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RESUMO

IQWNCTV." Kucdgnnc"Xcueqpegnnqu."O0Ue0."Wpkxgtukfcfg"Hgfgtcn" fg"Xk›quc." lcpgktq" fg"
2021. Avaliação da Evolução de Panchelonioidea (Testudines: Cryptodira) Baseada 
em Filogenia Morfométrica. Orientador: Pedro Seyferth Ribeiro Romano.

Pguug"guvwfq"fi"crtgugpvcfc"woc"jkr„vgug"encf‡uvkec"dcugcfc"go"octequ"cpcv»okequ."eq-

pjgekfc"eqoq"Oqthqogvtkc"Hknqigpfivkec0"C"cpƒnkug"hqk"eqpfw¦kfc"kpxguvkicpfq"33"eqp-

Ýiwtc›‰gu"fg"octequ"cpcv»okequ" *ectcrc›c."eqtceqkfg."¿ogtq." ‡nkq." ‡uswkq."ocpf‡dwnc."
rncuvt«q."r¿dku"g"et¤pkq"Î"fqtucn."xgpvtcn"g"ncvgtcn+"fg"53"gurfiekgu"fg"vctvctwicu"octkpjcu0"
Guucu"eqpÝiwtc›‰gu"tgrtgugpvco"wo"eqplwpvq"fg"eqqtfgpcfcu"swg"tgv‒o"c"hqtoc"igtcn"
de uma estrutura e, pode-se dizer, permitem mapear diferenças morfológicas entre táxons 

eqo"ogpqu" uwdlgvkxkfcfg"fq"swg"eqo"ectcevgtgu"fkuetgvqu0"Godqtc" cniwocu" kpeqpuku-
v‒pekcu"rgtukuvco."eqoq"cu"tgnc›‰gu" kpvgtpcu"g"c"fgÝpk›«q"Ýnqigpfivkec"fg"Ejgnqpkkfcg."
qu"tguwnvcfqu"rgtokvgo"gnwekfct"cniwocu"swguv‰gu"uqdtg"c"gxqnw›«q"fg"Rcpejgnqpkqkfgc0"
Ctenochelys procax e Toxochelys latiremis foram resgatadas como, respectivamente, os 

dois primeiros nós de divergência de Panchelonioidea Os Cheloniidae estemáticos do 

Cretáceo, Euclastes wielandi e Allopleuron hofmanni, foram aninhados separados das 

fgocku"gurfiekgu"fg"Ejgnqpkkfcg."oquvtcpfq"ocku"cÝpkfcfg"eqo"qu"encfqu"fq"Etgvƒegq"
Superior do que com tartarugas marinhas cenozoicas. Portanto, E. wielandi foi realocado 

para Ctenochelyidae. A composição de Dermochelyoidea sensu"Gxgtu"("Dgpuqp."423;"
fi"uwrqtvcfc"rqt"pquuqu"fcfqu"g"Allopleuron"rtguwokxgnogpvg"vgo"ockqt"cÝpkfcfg"eqo"
esse clado do que com Pancheloniidae. Os Cheloniidae do Paleogeno foram posicionados 

em dois grupos fortemente suportados, com o primeiro táxon a divergir sendo Eochelo-

ne. Ocepechelon bouyai"hqk"tgewrgtcfc"go"Rtqvquvgikfcg"g"qu"tguwnvcfqu"eqpÝtoco"swg"
qu"cpvkiqu"ogodtqu"fg"ÐQuvgqr{ikfcgÑ"rquuwgo"qtkigpu"fkuvkpvcu" *nkpjcigpu" kpfgrgp-

fgpvgu+0"Q"hcvq"fg"Rtqvquvgikfcg"ugt"tgewrgtcfq"fgpvtq"fq"itwrq"eqtqc"Ejgnqpkqkfgc"fi"
controverso e implica em uma extensa linhagem-fantasma para a maioria de Cheloniidae, 

rqtvcpvq"fi"rquu‡xgn"swg"guvg"rqukekqpcogpvq"uglc" tguwnvcfq"fg"eqpxgti‒pekc"gxqnwvkxc."
rtqxcxgnogpvg"eqpuvkvwkpfq"gurgekcnk¦c›‰gu"cq"oqfq"fg"xkfc"rgnƒikeq"swg"ocuectctco"
rctvg"fq"ukpcn"Ýnqigpfivkeq"fqu"fcfqu"cpcnkucfqu0"

Palavras-chave:" Rcpejgnqpkqkfgc0"Vctvctwicu"octkpjcu0" H„uugku0" Rcngqpvqnqikc0" Rctek-
o»pkc0"Rtqetwuvgu0"Ukuvgoƒvkec"Hknqigpfivkec0"Oqthqogvtkc"Igqofivtkec0"VPV0



ABSTRACT

IQWNCTV." Kucdgnnc" Xcueqpegnnqu." O0Ue0." Wpkxgtukfcfg" Hgfgtcn" fg" Xk›quc." Lcpwct{."
2021. Evaluation of Panchelonioidea (Testudines: Cryptodira) evolution based on 
phylogenetic morphometrics. Advisor: Pedro Seyferth Ribeiro Romano. 

Vjku"uvwf{"rtgugpvu"c"encfkuvke"j{rqvjguku"dcugf"qp"oqtrjqigqogvtke"fcvc."mpqyp"cu"Rj{-

nqigpgvke"Oqtrjqogvtkeu0"Vjg"cpcn{uku"ycu"eqpfwevgf" kpxguvkicvkpi"33" ncpfoctm"eqp-

Ýiwtcvkqpu"*ectcrceg."eqtceqkf."jwogtwu."knkwo."kuejkwo."lcy."rncuvtqp."rwdku"cpf"umwnn"
/"fqtucn."xgpvtcn"cpf"ncvgtcn+"qh"53"urgekgu"qh"ugc"vwtvngu0"Vjgug"eqpÝiwtcvkqpu"tgrtgugpv"
c"ugv"qh"cpcvqokecn"ncpfoctmu"vjcv"tgvckp"vjg"igpgtcn"ujcrg"qh"c"uvtwevwtg"cpf"cnnqy"vq"
ocr"oqtrjqnqikecn" fk悲gtgpegu" dgvyggp" vczc"ykvj" nguu" uwdlgevkxkv{" vjcp"ykvj" fkuetgvg"
characters. Although some inconsistencies persist, such as internal relationships and the 

rj{nqigpgvke"fgÝpkvkqp"qh"Ejgnqpkkfcg."vjg"tguwnvu"gnwekfcvg"uqog"curgevu"cdqwv"vjg"gxq-

lution of Panchelonioidea. Ctenochelys procax and Toxochelys latiremis"ygtg" tgeqxg-
tgf"cu."tgurgevkxgn{."vjg"Ýtuv"vyq"fkxgtigpeg"pqfgu"qh"Rcpejgnqpkqkfgc0"Vjg"Etgvcegqwu"
stem-Cheloniidae, Euclastes wielandi and Allopleuron hofmanni."ygtg"pguvgf"ugrctcvgn{"
htqo"vjg"qvjgt"urgekgu"qh"Ejgnqpkkfcg."ujqykpi"oqtg"c扉pkv{"ykvj"vjg"Wrrgt"Etgvcegqwu"
encfgu"vjcp"ykvj"Egpq¦qke"ugc"vwtvngu."uq."E. wielandi"ycu"tgcnnqecvgf"vq"Evgpqejgn{kfcg0"
Vjg"eqorqukvkqp"qh"Fgtoqejgn{qkfgc"sensu"Gxgtu"("Dgpuqp."423;"ku"uwrrqtvgf"d{"qwt"
data and Allopleuron"rtguwocdn{"jcu"c"itgcvgt"c扉pkv{"ykvj"vjku"encfg"vjcp"ykvj"Rcpejg-
nqpkkfcg0"Vjg"Rcngqigpg"Ejgnqpkkfcg"ygtg"rncegf"kp"vyq"uvtqpin{"uwrrqtvgf"itqwru."ykvj"
Eochelone"cu"vjg"Ýtuv"fkxgtikpi"vczqp0"Fgurkvg"dgkpi"rqukvkqpgf"qwvukfg"Rcpejgnqpkqkfgc."
there is no concrete evidence supporting Mesodermochelys undulatus as stem-Cryptodi-

ra. Ocepechelon bouyai"ycu"tgeqxgtgf"kp"Rtqvquvgikfcg"cpf"vjg"tguwnvu"eqpÝto"vjcv"vjg"
hqtogt"ogodgtu"qh"ÐQuvgqr{ikfcgÑ"jcxg"fk悲gtgpv"qtkikpu" *kpfgrgpfgpv" nkpgcigu+0"Vjg"
hcev"vjcv"Rtqvquvgikfcg"ku"tgeqxgtgf"ykvjkp"vjg"Ejgnqpkqkfgc"etqyp/itqwr"ku"eqpvtqxgtukcn"
and implies an extensive ghost lineage for most Cheloniidae, so it is possible that this 

positioning is the result of evolutionary convergence, probably comprising pelagic spe-

cializations that masked part of the phylogenetic signal in the analysed data.

Keywords: Panchelonioidea. Sea turtle. Fossil turtle. Palaeontology. Parsimony. Pro-

etwuvgu0"Rj{nqigpgvke"Oqtrjqogvtkeu0"Igqogvtke"Oqtrjqogvtkeu0"VPV0
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14 – Puppigerus camperi †, 37"Î"Dermochelys coriacea, 24 – Ucpvcpcejgn{u"ic振pg{k"̆."32 – Chelydra 
serpentina. Vjg"rqn{iqpu"tgrtgugpv"vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"z"cpf"{"czgu."vjkp"rncvg"
splines are placed indicating the shape represented by each extreme of that axis.RW
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Figure 17. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"lcy0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"itggp"Î"Rtq-
tostegidae; blue – Pancheloniidae; red – Dermochelyidae; black – Chelydridae; purple – Ctenochelyidae. 
Vjg"pwodgtu"tgrtgugpv"vjg"urgekgu<"5"Î"Caretta caretta, 4 – Carolinochelys wilsoni †, 7"Î"Chelonia my-
das, 8"Î"Eochelone brabantica †, 7 – Eretmochelys imbricata, :"Î"Lepidochelys kempii, ;"Î"Lepidochelys 
olivacea, 10 – Natator depressus, 12 – Procolpochelys charlestonensis †, 37"Î"Dermochelys coriacea, 
17 – Eosphargis gigas †, 3:"Î"Mesodermochelys undulatus †, 21 – Bouliachelys suteri †, 22 – Desmato-
chelys lowii †, 27 – Erquelinnesia gosseleti †, 31 – Ctenochelys stenoporus †, 32 – Chelydra serpentina. 
Vjg"rqn{iqpu"tgrtgugpv" vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"z"cpf"{"czgu." vjkp"rncvg"urnkpgu"ctg"
placed indicating the shape represented by each extreme of that axis.RW
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Figure 18. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"ectcrceg0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"itggp"
– Protostegidae; blue – Pancheloniidae; red – Dermochelyidae; black – Chelydridae; purple – Cteno-
ejgn{kfcg0"Vjg"pwodgtu"tgrtgugpv"vjg"urgekgu<"3"Î"Allopleuron hofmanni †, 2 – Ashleychelys palmeri †, 
4 – Carolinochelys wilsoni †, 7"Î"Chelonia mydas, :"Î"Lepidochelys kempii, ;"Î"Lepidochelys olivacea, 
12 – Procolpochelys charlestonensis †, 13 – Procolpochelys grandaeva †, 38"Î"Eosphargis breineri †, 
3;"Î"Ocepechelon bouyai †, 20 – Archelon ischyros †, 22 – Desmatochelys lowii †, 23 – Protostega gigas 
†, 47"Î"Ctenochelys acris †, 31 – Ctenochelys stenoporus †, 32 – Chelydra serpentina. Vjg"rqn{iqpu"
represent the shape range of each clade. Along the x and y axes, thin plate splines are placed indicating 
the shape represented by each extreme of that axis.RW
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Figure 19. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"rncuvtqp0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"itggp"Î"
Protostegidae; from blue – Pancheloniidae; black – Chelydridae; purple – Ctenochelyidae."Vjg"pwodgtu"
represent the species: 2 – Ashleychelys palmeri †, 3 – Caretta caretta, 7"Î"Chelonia mydas, ;"Î"Lepido-
chelys olivacea, 10 – Natator depressus, 12 – Procolpochelys charlestonensis †, 13 – Procolpochelys 
grandaeva †, 22 – Desmatochelys lowii †, 30 – Prionochelys matutina †, 31 – Ctenochelys stenoporus 
†, 32 – Chelydra serpentina. Vjg"rqn{iqpu"tgrtgugpv"vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"z"cpf"{"
axes, thin plate splines are placed indicating the shape represented by each extreme of that axis.RW
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Figure 20. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"eqtceqkf0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"dnwg"Î"
Pancheloniidae; red – Dermochelyidae; purple – Ctenochelyidae."Vjg"pwodgtu"tgrtgugpv" vjg"urgekgu<"
3 – Caretta caretta, 7"Î"Chelonia mydas, 7 – Eretmochelys imbricata, ;"Î"Lepidochelys olivacea, 10 – 
Natator depressus, 37"Î"Dermochelys coriacea, 3:"Î"Mesodermochelys undulatus †, 47"Î"Ctenochelys 
acris †, 31 – Ctenochelys stenoporus †. Vjg"rqn{iqpu"tgrtgugpv"vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"
x and y axes, thin plate splines are placed indicating the shape represented by each extreme of that axis.
RW
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Figure 21. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"jwogtwu0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"itggp"
– Protostegidae; blue – Pancheloniidae; red – Dermochelyidae; purple – Ctenochelyidae."Vjg"pwodgtu"
represent the species: 1 – Allopleuron hofmanni †, 3 – Caretta caretta, 7 – Eretmochelys imbricata, ;"Î"
Lepidochelys olivacea, 10 – Natator depressus, 11 – Euclastes wielandi †, 37"Î"Dermochelys coriacea, 
3:"Î"Mesodermochelys undulatus †, 20 – Archelon ischyros †, 22 – Desmatochelys lowii †, 30 – Prio-
nochelys matutina †. Vjg"rqn{iqpu"tgrtgugpv"vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"z"cpf"{"czgu."vjkp"
plate splines are placed indicating the shape represented by each extreme of that axis.RW
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Figure 22. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"rwdku0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"dnwg"Î"Rcp-
cheloniidae; red – Dermochelyidae; black – Chelydridae; purple – Ctenochelyidae."Vjg"pwodgtu"tgrtg-
sent the species: 3 – Caretta caretta, 7"Î"Chelonia mydas, 7 – Eretmochelys imbricata, ;"Î"Lepidochelys 
olivacea, 10 – Natator depressus, 37" Î"Dermochelys coriacea, 3:" Î"Mesodermochelys undulatus †, 



3;"Î"Ocepechelon bouyai †, 47"Î"Ctenochelys acris †, 30 – Prionochelys matutina †, 31 – Ctenochelys 
stenoporus †, 32 – Chelydra serpentina. Vjg"rqn{iqpu"tgrtgugpv"vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"
x and y axes, thin plate splines are placed indicating the shape represented by each extreme of that axis.
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Figure 23. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"knkwo0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"dnwg"Î"Rcp-
ejgnqpkkfcg="tgf"Î"Fgtoqejgn{kfcg="dncem"Î"Ejgn{ftkfcg="rwtrng"Î"Evgpqejgn{kfcg0"Vjg"pwodgtu"tgrtg-
sent the species: 3 – Caretta caretta, 7"Î"Chelonia mydas, 7 – Eretmochelys imbricata, ;"Î"Lepidochelys 
olivacea, 10 – Natator depressus, 37"Î"Dermochelys coriacea, 3:"Î"Mesodermochelys undulatus †, 47"
– Ctenochelys acris †, 30 – Prionochelys matutina †, 31 – Ctenochelys stenoporus †, 32 – Chelydra ser-
pentina. Vjg"rqn{iqpu"tgrtgugpv"vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"z"cpf"{"czgu."vjkp"rncvg"urnkpgu"
are placed indicating the shape represented by each extreme of that axis.RW
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Figure 24. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"kuejkwo0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"dnwg"Î"
Pancheloniidae; red – Dermochelyidae; black – Chelydridae; purple – Ctenochelyidae."Vjg"pwodgtu"
tgrtgugpv" vjg" urgekgu<" 7"Î"Chelonia mydas, 7 – Eretmochelys imbricata, 10 – Natator depressus, 37"
– Dermochelys coriacea, 47"Î"Ctenochelys acris †, 30 – Prionochelys matutina †, 31 – Ctenochelys ste-
noporus †, 32 – Chelydra serpentina. Vjg"rqn{iqpu"tgrtgugpv"vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"
x and y axes, thin plate splines are placed indicating the shape represented by each extreme of that axis.
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Figure 25. Encfqitcou"qh"vjg"oquv"rctukoqpkqwu"vtggu"qh"vjg"ectcrceg"cpf"umwnn"*fqtucn"xkgy+"rtgnk-
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Figure 26. Encfqitco"qh"vjg"oquv"rctukoqpkqwu"vtgg"qh"vjg"umwnn"*xgpvtcn"xkgy+"rtgnkokpct{"cpcn{uku0"
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1. INTRODUCTION

Panchelonioidea Joyce et al.."4226"tghgtu"vq"vjg"rcpuvgo"encfg"vjcv"kpenwfgu"etqyp"
Ejgnqpkqkfgc"Dcwt."3:;5"cpf"cnn"tgncvkxg"gzvkpev"urgekgu."ctiwcdn{"kpenwfkpi"vjg"Oguq¦qke"
octkpg"encfgu"Vjcncuuqejgn{fkc"Cpswgpvkp"et al.."4239."Ucpfqypkfcg"Vqpi"("Og{ncp."
4235."cpf"Rtqvquvgikfcg"Eqrg."3:94"*4+0"Vjgug"ctg"jkijn{"octkpg/cfcrvgf"*5+"et{rvqfktcp"
vwtvngu."ejctcevgtkugf"d{"vjg"rtgugpeg"qh"Þkrrgtu."ucnv"incpfu."c"vgpfgpe{"vq"fgxgnqr"c"ug-
condary palate and hydrodynamic shell adaptions; present in all extant chelonioids and at 

uqog"ngxgn"kp"vjg"hquukn"vczc"*4.6.7+0"Oqfgtp"ejgnqpkqkfu"ctg"tguvtkevgf"vq"ugxgp"urgekgu."
tgeqipkugf"kp"vyq"hcoknkgu<"Fgtoqejgn{kfcg"N{fgmmgt."3::;"cpf"Ejgnqpkkfcg"Dqpcrctvg."
3:54."cnqpi"ykvj"cp"gzvgpukxg"hquukn"tgeqtf0

Rtqvquvgikfcg" Eqrg." 3:94" ku" cp" gzvkpev" Etgvcegqwu" encfg" qh" urgekcnkugf" octkpg"
vwtvngu"cpf"vjg"oquv"fqokpcpv"ejgnqpkqkfu"fwtkpi"Cndkcp"vq"Vwtqpkcp"*5+0"Uvwfkgu"kpfkecvg"
c"rj{nqigpgvke"rtqzkokv{"ykvj"Fgtoqejgn{kfcg."coqpi"oqfgtp"ejgnqpkqkfu"*4.5.7Î32+."
yjgtgcu"qvjgtu"tgeqxgt"Rtqvquvgikfcg"cv"vjg"uvgo"qh"Rcpejgnqpkqkfgc"qt"cu"cp"gctn{"kpfg-
pendent Mesozoic radiation of cryptodiran marine turtles, pre-dating Toxochelys latiremis 

cpf"qvjgt"ejgnqpkqkfu"*33.34+0"Ceeqtfkpi"vq"Igpvt{"et al."*35+."vjg"Ýtuv"j{rqvjguku"Î"kp"
yjkej"Rtqvquvgikfcg" ku" ukuvgt/itqwr" vq"Fgtoqejgn{kfcg"Î"yqwnf" korn{"c"ijquv/nkpgcig"
qh"pgctn{"72"O{t"vq"vjg"Ýtuv"ejgn{ftqkf0"Vjg"eqpvtqxgtukcn"kpenwukqp"qh"Rtqvquvgikfcg"kp"
Rcpejgnqpkqkfgc"cnuq"kpÞwgpegu"vjg"fgÝpkvkqp"qh"jqy"hct"dcem"kp"vkog"ecp"yg"vtceg"vjku"
ugc"vwtvngÓu"encfg0"Qpg"qh"kvu"oquv"rtqdngocvke"rj{nqigpgvke"rncegogpvu"ku"vjcv"qh"Santa-

pcejgn{u"ic振pg{k"Jktc{coc."3;;:."eqpukfgtgf"wpvkn"tgegpvn{"vq"dg"vjg"qnfguv"ejgnqpkqkf"
*;+0"U0"ic振pg{k is often used as sole representative of Protostegidae in global phylogenetic 

tgeqpuvtwevkqpu"*33.36.37+0"Ukoknctn{."Toxochelys latiremis"Eqrg"3:95"ku"hgcukdn{"eqpuk-
fgtgf" vjg"gctnkguv"wpcodkiwqwu" vqvcn/itqwr"Ejgnqpkqkfgc"*33.37Î39+."cpf"c"mg{" vczqp."
qhvgp"wugf"vq"octm"vjg"fkxgtigpeg"pqfg"qh"vjku"encfg"*34.3:Î43+0"Dqvj"urgekgu"jcxg"ygnn"
rtgugtxgf"hquuknu"ykvj"ugxgtcn"xkukdng"fkcipquvke"hgcvwtgu0

Vjg"urgekgu"hqtogtn{"cuukipgf"vq"ÐVqzqejgn{kfcgÑ."yjqug"rj{nqigpgvke"rncegogpv"
is controversial, are often recovered as stem-Cheloniidae or stem-Chelonioidea: Cteno-

chelys acris"¥cpigtn."3;75="Ctenochelys stenoporus"Jc{."3;27="Ctenochelys procax Hay, 

3;27="Prionochelys matutina"¥cpigtn."3;75="Erquelinnesia planimentum"Qygp."3:64"cpf"
Erquelinnesia gosseleti"Fqnnq."3::80"Ctenochelys spp. and Prionochelys sp. are assigned 

vq"Evgpqejgn{kfcg."c"oqpqrj{ngvke"itqwr"rtgxkqwun{"kfgpvkÝgf"d{"Jktc{coc"*5+."dwv"hqt-
ocnn{"pcogf"d{"Igpvt{"*42+0"Evgpqejgn{kfcg"ku"tgeqxgtgf"gkvjgt"pguvgf"coqpi"rcpejg-
nqpkkfu"Î"cu"ukuvgt/itqwr"vq"vjg"encfg"kpenwfkpi"etqyp/Ejgnqpkkfcg."Puppigerus camperi 

Itc{."3:53"cpf"Euclastes wielandi"Jc{"3;2:"*35+"Î."qt"cuuqekcvgf"ykvj"etqyp/Ejgnqpkk-
fcg"*3:+0"Erquelinnesia gosseleti and Erquelinnesia planimentum are traditionally reco-

vered alongside Euclastes wielandi."Jc{."3;2:."cnuq"cv"vjg"uvgo"qh"Ejgnqpkkfcg"*44Î46+0"
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Vjg"encfgu"Î"Ctenochelys, Osteopygis and Erquelinnesia – used to be included in “Osteo-

r{ikfcgÑ."tgrtgugpvkpi"vjg"qnfguv"ejgnqpkkfu."ykvj"itcfwcn"gzrcpukqp"qh"vjg"ugeqpfct{"rc-
ncvg"cu"c"fk悲gtgpvkcvkpi"vtckv"*47+0"Hqtogt"ÐVqzqejgn{kfcgÑ"vczc"ncem"vjg"gzvtgog"octkpg"
cfcrvcvkqp"qdugtxgf"kp"vjg"htqpv"nkod"cpf"iktfng"gngogpvu."dwv"vjg{"fq"rquuguu"Þkrrgt/nkmg"
oqfkÝecvkqpu"kp"eqorctkuqp"vq"ejgn{ftkfu"cpf"qvjgt"vguvwfkpqkfu"*48.49+."cpf"ukpeg"vjg"
nkod/eqorngz"ku"wugf"cu"vjg"rtkoct{"dcuku"hqt"c"fkcipquku"qh"Ejgnqpkqkfgc."¥cpigtn"cpf"
Unqcp"*4:+"uwiiguvgf"vjcv"vjg"hcoknkgu"ÐVqzqejgn{kfcgÑ."Rtqvquvgikfcg."Fgtoqejgn{kfcg"
cpf"Ejgnqpkkfcg"rquuguu"vjgug"hgcvwtgu"kp"ownvkrng"fgitggu"*49+0"Jktc{coc"*5+"eqpukfgtu"
Ðvqzqejgn{kfuÑ"dqvvqo"fygnngtu"kp"vjg"ujcnnqy"ugcu"kpuvgcf"qh"jcxkpi"rgncike"jcdkvu0"

Despite its relevance to environmental and paleontological studies, the origin and 

phylogenetic situation of several fossil marine turtles remains uncertain, impacting on our 

wpfgtuvcpfkpi"qh"vwtvng"gxqnwvkqp"cpf"hquukn"ecnkdtcvkqp"*4;+0"

Tgegpvn{." rj{nqigpgvke" uvwfkgu" qh" vwtvngÓu" tgncvkqpujkru" jcxg" dggp" kpetgcukpin{"
relying on molecular data and even some morphological analysis often use molecular 

dcemdqpg"*4;Î53+0"Jqygxgt."hqewukpi"qp"oqtrjqnqi{"ku"uvknn"c"xcnwcdng"yc{"vq"vguv"rj{-

nqigpgvke"j{rqvjgugu."gurgekcnn{"yjgp"oquv"qh"vjg"urgekgu"qh"c"ikxgp"encfg"ctg"tgrtgugp-

vgf"d{"gzvkpev"itqwru."yjkej"ku"vjg"ecug"qh"octkpg"vwtvngu0"Vjgtghqtg."vjg"eqpukfgtcvkqp"qh"
hquukn"vczc"ku"c"mg{"hcevqt"hqt"wpfgtuvcpfkpi"vwtvng"gxqnwvkqp"cu"c"yjqng"*4+0"

Our objective is to test the phylogenetic relationships of Panchelonioidea by in-

enwfkpi"Igqogvtke/Oqtrjqogvtkeu/dcugf" fcvc0"Fk悲gtgpvn{" vjcp"oquv" cvvgorvu" vq" fq" c"
rj{nqigpgvke"kphgtgpeg"htqo"ncpfoctm"fcvc."yg"wugf"ugxgtcn"eqpÝiwtcvkqpu"qh"ncpfoctmu"
*NO."htqo"pqy"qp+." kpuvgcf"qh"qpn{"qpg"qt" vyq"eqpÝiwtcvkqpu"*54Î57+0"Cu"xgtkÝgf" kp"
qvjgt"uvwfkgu"*58Î5:+."vjg"cpcn{uku"dcugf"qp"c"ukping"qt"kp"xgt{"hgy"NO"eqpÝiwtcvkqpu"
qhvgp"ujqy"rqqt"eqpenwukqpu"cdqwv"vjg"gxqnwvkqp"qh"vjg"itqwr0"Vjg"kpenwukqp"qh"uvtwevwtgu"
ykvj"fk悲gtgpv"gxqnwvkqp"tcvgu"cnnqyu"vjg"tguqnwvkqp"qh"rj{nqigpgvke"c扉pkvkgu"kp"ugxgtcn"
ngxgnu"qh"vjg"vtgg"*58.5:+0"Hwtvjgtoqtg."vjku"ykfg"xctkcvkqp"qh"cpcvqokecn"uvtwevwtgu"ecp"
jgnr"vq"tgfweg"vjg"g悲gev"qh"jqoqrncuvke"ejctcevgtu"*5;+0"Vjg"ogvjqf"wugf"ycu"Rj{nqig-
netic Morphometrics, described in Catalano et al."*62+."yjkej"gpcdngu"vjg"wug"qh"NO"fcvc"
kp" eqpxgpvkqpcn" rctukoqp{"cpcn{uku" *sensu" Hcttku." 3;:5+" *58+0" Kv" jgwtkuvkecnn{" tgeqxgtu"
j{rqvjgvkecn"cpeguvtcn"rqukvkqpu"hqt"gcej"NO"cpf"qrvkok¦g"vjg"fcvc"cnqpi"vjg"vtgg"*63+0"
Because of the continuous nature of landmark data, it can provide much more information 

about morphological variability than discrete characters, often restricted to a couple of 

uvcvgu"*58+0"Kp"eqpvtcuv"vq"qvjgt"ogvjqfu"hqt"wukpi"NO"fcvc"kp"rj{nqigpgvke"kphgtgpegu."
Rj{nqigpgvke"Oqtrjqogvtkeu"ycu"rtqxgp"gorktkecnn{"vq"rtqfweg"tguwnvu"vjcv"eqttgurqpf"
ukipkÝecpvn{"vq"vjqug"qdvckpgf"d{"qvjgt"uqwtegu"qh"gxkfgpeg"*64+0"Vjku"uvwf{"ku"vjg"Ýtuv"
attempt to use this method on Panchelonioidea.
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2. MATERIAL AND METHODS

2.1. Sample and Data 

Vjg"kpitqwr"ku"eqorqugf"qh"53"urgekgu"qh"vjg"hqwt"tgeqipk¦gf"hcoknkgu"qh"Rcpejg-
lonioidea, Toxochelys latiremis, sole member of the chelonioid stem-group, according to 

Gxgtu"("Dgpuqp"*4+."cpf"hqtogt"ÐVqzqejgn{kfcgÑ0"Igqogvtke"Oqtrjqogvtkeu"*jgpeghqt-
vj"IO+"fqgu"pqv"uwrrqtv"okuukpi"fcvc"*65+."vjwu"cnn"vczc"vjcv"jcxg"kpeqorngvg"eqpÝiwtc-
tions of LMs, either because of damaged fossil specimens or structures that are not visible 

kp"vjg"ucorngf"kocigu"Î"ygtg"gzenwfgf"htqo"vjg"ucorng0"

Chelydra serpentina"Nkppcgwu."397:"ycu"ejqugp"cu"qwvitqwr"dgecwug"kv"rquuguugu"
cnn"NO"eqpÝiwtcvkqpu"cpf"jcxg"dggp"eqpukuvgpvn{"tgeqxgtgf"kpukfg"Ejgn{ftqkfgc"*Ejgn{-

ftkfcg" -"Mkpquvgtpkfcg+." vjg" ukuvgt/itqwr" qh" Rcpejgnqpkqkfgc" kp" vjg" vqvcn/itqwr"Cog-
tkejgn{fkc" *39+0" Knnwuvtcvkqpu"qh" vjg"urgekgu"ygtg"icvjgtgf" htqo"rwdnkujgf" knnwuvtcvkqpu1
tgeqpuvtwevkqpu" cpf"rkevwtgu" htqo"urgekogpu" kp"owugwo"eqnngevkqpu0"Vjg"fcvc"wugf" kp"
vjku" uvwf{" eqphqto" vq"Xkuequk"("Ectfkpk" *66+" rtqvqeqn" hqt"Igqogvtke"Oqtrjqogvtkeu0"
Eqpugpuwu"qh"uwrgtkorqugf"eqpÝiwtcvkqpu"ygtg"wugf"vq"tgrtgugpv"urgekgu"ykvj"oqtg"vjcp"
qpg"urgekogp"fkikvk¦gf"Î"ukpeg"qwt"cko"ku"vq"uvwf{"vjg"kpvgturgekÝe"tgncvkqpu0"Vjg"uqwteg"
nkuv"hqt"cnn"urgekgu"cnqpi"ykvj"uvtwevwtgu"cxckncdng"hqt"gcej"vgtokpcn"vczqp"ecp"dg"hqwpf"kp"
Vcdng"3."cpf"vjg"eqnqwt"eqfkpi"tgrtgugpv"vjg"rj{nqigpgvke"j{rqvjguku"vq"dg"vguvgf<"dnwg"vq"
species currently assigned to Cheloniidae, red to Dermochelyidae, green to Protostegidae 

and purple to Ctenochelyidae. 

2.2. Geometric Morphometrics

Vq"gcej"quvgqnqikecn"uvtwevwtg."cpcvqokecn" nqek"qh" kpvgtguv"ygtg"igqogvtkecnn{"fg-
Ýpgf"kp"vjg"hqto"qh"ncpfoctmu0"Vjwu."c"eqpÝiwtcvkqp"qh"NOu"ujqwnf"tgrtgugpv"vjg"qxgtcnn"
ujcrg"qh"vjcv"uvtwevwtg"cpf"jgnr"vq"vtcem"oqtrjqnqikecn"fk悲gtgpegu"cetquu"urgekgu"ykvj"
owej"oqtg"ceewtce{"cpf"nguu"uwdlgevkxkv{"vjcp"fkuetgvg"ejctcevgtu0"Vjg"fgÝpkvkqp"qh"ujcrg"
jgtgkp"hqnnqyu"Ft{fgp"(Octfkc"*67+."kp"yjkej"vjg"ujcrg"qh"c"NO"eqpÝiwtcvkqp"eqpukuvu"
qh"cnn"kvu"igqogvtke"kphqtocvkqp."gzegrv"hqt"kvu"uk¦g."rqukvkqp"kp"urceg"cpf"qtkgpvcvkqp"*68+0

Hqt"gcej"eqpÝiwtcvkqp"qh"NOÓu"*ectcrceg."eqtceqkf."jwogtwu."knkwo."kuejkwo."lcy."
rncuvtqp."rwdku."cpf"umwnn"Î"fqtucn."xgpvtcn."cpf"ncvgtcn+."ygtg"fgÝpgf"cu"ocp{"NOÓu"cu"
rquukdng0"Vjgp"vjgug"NOÓu"ygtg"fkikvkugf"wukpi"vruFki"qh"vjg"VRU"ugtkgu"xgtukqp"40440202"
d{"Lcogu"Tqjnh"*69+0"Kp"eqpuqpcpeg"ykvj"Ectfkpk("QÓJkiikpu"*6:+."NO"ygtg"fkikvk¦gf"
only on the right size in all symmetrical structures, to avoid redundancy.
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Species Source Family

Data 

Geoestratigraphy LocalitySkull
MD CAD P II IS PU UM CO

Matrix of 
traditio-
nal ch.CD CV CL

† Allopleuron hofmanni Gray 

3:53

Jktc{coc."3;;61"Ownfgt."42251"Lcpugp"et 

al.."42331"Jcpu/Xqnmgt et al., 2012
Pancheloniidae Z Z Z Z Maastrichtian

Dgnikwo="Pgvjgt-
lands; France; 

Germany; Spain

† Ashleychelys palmeri Weem-

pu"("Ucpfgtu"4236 Yggou"("Dtqyp."4239 Pancheloniidae Z Z Z Z  Oligocene
  Charleston, South 

Carolina, USA

Caretta caretta Nkppcgwu"397:
NCRQE<"O¥WHX2296."O¥WHX2333."
O¥WHX233:1"WPKXCNK<"OQXK38627."
OQXK23;3;."OQXK3728:1"Uokvj."3;:;1"

Ic悲pg{."3;9;1"Y{pgmgp."4223

Pancheloniidae Z Z Z Z Z Z Z Z Z Z Nqygt"Ecncdtkcp"/"
present

Cvncpvke."RcekÝe"cpf"
Indian Oceans, in 

tropical and tempera-

vg"ycvgtu
† Carolinochelys wilsoni Hay 

3;45 Yggou"("Dtqyp."4239 Pancheloniidae Z Z Z Z Z Oligocene
 Charleston, South 

Carolina, USA

Chelonia mydas Linnaeus 

397:

NCRQE<"O¥WHX228:."O¥WHX2335."
O¥WHX2336."O¥WHX2337."O¥WHX2338."
O¥WHX2339"1"Uokvj."3;:;1"Y{pgmgp."4223

Pancheloniidae Z Z Z Z Z Z Z Z Z Z Z Upper Pleistocene - 

present

Cosmopolitan; tro-

pical and temperate 

ycvgtu

† Eochelone brabantica Dollo 

3;25 Ic悲pg{."3;9;1"Uokvj."3;:;1"Ecukgt."3;8: Pancheloniidae Z Z Z Z Z Lutetian  Belgium

Eretmochelys imbricata Lin-

pcgwu"3988

WPKXCNK<"OQXK499;;1"Ic悲pg{."3;9;1"
Uokvj."3;:;1"Ecfgpc"gv"cn."423:1"U0"Gxgtu."
rgtuqpcn"xkuwcn"eqnngevkqp<"HOPJ44463."

OPJPRcn3;56/785."¥OD68778."
¥OD756;5

Pancheloniidae Z Z Z Z Z Z Z Z Z Z Upper Pleistocene - 

present

Cosmopolitan; tropi-

ecn"ycvgtu="rgncike="
ujcnnqy"ycvgtu="eqtcn"

reefs

Lepidochelys kempii Garman 

3::2
Dtkpmocp."422;1"Ic悲pg{."3;9;1"Uokvj."

3;:;1"Y{pgmgp."42231"Yknuqp"("¥wi."3;;3 Pancheloniidae Z Z Z Z Z Z Nqygt"Rnkqegpg"/"
present

Pqtvj"Cvncpvke"Qeg-
an; Gulf of Mexico

Lepidochelys olivacea"Gueju-
ejqnv¦"3:4;

NCRQE<"O¥WHX23341"Uokvj."3;:;1"
Ic悲pg{."3;9;1"WPKXCNK<"OQXK27:371"
U0"Gxgtu."rgtuqpcn"xkuwcn"eqnngevkqp<"

SOL:7767."UOPU33292."¥OD73;;;1"
Yknuqp"("¥wi."3;;3

Pancheloniidae Z Z Z Z Z Z Z Z Z Z Z Present

"Grkrgncike="RcekÝe."
Indian, and south 

Atlantic Oceans

Table 1. Vjku"vcdng"fguetkdgu"vjg"ucorng"wugf"kp"vjg"rj{nqigpgvke"cpcn{uku."vjg"uqwteg"qh"vjg"kocigu"hqt"Igqogvtke"Oqtrjqogvtkeu."vczqpqoke."nqecnkv{"cpf"igquvtcvkitcrjke"
kphqtocvkqp."cu"ygnn"cu"vjg"cxckncdknkv{"qh"fcvc"hqt"gcej"eqpÝiwtcvkqp"qh"ncpfoctmu0
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Species Source Family

Data 

Geoestratigraphy LocalitySkull
MD CAD P II IS PU UM CO

Matrix of 
traditio-
nal ch.CD CV CL

Natator depressus Garman 

3::2

Dtkpmocp."422;1"Ic悲pg{."3;9;1"Uokvj."
3;:;1"U0"Gxgtu."rgtuqpcn"xkuwcn"eqnnge-
vkqp<"SOL627:."SOL36685."SOL78:;3."

SOL;679"

Pancheloniidae Z Z Z Z Z Z Z Z Z Z Z Z Present
Pqtvjgtp"Qegcpkc="
continental shelf

† Euclastes wielandi Jc{"3;2:
Jktc{coc."3;;61"Uokvj."3;:;1"Uejykoogt"

et al.."4237
Pancheloniidae Z Z Upper Campanian - 

Nqygt"Ugncpfkcp
United States; Mo-

rocco

† Procolpochelys charlesto-

nensis Weems and Sanders 

2014 

Yggou"("Dtqyp."4239 Pancheloniidae Z Z Z Z Z Upper Rupelian - 

Upper Chattian

  Charleston, South 

Carolina, USA

† Procolpochelys grandaeva 

Ngkf{"3:83 Yggou"("Dtqyp."4239 Pancheloniidae Z Z Z Z Middle Burdigalian - 

Vqtvqpkcp
  Charleston, South 

Carolina, USA

† Puppigerus camperi Gray 

3:53
Ic悲pg{."3;9;1"Vqpi."42341"Oqqf{."3;961"
Uokvj."3;:;1"Yggou"("Dtqyp."4239 Pancheloniidae Z Z Z Z Ypresian - Lutetian

Austria; Belgium; 

Oqtqeeq="WUC="WM
† Erquelinnesia gosseleti 

Fqnnq"3::8"
Ic悲pg{."3;9;1"Uokvj."3;:;1"¥cpigtn."3;931"

Yggou"("Dtqyp."4239
hqtogt"ÐVqzq-

chelyidae” †
Z Z Z "Vjcpgvkcp Belgium

† Erquelinnesia planimentum 

Qygp"3:64 Mctn."3;;: hqtogt"ÐVqzq-

chelyidae” †
Z Ypresian - Lutetian Belgium, France

Dermochelys coriacea Vandelli 

3983

WPKXCNK<"OQXK22796."OQXK23;39."
OQXK27971"Ic悲pg{."3;9;1"Jktc{coc."
3;;61"Y{pgmgp."42231"U0"Gxgtu."rgtuqpcn"

xkuwcn"eqnngevkqp<"COPJ9382."COPJ9383."
COPJ68:67."OPJPRcn3:92/323."

HOPJ393978."SOL69675"

Dermochelyi-

dae
Z Z Z Z Z Z Z Z Z Z Upper Pleistocene - 

present
Cosmopolitan

† Eosphargis breineri"Pkgnugp"
3;7;

Ic悲pg{."3;9;1"Uokvj."3;:;1"Pkgnugp."3;7;1"
Jktc{coc."3;;9

Dermochelyi-

dae
Z Z Ypresian  Denmark

̆"Gq"urjctiku"ikicu"Qygp"
3::2" Uokvj."3;:; Dermochelyi-

dae
Z Z Middle Ypresian Dgnikwo="WM="WUC"

† Mesodermochelys undulatus 

Jktc{coc"cpf"Ejkvqmw"3;;8 Jktc{coc"3;;8 Dermochelyi-

dae
Z Z Z Z Z Upper Campanian - 

Upper Maastrichtian
Pqtvj"Lcrcp

Table 1 (continued)
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Species Source Family

Data 

Geoestratigraphy LocalitySkull
MD CAD P II IS PU UM CO

Matrix of 
traditio-
nal ch.CD CV CL

† Ocepechelon bouyai Bardet 

et al. 2013 
Bardet et al, 2013

Dermochelyi-

dae
Z Z Z Upper Campanian - 

Upper Maastrichtian
Morocco

† Archelon ischyros Wieland 

3:;8 Ic悲pg{."3;9;1"Jktc{coc."3;;9 Protostegidae † Z Z Z Z Upper Santonian - 

Upper Maastrichtian
South Dakota, USA

†Bouliachelys suteri"Mgct"cpf"
Ngg"4228 Mgct"("Ngg."42281"Gxgtu"("Dgpuqp."423: Protostegidae † Z Z Z Wrrgt"Cndkcp"/"Nqygt"

Cenomanian

 Dunraven Station, 

Austrália

† Desmatochelys lowii Willis-

vqp"3:;6
Ic悲pg{."3;9;1"Uokvj."3;:;"1"Jktc{coc."

3;;91"Ucvq et al., 2012
Protostegidae † Z Z Z Z Z Z Upper Cenomanian - 

Nqygt"Occuvtkejvkcp
USA; Canada; 

Japan; Mexico

† Protostega gigas"Eqrg"3:93 ¥cpigtn."3;75c1"Jktc{coc."3;;9 Protostegidae † Z Z Middle Santonian - 

Middle Campanian
USA; Canada; Japan

† Ucpvcpcejgn{u"ic振pg{k 
Jktc{coc"3;;: Jktc{coc."3;;:1"Gxgtu"("Dgpuqp."423: Protostegidae † Z Z Z Albian Ceará, Brazil

† Ctenochelys acris"¥cpigtn"
3;75 Gentry et al.."42381"Igpvt{."423: Ctenochelyi-

dae †
Z Z Z Z Z Z Z Upper Santonian - 

Nqygt"Occuvtkejvkcp
 Greene County, 

Alabama, USA

† Ctenochelys procax Hay 

3;27 Jc{."3;271Jktc{coc."3;;9."Ic悲pg{."3;9; Ctenochelyi-

dae †
Z Conician - Campa-

nian
"WUC="WM

† Prionochelys matutina"¥cp-

igtn"3;75 Igpvt{."423: Ctenochelyi-

dae †
Z Z Z Z Z Z Z Upper Conician - 

Middle Campanian
Alabama, USA

† Ctenochelys stenoporus Hay 

3;27
Jc{."3;271"Jktc{coc."3;;91"Igpvt{."423:1"

¥cpigtn"3;75d1"Igpvt{."4238
Ctenochelyi-

dae †
Z Z Z Z Z Z Z Z Middle Santonian - 

Okffng"Vjcpgvkcp
Denmark; Germany; 

USA

† Toxochelys latiremis Cope 

3:95
Jktc{coc."3;;61"Pkejqnnu."3;;:1"Mcw悲ocp 

et al.."3;;51"Igpvt{ et al.,"423:

hqtogt"ÐVqzq-

chelyidae” †
Z Z Z Middle Santonian - 

Middle Maastrichtian
USA; Canada

Chelydra serpentina Linnaeus 

397:

U0"Gxgtu."rgtuqpcn"xkuwcn"eqnngevkqp<"
HOPJ:939."HOPJ4478."UOPU36597."

WUPO468;57
Chelydridae Z Z Z Z Z Z Z Z Z Z Nqygt"Ecncdtkcp"/"

present

Gcuvgtp"Pqtvj"Cog-
tkec="htgujycvgt

 

Table 1 (continued)
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Figure 1. Uejgocvke"tghgtgpeg"qh"ncpfoctm"eqpÝiwtcvkqpu"ujqyp"kp"Chelonia mydas"*jwogtwu"dcugf"qp"
OQXK499;;"cpf"cnn"vjg"qvjgt"dqpgu"dcugf"qp"O¥WHX228:/E+0"Fguetkrvkqpu"qh"cnn"ncpfoctmu"knnwuvtcvgf"
kp"jgtg"ctg"rtgugpvgf"kp"Crrgpfkz"C0"Ngigpf<"C<"umwnn"kp"fqtucn"xkgy."D<"umwnn"kp"xgpvtcn"xkgy."E<"umwnn"kp"
ncvgtcn"xkgy."F<"lcy"kp"fqtucn"xkgy."G<"ectcrceg"kp"fqtucn"xkgy."H<"rncuvtqp"kp"xgpvtcn"xkgy."I<"tkijv"eqtceqkf"
kp"fqtucn"xkgy."J<"tkijv"rwdku"kp"fqtucn"xkgy."K<"tkijv"knkwo"kp"fqtucn"xkgy."L<"tkijv"kuejkwo"kp"fqtucn"xkgy."M<"
nghv"jwogtwu"kp"xgpvtcn"xkgy0"Uecng"7"eo0
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Uweeggfkpi"vjg"kpkvkcn"fkikvkucvkqp"qh"NO."yg"cuuguugf"vjg"okuukpi"fcvc"cpf"ocfg"cp"
gttqt"vguv"kp"qtfgt"vq"tgÝpg"dqvj"NO"cpf"urgekgu"ejqkeg"cpf"tgcej"vjg"Ýpcn"eqpÝiwtcvkqpu"
cpf"ucorng"itqwr"*Hkiwtg"3+0"Gttqt"vguvkpi"ku"hwpfcogpvcn"hqt"tgÝpkpi"NO"ejqkeg0"Hqt"vjku"
rjcug"qh"vjg"cpcn{uku."yg"uwdokvvgf"c"tgrtgugpvcvkxg"rqtvkqp"qh"qwt"tcy"fcvc"*k0g0."uvtckijv"
htqo"vruFki="ocvtkegu"qh"qtkikpcn"eqqtfkpcvgu="OcvtkzaZ+"vq"gttqt"vguvkpi"kp"vruUocnn"ce-
eqtfkpi"vq"Cftkcgpu."4229"rtqvqeqn0"Vjg"cko"ycu"vq"xgtkh{"kh"vjg"fcvc"cnnqyu"vjg"cpcn{uku"
vq"dg"tgrtqfwekdng"ykvjqwv"godgffkpi"ukipkÝecpv"gttqt0"Cnn"NOu"ecwukpi"cdpqtocn"fku-
vtkdwvkqp"qh"urgekgu"kp"vjg"rnqv"ygtg"gzenwfgf"wpvkn"cnn"NO"ugvu"ygtg"qrvkok¦gf"Î"vjtqwij"
vjku"rtqeguu."yg"ygtg"cdng"vq"tgoqxg"wpkphqtocvkxg"cpf"codkiwqwu"NOÓu0

Chvgt" vjg"Ýpcn"ocvtkegu"qh"qtkikpcn" eqqtfkpcvgu" *OcvtkzaZ0vru+"ygtg"qdvckpgf" hqt"
cnn"eqpÝiwtcvkqpu."vjg"fcvc"ycu"uwrgtkorqugf"d{"Igpgtcnk¦gf"Rtqetwuvgu"Cpcn{uku"*IRC+"
*6;.72+"wukpi" vruTgny." vjgp" vjg"VRU"Ýngu" *Ocvtkza[0vru+"ygtg"ogtigf" kpvq"c"VPV"Ýng"
*Ocvtkza¥0vpv+0"Cp"kpfgz"qh"vjg"ocvtkegu"wugf"ecp"dg"hqwpf"kp"vjg"Uwrrngogpvct{"Ocvg-
tkcn"cnqpi"ykvj"cnn"vjg"qtkikpcn"fcvc0

Hkpcnn{."yg"cuuguugf"vjg"rcvvgtpu"qh"ejcpig"kp"ujcrg"ykvj"Tgncvkxg"Yctru"*tghgt"vq"
Dqqmuvgkp"*73+."908<"55;/57:+."c"pqp/rctcogvtkecn"uvcvkuvkecn"cpcn{uku"*kp"vjku"ecug."c"REC+"
vjcv"cnnqyu"igqogvtkecn"eqorctkuqp"cpf"swcpvkÝecvkqp"qh"ujcrg"xctkcvkqp"dgvyggp"urgek-
ogpu"*74+0"Vjg"Tgncvkxg"Yctru"*TY+"eqttgncvg"ejcpigu"kp"ujcrg"kp"vjg"vyq"czgu"cpf"crrn{"
kv" vq"fgetgcug" vjg" tgncvkxg"dgpfkpi"gpgti{"qh" vjg"uweeguukxg" tgncvkxg"gkigpxgevqtu" *73+0"
Vjg"TYÓu"qh"gcej"qh"eqpÝiwtcvkqp"ygtg"qdvckpgf"wukpi"vjg"uqhvyctg"RCUV"6025"*75+"ykvj"
TY3"z"TY4"Î"vjg"vyq"Rtkpekrcn"Eqorqpgpvu"eqttgurqpfkpi"vq"vjg"jkijguv"xctkcdknkv{0"
Vjg"fghqtocvkqp"itkfu"*k0g0."vjkp/rncvg"urnkpgu="VRU+"ygtg"qdvckpgf"kp"vruTgny."hqt"ogcpu"
of comparing the variation in shape – these are illustrated in Figures 14-24.

 2.3. Phylogenetic Morphometrics

Rj{nqigpgvke"cpcn{ugu"ygtg"eqpfwevgf"kp"VPV"307"*76.77+"wpfgt"rj{nqigpgvke"oqt-
rjqogvtkeu"*62+"ykvj"qrvkok¦cvkqp"cniqtkvjou"*63+"vq"crrtqzkocvg"qrvkocn"rqukvkqpu"hqt"
cpeguvtcn"NOÓu"jgwtkuvkecnn{."wukpi"c"u{uvgo"qh"itkfu"cpf"kvgtcvkxg"ecnewncvkqp"qh"Hgtocv"
rqkpvu"hqt"vjg"kpvgtpcn"pqfgu"qh"vjg"vtgg"*77+0"Gcej"eqpÝiwtcvkqp"ycu"ceeqwpvgf"cu"c"ukping"
character. 

Kp"vjg"rj{nqigpgvke"uvwf{"eqpfwevgf"d{"Rgttctf."Nqrg¦/Quqtkq"cpf"Ectrgpvgt"*78+."
vtgg"tguqnwvkqp"ycu"ukipkÝecpvn{"kortqxgf"d{"vjg"eqplwpevkqp"qh"ncpfoctm"cpf"vtcfkvkqpcn"
oqtrjqnqikecn"ejctcevgtu0"Vjwu."yg"eqodkpgf"vjg"gngxgp"eqpÝiwtcvkqpu"*ocvtkzgu"ykvj"
Rtqetwuvgu"tgukfwcnu"eqqtfkpcvgu+"ykvj"Igpvt{"et al."*35+"vtcfkvkqpcn"oqtrjqnqikecn"fcvc0"
Ejctcevgtu"9."36."3:."7:."89."96."98."9;.";5.";6.";:."325."352."367."369."379."428."43:."
476."4;5."528."549."563."564."46;"cpf"568"ygtg"vtgcvgf"cu"cffkvkxgu0"NO"ejctcevgtu"ygtg"
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wrygkijvgf"htqo"3"vq"53."uq"vjcv"vjg"uwo"qh"vjg"NO"eqpÝiwtcvkqpu"ejcpig"equvu"gswcnu"
vjg"uwo"qh"vjg"vtcfkvkqpcn"ejctcevgtu"ygkijvu."qvjgtykug"vjg"eqpvtkdwvkqp"qh"33"NO"eqp-

Ýiwtcvkqp"ejctcevgtu"yqwnf"dg"wpfgtguvkocvgf"eqorctgf"vq"vjg"569"fkuetgvg"ejctcevgtu"
from Gentry et al."*35+0"Vjku"fkuetgvg"fcvcugv"ycu"ejqugp"dgecwug"kv"ku"vjg"oquv"gzvgpukxg"
set of morphological characters used recently for phylogenetic studies of fossil turtles. 

Gentry et al." *35+Óu"ocvtkz" ku"oqfkÝgf"htqo"Gxgtu"("Dgpuqp"*4+Óu."yjkej" ku"c" tgxkugf"
eqorkncvkqp"qh"vjtgg"qvjgt"fcvcugvu"*32.53.79+0

Pq" eqpuvtckpvu"ygtg" wugf." cpf" ¦gtq/ngpivj" dtcpejgu"ygtg" eqnncrugf" chvgt" dtcpej"
uycrrkpi0

Cu"cdqxgogpvkqpgf."cnn"eqpÝiwtcvkqpu"qh"NO"ygtg"korqtvgf"vq"VPV"cntgcf{"uwrg-
tkorqugf"xkc"IRC."yjkej"okpkokugu"vjg"uwo"qh"vjg"uswctgf"fkuvcpegu"dgvyggp"eqttgurqp-

fkpi"NOu"cpf"c"eqpugpuwu"eqpÝiwtcvkqp"*65.72+0"Vjku"ogvjqf"ku"gzegnngpv"hqt"tgoqxkpi"
wpfguktcdng"xctkcpeg"qh"vjg"fcvc."ngcxkpi"qpn{"fk悲gtgpegu"kp"ujcrg"dgvyggp"kpfkxkfwcnu0"
Jqygxgt."kv"fqgupÓv"ogcp"vjcv"vjgug"ejcpigu"kp"ujcrg"ecp"dg"ceeqwpvgf"vq"eqooqp"cpegu-
vt{."dgecwug"vjg"eqpugpuwu"eqpÝiwtcvkqp"ku"cp"cxgtcig"eqpÝiwtcvkqp."pqv"cp"cpeguvtcn"eqp-

Ýiwtcvkqp0"Cp"cpeguvtcn"eqpÝiwtcvkqp."ceeqtfkpi"vq"vjg"rtkpekrngu"qh"encfkuvke"kphgtgpeg."
ujqwnf"dg"vjg"qpg"vjcv"okpkokugu"vjg"uwo"qh"vjg"Gwenkfgcp"fkuvcpegu"dgvyggp"vjg"pqfgu"
qh"c"ikxgp"vtgg"*64+"Î"vjku"cnuq"jgnru"vq"mggr"gxqnwvkqpct{"hgcvwtgu"nqecnkugf"kp"vjg"pqfgu"
kp"yjkej"vjg{"crrgctgf."cpf"pqv"urtgcf"cnqpi"vjg"vtgg"*62+0

Tgukuvcpv/Ýv"vjgvc/tjq"cpcn{uku"*THVTC+"*7;.82+"ycu"wugf"vq"tgcnkip"vjg"NO"eqpÝ-

iwtcvkqpu."ukpeg"kvÓu"dcugf"qp"tgrgcvgf"ogfkcpu"cpf"nguu"ugpukvkxg"vq"qwvnkgtu"*k0g0."kv"mggru"
vjg"ejcpig"ykvjkp"vjg"ugv"qh"NO"yjgtg"vjg"ejcpig"kp"ujcrg"ycu"qdugtxgf."cu"qrrqugf"
vq"IRC."yjkej"urtgcf"vjg"ejcpig"cnqpi"vjg"gpvktg"eqpÝiwtcvkqp"kp"qtfgt"vq"crrtqzkocvg"
cnn"eqpÝiwtcvkqpu" vq"cp"cxgtcig"rqukvkqp"*62++0" Kp" vjku"uvwf{." vjg"THVTC"cnkipogpv"qh"
vjg"eqpÝiwtcvkqpu"ycu"ocfg"d{"rcktykug"eqorctkuqpu"ykvj"Natator depressus because 

kv"fqgu"pqv"jcxg"cp{"okuukpi"ejctcevgt."vjgp"ocmkpi"rquukdng"hqt"cnn"eqpÝiwtcvkqpu"vq"dg"
cnkipgf"ykvj"vjg"ucog"urgekgu0"

Vjg"ogvjqf"rtqrqugf"d{"Ecvcncpq"et al."*62Î64.77.7:+"ecnewncvgu"cpeguvtcn"rqukvkqpu"
vq"gcej"NO"kp"c"eqpÝiwtcvkqp"vjcv"okpkok¦gu"vjg"nkpgct"fkuvcpeg"dgvyggp"cpeguvqtu"cpf"
fguegpfcpvu."owej"nkmg"vjg"guvkocvkqp"qh"ejctcevgt"uvcvgu" kp" vtcfkvkqpcn"rctukoqp{"*59+"
and optimizes the data as multivariate characters so the correlation of landmark displa-

egogpvu"kp"fk悲gtgpv"vczc"ecp"dg"cvvtkdwvgf"vq"eqooqp"cpeguvt{."yjkej"ku"eqpukuvgpv"vq"c"
rctukoqp{"htcogyqtm0"Vjg"ueqtg"qh"vjg"vtgg"ku"ecnewncvgf"d{"uwookpi"wr"vjg"Gwenkfgcp"
fkuvcpeg" dgvyggp" vjg" fkurncegogpv" qh" gcej" ncpfoctm" vq" kvu" cpeguvtcn" eqttgurqpfgpv" kp"
gcej"ncpfoctm"qh"gcej"eqpÝiwtcvkqp"qp"vjg"gpvktg"vtgg"*64+0
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Gxgp"vjqwij"vjg"vtggu"igpgtcvgf"ykvj"vjg"kprwv"qh"cnn"igqogvtkecn"uvtwevwtgu"ctg"vjg"
best option to hypothesize the phylogeny of the group, preliminary analysis taking into 

ceeqwpv"qpg"NO"eqpÝiwtcvkqp"cv"c"vkog"ecp"ujkpg"nkijv"qp"vjg"gxqnwvkqp"qh"uvtwevwtgu"kpfk-
xkfwcnn{"cpf"jqy"vjg{"tgncvg"vq"gcej"qvjgt0"Rtgnkokpct{"cpcn{ugu"ygtg"eqpfwevgf"cnuq"ykvj"
ugvu"qh"eqpÝiwtcvkqpu."uvtwevwtgu" vjcv"oquv" nkmgn{"eqgxqnxgf."uwej"cu"iktfngu"cpf"ujgnn0"
Vjqug"ugvu"ygtg"eqodkpgf."hqtokpi"oqtg"eqorngz"ugvu"qh"uvtwevwtgu."cu"rquv/etcpkwo."
etcpkwo"cpf"vjgp"cnn"uvwfkgf"eqpÝiwtcvkqpu"vqigvjgt0"Vjg"nkuv"qh"ocvtkegu."eqodkpcvkqpu"qh"
ugvu"qh"eqpÝiwtcvkqpu"cpf"vjg"rctgpvjgvkecn"vtggu"tguwnvkpi"qh"vjgug"rtgnkokpct{"ugctejgu"
ctg"hqwpf"kp"crrgpfkegu"E/L0"Cnn"rtgnkokpct{"cpcn{ugu"ygtg"rgthqtogf"cu"vjg"hqnnqykpi<"
cnkipogpv"d{"rcktykug"eqorctkuqp"ykvj"Natator depressus"wukpi"THVTC"cpf"cflwuvkpi"
uk¦g="qrvkok¦cvkqp"kpkvkcnn{"crrtqzkocvkpi"NO"rqukvkqpu"ykvj"c"8z8"itkf="pguvkpi"Ucpmq悲"
5" vkogu."ykvj"c"ykpfqy"qh"4222"egnnu="wukpi" kvgtcvkxg/rcuu" hqt" ncpfoctm"qrvkok¦cvkqp="
ujcmkpi"itkf"3"vkog="wukpi"vgto"rqkpvu"kp"cffkvkqp"vq"itkf"rqkpvu="ujtkpmkpi"htcog"yjgp"
crrtqzkocvkpi"ncpfoctm"rqukvkqpu"cpf"pqv"tguecnkpi"oqxgu"ykvjkp"gcej"ncpfoctm"ejctce-
vgt="dtcpej"uycrrkpi"ykvj"42'"oczkowo"gttqt."dtcpejkpi"wr"vq"32"pqfgu"htqo"vjg"wpkqp."
ykvj"wr"vq"7"kvgtcvkqpu"**63+="U0"Ecvcncpq."rgtuqpcn"eqoowpkecvkqp+0"Vjku"8z8"itkf"ikxgu"
58"rquukdng"rqukvkqpu"hqt"vjg"cpeguvtcn"rqukvkqp"qh"c"ncpfoctm="yjgp"cp"qrvkocn"rqukvkqp"
ku"hqwpf."c"pgy"itkf"ku"ÐpguvgfÑ"ykvjkp"vjg"ejqugp"rqukvkqp."tgÝpkpi"gxgp"oqtg"vjg"cp-

eguvtcn"rqukvkqp="cpf"vjku"pguvkpi"rtqeguu"ycu"tgrgcvgf"5"vkogu0"Kp"vjg"uvwf{"eqpfwevgf"d{"
Ascarrunz et al."*59+."vyq"ngxgnu"qh"pguvkpi"ygtg"oqtg"g悲gevkxg"kortqxkpi"vtgg"ueqtg"vjcp"
increasing the number of subdivisions of the original grid. 

Vjgp" c" vtcfkvkqpcn" ugctej"ycu" twp." ykvj" 72" tcpfqo" cffkvkqpcn" ugswgpegu" *TCU+"
hqnnqygf"d{"vtgg"dkugevkqp/tgeqppgevkqp"*VDT+."ykvj"tcpfqo"uggf"3"cpf"jqnfkpi"322"vtggu"
rgt"tgrnkecvg0"Vjg"vtggu"uvqtgf"kp"TCO"htqo"vjku"twp"ygtg"uwdokvvgf"vq"Pgy"Vgejpqnqi{"
Tcvejgv"*83+"ykvj"tcpfqo"uggf"3"cpf"fghcwnv"eqpÝiwtcvkqpu0"

Kp"qtfgt"vq"eqorctg"vjg"tguwnvu"qh"vjku"cpcn{uku"ykvj"c"tghgtgpeg"vqrqnqi{."yg"twp"c"
reanalysis of Gentry et al.."*35+"ocvtkz0"Kp"vjku"cpcn{uku"ygtg"wugf"qpn{"vjg"urgekgu"rtgugpv"
in our sample and Chelydra serpentina"cu"qwvitqwr0"Ejctcevgtu"9."36."3:."7:."89."96."98."
9;.";5.";6.";:."325."352."367."369."379."428."43:."476."4;5."528."549."563."564."46;"cpf"
568"ygtg"vtgcvgf"cu"cffkvkxgu0"Yg"ygtg"cdng"vq"twp"cp"gzcev"ugctej"*Kornkekv"Gpwogtcvkqp+0

Vq"gxcnwcvg"vjg"g扉ekgpe{"qh"vjg"rj{nqigpgvke"tgeqpuvtwevkqpu."hqwt"ugctej"uvtcvgikgu"
ygtg"rgthqtogf"ykvj"vjg"eqorngvg"fcvcugv0"K<"Wukpi"cnn"eqpÝiwtcvkqpu"qh"ncpfoctmu"rnwu"
the pruned matrix of Gentry et al."*35+0"Vjg"qrvkok¦cvkqp."dtcpej"uycrrkpi"cpf"cnkipogpv"
ygtg"vjg"ucog"cu"kp"vjg"rtgnkokpct{"ugctejgu."vjg"ucog"ejctcevgtu"ygtg"octmgf"cffkvkxg"
cpf"vjg"igqogvtke"ejctcevgtu"ygtg"cnuq"ygkijvgf"wr"vq"530"Vjgp"c"vtcfkvkqpcn"ugctej"ycu"
twp"ykvj"72"TCU-VDT."qvjgt"vtcfkvkqpcn"ugctej"ycu"twp"ykvj"vjg"oquv"rctukoqpkqwu"vtggu"
htqo"vjg"Ýtuv"ugctej"cu"c"uvctvkpi"rqkpv"cpf"uwdugswgpvn{"Pgy"Vgejpqnqi{"ykvj"vjg"Tcv-
ejgv"cniqtkvjo"wukpi"vjg"vtggu"htqo"vjg"ugeqpf"vtcfkvkqpcn"ugctej"uvqtgf"kp"TCO0"KK<"Vjgp."
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c"ugeqpf"cpcn{uku"ygtg"rgthqtogf"wukpi"vjg"ucog"ugvvkpiu"cu"vjg"Ýtuv."dwv"ykvj"pq"ejc-
tcevgt"ygkijvkpi0"KKK<"C"vjktf"cpcn{uku"ygtg"rgthqtogf"gzenwfkpi"vjg"rcncvcn"xkgy"qh"vjg"
umwnn"NO"eqpÝiwtcvkqp0"Oqtrjqnqikecn"urgekcnk¦cvkqpu"kp"vjg"umwnn"qh"vwtvngu"qhvgp"ujqy"
c"uvtqpi"eqttgncvkqp"ykvj"hggfkpi"uvtcvgikgu"*84+"cpf"uwej"cfcrvcvkqpu"*g0i0."fwtqrjci{+"
jcxg"gxqnxgf"ownvkrng"vkogu"qp"octkpg"vwtvngu"*85.86+0"Ukpeg"vjg"NOu"uggp"kp"rcncvcn"xkgy"
jcxg"geqnqikecn"kpÞwgpeg"kp"vjgkt"fgxgnqrogpv."vjku"ejctcevgt"eqwnf"tgfweg"tgnkcdknkv{"kp"
vjg"fcvc"d{"kprwvvkpi"jqoqrncu{0"KX<"Vjg"hqwtvj"inqdcn"rtgnkokpct{"cpcn{uku"wvknk¦gu"vjg"
ucog"ugvvkpiu"cu"vjg"Ýtuv"qpg."dwv" vjku" vkog"cnkipkpi"ykvj"L. olivacea instead of N. de-

pressus0"Vjku"ycu"rgthqtogf"kp"qtfgt"vq"vguv"kh"vjg"tg/cnkipogpv"qh"eqpÝiwtcvkqpu"rtkqt"vq"
vtgg"ugctej"ygtg"dkcukpi"vjg"tguwnvu0"L. olivacea"ycu"ejqugp"dgecwug."fgurkvg"okuukpi"qpg"
eqpÝiwtcvkqp."kv"ku"qhvgp"tgeqxgtgf"kp"vjg"TYÓu"enqug"vq"vjg"cxgtcig"ujcrg"eqpÝiwtcvkqp0"
Qpeg"vjgug"hqwt"ugctejgu"ygtg"eqorngvgf."vyq"oqtg"ygtg"twp"kp"qtfgt"vq"vguv"vjg"tqqvkpi"
qh"Rcpejgnqpkkfcg<"X<"Vjg"Ýhvj"cpcn{uku"ycu"rgthqtogf"gzenwfkpi"cnn"urgekgu"ykvj"nguu"
vjcp"vjtgg"eqpÝiwtcvkqpu"ucorngf."qpeg"vjgug"urgekgu."fwg"vq"ncem"qh"kphqtocvkqp."eqwnf"
tguwnv"kp"yknfectfu0"XK<"Vjg"ukzvj"ycu"fkxkfgf"kp"vyq"rctvu"Î"qpg"ykvj"Rcpejgnqpkkfcg"-"
Fgtoqejgn{qkfgc"urgekgu"cpf"vjg"qvjgt"ykvj"gctnkgt"fkxgtikpi"vczc"*ceeqtfkpi"vq"vjg"tg-
sults of the previous searches. 

Cffkvkqpcnn{."Tgncvkxg"Dtgoogt"Uwrrqtvu"*87+"ygtg"ecnewncvgf"kp"qtfgt"vq"guvkocvg"
vjg"fgitgg"vq"yjkej"vjg"qrvkocn"uqnwvkqp"ku"rtghgttgf"vq"vjg"cnvgtpcvkxgu"*88Î8:+="cu"cp"
jgwtkuvke"uqnwvkqp."kv"kpfkecvgu"rqqtn{"uwrrqtvgf"itqwru"Î"ykvj"uwdqrvkocn"d{"53"uvgru"cpf"
THF"*k0g0."Tgncvkxg"Hkv"Fk悲gtgpeg+"qh"20:."hqnnqykpi"Iqnqdq悲"("Hcttku"*8;+0

Cnn"urgekÝecvkqpu"cdqwv"vjg"ugctejgu"ecp"dg"hqwpf"qp"Vcdng"320"Hkiwtg"32"ku"c"Þqy-

ejctv"vjcv"uwou"wr"cnn"vjg"uvgru"qh"vjg"ogvjqfqnqi{"wugf"kp"vjg"rtgugpv"yqtm0
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Figure 13. Hnqyejctv"uwooctk¦kpi"vjg"uvgru"vcmgp"kp"vjku"cpcn{uku"htqo"tcy"fcvc"vq"vjg"oquv"rctukoqpkqwu"
vtgg"*ORV+0"NOÓu"Î"ncpfoctmu="ej0"Î"ejctcevgtu="eqph0"Î"eqpÝiwtcvkqpu0
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Table 13. Eqorkncvkqp"qh"ugvvkpiu."eqorwvcvkqpcn"urgekÝecvkqpu"cpf"tguwnvu"qh"gxgt{"rj{nqigpgvke"ugctej"kp"vjku"rcrgt0"Cnn"ocvtkegu"cpf"vtggu"*Ýiwtgu"cpf"rctgpvjgvke"pqvcvkqpu+"
ecp"dg"hqwpf"kp"vjg"Uwrrngogpvct{"Ocvgtkcn0"Ngigpf<"DKQOGVTKC"ku"c"enwuvgt"twp"d{"vjg"Ncdqtcvqt{"qh"Dkqogvtkecn"Rtqeguukpi"kp"Hgfgtcn"Wpkxgtukv{"qh"Xk›quc"vq"yjkej"yg"
ygtg"itcpvgf"ceeguu"fwtkpi"vjg"gzgewvkqp"qh"vjku"tgugctej="vjg"qrgtcvkqpcn"u{uvgo"ku"Ykpfqyu"Ugtxgt"422:"T4"gpvgtrtkug"86"dkv."ykvj"vyq"rtqeguuqtu"Kpvgn"Zgqp"ERW"G7/4865"2"
5052IJ¦."ogoqt{"qh";8ID"cpf"6"JFÓu"vqvcnk¦kpi"608"VD"uvqtcig0"RE"Hgtpcpfq"ku"c"rgtuqpcn"eqorwvgt"Fgnn"86dkv"ykvj"rtqeguuqt"Kpvgn"Eqtg"k9/6922OS"ERW"406IJ¦."ogoqt{"
qh"38ID."qrgtcvkpi"ykvj"c"Ykpfqyu"32"Jqog"4242"cpf"3VD"uvqtcig0"RE"Fgnn"ku"c"rgtuqpcn"eqorwvgt"Fgnn"86dkv"ykvj"rtqeguuqt"Kpvgn"Eqtg"k9/8922JS"ERW"408IJ¦."ogoqt{"qh"
38ID."qrgtcvkpi"ykvj"c"Ykpfqyu"32"Jqog"423:"cpf"3VD"uvqtcig0"RE"JR"ku"c"rgtuqpcn"eqorwvgt"JR"Rcxknkqp"Unggmdqqm"36"TY"86dkv."ykvj"rtqeguuqt"Kpvgn"Eqtg"k5/54393"ERW"
30:IJ¦."ogoqt{"qh"6ID."qrgtcvkpi"ykvj"c"Ykpfqyu"32"Jqog"xgtukqp"320323:585"cpf"722ID"uvqtcig0

Ukping"eqpÝiwtcvkqpu "Ugvu"qh"eqpÝiwtcvkqpu
Jaw Head

settings results settings results

Dataset OCVTKZa¥arctvkcnaof0vpv OCVTKZa¥arctvkcnaJG0vpv
Outgroup Chelydra serpentina Chelydra serpentina

Alignment
ykvj Natator depressus Natator depressus

using THVTC THVTC

Optimization
eof"/"$noctm"egnn"8"pguv"5"4"kvgt"ujcmg"3"vgto-

points shrink noinscale"

eof"/"$noctm"egnn"8"pguv"5"4"kvgt"ujcmg"3"vgto-

points shrink noinscale"

Dtcpej"uycrrkpi 20% max error; branching up to 10 nodes from 

wpkqp="ykvj"wr"vq"7"kvgtcvkqpu
20% max error; branching up to 10 nodes from 

wpkqp="ykvj"wr"vq"7"kvgtcvkqpu

Vtcfkvkq-

nal search 

RAS 72 Best 

score
3.;7:43 72 Best score 33.6733:

Random Seed 1 Vkog 22<22<7: 1 Vkog 29<67<63
vtggu1tgr 100 Rearrang. 434;2; 100 Rearrang. 5574577

uycrrrkpi"cniqtkvjo VDT Vtggu"
retained

1 VDT Vtggu"
retained

1

Analysis code cpcn{ukuarct248aOFavtcf cpcn{ukuarct256aJGavtcf

Pgy"Vg-
chnology

Tcvejgv"htqo"TCO"*fghcwnv"ugvvkpiu+

Best 

score
3.;7:43

Tcvejgv"htqo"TCO"*fghcwnv"ugvvkpiu+

Best score 33.6733:

Vkog 00:00:07 Vkog 01:21:32

Rearrang. 24140 Rearrang. 53:837
Vtggu"

retained
1

Vtggu"
retained

1

Analysis code cpcn{ukuarct249aOFaPV cpcn{ukuarct257aJGaPV
Ugtxgt1jctfyctg" DKQOGVTKC DKQOGVTKC
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Ukping"eqpÝiwtcvkqpu
Skull

Dorsal Lateral Ventral
settings results settings results settings results

Dataset OCVTKZa¥arctvkcnaef0vpv OCVTKZa¥arctvkcnaen0vpv OCVTKZa¥arctvkcnaex0vpv
Outgroup Chelydra serpentina Chelydra serpentina Chelydra serpentina

Alignment
ykvj Natator depressus Natator depressus Natator depressus
using THVTC THVTC THVTC

Optimization

eof"/"$noctm"egnn"8"pguv"5"4"
iter shake 1 termpoints shrink 

noinscale"

eof"/"$noctm"egnn"8"pguv"5"4"
iter shake 1 termpoints shrink 

noinscale"

eof"/"$noctm"egnn"8"pguv"5"4"
iter shake 1 termpoints shrink 

noinscale"

Dtcpej"uycrrkpi
20% max error; branching up 

vq"32"pqfgu"htqo"wpkqp="ykvj"
wr"vq"7"kvgtcvkqpu

20% max error; branching up to 

32"pqfgu"htqo"wpkqp="ykvj"wr"vq"
7"kvgtcvkqpu

20% max error; branching up to 

32"pqfgu"htqo"wpkqp="ykvj"wr"vq"
7"kvgtcvkqpu

Vtcfkvkq-

nal search 

RAS 72 Best 

score
4.:4233 72 Best score 4.45939: 72 Best score 5.889:8

Random 

Seed
1 Vkog 00:04:10 1 Vkog 00:00:33 1 Vkog 00:20:24

vtggu1tgr 100 Rearrang. 525647 100 Rearrang. 4965; 100 Rearrang. 1203400

uyc-
ppping 

algorithm

VDT Vtggu"
retained

1 VDT Vtggu"
retained

1 VDT Vtggu"
retained

1

Analysis 

code
analysis_par014_CD_trad cpcn{ukuarct238aENavtcf analysis_par020_CV_trad

Pgy"Vg-
chnology

Tcvejgv"htqo"TCO"*fghcwnv"
settings)

Best 

score
4.:4233

Tcvejgv"htqo"TCO"*fghcwnv"
settings)

Best score 4.5939:

Tcvejgv"htqo"TCO"*fghcwnv"
settings)

Best score 5.889:8
Vkog 00:01:30 Vkog 00:00:30 Vkog 22<27<4;

Rearrang. 7;772 Rearrang. :;6: Rearrang. 376797
Vtggu"

retained
1

Vtggu"
retained

1
Vtggu"

retained
1

Analysis 

code
cpcn{ukuarct237aEFaPV cpcn{ukuarct239aENaPV cpcn{ukuarct243aEXaPV

Ugtxgt1jctfyctg" DKQOGVTKC DKQOGVTKC DKQOGVTKC

Table 13 (continued)
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Ukping"eqpÝiwtcvkqpu
Ilium Ischium Pubis

settings results settings results settings results
Dataset OCVTKZa¥arctvkcnakk0vpv OCVTKZa¥arctvkcnaku0vpv OCVTKZa¥arctvkcnarw0vpv

Outgroup Chelydra serpentina Chelydra serpentina Chelydra serpentina
Alignment 

*rcktykug"
comp.)

ykvj Natator depressus Natator depressus Natator depressus

using THVTC THVTC THVTC

Optimization

eof"/"$noctm"egnn"8"pguv"5"4"
iter shake 1 termpoints shrink 

noinscale"

eof"/"$noctm"egnn"8"pguv"5"4"
iter shake 1 termpoints shrink 

noinscale"

eof"/"$noctm"egnn"8"pguv"5"4"
iter shake 1 termpoints shrink 

noinscale"

Dtcpej"uycrrkpi
20% max error; branching up to 

32"pqfgu"htqo"wpkqp="ykvj"wr"vq"
7"kvgtcvkqpu

20% max error; branching up to 

32"pqfgu"htqo"wpkqp="ykvj"wr"vq"
7"kvgtcvkqpu

20% max error; branching up to 

32"pqfgu"htqo"wpkqp="ykvj"wr"vq"
7"kvgtcvkqpu

Vtcfkvkqpcn"
search 

RAS 72 Best 

score
2,07047 72 Best 

score
3.96745 72 Best score 4.4538:

Random 

Seed
1 Vkog 00:00:10 1 Vkog 00:00:02 1 Vkog 00:00:22

vtggu1tgr 100
Rear-

rang.
46227 100

Rear-

rang.
5:6: 100 Rearrang. 5;377

uycrrrkpi"
algorithm

VDT Vtggu"
retained

1 VDT Vtggu"
retained

1 VDT Vtggu"
retained

1

Analysis 

code
analysis_par022_II_trad analysis_par024_IS_trad analysis_par030_PU_trad

Pgy"Vgej-

nology

Tcvejgv"htqo"TCO"*fghcwnv"
settings)

Best 

score
2,07047

Tcvejgv"htqo"TCO"*fghcwnv"
settings)

Best 

score
3.96745

Tcvejgv"htqo"TCO"*fghcwnv"
settings)

Best score 4.4538:
Vkog 00:00:04 Vkog 00:00:00 Vkog 00:00:10
Rear-

rang.
7410

Rear-

rang.
3:42 Rearrang. ;::9

Vtggu"
retained

1
Vtggu"

retained
1

Vtggu"
retained

1

Analysis 

code
cpcn{ukuarct245aKKaPV cpcn{ukuarct247aKUaPV cpcn{ukuarct253aRWaPV

Ugtxgt1jctfyctg" DKQOGVTKC DKQOGVTKC DKQOGVTKC

Table 13 (continued)
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Ukping"eqpÝiwtcvkqpu "Ugvu"qh"eqpÝiwtcvkqpu
Carapace Plastron Shell

settings results settings results settings results
Dataset OCVTKZa¥arctvkcnaecf0vpv OCVTKZa¥arctvkcnar0vpv OCVTKZa¥arctvkcnaUJ0vpv

Outgroup Chelydra serpentina Chelydra serpentina Chelydra serpentina

Alignment 

*rcktykug"
comp.)

ykvj Natator depressus Natator depressus Natator depressus

using THVTC THVTC THVTC

Optimization

eof"/"$noctm"egnn"8"pguv"5"4"
iter shake 1 termpoints shrink 

noinscale"

eof"/"$noctm"egnn"8"pguv"5"4"
iter shake 1 termpoints shrink 

noinscale"

eof"/"$noctm"egnn"8"pguv"5"4"kvgt"
shake 1 termpoints shrink noins-

cale"

Dtcpej"uycrrkpi
20% max error; branching up to 

32"pqfgu"htqo"wpkqp="ykvj"wr"
vq"7"kvgtcvkqpu

20% max error; branching up 

vq"32"pqfgu"htqo"wpkqp="ykvj"
wr"vq"7"kvgtcvkqpu

20% max error; branching up to 

32"pqfgu"htqo"wpkqp="ykvj"wr"vq"7"
iterations

Vtcfkvkqpcn"
search 

RAS 72 Best 

score
4.97429 72 Best 

score
2,34313 72 Best 

score
7.469;7

Random 

Seed
1 Vkog 22<28<6: 1 Vkog 00:00:43 1 Vkog 22<48<26

vtggu1tgr 100 Rearrang. 4937:8 100 Rearrang. 42237 100 Rearrang. 58:682

uycrrrkpi"
algorithm

VDT Vtggu"
retained

1 VDT Vtggu"
retained

1 VDT Vtggu"
retained

1

Analysis 

code
analysis_par012_CAD_trad cpcn{ukuarct24:aRavtcf cpcn{ukuarct258aUJavtcf

Pgy"Vgej-

nology

Tcvejgv"htqo"TCO"*fghcwnv"
settings)

Best 

score
4.97429

Tcvejgv"htqo"TCO"*fghcwnv"
settings)

Best 

score
2,34313

Tcvejgv"htqo"TCO"*fghcwnv"
settings)

Best 

score
7.469;7

Vkog 22<23<27 Vkog 00:00:21 Vkog 22<26<67

Rearrang. 535:; Rearrang. 325:4 Rearrang. 65;65

Vtggu"
retained

1
Vtggu"

retained
1

Vtggu"
retained

1

Analysis 

code
cpcn{ukuarct235aECFaPV cpcn{ukuarct24;aRaPV cpcn{ukuarct259aUJaPV

Ugtxgt1jctfyctg" DKQOGVTKC DKQOGVTKC PC Fernando

Table 13 (continued)
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4

"Ugvu"qh"eqpÝiwtcvkqpu
Pelvic girdle Appendices Post-cranium Turtle

settings results settings results settings results settings results

Dataset
OCVTKZa¥arctvkcna

RGI0vpv
OCVTKZa¥arct-

tial_AP.tnt

OCVTKZa¥arct-
tial_PC.tnt

OCVTKZa¥arctvkcna
VW0vpv

Outgroup Chelydra serpentina Chelydra serpentina Chelydra serpentina Chelydra serpentina

Alignment
ykvj Natator depressus Natator depressus Natator depressus Natator depressus
using THVTC THVTC THVTC THVTC

Optimization

eof"/"$noctm"egnn"8"pguv"
3 2 iter shake 1 term-

points shrink noinscale"

eof"/"$noctm"egnn"8"
nest 3 2 iter shake 

1 termpoints shrink 

noinscale"

eof"/"$noctm"egnn"8"
nest 3 2 iter shake 

1 termpoints shrink 

noinscale"

eof"/"$noctm"egnn"8"pguv"
3 2 iter shake 1 term-

points shrink noinscale"

Dtcpej"uycrrkpi

20% max error; bran-

ching up to 10 nodes 

htqo"wpkqp="ykvj"wr"vq"
7"kvgtcvkqpu

20% max error; bran-

ching up to 10 nodes 

htqo"wpkqp="ykvj"wr"vq"
7"kvgtcvkqpu

20% max error; bran-

ching up to 10 nodes 

htqo"wpkqp="ykvj"wr"vq"
7"kvgtcvkqpu

20% max error; bran-

ching up to 10 nodes 

htqo"wpkqp="ykvj"wr"vq"
7"kvgtcvkqpu

Vtcfkvkqpcn"
search 

RAS 72 Best 

score
8.7443: 72 Best 

score
32.79:45 72 Best 

score
37.;9494 72 Best 

score
4:.25589

Random 

Seed
1 Vkog 00:01:33 1 Vkog 22<38<26 1 Vkog 24<46<75 1 Vkog 43<47<39

vtggu1tgr 100
Rear-

rang.
40370 100

Rear-

rang.
393:75 100

Rear-

rang.
97786: 100

Rear-

rang.
5;3;:86

uycrrrkpi"
algorithm

VDT
Vtggu"
retai-

ned

1 VDT
Vtggu"
retai-

ned

1 VDT
Vtggu"
retai-

ned

1 VDT
Vtggu"
retai-

ned

1

Analysis 

code

cpcn{ukuarct25:aRGIa
trad

analysis_par042_AP_

trad

analysis_par044_PC_

trad

cpcn{ukuarct268aVWa
trad

Pgy"Vgej-

nology

Ratchet from RAM 

*fghcwnv"ugvvkpiu+

Best 

score
8.7443:

Ratchet from RAM 

*fghcwnv"ugvvkpiu+

Best 

score
32.79:45

Ratchet from RAM 

*fghcwnv"ugvvkpiu+

Best 

score
37.;9494

Ratchet from RAM 

*fghcwnv"ugvvkpiu+

Best 

score
4:.25589

Vkog 22<22<5; Vkog 22<26<47 Vkog 00:41:23 Vkog 25<73<67
Rear-

rang.
:;66 Rear-

rang.
20370

Rear-

rang.
323298 Rear-

rang.
645374

Vtggu"
retai-

ned

1

Vtggu"
retai-

ned

1

Vtggu"
retai-

ned

1

Vtggu"
retai-

ned

1

Analysis 

code
cpcn{ukuarct25;aRGIaPV cpcn{ukuarct265aCRaPV cpcn{ukuarct267aREaPV cpcn{ukuarct269aVWaPV

Ugtxgt1jctfyctg" PC HP DKQOGVTKC PC Fernando PC Fernando

Table 13 (continued)
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LM + traditional characters
1 2

settings results settings results
Dataset OCVTKZa¥a40vpv OCVTKZa¥a40vpv

Outgroup Chelydra serpentina Chelydra serpentina
Alignment 

*rcktykug"
comp.)

ykvj Natator depressus Natator depressus

using THVTC THVTC

Character settings

Qtfgtgf"ejctcevgtu<"9"36"3:"7:"89"96"98"9;";5"
;6";:"325"352"367"369"379"428"43:"46;"476"

4;5"528"549"563"564"568

Qtfgtgf"ejctcevgtu<"9"36"3:"7:"89"96"98"9;";5";6"
;:"325"352"367"369"379"428"43:"46;"476"4;5"528"

549"563"564"568
Optimization

eof"/"$noctm"egnn"8"pguv"5"4"kvgt"ujcmg"3"vgto-

points shrink noinscale"

eof"/"$noctm"egnn"8"pguv"5"4"kvgt"ujcmg"3"vgto-

points shrink noinscale"
Ejctcevgt"ygkijvkpi eof"/"$noctm"yvu"?"53"]569/579_$ none

Dtcpej"uycrrkpi 20% max error; branching up to 10 nodes from 

wpkqp="ykvj"wr"vq"7"kvgtcvkqpu
20% max error; branching up to 10 nodes from 

wpkqp="ykvj"wr"vq"7"kvgtcvkqpu

Vtcfkvkqpcn"
search 

RAS 72 Best score 3499.7:2:4 72 Best score 625.96:;9
Random Seed 1 Vkog 34<68<43 1 Vkog 26<25<3:
vtggu1tgr 100 Rearrang. 52;2:29 100 Rearrang. 4999796

uycrrrkpi"cniq-

rithm
VDT Vtggu"tgvck-

ned
1 VDT Vtggu"tgvckpgf 1

Analysis code analysis_tot003_trad cpcn{ukuavqv228avtcf

Vtcfkvkqpcn"ugctej"*4pf"tqwpf+  RAM

Best score 3499.7:2:4

 RAM

Best score 625.96:;9
Vkog 00:04:24 Vkog 00:01:22

Rearrang. 36;3; Rearrang. 33853
Vtggu"tgvck-

ned
1 Vtggu"tgvckpgf 1

analysis_tot004_trad analysis_tot007_trad

Pgy"Vgej Tcvejgv"htqo"TCO"*fghcwnv"ugvvkpiu+

Best score 3499.7:2:4

Tcvejgv"htqo"TCO"*fghcwnv"ugvvkpiu+

Best score 625.96:;9
Vkog 00:41:23 Vkog 24<37<63

Rearrang. 323298 Rearrang. 3422488
Vtggu"tgvck-

ned
1 Vtggu"tgvckpgf 1

Analysis code cpcn{ukuavqv227aPV cpcn{ukuavqv22:aPV
Ugtxgt1jctfyctg" DKQOGVTKC PC Dell
Branch support uwdqrvkocn"d{"53"uvgru="THF"20: uwdqrvkocn"d{"53"uvgru="THF"20:

Table 13 (continued)



58

LM + traditional characters
3 4

settings results settings results
Dataset OCVTKZa¥a50vpv OCVTKZa¥a40vpv

Outgroup Chelydra serpentina Chelydra serpentina
Alignment 

*rcktykug"
comp.)

ykvj Natator depressus Lepidochelys olivacea

using THVTC THVTC

Character settings

Qtfgtgf"ejctcevgtu<"9"36"3:"7:"89"96"98"9;";5"
;6";:"325"352"367"369"379"428"43:"46;"476"

4;5"528"549"563"564"568

Qtfgtgf"ejctcevgtu<"9"36"3:"7:"89"96"98"9;";5";6"
;:"325"352"367"369"379"428"43:"46;"476"4;5"528"

549"563"564"568
Optimization

eof"/"$noctm"egnn"8"pguv"5"4"kvgt"ujcmg"3"vgto-

points shrink noinscale"

eof"/"$noctm"egnn"8"pguv"5"4"kvgt"ujcmg"3"vgto-

points shrink noinscale"
Ejctcevgt"ygkijvkpi eof"/"$noctm"yvu"?"53"]569/579_$ eof"/"$noctm"yvu"?"53"]569/579_$
Dtcpej"uycrrkpi 20% max error; branching up to 10 nodes from 

wpkqp="ykvj"wr"vq"7"kvgtcvkqpu
20% max error; branching up to 10 nodes from 

wpkqp="ykvj"wr"vq"7"kvgtcvkqpu

Vtcfkvkqpcn"
search 

RAS 72 Best score 337052;0569 72 Best score 3479.4:53;
Random Seed 1 Vkog 2:<28<4; 1 Vkog 33<25<58
vtggu1tgr 100 Rearrang. 46;4924 100 Rearrang. 5377398
uycrrrkpi"
algorithm

VDT Vtggu"tgvck-
ned

1 VDT Vtggu"tgvckpgf 1

Analysis code cpcn{ukuavqv22;a3avtcf analysis_tot012_trad

Vtcfkvkqpcn"ugctej"*4pf"tqwpf+  RAM

Best score 337052;0569

 RAM

Best score 3479.4:53;
Vkog 22<24<72 Vkog 22<26<4;

Rearrang. 33759 Rearrang. 3477;
Vtggu"tgvck-

ned
1 Vtggu"tgvckpgf 1

analysis_tot010_trad analysis_tot013_trad

Pgy"Vgej
Tcvejgv"htqo"TCO"*fghcwnv"ugvvkpiu+

Best score 337052;0569

Tcvejgv"htqo"TCO"*fghcwnv"ugvvkpiu+

Best score 3479.4:53;
Vkog 22<5;<7: Vkog 23<6:<6;

Rearrang. 364842 Rearrang. 4:9;64
Vtggu"tgvck-

ned
1 Vtggu"tgvckpgf 1

Analysis code cpcn{ukuavqv233aPV cpcn{ukuavqv236aPV
Ugtxgt1jctfyctg" DKQOGVTKC" PC Dell
Branch support uwdqrvkocn"d{"53"uvgru="THF"20: uwdqrvkocn"d{"53"uvgru="THF"20:

 

Table 13 (continued)
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LM + traditional characters
5 6.1

settings results settings results
Dataset OCVTKZa¥a60vpv OCVTKZa¥a70vpv

Outgroup Chelydra serpentina Chelydra serpentina
Alignment 

*rcktykug"
comp.)

ykvj Natator depressus Chelydra serpentina

using THVTC THVTC

Character settings

Qtfgtgf"ejctcevgtu<"9"36"3:"7:"89"96"98"9;";5";6";:"
325"352"367"369"379"428"43:"46;"476"4;5"528"549"563"

564"568

Qtfgtgf"ejctcevgtu<"9"36"3:"7:"89"96"98"9;";5";6";:"
325"352"367"369"379"428"43:"46;"476"4;5"528"549"

563"564"568
Optimization

eof"/"$noctm"egnn"8"pguv"5"4"kvgt"ujcmg"3"vgto-

points shrink noinscale"

eof"/"$noctm"egnn"8"pguv"5"4"kvgt"ujcmg"3"vgto-

points shrink noinscale"
Ejctcevgt"ygkijvkpi eof"/"$noctm"yvu"?"53"]569/579_$ eof"/"$noctm"yvu"?"53"]569/579_$
Dtcpej"uycrrkpi 20% max error; branching up to 10 nodes from union; 

ykvj"wr"vq"7"kvgtcvkqpu
20% max error; branching up to 10 nodes from 

wpkqp="ykvj"wr"vq"7"kvgtcvkqpu

Vtcfkvkqpcn"
search 

RAS 72 Best score 326604;:7: 72 Best score 6;602;962
Random Seed 1 Vkog 23<64<57 1 Vkog 00:03:17

vtggu1tgr 100 Rearrang. 4746;; 100 Rearrang. 8598
uycrrrkpi"
algorithm

VDT Vtggu"
retained

1 VDT Vtggu"
retained

1

Analysis code cpcn{ukuavqv23;avtcf analysis_tot022_trad

Vtcfkvkqpcn"ugctej"*4pf"tqwpf+  RAM

Best score 326604;:7:

 RAM

Best score 6;602;962
Vkog 22<23<7: Vkog 00:00:10

Rearrang. 43:; Rearrang. 3:;
Vtggu"

retained
1

Vtggu"
retained

1

analysis_tot020_trad analysis_tot023_trad

Pgy"Vgej
Tcvejgv"htqo"TCO"*fghcwnv"ugvvkpiu+

Best score 326604;:7:

Tcvejgv"htqo"TCO"*fghcwnv"ugvvkpiu+

Best score 6;602;962
Vkog 00:21:11 Vkog 00:02:11

Rearrang. 49752 Rearrang. 4728
Vtggu"

retained
1

Vtggu"
retained

1

Analysis code cpcn{ukuavqv243aPV cpcn{ukuavqv246aPV
Ugtxgt1jctfyctg" DKQOGVTKC" DKQOGVTKC
Branch support uwdqrvkocn"d{"53"uvgru="THF"20: uwdqrvkocn"d{"53"uvgru="THF"20:

Table 13 (continued)
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LM + traditional characters
6.2

settings results
Dataset OCVTKZa¥a80vpv

Outgroup Chelydra serpentina
Alignment 

*rcktykug"
comp.)

ykvj Natator depressus

using THVTC

Character settings
Qtfgtgf"ejctcevgtu<"9"36"3:"7:"89"96"98"9;";5";6";:"325"352"367"369"379"428"43:"46;"476"4;5"

528"549"563"564"568
Optimization eof"/"$noctm"egnn"8"pguv"5"4"kvgt"ujcmg"3"vgtorqkpvu"ujtkpm"pqkpuecng$

Ejctcevgt"ygkijvkpi eof"/"$noctm"yvu"?"53"]569/579_$
Dtcpej"uycrrkpi 42'"ocz"gttqt="dtcpejkpi"wr"vq"32"pqfgu"htqo"wpkqp="ykvj"wr"vq"7"kvgtcvkqpu

Vtcfkvkqpcn"
search 

RAS 72 Best score 32;708;4;5
Random Seed 1 Vkog 04:17:20

vtggu1tgr 100 Rearrang. 9;8376
uycrrrkpi"
algorithm

VDT Vtggu"tgvckpgf 1

Analysis code cpcn{ukuavqv247avtcf

Vtcfkvkqpcn"ugctej"*4pf"tqwpf+  RAM

Best score 32;708;4;5
Vkog 22<25<37

Rearrang. 7:8;
Vtggu"tgvckpgf 1

cpcn{ukuavqv248avtcf

Pgy"Vgej
Tcvejgv"htqo"TCO"*fghcwnv"ugvvkpiu+

Best score 32;708;4;5
Vkog 22<55<6:

Rearrang. 8:252
Vtggu"tgvckpgf 1

Analysis code cpcn{ukuavqv249aPV
Ugtxgt1jctfyctg" DKQOGVTKC
Branch support uwdqrvkocn"d{"53"uvgru="THF"20:

Table 13 (continued)
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Reanalysis
Gentry et al., 2019

settings results
Dataset Igpvt{agvacna423;artwppgf0vpv

Outgroup Chelydra serpentina

Character settings
Qtfgtgf"ejctcevgtu<"9"36"3:"7:"89"96"98"9;";5";6";:"325"352"367"369"379"428"43:"46;"476"4;5"528"

549"563"564"568

Vtcfkvkqpcn"ugctej Kornkekv"Gpwogtcvkqp

Best score 5:8
Vkog 3;<39<79

EK<"20748="TK<"207;8
Vtggu"

retained
2

Analysis code cpcn{ukuavqv237akornkekvgpwogtcvkqp
Ugtxgt1jctfyctg PC Dell

Table 13 (continued)
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3. RESULTS

3.1. Relative Warps

Kp"vjg"fqtucn"xkgy"qh"vjg"umwnn."vjg"TY
1
"*Hkiwtg"36+"ujqyu"ockpn{"vjg"xctkcvkqp"kp"

vjg"vgorqtcn"goctikpcvkqp."ykvj"oquv"qh"vjg"urgekgu"qh"Rcpejgnqpkqkfgc"eqpegpvtcvgf"kp"
the positive scores. Toxochelys latiremis"ycu"vjg"urgekgu"enqugt"vq"vjg"qwvitqwr."Chelydra 

serpentina, a notorious durophage turtle. P. camperi is found very distant from the rest 

of the cheloniids, in the negative scores of the RW
2
."kpfkecvkpi"c"tcvjgt"ujcnnqy"vgorqtcn"

goctikpcvkqp0"Kp"vjg"xgpvtcn"xkgy"qh"vjg"umwnn."Rtqvquvgikfcg"ku"tguvtkevgf"vq"vjg"hqwtvj"swc-
ftcpv."ejctcevgtk¦gf"d{"c"uocnn"ugeqpfct{"rcncvg"cpf"pcttqy"umwnn0"Vjg"vyq"urgekgu"qh"Er-

quelinnesia"ctg"cnuq"ugrctcvgf"htqo"vjg"tguv."ykvj"vjg"dtqcfgt"ugeqpfct{"rcncvg."hqnnqygf"
by Euclastes wielandi0"Vjg"tgockpkpi"Rcpejgnqpkkfcg"eqpegpvtcvg"enqug"vq"vjg"cxgtcig0

Vjg"TY"qh"vjg"lcy"*Hkiwtg"39+"gzjkdkvu"vjg"fgxgnqrogpv"qh"vjg"vtkvwtcvkpi"uwthceg."
htqo"c"jkij"fgxgnqrogpv"kp"vjg"pgicvkxg"ueqtgu"vq"c"xgt{"nqy"fgxgnqrogpv"kp"vjg"rqukvkxg"
scores of the RW

1
="cpf"vjg"cping"dgvyggp"vjg"ocpfkdwnct"tcok"qp"TY

2
."htqo"dtqcfgt"lcyu"

kp"vjg"jkijgt"xcnwgu"vq"tgncvkxgn{"pcttqygt"lcyu"kp"vjg"nqygt0"Eochelone brabantica is at 

vjg"gzvtgog"qh"vjg"ugeqpf"swcftcpv."ykvj"c"dtqcf"lcy"cpf"c"nctigt"vtkvwtcvkpi"uwthceg0"Er-

quelinnesia gosseleti"cnuq"jcu"c"nctig"ugeqpfct{"rcncvg."dwv"c"owej"pcttqygt"lcy0"Cnuq"kp"
the quadrant of large palate triturating surfaces are Caretta caretta, Procolpochelys char-

lestonensis and Lepidochelys olivacea. In the opposite quadrant, are all representatives of 

Fgtoqejgn{kfcg"cpf"Rtqvquvgikfcg."dgkpi"vjg"fgtoqejgn{kfu"vjg"qpgu"ykvj"vjg"uocnnguv"
vtkvwtcvkpi"uwthcegu"qh"vjg"rcncvg0"Rcpejgnqpkkfcg"ku"yknfn{"urtgcf"cetquu"vjg"ujcrg"urceg."
ujqykpi"c"eqpukfgtcdng"xctkgv{"kp"lcy"oqtrjqnqi{0

RW
1
" qh" vjg" ectcrceg" kp" fqtucn" xkgy" *Hkiwtg" 3:+" fgoqpuvtcvgu" c" tgfwevkqp"qh" vjg"

equvcnu"htqo"vjg"nqygt"vq"vjg"jkijgt"ueqtgu0"Rcpejgnqpkkfcg"eqpegpvtcvgu"qp"vjg"pgicvk-
ve scores, except for Allopleuron hofmanni. In the positive scores, are Ctenochelyidae, 

Protostegidae, and in the extreme, Eosphargis breineri0"Nqygt"ueqtgu"qh"TY
2
 concentrate 

urgekgu"ykvj"c"oqtg"gnqpicvgf"ujcrg"qh"vjg"ectcrceg"cpf"jkijgt"ueqtgu."c"tqwpfgt"ujcrg0"
Vjg"oquv"ukipkÝecvkxg"curgev"qh"vjg"rncuvtqp"TY"ku"kvu"dtqcfgpkpi"htqo"rqukvkxg"vq"pgicvk-
ve scores, especially in the hyo and hypoplastron – it can be observed a lateral expansion 

of the plastron in the RW
1
 and cranio-caudal expansion in the RW

2
.

Qp"vjg"jwogtwu"*Hkiwtg"43+."oquv"qh"vjg"xctkcpeg"eqpegpvtcvgu"qp"vjg"Z"czku."ykvj"
vjg"nqygt"ueqtgu"qh"TY

1
"fkurnc{kpi"ujqtvgt."dtqcfgt"jwogtk"ykvj"nctigt"ncvgtcn"rtqeguugu0"

Oquv"Rcpejgnqpkkfcg"eqpegpvtcvg"qp"vjg"jkijgt"ueqtgu."yjkng"Fgtoqejgn{kfcg"cpf"Rtq-

vquvgikfcg"tgockp"kp"vjg"nqygt"ueqtgu0"Vjg"jkijgt"ueqtgu"qh"TY
1
"cpf"vjg"nqygt"ueqtgu"qh"

RW
2
"ujqy"cp"cnoquv"enqugf"gevgrkeqpf{nct"itqqxg0
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Vjg"TY"qh"jkijguv"xctkcvkqp"kp"vjg"knkwo"*Hkiwtg"45+"ockpn{"knnwuvtcvgu"vjg"ujcrg"
qh"vjg"rquvgtkqt"rtqeguu"Î"htqo"c"xgt{"rtqokpgpv"qpg"kp"vjg"pgicvkxg"ueqtgu."ykvj"Meso-

dermochelys undulatus"cpf"Evgpqejgn{kfcg."vq"c"pgctn{"cdugpv"qpg"kp"vjg"rqukvkxg."ykvj"
etqyp/Ejgnqpkkfcg0

Kp"vjg"rwdku"TY"*Hkiwtg"44+."vjg"TY
2
"fk悲gtgpvkcvgu"Rcpejgnqpkqkfgc"htqo"vjg"qwv-

itqwr"rtkoctkn{"kp"tgurgev"vq"vjg"uk¦g"qh"vjg"dncfg"Î"pcttqy"kp"Ejgn{ftkfcg"cpf"dtqcfgt"kp"
sea turtles, being intermediate in Dermochelys coriacea.

KvÓu"cnuq"kp"vjg"dncfg"vjg"ockp"xctkcvkqp"qh"ujcrg"kp"vjg"eqtceqkf"*Hkiwtg"42+."ykvj"
Dermochelyidae and Pancheloniidae in the centre and of the negative scores, and Cteno-

chelyidae in the positive scores of the RW
1
.

3.2. Preliminary trees

Vjg"ugctejgu"hqt"ORVu"wukpi"gcej"eqpÝiwtcvkqp"cnqpg"cpf"hqt"uwdugvu"qh"eqpÝiwtc-
vkqpu"ygtg"rgthqtogf"kp"qtfgt"vq"gxcnwcvg"vjg"rj{nqigpgvke"ukipcn"qh"gcej"ugv"qh"NOu0"Cnn"
rctvkvkqpgf"ugctejgu"tguwnvgf"gcej"kp"qpg"vtgg"*Hkiwtgu"47/5:+."cu"gzrgevgf"hqt"eqpvkpwqwu"
fcvc"hqt"uwrrqtvkpi"eqpvkpwqwu"xctkcdngu"ykvj"xctkcvkqp"kp"fgekocn"uecng0"Cnn"vjg"fgvcknu"
qh"vjg"ugctejgu"cu"ygnn"cu"dguv"ueqtgu"cpf"rtqeguukpi"vkog"hqt"cnn"ugctejgu"ctg"eqorkngf"
kp"Vcdng"350"

Vjg"fqtucn"xkgy"qh"vjg"ectcrceg"*Hkiwtg"47+"tguwnvgf"kp"Ejgnqpkqkfgc"kpenwfkpi"cnn"
the ingroup. Allopleuron hofmanni"ku"tgeqxgtgf"coqpi"Rtqvquvgikfcg"-"Eosphargis brei-

neri="dwv"yjgp"vjg"rncuvtqp"kphqtocvkqp"ku"kpenwfgf."vjg"encfqitco"qh"vjg"ujgnn"*Hkiwtg"53+"
no longer recovers all the representatives of Protostegidae as close relatives. 

Vjg"fqtucn"xkgy"qh"vjg"umwnn"*Hkiwtg"47+"fqgu"pqv"tgeqxgt"cp{"qh"vjg"oclqt"hcoknkgu"
in a monophyletic group; both Toxochelys and Santanachelys can be found at the basis 

qh"vjg"vtgg"cpf"vjg"etqyp/itqwr"uggou"vq"dtkpi"vqigvjgt"cnn"vjg"urgekgu"vjcv"ygtg"eqpegp-

vtcvgf"pgzv"vq"vjg"qtkikp"kp"vjg"TYC"*Hkiwtg"36+0"Vjg"xgpvtcn"xkgy"qh"vjg"umwnn"*Hkiwtg"
48+"ujqyu"nkvvng"eqpitwgpeg"ykvj"tghgtgpeg"rj{nqigpkgu"cpf"vjg"qpn{"uvtwevwtgf"itqwr"ku"
Protostegidae, that is also assembled in an isolated group in the shape space of the RW 

*Hkiwtg"37+0"Rtqvquvgikfcg"cnqpi"ykvj"Eretmochelys and Allopleuron are the chelonioids 

ykvj"vjg"pcttqygt"umwnn"cpf"vjg"uocnnguv"rcncvg"vtkvwtcvkpi"uwthceg."ceeqtfkpi"vq"vjg"TY"
*Hkiwtg"37+0"Vyq"encfgu"qh"ykfg"jgcfgf"vwtvngu"ecp"dg"jkijnkijvgf."qpg"ykvj"N. depressus, 

C. caretta, E. wielandiand Erquelinnesia"urr0."cpf"vjg"qvjgt"ykvj"dtqcf"dwv"oqtg"tqwpf"
shaped skulls including D. coriacea, C. acris, T. latiremis, C. stenoporus, C. procax and 

P. matutina. Chelonia mydas"ku"hqwpf"cv"vjg"dcuku"qh"vjg"vtgg0"Vjg"vqrqnqi{"qh"vjg"lcy"*Hk-
iwtg"4:+"eqpÝiwtcvkqp"Ýpfu"vjg"urgekgu"ykvj"jkijgt"cpingu"dgvyggp"vjg"ocpfkdwnct"tcok"
like Dermochelys coriacea"*92+"vq"dg"cv" vjg"Ýtuv"fkxgtigpe{"pqfgu."cpf"cnn" vjg"urgekgu"
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structured in the negative scores of RW
1
"*Hkiwtg"39+"kp"vjg"TY"ctg"itqwrgf"kp"vjg"ucog"

encfg"*C. stenoporus"*L. olivacea"*C. caretta"*P. charlestonensis"*E. gosseleti, E. braban-

tica+++++0"Kp"vjg"rtgnkokpct{"cpcn{uku"eqpvckpkpi"vjg"vjtgg"xkgyu"qh"vjg"umwnn"rnwu"vjg"lcy"
*Hkiwtg"52+."vjg"encfg"eqpvckpkpi"vjg"pcttqy/jgcfgf"vwtvngu"*E. imbricata, A. hofmanni, B. 

suteri, A. ischyros and P. gigas+"ku"uvknn"uvtwevwtgf."dwv"vjg"ykfg/jgcfgf"ctg"pqy"fkurgtugf"
along the tree and none of the families form a monophyletic group.

Vjg"rgnxke"iktfng"*Hkiwtg"53+"tgeqxgtu"cnn"gzvcpv"urgekgu"kp"c"oqpqrj{ngvke"itqwr."
yjkej"ku"ukuvgt/itqwr"vq"c"encfg"eqpvckpkpi"Evgpqejgn{kfcg"cpf"hquukn"Fgtoqejgn{kfcg="
cpf" vjg" vtgg"wukpi"qpn{" vjg" kuejkwo"eqpÝiwtcvkqp" *Hkiwtg"4:+"itqwru" vqigvjgt" cnn" evg-
pqejgn{kfu" kp" kvu" ucorng"ykvj"cp"gzenwukxg"eqooqp"cpeguvqt0"Vjg" ucog"itqwr"ecp"dg"
uggp"kp"vjg"crrgpfkegu"encfqitco"*Hkiwtg"54+."qdvckpgf"d{"vjg"eqodkpcvkqp"qh"rgnxke"cpf"
rgevqtcn"iktfngu"fcvc."ykvj"c"etqyp/itqwr"rwvvkpi"vqigvjgt"jkijn{"rgncike"vwtvngu0"Ncuvn{"
ku"vjg"ÐvwtvngÑ"encfqitco"*Hkiwtg"55+."eqorknkpi"cnn"ncpfoctm"fcvc."ykvjqwv"vjg"cffkpi"qh"
fkuetgvg"ejctcevgtu"pqt"ygkijvkpi0"Cnn"rtqvquvgikfu"ujctg"c"enqug"dwv"pqv"gzenwukxg"eqo-

mon ancestor. Ctenochelys procax"ku"tgeqxgtgf"cv"vjg"Ýtuv"fkxgtigpeg"pqfg."hqnnqygf"d{"
a clade containing more ctenochelyids, Mesodermochelys"-"Ocepechelon and Euclastes 

wielandi. Dermochelyidae is recovered as a polyphyletic group.

3.3. Reanalysis

Vjg"Kornkekv"Gpwogtcvkqp"{kgnfgf"vyq"vtggu"ykvj"c"dguv"ueqtg"qh"5:8."EK?20748"cpf"
TK?207;8"cpf"c"uvtkev"eqpugpuwu"ycu"ocfg"*Hkiwtg"56+0"Vjg"pqfgu"kp"yjkej"vjgtg"ycu"
ejcpig"ctg"octmgf"ykvj"c"rwtrng"fqv"kp"vjg"Hkiwtg"560"Eochelone brabantica"ycu"rtgugpv"
kp"vjg"fcvcugv."dwv"pqv"Ýiwtgf"kp"vjg"rcrgtÓu"rj{nqigp{"*Igpvt{"et al."*35+."Ýi"4+0"Vjku"
species is mentioned in Gentry et al.,"*35+"qpn{"cu"dgkpi"rctv"qh"c"nctig"rqn{vqo{"cnqpi"
ykvj"Puppigerus and Argillochelys" kp" vjg"Dc{gukcp"cpcn{uku0"Vjg"rqukvkqp"qh"Euclastes 

wielandi"ejcpigf"dgvyggp"fkxgtikpi"gctnkgt"qt"ncvgt"vjcp"Toxochelys"-"Evgpqejgn{fcg"cv"
vjg"vyq"ORVÓu."uq"vjg"uvtkev"eqpugpuwu"rtqfwegf"c"rqn{vqo{0"Kp"vjg"tgcpcn{uku."Toxochelys 

latiremis"ycu"tgeqxgtgf"cu"ukuvgt"vq"Evgpqejgn{kfcg."kpuvgcf"qh"c"uvgo/encfg"vq"Ejgnqpkqk-
fgc"-"Evgpqejgn{kfcg"nkpgcig0"Vjg"uvgo/ejgnqpkkf"Puppigerus camperi is recovered as 

Euclastes wielandiÓu"ukuvgt/vczqp0"Ykvj"vjg"gzegrvkqp"qh"E. imbricata being sister-taxon to 

Ectgvvkpk."cnn"kpvgtpcn"tgncvkqpujkru"qh"etqyp/Ejgnqpkkfcg"ejcpigf"kh"eqorctgf"vq"qtkikpcn"
search performed by Gentry et al."*35+0"Fgtoqejgn{qkfgc"*Rtqvquvgikfcg"-"Fgtoqejgn{k-
fcg+"ycu"tgeqxgtgf"kp"vjku"tgcpcn{uku."yjkng"kp"vjg"qtkikpcn"ugctej"Rtqvquvgikfcg"ku"vjg"Ýtuv"
fkxgtikpi"encfg"cpf"Fgtoqejgn{kfcg"ku"tgeqxgtgf"coqpi"rcpejgnqpkkfu0"Vjg"kpvgtpcn"tg-
lationships of Dermochelyidae, Ctenochelyidae and Protostegidae remained unchanged.
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3.4. Landmark plus traditional characters analysis

Vjg" vkog/ecnkdtcvgf" vtgg" kp"Hkiwtg" 5;" ku" vjg" tguwnv" qh" vjg"Ýtuv" inqdcn" rtgnkokpct{"
ugctej" *Hkiwtg"57+." twp"ykvj"cnn" ncpfoctm"fcvc"rnwu" vjg"ocvtkz"qh"fkuetgvg"ejctcevgtu" /"
Gentry et al."*35+0"Vjg"ncpfoctm"ejctcevgtu"ygtg"ygkijvgf"wr"uq"vjgkt"vqvcn"eqpvtkdwvkqp"
yqwnf"dg"vjg"ucog"cu"vjg"vqvcn"ygkijv"qh"vjg"vtcfkvkqpcn"oqtrjqnqikecn"ejctcevgtu"ocvtkz0"
Vjg"rqukvkqp"qh"Ctenochelys procax"octmu"vjg"fkxgtigpeg"pqfg"qh"Rcpejgnqpkqkfgc0"Vjg"
Cretaceous stem-cheloniids, Euclastes wielandi and Allopleuron hofmanni, are separated 

htqo"vjg"tgockpfgt"ejgnqpkkfu."ujqykpi"oqtg"c扉pkv{"ykvj"Wrrgt"Etgvcegqwu"encfgu"vjcp"
ykvj"Egpq¦qke"ugc"vwtvngu0"Cu"hqt"Etgvcegqwu"rcpejgnqpkqkfu."vjgtg"ctg"Evgqejgn{kfcg"cpf"
Rtqvquvgikfcg."vjg"ncvvgt"fcvkpi"dcem"vq"vjg"Crvkcp."ykvj"c"ygnn/uwrrqtvgf"encfg"eqpvckpkpi"
the oldest sea turtles in the sample: Ucpvcpcejgn{u"ic振pg{k and Bouliachelys suteri0"Vjku"
group is sister to Desmatochelys lowii and those are sister to Ocepechelon bouyai, an 

Wrrgt"Etgvcegqwu"fgtoqejgn{qkf"ykvj"c"wpkswg"oqtrjqnqi{."yjkej"yknn"dg"fkuewuugf"kp"
vjg"ugevkqp"dgnqy0"Vjqug"itqwru"ctg"hqnnqygf"d{"Archelon ischyros"-"Protostega gigas, a 

encfg"eqpukuvgpv"kp"cnn"inqdcn"rtgnkokpct{"vtggu"*Hwiwtgu"57/5:+."kp"vjg"rtgnkokpct{"vtggu"
qh"xgpvtcn"xkgy"qh"vjg"umwnn"*Hkiwtg"48+"cpf"kp"vjg"qpg"eqpvckpkpi"cnn"vjtgg"xkgyu"qh"vjg"
umwnn"rnwu"vjg"fqtucn"xkgy"qh"vjg"lcy"*Hkiwtg"52+0"Vjg"ucog"cuugodncig"qh"rtqvquvgikfu"
tgeqxgtgf"kp"vjku"vqrqnqi{"ku"hqwpf"kp"cnn"inqdcn"rtgnkokpct{"vtggu"*Hkiwtgu"57/5:+0"Vjg"
other Upper Cretaceous dermochelyid – Mesodermochelys undulatus – is recovered at the 

uvgo"qh"Evgpqejgn{kfcg0"Vjgtg"ecp"cnuq"dg"pqvkegf"vyq"tgncvkxgn{"ygnn"uwrrqtvgf"encfgu"
of Paleogene turtles, one containing Eochelone brabantica"-"Rtqeqnrqejgn{u"urr0."cpf"
qvjgt"ykvj"*Carolinochelys wilsoni"*Puppigerus camperi, Erquelinnesia"urr0++0"Vjg"Ýtuv"
fkxgtikpi"etqyp/Ejgnqpkqkfgc"ku"c"itqwr"mpqyp"cu"Ectgvvkpk"¥cpigtn"3;7:"*sensu Parham 

(Hcuvqxum{"*44++."eqortkukpi"vjg"igpgtc"Caretta and Lepidochelys. Chelonia mydas, Na-

tator depressus and Allopleuron hofmanni are recovered at the stem of Dermochelyoidea 

sensu"Gxgtu"("Dgpuqp"*4+0"Vjg"eqnqwt"eqfkpi"kp"vjku"encfqitco"ujqyu"vjg"eqpenwukqpu"
about phylogenetic positioning that could be made after testing the hypothesis. 

Vjg"inqdcn"rtgnkokpct{"ugctej"4"*Hkiwtg"58+"ycu"twp"ykvj"cnn"ejctcevgtu"ygkijvkpi"
30"Kv"ogcpu"vjcv"gcej"qh"vjg"33"oqtrjqigqogvtkecn"ejctcevgtu"ygkijvgf"vjg"ucog"cu"gcej"
qh"vjg"569"fkuetgvg"qpgu0"Kv"ujqwnf"dg"gzrgevgf"vjcv"vjku"tguwnv"yqwnf"dg"vjg"oquv"ukoknct"
to Gentry et al."*35+Óu"vqrqnqi{"coqpi"cnn"qwt"vtggu0"Rtqvquvgikfcg"jcu"vjg"gzcev"ucog"vq-

rqnqi{"cu"vjgktu"kp"qwt"tguwnvu."gxgp"tgictfkpi"kvu"gctn{"tcfkcvkqp"*gctnkgt"vjcp"Toxochelys 

latiremis and all Pancheloniidae), but in global preliminary tree 2 it is not associated 

ykvj"Fgtoqejgn{kfcg"-"Allopleuron hofmanni – this clade is herein nested among pan-

chelonioids and Euclastes"ku"tgeqxgtgf"coqpi"evgpqejgn{kfu0"Vjgtg"ygtg"uqog"urgekgu"
*octmgf"ykvj"cp"cuvgtkum"qh"Hkiwtg"58+"rtgugpv" kp"qwt"ucorng."dwv"pqv" kp"Igpvt{"et al. 

*35+Óu0"Ykvj"vjg"cxckncdng"kphqtocvkqp."vjg{"eqwnf"pqv"dg"eqfgf"hqt"oquv"qh"vjg"ejctce-
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ters in the discrete dataset, hence the LM data herein contribute to suggest a hypothesis 

qh" vjgkt" rqukvkqpkpi"ykvjkp" vjg" guvcdnkujgf" vqrqnqi{<"Mesodermochelys undulatus"ycu"
tgeqxgtgf"cu"ukuvgt/vczqp"vq"cnn"Rtqvquvgikfcg"*kpenwfkpi"Ocepechelon."yjkej"yknn"dg"fku-
ewuugf"dgnqy+0"Vjg"qvjgt"fgtoqejgn{kfu"ctg"tgeqxgtgf"cuuqekcvgf"ykvj"Allopleuron ho-

fmanni"*cnuq"vq"dg"fkuewuugf"dgnqy+0"Euclastes wielandi is placed among ctenochelyids, 

such as Ctenochelys stenoporus and Ctenochelys procax. Procolpochelys charlestonensis 

ku"cuuqekcvgf"ykvj"Eochelone brabantica in an early-diverging clade and Procolpochelys 

grandaeva"ku"hqwpf"cu"ukuvgt/itqwr"vq"**E. gigas, A. hofmanni+"*E. breineri, D. coriacea)). 

Vjg"tgockpkpi"ejgnqpkkfu"pqv"rtgugpv"kp"Igpvt{"et al.."*35+Óu"ocvtkz"ctg"itqwrgf"kp"c"enc-
de containing other stem-Cheloniidae. All extant cheloniids form a monophyletic group, 

jqygxgt"Chelonia mydas and Natator depressus do not form a clade. 

Vjg"inqdcn"rtgnkokpct{"vtgg"5"*Hkiwtg"59+"Î"vjg"qpg"ykvjqwv"vjg"rcncvcn"xkgy"qh"vjg"
umwnn"*EX+"Î"ku"gzrgevgf"vq"jcxg"nguu"geqnqikecn"kpÞwgpeg"fwg"vq"hggfkpi"urgekcnk¦cvkqp"
*85.93+."yjkej"eqwnf"ngcf"vq"eqpxgtigpeg="dwv"kp"vjg"qvjgt"jcpf."kv"jcu"ukipkÝecpvn{"nguu"
igqogvtkecn" kphqtocvkqp." ukpeg" vjg"EX"eqpÝiwtcvkqp" ku" vjg"qpg"ykvj" vjg" ngcuv"okuukpi"
data. With that said, the only major change in relation to the preferred topology is Pro-

colpochelys grandaeva, that falls at the stem of the group containing Mesodermochelys, 

Euclastes"cpf"Evgpqejgn{kfcg0"Ectgvvkpk"ku"eqorctcvkxgn{"xgt{"ygnn"uwrrqtvgf"*Dtgogt"
decay index of ~2) and notably Lepidochelys olivacea"ujqyu"c"itgcvgt"c扉pkv{"ykvj"Ca-

retta caretta"*Dtgogt"uwrrqtv"qh"\5+"vjcp"ykvj"L. kempii.

Vjg"inqdcn"rtgnkokpct{"vtgg"6"*Hkiwtg"5:+"hgcvwtgu"vjg"tguwnv"qh"c"rj{nqigpgvke"ug-
arch aligning the landmark characters against Lepidochelys olivacea, instead of Natator 

depressus. As a reference, L. olivacea can even be considered a better choice than N. 

depressus, once it has a shape closer to the average shape in the sample – noticeable in all 

TYCÓu."gzegrv"kp"umwnn"*xgpvtcn"xkgy+."ectcrceg"cpf"jwogtwu"Î."jqygxgt"kv"jcu"qpg"oku-
ukpi"eqpÝiwtcvkqp"*kuejkwo+."ocmkpi"N. depressus more appropriate as a reference taxon, 

ukpeg"kv"jcu"ncpfoctmu"fkikvk¦gf"hqt"cnn"eqpÝiwtcvkqpu0"Vjg"vjtgg"fk悲gtgpegu"kp"vjku"vtgg"
in relation to the preferred topology are remarkable though: Euclastes wielandi, Eretmo-

chelys imbricata and Mesodermochelys undulatus have fallen in much more “expectable” 

rqukvkqpu."*ceeqtfkpi"vq"vjg"j{rqvjguku"eqpukfgtgf+<"Euclastes"cuuqekcvgf"ykvj"qvjgt"fwtq-

phagous stem-cheloniids, such as Erquelinnesia spp. and P. camperi; Eretmochelys along 

ykvj"qvjgt"gzvcpv"ejgnqpkkfu"Î"C. caretta and Lepidochelys spp. – and Mesodermochelys 

inside Dermochelyioidea. 

Vjg"Ýhvj"inqdcn"rtgnkokpct{"vtgg"*Hkiwtg"5;+"eqpvckpu"qpn{"vjg"urgekgu"ykvj"hqwt"qt"
oqtg"vjcp"hqwt"eqpÝiwtcvkqpu"ucorngf0"Kv"ycu"rquukdng"vq"pqvkeg"c"encfg"ykvj"cnn"gzvcpv"
urgekgu."dwv"vjgtg"ku"pq"pqvkegcdng"uvtwevwtg"ykvjkp"pgkvjgt"qh"vjg"hcoknkgu"Î"gzegrv"Evgpq-

chelyidae.
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Vjg"ukzvj"inqdcn"rtgnkokpct{"cpcn{uku"{kgnfgf"vyq"vtggu"*Hkiwtgu"62"cpf"63+0"Kp"vtgg"
803"*Hkiwtg"62+" kv"ecp"dg"pqvkegf" vjcv."qpeg"ugrctcvgf"htqo"vjg"qvjgt"encfgu."Mesoder-

mochelys undulatus"ku"pqv"itqwrgf"ykvj"Ctenochelys acris, Ctenochelys stenoporus and 

Euclastes wielandi0"Yjgtgcu"kp"vtgg"804"*Hkiwtg"63+."vjg"ykvjftcy"qh"Evgpqejgn{kfcg"cpf"
early diverging taxa do not alter the structure of Pancheloniidae and Dermochelyioidea.



68

Figure 39. Vkog/ecnkdtcvgf"rj{nqigp{"eqodkpkpi"cnn"ncpfoctm"fcvc"ykvj"Igpvt{"et al.."423;Óu"rtwpgf"fcvcugv"qh"fkuetgvg"oqtrjqnqikecn"ejctcevgtu."cnkipgf"vq"Natator depressus. 
Tgncvkxg"Dtgogt"Uwrrqtvu"*cdqxg"207+"ctg"kpfkecvgf"wpfgt"vjg"pqfgu."tqwpfgf"vq"qpg"fgekocn"rnceg0"Ngigpf<"K<"fkxgtigpeg"pqfg"qh"Rcpejgnqpkqkfgc="KK<"etqyp/Ejgnqpkqkfgc="KKK<"
Fgtoqejgn{qkfgc="KX<"Ectgvvkpk="X<"M/Ri"ocuu"gzvkpevkqp="XK<"Gqegpg/Qnkiqegpg"eqqnkpi"gxgpv="XKK<"Ri/P"dtkgh"incekcn"gxgpv="dnwg"Î"Rcpejgnqpkkfcg="tgf"Î"Fgtoqejgn{kfcg="
black – Chelydridae; purple – Ctenochelyidae; pink – Toxochelys latiremis0"Vjg"pwogtkecn"cigu"ctg"kp"Oc0"Ejctv"htqo"vjg"Kpvgtpcvkqpcn"Eqookuukqp"qp"Uvtcvkitcrj{"*3+."ceeguugf"
on December 11, 2020.
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 4. DISCUSSION

Vjg"vkog/ecnkdtcvgf"rtghgttgf"vqrqnqi{"*Hkiwtg"5;+"cnnqyu"vjg"eqpenwukqp"vjcv"Rcp-

/Ejgnqpkkfcg"fkxgtukÝgf"hqnnqykpi"vjg"gzvkpevkqp"qh"Rtqvquvgikfcg"cpf"oquv"qh"vjg"Evg-
pqejgn{kfcg"urgekgu"chvgt"M/Ri"ocuu"gzvkpevkqp"*94+"*octmgf"cu"X"kp"Hkiwtg"5;+."yjkej"
cnuq"eqkpekfgu"ykvj"vjg"gxqnwvkqp"qh"ugc"itcuu"*85+0"Vjg"Gqegpg"octmu"vjg"gpf"qh"vjg"hquukn"
record of Eochelone brabantica, Puppigerus camperi and Erquelinnesia planimentum. 

Vjgtg"ycu"c"oclqt"eqqnkpi"gxgpv"kp"vjg"Gqegpg/Qnkiqegpg"dqwpfct{"*octmgf"cu"XKK"kp"
Hkiwtg"5;+."tguwnvkpi"kp"vjg"gzvkpevkqp"qh"\57'"qh"octkpg"urgekgu"*95.96+0"Ukoknctn{."uvknn"
kp"vjg"ucog"ejckp"qh"gxgpvu."yg"ecp"eqttgncvg"vjg"crrctgpv"gzvkpevkqp"qh"Rrocolpochelys 

charlestonensis, Carolinochelys wilsoni and Ashleychelys palmeri ykvj" c" dtkgh" incekcn"
gxgpv"cv"vjg"gpf"qh"vjg"Qnkiqegpg"*octmgf"cu"XKK"kp"Hkiwtg"5;+."ejctcevgtk¦gf"d{"vjg"tgxgt-
ucn"qh"vtcpu/Cvncpvke"Þqy"ecwugf"d{"vjg"kpÞqy"qh"Cpvctvke"ekteworqnct"ektewncvkqp"*97+0"

Ctenochelys procax"ycu"tgeqxgtgf"cu"vjg"Ýtuv"fkxgtikpi"vczc"kp"Rcpejgnqpkqkfgc0"Kp"
3;75."¥cpigtn"*48+"tgxkugf"vjg"ÐVqzqejgn{kfcgÑ"hcokn{"cpf"kfgpvkÝgf"Toxochelys procax 

Jc{"3;27"Î"c"umwnn"-"lcy"htqo"vjg"Etgvcegqwu"fgrqukvu"qh"Pkqdctc"Ejcnm"*Mcpucu+"hqw-

pf"kp"3;23"Î"cu"Ctenochelys procax"*Jc{."3;27+0"Jg"tghgtgpegu"vq"vjg"kocigu"htqo"vjg"
qtkikpcn"rwdnkecvkqp"*98+."cpf"vjg"Ýi0"35"htqo"rcig"3:3"ycu"vjg"qpg"wugf"kp"vjku"cpcn{uku"
hqt"NO"fkikvkucvkqp0"Jktc{coc"*5+"u{pqp{ok¦gu"Toxochelys procax"Jc{."3;27"cpf"ocp{"
qvjgtu"*Toxochelys serrifer"Eqrg."3:97"]rctv_="T. elkader"Jc{."3;2:="Lophochelys natarix 

¥cpigtn."3;75"cpf"Ctenochelys acris"¥cpigtn."3;75+"ykvj"C. stenoporus *Jc{."3;27+0"Vjg"
TYC"qh"vjg"umwnn"kp"xgpvtcn"xkgy"*Hkiwtg"37+"knnwuvtcvgu"vjcv"Ctenochelys procax has the 

enquguv"ujcrg"vq"vjg"eqpugpuwu"eqpÝiwtcvkqp"qh"Rcpejgnqpkqkfgc."dqvj"kp"TY
1
 and RW

2
. 

In the preliminary analyses, C. procax"ycu"tgeqxgtgf"kpukfg"Evgpqejgn{kfcg"wukpi"qpn{"
vjg"eqpÝiwtcvkqp"qh"umwnn"kp"xgpvtcn"xkgy"*Hkiwtg"48+="wukpi"vjg"5"xkgyu"qh"vjg"umwnn"cpf"
vjg"lcy"*Hkiwtg"52+"cpf"kp"vjg"inqdcn"rtgnkokpct{"cpcn{uku"4"*ykvj"pq"ejctcevgt"ygkijvkpi+"
*Hkiwtg"58+0"Kp"vjg"rtgnkokpct{"cpcn{uku"wukpi"cnn"NO"eqpÝiwtcvkqpu"*Hkiwtg"55+."kp"inqdcn"
rtgnkokpct{"cpcn{uku"6"*cnkipkpi"ykvj"L. olivacea+"*Hkiwtg"5:+"cpf"kp"vjg"rtghgttgf"vqrqnq-

i{"*Hkiwtg"5;+."C. procax"ycu"tgeqxgtgf"cv"vjg"Ýtuv"fkxgtigpeg"pqfg"qh"Rcpejgnqpkqkfgc0"
Qwt"tguwnvu"*dcugf"uqngn{"qp"vjg"eqpÝiwtcvkqp"qh"vjg"umwnn"kp"rcncvcn"xkgy"hqt"vjku"urgekgu+"
refute the inclusion of C. procax in any previously established genera, but since its diag-

pquku"tgnkgu"uqngn{"qp"xciwg"oqtrjqnqikecn"hgcvwtgu"qh"vjg"umwnn."yg"vjkpm"kv"ku"rtgocvwtg"
vq"ftcy"c"eqpenwukqp"cpf"uwiiguv"c"pgy"igpwu0"Jgpeg."Ctenochelys procax should be 

considered an insertae sedis"cpf"vjg"kfgpvkÝecvkqp"cu"c"Ctenochelys taken as provisory. 

We agree that Toxochelys latiremis ku"qpg"qh"vjg"Ýtuv"fkxgtikpi"dtcpejgu"kpukfg"Rcp-

ejgnqpkqkfgc"*4.7.8.3;.42.94.99+="vjku"urgekgu"jcu"oqxcdng"ctvkewncvkqpu"qh"vjg"Ýtuv"cpf"
ugeqpf"fkikvu"cpf"fqtucnn{"hcegf"qtdkvu."kpfkecvkpi"c"ukoknctkv{"ykvj"ejgn{ftkfu"cpf"vtkqpk-
ejn{fu"tgictfkpi"uykookpi"jcdkvu"*8+0"
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Mctn"et al. *47+"cntgcf{"rtguwogf"vjcv"ÐQuvgqr{ikfcgÑ"yqwnf"eqpukuv"qp"c"rqn{rj{ng-
vke"itqwr."qpeg"vjg"ockp"fk悲gtgpvkcvkpi"etkvgtkqp"ycu"vjg"rtgugpeg"qh"vjg"pcucn"dqpg"*47+0"
Rtkvejctf"("Vtgddcw"*9:+"uwiiguvgf"vjcv"Erquelinnesia gosseleti is a specialization ex-

vtgog"kp"vgtou"qh"ugeqpfct{"rcncvg"cpf"Ðrtqdcdn{"fgtkxgfÑ"*uke+"htqo"ÐQuvgqr{ikuÑ0"Qwt"
data places the former members of “Osteopygidae” – Erquelinnesia spp, Euclastes wie-

landi (Osteopygis emarginatus) and Ctenochelys"urr0"Î"ykvj"fkuvkpev"qtkikpu"*Hkiwtg"5;+0"
Vjg"ockp"oqtrjqnqikecn"tgugodncpeg"dgvyggp"vjgo"ku"jcxkpi"c"ykfg"ecwfcn"rqtvkqp"qh"
vjg"umwnn"eqorqugf"d{"vjg"rctkgvcn"cpf"rquv"qtdkvcn."ykvj"fqtucn"rncvgu"cpf"xqogt"cnoquv"
gpvktgn{" eqxgtgf"d{" vjg" gzvgpukxg" ugeqpfct{"rcncvg" *86+0"Jqygxgt." vjg" ukipkÝecpeg"qh"
the secondary palate development in turtle evolution is most likely associated to spe-

ekÝe"hggfkpi"jcdkvu"*47.9;+0"N{pej"("Rctjco"*:2+"cuukipgf"cnn"urgekgu"qh"quvgqr{ikpgu"
*j{rgt/fwtqrjciqwu"uvgo"ejgnqpkkfu+"vq"vjg"igpwu"Euclastes"Eqrg"3:89"*85+0"Ugxgp"{gctu"
ncvgt."Rctjco"("R{gpuqp"*85+"kpenwfgf"vjqug"urgekgu"kp"vjgkt"rj{nqigpgvke"cpcn{uku"cpf"
revised their taxonomy, concluding that Erquelinnesia"Fqnnq"3::9"ujqwnf"dg"wugf"qpn{"vq"
Erquelinnesia gosseleti"*Fqnnq"3::8+"*v{rg"urgekgu+"cpf"Erquelinnesia meridionalis"*fg"
nc"Hwgpvg"("Ecucf‡q."4222+."cpf"ejcpigf"Erquelinnesia planimentum to Glossochelys 

planimentum"*Qygp."3:64+"enckokpi"vjcv"gxgp"vjqwij"kv"ku"c"fwtqrjciqwu"rcpejgnqpkkf."
it lacks the dorsally directed orbits of Euclastes and the elongated secondary palate of 

Erquelinnesia. Our data strongly support the use of the name Erquelinnesia planimentum, 

ukpeg"dqvj"urgekgu"*E. planimentum and E. gosseleti+"ygtg"eqpukuvgpvn{"tgeqxgtgf"cu"ukuvgt"
itqwru"*ykvj"330877:3"Dtgogt"Uwrrqtv"qp"inqdcn"rtgnkokpct{"vtgg"3"Î"Hkiwtg"57"Î"cpf"
;077236"qp"inqdcn"rtgnkokpct{"vtgg"6"Î"Hkiwtg"5:+0"

Kp"vjg"nkvgtcvwtg."yg"hqwpf"6"rj{nqigpgvke"uvwfkgu"kpenwfkpi"dqvj"Euclastes and Cte-

pqejgn{kfcg<"Uecxg¦¦qpk"("Hkujgt"*3;+."kp"yjkej"vjg{"ctg"kpukfg"c"rqn{vqo{"kpukfg"Ejg-
nqpkkfcg="Jktc{coc"*8+."ykvj"c"encfg"eqpvckpkpi"Toxochelys, Ctenochelys, “Osteopygis”, 

Puppigerus and Chelonia mydas="Mgct"("Ngg"*;+." vjcv" tgeqxgtgf"Euclastes associated 

ykvj"Puppigerus"cpf"Ðcfxcpegf"ejgnqpkkfuÑ"*uke+"cpf"Yggou"("Dtqyp"*94+."ykvj"Eu-

clastes" cu" cp" gctn{/fkxgtikpi"rcpejgnqpkkf0"Cnn" qh" vjqug" cpcn{uku" *gzegrv" vjg"qpg" htqo"
Uecxg¦¦qpk"("Hkujgt" *3;++"Ýiwtg"Euclastes, instead of Euclastes wielandi" urgekÝecnn{0"
Kp"vjg"rtgugpv"yqtm."Euclastes wielandi ycu"tgeqxgtgf"coqpi"evgpqejgn{kfu"kp"ugxgtcn"
cpcn{uku"*Hkiwtgu"4;."54."55."58."59."5;+."uq"yg"jgtgkp"fghgpf"vjg"rncegogpv"qh"vjku"urgekgu"
inside Ctenochelyidae. 
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Vyq"ygnn"uwrrqtvgf"itqwru"tgrtgugpv"cnn"Rcngqigpg"rcpejgnqpkkfu"*Hkiwtg"5;+0"Yk-
vjqwv"c"oqngewnct"dcemdqpg."vjg"nguu"uvtwevwtgf"itqwr"kp"vjg"Ýpcn"vqrqnqi{"ycu"vjg"qpg"
ykvj"gzvcpv"Ejgnqpkkfcg."cpf"oc{dg"hqt"vjcv"ucog"tgcuqp."vjgtg"ycu"pqv"rquukdng"vq"tgeq-

xgt"Ejgnqpkkfcg"ugpuw"Gxgtu"("Dgpuqp"*4+"qp"c"oqpqrj{ngvke"itqwr0"Qp"vjg"qvjgt"jcpf."
kv"ku"rquukdng"vq"pqvkeg"vjcv"kp"vjg"inqdcn"rtgnkokpct{"vtgg"4"*Hkiwtg"58+."yjgtg"vjgtg"ku"pq"
ejctcevgt"ygkijvkpi."vjg"gzvcpv"Ejgnqpkkfcg"eqpuvkvwvg"c"vqrqnqi{"xgt{"ukoknct"vq"rtgxkqwu"
qpgu"*38.3:.4;.:3+0"

Although the data supports the hypothesis of a tribe comprising the carnivorous ex-

tant cheloniids Caretta caretta and Lepidochelys"urr0."*k0g0."Ectgvvkpk+."kv"fqgu"pqv"tgeqxgt"
Ejgnqpkpk"Dwtogkuvgt"3:570"Ejgnqpkpk"*cnngigfn{"Chelonia mydas + Natator depressus) 

ku"tgeqxgtgf"qpn{"kp"oqngewnct"rj{nqigpkgu"*:3.:4+"cpf"eqpugswgpvkcnn{"kp"oqtrjqnqik-
ecn"qpgu"wukpi"oqngewnct"dcemdqpg"*4.35.3:.42.4;+0"Yg"qrvgf"hqt"pqv"wukpi"c"oqngewnct"
backbone for this analysis because this means that the phylogenetic hypothesis of the 

kpvgtpcn"tgncvkqpujkru"qh"nkxkpi"urgekgu"ku"pqv"dgkpi"vguvgf"ykvj"oqtrjqnqikecn"fcvc0"Kv"ku"
possible that molecular constraints are forcing a “false” monophyleticism in Panchelo-

pkkfcg."c"itqwr"vjcv"ecp"dg"rqn{rj{ngvke"cpf"hct"oqtg"eqorngz"vjcp"gzrgevgf0"Nkmgykug."
instead of being sister taxa in “Chelonini”, the extant Natator depressus and Chelonia 

mydas ecp" tgrtgugpv" xgt{" fkuvkpev" nkpgcigu."yjkej"oc{" gxgp" korcev" qwt" eqpugtxcvkqp"
g悲qtvu0"Vjku"ecp"rquukdn{"dg"gzrnckpgf"d{"nqpi/dtcpej"cvvtcevkqp."c"eqooqp"rjgpqog-
pqp"kp"oqngewnct"fcvc"kp"yjkej"nqpi"dtcpejgu"qh"vczc"pqv"enqugn{"tgncvgf"vq"gcej"qvjgt"
acquire by chance identical bases independently and that is accounted as synapomorphy 

kp"c"rctukoqp{"cpcn{uku"*:5+0"Oqtrjqnqikecn"ejctcevgtu"ctg"pqv"ÐkoowpgÑ"vq"nqpi/dtcpej"
cvvtcevkqp."jqygxgt."ukpeg"vjgtg"ctg"owej"oqtg"rquukdng"oqtrjqnqikecn"ejctcevgt"uvcvgu"
than 4 nucleotides or 20 amino acids, this kind of convergent evolution can be avoided 

ykvj"oqtg"g扉ekgpe{"*:5.:6+0"Vjg"iqcn"qh"vjg"hqwtvj"cpf"Ýhvj"inqdcn"rtgnkokpct{"cpcn{uku"
ycu"vq"xgtkh{"kh"vjg"uecvvgtgf"tqqvkpi"qh"Rcpejgnqpkkfcg"vczc"ycu"fwg"vq"ncem"qh"kphqtoc-
vkqp"qt"fwg"vq"kpÞwgpeg"qh"gctn{"fkxgtikpi"encfgu"/"kp"dqvj"vguvu."vjg"tgoqxcn"qh"vgtokpcnu"
fkf"pqv"kortqxg"vjg"tguqnwvkqp"qh"Rcpejgnqpkkfcg"cu"c"oqprqrj{ngvke"encfg0"Pcvwtcnn{"kv"ku"
pgeguuct{"vq"eqpfwev"hwtvjgt"tgugctej"urgekÝecnn{"qp"vjg"qtkikpu"cpf"kpvgtpcn"tgncvkqpujkru"
of Pancheloniidae in order to refute the hypothesis of an exclusive common ancestor to 

all pancheloniids. 

Allopleuron hofmanni crrgctu" vq"jcxg"c"enqug"c扉pkv{" vq"Fgtoqejgn{qkfgc." cu" kp"
Igpvt{"gv"cn0."*35+"*Hkiwtg"5;+0"Jktc{coc"*5+"gzrnckpu"vjcv"vjg"ukoknctkv{"dgvyggp"vjg"ectc-
paces of Allopleuron and Eosphargis can be considered extreme convergence, due to pe-

ncike"jcdkvu0"Kp"qwt"ectcrceg"TYC"*Hkiwtg"3:+."Allopleuron"ku"vjg"qpn{"etqyp/Ejgnqpkkfcg"
in the high positive scores of RW

1
."cnqpiukfg"cnn"Rtqvquvgikfu"kp"vjg"ucorng"*oqtg"pqvcdn{"

Archelon and Protostega) and Eosphargis breineri."yjkej"ecp" kpfkecvg" ukoknct"rgncike"



72

nkhguv{ngu0"Vjcv"ku"cnuq"eqpukuvgpv"uvtcvkitcrjkecnn{."dgecwug"Allopleuron is one of the only 

vyq"rcpejgnqpkkf"urgekgu"qtkikpcvgf"kp"vjg"Etgvcegqwu0"Gzvcpv"ugc"vwtvngu."gurgekcnn{"C. 

caretta and D. coriacea,"ctg"mpqyp"vq"okitcvg"itgcv"fkuvcpegu"dgvyggp"hqtcikpi"cpf"pgu-
vkpi"itqwpfu"*:7+"Î"dqvj"jcxg"xgt{"fk悲gtgpv"ujgnn"cpcvqokgu="qpg"jkijn{"quukÝgf"cpf"vjg"
qvjgt"jctfn{"quukÝgf"cv"cnn"*:8+0"Vjku"ecp"kpfkecvg"cv"ngcuv"vyq"fkuvkpev"ujgnn"oqtrjqnqikgu"
cfcrvgf"vq"c"rgncike"yc{"qh"nkhg"kp"et{rvqfktcp"ugc"vwtvngu0

Vjg"rncekpi"qh"Rtqvquvgikfcg"kpukfg"etqyp/Ejgnqpkqkfgc"ku"eqpvtqxgtukcn"*ugg"fku-
ewuukqp"kp"Gxgtu"("Dgpuqp"*4+"cpf"Ecfgpc"("Rctjco"*4;++"cpf"kornkgu"cv"ngcuv"76"oknnkqp"
{gctu"qh"ijquv/nkpgcig"hqt"oquv"ejgnqpkkfu0"Vjku"rncegogpv"jcu"dggp"eqpukfgtgf"c"tguwnv"
qh"eqpxgtigpeg"qh"rgncike"urgekcnk¦cvkqpu" *33.35.4;+="Jqygxgt."Rtqvquvgikfcg"ycu"uvknn"
recovered as chelonioids after the exclusion of characters related to a pelagic lifestyle 

kp"Gxgtu"("Dgpuqp"*4+0"Ucpvcpcejgn{u"ic振pg{k, often used as sole representative of its 

hcokn{"*33.36.37+."ycu"tgeqxgtgf"fggr"pguvgf"kp"Rtqvquvgikfcg"kp"cnn"cpcn{uku"wukpi"NO"-"
fkuetgvg"ejctcevgtu"*Hkiwtgu"57/5:+0

Vjg"vguvgf"fgtoqejgn{kfu"htqo"vjg"Wrrgt"Etgvcegqwu."Mesodermochelys undulatus 

and Ocepechelon bouyai ygtg"tgeqxgtgf"qwv"qh"Dermochelys and Eosphargis"itqwr"*k0g0."
etqyp/Fgtoqejgn{kfcg+0" Kp"Dctfgv"et al." *:9+." kp"yjkej" vjg" urgekgu" ku" Ýtuv" fguetkdgf."
Ocepechelon bouyai"ku"kfgpvkÝgf"cu"c"uvgo/Fgtoqejgn{qkfcg"sensu"Dqwt"("Fwdqku"*::+0"
Cu"hqwpf"d{"Gxgtu"("Dgpuqp"*4+."kp"vjku"yqtm"Ocepechelon bouyai"ycu"pguvgf"kpvq"Rtq-

tostegidae as sister group to (Desmatochelys lowii (Bouliachelys suteri, Santanachelys 

ic振pg{++0"Gxgtu"et al."*3:+"cpf"Igpvt{"et al. *35+"cnuq"tgeqxgtgf"vjku"urgekgu"cu"c"rtqvquvg-
ikf."cuuqekcvgf"ykvj"Archelon, Protostega and Desmatochelys0"Uq."kp"qwt"Ýpcn"vtgg."Oce-

pechelon bouyai"ku"guvcdnkujgf"cu"c"rtqvquvgikf"*Hkiwtg"5;+0"Mesodermochelys undulatus 

ku"cntgcf{"ygnn"guvcdnkujgf"cu"c"uvgo/Fgtoqejgn{kfcg"*8.38.3;.42.4;.86.:;+0"Jgtgkp."vjku"
Wrrgt"Etgvcegqwu"fgtoqejgn{kf"ycu"pqv"tgeqxgtgf"cuuqekcvgf"ykvj"Fermochelys coria-

cea." dwv"ykvj"oguq¦qke" vwtvngu" *Evgpqejgn{kfcg"-"Euclastes wielandi+0"Vjgtg" ku" cnuq" c"
ejtqpquvtcvkitcrjke"eqttgncvkqp"dgvyggp"Euclastes wielandi and Allopleuron hofmanni, 

uvgo/ejgnqpkkfu"cuuqekcvgf"ykvj"Etgvcegqwu"vwtvngu"cpf"pqv"ykvj"vjgkt"Rcngqigpg"encfg"Î"
Allopleuron as sister-taxon to Protostegidae and Euclastes among ctenochelyids

Vjg"tgcpcn{uku"qh"Igpvt{"gv"cn0."*35+"rtwpgf"fcvcugv"*Hkiwtg"56+"tgeqxgtgf"Fgtoq-

ejgn{qkfgc"*Rtqvquvgikfcg"-"Fgtoqejgn{kfcg+"kpuvgcf"qh"Rtqvquvgikfcg"dgkpi"vjg"Ýtuv"fk-
xgtikpi"encfg"cpf"Fgtoqejgn{kfcg"coqpi"rcpejgnqpkkfu0"Vjg"gzenwukqp"qh"pqp/ejgnq-

pkqkf"et{rvqfktgu"Î"kp"rctvkewnct"Cpiqncejgnqpkc"Î."ecp"jcxg"kpÞwgpegf"vjg"tguqnwvkqp"cv"
vjg"dcug"qh"vjg"vtgg0"Vjgug"encfgu"eqwnf"pqv"dg"kpenwfgf"kp"vjku"rj{nqigpgvke"oqtrjqogvtke"
analysis due to computational limits – this method increases drastically the processing 

g悲qtv"cpf"vjg"vkog"eqpuwogf"kp"gcej"cpcn{uku"ykvj"vjg"pwodgt"qh"vgtokpcnu."dgecwug"vjg"
heuristic spatial optimization is performed to each landmark of each terminal taxon. But 
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vjku"ÐnkokvcvkqpÑ"ku"c"ocvvgt"qh"vkog0"Kp"vjg";2Óu."cpcn{uku"vjcv"vqfc{"ctg"ocfg"kp"ugeqpfu"kp"
rgtuqpcn"eqorwvgtu"wugf"vq"vcmg"oqpvju"vq"eqorngvg"*83.;2+0"Vjg"kpvgtpcn"tgncvkqpujkru"qh"
Dermochelyidae, Ctenochelyidae and Protostegidae remained unchanged in this reanaly-

sis. Internal relationships of Pancheloniidae presented several incongruences, though; 

yjkej"ecp"dg"cvvtkdwvgf"vq"vjg"fgekukqp"pqv"vq"kpenwfg"c"oqngewnct"dcemdqpg"vq"vjg"gzvcpv"
species, as already commented above.
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5. CONCLUSION

Kp"vjku"uvwf{."yg"rtqrqugf"Î"vq"qwt"mpqyngfig"Î."hqt"vjg"Ýtuv"vkog"kp"vjg"nkvgtcvwtg."
c"rj{nqigpgvke"j{rqvjguku"hqt"Rcpejgnqpkqkfgc"dcugf"qp"oqtrjqigqogvtke"fcvc0"Kv"ycu"
possible to increment the resolution of some problematic clades, such as the former “Os-

teopygidae”, Allopleuron hofmanni and Ocepechelon bouyai. Our data also supports the 

rncegogpv"qh"Rtqvquvgikfcg"cpf"Fgtoqejgn{kfcg"cu"ukuvgt/itqwru"pguvgf"ykvjkp"etqyp-

/Ejgnqpkqkfgc."jqygxgt."vjku"dtkpiu"cdqwv"cp"gzvgpukxg"ijquv/nkpgcig"vq"Egpq¦qke"ejgnq-

pkkfu"uvcpfkpi"dcem"cv"ngcuv"76"Oc0"Rcp/Ejgnqpkkfcg"ycu"pqv"tgeqxgtgf"cu"c"oqpqrj{ng-
vke"itqwr."jqygxgt." uqog"c扉pkvkgu"eqwnf"dg"enctkÝgf"cpf"gzrnckpgf"ykvj"rj{nqigpgvke"
oqtrjqogvtkeu"fcvc0"Vyq"tgncvkxgn{"ygnn"uwrrqtvgf"encfgu"eqpitgicvg"cnn"Rcngqegpg"uvgo"
cheloniids except Ashleychelys palmeri."cpf" kv"ycu"rquukdng" vq" tgeqxgt" vjg"Swcvgtpct{"
clade of extant cheloniids Carettini, yet separating the Lepidochelys igpwu"kp"vyq"tcok0"Kv"
ycu"rquukdng"vq"tgeqxgt"cp"gzenwukxg"eqooqp"cpeguvqt"vq"vjg"hqnnqykpi"Wrrgt"Etgvcegqwu"
fossil taxa: “(Mesodermochelys undulatus ((Euclastes wielandi, Ctenochelys acris) (Cte-

nochelys stenoporus, Prionochelys matutina)))”, and Euclastes wielandi"ycu"tgcnnqecvgf"
vq"Evgpqejgn{kfcg0"Yg"citgg"vjcv"ÐQuvgqr{ikfcgÑ"cpf"ÐVqzqejgn{kfcgÑ"ctg"rqn{rj{ngvke"
and invalid taxa.
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77.  Raselli I. Comparative cranial morphology of the Late Cretaceous protostegid sea turtle Desmatochelys 
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SKULL (dorsal view)
Number Type Description

1 2 Caudal tip of crista supraoccipitalis

2 2 Lwpevkqp"qh"vjg"vyq"rtgoczknncu"cv"crgtvwtc"pctkwo"gzvgtpc
3 2 Lwpevkqp"qh"vjg"vyq"rtgoczknncu"cv"vjg"ncdkcn"tkfig
4 2 Lwpevkqp"qh"rtgoczknnc1oczknnc"cv"crgtvwtc"pctkwo"gzvgtpc
7 2 Lwpevkqp"qh"rtgoczknnc1oczknnc"cv"vjg"ncdkcn"tkfig
8 2 Fqtucn"vkr"rh"oczknnc1rtghtqpvcn"uwvwtg
7 2 Lwpevkqp"qh"oczknnc1rtghtqpvcn"cnqpi"qtdkv
: 2 Fqtucn"vkr"rh"htqpvcn1rtghtqpvcn"uwvwtg
; 1 Mediorostral edge of the frontals junction 

10 1 Lwpevkqp"qh"vjg"rtghtqpvcn1htqpvcn"cnqpi"okfnkpg
11 1 Lwpevkqp"qh"vjg"rctkgvcnu"ykvj"vjg"uwrtcqeekrkvcn
12 2 Ecwfcn"vkr"qh"rctkgvcn1uwrtcqeekrkvcn"uwvwtg
13 2 Minimum curvature of temporal emargination of the parietal

14 2 Caudal tip of squamosal

37 1 Lwpevkqp"qh"rctkgvcn1rquvqtdkvcn1htqpvcn
38 1 Ncvgtcn"gfig"qh"rtghtqpvcn1rquvqtdkvcn"uwvwtg
17 1 Ncvgtcn"gfig"qh"rtghtqpvcn1htqpvcn"uwvwtg

 

Figure 2. Ewvqwv"qh"vjg"fqtucn"xkgy"qh"vjg"umwnn"htqo"Hkiwtg"3."fgvcknkpi"quvgqnqikecn"uvtwevwtgu"cpf"cpcvq-
okecn"tghgtgpeg"hqt"ncpfoctm"fkikvkucvkqp0"Uecng"7"eo0

Table 2. Vjku"vcdng"eqpvckpu"cpcvqokecn"fguetkrvkqpu"qh"gcej"ncpfoctm"kp"Hkiwtg"4"cpf"kvu"encuukÝecvkqp"d{"
v{rg."ceeqtfkpi"vq"Dqqmuvgkp."3;;3<"3"Î"eqpvcev"qh"5"uvtwevwtgu1vkuuwgu="4"Î"oczkowo"qt"okpkocn"ewtxcvwtg"
of a structure; 3 – points located in boundaries, limits or edges. 

APPENDIX A. LM descritions and schematic reference for digitisation
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SKULL (ventral view)
Number Type Description

1 2 Maximum curvature of from condylus occipitalis at the exoccipital 

2 2 Caudal tip of basisphenoid at midline

3 2 Rostral tip of basisphenoid at midline

4 1 Eqpvcev"dgvyggp"vjg"vyq"rvgt{iqkfu"cpf"xqogt
7 1 Lwpevkqp"qh"rvgt{iqkf1rcncvkpg1xqogt
8 1 Lwpevkqp"qh"vjg"vyq"rtgoczknncu"cpf"xqogt
7 1 Lwpevkqp"qh"oczknnc1rtgoczknnc1xqogt
: 1 Eqpvcev"dgvyggp"vjg"vyq"rtgoczknncu"cv"vjg"ncdkcn"tkfig
; 2 Tquvtcn"gzvgtpcn"gfig"qh"vjg"uwvwtg"dgvyggp"vjg"vyq"rtgoczknncu"
10 1 Eqpvcev"dgvyggp"rtgoczknnc1oczknnc"cv"vjg"ncdkcn"tkfig
11 2 Tquvtcn"gfig"qh"vjg"uwvwtg"dgvyggp"rtgoczknnc1oczknnc"qwvukfg"vjg"rcncvg
12 1 Lwpevkqp"qh"xqogt1oczknnc1rcncvkpg
13 1 Ecwfcn"vkr"qh"rcncvkpg1oczknnc"uwvwtg
14 2 Maximum curvature of processus pterygoideus externus

37 1 Lwpevkqp"qh"oczknnc1lwicn"cv"vjg"ncdkcn"tkfig
38 2 Eqpvcev"dgvyggp"rvgt{iqkf1swcftcvg"cv"vjg"gfig"qh"vjg"cffwevqt"ejcodgt
17 2 Maximum lateral curvature of condylus mandibularis of the quadrate

3: 2 Maximum medial curvature of condylus mandibularis of the quadrate

3; 2 Ecwfcn"gfig"qh"rvgt{iqkf1swctcvg"uwvwtg
20 2 Caudal tip of squamosal

Figure 3. Ewvqwv"qh"vjg"xgpvtcn"xkgy"qh"vjg"umwnn"htqo"Hkiwtg"3."fgvcknkpi"quvgqnqikecn"uvtwevwtgu"cpf"cpcvq-
okecn"tghgtgpeg"hqt"ncpfoctm"fkikvkucvkqp0"Uecng"7"eo0

Table 3. Vjku"vcdng"eqpvckpu"cpcvqokecn"fguetkrvkqpu"qh"gcej"ncpfoctm"kp"Hkiwtg"5"cpf"kvu"encuukÝecvkqp"d{"
v{rg."ceeqtfkpi"vq"Dqqmuvgkp."3;;3<"3"Î"eqpvcev"qh"5"uvtwevwtgu1vkuuwgu="4"Î"oczkowo"qt"okpkocn"ewtxcvwtg"
of a structure; 3 – points located in boundaries, limits or edges. 



83

SKULL (lateral view)
Number Type Description

1 1 Gfig"qh"rtgoczknnc1oczknnc"uwvwtg"cv"crgtvwtc"pctkwo"gzvgtpc
2 1 Gfig"qh"rtghtqpvcn1oczknnc"uwvwtg"cv"crgtvwtc"pctkwo"gzvgtpc
3 1 Junction of the parietals and supraoccipital along midline

4 2 Caudal tip of crista supraoccipitalis

7 2 Vkr"qh"swcftcvqlwicn1swcftcvg"uwvwtg"cv"vjg"eqpf{nwu"ocpfkdwnctku
8 1 Xgpvtcn"gfig"qh"swcftcvqlwicn1lwicn"uwvwtg
7 2 Ventrocaudal edge of maxilla

: 1 Xgpvtcn"vkr"qh"oczknnc1lwicn"uwvwtg
; 2 Fqtucn"vkr"qh"oczknnc1lwicn"uwvwtg
10 2 Gfig"qh"oczknnc1rtghtqpvcn"uwvwtg"cnqpi"qtdkv
11 1 Ncvgtcn"gfig"qh"htqpvcn1rtghtqpvcn"uwvwtg"
12 2 Gfig"qh"rquvqtdkvcn1htqpvcn"qt"rquvqtdkvcn1rtghtqpvcn"uwvwtg"cnqpi"qtdkv
13 2 Gfig"qh"rquvqtdkvcn1lwicn"uwvwtg"cnqpi"qtdkv
14 1 Lwpevkqp"qh"lwicn1swcftcvqlwicn1rquvqtdkvcn
37 1 Lwpevkqp"qh"uswcoqucn1swcftcvqlwicn1rquvqtdkvcn
38 2 Lwpevkqp"qh"uswcoqucn1swcftcvqlwicn1swcftcvg
17 1 Lwpevkqp"qh"uswcoqucn1rctkgvcn1rquvqtdkvcn

Figure 4. Ewvqwv"qh"vjg"ncvgtcn"xkgy"qh"vjg"umwnn"htqo"Hkiwtg"3."fgvcknkpi"quvgqnqikecn"uvtwevwtgu"cpf"cpcvq-
okecn"tghgtgpeg"hqt"ncpfoctm"fkikvkucvkqp0"Uecng"7"eo0

Table 4. Vjku"vcdng"eqpvckpu"cpcvqokecn"fguetkrvkqpu"qh"gcej"ncpfoctm"kp"Hkiwtg"6"cpf"kvu"encuukÝecvkqp"d{"
v{rg."ceeqtfkpi"vq"Dqqmuvgkp."3;;3<"3"Î"eqpvcev"qh"5"uvtwevwtgu1vkuuwgu="4"Î"oczkowo"qt"okpkocn"ewtxcvwtg"
of a structure; 3 – points located in boundaries, limits or edges. 
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JAW
Number Type Description

1 2 Rostral tip of labial ridge at the dentary symphisis

2 2 Oquv"ncvgtcn"rqkpv"qh"uwtcpiwnct"*ncvgtcn"vkr"qh"vjg"cpiwnct"rtqeguu+
3 2 Most caudal point of articular

4 2 Minimum inner curvature of dentary appart from midline

7 2 Caudal tip of dentary symphisis

Figure 5. Ewvqwv"qh"vjg"lcy"htqo"Hkiwtg"3."fgvcknkpi"quvgqnqikecn"uvtwevwtgu"cpf"cpcvqokecn"tghgtgpeg"hqt"
ncpfoctm"fkikvkucvkqp0"Uecng"7"eo0

Table 5. Vjku"vcdng"eqpvckpu"cpcvqokecn"fguetkrvkqpu"qh"gcej"ncpfoctm"kp"Hkiwtg"7"cpf"kvu"encuukÝecvkqp"d{"
v{rg."ceeqtfkpi"vq"Dqqmuvgkp."3;;3<"3"Î"eqpvcev"qh"5"uvtwevwtgu1vkuuwgu="4"Î"oczkowo"qt"okpkocn"ewtxcvwtg"
of a structure; 3 – points located in boundaries, limits or edges. 
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CARAPACE
Number Type Description

1 2 Ncvgtcn"vkr"qh"pwejcn1rgtkrjgtcn"3"uwvwtg
2 2 Ncvgtcn"vkr"qh"rgtkrjgtcn"41rgtkrjgtcn"5"uwvwtg
3 2 Ncvgtcn"vkr"qh"rgtkrjgtcn"61rgtkrjgtcn"7"uwvwtg
4 2 Ncvgtcn"vkr"qh"rgtkrjgtcn"81rgtkrjgtcn"9"uwvwtg
7 2 Ncvgtcn"vkr"qh"rgtkrjgtcn":1rgtkrjgtcn";"uwvwtg
8 2 Ncvgtcn"vkr"qh"rgtkrjgtcn"321rgtkrjgtcn"33"uwvwtg
7 2 Caudal tip of the pygal indentation

: 2 Okpkowo"ewtxcvwtg"dgvyggp"vjg"r{icn"kpfgpvcvkqpu
; 1 Ncvgtcn"vkr"qh"r{ikcn1uwrtcr{ikcn"4"uwvwtg
10 1 Ncvgtcn"vkr"qh"uwrtcr{ikcn"41uwrtcr{ikcn"3"uwvwtg
11 1 Ncvgtcn"vkr"qh"uwrtcr{ikcn"31equvcn":"uwvwtg
12 1 Ncvgtcn"vkr"qh"equvcn":1equvcn"9"uwvwtg
13 1 Ncvgtcn"vkr"qh"equvcn"91equvcn"8"uwvwtg
14 1 Ncvgtcn"vkr"qh"equvcn"81equvcn"7"uwvwtg

Figure 6. Cutout of the carapace from Figure 1, detailing osteological structures and anatomical reference 
hqt"ncpfoctm"fkikvkucvkqp0"Uecng"7"eo0

Table 6. Vjku"vcdng"eqpvckpu"cpcvqokecn"fguetkrvkqpu"qh"gcej"ncpfoctm"kp"Hkiwtg"8"cpf"kvu"encuukÝecvkqp"d{"
v{rg."ceeqtfkpi"vq"Dqqmuvgkp."3;;3<"3"Î"eqpvcev"qh"5"uvtwevwtgu1vkuuwgu="4"Î"oczkowo"qt"okpkocn"ewtxcvwtg"
of a structure; 3 – points located in boundaries, limits or edges. 
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CARAPACE
Number Type Description

37 1 Ncvgtcn"vkr"qh"equvcn"71equvcn"6"uwvwtg
38 1 Ncvgtcn"vkr"qh"equvcn"61equvcn"5"uwvwtg
17 1 Ncvgtcn"vkr"qh"equvcn"51equvcn"4"uwvwtg
3: 1 Ncvgtcn"vkr"qh"equvcn"41equvcn"3"uwvwtg
3; 1 Ncvgtcn"vkr"qh"equvcn"31pwejcn"uwvwtg
20 1 Kpvgtpcn"vkr"qh"equvcn"31pwejcn"uwvwtg
21 1 Kpvgtpcn"vkr"qh"equvcn"41equvcn"3"uwvwtg
22 1 Kpvgtpcn"vkr"qh"equvcn"51equvcn"4"uwvwtg
23 1 Kpvgtpcn"vkr"qh"equvcn"61equvcn"5"uwvwtg
24 1 Kpvgtpcn"vkr"qh"equvcn"71equvcn"6"uwvwtg
47 1 Kpvgtpcn"vkr"qh"equvcn"81equvcn"7"uwvwtg
48 1 Kpvgtpcn"vkr"qh"equvcn"91equvcn"8"uwvwtg
27 1 Kpvgtpcn"vkr"qh"equvcn":1equvcn"9"uwvwtg
4: 1 Kpvgtpcn"vkr"qh"uwrtcr{ikcn"31equvcn":"uwvwtg

 

Table 6 (continued). Vjku" vcdng" eqpvckpu" cpcvqokecn"fguetkrvkqpu"qh" gcej" ncpfoctm" kp"Hkiwtg"8" cpf" kvu"
encuukÝecvkqp"d{"v{rg."ceeqtfkpi"vq"Dqqmuvgkp."3;;3<"3"Î"eqpvcev"qh"5"uvtwevwtgu1vkuuwgu="4"Î"oczkowo"qt"
minimal curvature of a structure; 3 – points located in boundaries, limits or edges. 

CORACOID
Number Type Description

1 2 Medial edge of the scapula-coracoid junction

2 2 Lateral edge of the scapula-coracoid junction

3 2 Caudal tip of the glenoid fossa

4 2 Maximum curvature of the neck at the cranial side

7 2 Maximum curvature of the neck at the caudal side

8 2 Craniomedial tip of the coracoid blade

7 2 Caudomedial tip of the coracoid blade

Figure 7. Cutout of the coracoid from Figure 1, detailing osteological structures and anatomical reference 
hqt"ncpfoctm"fkikvkucvkqp0"Uecng"7"eo0

Table 7. Vjku"vcdng"eqpvckpu"cpcvqokecn"fguetkrvkqpu"qh"gcej"ncpfoctm"kp"Hkiwtg"9"cpf"kvu"encuukÝecvkqp"d{"
v{rg."ceeqtfkpi"vq"Dqqmuvgkp."3;;3<"3"Î"eqpvcev"qh"5"uvtwevwtgu1vkuuwgu="4"Î"oczkowo"qt"okpkocn"ewtxcvwtg"
of a structure; 3 – points located in boundaries, limits or edges. 
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UM
Number Type Description

1 2 Maximum curvature of caput humeri

2 2 Minimum curvature of the intertubular fossa

3 2 Maximum curvature of the medial process

4 2 Okpkowo"ewtxcvwtg"dgvyggp"ecrwv"jwogtk"cpf"vjg"ncvgtcn"rtqeguu
7 2 Proximal limit of the lateral process 

8 2 Distal limit of the lateral process

7 2 Okpkowo"ewtxcvwtg"dgvyggp"vjg"ncvgtcn"rtqeguu"cpf"vjg"wnpct"eqpf{ng
: 2 Okpkowo"ewtxcvwtg"dgvyggp"vjg"ogfkcn"rtqeguu"cpf"vjg"tcfkcn"eqpf{ng
; 2 Maximum curvature of the ulnar condyle

10 2 Latero-distal limit of the ectepicondylar grooove

11 2 Proximal tip of the ectepicondylar grooove

12 2 Medio-distal limit of the ectepicondylar grooove

13 2 Maximum curvature of the radial condyle

Figure 8. Cutout of the humerus from Figure 1, detailing osteological structures and anatomical reference 
hqt"ncpfoctm"fkikvkucvkqp0"Uecng"7"eo0

Table 8. Vjku"vcdng"eqpvckpu"cpcvqokecn"fguetkrvkqpu"qh"gcej"ncpfoctm"kp"Hkiwtg":"cpf"kvu"encuukÝecvkqp"d{"
v{rg."ceeqtfkpi"vq"Dqqmuvgkp."3;;3<"3"Î"eqpvcev"qh"5"uvtwevwtgu1vkuuwgu="4"Î"oczkowo"qt"okpkocn"ewtxcvwtg"
of a structure; 3 – points located in boundaries, limits or edges. 
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PLASTRON
Number Type Description

1 1 Cranial tip of midline epiplastra suture
2 1 Caudal tip of midline epiplastra suture
3 1 Ecwfcn"vkr"qh"gpvq1grkrncuvtqp"uwvwtg
4 2 Caudal tip of xiphiplastra suture
7 2 Lwpevkqp"qh"ogfkcn"zkrjkrncuvtqp"kpfgpvcvkqp"ykvj"vjg"j{qrncuvtqp
8 2 Oquv"kpvgtpcn"rqkpv"dgvyggp"zkrjkrncuvtqp"ogfkcn"cpf"ncvgtcn"kpfgpvcvkqpu
7 2 Vkr"qh"ncvgtcn"zkrjkrncuvtqp"kpfgpvcvkqp"cv"vjg"kpiwkpcn"dwvtguu
: 2 Vkr"qh"vjg"oquv"ecwfcn"qh"vjg"j{rqrncuvtqp)u"dtkfig"kpfgpvcvkqpu
; 2 Vkr"qh"vjg"oquv"etcpkcn"qh"vjg"j{rqrncuvtqp)u"dtkfig"kpfgpvcvkqpu
10 1 Ncvgtcn"vkr"qh"j{q1j{rqrncuvtc"uwvwtg
11 2 Vkr"qh"vjg"oquv"ecwfcn"qh"vjg"j{qrncuvtqp)u"dtkfig"kpfgpvcvkqpu
12 2 Vkr"qh"vjg"oquv"etcpkcn"qh"vjg"j{qrncuvtqp)u"dtkfig"kpfgpvcvkqpu
13 2 Vkr"qh"gkrncuvtqp"cv"vjg"czknnct{"dwvtguu
14 2 Caudal tip of entplastron along midline
37 2 Vkr"qh"vjg"oquv"etcpkcn"qh"vjg"j{qrncuvtqp)u"ogfkcn"kpfgpvcvkqpu
38 2 Vkr"qh"vjg"oquv"ecwfcn"qh"vjg"j{qrncuvtqp)u"ogfkcn"kpfgpvcvkqpu
17 2 Vkr"qh"vjg"oquv"etcpkcn"qh"vjg"j{rqrncuvtqp)u"ogfkcn"kpfgpvcvkqpu
3: 2 Vkr"qh"vjg"oquv"ecwfcn"qh"vjg"j{rqrncuvtqp)u"ogfkcn"kpfgpvcvkqpu
3; 1 Ogfkcn"vkr"qh"j{q1j{rqrncuvtc"uwvwtg"

Figure 9. Cutout of the plastron from Figure 1, detailing osteological structures and anatomical reference 
hqt"ncpfoctm"fkikvkucvkqp0"Uecng"7"eo0

Table 9. Vjku"vcdng"eqpvckpu"cpcvqokecn"fguetkrvkqpu"qh"gcej"ncpfoctm"kp"Hkiwtg";"cpf"kvu"encuukÝecvkqp"d{"
v{rg."ceeqtfkpi"vq"Dqqmuvgkp."3;;3<"3"Î"eqpvcev"qh"5"uvtwevwtgu1vkuuwgu="4"Î"oczkowo"qt"okpkocn"ewtxcvwtg"
of a structure; 3 – points located in boundaries, limits or edges. 
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PUBIS
Number Type Description

1 2 Cranial tip of pubic blade at the medial end of the neck curvature
2 2 minimum curvature of the neck at the cranial side
3 2 Medial tip of the lateral process
4 2 Lateral tip of lateral process
7 2 Lateral tip of acetabular facet
8 2 Medial tip of acetabular facet
7 2 Minimum curvature of the thyroid fenestra
: 2 Vkr"qh"rwdke"dncfg"cv"vjg"vj{tqkf"hgpguvtc

Figure 10. Cutout of the pubis from Figure 1, detailing osteological structures and anatomical reference for 
ncpfoctm"fkikvkucvkqp0"Uecng"7"eo0

Table 10. Vjku"vcdng"eqpvckpu"cpcvqokecn"fguetkrvkqpu"qh"gcej"ncpfoctm"kp"Hkiwtg"32"cpf"kvu"encuukÝecvkqp"d{"
v{rg."ceeqtfkpi"vq"Dqqmuvgkp."3;;3<"3"Î"eqpvcev"qh"5"uvtwevwtgu1vkuuwgu="4"Î"oczkowo"qt"okpkocn"ewtxcvwtg"
of a structure; 3 – points located in boundaries, limits or edges. 
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ILIUM
Number Type Description

1 2 Maximum curvature of the acetabular facet
2 2 Minimum curvature of iliac neck at the medial side
3 2 Maximum curvature of the tip of posterior iliac process
4 2 Medial curvature of the posterior process
7 2 Minimum curvature of iliac neck at the lateral side
8 2 Oczkowo"ewtxcvwtg"qh"vjg"eqpvcev"dgvyggp"knkwo"cpf"rwdku

ISCHIUM
Number Type Description

1 2 Cranial tip of acetabular facet
2 2 Minimum curvature of ischium at the thyroid fenestra
3 2 Etcpkcn"vkr"vjg"eqpvcev"dgvyggp"nghv"cpf"tkijv"kuejkc
4 2 Ecwfcn"vkr"vjg"eqpvcev"dgvyggp"nghv"cpf"tkijv"kuejkc
7 2 Maximum curvature of the tip of lateral ischial process
8 2 Caudal tip of acetabular facet

Figure 12. Cutout of the ischium from Figure 1, detailing osteological structures and anatomical reference 
hqt"ncpfoctm"fkikvkucvkqp0"Uecng"7"eo0

Table 12. Vjku"vcdng"eqpvckpu"cpcvqokecn"fguetkrvkqpu"qh"gcej"ncpfoctm"kp"Hkiwtg"34"cpf"kvu"encuukÝecvkqp"d{"
v{rg."ceeqtfkpi"vq"Dqqmuvgkp."3;;3<"3"Î"eqpvcev"qh"5"uvtwevwtgu1vkuuwgu="4"Î"oczkowo"qt"okpkocn"ewtxcvwtg"
of a structure; 3 – points located in boundaries, limits or edges. 

Figure 11. Cutout of the ischium from Figure 1, detailing osteological structures and anatomical reference 
hqt"ncpfoctm"fkikvkucvkqp0"Uecng"7"eo0

Table 11. Vjku"vcdng"eqpvckpu"cpcvqokecn"fguetkrvkqpu"qh"gcej"ncpfoctm"kp"Hkiwtg"33"cpf"kvu"encuukÝecvkqp"d{"
v{rg."ceeqtfkpi"vq"Dqqmuvgkp."3;;3<"3"Î"eqpvcev"qh"5"uvtwevwtgu1vkuuwgu="4"Î"oczkowo"qt"okpkocn"ewtxcvwtg"
of a structure; 3 – points located in boundaries, limits or edges. 
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Figure 14. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"umwnn"*fqtucn"xkgy+0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"itggp"Î"Rtqvquvgikfcg="dnwg"Î"Rcpejgnqpkkfcg="tgf"Î"Fgtoq-
chelyidae; black – Chelydridae; purple – Ctenochelyidae; pink – Toxochelys latiremis."Vjg"pwodgtu"tgrtgugpv"vjg"urgekgu<"4"Î"Ashleychelys palmeri †, 3 – Caretta ca-
retta, 4 – Carolinochelys wilsoni †, 7"Î"Chelonia mydas, 8"Î"Eochelone brabantica †, 7 – Eretmochelys imbricata, :"Î"Lepidochelys kempii, ;"Î"Lepidochelys olivacea, 
10 – Natator depressus, 12 – Procolpochelys charlestonensis †, 13 – Procolpochelys grandaeva †, 14 – Puppigerus camperi †, 37"Î"Dermochelys coriacea, 17 – Eos-
phargis gigas †, 22 – Desmatochelys lowii †, 24 – Ucpvcpcejgn{u"ic振pg{k"̆."27 – Erquelinnesia gosseleti †, 4;"Î"Toxochelys latiremis †, 32 – Chelydra serpentina. Vjg"
polygons represent the shape range of each clade. Along the x and y axes, thin plate splines are placed indicating the shape represented by each extreme of that axis. 
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Figure 16. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"umwnn"*ncvgtcn"xkgy+0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"green – Protostegidae; blue – Pancheloniidae; red – Dermochelyidae; 
black – Chelydridae."Vjg"pwodgtu"tgrtgugpv"vjg"urgekgu<"5"Î"Caretta caretta, 7"Î"Chelonia mydas, 8"Î"Eochelone brabantica †, 7 – Eretmochelys imbricata, :"Î"Lepidochelys 
kempii, ;"Î"Lepidochelys olivacea, 10 – Natator depressus, 14 – Puppigerus camperi †, 37"Î"Dermochelys coriacea, 24 – Ucpvcpcejgn{u"ic振pg{k"̆."32 – Chelydra serpentina. 
Vjg"rqn{iqpu"tgrtgugpv"vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"z"cpf"{"czgu."vjkp"rncvg"urnkpgu"ctg"rncegf"kpfkecvkpi"vjg"ujcrg"tgrtgugpvgf"d{"gcej"gzvtgog"qh"vjcv"czku0TY
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Figure 15. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"umwnn"*xgpvtcn"xkgy+0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"itggp"Î"Rtqvquvgikfcg="dnwg"Î"Rcpejgnqpkkfcg="tgf"Î"Fgtoqejgn{kfcg="
black – Chelydridae; purple – Ctenochelyidae; pink – Toxochelys latiremis."Vjg"pwodgtu"tgrtgugpv"vjg"urgekgu<"3"Î"Allopleuron hofmanni †, 2 – Ashleychelys palmeri †, 3 – Ca-
retta caretta, 4 – Carolinochelys wilsoni †, 7"Î"Chelonia mydas, 8"Î"Eochelone brabantica †, 7 – Eretmochelys imbricata, :"Î"Lepidochelys kempii, ;"Î"Lepidochelys olivacea, 
10 – Natator depressus, 11 – Euclastes wielandi †, 12 – Procolpochelys charlestonensis †, 13 – Procolpochelys grandaeva †, 14 – Puppigerus camperi †, 37"Î"Dermochelys 
coriacea, 20 – Archelon ischyros †, 21 – Bouliachelys suteri †, 23 – Protostega gigas †, 47"Î"Ctenochelys acris †, 48"Î"Ctenochelys procax †, 27 – Erquelinnesia gosseleti †, 
4:"Î"Erquelinnesia planimentum †, 4;"Î"Toxochelys latiremis †, 30 – Prionochelys matutina †, 31 – Ctenochelys stenoporus †, 32 – Chelydra serpentina. Vjg"rqn{iqpu"tgrtgugpv"
the shape range of each clade. Along the x and y axes, thin plate splines are placed indicating the shape represented by each extreme of that axis.RW
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Figure 18. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"ectcrceg0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"itggp"Î"Rtqvquvgikfcg="dnwg"Î"Rcpejgnqpkkfcg="tgf"Î"Fgtoqejgn{kfcg="dncem"Î"
Ejgn{ftkfcg="rwtrng"Î"Evgpqejgn{kfcg0"Vjg"pwodgtu"tgrtgugpv"vjg"urgekgu<"3"Î"Allopleuron hofmanni †, 2 – Ashleychelys palmeri †, 4 – Carolinochelys wilsoni †, 7"Î"Chelonia 
mydas, :"Î"Lepidochelys kempii, ;"Î"Lepidochelys olivacea, 12 – Procolpochelys charlestonensis †, 13 – Procolpochelys grandaeva †, 38"Î"Eosphargis breineri †, 3;"Î"Oce-
pechelon bouyai †, 20 – Archelon ischyros †, 22 – Desmatochelys lowii †, 23 – Protostega gigas †, 47"Î"Ctenochelys acris †, 31 – Ctenochelys stenoporus †, 32 – Chelydra 
serpentina. Vjg"rqn{iqpu"tgrtgugpv"vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"z"cpf"{"czgu."vjkp"rncvg"urnkpgu"ctg"rncegf"kpfkecvkpi"vjg"ujcrg"tgrtgugpvgf"d{"gcej"gzvtgog"qh"vjcv"
axis.RW
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Figure 17. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"lcy0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"itggp"Î"Rtqvquvgikfcg="dnwg"Î"Rcpejgnqpkkfcg="tgf"Î"Fgtoqejgn{kfcg="dncem"Î"Ejgn{-
dridae; purple – Ctenochelyidae."Vjg"pwodgtu"tgrtgugpv"vjg"urgekgu<"5"Î"Caretta caretta, 4 – Carolinochelys wilsoni †, 7"Î"Chelonia mydas, 8"Î"Eochelone brabantica †, 7 – 
Eretmochelys imbricata, :"Î"Lepidochelys kempii, ;"Î"Lepidochelys olivacea, 10 – Natator depressus, 12 – Procolpochelys charlestonensis †, 37"Î"Dermochelys coriacea, 17 
– Eosphargis gigas †, 3:"Î"Mesodermochelys undulatus †, 21 – Bouliachelys suteri †, 22 – Desmatochelys lowii †, 27 – Erquelinnesia gosseleti †, 31 – Ctenochelys stenoporus 
†, 32 – Chelydra serpentina. Vjg"rqn{iqpu"tgrtgugpv"vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"z"cpf"{"czgu."vjkp"rncvg"urnkpgu"ctg"rncegf"kpfkecvkpi"vjg"ujcrg"tgrtgugpvgf"d{"gcej"
extreme of that axis.RW
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Figure 20. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"eqtceqkf0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"dnwg"Î"Rcpejgnqpkkfcg="tgf"Î"Fgtoqejgn{kfcg="rwtrng"Î"Evgpqejgn{kfcg."Vjg"
numbers represent the species: 3 – Caretta caretta, 7"Î"Chelonia mydas, 7 – Eretmochelys imbricata, ;"Î"Lepidochelys olivacea, 10 – Natator depressus, 37"Î"Dermochelys 
coriacea, 3:"Î"Mesodermochelys undulatus †, 47"Î"Ctenochelys acris †, 31 – Ctenochelys stenoporus †. Vjg"rqn{iqpu"tgrtgugpv"vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"z"cpf"
y axes, thin plate splines are placed indicating the shape represented by each extreme of that axis.RW
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Figure 19. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"rncuvtqp0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"itggp"Î"Rtqvquvgikfcg="htqo"dnwg"Î"Rcpejgnqpkkfcg="dncem"Î"Ejgn{ftkfcg="rwtrng"Î"
Ctenochelyidae."Vjg"pwodgtu"tgrtgugpv"vjg"urgekgu<"4"Î"Ashleychelys palmeri †, 3 – Caretta caretta, 7"Î"Chelonia mydas, ;"Î"Lepidochelys olivacea, 10 – Natator depressus, 12 
– Procolpochelys charlestonensis †, 13 – Procolpochelys grandaeva †, 22 – Desmatochelys lowii †, 30 – Prionochelys matutina †, 31 – Ctenochelys stenoporus †, 32 – Chelydra 
serpentina. Vjg"rqn{iqpu"tgrtgugpv"vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"z"cpf"{"czgu."vjkp"rncvg"urnkpgu"ctg"rncegf"kpfkecvkpi"vjg"ujcrg"tgrtgugpvgf"d{"gcej"gzvtgog"qh"vjcv"
axis.RW
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Figure 22. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"rwdku0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"dnwg"Î"Rcpejgnqpkkfcg="tgf"Î"Fgtoqejgn{kfcg="dncem"Î"Ejgn{ftkfcg="rwtrng"Î"Evg-
nochelyidae."Vjg"pwodgtu"tgrtgugpv"vjg"urgekgu<"5"Î"Caretta caretta, 7"Î"Chelonia mydas, 7 – Eretmochelys imbricata, ;"Î"Lepidochelys olivacea, 10 – Natator depressus, 37"
– Dermochelys coriacea, 3:"Î"Mesodermochelys undulatus †, 3;"Î"Ocepechelon bouyai †, 47"Î"Ctenochelys acris †, 30 – Prionochelys matutina †, 31 – Ctenochelys stenoporus 
†, 32 – Chelydra serpentina. Vjg"rqn{iqpu"tgrtgugpv"vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"z"cpf"{"czgu."vjkp"rncvg"urnkpgu"ctg"rncegf"kpfkecvkpi"vjg"ujcrg"tgrtgugpvgf"d{"gcej"
extreme of that axis.RW
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Figure 21. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"jwogtwu0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"itggp"Î"Rtqvquvgikfcg="dnwg"Î"Rcpejgnqpkkfcg="tgf"Î"Fgtoqejgn{kfcg="rwtrng"
– Ctenochelyidae."Vjg"pwodgtu"tgrtgugpv"vjg"urgekgu<"3"Î"Allopleuron hofmanni †, 3 – Caretta caretta, 7 – Eretmochelys imbricata, ;"Î"Lepidochelys olivacea, 10 – Natator 
depressus, 11 – Euclastes wielandi †, 37"Î"Dermochelys coriacea, 3:"Î"Mesodermochelys undulatus †, 20 – Archelon ischyros †, 22 – Desmatochelys lowii †, 30 – Prionochelys 
matutina †. Vjg"rqn{iqpu"tgrtgugpv"vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"z"cpf"{"czgu."vjkp"rncvg"urnkpgu"ctg"rncegf"kpfkecvkpi"vjg"ujcrg"tgrtgugpvgf"d{"gcej"gzvtgog"qh"vjcv"
axis.RW
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Figure 24. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"kuejkwo0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"dnwg"Î"Rcpejgnqpkkfcg="tgf"Î"Fgtoqejgn{kfcg="dncem"Î"Ejgn{ftkfcg="rwtrng"Î"Evg-
nochelyidae."Vjg"pwodgtu"tgrtgugpv"vjg"urgekgu<"7"Î"Chelonia mydas, 7 – Eretmochelys imbricata, 10 – Natator depressus, 37"Î"Dermochelys coriacea, 47"Î"Ctenochelys acris 
†, 30 – Prionochelys matutina †, 31 – Ctenochelys stenoporus †, 32 – Chelydra serpentina. Vjg"rqn{iqpu"tgrtgugpv"vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"z"cpf"{"czgu."vjkp"
plate splines are placed indicating the shape represented by each extreme of that axis.RW
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Figure 23. Tgncvkxg"Yctru"Cpcn{uku"qh"vjg"knkwo0"Vjg"eqnqtu"cpf"keqpu"tgrtgugpv"vjg"encfgu<"dnwg"Î"Rcpejgnqpkkfcg="tgf"Î"Fgtoqejgn{kfcg="dncem"Î"Ejgn{ftkfcg="rwtrng"Î"Evg-
pqejgn{kfcg0"Vjg"pwodgtu"tgrtgugpv"vjg"urgekgu<"5"Î"Caretta caretta, 7"Î"Chelonia mydas, 7 – Eretmochelys imbricata, ;"Î"Lepidochelys olivacea, 10 – Natator depressus, 37"
– Dermochelys coriacea, 3:"Î"Mesodermochelys undulatus †, 47"Î"Ctenochelys acris †, 30 – Prionochelys matutina †, 31 – Ctenochelys stenoporus †, 32 – Chelydra serpentina. 
Vjg"rqn{iqpu"tgrtgugpv"vjg"ujcrg"tcpig"qh"gcej"encfg0"Cnqpi"vjg"z"cpf"{"czgu."vjkp"rncvg"urnkpgu"ctg"rncegf"kpfkecvkpi"vjg"ujcrg"tgrtgugpvgf"d{"gcej"gzvtgog"qh"vjcv"czku0TY
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Figure 25. Encfqitcou"qh"vjg"oquv"rctukoqpkqwu"vtggu"qh"vjg"ectcrceg"cpf"umwnn"*fqtucn"xkgy+"rtgnkokpct{"
analyses. Legend: green – Protostegidae; blue – Pancheloniidae; red – Dermochelyidae; black – Chelydri-
dae; purple – Ctenochelyidae; pink – Toxochelys latiremis.
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Figure 26. Encfqitco"qh"vjg"oquv"rctukoqpkqwu"vtgg"qh"vjg"umwnn"*xgpvtcn"xkgy+"rtgnkokpct{"cpcn{uku0"Ng-
gend: green – Protostegidae; blue – Pancheloniidae; red – Dermochelyidae; black – Chelydridae; purple 
– Ctenochelyidae; pink – Toxochelys latiremis.
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Figure 27. Encfqitcou"qh"vjg"oquv"rctukoqpkqwu"vtggu"qh"vjg"umwnn"*ncvgtcn"xkgy+."eqtceqkf"cpf"knkwo"rtg-
liminary analyses. Legend: green – Protostegidae; blue – Pancheloniidae; red – Dermochelyidae; black – 
Chelydridae; purple – Ctenochelyidae.
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Figure 28. Encfqitcou"qh"vjg"oquv"rctukoqpkqwu"vtggu"qh"vjg"kuejkwo"cpf"lcy"rtgnkokpct{"cpcn{ugu0"Ng-
gend: green – Protostegidae; blue – Pancheloniidae; red – Dermochelyidae; black – Chelydridae; purple 
– Ctenochelyidae.
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Figure 29. Cladograms of the most parsimonious trees of the plastron, pubis and humerus preliminary 
analyses. Legend: green – Protostegidae; blue – Pancheloniidae; red – Dermochelyidae; black – Chelydri-
dae; purple – Ctenochelyidae.
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Figure 30. Encfqitco"qh"vjg"oquv"rctukoqpkqwu"vtggu"qh"vjg"ÐjgcfÑ"?"umwnn"*cnn"xkgyu+"-"lcy"rtgnkokpct{"
analysis. Legend: green – Protostegidae; blue – Pancheloniidae; red – Dermochelyidae; black – Chelydri-
dae; purple – Ctenochelyidae; pink – Toxochelys latiremis.
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Figure 31. Encfqitcou"qh"vjg"oquv"rctukoqpkqwu"vtggu"qh"vjg"ujgnn"?"ectcrceg"-"rncuvtqp."rgnxke"iktfng"?"
knkwo"-"kuejkwo"-"rwdku."cpf"rgevqtcn"iktfng"?"eqtceqkf"-"jwogtwu"rtgnkokpct{"cpcn{ugu0"Ngigpf<"itggp"
– Protostegidae; blue – Pancheloniidae; red – Dermochelyidae; black – Chelydridae; purple – Ctenochelyi-
dae.
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Figure 32. Encfqitcou"qh"vjg"oquv"rctukoqpkqwu"vtggu"qh"vjg"crrgpfkegu"?"rgnxke"-"rgevqtcn"iktfngu."cpf"
rquv/etcpkwo"?"ujgnn"-"crrgpfkegu"rtgnkokpct{"cpcn{ugu0"Ngigpf<"itggp"Î"Rtqvquvgikfcg="dnwg"Î"Rcpejgnq-
niidae; red – Dermochelyidae; black – Chelydridae; purple – Ctenochelyidae.
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Figure 33. Encfqitco"qh"vjg"oquv"rctukoqpkqwu"vtggu"qh"vjg"ÐvwtvngÑ"?"cnn"NO"eqpÝiwtcvkqpu"rtgnkokpct{"
analysis. Legend: green – Protostegidae; blue – Pancheloniidae; red – Dermochelyidae; black – Chelydri-
dae; purple – Ctenochelyidae; pink – Toxochelys latiremis.
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Figure 34. Strict consensus of the 2 most parsimonious trees of the reanalysis of Gentry et al., 423;"rtwpgf"ocvtkz0"Vjg"rwtrng"fqvu"rqkpv"ejcpigu"kp"vjg"pqfgu"kp"eqpvtcuv"vq"vjg"
original tree. Legend: green – Protostegidae; blue – Pancheloniidae; red – Dermochelyidae; black – Chelydridae; purple – Ctenochelyidae; pink – Toxochelys latiremis.
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Figure 35. Encfqitco"qh"vjg"oquv"rctukoqpkqwu"vtgg"qh"vjg"Ýtuv"inqdcn"rtgnkokpct{"cpcn{uku0"Ngigpf<"itggp"Î"Rtqvquvgikfcg="dnwg"Î"Rcpejgnqpkkfcg="tgf"Î"Fgtoqejgn{kfcg="dncem"

– Chelydridae; purple – Ctenochelyidae; pink – Toxochelys latiremis.
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Figure 36. Cladogram of the most parsimonious tree of the second global preliminary analysis. Legend: green – Protostegidae; blue – Pancheloniidae; red – Dermochelyidae; 
black – Chelydridae; purple – Ctenochelyidae; pink – Toxochelys latiremis. Urgekgu"ykvj"qpn{"NO"fcvc"ctg"octmgf"ykvj"cp"cuvgtkum0

cpcn{u{u"vqv22:"dtgogt
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Figure 37. Cladogram of the most parsimonious tree of the third global preliminary analysis. Legend: green – Protostegidae; blue – Pancheloniidae; red – Dermochelyidae; 
black – Chelydridae; purple – Ctenochelyidae; pink – Toxochelys latiremis.
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Figure 38. Cladogram of the most parsimonious tree of the fourth global preliminary analysis. Legend: green – Protostegidae; blue – Pancheloniidae; red – Dermochelyidae; 
black – Chelydridae; purple – Ctenochelyidae; pink – Toxochelys latiremis.
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Figure 39. Encfqitco"qh"vjg"oquv"rctukoqpkqwu"vtgg"qh"vjg"Ýhvj"inqdcn"rtgnkokpct{"cpcn{uku0"Ngigpf<"itggp"Î"Rtqvquvgikfcg="dnwg"Î"Rcpejgnqpkkfcg="tgf"Î"Fgtoqejgn{kfcg="dncem"
– Chelydridae; purple – Ctenochelyidae; pink – Toxochelys latiremis.
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Figure 40. Cladogram of the most parsimonious tree of the sixth global preliminary analysis. Legend: blue – Pancheloniidae; red – Dermochelyidae; black – Chelydridae; purple 
– Ctenochelyidae; pink – Toxochelys latiremis.
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Figure 41. Cladogram of the most parsimonious tree of the sixth global preliminary analysis. Legend: green – Protostegidae; blue – Pancheloniidae; red – Dermochelyidae; 
black – Chelydridae; purple – Ctenochelyidae; pink – Toxochelys latiremis.
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