (Head et H99 fig.
3). The nuchal is not preserved If." linchuensisand
‘T. johnsoni. A shallow nuchal emargination, similar to
the one seen ifs. babais also present inT. gregarius
‘T ninae and S. impressawhereas there is no such
emargination inK. palaeocenica(Danilov et al., 2015
fig. 1) or D. tethyensis(Head et al., 1999 fig. 3).
Suprascapular fontanelles are only presenKinpalaeo-
cenica (juvenile) (Danilov et al.,2015 fig. 1) and ‘T.
ninae (Vitek & Danilov, 2015 fig. 3), while they are
absent in all other taxa considered here.

Striatochelys babahas seven neurals in total. This
also the case foK. palaeocenica‘T.” johnsoniand‘T.
ninae In S. impressathere are eight neurals (Yeh,
1963 fig. 70) and the number of neurals is unknown in
D. tethyensisand ‘T." linchuensis A distinct preneural
element is only present iD. tethyensis(Head et al.,

is, however, present iD. tethyensis‘T." gregariusand
S. impressain which it barely reaches the size of costal
VI and VII together (Gilmore 1934 fig. 1; Head et al.,
1999 fig. 3; Ye, 1994 fig. 70). In K. palaeocenicaand
‘T. ninag costal VIl is much smaller and shorter than
costal VIl and only forms the posterior margin of the
carapace (Danilov et al2015 fig. 1; Vitek & Danilov,
2015 figs 2, 3), and in‘T. johnsoniit is additionally
also more' U’-shaped than triangular (Gilmor&931, pl.
Xl; Ye, 1994 fig. 74).

Plastron. Striatochelys babdas a relatively well-devel-
oped and robust plastron. The entoplastron is boomerang-
shaped with relatively short branches, which project
posteriorly into a notch of the hyoplastron. Based on the
width of the carapace, the two hyo- and hypoplastra must
have nearly contacted each other at midline; yet the med-
ial processes of the hypoplastra preser®irbabaindicate

that they did not have a sutural contact. It is difficult to
ascertain whether the xiphiplastra were sutured to each

1999 fig. 3), whereas in the other Asian species, the other along their midlineRig. 5. Unfortunately, among
preneural is absent. The last neural is always the small-the Asian taxa, onl\K. palaeocenicaand ‘T. gregarius

est neural in the species considered here, excepKfor
palaeocenicain which the last neural is slightly larger
than the penultimate one (Danilov et a2015 fig. 1).

In S. impressathe region around the first neural is not

preserve a complete plastron, which, in both cases, shows
a completely different morphology. In these two species,
the hyo-, hypo- and xiphiplastra are much farther apart
from their counterparts and the entoplastron is slenderer

preserved, making a statement on the presence orwith longer branches, which do not project posteriorly
absence of a preneural challenging. The reversal of theinto a notch of the hyoplastron (Danilov et &015 fig.

neural orientation inS. babavaries between the fifth

1; Gilmore, 1934 figs 3, 4). Furthermore, there is no
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callosity in the shape of a bulging area in the central with each other along the midlin€ig. 5), although this
region of the bone in ventral view in those species, as is is difficult to ascertain (see above). As for the other
the case folS. baba(Fig. 5). Asian taxa, xiphiplastra are only preservedkinpalaeo-
The hyoplastron ofS. babais relatively long antero-  cenicaand ‘T. gregarius (Danilov et al.,2015 fig. 1;
posteriorly and has a straight anterior margin and, at Gilmore, 1934 fig. 3). The xiphiplastra of these two
least in the holotypeHig. 5, a well-developed notch  species are rather similar to each other but differ
anteriorly, in which the branches of the entoplastron fit. strongly from those ofS. baba They are much slen-
Additionally, the anterolateral process consists of two derer, rectangular as opposed to triangular, and have
short spikes and the anteromedial processes consist of afour long processes one at each corner.
least two short spikes, but assessment is difficult due to
an eroded surface. IK. palaeocenicathe hyoplastron
also possesses a straight anterior margin, but it differs in
being very slender, having no notch anteriorly and hav-
ing very long anterolateral and anteromedial processes
(Danilov et al., 2015 fig. 1). The hyoplastron ofT.
ninae is very similar to that ofK. palaeocenicabut is
slightly more robust and has a bowed anterior margin
(Vitek & Danilov, 2015 figs 2, 3).'TrionyX gregarius
on the other hand, is more similar ®. baba but the
anterior margin is more rounded than straight and there
is no notch for encompassing the branches of the ento-
plastron (Gilmore 1934 fig. 3). The hyoplastron ofT. Carapace. Gilmoremys lancensihas an overall cara-
minusculusis, again, quite similar to that o8. baba pace length of 34cm and thus is larger than b&h
but also appears to have a more rounded anterior marginbaba and S. impressa(carapace lengths of 27cm and
and no notch for encompassing the branches of the ento-14 cm, respectively) as well as its sister tax8n getty-
plastron (Chkhikvadzel973 pl. 4.2). spherensiqcarapace length of 25cm). The overall cara-
The hypoplastron 06. babais divided into an antero- pace shape is similar inG. lancensis and G.
posteriorly short lateral part and a longer medial part, gettyspherensjsas well as inS. babaand S. impressa
which are separated by a marked constriction. The lat- all having an oval outline and a distinctive sculpturing
eral part possesses two small posterolateral processespn the dorsal surface of the carapae.lancensisdif-
and on the medial part, there are more than three shortfers from bothG. gettyspherensiand the two species of
posteromedial processes arranged in a fan-like mannerStriatochelys in having sculpturing that consists of
(Figs 3 5E, F); the exact number of processes on the grooves (Joyce & Lyson201] figs 8, 10). InG. lan-
medial part of the hyoplastron is difficult to assess, as censis S. baba andS. impressaon the other hand, the
they are brokenKigs 3 4F) or nearly completely eroded  sculpturing consists of well-developed longitudinal
(as in the holotypeFig. 5. As is the case for the hyo- ridges, that reach from costal | anteriorly to costal VIII
plastron, the hypoplastron df. palaeocenicais much posteriorly (forS. baba seeFigs 2 3; for S. impressa
slenderer and the processes are much longer (Danilovsee Yeh 1963 pl. XIX, fig. 3, and pl. XX, fig. 1]; for
et al., 2015 fig. 1). From‘T. ninag only fragments of G. gettyspherensisee Joyce et al2D18§ fig. 2]).
a hypoplastron are preserved, but it is clear that the The nuchal ofG. lancensisis as wide as it is in
posterolateral process is much longer thanSinbaba Striatochelys It differs from the latter, however, in the
(Vitek & Danilov, 2015 fig. 2). In ‘T.” minusculusthe absence of a nuchal emargination (Joyce & Lyson,
lateral and medial processes are not preserved, but the201] figs 8, 10). Further differences occur in the num-
lateral part of the hypoplastron is as long anteroposter- ber of neuralsStriatochelys baband G. lancensisboth
iorly as the medial part, a condition differing froi. have a total of seven neurals, whereas there are eight
baba (Chkhikvadze,1973 pl. 4.2). The closest resem- neurals present irS. impressaand G. gettyspherensis
blance toS. babawith respect to the hyoplastron is Another difference lies in the presence of a preneural
shown again by T. gregarius The only (small) differ- and a small first neural in the two species of
ences are the slightly more robust hypoplastror Taf Gilmoremys(Joyce & Lyson,2011, figs 8, 10; Joyce
gregarius and the larger paired posterolateral processeset al., 2018 fig. 2). In S. baba the preneural is absent
in this species (Gilmorel934 fig. 3). (Figs 2 3); in S. impressathe region is not preserved.
The xiphiplastron ofS. babais triangular and robust.  In Gilmoremys costal Il is laterally enlarged and proj-
The xiphiplastra could have had a long sutural contact ects anteriorly, reducing the lateral margin of costal |

Gilmoremysfrom the Cretaceous of North
America

BesidesS. impressathe closest resemblance & baba
amongPan-Trionychidads shown by some members of
Plastomenidaefrom the Late Cretaceous of North
America. The carapace and plastronGifmoremys lan-
censis (Gilmore, 191§ and especially ofGilmoremys
gettyspherensidoyce, Lyson and Serticl2018 are very
similar in overall morphology to both species of
Striatochelys



16

(Joyce & Lyson,2011, figs 8, 10; Joyce et al.2018

fig. 2). In Striatochelys by contrast, the distal part of
costal Il is not enlarged and the distal margin of costal |
and Il are similarly-sizedKigs 2 3; Ye, 1994 fig. 70).
Costal VIII is, in all four species, triangular and
enlarged. It is largest ir5. baba in which it is antero-
posteriorly slightly longer than costal VI and VI
together, whereas it is barely the size of costal VI and
VIl together in the other species.

Plastron. In contrast to the carapace, which shows
many (small) differences despite its overall resemblance,
the plastron is extremely similar istriatochelysand
Gilmoremys The hyoplastron oGilmoremyshas a well-
developed anterior notch for the entoplastron (Joyce &
Lyson, 2011, figs 9, 11; Joyce et al2018 fig. 3), a fea-
ture that is also present in one individual 8f baba
(Fig. 5), but absent in two otherd=igs 3 4G, H). The
posterolateral processes of the hypoplastron
Gilmoremysare slightly larger than irS. baba while

the fan-like posteromedial processes present in
Striatochelysare only weakly developed or absent in
Gilmoremys(Joyce & Lyson,2011, figs 9, 11; Joyce

et al., 2018 fig. 3). The xiphiplastron in all three spe-
cies has the same triangular morphology but is antero-
posteriorly slightly longer inGilmoremys (Joyce &
Lyson, 2011, figs 9, 11; Joyce et al2018§ fig. 3) than

in S. baba(Figs 5C, D, G, H.

of

Extant taxa from Southeast Asia

Southeast Asia has the highest diversity of extant triony-
chids. According to molecular data, most Asian taxa
belong to a single monophyletic group, including five
genera, i.e.Pelodiscus Palea Dogania Amyda and
Nilssonig which likely originated between the Eocene
and Miocene (Engstrom et al2004 Le et al., 2014
Pereira et al.2017 Thomson et al.,2021). Based on
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et al., 2021 Pritchard, 2001). The overall carapace
morphology in different taxa ofPan-Trionychinaeis
very similar, but one notable difference is the presence
or absence of multiple anteroposteriorly extending
ridges across the carapace. Such ridges are prominent in
S. baba(see above). In extant eastern Asian taxa, simi-
lar but weaker ridges are often found in early ontogen-
etic stages (e.g. inPelodiscus sinensislVPP 525,
USNM 539334). If such ridges are also present later in
ontogeny (e.g. irA. cartilagineg FMNH 11088, USNM
22522, 222521), they are much more weakly developed
in comparison toS. babaand never appear as double
rows on the neurals.

In S. baba the nuchal is about four times wider than
it is long. Among extant Eastern Asian taxa, this is only
the case in the genuBelodiscus(e.g. P. sinensisand
Pelodiscus jiangxiensidHou et al., 2021) and in D.
suplana whereas in other taxa the nuchal is only two to
three times wider than long. The absence of a preneural,
as in S. baba(Figs 2 3), is common in extant Eastern
Asian taxa. Notable exceptions to this are two species
of the genusNilssonig i.e. Nilssonia hurum (Gray,
1831 and N. gangetica where a separated preneural is
formed. Striatochelys babahas seven neuralsFigs 2
3). In extant taxa, the number of neurals is often vari-
able within a given genus or species, ranging from
seven to eight. However, some taxa of the eastern Asian
group D. subplana A. cartilaginea Nilssonia formosa
[Gray, 1869 and N. hurun) invariably have eight neu-
rals. The point of reversal for the neural orientation is
less variable in extant eastern Asian taxa and is usually
at the fifth or sixth neural. OnlyN. gangeticaand N.
hurumshow the same intraspecific variability 8s baba
(Figs 2 3, 4G), in which the reversal occurs at either
the fifth or the sixth neural. IrS. baba costals +VII
are relatively uniformly shaped-{gs 2 3). This is also
the case for most extant eastern Asian taxa, bubin

the middle to late Eocene age and Southeast Asiansubplana (FMNH 224111, USNM 222523, UCMVZ

distribution of Striatochelys babaa comparison with
selected members of this extant group is provided
below.

Carapace. With a bony disc length (BDL) of 27cm
(GPIT-PV-122875)S. babais far larger than the small-
est Pelodiscusspecies, i.e.Pelodiscus huangshanensis
and Pelodiscus shipianwhich barely reach 10cm BDL,
but it is much smaller than the largHilssonia and
Amyda species (e.g.Nilssonia leithi [Gray, 1873,
Nilssonia gangeticdCuvier, 1825, Amyda cartilaginea
[Boddaert,177Q), with a BDL between 38 and 60cm.
In contrast to this,Dogania subplanaGeoffroy Saint-
Hilaire, 1809 and Palea steindachneri(Siebenrock,
1906 have a roughly similar size, with 21.7 and 30cm
BDL, respectively (S. Gong et al2022 Y. A. Gong

95937) andN. leithii (FMNH 224231), costal Il is dis-
tally expanded, similar to the morphology bBf tethyen-
sisand‘T. ninae(see above). Remarkabl$, babahas
an enlarged triangular costal VIII, which is longer ante-
roposteriorly than costal VI and VIl combinedri¢s 2

3). In Nilssonia spp. (NHMUK 86.8.26.2, FMNH
223231) andA. cartilaginea (FMNH 11088, USNM
22522), costal VIl is also triangular and thus shaped
similarly, but somewhat smaller than B. baba while

in D. subplana costal VIII has the same elongated
morphology as costals-VIlI.

Plastron. As mentioned above, the plastron 8f baba
is relatively well developed and robust. In some extant
east Asian species, i.A. cartilagineaand D. subplana
the plastron is much thinner and the hyo- and



A new cryptodire from northern Vietnam 17

hypoplastra are much further apart from their counter- cartilaginea (FMNH 11088, USNM 22522) and. sub-
parts. In other species, i.&lilssoniaspp. andP. sinen- plana (USNM 222523, UCMVZ 95937) show a different
sis however, the overall plastron morphology is very morphology with much longer processes, whereas the
similar to that ofS. baba morphology in N. gangetica (NHMUK 86.8.26.1,
The entoplastron of Sbaba is relatively slender, it NHMUK 293693), N. hurum (NHMUK 86.8.26.2) and
possesses a callosity in the shape of a bulge and itsN. leithi (FMNH 224231) is almost identical to that
branches project into a notch of the hyoplastrétig( found in S. baba. Pelodiscus sinengi¥PP 556, USNM
5). In P. sinensigIVPP 556, USNM 539335), the ento- 68476) is again intermediate in this respect: its processes
plastron is much larger and its branches are slenderer.are shorter than im. cartilagineaand D. subplana but
Additionally, callosities are much less developed and still longer than inNilssoniaspp. andS. baba
the branches do not project into a hyoplastral notch. In  The xiphiplastron ofS. babais relatively large, tri-
A. cartilaginea (FMNH 11088, USNM 22522) and®. angular and has short abraded procesbegs(2 5). As
subplana(FMNH 224111, USNM 222523), the general With the hyo- and hypoplastron the closest similarities
shape of the entoplastron resembles the conditioS.in ~are present withinNilssonia spp. andS. baba In N.
baba but callosities are much less developed and the gangetica(NHMUK 86.8.26.1, USNM 293693) anil.
branches do not extend into a hyoplastral notchNIn ~ hurum (NHMUK 86.8.26.2) the xiphiplastron looks
gangetica the entpoplastron is either similarly shaped almost identical to that found i8. baba Small differen-
(FMNH 260430, USNM 293693) or slightly slenderer Ces occur in the medial processes, which are slightly
(NHMUK 86.8.26.1) than inS. baba the callosities are ~ more pronounced and are not covered with callosities in
much more weakly developed and the branches do notS- babaIn N. leithi (FMNH 224231), the xiphiplastron
project into a hyoplastral notch. IN. hurum(NHMUK is more massive than i$. babaand anteroposteriorly
86.8.26.2), the entoplastron has a shape similar to that2/most as long as the hyo- and hypoplastron combined,
in S. babaand also shows a callosity in the shape of a Whereas |nS'. babathe xiphiplastron reaches .only 'the
bulge. However, the bulge is much more weakly devel- anteroposterior length of the hypqplgstronﬂn_smensw _
oped than that o8. baba Furthermore, the branches do (I'VPP 556, USNM 68476), the xiphiplastron is less tri-
not project into a hyoplastral notch. M. leithi (FMNH angular and more elongated. In addition, there is no dir-
224231), the shape is again similar $o baba but cal- ect medial contact between the left and right

losities are less developed. In contrast to the extant taxaCOUNterparts as is the case Miissoniaspp. and prob-
mentioned aboveN. leithi shows well-defined hyoplas- ~ 2Ply also forS. baba In A. cartilaginea(FMNH 11088,

tral notches for the branches of the entoplastron. USNM  22522) - and D'_ spbplana (,USNM 222523,
The hyoplastron ofS. babahas a moderately short UCMVZ 95937), the xiphiplastron is much slenderer

pair of anterolateral processes and at least two short2nd anterolaterally wider than &. baba
processes anteromedially, which appear to be even
shorter than the lateral ones, but their surface is abradedpjscussion of the comparisons

(Figs 3 5). The morphology of the hyoplastron differs  comparisons with the Palacogene taxa from Asia under-
from that found in A. cartilaginea (FMNH 11088,  |ine a general issue concerniRan-Trionychidae des-
USNM 22522) andD. subplana (NMNH 222523,  pite many occurrences, the material in question often
UCMVZ 95937), in which the anterolateral processes consists only of fragmentary shell remains, which are
are much longer and the anteromedial processes ar&arely diagnostic at the species level (for discussion of
both much longer and more numerous. M sinensis the issue, see also Georgalis & Joyc017). Only
(IVPP 556, USNM 68476), the hyoplastron is much eight Palacogene Asian species were considered valid
more similar to that ofS. baba The anterolateral and by Georgalis and Joyce2Q17), but their preservation
anteromedial processes are still longer tharSinbaba  differs greatly. Whereas there are multiple complete
but much shorter than in the aforementioned two taxa. individuals preserved fofTrionyx gregarius including
In N. gangetica(NHMUK 86.8.26.1, USNM 293693),  at least one juvenile, only a single almost complete cara-
N. hurum (NHMUK 86.8.26.2) andN. leithi (FMNH pace has been described fBrazinderetes tethyensis
224231), the processes are more or less identical to‘TrionyX johnsonj ‘TrionyX ninae (including some
those ofS. baba Possible small differences in the ante- additional fragmentary material) andStriatochelys
romedial processes can easily be explained by theimpressaThe only specimen odkuhnemys palaeocenica
abraded processes 8f baba is a nearly complete shell of a juvenile individual. On
A similar picture emerges in the hypoplastron. The the other hand;TrionyX linchuensisonly preserves an
processes irS. babaare short and similar in length to anterior carapace fragment, and fdrionyXx minusculus
those in the hyoplastron. As in the hyoplastrof, only a hyo- and hypoplastron are knowrRPan-
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Trionychidaeare, however, known for their high intra-
specific variation (Meylan 1987, making comparisons
based on single individuals especially difficult.

Aside from the aforementioned AsianPan-
Trionychidag we also provided a comparison with
Plastomenidaedue to it being the only group with

prominent anteroposteriorly extending ridges as adults
and a very similar plastron morphology; this is espe-

cially true for the Late Cretaceous gen@lmoremys

However, plastomenids are so far known only from the
Cretaceous and Palaeogene of North America (Joyce & 3.

Lyson, 2011, Joyce et al.2018.

Overall, three features of the carapace and plastron
are potentially important for a discussion of the close

relationship betweefs. babaand S. impressaas well as

to untangle the potential affinity obtriatochelyswithin

either Pan-Trionychinaeor Plastomenidae

1. Multiple anteroposteriorly projecting ridges on the
carapace are rare iRan-Trionychidae They occur in
some individuals of extant species (eApalone ferox
AMNH 57384, AMNH 65622; Trionyx triunguis
(Forskal, 1775, AMNH 50723, AMNH 50724;Amyda
cartilagineg FMNH 11088, USNM 22522, 222521;
Pelodiscus sinensisVPP 525, USNM 539334), but
are much weaker, wusually only present in
juvenile/subadult individuals and only rarely present in

adult specimens. In fossil taxa, however, they also
sometimes occur in the shape of prominent ridges in

adult specimens. Besid&triatochelysthey also appear
in Plastomenus e.g. Plastomenus vegetugGilmore,
1919, in Gilmoremys gettyspherensisd (in the form
of a finer striation present only posteriorly) T’
gregarius All species that have prominent carapacial
ridges as adults thus belong t&lastomenidae

trionychids. The absence of a preneuralSn baba
hence strongly supports a position fBtriatochelys
inside Pan-Trionychinae Costals | and Il are
similarly shaped inS. babaand S. impressaas in
other Asian Pan-Trionychidag except for D.
tethyensisand ‘T. ninae This stands in marked
contrast to the condition present Bilmoremys in
which costal Il is strongly bowed anterolaterally,
further pointing away from a close relationship
betweenStriatochelysand Gilmoremys

The plastron ofS. babais remarkably similar to that
of Gilmoremys whereas there are many differences to
most species ofPan-Trionychinae The hyo- and
hypoplastron are robust and the lateral and medial
processes are short. Moreover, a notch is present at the
anterior margin of the holotype, as iGilmoremys
(Fig. 5. The triangular xiphiplastra might have been
sutured to each other along the midline, based on their
straight medial margin; however, only two xiphiplastra
are preserved in total and the most complete &igs(
5G, H has an anteromedial process that possibly
prevented such a suture. In the majority Bfn-
Trionychinag on the other hand, the plastron is much
more reduced and the lateral and medial processes are
longer. Exceptions to this are several species of
Nilssonia spp. In those species, the overall plastron
morphology is very similar to that ofS. baba
including very short lateral and medial processes on
the hyo- and hypoplastron and triangular xiphiplastral.
The overall plastron morphology thus indicates a
closer relationship of Striatochelys either with
Plastomenida@r to extant east Asian trionychines.

In conclusion, the carapace @&triatochelysstrongly

indicates affinities taPan-Trionychinae The absence of

trionychines, the appearance of such ridges in juveniles @ Preneural is known only in members of this clade, as
of several (not particularly closely related) trionychine Well as in basal trionychids, and characters indicating a
species, indicates that some species might have retained!0Se relationship wittPlastomenidagflike the strongly
this morphology in later ontogenetic stages as well. developed ridges on the carapace) can also be found in
. The difference in the number of neurals betw&n  Some juvenile/subadult individuals #fan-Trionychinae
baba and S. impressais of low significance for Additionally, differences in the shapes of costals | and

separating these taxa. It is known that the number of Il further support a distinction fronPlastomenidaeThe
neurals varies between individuals of a single Plastron ofS. babais very similar to that ofNilssonia
species in Pan-Trionychidae (Meylan, 1987. spp. and possibly indicates a closer relationship of the
Additionally, the number of individuals showing a former to members of this genus. The very similarly-
complete row of neurals is too low in both taxa shaped plastron of the plastomer@lmoremys on the
(three individuals inS. baba one individual inS. other hand, probably represents a convergence.
impressa to establish a clear difference in this

regard. The absence of a preneural (first neural

fused to the second neural in the character-taxon Phylogenetic analysis

matrix of Meylan, 1987 is exclusively known for
Pan-Trionychinag with a reversal in Nilssonia
gangetica and Nilssonia hurum and basal

Although such ridges are absent in adult pan-

For the maximum parsimony analysis, a total of 135
most parsimonious trees with lengths of 327 steps, a
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consistency index (Cl) of 0.361 and a retention index nested insidePan-Cyclanorbinae(Evers et al.,2023
(RI) of 0.605 were recovered-ig. 8). Joyce & Lyson,2011).

Overall, the strict consensus tree is similar to that of In the phylogenetic analysis preformed here,
most other recent analyses based on the same data set iBtriatochelys baba is recovered within Pan-
recovering a monophyletic group, which consists of Trionychinaein a polytomy with Nilssonia gangetica
Plastomenidaeand Trionychinae as the sister group to  Nilssonia hurum and Nilssonia formosa. Pan-
Pan-Cyclanorbinae(Brinkman et al., 2017 Joyce & Trionychinaeis supported by five synapomorphies, four
Lyson, 2017 Joyce et al.,2018. Alternatively, some of which are known exclusively for this group, i.e. char-
analyses find Plastomenidae, Pan-Trionychina@and acters 4(2), 20(2), 38(1) and 79(0) (if Early Cretaceous
Pan-Cyclanorbinaein an unresolved polytomy (Joyce taxa are considered part &an-Trionychinag A single
et al.,, 2016 Lyson et al, 2021, or Plastomenidae  additional character is found only as an autapomorphy

Figure 8. Strict consensus tree of 135 equally optimal trees, obtained from the maximum parsimony analysis of 40 taxa and 95
characters. Tree lengt 327 steps; consistency ind&%0.361; and retention inde 0.605.
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for Pan-Trionychinag if either Aspideretoides foveatus
(Leidy, 1856 or Atoposemys superstéRussell, 1930
is recovered as the basal-most taxon within
Plastomenidae For a complete list of synapomorphies
for major groups and additional tree figures, see
Supplemental material File S2

Only a single autapomorphy suppomtlssonia spp.
b S. babain all trees of our phylogenetic analysis: char-

acter 20(1)‘'suprascapular fontanelles closed at hatch-

T. Massonnet al.

However, ifK. orlovi is allowed to float and thus recov-
ered as aPan-Trionychinag S. babais again nested
within Nilssonia spp. Supplemental material File $2
Fig. 4).

An additional phylogenetic analysis based on the
matrix of Evers et al. 023 yields a completely differ-
ent result and instead plac& babaas the basal-most
taxon of Pan-CyclanorbinagSupplemental material File
S2, Fig. 5).

As highlighted aboveS. babacan be recovered in

ing’, which is a reversal of one of the autapomorphies
outlined above forPan-Trionychinagin which the fon- several different positions on the tree based on only
tanelles only close very late in ontogeny. Two other minor changes to the data set. There are two main rea-
characters (22[2] and 50[1]) are considered autapomor-sons for this uncertainty. One is related to the problem-

phies for the group only ifS. babaand N. gangetica
form a monophyletic sister group witN. hurump N.
formosaor if N. gangeticais the most basal taxon of
the group. The relationships betweed. baba and
Nilssonia spp. are unresolved. A basal position $f

atic position of Early Cretaceous taxa within the crown
of Pan-Trionychinae(see also Brinkmann et al., 2017;
Everset al. 2023 Joyce et al.2021; Vitek et al., 2018

and a re-evaluation of the characters placing these taxa
within the crown seems necessary. The second reason is

baba is recovered in 33/135 trees, whereas in another the preservation ofS. babaor, more specifically, the

33/135 treesS. babais found as the sister taxon 9.
gangetica A basal position forN. gangetica with S.
bababeing the sister taxon tdl. hurump N. formosa

poor preservation of its skull, rendering cranial scorings
impossible. In the current data set 39/95 characters refer
to the skull, while in the data set of Evers et #1023

is recovered in 34/135 trees. In the remaining 35 trees, the proportion is 62/116. With more than half of the

S. babais recovered in a derived position inside
Nilssonia spp., either as sister taxon tN. formosa
(14/135 trees) or as sister taxon k& hurum (21/135
trees).

However, not only is the position 0. babainside
Nilssonia spp. ambiguous, but also its position within
Pan-Trionychinadn general is not stable. The interpret-

possible scorings missing and high intraspecific vari-
ation in Pan-TrionychinagMeylan, 1987, well-justified
placement ofS. babain the tree is challenging. Until
the issues outlined above are properly addressed, the
position of S. babawithin Nilssonia spp., as suggested
here, should be treated with caution.

ation of the medial edge of the hyoplastron (character
89) is crucial for the position ofs. babaon the tree.

The medial edge of the hyoplastron is worn away, but
three small projections can be interpreted as part of a Although the results of the phylogenetic analyses should
serrated anteromedial process. If they are interpreted asbe treated with caution (see above), the position of

Palaeobiogeographical implications

such, or if a more conservative approach is taken and Striatochelys baban a polytomy with Nilssoniaspp. is

the character is scored as questionable (as is the casensurprising given

for our analysis),S. babais recovered as part of
Nilssonia spp. However, if the small projections are
interpreted as too small for such a serrated edge,
baba is placed in a polytomy withGilmoremys getty-
spherensisand Gilmoremys lancensisat the base of
PlastomenidagSupplemental material File SEig. 2).
Another problem with the current phylogeny is in the
positions of five Early Cretaceous taxe&Kuhnemys
orlovi Khosatzky,1976 ‘Aspiderete’s maortuensisYeh,
1965 ‘TrionyX kyrgyzensis Perochelys hengshanensis
and Perochelys lamadongenyisecovered deeply nested
inside Pan-Trionychinae If those taxa are forced to the
base ofPan-Trionychidaein accordance with their age,
S. babais found at the base of this Early Cretaceous
group, which is in strong contrast to its midelgper
Eocene age Supplemental material File SZig. 3).

its age and its occurrence in
Southeast Asia. According to Pereira et 8017, the
Nilssonia clade originated during the middiate
Oligocene in either East or Southeast Asia, and the split
from Palea steindachneriand Amyda cartilaginea
occurred sometime during the late Eocene in Southeast
Asia. Based on these data, it seems possible $hat
babais more basal than extahlilssoniaspp. However,
based on other analyses (Evers et 2aD23 Thomson

et al.,2021), Nilssoniaspp. originated much later, in the
middle Miocene. These results would indicate a more
basal position forS. babawithin the extant eastern
Asian trionychines.

Unfortunately, the majority of taxa from the
Paleogene of central and eastern Asia are only incom-
pletely preserved, severely limiting direct comparisons.
Consequently, they were also never included in a



A new cryptodire from northern Vietnam

phylogenetic analysis. Interestingly, those taxa do not
show any close resemblances $o bababased on our
comparisons (see above), the only exception beig
impressafrom the Maoming locality of southern China.
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lacung MNI % 6), but still much more common than
S. impressawith only a single known individual.
Therefore, in both of these localities, pan-geoemydids
are approximately 10 times more abundant than pan-

This taxon, as outlined above, appears to be very closelytrionychids. In Krabi, the number of pan-geoemydids is

related toS. babafrom the Na Duong locality of north-
eastern Vietnam, most likely representing its sister
taxon.

A high degree of faunal similarity between the two
localities is also indicated by the pan-geoemydid
turtles. From Maoming, two species are known:
Guangdongnemys pindClaude, Zhang, Li, Mo, Kuang
and Tong, 2012 (minimum number of individuals
[MNI] ¥4) and Isometremys lacunaChow and Yeh,
1962 (MNI ¥ 6). From Na DuongBanhxeochelys trani
was recently described by Garbin et &019, who con-
cluded thatB. trani was most similar to the species from
Maoming. The high degree of faunal similarity between
the two localities is further supported by the crocodylian
fauna: the taxa known from Na Duon@rientalosuchus
naduongensis and Maomingosuchus acutirostris are
closely related to those from MaominBongnanosuchus
hsui Shan, Wu, Sato, Cheng and Rufol@021 and
Maomingosuchus petrolicugYeh, 1958, respectively
(Massonne et al2019 2021 Shan et al.2021).

A third locality, which resembles the Na Duong fossil
site in terms of its vertebrate assemblage, is the Krabi
Basin of southern Thailand. As in Maoming, two pan-
geoemydids have been describddardella siamensis
Claude, Suteethorn and Tong007 (MNI ¥ 1) and
Mauremys thanhinensi€laude, Suteethorn and Tong,
2007 (MNI ¥ 11). Although Garbin et al.2019 did
not find a particularly close relationship between the
Krabi taxa andB. trani, their phylogenetic analysis
yielded a large polytomy including, among others, all
five geoemydid taxa mentioned here. As for the croco-
dilian fauna, Krabisuchus siamogallicusMartin and
Lauprasert,2010 is closely related tdO. naduongensis
andD. hsui while a specimen referred to as thérabi-
Maomingosuchusis closely related tdMaomingosuchus
spp. from Na Duong and Maoming (Martin et &2019
Massonne et al.,2019 2021 Shan et al., 2021).

comparable to MaomingH. siamensisMNI ¥, 11 and

M. thanhinensis MNI % 1). Based on these numbers
(and the assumption that pan-trionychids are equally
rare in Krabi as they are in Maoming and Na Duong),
the absence of a pan-trionychid could also be explained
by a sampling bias instead of unsuitable environmental
conditions.

Conclusions

Striatochelys babaen. et sp. nov. is a pan-trionychid
from the middleupper Eocene (late Bartonian
Priabonian, 3935 Ma) of the Na Duong Basin of north-
ern Vietham. The taxon is known from extensive shell
material of at least nine individuals. The best preserved
of these specimens was selected as the holotype, con-
sisting of a virtually complete carapace and plastron. In
general,S. babais a medium-sized species characterized
by prominent ridges on the carapace (on both costals
and neurals) in adult specimens, a larger costal VI,
forming the posterolateral margin of the carapace, and
an entoplastron callosity in the shape of a bulge.

Comparison with plastomenids, other Palaeogene pan-
trionychids from Asia and extant taxa from Southeast
Asia, reveals a close resemblanceSofbabato the latter
group, particularly to members of the genN#issonia
Some other characters seen $h babaare otherwise
unique toPlastomenidaeOur phylogenetic analysis sup-
ports the results of these comparisons and recoers
babain a polytomy withNilssoniaspp.

Striatochelys babas morphologically very similar to
a pan-trionychid from the upper Eocene of the
Maoming Basin of southern China, which has previ-
ously been referred to as'TrionyX impressus

However, no pan-trionychid has so far been described Accordingly, we assignT.” impressuso the new genus

from the Krabi Basin, potentially indicating the preva-
lence of different environmental conditions that were
not suitable for pan-trionychids.

Interestingly, pan-trionychids are rare in the Na
Duong Basin compared to other turtles: only nine indi-
viduals of S. babawere excavated, which stands in
marked contrast to the more than 100 individuals
known for B. trani (Garbin et al.,2019. In Maoming,

StriatochelysasS. impressaln the past, representatives

of Pan-Geoemydidaamong cryptodirans, as well as of

Orientalosuchina and Tomistominae among crocodyli-
ans, have demonstrated a high degree of faunistic simi-
larity between the Na Duong Basin in Vietnam and the
Maoming Basin in China. The close resemblance
between the two Southeast Asian pan-trionychids further
supports this conclusion and provides additional evi-

the pan-geoemydids are, in absolute numbers, less fre-dence for the close similarity between the reptile faunas

qguent than in Na DuongQ. pingi, MNI % 4 andI.

of the Na Duong Basin and Maoming Basin.
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