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Abstract

Choristoderaare freshwateraquaticreptilesknownfrom the Middle Jurassito the Miocene.Their
recordshowsa peakin diversityin the EarlyCretaceousf easternAsia,most notablyin the Jehol
Biotaof Chinabut alsoin Japarand Mongolia.However,until now, the only Jurassicecordsfrom
Asiahavebeenrare disarticulatedelementsfrom Middle Jurassienicrovertebratesitesin Siberiaand
Trandaikalian with a possiblgaw fragmentfrom the LateJurassiof Xinjiang,China.Herewe
describea new, fully articulated,choristodereskeletonfrom the TiaojisharFormationof China,
consideredo be of LateJurassi¢Oxfordian)age. Assuch,the new specimerrepresentshe first
completeJurassichoristodererecoveredworldwide,aswell asprovidingimportant information on
the pre-Cretaceoushistory of the groupin easternAsia.ln its proportionsand postcranialcharacters,
the newtaxonresemblegreviouslydescribedAsiantaxasuchasPhilydrosaurugbut it is distinct
from them in possessingeveraapparentlyplesiomorphiacharacterdancludinga short antorbital
region,pairedexternalnares,andanopenlower temporalfenestra.Phylogeneti@analysiplacesthe
new choristodereasthe sistertaxonof a non-neochoristoderarcladecomprisingAsianand
Europearntaxa,whereasthe Europeanjurassicteniogenydecomeghe sistertaxonto all other

Choristodera.

Keywords: ChoristoderaDiapsidaReptilig new genusandspeciesAsia;Jurassic



Introduction

Choristoderesre freshwateraquatic,or semiaquatic,diapsidreptileswith afossilrecord
extendingfrom the Middle Jurassi¢UK Kyrgyzstan)hroughto the Miocene(France CzechRepublic,
Germany)(sedMatsumoto& Evan2010for a review). Thegroupis primarily Laurasiann its
distribution, althoughchoristodereshavebeenreported from the Middle Jurassiof North Africaon
the basisof someinconclusiveandincompletejaw elements(Haddoumiet al. 2016). Known
choristoderedall into one of two groupings,NeochoristodergsensuEvans& Hecht1993 andthe
non-neochoristoderesNeochoristoderdorms a well-supportedclade,typified by two relatively
large,gaviallike, Euramericargeneraof LateCretaceousdEoceneage,ChampsosaurugCopel876
1884;Brown 1905;Parks1927;Russell 956;Ericksonl972,1985) and SimoedosauruéSigogneau
Russeland Russelll978; SigogneatRusselll 985 Ericksor987).However,a seriesof discoveries
overthe lastthree decadeshasshownthat manychoristoderesjncludng the earliest,were small
andsuperficiallylizardlike in bodyform. Thesecomprisethe non-neochoristoderesthe
interrelationshipsof whichare still poorly resolved(e.g.Matsumotoet al. 2013).

Recognitiorof the first choristoderesrom the EarlyCretaceousf Mongolia(Efimov,1975,
1979;9gogneaudRussel& Efimov,1984), then China(Brinkman& Dong1993;Gaoet al. 2000, 2005,
2007;Liu2004;Gao& Fox2005 Ksepkaet al. 2005;Gao& Li2007;Gao& Ksepka&2008),Japan
(Evanst Manabel1999;Matsumotoet al. 2007),and TransbaikaliafRussigSkutscha2008), opened
anew chapterin our understandingof choristoderanhistory. TheEarlyCretaceoushoristoderesof
easternAsia,especiallyChina showunexpectedaxonomicdiversity(7 genera,12 speciespnd
morphologicalisparity(in size,snoutlength,and necklength),suggestindghat this regionwasan
important centrefor choristoderarnevolution. Howeverwith the exceptionof fragmentaryand
inconclusivgaw fragmentsfrom the UpperJurasic(Oxfordianage)depositsof the JunggaBasin,
Xinjiang(Richteret al. 2010, there havebeenno previousreports of choristoderesdrom Jurassic
depositsin China,andthereforelittle indicationasto whenchoristoderesbeganto diversifyin this

regon. Herewe describethe first completechoristoderespecimenfrom a LateJurassi¢ocality
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(NanshimenHebeiProvince)lt is alsothe first completeJurassichoristodereskeletonrecorded

from anywherein the world.

Institutional abbreviations

BMNHG BeijingMuseumof NaturalHistory Beijing,China CAGSG, Institute of GeologyChinese
Academyof GeologicaBciencesBeijing,China CAS ChineseAcademyof SciencesCNMM former
CentralNationalMuseumof Manchoukuo,n Hsinkinglnow Changcun)DR DalianNaturalHistory
Museum,Dalian,China; GMG GeologicaMuseumof China Beijing,China,GMV, the Geological
Museumof Chinayertebratefossilcollections Beijing China IGM, Geologicalnstitute of the
MongolianAcademyof Sciencs, UlanBataarMongolig IVPR Institute of VertebratePaleontology
and PaleoanthropologyBeijing,China,LPMC LiaoningPaleontologicaMuseumof China,Shenyang,
China;MNHN MuséumNationalR Qstoife Naturelle,Paris,France PIN Paleontologichesknstitut
RossiiskohkademiiNauk,Moscow,RussiaPKURPekingUniversityPaleontologicatollections,
Beijing,Ching RTMP RoyalTyrrellMuseumof PalaeontologyDrumbheller,Alberta,CanadaSMM,

TheScienceMuseumMinnesota,St.Pau| Minnesota,U.S.A.

Geologyand materials

Thenew choristoderefossilwasrecoveredirom the Nanshimerocality, GangouTownship,
QinglongCounty,HebeiProvince(Fig.1). It is housedin the collectionsof the Institute of Vertebrate
Paleontologyand PaleoanthropologylVPP)ChineseAcademyof Science$CAS)Beijing,with the
cataloguenumber IVPPV/23318.

TheNanshimerocalityhasyieldedsalamandergSullivaret al. 2014;Jia& Gao2016)and
mammals(Luoet al. 2015), but the contemporaneousieighbouringocality of Mutoudengzihasalso
yieldedpterosaurg(Lil 2009;Luet al. 2012;Lu& Hone2012;Jianget al. 2015, mammals(Zhenget

al. 2013),anda nonaviandinosaur(Xuet al. 2015).Thereis a generalconsensugSullivaret al.



2014;Luoet al. 2015 Jia& Gao2016)that the fossilbedscroppingout at Nanshimerbelongto the
Tiaojishan=Langi}ormation.Althoughno datablemineralshavebeenrecoveredfrom Nanshimen,
stratigraphiccorrelationswith other localities,notablythe Daxisharsection,Jianchanddasin,
Liaoning(Sullivaret al. 2014;Luoet al. 2015 allow the Nanshimerdepositsto be datedto the Late
Jurassi¢Oxfordian) with U-PbSHRIMMatesfor the horizonat Daxishargivenas160+0.99Ma. The
faunaandflora of thesedepositsare consideredo be componentsof the YanliaoBiota,whichisthe
antecedentof the EarlyCretaceousleholBiota.

IVPPV 23318is the skeletonof a smallchoristodere gxposedn ventralview on a slabof
yellow-greysilty shale(Fig.2). Theskeletonis completeexceptfor the last part of the tail, andis fully
articulatedexceptfor the anterior 5¢6 neckvertebrae,whichlie in a smallmassbehindthe head.
Despiteits smallsize(total length of ~400mm), the skeletonappearsto be adult or nearadult, based
on: the closedsutureson the skullandlower jaws;strongornamentationon the skullroof, especially
on the squamosalglosednotochordalcanalsandfusedneurocentralsuturesthroughthe vertebral
column; fusedcaudalribs; fully ossifiedproximaland distalendsof the limb bones;robusthumerus
with completedistalcondyles;andfully ossifiedcarpalsandtarsals.

TheskeletonwaspreparedmechanicallyHowever to accesshe dorsaland lateral surfaces
of the skull,it wasseparatedfrom the rest of the skeleton(usingthe gapbetweenanterior and
posteriorneckvertebrae).Theskullblockwasthen scannedusingmicro-computerizedomography
(developedby the Institute of HighEnergyPhysicsChinese Academyof Science$CAS]at the Key
Laboratoryof VertebrateEvolutionand HumanOrigins |VPP CAS Beijing(beamenergyof 130kV,
flux of 120>A; detectorresolutionof 45.4810> Yper pixel;360°rotation with a stepsizeof 0.5°;an
unfiltered aluminiumreflectiontarget). Atotal of 720transmissiorimageswere reconstructedn
a2048*2048matrix of 1536slicesusinga two-dimensionakeconstructionsoftwaredevelopedby
the Institute of HighEnergyPhysicsCASThesoftware Avizo8.0, FEIHillsboo, Oregon,USAwas

usedto visualize3Dimagesof the CTdata.



Systematicpalaeontology
Clas®ReptiliaLinnaeus1758
OrderChoristoderaCope, 1884

GenusCoeruleodrac@en.nov.

Etymology FromcoeruleugLatin)meaningblue, anddraco(Latin)meaningdragon. Thisis derived

from the countyname,Qinglongwhere Qing=bluejong=dragon.

Range UpperJurassi¢Oxfordian) the Nanshimerlocality, GangouTownship QinglongCounty,

HebeiProvince,China.

DiagnosisAsfor the type andonly species

Coeruleodracqurassicusp.nov.

(Figs2¢7)

Etymology Toreflectthe Jurassiageof the newtaxon

Holotype. IVPPV 23318,a nearlycompletearticulatedskeletonof an adult individual(Fig.2).

Repository Institute of VertebratePaleontologyand PaleoanthropologylVPP)ChineseAcademyof

Science$CAS)Beijing,China.

Typelocality and horizon. Nanshime locality, GangouTownship QinglongCounty,Hebei

Province China;TiaojisharFormation,UpperJurassi¢Oxfordian).



Diagnosis Small(snoutvent length~200mm) choristoderedistinguishedrom all other members
of the group by the following combinationof characterspairedexternalnarialopenings;unossified
parasphenoidostrum;short nasallackingcontactwith maxilla;smalllower temporalopeningthat is
longerthan high;tubercularsculpturealongthe posteriormarginof the squamosalgervicalneural
spinetablesexpandedwell-developedentepicondyleon the humeruswith distinctroundeddistal
tubercle;ischiadiglate with a posterodorsaprocessgistallyexpandedan-like caudalribs fusedto

vertebrae.

Differential diagnosis.Thenew speciegesembleseocharistoderegsensuEvans& Hecht1993)and
the Euramericalurassi€Cteniogeny$Evansl 990),and differs from the non-neochoristoderes
MonjurosuchugEarlyCretaceousChinaand JapanGaoet al. 2000;Gao& Li2007;Matsumotoet al.
2007),PhilydrosaurugEarlyCretaceousChina,Gao& Fox2005;Gaoet al. 2007),
Khurendukhosauruskutschag Vitenko2017),LazarssuchugPaleoceneMiocene,Europe:Hecht
1992;Evank Klembara2005;Matsumotoet al. 2013),and HyphalosaurugChinaGaoet al. 1999),
in havingan open (versussecondarilyclosed)lower temporalfenestra;further differsfrom
neochoristoderesn havirg a relativelyshort preorbital skull,unexpandeduppertemporalfenestrae
roughlyequalin sizeto the orbits, a short mandibularsymphysidimited to afew anterior tooth
positions,closedneurocentralsutures,and presacralvertebraelongerthan high;resembles
Lazarussuchsanddiffers from other knownchoristoderesjncludingCteniogenysin havingpaired
(ratherthan confluent)nares,but differsfrom Lazarussuchus lackingan extendedpremaxillary
rostrum; resemblesCteniogeny# havingseparatepostorbitaland postfrontalbonesanda short
neck,but differsin havingan unossifiedparasphenoidostrum, basaltuberawith an obtuseangle
(~100°petweentubera,a completehumeralectepicondylaforamen,and closedpresacral
neurocentralsutures;resemblesPhilydrosaurugn overallpostcraniaimorphology,especiallythe

posterodorsaprocesson the ischiumandthe distallyexpandedan-like caudalribs, but differsin



havingshorterlachrymalsand nasalsa shorter parietal plate, and fewer marginalteeth (50¢60in
Philydrosaurusp.; 38in Coeruleodrach differsfrom the EarlyCretaceou#\sianHyphalosaurusand
ShokawgJapanEvanst Manabel999)in havinga shortrather than elongated neck;anddiffers
from the incompletelyknown EarlyCretaceos Siberianand MongolianKhurendukhosaurus
(SigogneatRussel& Efimov1984;Skutscha2008;Matsumotoet al. 2009; Skutschag Vitenko
2015,2017)in havingcervicalneuralspinesthat are square,nearlyequalin heightandlength,and
haveswollenneuralspinetables,andin havinga humeralentepicondylethat is well-developedwith

aroundeddistaltubercle.

Description

IVPP23318is the skeletonof a smalllizardike choristodere preservedn ventralview (Fig.
2).1t iscomplete,exceptfor the tip of the tail, andis almostfully articulated,exceptfor the anterior
cervicalvertebraethat lie in a massbehindthe skull. Theskeletonis 203mm in snoutpelvislength
(SPLanteriortip of premaxillato posterioredgeof lastsacral;SPLis roughly equivalentto snoutvent
length[SVL]n alivinganimal),with atotal lengthof around400mm whenthe tail isincluded.The
skullis 54 mm long;the forelimb is 70 mm long (humerus,25 mm; radius,17 mm; manus,28 mm);
andthe hind limb is 95 mm long (femur, 30 mm; tibia, 21 mm; pes,44 mm).

In the descriptionthat follows, the accountof the skullis basedon both the original
specimen(ventralsurface)andthe > / gcanswhereasthe accountof the postcranialskeletonis

basedon the specimemasexposedin ventralview.

Skull
Therostrumis pointed, but is not elongatedandthe preorbital skullis shorterthan the
postorbitalone (preorbitalskull18 mm, orbit 12 mm, postorbitalskull24 mm). Thepremaxillaewere

paired,asshownby the left premaxila with four teeth that is exposedunderthe anteriortip of the



left dentary(Fig.3). Eachpremaxillais a smalltriangularelement,the pointed anteriortip of which
formsa sharpedgeto the snout. Thepremaxillahastwo distinct processespne dorsalandone
lateral. Thenarrow dorsalprocesshearsa dorsoventrallyinclinedfacetfor the nasal.Thelateral
procesameetsthe anterodorsaimarginof the maxilla

Pairedexternalnarialopeningsare locatedat the anterior end of the snout,bordered
anteriorly by the premaxillaand posteriorlyby the smallnasalandthe anterior tip of the prefrontal.
Thecontribution of the prefrontalto the narialopeningdistinglishesCoeruleodracérom
Philydrosaurug whichthe nasalmeetsthe prefrontal in the mid-portion of the rostrum.

Themaxillaeare complete.Thedorsalflangeof the maxillais inflected mediallyto form the
dorsoventrallyflattened snoutthat is charaderistic for all choristoderesThemaxillafailsto contact
the nasaland hasan elongatedarticulationwith the prefrontal alongmostof its dorsomediaborder.
Furtherposteriorly,the maxillacontactsthe lachrymaland, alongthe ventral orbital margin the
shorttaperingorbital processhasa shallowarticulationwith the jugal.In ventralview, the maxillary
dentition is exposedmost clearlyon the right sideand shows33 tooth positions.Thetooth row ends
slightlyanteriorto the levelof the postelior orbital margin.

Theprefrontalsare in midline contactfor aboutthree-quartersof their lengthandform most
of the antorbital skullroof, unlike Philydrosaurusvhere the prefrontalsarerelativelymuchshorter.
Eachprefrontaliswidestat the anterior marginof the orbit, but then narrowsat the contactwith the
frontal. Togetherthe prefrontal andlachrymalform a stronganterior orbital rim.

Thelachrymalsarerestrictedto the anterior marginof the orbits and haveno contactwith
the nasalsIn dorsalview eachlachrymalpresentsasarelativelysmalltriangularelementwith a
taperinganterior procesghat intervenesfor a short distancebetweenthe maxillaand prefrontal,
anda posteriorprocesshat extendsventrolaterallyto meetthe jugalat the midpoint of the orbital
margin.Thelachrymalforamenis enclosedetweenthe lachrymaland prefrontal bonesin the

anterior wall of the orbit, unlike Philydrosaurusvherethe lachrymalfully encloseghe foramen.



Thepairedfrontals are narrow and contribute roughlyone third of the dorsalorbital rim
betweenthe prefrontalsand postfrontals.Theyextendto the levelof the posteriormarginof the
orbit, but roughlyhalf of their lateralmarginis occupiedby a facetfor the postfrontal. Eachfrontal
tapersposterolaterallycreatinga V-shapedcentralrecessnto whichthe anterior marginof the
parietalwedges.Thefrontals beartuberculardorsalsculpturethat is particularlywell developedin
the interorbital region. Thefrontal plate is visibk in ventral view and hasdescendinglanges(cristae
crania,sub-olfactory processes)hat appearto meetin the midline anteriorly. Thiswould strengthen
the interorbital regionof the skull.

Theparietalsare paired,asin other choristoderesandthere is no parietalforamen.Each
bone hastwo distinct parts,a dorsalparietaltable anda posterolaterallydirectedsquamosal
processAnteriorly,the parietaltable meetsthe frontals closeto the levelof the posteriororbital
margin.Laterallythe parietal table meetsthe postfrontalsand postorbitals whereasposteriorlyit
formsthe anteriorand medialmarginsof the uppertemporalfenestra.Theanterior width and
overalllengthof the parietaltable are roughlyequal,but the posterolateralmarginsangle medially
sothat the basesof the squamosaprocessedie closetogetheron either sideof the midline. From
this point, the processeslivergeposteriorlyand meet the squamosalén the posteromediaimargins
of the uppertemporalfenestrae.Eachsquamaalprocesds roughlyequalin lengthto the midline
sutureof the parietaltable,a morphologysimilarto that in Monjurosuchudut different from
Philydrosaurug whichthe parietaltable islongerthan wide, andlongerthan the squamosal
process.

Thepostfrontaland postorbitalare separate asin CteniogenysPhilydrosaurusandthe
neochoristodereChampsosauruand Ikechosaurudn other choristodereghe two bonesare fused
into alargepostorbitofrontalcomplexthat formsthe posteriororbital margin (e.g.Ericksorl 987
Evans Klembara2005 Gao& Ksepka&2008;Ksepkaet al. 2005. Thepostfrontalis a smalltriangular
plate that contactsboth the frontal and parietalmediallyandthe postorbitallaterally. This

postfrontal of Coeruleodracoesembleghat of Cteniogenyin beingexcludedfrom the upper



temporalfenestra(unlike Phlydrosauruslkechosauruand ChampsosaurQsThepostorbitalislarger
than the postfrontalandit is composedof dorsaland lateral platespositionedat an angleto one
another.Thisline of angulationcreatesa strongkeelthat is continuouswith the dorsaledgeof the
squamosabndformsthe lateralmarginof the uppertemporalfenestra. Thelargedorsalplate of the
postorbitalentersthe marginsof both the orbit andthe uppertemporalfenestra,contactingthe
postfrontalandthe parietalmedially.Paosteriorly,the dorsalplate tapersand overlapsthe squamosal.
Thelateral postorbitalplate is narrowerandtriangular,and formsthe anterodorsaimarginof the
smalllower temporalfenestra.A short ventral processprovidesa strongflangethat articulateswith
jugalin the orbital rim. Thissuture betweenthe postorbitalandjugalis alsovisiblein medialview,
wherealong narrow orbital processof the postorbitallimits the entry of the jugalinto the orbital
margin.

Thejugalis a slendertriradiate bone. Theanterior processdormsthe ventralorbital rim in
conjunctionwith the posteriorprocessof the lachrymal Posteriorlythe jugalbifurcatesinto dorsal
and posteroventralbrancheghat form the anteroventralmarginsof the lower temporalfenesta.
Thedorsalprocesds short (roughlyhalf the length of the posteriorprocessandbearsan
anteroposteriorlywide facetfor the postorbital. Theposteriorprocessoverlapsthe quadratojugal
half way alongthe ventralmarginof the lower temporalfenegra. Thelower temporalopeningis
longerthanit is high,andisroughlyhalf the sizeof the uppertemporalfenestra.

Asseenin lateral view, the quadratojugals a smallrectangularelementwith a sculptured
surface.Theposteriorend of the quadratojugalattachesto the anterior marginof the squamosal.
Thesquamosafacetformsathin plate anda slightlyconcavequadratefacetaccommodateshe
guadrate.Thedorsalmarginof the quadratojugals straightand formsthe posteroventralrim of the
lower temporalfenestra.

Thesquamosalis formed by two plates(lateraland posteromedialthat meet at roughly45
degreesandtogetherform the posteriormarginsof the uppertemporalfenestra.Thelateral plate is

strongdy sculptured,especiallyalongthe ventralmarginwherethe sculptureis developedinto spikes.
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Thelateral plate alsoformsthe posteriorborder of the lower temporalfenestra.lt bifurcates
anteriorlyinto roughlyequaldorsalandventral processesThedorsalprocesaneetsthe postorbital
in averticalarticulationandthe narrowerventral processcontactsthe quadratojugal.Thedeep
medialplate meetsthe squamosaprocesof the parietalin the posteromedialmarginof the upper
temporalfenestra.Ventromediallythe squamosabearsa largefacetfor the quadrate.

Thequadrateis shapedike anisosceledrianglein posteriorview andis well exposedn
ventralview, partiallyin articulationwith the lower jaw. Theventrolateralmarginof the quadrate
attachesto the quadratojwgal. Thedorsalprocessof the quadrateis slightlyinclinedposteriorly,and
its dorsolateralmargn articulateswith the squamosalTheventral condyleis mediolaterally
expandedandhourglassshaped with the medialportion of the condylethickerthan the lateral part.
Thiscondyle,andthusthe jaw joint, islocatedslightly anteriorto the levelof the occipitalcondyle.
Themedialmarginis obscuredin dorsalview due to the overlappingpostorbital (Fig.3), but the CT
sliceimagesshowthat this marginattachesto the pterygoidandopisthotic. Howeverthe quadrateis
not in direct contactwith the neomorphbecausehe opisthoticintervenesbetweenthe two. This
differsfrom the conditionin other choristodereswherethe neomorphis known (e.g.Smoedosaurus
SigogneatRusselll981).

Theneomorphisathin plate-like bonethat liesin the lateralwall of the choristoderan
braincasebetweenthe parietal, squamosalguadrate,prootic and pterygoid(Fox1968 Gao& Fox
1998, and seemsto be a choristoderancharacteristicTheboneis presentin Coeruleodractut it is
muchsmallerthan that of the neochoristoderesSimoeodosauruSigogneatRusselll981),
Ikechosaurugpers ob. RM:IVPPY96113), and Champsosauru&.g.Fox1968) A pterygoidforamen
liesbetweenthe neomorphand squamosaln Champsosaury$ut is not confirmedin

Coerutodraca
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Palateand braincase(Fig.4)

Theseregionsare not well preservedn the originalspecimerbut dueto the presenceof the
braincasethe posteriorpart of the skullis somewhat lesscompressedhan the anterior part.

Thevomerandpalatinesare not visible. Thecentral portion of the pterygoid,at the junction
of its palatalplate and quadrateprocessjs preservedon both sidesbut is more completeon the
right. Thereis alow ridgerunningalongthe quadrateprocess.Thereare no obviousteeth on the
preservedportion of the pterygoid.

Theright ectopterygoidis exposedwithin the orbit in the dorsalview of the skull(Fig 3B).As
preservedthe boneis T-shapedwith alateralmaxillaryprocesghat tapersat both ends.The
slendermedialprocessds orientated horizontallyand bearsdeepplug-in facetfor the pterygoidon
the dorsalsurface.Theectopterygoidof Coeruleodracdiffers from that of Cteniogenysnd
Champsosaurus the absenceof a neckat the stemof the pterygoidprocessandin the deeper
pterygoidfacet. Simoedosaurumore closelyresemblesCoeruleodracin thesetwo features,but the
elementis shorterandformsarobust triangularplate.

Thebasisphenoids exposedbetweenthe pterygoidsat the posteriorend of the
interpterygoidvacuity(Fig 4A). It appearsto haveshort basipterygoidorocesseshat are suturedto
the pterygoids(cleareston the right). Theanterior end of the boneis bifurcate,with shortprocesses
delimitinga narrow U-shapedembayment.Thebasisphenoidgkxpandgposterolaterallywith the edge
of the dermalparasphenoicreatinga distinct ventrolateralcrestalongthe edgeof the bone.No
teeth are visibleon the parasphenoid.

Theposteriorpart of the skullhasbeendeformedpostmortemandthe braincaseseemsto
havetwisted slightlyaboutits longaxis,sothat the left edgeliesmore ventrallythan the right, and
the basioccipitahppearsrather asymmetricwith the kidney-shapedoccipitalcondyleoffset to the
right. Thebasaltuberaare expandedventrolaterallyand are similarto thoseof the
Khurendukhosauruskutscha2008).Thedegreeof expansioris roughlyintermediatebetweenthe

well-developedtuberaof Champsosauruandthe poorly developedtuberaof Simoedosaurus
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Immediatelyto the left of the occipitalcondyleis a smallercondyle.Thiscouldbe part of an
exoccipitalbut is probablythe baseof one of the atlantalarches.Theotic capsuleis dorsoventrally
compressedndhigherresolutionCTscanswould be requiredto understandits detailedstructure,

but a slenderrod lyingin agrooveon the occipitalsurfacemaybe a stapes.

Mandible

Bothmandiblesare preservedthe right is mainlyexposedn labialview andthe left in
lingualview (Fig.4A,B).Thelabialview showsthe characteristicchoristoderandentarymorphology:
longandshallow,with linear striationsand multiple foramina,althoughfracturingof the surface
precludesconfirmationa distinctdoublerow of foramina. Thelingualview showsthe symphysigo
be short (afew teeth only). Thereis a strongsubdentalridge abovea Meckelianfossathat isopen
mediallyfor muchof its length, althoughfragmentsof a splenialin the posteriorpart of the fossa
suggesthat the fossawaspartially closedby this bone. Thereare 37¢38 teeth in the dentary. These
are subthecodontin their implantation,sitting in shallowroundedalveoli.Theteeth are conicaland
relativelyhomodont,althoughthe anterior teeth are more slenderthanthe posteriorones.Thereis
no trace of the labyrinthineinfoldingthat is found at the basesof the teeth in all neochoistoderes
exceptlkechosaurugMatsumotoet al. 2014) but almostall tooth crownsare either brokenoff or
splitandtherefore the extent of the enamelcovering(completeor crownonly), andthe presenceor
absenceof crown striations,cannotbe determined.Thedentarytooth row extendsalmostto the
posteriormarginof the orbit. Thepostdentaryjaw is exposedon the left side,thoughdamaged|t is
shortandformslessthan onethird of the total mandibularlength. Alongprearticularis exposed,
supportinga mediallyopenadductorfossa.Thecoronoidis not preservedandthe articularlacksany
developmentof aretroarticularprocess.

Asinglepair of elongatedhyoid elements(first ceratobranchialsis exposedon the ventral
surfaceof the skull,extendingfrom the posteriororbital margininto the anterior neck.Each

ceratobranchials a straightrod that tapersgraduallyfrom a thickenedanteriorendto amore
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slenderposteriortip. Similarelementshavebeendescribedn other choristoderedncluding

Champsosauruiricksorl985)and IkechosaurugBrinkman& Dongl1993;Liu2004).

Axial skeleton

Thevertebralcentraare amphicoelougo amphiplatyan(i.e.the cotylesare shallow)but not
notochordal(andshownby brokenvertebrae),andthe neuralarchesand centraare fused
throughoutthe column.Theneckisthe only part of the skeletonthat is disarticulated,and a cluster
of 5-6 cervicalvertebrae(includingthe axisand possiblyatlantalelements)liesbehindthe head(Fig.
3). Oneadditionalposteriorcervicalvertebraisin articulationwith the dorsalseries(Fig.2). The
cervicalcentraare short (4 mm) andkeeled,but they are longerthan they are deep.Asexposedon
the specimenthe preservationis not goodenoughto showwhetherthey havefacetsfor a double
headedrib, althoughthere is one elementoverlyingthem that couldbe arib of that type. However,
the > / datahasrevealeddetailsof the neuralspinesandzygapophysestheneuralspinetablesare
slightlyswollen,andthe zygapophysem the posteriorcervicalvertebree lie at an angleof roughly40
degreedo the horizontal Althoughwe cannotbe certainwhetheror not somecervicalvertebrae
werelost betweenthe anterior and posteriorseries it is clearthat the neckwascomparativelyshort
(like Lazarussuchusnd Monjurosuchusbut not HyphalosaurusKhurendhukosaurusr Shokawd.
Thereare 16 dorsalvertebraethat are significantljongerthan the cervicalsout becomegradually
shortertoward sacrum(7.5mm anterior dorsalvertebrallength, 7 mm posteriordorsalvertebral
length),andare cylindricalor subcylindricaln shape without sharpventralkeels.All dorsal
vertebraebearribs, althoughtheseare shorteron the posteriordorsals.n the sacralregion,there
appearto bethree sacralgsacrall centrum,5.87mmlong, 3.82mm wide). Therib of the second
sacralis visiblethrough a breakin the overlyingpelvicplate andthis showsthe sacralribs to be
sutured,not fused,to the centrum.Thetail is at leastaslongasthe trunk andmayhavebeenlonger,
allowingfor the missingtip. Theanterior caudalvertebraebearbroad, flangelike transverse

processesThatof the first caudalis broad-basedand anglesslightlyanteriorly, but in subsequent
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caudalsthe transverseprocessesre relativelynarrow at their basesandflare out distally.In this
feature, Coeruleodracmost closelyresemblesPhilydrosaurugGao& Fox2005;Gao et al. 2007).
Theflaringof the processess mostmarkedin caudal2¢9, after which(caudalsl1¢16, caudallOis
damaged)t decreasesntil the processesre almostparallelsided. Whetherthe processeare fully
fusedto the centraor are suturedis not clear.Posteriorto caudall6, there is then a short breakin
the specimen(2¢3 vertebralengths) after whichthere are a further eight caudalghat are cylindrical
and without processesThisis unlikelyto be the tip of the tail, however,asthe centraare still quite
large.Caudalertebra20 hasbeenrotated onto its side,revealingverticalzygapophyseanda
neuralspinewith a basethat extendsoverthe posteria two thirds of the neuralarch. Theneural
spineistwice aslongashigh. It lacksan expandedspinetable but the intact posterioredgeis
crenellated . With the exceptionof the first three caudalgpresumablyunderlyingthe cloacalvent),
allthe caudd centrabeara midline groovefor caudalblood vesseldlankedby pairedparallelcrests.
Thesecrestsare relativelylow on caudalvertebra3, but havedevelopedinto deepflangesby caudal
vertebra4 andthis morphologyextendsthe full lengthof the tail aspreserved No haemalarchesare
evident.

Afew shortribs arevisiblein the cervicalregion(Fig.5, cr). One,mentionedabove,hasa
bicipitalheadbut the morphologyof the remainder(unicipitalor bicipital)is unclear.Thetrunk ribs
are singleheaded broad,with strongkeelsfor the intercostalmuscleattachments,andexpanded
surfacesTogetherthey form arobust,inflexibletrunk regionlike that in other choristoderesThisis
further supportedventrallyby gastralia Thefull gastralserieshasbeendisrupted,but someof these
elementsare presentbetweenthe ribs. Themedianelementsare the thickest,roughlyhalfthe
diameterof the rib head.Thiscontrastswith both the very slendergastraliaof, for example,
Lazarussuchuyandthoseof someneochoristoderesvherethey are similarin width to the ribs

themselves.

Pectoralgirdle and forelimb (Figs 5 and 6)
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Thescapulocoracoidare both preservedandthe scapulaand coracad appearto havebeen
coossifiedThescapulas quite longand paralletsided;the coracoidformsa largeplate, but its
bordersare damagedmediallyandtherefore the shapeis unclear.Theglenoidfossais deepandwith
prominentW { Aittl&o€xide ventraldermalgirdleis preserved Theanterior part of the interclavicle
remainsin position,but its stemis not preserved Theclaviclesare thick and completelypreserved
on both sides.

Theforelimbiswell ossified(Fig.6). Thehumerusis preservedon the right. It isrelatively
short (25 mm, 75%femur length)androbust, with a thick shaft (5 mm) andwide distalend (10 mm).
Proximalanddistalendsare twisted in relationto one another,at an angleof around60 degrees.
Theproximalheadhasa wide continuousarticularsurfaceanda strongdeltopectoralcrest. The
distalendis broader. Theectepicondylas smallandis perforatedby a smallforamen.lt is flanked
mediallyby a largecapitellumfor the radius.Theentepicondyleis well developedandbearsa
distinctroundedtubercleat its distaltip. Proximalto it, alsoalongthe edgeof the distalend,isa
larger,but moreirregularrugosity. Theserugositiesimply the presenceof strongflexor musculature.
In this view, however,there is no evidenceof an entepicondylarforamenor groove.Theradius(17
mm) hasa well-formed cotyle for the humerusandalong, relatively gracileshaftterminatingin a
distalheadwithout obviousexpansionTheproximalend of the right ulnais obscuredby the
overlyingradius,but it isexposedon the left sideandseemsto havea distinctolecranonprocess.
Theshatftis similarin width to that of the radiusalthoughit is slightlymore expandeddistally. The
carpusis preservedonly on the right side,but the elementsare rather jumbledand somehavebeen
transposedoy the pronationof the manus.Alargeelementdistalto the ulnahead is presumablythe
ulnare,whereasa narrowerelementlying betweenthe radiusandulnamaybe a displacedadiale.
Furtherdistallyare at leastsixmore carpals presumablya mixture of centraliaanddistal carpals(at
leastthree). Themanusis presewvedon both sides.It islongerthan the humerus(28 mm) with

robustmetacarpalsand phalangesanda phalangeaformulaof 2:3:4:4:2+Metacarpals3 and4, of
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similarlength, are the longest,followedin lengthorder by MC2,MCland MC5.Theungual

phalargesarelongandstrong,with a gradualcurvatureand no obviousflexortubercle.

Pelvicgirdle and hind limb (Fig.7)

Theilium is not visiblein ventral view. Thepubo-ischiadiglate is broadand unfenestrated,
althoughcrushinghaspresseda sacralrib throughthe centre of the plate creatinga pseudofenestra
(Fig.7A B). Thepubisis a simplebroadplate, longerthan wide, and perforatedcloseto its proximal
end by anovalobturator (pubic)foramen.Thereis aweakpectinealtuberclelyingin the same plane
asthe body of the bone. Theischiumis flasklike andwide, andit hasa distinctposterodorsal
processThisis brokencloseto the baseon the left and appearsbifid on the right, althoughthis may
be dueto damage.

Thehindlimb islongerthan the forelimb (95mm, 137%forelimb) andis alsostrongly
ossified.Thefemoralheadandinternaltrochanterare separatedby a deepintertrochantericfossa,
with the trochanterlyingashortway distalto the femoralhead.Theshaftislongand sigmoid but it
is narrowerat its midpoint (3 mm) than that of the humerus.Thedistalendformsa singlearticular
surface without anyseparationof medialandlateral condylesThetibia andfibula are of the same
length (21 mm). Thetibia isthe more robustbone,with athick proximalheadthat is triangularin
crosssectionanda longshaft. Thefibula hasa smallproximalhead (2.4 mm in width) that is the
samewidth asthe shaft. Thefibular shaftis gracilefor more of its lengthbut it expandg€o morethan
twice the originalthicknesscloseto the distalend,asin mostchoristoderesin the ankle,the
astragalusaand calcaneunmare not fused,andthe latter hasa prominentcalcaneatuber. Further
distally,there aretwo or three distaltarsalsof whichthe largest(DT4)is flankedby a smallerDT3
and,probably,asmallDT2.Thepedalmetatarsalsand phalangeslike thoseof the manus.are
stronglyossifiedwith well-formed joint surfacesandtuberclesfor muscleandligamentattachments.
Asin the manus MT3andMT4are of similarlength, followedby MT2,andthen MT1andMT5.MT1

is conspicuouslyproadenedand MT5hasan expandedoroximalhead,with a medialarticularsurface
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for DT4anda squareouter processlt lacksplantartubercles,but the distalheadis setat almost90
degreedo the proximalone, sothat the shaftis distinctlytwisted. It isthus W K 2 2 tp & IRa@tthe
samedegreeasthat of rhynchocephaliandurtles, and manybasalarchosauronorphs (Evansl988).
Thepedalphalangeaformulais 2:3:4:4:3and,asin the hand,the ungualphalangesarelongand

robust.

Phylogeneticanalysis

We codedCoerutodracointo arecentdatamatrix for ChoristodergMatsumotoet al. 2013),
havingaddedtwo further choristoderespecimengMonjurosuchusplendengBMNHQ73]and
IkechosaurupijiagouensiglVPPV 13283])basedon new observationdyy one of us (RM),and having
updatedthe codingof Khurendukhosaurusasedon the recentpaperof Skuschas& Vitenko(2017)
Twocharactersn the Matsumotoet al. (2013)matrix were amended:character26 (to correcta
descriptionerror in states1 and 2) andcharacter83 (to recognizea new characterstate):

(26) Parietalskulltable (parietalmidline suturelength/parietaltable width): length of parietal
midline suture equalto or greaterthan transversewidth of parietal plate 0¢100%(0); parietal
midline suturelength up to twice (100;200%)transverseparietalwidth (1); parietalmidline suture
lengthmuchgreater(200;350%)than transversewidth (2). Statesin the intermediatezone95¢
105%are codedas(0/1) andin the zone195¢205%as(1/2).

(83) Cervicakygapophysesalmosthorizontal(OcH p @)pprojectdorsolaterally(30¢n p @); project

dorsolaterally(30c45¢) in anterior neck(C3;5) but are almosthorizontalin posteriorneck(2).

Weranthe analysiusingTNT(versionl; Goloboffet al. 2008)in New Technologysearch
mode with the Ratchetoption (1000randomadditionsequencesb0 iterations)followed by a
Traditionalsearchof treesin RAMfor additionaltopologies.TheBootstraptree was analyzedvith
10000replicateresamplingin additionto Coerukodracq the ingroupcomprisedl 1 choristoderan

generaand 21 speciesChampsosauru@ sp.),Simoedosauru@ sp.),lkechosarus(2 sp.), Tchoiria
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(2sp.),Cteniogeny$l sp.),Philydrosauru¢2 sp.),Khurendukhosaurud. sp.) Monjurosuchug2 sp.),
Hyphalosaurug$2 sp.),and Shokawg(1 sp.).IrenosaurugEfimov1988)and PachystropheuéStorrs&
Gower1993)were excludedin this analysiglue to uncertaintyasto their morphologyand
relationshipto Choristoderge.g.Matsumotoet al. 2009;Matsumotoet al. 2013),while Liaoxisaurus
(Gaoet al. 2005 is omitted asit isalmostcertainlycongeneriavith Ikechosaurugrom the same
locality. Outgroupchoiceis problematicfor Choristoderapecausehe positionof the groupwithin
Diapsidaemainsuncertain: on the stemof Archosauromorpha Lepidosauromorphée.g.Evans
1988, Dilkes1998;Gao& Fox1998);asstem/earlyarchosauromorphge.g.Evansl 983, Gauthieret
al. 1988 DeBraga& Rieppell997); or assauropterygiarrelatives(Miller 2004).Our previouswork
(Matsumotoet al. 2009;Matsumoto2011)hasdemonstratedthat the selectionand combinaton of
outgroupsaffectingrouprelationshipswithin ChoristoderaAs TNTonly permitsa singleoutgroup
rather than several we designatedhe LateCarboniferougliapsidPetrolacosaurugReisZ981)as
outgroup,but includedsevenadditionaltaxa(represering different hypothese<f relationshipfor
Choristodera)n the ingroup,namely:Younginaand Araeosceligdiapsidstem),Mesosuchusand
Prolacerta(archosauromorphsNNothosaurusand Keichousauruésauropterygians)and
Gephyrosauruf_epidosauria)A secondseriesof analysesvasrun usingthe PermianAraeoscelis
(Reiszt al. 1984:whichlacksa lower temporalfenestra)asthe outgrouptaxon.

Thetwo setsof analysegwith Petrolacosaurusr Araeosceligsoutgroups)both yieldedten
MPTs(L=329),and althoughthere were smalldifferencesin the positionsof somenon-
neochoristoderege.g.Monjurosuchusandneochoristoderege.g.lkechosauruand Tchoirig in
someof the trees,the choiceof Petrolacoaurusor Araeoscelifiad no significanteffect onthe
topologyof either the strict consensugFig.8A)or bootstraptrees(Fig.8B).Bothanalysesupported
the monophylyof Choristoderaand of Neochoristoderaand both supportedthe placementof the
Middle Jurassicteniogenysasthe sistertaxonof all other choristoderesThemaindifference
betweenthe Strict Consensuand Bootstraptreesisthat the latter leavesthe non-neochoristodere

taxain anunresolvedpolytomy (with weaksupportfor long-neckedhyphalosauandshortnecked
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monjurosuchidcladegsensuGao& Li,2007]),whereasthe strict consensugree placesthe non-
neochoristoderartaxa(other than Cteniogenygin a secondcladeof which Coerutodracois the

sistertaxon. Thepossibleimplicatonsof this are discussedelow.

Discussion

Coeruleodracgurassicuss clearlya choristodere basedon the presenceof amedian
contactof the elongatedprefrontals,separatingnasaldrom frontals; dorsalflangeof the maxilla
inflectedmedially;absenceof a parietalforamen;squamosaéxpandedposteriorto the occipital
condyle;conicalsubthecodontteeth; a slenderdentarywith anteroposteriolyelongatedgrooveson
the labialsurface;additionalsacralvertebrae;expandedspinetableson the vertebrae; and
amphiplatyanvertebralcentra. Thisattribution is confirmedby the resultsof the phylogenetic
analyses.

Asoutlinedin the introduction, the knowngeneraof choristoderedall into two groups,one
formal, oneinformal. Neochoristoderdsensuevans& Hecht1993)forms a well-supportedcladeof
long-snouted,gaviatlike reptilescomprisingthe CretaceousEoceneEuramericargenera
Champsosauruand Simoedosauruge.g.Ericksorl972,1987; SigogneatRusselk Russell978;
SigogneatRussel& de Heinzelinl979),andthe EarlyCretaceoug\sianTchoiria(Efimov1975,1979)
andlkechosauruge.g.Brinkman& Dong1993). Coeruleodractacksthe diagnosticfeaturesof
Neochoristoderge.g.confluentnares,elongatedrostrum, expandedupperand lower temporal
fenestrae extendedmandibularsymphysisppenneurocentralsutures)andthusfallsinto the non-
neochoristodereggrouping.Apartfrom Coeruleodracahis informal groupincludesthe Middle-Late
Jurassi&uramericarCteniogeny$Evansl 989,1990;Chue & Evansl 999, the EarlyCretaceous
AsianMonjurosuchugEndo1940,Endo& Shikamal942,Gaoet al. 2000;Matsumotoet al. 2007),
PhilydrosaurugGao& Fox2005),Hyphalosauruge.g.Gao& Ksepka&008),Shokawa Evansk

Manabe1999)and KhurendukhosausiSigogneatRusselll981,Skutscha®2008;Matsumotoet al.

20



2009; Skutschag Vitenko2015,1017)andthe PalaeocenéMioceneEuramericariazarussuchus
(Hecht1992;Vejvalkal997;B6hme2008;Matsumotoet al. 2013) In the past(Evans& Hecht1993
Gao& Fak 1998;Evansk Manabel999;Ksepkeet al. 2005;Matsumoto2011;Matsumotoet al.
2013)there hasbeenalackof consensussto whether Cteniogenysr Lazarussuchusasthe more
stemwardtaxon,with Gao& Fox(1998)actuallyplacingLazarussuchusutside Choristodera.

Theresultsof the phylogeneticanalysissuggesthat the addition of Coeruleodracto the
choristoderanrecordmayhavehelpedto stabilisethe ingrouprelationshipsjn confirmingthe
placementof Cteniogenysisthe sistertaxonof all other choristoderegincludingLazarussuchqgs
Matsumotoet al. (2013)found the samearrangementlf the topologyprovidedby the Strict
Consensutree (Fig.8A)is correct,then reductionof the lower temporalfenestra(asin
Coeruleodrach followed by closureof the fenestrain youngertaxa,couldbe stepwise changesn
the evolutionof a non-neochoristoderarcladethat evolvedin Asiaduringthe Jurassi@anddiversified
in the EarlyCretaceousThismayhaverelevancen relationto the rather puzzlingeuropearrecordof
smallchoristodereqFig.9). Cteniogengisknownfrom the Middle Jurassiof Englandand Scotland
UK(Evansl989,1990),the UpperJurassi¢Oxfordian)of Portugal(Guimarotalignites,Evansl 989)
andthe UpperJurassi¢Tithonian)of North America(Morrison Formation,Chure& Evansl998).
There are alsoCteniogenydike vertebraerecordedfrom Middle Jurassienicrositesin Kyrgyzstan
(Averianowet al. 2006).Howeverthere is then a hiatusin the Europearsmallchoristodererecord
until the first appearanceof Lazarussuchus the PalaeocenéMatsumotoet al. 2013),but note that
this excludedragmentarychoristodererecordsfrom westernandeasternSiberia(Skutschag
Vitenko2015,2017).Eitherthe ancestorsof Lazarussuchusere presentin Europethroughoutthe
Cretaceousbhut havenot beenrecoveredor they dispersedbackinto Europeat somepoint before
the earlyPalaeogeneafter the extinctionof earlier primitive choristoderanineagesForthe first
alternative,the absenceof choristodereremainsfrom the well-studiedmicrovertebrde assemblages
of the UK(e.g.the BerriasiarPurbeck.imestoneGroup,Wealdendepositsof the Isleof Wight) or

rich wetland deposits Jlike thosein Spain(e.g.LasHoyas)js problematic. TheseEuropeariocalities
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yield faunalassemblagethat containsdamandersfrogs,smallcrocodiles andturtles, with which
choristoderesare found in the EuropeanJurassi@andin the EarlyCretaceou®f Asia(Matsumoto&
Evans2010;Skutscha#: Vitenko2017).However|f Lazarussuchusasits originsin anon-
neochorstoderancladethat arosein Asia(assuggestedy the StrictConsensugree in Fig.8A), and
later dispersednto Europe then the Europearrecordwould makemore sense(Fig.9). Nonetheless,
this hypothesisremainsspeculativeandmuchmore needsto be known of the Jurassiand

Cretaceousistory of smallchoristodereghroughoutLaurasia.

Conclusions

Overthe lastfew decadesthe LowerCretaceouslepositsof Asiahaveyieldedan
exceptionaland unexpecteddiversityof choristoderangenerawith a range of different sizesand
body plans.However,until now, there hasbeenlittle information on the earlierhistory of the group
in the samegeographicategion. Thediscoveryof a completechoristodereskeletonfrom the Late
Jurassi¢Oxfordian)f Chinatherefore helpsto fill a significantgapin the record.Phylogenetic
analysissuggestshe new taxonmayhavebeenan earlymemberof a diversenon-neochoristoderan

Asiancladefrom whichthe PalaeocenéMioceneEuropearLazarussuchumayhavebeenderived.
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Figurel: Elevenpublishedchoristoderebearinglocalitiesin westernLiaoningwith one from the Middle-UpperTiaojishan
Formation(Oxfordianlocality 1, triangle), sevenfrom the YixianFormation(BarremiarAptianlocalities2¢8, stars) and
three from the JiufotangFormation(Aptianlocalities9¢11, diamonds).

1, Nanshimen Coeruleodracqurassicugien.et sp.nov. (IVPPV 23318 this papel); 2, Toutai Monjurosuchusplendens
(BMNHGQ/073 Gaoet al. 2007);3, Baitaigou HyphalosaurugaitaigouensigHolotype,CAGSG-03-7-02, Jiet al. 2004);4,
JingangshanMonjurosuchusplendenglVPPV 13761 Wanget al. 2005)(Gao& Fox[2005 thought Caocishamand
Jingangshawere the samelocality, seetext); 5, Danangou MonjurosuchusplendengHolotype,CNMM3671, Endo1940;
IVPPV 3673 Endo& Shikamal942);6, DawangzhangzHyphalosaurusingyuanensigFanzhangzlyPPv 11705 Gaoet al.
1999 PKUP/1052,GMCjuvenile,Gao& Ksepka&2008 seenote below); 7, Niuyingzi MonjurosuchusplendengNeotype,
GMV2167 Gaoet al. 2000) Thereare three more specimengGMV2135,2162,2166) whoselocalitiesGaoet al. (2000)
did not record Basedon the matrix of thesespecimensthey probablycamefrom the neotypelocality; 8, Luojiagou
Hyphalosaurusp.(Zhanget al. 2012); 9, Yuanjiawa Philydrosaurugroseilu§LPM@21, Gaoet al. 2007);10,
ShangheshouPhilydrosaurugroseilugHolotype,PKUR/2001 Gao& Fox2005);11, Pijiagou Ikechosaurugijiagouensis
(Holotype,IVPPV 13283 Liu2004).

Note: Gao& Ksepkg2008)mentionedmany catalogued PKUR/10561058,BMNHCV014 053,LPMCR-00052,LPMC~-
0006500066)and uncataloguedspecimengBMNHC|VPPLPMCand PKUPYf Hyphalosaurudaitaigouensis but they did
not providelocalityinformation.
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Figure2. Coeruleodracqurassicugien.et sp.nov. Holotype(IVPPV 23318)from the Nanshimerlocality, GangouTownship,
QinglongCounty,HebeiProvince UpperJurassicSkeletoraspreservedn ventral view. Abbreviationscdv, caudalvertebra;
cl, clavicle;cv, cervicalvertebra;d, dentary;dv, dorsalvertebra;fem femur; fi fibula; ga,gastralia;hu humerus;ic,
interclavicle;jisc ischium;pub, pubis;r, radius;sc,scapulocoracoidsv, sacrd vertebra;ti, tibia; u, ulna.
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Figure3. Coeruleodracgurassicugien.et sp.nov.> / réconstructionof the dorsalsideof the skulland cervicalvertebrae
(IVPPv 23318):A, dorsalview; B, line drawingof A. Abbreviationscy, cervicalvertebra;ect, ectopterygoid;exn, external
narialopening;f, frontal; j, jugal;la, lachrymal;mx, maxilla;ne, neomorph;op, opisthotic;p, parietal; pf, postfrontal; pmx,
premaxilla;po, postorbital; prf, prefrontal; g, quadrate;qj, quadratojugaly d, right dentary; sq squamosal.
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Figured. Coeruleodracqurassicugen.et sp.nov. Theventral sideof the skulland cervicalvertebrae(IVPPVY 23318):A,
photograph;B,> / réconstructionof anterior snoutregionin ventralview; C,the backof the skullin posteroventral view.
Abbreviationsar, articular;boc, basioccipitalpsp,basipterygoidcy, cervicalvertebra;f, frontal; hy, hyoid;j, jugal;la,
lachrymaljl d, left dentary;mx, maxilla;n, nasal;oc, occipitalcondyle;p, parietal; pf, postfrontal; pmx, premaxilla;prf,
prefrontal; psh, parasphenoidp, quadrate;qj, quadratojugaly d, right dentary;sgsquamosaly f, vomerfacet.
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Figure5. Coeruleodracqurassicugien.et sp.nov. A, B, pectoralgirdlein ventralview (A, photo; B, line drawing)
Abbrevations:cl(r) right clavicle;cl(l) left clavicle;cr, cervicalrib; gl, glenoid; hu, humerus;ic, interclavicle;sc,
scapulocoracoid.
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Figure6. Coeruleodracqurassicugen.et sp.nov. A, left forelimb; B enlargedimageof the areaoutlinedin A.
Abbreviations discar, distalcarpals;ectf, ectepicondylaforamen;hu, humerus;ra, radius;ral, radiale;ro t, rounded
tubercle;rug, rugosity;ul, ulna; ulr, ulnare; 1, V, digit numbers.Numberedelementsare carpals
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Figure7. Coeruleodracqurassicugen.et sp.nov. A, B, pelvicgirdle,sacraland anterior caudalvertebraein ventral view (A,
photo; Bline drawing) C D, left hind limb in ventralview (C,photo; D, line drawing) Abbreviationsast, astragalusca,
calcaneumgdf, caudalflange;cdvl,1st caudalvertebra;cen,centrale;di, distaltarsal;fem, femur; fi, fibula; gr, blood
vesselgroove;in tr, internal trochanter;int f, intertrochantericfossa;isc,ischium;iscp, ischiadigprocessMT5, 5th
metatarsal;pub, pubis;pubf, pubicforamen;sv,sacralvertebra;ti, tibia. I, V, digit numbers.
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