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Oldest known marine turtle? A new protostegid from the Lower Cretaceous of Colombia

EDWIN A. CADENAL2"AND JAMES F. PARHAM?3
1 Centro de Investigaciones Paleontolégicas, Villa de Leyva, Colombia; cadenachelys@gmail.com.
2 Department of Paleoherpetology, Senckenberg Naturmuseum, 60325 Frankfurt am Main, Germany.

3John D. Cooper Archaeological and Paleontological Center, Department of Geological Sciences, California State

University, Fullerton, CA 92834, USA; jparham@fullerton.edu.

Recent studies suggested that many fossil marine turtles might not be closely related to extant marine turtles (Che-
lonioidea). The uncertainty surrounding the origin and phylogenetic position of fossil marine turtles impacts our
understanding of turtle evolution and complicates our attempts to develop and justify fossil calibrations for molecular
divergence dating. Here we present the description and phylogenetic analysis of a new fossil marine turtle from the
Lower Cretaceous (upper Barremian-lower Aptian, >120 Ma) of Colombia that has a minimum age that is >25 million
years older than the minimum age of the previously recognized oldest chelonioid. This new fossil taxon, Desmatochelys
padillai sp. nov., is represented by a nearly complete skeleton, four additional skulls with articulated lower jaws, and
two partial shells. The description of this new taxon provides an excellent opportunity to explore unresolved ques-
tions about the antiquity and content of Chelonioidea. We present an updated global character-taxon matrix that
includes D. padillai and marine turtles known from relatively complete specimens. Our analysis supports D. padil-
lai as sister taxon of D. lowi within Protostegidae, and places protostegids as the sister to Pan-Dermochelys within
Chelonioidea. However, this hypothesis is complicated by discrepancies in the stratigraphic appearance of lineages
as well as necessarily complicated biogeographic scenarios, so we consider the phylogeny of fossil marine turtles to
be unresolved and do not recommend using D. padillai as a fossil calibration for Chelonioidea. We also explore the
definition of “marine turtle,” as applied to fossil taxa, in light of many littoral or partially marine-adapted fossil and
extant lineages. We conclude that whereas the term “oldest marine turtle” depends very much on the concept of the

term being applied, we can confidently say that D. padillai is the oldest, definitive, fully marine turtle known to date.

Keywords: Testudines, South America, Sea turtles, Villa de Leyva, upper Barremian-lower Aptian

INTRODUCTION

Fossil turtles are rare in the Triassic and Lower Jurassic,
but are one of the most abundant vertebrate fossils from the
Upper Jurassic onward (~160 Ma and younger rocks). The
complete fossil record of turtles has led them to be used as
an exemplar for studies of fossil calibrated divergence dating
using molecular sequences (Near et al. 2005, Parham and
Irmis 2008, Near et al. 2008, Marshall 2008, Dornburg et al.
2011, Joyce et al. 2013, Warnock et al. 2015) and allowed for
other comparisons of fossil and molecular data (Crawford et
al. 2015). The phylogenetic positions of many fossil turtles
are poorly justified, leading to uncertain estimates for some
of the key nodes of the turtle tree of life (Parham and Irmis
2008, Joyce et al. 2013, Warnock et al. 2015). One of the
most problematic clades is Chelonioidea Oppel, 1811 the
crown group of marine turtles (all phylogenetic definitions
follow Joyce et al. 2004). In addition to extant species, Che-
lonioidea is traditionally considered to include most fossil

*author for correspondence

cryptodires that show any morphological specializations for
a marine ecology such as paddle-like limbs, cordiform shells,
and salt glands (Hirayama 1998). Recently, however, some
studies suggested that many of these fossil marine turtles
might not be closely related to the extant marine turtles
(Joyce 2007, Joyce et al. 2013, Rabi et al. 2013, Parham et al.
2014, Crawford et al. 2015). The uncertainty surrounding
the origin and phylogenetic position of fossil marine turtles
impacts our understanding of turtle evolution and compli-
cates our attempts to develop and justify fossil calibrations
for molecular divergence dating.

The focal taxon for the problems surrounding the an-
tiquity of chelonioids is Santanachelys gaffneyi Hirayama,
1998 from the Lower Cretaceous (Aptian-Albian) of Brazil.
Santanachelys gaffneyi is considered by some to be the oldest
known marine turtle, and the oldest chelonioid (Near et al.
2005, Kear and Lee 2006, Lapparent de Broin et al. 2014a),
and so has been used as a fossil calibration for Chelonioidea
in some studies (Near et al. 2005, Marshall 2008, Dornburg
etal. 2011). Santanachelys gaffneyi is a member of the clade
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Protostegidae Cope, 1872, a clade of specialized marine
turtles that radiated during the Early Cretaceous (besides
protostegids, all other putative chelonioids first appear in
the Late Cretaceous). A global phylogenetic analysis of fos-
sil turtles (Joyce 2007) included six marine turtles, with S.
gaffneyi as the sole representative of the Protostegidae. In
contrast to all other analyses, Joyce (2007) placed S. gaffneyi
far from the other taxa, raising the possibility that proto-
stegids are not chelonioids, but rather represent an earlier,
independent marine radiation. Other authors note that this
pattern is more consistent with the timing and geography
of major turtle lineages in the fossil record (Parham and
Pyenson 2010, Joyce et al. 2013, Pyenson et al. 2014, Parham
et al. 2014, Crawford et al. 2015).

Here we present the description and phylogenetic analysis
of a new fossil marine turtle from the Lower Cretaceous of
South America (Paja Formation, Colombia) (Etayo-Serna
1979, Patarroyo 2000, 2004, Hoedemaeker 2004). One of the
specimens representing this new species has been previously
figured and reported by Smith (1989), Nicholls (1992), and
Elliott et al. (1997), and attributed to Desmatochelys Wil-
liston, 1894. However, it has never been properly described
or included in a phylogenetic analysis. The minimum age
of the new species (120.0 Ma.)(Cohen et al. 2013) is much
older than the minimum possible age for S. gaffneyi (92.8
Ma, see Joyce et al. 2013) and so it provides an excellent
opportunity to explore unresolved questions about the
antiquity and content of Chelonioidea. Given the uncertain

phylogenetic position of protostegids we will refer to the
“traditional” grouping of marine turtles that includes proto-
stegids, dermochelyids, and cheloniids as Chelonioidea sensu
lato, a provisional, informal name. We will refer to the crown
group chelonioids (Dermochelys coriacea [Vandellius, 1761]
and Cheloniidae [Oppel, 1811]) as Chelonioidea following
Joyce et al. (2004). Note that, depending on their phyloge-
netic position, protostegids may or may not be considered
chelonioids, but by our provisional definition, will always be
considered chelonioids sensu lato. Except where specified
the phylogenetic nomenclature and terminology (e.g., pan
prefix) follows Joyce et al. (2004).

MATERIALS AND METHODS

Specimens

Material of Desmatochelys padillai sp. nov. described here
comes from two localities near Villa de Leyva in Boyaca,
Colombia, South America (Fig. 1). Most were collected at
Loma La Catalina (5° 38 01” N and 73° 34’ 39.94” W), but,
one specimen, FCG-CBP 15, was found at the nearby site
of Loma La Cabrera (5° 38 35” N and 73° 36’ 22” W). The
fossils were preserved in claystone and limestone layers with
abundant occurrences of ferruginous-calcareous nodules
and concretions, belonging to the middle segment of the
Paja Formation called “Arcillolitas abigarradas” (Etayo-
Serna 1968), which is upper Barremian-lower Aptian in age
(~120 Ma), based on the presence of the Pseudocrioceras

74°]
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Figure 1. Map showing the location of Villa de Leyva town in Colombia (left) and the geology of the region (right) where Desmato-
chelys padillai was found at the La Catalina hill (Loma La Catalina) and La Cabrera hill (Loma La Cabrera). Geological map redrawn

from Hampe (2005).
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ammonite assemblage zone (Hoedemaeker 2004). Fossil
vertebrates from Villa de Levya include plesiosaurs, pliosaurs,
ichthyosaurs, a recently described dinosaur (Carballido et
al. in press), fish, and turtles (this study, Cadena in press).
All specimens are preserved in a predominantly dark grey
limestone. They have a layer of ferruginous oxides that
frequently covers the exterior surface of the bones and fills
in cavities, which can obscure the sutural contacts between
bones. However, this layer can be dissolved with sulfamic acid
following the protocol described by Padilla (2011).

All specimens, except those in the University of California
Museum of Paleontology (UCMP), were discovered and col-
lected by the local amateur paleontologists Mary Luz Parra
and her brothers, Juan and Freddy Parra, who also prepared
them at the Centro de Investigaciones Paleontoldgicas in
Villa de Leyva, Colombia (CIP). UCMP specimens were
collected from Villa de Leyva, but they lack any additional
information about stratigraphic horizon or locality. However,
their preservation is identical to all other FCG-CBP material
of D. padillai, and so far turtles have been only found at the
Loma La Catalina site. Taken together, these lines of evidence
suggest the UCMP specimens also came from Villa de Leyva.

Phylogenetic analyses

In order to determine the phylogenetic position of D.
padillai and address the outstanding issues that confound
our understanding of fossil marine turtle evolution, we
present an updated global character-taxon matrix built from
the evaluation, combination, and redefinition of characters
and taxa from phylogenetic matrices used for marine turtles
(Hirayama 1994, Hirayama 1998, Kear and Lee 2006, Parham
and Pyenson 2010, Bardet et al. 2013, Lapparent de Broin et
al. 2014b) with global turtle matrices (Joyce 2007, Sterli 2008,
Joyce et al. 2011, Anquetin 2012, Rabi et al. 2013, Sterli and
de la Fuente 2013, Zhou et al. 2014) (Supplementary Infor-
mation 1). The final Mesquite matrix can be downloaded at
http://escholarship.org/uc/item/147611bv/27300-106320-
15-ED.txt. We provide a synonymy for every character in
those matrices (Supplementary Information 1). In addition
to D. padillai, we include 16 of the best-known chelonioids
sensu lato (the seven extant chelonioids, a fossil stem che-
loniid, fossil Pan-Dermochelys, Toxochelys latiremis Hay,
1908, and six protostegids). We exclude some partially
known taxa (i.e., known only from crania or postcrania) and
problematic taxa (e.g., Mongolemys elegans Khosatzky and
Mlynarski, 1971, see Joyce 2007) that are distantly related to
chelonioids in all analyses. The final matrix includes 73 taxa
and 256 characters (37 ordered) built using Mesquite vers.
3.01 (Maddison and Maddison 2009). Because we focus on
marine turtles, three characters from the global matrices (18,

240, 241) are constant and an additional 23 (15, 25, 27, 28,
77, 83, 89, 103-109, 119, 124, 136, 144, 152, 157, 213, 226,
227,232) are uninformative for our matrix. We report these
excluded characters in Supplementary Information 2 for use
in future studies and to advance the discussion of global turtle
character synonymy.

Two phylogenetic analyses were performed using
PAUP* 4.0b10 (Swofford 2002) using a “molecular scaffold”
(Springer et al. 2001, Danilov and Parham 2006, Crawford
et al. 2015). We based our backbone constraint tree topol-
ogy for the extant OTUs following the most comprehensive
molecular analysis of turtle relationships (Crawford et al.
2015) (Fig. 1S). Analyses were run using the heuristic search
algorithm and 1000 random sequence addition replicates.

Our initial analysis included all 233 informative char-
acters and all 73 taxa. We assessed support for each node
with a bootstrap analysis of 100 replicates with 10 addition-
sequence replicates as well as Bremer indices. In order to
investigate the impact of our expanded character list on the
position of marine turtles, our second analysis excludes six
fossil marine turtles and so includes just the three fossil che-
lonioid s.I. OTUs (8. gaffneyi, T. latiremis, Mesodermochelys
undulatus Hirayama and Chitoku, 1996) that were included
in Joyce (2007). Table 1S is a list of the extant and fossil taxa
examined for this study.

Institutional abbreviations

CIP, Centro de Investigaciones Paleontoldgicas, Villa
de Leyva, Colombia; FCG-CBP, Fundacién Colombiana
de Geobiologia, Villa de Leyva, Colombia; SAMP, South
Australian Museum, Adelaide, Australia; UCMP, University
of California Museum of Paleontology, Berkeley, California,
USA.

SYSTEMATIC PALEONTOLOGY

TESTUDINES Batsch, 1788
PAN-CRYPTODIRA Cope, 1868
CHELONIOIDEA Oppel, 1811 sensu lato
PROTOSTEGIDAE Cope, 1872
DESMATOCHELYS Williston, 1894
DESMATOCHELYS PADILLAI sp. nov.
Figs. 2-8
1989 Desmatochelys lowi Williston; Smith, p. 158,
figs. 7.6-7.8, pls. 7.11-7.15.
1992 Desmatochelys lowi Williston; Nicholls, p. 379
(fide Smith).
1997 Desmatochelys Williston; Elliot, Irby, and
Hutchison, p. 246 (fide Smith).
Diagnosis—Desmatochelys padillai is a pan-cryptodire
turtle based on the presence of a contact between the
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50cm

Figure 2. Desmatochelys padillai preserved in ventral view, holotype FCG-CBP 01. For the bottom figure; light grey areas rep-
resent portions of the plastron and portions of the pectoral girdle are shown in dark grey.
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Table 1. Measurements of Desmatochelys padillai specimens in
millimeters.

Measure Specimen Value
Skulls
Maximum length FCG-CBP 01 320
UCMP 38346 308
FCG-CBP 13 292
FCG-CBP 15 210
FCG-CBP 39 181
FCG-CBP 40 167
Maximum width FCG-CBP 01 216
UCMP 38346 213
FCG-CBP 13 182
FCG-CBP 15 122
FCG-CBP 40 110
FCG-CBP 39 104
Carapace
Length FCG-CBP 01 1660
Length estimated for 2000
complete carapace
Width 1353
Width estimated for 1355
complete carapace
Thickness average of 15

carapace measured in
neurals, costals and
peripherals

pterygoid and the basioccipital (Character 64). It is a pro-
tostegid based on the: 1) jugal-quadrate contact (Character
21); 2) pterygoids, extending laterally almost reaching the
mandibular condyle facet (Character 75); 3) humerus, with
a lateral process expanding onto ventral surface (Character
240); 4) radius curves anteriorly (Character 247). Within
Protostegidae, D. padillai can be diagnosed from all protoste-
gids by: 1) a larger nasal opening facing anteriorly in dorsal
view compared to other protostegids; 2) wider pterygoids
in ventral view; 3) wider ventral process of cervicals, with a
flat to slightly concave ventral surface; 4) dorsal surface of
neurals smooth without keels and having a medial shallow
depression; and 5) centrale bone rectangular and elongated
in shape. Desmatochelys padillai resembles Bouliachelys suteri
Kear and Lee, 2006 by having a globular posteriormedial
roof of the skull, which is flatter in all other protostegids.
Desmatochelys padillai shares with Desmatochelys lowi Wil-
liston, 1894 a long transversal process of cervicals that is

rectangular in shape, positioned at the central region of the
vertebra. This character is in contrast to the shorter more
anteriorly positioned transverse process of other chelonioids
s.I. Desmatochelys padillai shares with D. lowi and cheloniids
the absence of foramen jugulare posterius.

Holotype—FCG-CBP 01 (Figs. 2-5, Table 1). A com-
plete skull, lower jaw, partial right hyoid, cervical vertebrae
(3-8), right and left forelimbs (missing most phalanges),
nearly complete carapace, left scapula and coracoid, partial
hyoplastron and hypoplastron.

Referred Specimens—UCMP 38346 (Fig. 6), complete,
articulated skull and lower jaw, adult individual. FCG-CBP
40 (Fig. 7), complete articulated skull and lower jaw, juve-
nile specimen. FCG-CBP 13 (Fig. 8A-F), nearly complete
articulated skull and lower jaw, adult specimen. FCG-CBP
39 (Fig. 8G-]), nearly complete articulated skull and lower
jaw, juvenile specimen. UCMP 38345A (Fig. 9A, B) midline
portion of the carapace, neurals 2-8 complete and most of
the medial portion of costals. UCMP 38345B (Fig. 9C-E),
posterior portion of the carapace with complete 8-9? neurals
and suprapygal, and the medial portion of the three most
posterior costal pairs. FCG-CBP 15, nearly complete articu-
lated skull and lower jaw, badly preserved, juvenile specimen.

Etymology—Specific epithet is in honor of the late Carlos
Bernardo Padilla, who led and supported the paleontological
projects at Villa de Leyva, and also helped find the FCG-CBP
specimens.

Occurrence and Age— Loma La Catalina and Loma La
Cabrera, near Villa de Leyva in Boyacd, Colombia, South
America, Paja Formation, Late Cretaceous (upper Barremi-
an-lower Aptian, ~120 Ma).

DESCRIPTION AND COMPARISONS

We describe and compare Desmatochelys padillai to other
chelonioids s. ., especially protostegids such as Archelon is-
chyros Wieland, 1896, B. suteri, D. lowi, Protostega gigas Cope,
1872, Rhinochelys Seeley, 1869, and the aforementioned S.
gaffneyi, but also to the stem chelonioid Toxochelys latiremis
and other chelonioids s.I. We combine the description and
comparisons into a single section, thereby avoiding repetition
of text. The description presented here corresponds to the
general morphology for D. padillai based on all the referred
skulls. Small differences in bones proportions, shapes or
length of sutural contacts between the skulls are considered
as part of intraspecific variations or effects of crushing or
preservation and are not detailed here.

Figure 3. Desmatochelys padillai skull, holotype FCG-CBP 01. A, B, dorsal view. C, D, ventral view. E, F, left lateral view. Abbrevia-
tions: an: angular, ar: articular, de: dentary, fr: frontal, hy: hyoid; mx: maxilla, na: nasal, pa: parietal, pf: prefrontal, pm: premaxilla,
po: postorbital, gj: quadratojugal, qu: quadrate, sq: squamosal, su: surangular. P>
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Figure 4. Desmatochelys padillai. Cervical vertebrae 4 to 7, holotype FCG-CBP 01. A, B, dorsal view. C, D, left lateral view. E, F,
ventral view. Abbreviations: cc: cervical condyle, di: diapophysis, ns: neural spine, po: postzygapophysis, pr: prezygapophysis, tp:

transverse process, vp: ventral process.

Description

Skull dorsal view—In dorsal view (Figs. 3A, B; 6E, F; 7A, B;
8C, D, L,]), nasal bones are present (Character 1), triangular
to square in shape, and contact each other medially (Charac-
ter 2) with a reduced exposure in contrast to the size of the
frontals (Character 3), and exclude medial contact between
prefrontals (Character 4). The nasal opening is relatively
large and faces more anteriorly than dorsally compared to all
other protostegids. The prefrontals are reduced in their dorsal
exposure (Character 7) and like the frontals and parietals lack
defined cranial scale sulci (Character 8). The frontals reach
the orbits laterally (Character 10), contact the prefrontals
anteriorly and the parietals and postorbitals posteriorly.
The orbits are large and face dorsolaterally (Character 12).

The parietals contact the postorbitals laterally and frontals
anteriorly, do not contact the squamosals. Although none
of the skulls preserves the original edge of the temporal
emargination, it seems that it was moderately developed
(Character 13). The frontals, parietals, and postorbitals of
D. padillai have radial striations on the dorsal surface of the
bone similar, though slightly less defined, to those seen in
the Late Cretaceous protostegid D. lowi. Also like D. lowi,
specimens of D. padillai have a well-defined pineal foramen
(Character 18) located at the sutural contact between pari-
etals and frontals. At the roof of the otic chamber, the prootic
contacts the ophistotic, and the foramen stapedio-temporalis
(Character 17) is located at the triple suture between the
quadrate, the prootic, and the opisthotic, as in D. lowi and
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Figure 5. Desmatochelys padillai. Left paddle, holotype FCG-CBP 01. A, B, dorsal view. C, left humerus isolated in ventral view. Ab-
breviations: ¢2: carpal 2, ecf: foramen ectepicondylaris, dc5: distal carpal 5, hu: humerus, in: intermedium, mc5: metacarpal 5, pi:

pisiform, ra: radius, ul: ulna, uln: ulnare.

B. suteri. The roof of the otic chamber is usually hidden by
the roof of the skull in dorsal view, and so is poorly known
for all other protostegids. The crista supraoccipitalis is very
long and narrow, and protrudes posterior to the foramen
magnum (Character 76), a characters that is variable among
chelonioids s.1.

Skull ventral view—In ventral view (Figs. 6G, H; 7C, D;
8G, H), D. padillai exhibits a large vomer that contacts the
palatines posteriorly (Characters 44 and 45). As in all other
protostegids, D. padillailacks a secondary palate (Character
40), which is present in all other chelonioids s.L except T. lat-
iremis and Eochelone brabantica Dollo, 1903. Desmatochelys
padillai has a large foramen palatinum posterius (Character
66) that opens posterolaterally, as in S. gaffneyi, B. suteri,
and Rhinochelys pulchriceps Owen, 1842. A smaller fora-
men palatinum posterius is characteristic of D. lowi. and
it is completely absent in all other chelonioids s.I. except
for T. latiremis and Nichollsemys bairei Brinkman, Hart,
Jamniczky, and Colbert, 2006. A clearly defined foramen
orbitonasale is present at the most anterior region of the
palatine in D. padillai specimen FCG-CBP 39. In contrast
to other protostegids, the pterygoids of D. padillai are wid-
est at the level where they contact the basisphenoid. The

processus pterygoideus externus is reduced forming an acute
tip (Character 72), similar as in all other protostegids and
T. latiremis. The pterygoids lack the posterolateral pockets
present in extant cheloniids, however they exhibit circular,
variably-sized pterygoid pits close to the suture with the basi-
sphenoid, as in extant cheloniids. Posterolaterally, pterygoids
reach the level of the condylar facet (Character 75), as in all
other protostegids. The basisphenoid is triangular in shape,
lacks the lateral keels present in B. suteri and D. Lowi, and
has a flat ventral surface, in contrast to the V-shaped crest
of pan-cheloniids (Character 88). The foramen posterior
canalis carotici interni (Characters 99 and 100) (see Rabi
et al. 2013 for foramina definitions) is visible lying between
the basiphenoid, basioccipital, and pterygoid contact, as in
chelonioids. For protostegids, the condition is still poorly
documented or remains unclear, and requires the direct
examination of fossil specimens that was not feasible for
this study. The basioccipital of D. padillai is wider than long,
contacts the basisphenoid anteriorly, pterygoids laterally, and
exoccipitals dorsally, lacks anterior tubercles (Character 80),
and has very short and rounded posterolateral processes.
Skull lateral view—In lateral view (Figs. 3E, F; 6A, B; 7G,
H; 8A, B, E), D. padillai exhibits a large, almost circular
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Figure 6. A-H. Desmatochelys padillai. Skull, UCMP 38346. A, B, right lateral view. C, D, posterior view. E, F. Dorsal view. G, H, ven-
tral view. I, J. Extant cheloniid Caretta caretta. Posterior view of skull, USNM 317907. K. Extant cheloniid Chelonia mydas. Posterior
view of skull, FMNH 211910. Abbreviations: an: angular, ar: articular, bs: basisphenoid, bo: basioccipital, de: dentary, ex: exoccipital,
fm: foramen magnum, fn: foramen nervi hypoglossi, fp: fenestra postotica, fpcci: foramen posterius canalis carotici cerebralis, fr:
frontal, hy: hyoid; ju: jugal, mx: maxilla, na: nasal, op: opisthotic, pa: parietal, pf: prefrontal, pl: palatine, pm: premaxilla, po: postor-
bital, pt: pterygoid, ptp: pterygoid pits, qj: quadratojugal, qu: quadrate, sq: squamosal, so: supraoccipital, su: surangular, vo: vomer.
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Figure 7. Desmatochelys padillai skull, FCG-CBP 40. A,
B, dorsal view. C, D, ventral view. E, F, posterior view. G,
H, right lateral view. I, J, anterior view. Abbreviations, as
in Figures 3 and 6, plus fpi: foramen pineal.

orbital opening (Character 12), ontogenetically conservative
(same proportional size and shape in juveniles and adults),
creating a very narrow lateral exposure of the interorbital
bar (formed by the prefrontal and frontal) similar to S. gaff-
neyi, and Rhinochelys spp. In these taxa, the condition could
be due to the very early ontogenetic stage of the available
specimens, which is also the case of extant cheloniid spe-
cies. In D. padillai, the large orbits are retained even in the

adults. Desmatochelys lowi and other chelonioids s.I. have
smaller orbits in adult stages. Lower cheek emargination
(Character 23) is very shallow to almost absent resembling
all other protostegids (see fig. 2 in Hirayama 1994). A contact
between the quadrate and the jugal (Character 21) is present
in D. padillai as in all other protostegids for which these two
bones are preserved. Desmatochelys padillailacks squamosal-
jugal contact (Character 19). The posterior roof of the skull
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Figure 8. Desmatochelys padillai. Skull, CG-CBP 13. A, B, anterolateral view. C, D, dorsal view. E, right lateral view. F, ventral view.
Desmatochelys padillai skull, FCG-CBP 39. G, H, ventral view. I, J, dorsal view. Abbreviations as in Figure 6 plus fon: foramen
orbito-nasale

is slightly globular, similar to B. suteri, in contrast to D. lowi
and Rhinochelys spp., which have a flatter posterior roof of
the skull. The cavum tympani (Character 53) is circular in
outline with the incisura columellae auris open as in all other
chelonioids. The antrum postoticum is small in D. padillai,
and fully enclosed anteriorly by the quadrate (Character 55).

Skull posterior view—The posterior view of the skull of
D. padillai (Figs. 6C, D; 7E, F), resembles in all aspects and
bone contacts the skull of extant cheloniids (Fig. 61-K). The
exoccipitals contact the opisthotics laterally, the supraoc-
cipital dorsally, and the basioccipital ventrally. The occipital
condyle is formed by the contribution of the basioccipital
and both exoccipitals. At the exoccipital, D. padillai lacks
the foramen jugulare posterius as in D. lowi and chelonioids,
this is due to its confluence within the fenestra postotica.
The foramen magnum in D. padillai is slightly wider than
long, both foramina nervi hypoglossi are clearly visible in

both sides of exoccipitals, located very close to the occipital
condyle. The fenestra postotica is slightly larger than that in
extant cheloniids and is encapsulated between opisthotic,
exoccipital, and quadrate. Unfortunately, the posterior view
of the skull is poorly documented for protostegids, limit-
ing the comparison between taxa and the identification of
diagnostic characters.

Lower jaw—As in D. lowi, Rhinochelys nammourensis
Tong, Hirayama, Makhoul, and Escuilli¢, 2006, S. gaffneyi,
and Terlinguachelys fischbecki Lehman and Tomlinson, 2004
the angle of separation between both rami in D. padillai is
~60°; a wider angle is present in cheloniids (>60°) whereas
a much narrower angle (~40°) is present in the other proto-
stegids (see fig. 3 in Lehman and Tomlinson 2004). In lateral
view (Fig. 7G, H) the processus coronoideus has a very low
dorsal projection as in other protostegids and T. latiremis
(see fig. 3 in Lehman and Tomlinson 2004). This short
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Figure 9. Desmatochelys padillai carapace fragments. A, UCMP 38245A in dorsal view including neurals 2-8, and the medial portion
of costals. B, a hypothetical carapace reconstruction based on UCMP 38245A. C, D, UCMP 38245B specimen in dorsal view, poste-
rior portion of the carapace, including neurals 8-9? and suprapygal. E, close up of neural bone, colored grey in D. Abbreviations: bm:
bite marks, co: costal, ne: neural, sup: suprapygal. Grey oval shadows in B represent ferruginous nodules.

projection indicates a more reduced area for the insertion of
the adductor mandibulae externus Pars superficiales lateral
muscle and a probably much longer adductor mandibule
externus Pars profundus muscle than in extant cheloniids
(see fig. 9 in Jones et al. 2013 for muscles terminology and
illustration). Cheloniids have a procesuss coronoideus that
is more dorsally projected forming an obvious convexity in
lateral view. The contacts between the surangular, angular,
and dentary are not clearly defined in D. padillai, as well as
the presence or absence of the splenial bone.

Cervical vertebrae—Desmatochelys padillai has cervicals
(4 to 8 series) with narrow and low dorsal processes of the
neural arch. All cervicals are preserved in articulation (Fig.
4A, B). Both the pre- and postzaygapophyses are low. The
prezygapophyses project dorsolaterallly and the postzay-
gapophyses project ventrolaterally. The transverse process
(Character 186) is located along the midline of the centrum
asin D. lowi (see pl. 1H in Zangerl and Sloan 1960), ending
in a flat to concave facet, and being almost square-rectangular
in shape in ventral view (Fig. 4E, F).

The cervicals of D. padillai have a thick ventral process
(keel) that is oval in shape and ventrally flat to slightly con-
cave (Fig. 4E, F), being slightly more robust in cervicals 6
and 7. The ventral process in D. lowi and other chelonioids
s.I. is much narrower and with a convex surface. The wide
and flat to slightly concave morphology of the ventral pro-
cess suggests a very strong and large surface for attachment
of the tendons of the longus colli Partes capitis muscle that
runs ventrally along the neck of extant cheloniids (see fig.
12 in Jones et al. 2013). The central articulation of cervicals
4 to 8 (Character 188-198) are all of the ball and socket
type, procoelous, and almost circular in outline. Cervical 4
is slightly longer than cervicals 5 to 8, cervical 8 is the short-
est, having an elongated and curved left postzygapophysis.
This particular feature of cervical 8 has been considered the
most common condition in crown cryptodires (Joyce 2007).
In all these aspects, the cervicals of D. padillai resemble
the cervicals of D. lowi and cervical 5 of Protostega dixie
Zangerl, 1953a (Fig. 53). In cheloniids and D. coriacea, the
articulations between cervicals 6 to 8 are wider than high and
cervicals 7 and 8 (Character 198) have double articulations.
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Front paddle—The humerus of D. padillai is robust with
the processus medialis almost at the same level of the caput
humeri (Characters 237-240). The processus lateralis is
located anteriorly very close to the caput humeri, and the
foramen ectepicondylaris is deep and particularly visible on
the left front paddle. In all these characters, the humerus of
D. padillai resembles the humeri of other protostegids (See
fig. 6 in Hirayama 1994 and Fig. 8 in Lehman and Tomlinson
2004). The radius is longer than the ulna, slightly convex
anteriorly as in all other protostegids (Character 247). The ul-
nare is pentagonal in shape and larger than the intermedium,
which is squared (Character 251). The centrale is rectangular
in shape and contacts distal carpals 1 to 4 posterolaterally;
the centrale of all other chelonioids s.I. is circular to slightly
oval in shape. Distal carpals 5 and 4 are square in shape and
larger than the other three distal carpals, all five distal carpals
are almost the same size as those in all other protostegids and
chelonioids. Metacarpal 3 is slightly longer than 2 as in all
other protostegids whereas it is variable in other chelonioids
s.L. (see fig. 9 in Tong et al. 2006).

Shell and pectoral girdle—Desmatochelys padillai has an
oval carapace with a convex anterior margin. Unfortunately,
the dorsal surface of the carapace of the holotype is badly
preserved, without any recognizable sutures or sulci. There
are nine rectangular neurals with medial depressions and
surface striations in UCMP 38345A, the specimen found as-
sociated with UCMP 38346 (a skull), as well as neurals found
with the holotype. In D. lowi, and all other protostegids for
which neurals are known, dorsal keels are present, which can
also be developed in cheloniids (e.g., Caretta caretta [Lin-
naeus,1758]). The peripherals of D. padillai are much longer
than wide as in all other protostegids and some cheloniids
(e.g., Chelonia mydas [Linnaeus, 1758]). Desmatochelys padil-
lai has along, slightly trapezoidal, suprapygal bone, with the
sulcus between vertebral scales 4 and 5 located over its ante-
rior portion, observed in UCMP 38345B (Fig. 9C, D). Two
circular and deep bite marks are present in UCMP 38345B
(Fig. 9C, D) potentially caused by pliosauroids, which are
very abundant in the sequence of Paja Formation in Villa de
Leyva (Hampe 2005). The first thoracic rib is short (Fig. 10),
differing from the conclusion of Joyce (2007) that protoste-
gids have a very elongated first thoracic rib as in primitive
Testudines, and restricting that condition to S. gaffneyi. Only
two portions of the plastron are preserved, a fragment each
of the left hyoplastron and hypoplaston. These elements are
too poorly preserved to reconstruct their original plastron
shape. The acromial process of the scapula has a blade shape,
wider distally, with a slightly convex dorsal surface (Fig. 10).
The acromial process is cylindrical with dorsal striations
on the most distal portion. In all these aspects the pectoral

girdle elements of D. padillai resemble those from other
protostegids (see fig. 8 in Lehman and Tomlinson 2004),
with the main difference being that the scapular process is
shorter and thicker in A. ischyros and P. gigas.

PHYLOGENETIC RESULTS

Our primary analysis results in a single tree of 900 steps
(Fig. 11). For the purpose of this study we focus our discus-
sion to the placement of chelonioids and their hypothesized
closest relatives. As constrained with our molecular scaffold,
chelonioids are placed as the sister taxon to Chelydroidea
Baur, 1893 (sensu Knauss et al. 2011) within the Americhely-
dia Joyce, Parham, Warnock, and Donoghue, 2013. Within
this framework of extant lineages, fossil taxa assigned to three
extinct groups of cryptodires with plesiomorphic characters
(Macrobaenidae Sukhanov, 1964 [Cretaceous to Paleocene],
Sinemydidae Yeh, 1963 [Early Cretaceous], Xinjiangchely-
idae Nessov in Kaznyshkin, Nalbandyan, and Nessov, 1990
[Jurassic]; see phylogenetic definitions for all three groups
in Rabi et al. 2014) are united into a monophyletic group on
the stem of Chelonioidea (Pan-Chelonioidea, Fig. 11). Our
analysis also places two Jurassic forms (Solnhofia parsonsi
Gaftney, 1975 and Jurassichelon oleronensis Pérez-Garcia,
2015 inside Pan-Chelonioidea), though more crownward
than the macrobaenid - sinemydid - xinjiangchelyid group-
ing. The stem chelonioid T. latiremis is considered the sister
taxon to a clade formed by Cheloniidae + Protostegidae +
Pan-Dermochelys. Within the Chelonioidea s.I., protostegids
are placed as the sister taxon to Pan-Dermochelys. Within
the protostegids, S. gaffneyi is the most basal taxon, whereas
D. padillai is placed as the sister taxon to D. lowi consistent
with its earlier referral to that species (Nicholls 1992, Elliot
etal. 1997). The D. lowi and D. padillai clade is placed as the
sister taxon to a Late Cretaceous clade that includes R. nam-
mourensis, A. ischyros, and P. gigas.

Our analysis placed the protostegids on the stem of D.
coriacea, i.e., within Chelonioidea. This topology is similar
to that found by previous analyses of chelonioid phylogeny
(Hirayama 1994, Hirayama 1998, Kear and Lee 2006, Bar-
det et al. 2013), but differs from the global analysis of Joyce
(2007), which placed S. gaffneyi, and ostensibly all other
protostegids, outside of Chelonioidea. Because our data
matrix included both more characters and more taxa than
Joyce (2007), we ran an analysis including the same three
fossil chelonioids s.I. as that study. Unlike Joyce (2007), our
results also included protostegids (represented by S. gaffneyi)
close to Chelonioidea, although this time on the stem and not
within the crown. Based on this result, we conclude that the
placement of S. gaffneyi (and by extension all other protoste-
gids) results from the inclusion of the characters from more
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Figure 10. Desmatochelys padillai. The most anterior portion of the carapace close-up in ventral view showing the arrangement of
the first two thoracic vertebrae and thoracic ribs, holotype FCG-CBP 01. Abbreviations: acp: acromion process, cv: cervical verte-
bra, tr: thoracic rib, tv: thoracic vertebra.

restricted (marine turtle) phylogenetic data matrices (i.e.,
Hirayama 1994, Hirayama 1998, Kear and Lee 2006, Parham
and Pyenson 2010, Bardet et al. 2013, Lapparent de Broin et
al. 2014b). The implications of this result are discussed below.

DISCUSSION

A phylogenetic definition for Protostegidae

The monophyly and content of Protostegidae has been
demonstrated by previous authors (Zangerl 1953a, Hirayama
1994, 1998, Hooks 1998, Kear and Lee 2006) and is sup-
ported by our analysis. Therefore, we define Protostegidae
as the most inclusive clade that includes Protostega gigas,
but no living turtle or the ‘essential’ members of Macrobae-
nidae, Sinemydidae or Xinjiangchelyidae (i.e., Macrobaena
mongolica Tatarinov, 1959, Sinemys lens Wiman, 1963, and
Xinjiangchelys junggarensis Yeh, 1986). This definition is
modeled from a recent study that phylogenetically defined
three clades of fossil pan-cryptodires (Rabi et al. 2014).
Because the ultimate phylogenetic position of protostegids
within Pan-Cryptodira is unknown (see below), it is neces-
sary to ensure that our definition does not overlap with these
previously defined fossil clades.

Polyphyly of marine turtles?

The placement of D. padillai and other protostegids within
Chelonioidea in our study is driven by the inclusion of char-
acters from marine turtle matrices into global matrices (see
Phylogenetic Results). This matches the traditional position
of protostegids, and in contrast to recent studies assert that
protostegids are not chelonioids, but rather an independent
marine radiation (Joyce 2007, Joyce et al. 2013, Parham et al.
2014). An in-depth study of how marine turtle characters/
homoplasies are affecting the topology is beyond the scope of
this paper. However, because the resolution of these compet-
ing hypotheses determines whether D. padillai is the oldest
known chelonioid, and hence a good fossil calibration for
molecular studies, we review some of the attendant issues
and relevant patterns below.

The results of our cladistic analysis place two grades of
extinct turtles near the base of the chelonioid stem Jurassic
marine turtles and a grouping of primarily Jurassic and Cre-
taceous freshwater cryptodires with plesiomorphic characters
(i.e, macrobaenids, sinemydids, and xinjiangchelyids). The
latter result was also obtained by Sterli (2010). The freshwater
forms are placed as the sister taxon to all other pan-cheloni-
oids. Because these taxa are largely characterized by a lack of
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Odontochelys semitestacea

Proganochelys quenstedti

Palaeochersis talampayensis

Kayentachelys aprix

Figure 11. Strict consensus cladogram
showing the phylogenetic relationships
between marine turtles recovered in the
current analysis including Desmatochelys
padillai and other most complete proto-
stegids. Bootstrap support values from
100 replicates (above) and Bremer decay
indices (below) are shown for each node.
Nodes with bootstrap values of 100 and
Bremer indices of 6 or more are shown
with an open circle.
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synapomorphies, their placement in other phylogenies has
been very unstable (Joyce 2007, Danilov and Parham 2008,
Rabi et al. 2013, Pérez-Garcia et al. 2014, Zhou et al. 2014)
and we caution that their exclusive monophyly could be an
analytical artifact. The possibility that some of these taxa are
pan-chelonioids remains to be carefully demonstrated, but
it is worth noting that over the past 12 years the presence of
Late Cretaceous macrobaenids in North America (Parham
and Hutchison 2003, Parham 2005, Brinkman et al. 2010)
puts at least some of these taxa in geographic and temporal
proximity to the origin of other americhelyidan lineages.

Jurassic marine turtles have been associated with pro-
tostegids ever since Joyce (2007) placed Sa. gaffneyi with
So. parsonsi and J. oleronensis outside of crown group
Cryptodira. Our analysis retains that association by placing
the Jurassic forms and protostegids into the crown group
Chelonioidea, within Americhelydia. The possibility that
just the protostegids are especially related to Jurassic marine
turtles (sensu Joyce 2007) is not supported by our analysis,
but is worth further consideration along with the possibility
that the marine lineages that originate in the Jurassic, Early
Cretaceous (protostegids), and Late Cretaceous (chelonioids)
represent three or more independent radiations. Our skepti-
cism about the cladistic pattern stems from the low statistical
support for the base of Pan-Chelonioidea, as well as the lack
of an evolutionary scenario that reconciles patterns of time,
geography, and anatomy. We illustrate the troubling lack of
consilience below.

Protostegids are the only marine turtle clade known from
the Early Cretaceous; they are known from Australia (Kear
and Lee 2006) and South America (Hirayama 1998, this
study) and Europe (Collins 1970). The initial appearance of
protostegids in southern continents (this study) is surprising
because cryptodires are a largely Eurasian clade in the Early
Cretaceous, and the continents that comprised Gondwana
are dominated by pleurodires (Crawford et al. 2015). The old-
est unanimously accepted non-protostegid chelonioid s.I. is
T. latiremis from the Upper Cretaceous of North America. In
addition to being temporally and geographically distant from
protostegids, T. latiremis is the least specialized chelonioid s.I.
(Zangerl 1953b). The primitive characters and basal position
of T. latiremis, and other undisputed pan-chelonioids from
the Upper Cretaceous of North America, are conspicuous
given the highly derived and pelagic-specialized morphology
of Early Cretaceous protostegids (such as D. padillai, and S.
gaffneyi). Setting the geography and pelagic specializations
aside, the phylogenetic position of protostegids requires
ghost lineages for Pan-Cheloniidae and Pan-Dermochelys
that encompass the better part of the Cretaceous (Fig. 12).
These discrepancies are part of the reason that some authors

have been open to the possibility that protostegids represent
an earlier independent radiation of marine turtles (Joyce et
al. 2013, Parham et al. 2014).

There are other ancillary arguments that support the
hypothesis that protostegids are not chelonioids. Molecular
phylogenies of extant lineages show that the non-marine lin-
eage that is most closely related to chelonioids is Chelydroi-
dea. Fossil chelydroids first appear in the Upper Cretaceous
of North America (Joyce et al. 2013) along with T. latiremis
and other undisputed chelonioids. Retaining protostegids in
Chelonioidea requires that chelydroids remain undiscovered
in Lower Cretaceous formations. Removing protostegids
from the chelonioids greatly simplifies biogeographic pat-
terns since the oldest undisputed pan-chelonioids (e.g.,
Toxochelys Cope, 1873 and Ctenochelys Zangerl, 1953b) are
from the Upper Cretaceous of North America. Moreover,
the phylogenomic results of Crawford et al. (2015) show
that the internodes between clades of americhelydians are
very short, suggesting a rapid appearance of chelonioids
and pan-chelydroids in the Late Cretaceous. This pattern is
complicated by the temporal differences noted above, and
further exacerbated by the inclusion of Jurassic forms on
the chelonioid stem (e.g., xinjiangchelyids, S. parsonsi, J.
oleronesis).

We establish here that the inclusion of marine turtle
specific characters is driving the placement of protostegids
in Chelonioidea (see Phylogenetic Results). It is possible
that convergent marine specializations could be overriding
characters that are not obviously linked to a marine ecology.
If this is the case, and protostegids are actually stem crypto-
dires, then we should expect them to retain some unusually
plesiomorphic characters. In fact, some Early Cretaceous
protostegids do show some characters that do not match
those of crown group chelonioids. These characters include
almost all cervical articulations procoelous, an elongated
first thoracic rib (known in S. gaffneyi), transversal process
positioned at the middle of the vertebral centrum of cervi-
cals, and prefrontals that do not meet medially (A. ischyros,
B. suteri [polymorphic for this taxon], D. lowi, D. padillai,
Rhinochelys spp., and S. gaffneyi). These characters do not
occur in chelonioids or other crown group cryptodires,
but are found in Early Cretaceous stem cryptodires (e.g.,
sinemydids).

For all of the reasons listed above, and despite the fact that
our phylogenetic analysis supports the hypothesis that D.
padillai is the oldest chelonioid, we do not recommend that it
be used as a fossil calibration for that node at this time. Fossil
calibrations should be based on well-demonstrated phyloge-
netic conclusions (Parham et al. 2012), and whereas we feel
that a monophyletic Chelonioidea ... (including protostegids
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in the crown) could be correct there is considerable lingering
uncertainty. A consequence of this uncertainty is that the
oldest specimen we can confidently assign to Chelonioidea
is the holotype of the Eocene dermochelyid Eosphargis
breineri Nielsen, 1959 (see Joyce et al. 2013). This specimen
is as young as 48.4 Ma, >75 million years younger than the
material of D. padillai.

Oldest known marine turtle?

Desmatochelys padillai is from the upper Barremian-lower
Aptian “arcillolitas abigarradas” segment of Paja Formation,
making its minimum age ~120.0 Ma (Cohen et al. 2013)
compared to the 92.8 Ma minimum age for S. gaffneyi (see
Joyce etal. 2013, p. 617). Because S. gaffneyi was considered
to be the oldest known marine turtle by some authors (Hi-
rayama 1994, 1998) this would seemingly make D. padillai
the oldest marine turtle (Fig. 12). However, the matter is
complicated by the fact that the definition of “marine turtle”
is not rigorously established. Therefore, recognizing marine
turtles in the fossil record can be difficult. Extant chelonioids
are obviously marine turtles because they show adaptations
for a pelagic marine existence (see introduction) and are
always found in marine environments. The trionychid turtle
Trionyx triunguis Forskal, 1775 has been observed in marine
environments (Taskavak and Akcinar 2009), but is primarily
known from freshwater sites and is never considered a ma-
rine turtle. The emydid Malaclemys terrapin Schoepft, 1793
is restricted to coastal saline environments (Carr 1952), but
is also not considered a marine turtle. Thus it seems that the
label “marine turtle” is restricted to turtles that live in marine
environments that also show morphological specializations
of marine turtles such as enlarged salt glands and paddles
(Hirayama 1998). These features can be difficult to ascertain
in the fossil record. Some combination of these characters is
necessary since freshwater turtles show the development of
incipient paddles (e.g., Carettochelys insculpta Ramsay, 1886)
and also non-marine organisms can be found fossilized in
marine rocks.

Turtles from the Upper Jurassic of Europe assigned to
Plesiochelyidae Riitimeyer, 1873, Eurysternidae Dollo, 1886,
and Thalassemydidae Zittel, 1889 have been suggested to
show evidence of some of the quintessential marine turtle
characters such as large foramina interorbitale for accom-
modation of hypertrophied salt glands in the skull and
forelimbs modified into paddles (Lapparent de Broin et al.
2001, Renous et al. 2008, Anquetin et al. 2015), although
these claims require further verification. On the other side
of the planet, Neusticemys neuquina Fernandez and de la
Fuente, 1988 from the Upper Jurassic (Tithonian) of Argen-
tina, shows elongated forelimbs, however they do not match

those of other marine turtles and the skull is unknown (see
de la Fuente and Fernandez 2011). It is likely that the Juras-
sic forms correspond to littoral or coastal adapted turtles as
has been suggested for bothremydid pleurodires (Gaffney
et al. 2006, Cadena et al. 2012), stereogenyins, a group of
Cenozoic podocnemidids (Ferreira et al. 2015), sandowi-
nids (Cretaceous-Paleogene pan-cryptodires, also found in
the Paja Formation of Villa de Leyva, Colombia [Cadena
in press]), and the emydid Malaclemys terrapin mentioned
above. Potential evidence of marine adapted turtles during
the Jurassic comes from trackways found in France, showing
evidence of synchronous forelimb movements seen in extant
chelonioids (Gaillard et al. 2003). However, the absence of
fossil turtles from the same stratigraphical horizon leaves the
question of the track makers identity open.

The morphology and ecology of Jurassic forms require
further study, but there are sufficient data to complicate the
assertion that the oldest known marine turtles are Creta-
ceous. Nevertheless, protostegids, such as D. padillai, are
easily labeled as marine turtles because they share many of
the morphological features of extant chelonioids and are
found in rocks that were deposited in an offshore marine en-
vironment. Whereas the term “oldest marine turtle” depends
very much on the concept of the term being applied, we can
confidently say that D. padillai is the oldest, definitive, fully
marine turtle known to date.
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SUPPLEMENTARY INFORMATION 1

List of characters used in this study. Authors abbreviations:
AN, Anquetin (2012); BR, Bardet et al. (2013); HY1,
Hirayama (1994); HY2, Hirayama (1998); JY1, Joyce
(2007); JY2, Joyce et al. (2011); KL, Kear and Lee (2006);
PH, Parham and Pyenson (2010); ST, Sterli (2008); STE,
Sterli and de la Fuente (2013). See the respective reference
for discussion, previous references or history of the
character. Recent changes to characters numbers from
HY?2 original matrix can be found in Lapparent de Broin et
al. (2014a). The final Mesquite matrix can be downloaded
at http://escholarship.org/uc/item/147611bv/27300-
106320-15-ED.txt.

Skull

1.

10.

Nasals: 0 = present; 1 = absent. JY1 & STF (ch 1, Nasal
A). HY2, KL, BR (ch 2).

Nasals, medial contact of nasals: 0 = nasals contact one
another medially along their entire length; 1 = medial
contact of nasals partially or fully hindered by long an-
terior frontal process. JY1 & STF (ch 2, Nasal B).
Nasals, size of nasals: 0 = dorsal exposure of nasals large;
1 = dorsal exposure of nasals greatly reduced relative to
that of the frontals. JY1 & STF (ch 3, Nasal C).
Prefrontals, medial contact of prefrontals on the dorsal
skull surface: 0 = absent; 1 = present, absence of contact
between the nasal or apertura narium externa and the
frontal. JY1 & STF (ch 4, Prefrontal A), HY2, KL, BR
(ch 3).

Prefrontals, prefrontal-vomer contact: 0 = present; 1 =
absent. JY1 & STF (ch 5, Prefrontal B).

Prefrontals, prefrontal-palatine contact: 0 = present; 1
= absent. JY1 & STF (ch 6, Prefrontal C).

Prefrontals, dorsal prefrontal exposure: 0 = present,
large; 1 = reduced; 2 = absent or near absent. JY1 & STF
(ch 7, Prefrontal D). Remarks: Anquetin (2012) splits
this character in two: AN (ch 9) & (ch 10) arguing for
a better test of the congruence of the lack of a dorsal
exposure of prefrontals in the phylogenetic analysis.
Ordered.

Prefrontals, cranial scutes on the prefrontal: 0 = one pair;
1 = two pairs or more. PH (ch 10); HY2 & KL (ch 1); BR
(ch 1). Remarks: State 1 modified considering the pres-
ence of more than two pairs of scutes in Eretmochelys
imbricata and Lepidochelys kempii.

Lacrimal: 0 = present; 1 = absent. JY1 & STF (ch 9,
Lacrimal A).

Frontals, frontal contribution to orbit: 0 = absent, con-
tact between prefrontal and postorbital; 1 = present.
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12.

13.

14.

15.

16.

17.

JY1 & STF (ch 10, Frontal A); HY2 & KL (ch 4); BR
(ch 4), reversing polarity of HY (ch 4) to (0: present, 1:
absent). Remarks: Sterli and de la Fuente (2013) coded
Caretta caretta as 0&1, but after direct examination of
important number of extant specimens all have state 0
(see Table 1S).

Frontals, both frontals medially fused: 0 = absent; 1 =
present. Bona and de la Fuente (2005) and STF (ch 11,
Frontal B).

Frontals, direction of the orbits in dorsal view of the
skull: 0 = laterally facing, with a very narrow to almost
complete absent dorsal exposure of the maxilla and ju-
gal; 1 = dorsolateral facing, with portions of the maxilla
and jugal dorsally exposed. Modified from PH (ch 12);
HY2, KL, BR (ch 5).

Parietals, parietal-squamosal contact: 0 = present, upper
temporal emargination absent or poorly developed; 1
= absent, upper temporal emargination well developed.
JY1 (ch 11) & STF (ch 12) (Parietal A); HY2, KL, BR
(ch 7). Remarks: Ocepechelon and Archelon have a very
narrow contact. Also the outline in Alienochelys is not
complete and a very narrow contact could also be pos-
sible.

Parietals, closure of foramen nervi trigemini and the
length of the anterior extension of the lateral braincase
wall: 0 = foramen nervi trigemini anteriorly open,
anterior extension of lateral braincase wall absent; 1 =
foramen nervi trigemini anteriorly closed, processus in-
ferior parietalis only produces a narrow strut anterior to
the foramen nervi trigemini, usually absence of contact
with palatine; 2 = foramen nerivi trigemini anteriorly
closed, processus inferior parietalis produces an ex-
tended process anterior to the foramen nervi trigemini,
contact with palatine commonly present. The character
states of JY1 (ch 12) & STF (ch 13) (Parietal B) and JY1
(ch 13) & STF (ch 14) (Parietal C); HY2, KL, & BR (ch
6) form alogical morphocline and we therefore combine
them into a single multistate character. Remarks: coded
for few fossils because: poorly described specimens,
lack of figures detailing this feature, or obscured by
rock matrix.

Parietals, posterodorsal margin of the temporal fossa
roofed by an overhanging process of the skull roof: 0 =
absent; 1 = present. JY2 (ch 14) & STF (ch 15) (Parietal
D).

Parietals, contribution to the processus trochlearis
oticum: 0 = absent; 1 = present. Meylan and Gaffney
(1989), STF (ch 17, Parietal F).

Parietals, foramen stapedio-temporalis: 0 = absent or
weak, foramen stapedio-temporale concealed in dorsal
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view; 1 = moderate foramen stapedio-temporale, partial
exposition of the processes trochlearis in dorsal view; 2
= strong, entire exposition of the processus trochlearis
in dorsal view. STF (ch 19, Parietal H). Ordered.
Parietals, pineal foramen located medially between
parietals: 0 = absent; 1 = present. New character.
Jugals, jugal-squamosal contact: 0 = present; 1 = absent,
contact between postorbital and quadratojugal present.
JY1 (ch 14) & STF (ch 20) (Jugal A); HY1 (ch 8).
Jugals, jugal participation in the rim of the upper
temporal emargination: 0 = absent; 1 = present, upper
temporal emargination extensive. JY1 (ch 15) & STF
(ch 21) (Jugal B).

Jugals, jugal-quadrate contact: 0= absent; 1= present,
quadratojugal does not contribute to lower temporal
margin. HY2, KL & BR (ch 9).

Jugals, medial process of jugal beneath orbit, seen in
ventral view to slightly ventroposterior view: 0 = weakly
developed or absent, jugal only contacts the maxilla; 1
= weak to moderately developed, presence of a contact
between the jugal and pteygoid due to the lateral exten-
sion of this last; 2 = strongly developed, jugal contacts
the pterygoid, the palatine, and the maxilla. Combined
and modified from HY2, KL & BR (ch 10 and ch 11).
Remarks: Ventral view is not always precise enough
to see the contact, so there might be some specimens
for which there is a contact between the palatine and
the jugal but it is slightly or completely hidden by the
maxilla or the palatine, that is why we included the
observation of ventroposterior view of the skull in the
definition of this character. Ordered.

Quadratojugals, deep lower temporal emargination
extending above the upper limit of the cavum tympani
and the resulting loss of the quadratojugal: 0 = absent;
1 = present. Reworded from JY1 (ch 16) & STF (ch
22) (Quadratojugal A) and AN (ch 22); HY2, KL &
BR (ch 12).

Quadratojugals, quadratojugal-maxilla contact: 0 =
absent; 1 = present, jugal does not contribute to lower
temporal emargination. JY1 (ch 17) & STF (ch 23)
(Quadratojugal B).

Quadratojugals, quadratojugal-squamosal contact be-
low the cavum tympani: 0 = absent; 1 = present. JY2 (ch
19) & STF (ch 24) (Quadratojugal C) and AN (ch 24).
Squamosals, squamosal-postorbital contact: 0 = pres-
ent; 1 = absent, temporal roofing well developed, but
postorbital short; 2 = absent, due to lower temporal
emargination; 3 = absent, due to upper temporal
emargination. JY1 (ch 18) & STF (ch 25) (Squamosal
A). Remarks: Anquetin (2012) omitted this character,
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however we do not share his concerns in regard to this
character and maintain it as developed by Joyce (2007).
Squamosals, squamosal-supraoccipital contact: 0 =
absent; 1 = present. JY1 (ch 19) & STF (ch 26) (Squa-
mosal B).

Squamosals, posterolateral protuberances developing
horns: 0 = absent; 1 = present. Gaffney (1996), STF (ch
27, Squamosal C).

Squamosals, very long posterior process, formed exclu-
sively by the squamosal and protruding beyond condyles
occipitalis: 0 = absent; 1 = present. Gaffney et al. (2006)
& STF (ch 28, Squamosal D).

Squamosals, squamosal-quadrate contact: 0 = tightly
sutured; 1 = wide open. STF (ch 29, Squamosal E).
Postorbitals, postorbital-palatine contact: 0 = absent;
1 = present, foramen palatinum posterius situated
posterior to the orbital wall. JY1 (ch 20) & STF (ch 30)
(Postorbital A).

Supratemporal: 0 = present; 1 = absent. JY1 (ch 21) &
STF (ch 31) (Supratemporal A).

Premaxilla, subdivision of the apertura narium externa
by an internarial process of the premaxilla only: 0 = pres-
ent; 1 =absent. JY2 (ch 24) & STF (ch 32) (Premaxilla A).
Premaxilla, fusion of premaxillae: 0 = absent; 1 = pres-
ent. JY1 (ch 23) & STF (ch 33) (Premaxilla B).
Premaxilla, foramen praepalatinum: 0 = present; 1 =
absent; 2 = absent, foramen intermaxillaris present.
JY1 (ch 24) & STF (ch 34) (Premaxilla C); HY2, KL &
BR (ch 14). Anquetin (2012) modified this character
from multistate to binary, however we do not follow
the logic of Anquetin and maintain it as developed by
Joyce (2007).

Premaxilla, exclusion of the premaxillae from the ap-
ertura narium externa: 0 = absent; 1 = present. JY1 (ch
25) & STF (ch 35) (Premaxilla D).

Premaxilla, distinct, medial premaxillary hook along
the labial margin of the premaxillae: 0 = absent; 1 =
present.JY1 (ch 26) & STF (ch 36) (Premaxilla E); HY2,
KL & BR (ch 13).

Palatines, palatine contribution to the anterior exten-
sion of the lateral braincase wall: 0 = absent; 1 = present,
well-developed. JY1 (ch 30) & STF (ch 48) (Palatine A).
Palatines, contribution to the upper triturating surface:
0 = absent or less than 30% of the total width of the
triturating surface; 1 = present, at least 30% or more of
the total width of the triturating surface. Modified from
HY?2, KL, BR (ch 15), STF (ch 38, Maxilla B).
Palatines, secondary palate: 0 = absent; 1 = present,
complete separation of the narial cavity from the oral
cavity. PH (ch 1); BR (ch 15) & STF (ch 39, Maxilla C).
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Palatines, vomer-palatine contact anterior to internal
naris (apertura narium interna): 0 = absent; 1 = present.
HY2, KL, & BR (ch 18). Remarks: Character visible in
ventral/palatal view.

Maxilla, triturating surface definition: 0 = triturating
surface with labial ridge only; 1 = triturating surface
with labial and lingual ridge; 2 = triturating surface
with labial, lingual, and accessory ridge(s). AN (ch
38); HY2, KL, & BR (ch 19); STF (ch 40, Maxilla D).
Remarks: Sterli and de la Fuente (2013) coded Chelydra
serpentina and Caretta caretta as lacking a lingual ridge
(0), but the lingual ridge is present in both taxa, coded
here as (1). Ordered.

Maxilla, accessory ridge(s): 0 = accessory ridge(s) on
maxilla present along the triturating surface; 1 = ac-
cessory ridge(s) only in some sectors of the triturating
surface. Gaffney (1992); STF (ch 41, Maxilla E).
Vomer, number of vomer(s): 0 = paired; 1 = single,
but large; 2 = single and greatly reduced or absent. JY1
(ch 26) & STF (ch 42) (Vomer). Remarks: Anquetin
(2012) split the character in two AN (ch 41 and ch 42),
however we prefer to keep this character as unique and
multistate.

Vomer, vomer-pterygoid contact in palatal view: 0 =
present; 1 = absent, medial contact of palatines pres-
ent. JY1 (ch 28) & STF (ch 43) (Vomer B); HY2, KL &
BR (ch 20).

Vomer, vomerine and palatine teeth: 0 = present; 1 =
absent. JY1 (ch 29) & STF (ch 44) (Vomer C).

Vomer, vomer-premaxilla contact in ventral view: 0 =
broad, anterior margin of the vomer straight; 1 = very
reduced, anterior margin of vomer forming an acute
tip; 2 = absent, both maxilla meeting medially. ST (ch
31); PH (ch 4 and ch 9); STF (ch 45, Vomer D). Re-
marks: Chelonia mydas is coded here as (0) after direct
examination of specimens (see Table 1S). This char-
acter strictly deals with the contact on ventral surface
of the skull; a premaxilla-vomer contact can be absent
in ventral view but present dorsoanteriorly inside the
palate. Ordered.

Vomer, ventral crest: 0 = absent; 1 = narrow and tall
ventral crest present all along the vomer. Reworded
from STF (ch 46, Vomer E).

Vomer, shape of the palate roof: 0 = flat; 1 = domed.
Reworded from Gaffney (1983) and STF (ch 47, Vomer
F). Remarks: coded for few fossils because: poorly de-
scribed specimens, lack of figures detailing this feature,
or obscured by rock matrix.

Vomer, vomerine pillar visible in ventral view: 0 =
vomerine pillar absent; 1 = present; 2 = present but
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obscured in ventral view by the posterior extension of
the triturating surface of the vomer. Modified from PH
(ch2); HY2, KL, & BR (ch 17). Remarks: An additional
state was added for the absence of the pillar. Ordered.
Vomer, contribution to the upper triturating surface;
0 = absent, triturating surface narrow to absent; 1 =
present. HY2, KL, & BR (ch 16).

Quadrates, flooring of cavum acustico-jugulare and
recessus scale tympani: 0 = absent; 1 = fully or partially
present, produced by the posterior process of the ptery-
goid, but the pterygoid does not cover the prootic; 2 =
produced by the posterior process of the pterygoid, and
the pterygoid covers the prootic; 3 = fully or partially
present, produced by the ventral process of the quad-
rate or the prootic, or both. JY1 (ch 31) & STF (ch 49)
(Quadrate A). Remarks: Anquetin (2012) redefined
this character to make binary, however we to keep this
character as multistate defined by Joyce (2007).
Quadrates, development of the cavum tympani: 0
= shallow, but not developed anteroposteriorly; 1 =
shallow, but anteroposteriorly developed; 2 = deep
and anteroposteriorly developed. JY1 (ch 32 and ch
33, Quadrate B and C), STF (ch 50, Quadrate B+C).
Ordered.

Quadrates, precolumellar fossa: 0 = absent; 1 = present.
JY1 (ch 34) & STF (ch 51) (Quadrate D).

Quadrates, antrum postoticum: 0 = absent; 1 = present,
quadrate does not fully enclose the anterior perimeter
of the antrum; 2 = present, quadrate fully encloses the
anterior perimeter of the antrum. JY1 (ch 35, Quadrate
E), STF (ch 53, Antrum postoticum A). Remarks: we do
not follow Sterli (2008) or Anquetin (2012) and retain
this character as originally worded by Joyce (2007).
Ordered.

Quadrates, arrangement between the quadrate, oph-
isthotic, stapes and Eustachian tube: 0 = the quadrate
and the opisthotic form an angle of 90 degrees in lateral
view; 1 = present, but the quadrate and the opisthotic
form an angle less than 90 degrees in lateral view; 2 =
the quadrate is well developed posteroventrally enclos-
ing only the stapes; 3 = the quadrate is well developed
posteroventrally enclosing the stapes and the Eusta-
chian tube; 4 = the quadrate enclosing stapes and the
Eustachian tube helped by the posteroventral projection
of the squamosal and posterior of the quadratojugal.
Modified from JY2 (ch 37) & STF (ch 53) (Quadrate
F). Remarks: we don’t follow the rationale of Anquetin
(2012) against the usage of multistate characters and
recombine Anquetin’s characters 52, 53, and 54 back
into one multistate character, as was done by Joyce
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(2007) and Sterli (2008). We furthermore do not follow
Anquetin’s (2012) rationale in regards to the scoring of
Meiolania platyceps, as this taxon is similar to pleuro-
dires in that the incisura is not close by the quadrate
itself, but rather more superficially by the squamosal,
postorbital, and quadratojugal. We nevertheless accept
Anquetin (2012) adjustment of Joyce (2007) scoring for
Dinochelys whitei.

Quadrate, processus trochlearis oticum: 0 = absent; 1 =
present, very reduce; 2 = present, large forming a well
defined musculatory facet. Modified from STF (ch 54,
Quadrate G). Remarks: a third state is added here for
those turtles with a very large processus trochlearis
oticum. Ordered.

Quadrate, contribution to the musculatory facet of the
processus trochlearis oticum: 0 = extensive contribu-
tion; 1 = small contribution, facet formed principally
by the protic and/or parietal. Reworded from Meylan
(1987) and STF (ch 55, Quadrate H).

Quadrate, qudrate-basiphenoid contact: 0 = absent;
1 = present. Lapparent de Broin and Werner (1998);
Gaflney et al. (2006) (ch 104); STF (ch 56, Quadrate I).
Epipterygoids: 0 = present, rod like; 1 = present, lami-
nar; 2 =absent. JY2 (ch 37) & STF (ch 57) (Epipterygoid
A). Remarks: coded for few fossils because: poorly de-
scribed specimens, lack of figures detailing this feature,
or obscured by rock matrix.

Pterygoids, pterygoid teeth: 0 = present; 1 = absent. JY1
(ch 38) & STF (ch 58) (Pterygoid A).

Pterygoids, basipterygoid process and basipterygoid
articulation: 0 = basipterygoid process present with a
movable basiptergoid articulation; 1 = basipterygoid
process present with a sutured basipterygoid articu-
lation; 2 = basipterygoid process absent and sutured
basipterygoid articulation. ST (ch 41), STF (ch 59,
Pterygoid B). Remarks: coded for few fossils because:
poorly described specimens, lack of figures detailing
this feature, or obscured by rock matrix.

Pterygoids, interpterygoid vacuity: 0 = triangular in
shape; 1 = reduced to an interpterygoid slit; 2 = re-
duced to a paired foramen caroticum laterale. JY1 (ch
40) & STF (ch 60) (Pterygoid C). Remarks: coded for
few fossils because: poorly described specimens, lack
of figures detailing this feature, or obscured by rock
matrix. Ordered.

Pterygoids, pterygoid-basioccipital contact: 0 = absent;
1 = present. JY1 (ch 41) & STF (ch 62) (Pterygoid D).

Pterygoids, processus trochelaris pterygoideus: 0 =
absent; 1 = present. JY1 (ch 42) & STF (ch 63) (Ptery-
goid E).
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Pterygoids, foramen palatinum posterius: 0 = present;
1 = present, but open laterally; 2 = absent. JY1 (ch 43)
& STF (ch 64) (Pterygoid F); HY2, KL, & BR (ch 21).
Remarks: we do not follow the rationale of Anquetin
(2012) against the usage of multistate characters and
retain this as a multistate character. We nevertheless
accept Anquetin (2012) adjustment of Joyce (2007)
scoring for Sandownia harrisi. Ordered.

Pterygoids, medial contact of pterygoid: 0 = present,
pterygoids in a very long medial contact with one
another, longer than the basisphenoid total length
in midline; 1 = present, pterygoids in medial contact
with one another, contact length equal or shorter than
the basisphenoid total length in midline; 2 = absent,
contact of the basisphenoid with the vomer and/or
palatines present. Modified from JY1 (ch 44) & STF (ch
65) (Pterygoid G). Remarks: two additional states were
added to differentiate the length of the contact in rela-
tionship to the basisphenoid midline length. Ordered.
Pterygoids, pterygoid contribution to foramen palati-
num posterius: 0 = present; 1 = absent. JY1 (ch 45) &
STF (ch 66) (Pterygoid H).

Pterygoids, vertical flange on processus pterygoideus
externus: 0 = absent; 1 = present. Zhou et al. (2014) &
JY1 (ch 67) (Pterygoid I).

Pterygoids, contact with the exoccipital: 0 = absent; 1
= present. STF (ch 68, Pterygoid J).

Pterygoids, fossa podocnemidoidea or cavum pterygoi-
dei: 0 = absent; 1 = present. Lapparent de Broin (2000);
STF (ch 69, Pterygoid K).

Pterygoids, processus pterygoideus externus: 0 = large,
forming an extensive lateral wing; 1 = reduced, forming
an acute tip; 2 = extremely reduced due to the postero-
lateral projection of the pterygoid; 3 = absent. Modified
from PH (ch 11); HY2, KL, & BR (ch 22); STF (ch 70,
Pterygoid L). Ordered.

Pterygoids, level of the position of the pterygoid respect
to basisphenoid: 0 = both bones are at the same level
on ventral surface; 1 = two different levels, creating a
step between the two bones. Reworded from STF (ch
71, Pterygoid M).

Pterygoids, medial ridge: 0 = incipient to absent; 1
= present, ridge spans nearly the full length of the
pteygoids, sometimes reaching the most posterior
portion of the vomer. The medial ridge is produced by
the extremely concave posterolateral portions of both
pterygoids. Reworded from PH (ch 14); HY2, KL, &
BR (ch 23).

Pterygoids, extending laterally almost reaching the
mandibular condyle facet: 0 = absent; 1 = present, the
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pterygoid contacts the medial edge of the mandibular
condyle when is seem in ventral view; 2 = present, the
pterygoids extends not only laterally to reach the outline
of the mandibular condyle facet, but also posteriorly far
from the level of the condyles. Reworded from HY2,
KL, & BR (ch 24). Ordered.

Supraoccipitals, crista supraoccipitalis: 0 = poorly de-
veloped; 1 = protruding significantly posterior to the
foramen magnum. JY1 (ch 46) & STF (ch 72) (Supraoc-
cipital A); HY2, KL, & BR (ch 28).

Supraoccipitals, large supraoccipital exposure on dorsal
skull roof: 0 = absent; 1 = present. JY2 (ch 49) & STF
(ch 73) (Supraoccipital B).

Supraoccipitals, horizontal crest in the crista supraoc-
cipitalis: 0 = absent or poorly developed anteriorly; 1
= present, along the entire crista supraoccipitalis. STF
(ch 74, Supraoccipital C).

Exoccipitals, medial contact of exoccipitals dorsal to
foramen magnum: 0 = absent; 1 = present. JY1 (ch 48)
& STF (ch 75) (Exoccipital A).

Basioccipital, morphology of the anteriormost part of
the basioccipital: 0 = with two or one ventral tubercle;
1 = tubercle absent. ST (ch 52); STF (ch 76, Basioc-
cipital A).

Basioccipital, deep C-shaped concavity between basi-
occipital tubera: 0 = absent; 1 = present. STF (ch 77,
Basioccipital B).

Prootic, dorsal exposure: 0 = large; 1 = very reduce or
absent. STF (ch 78, Prootic A).

Opisthotics, wide transverse occipital plane with de-
pression for the nuchal musculature: 0 = absent; 1 =
present. ST (ch 54); STF (ch 80, Opisthotic B).
Opisthotics, ventral ridge on opisthotic: 0 = absent; 1 =
present, with an incipient enclosed middle ear region;
2 = present, but modified with an enclosed middle ear
region. ST (ch 55); STF (ch 81, Opisthotic C).
Opisthotics, procesus interfenestralis: 0 = present, but
not reaching the floor of cavum acustico-jugulare; 1
= present, reaching the floor of the cavum acustico-
jugulare but small; 2 = present, reaching the floor of
the cavum acustico-jugulare but robust. ST (ch 56);
STF (ch 82, Opisthotic D). Ordered.

Basisphenoid, rostrum basisphenoidale: 0 = flat; 1 =
rod-like, thick and rounded. JY2 (ch 56) & STF (ch 83)
(Basisphenoid A); PH (ch 15); HY2, KL, & BR (ch 34).
Basisphenoid, paired pits on ventral surface of basi-
sphenoid: 0 = absent; 1 = present. JY2 (ch 57) & STF
(ch 84) (Basisphenoid B).

Basiphenoid, ventral surface: 0= flat to slightly convex,
with posterior margin straight or slightly concave; 1=
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V-shaped crest, with posterior margin forming the
basipterygoid process projected posterolaterally. Char-
acter combined from HY2, KL, & BR (ch 31 and 32),
STF (ch 85, Basisphenoid C).

Basiphenoid, rough surface between basisphenoid
and basioccipital: 0 = absent; 1 = present. STF (ch 87,
Basisphenoid E).

Basiphenoid, dorsum sellae: 0 = low; 1 = high. PH (ch
16); HY2, K1, & BR (ch 33). Remarks: coded for few fos-
sils because: poorly described specimens, lack of figures
detailing this feature, or obscured by rock matrix.
Basisphenoid, foramen caroticum laterale larger than
foramen anterius canalis carotici interni: 0 = absent; 1
=present. PH (ch 5); HY2, KL, & BR (ch 37). Remarks:
coded for few fossils because: poorly described speci-
mens, lack of figures detailing this feature, or obscured
by rock matrix.

Basiphenoid, foramen anterius canalis carotici interni
visible in dorsalanterior view of basisphenoid: 0 =
widely separated; 1 = close together. HY2, KL, & BR
(ch 29). Remarks: coded for few fossils because: poorly
described specimens, lack of figures detailing this fea-
ture, or obscured by rock matrix.

Hyomandibular, path of hyomandibular branch of the
facial nerve: 0 = hyomandibular nerve passes through
cranioquadrate space parallel to vena capitis lateralis;
1 = hyomandibular nerve runs independent from vena
capitis lateralis. JY1 (ch 52) & STF (ch 95) (Hyoman-
dibular Nerve A).

Stapedial Artery, size of foramen stapedio-temporale: 0
= relatively large (the size of a large blood foramina, >5
mm diameter); 1 = significantly reduced in size (the size
of a nerve foramina, <3 mm diameter); 2 = absent. JY1
(ch 54) & STF (ch 90) (Stapedial Artery B). Remarks:
we do not agree with the rationale of Anquetin (2012)
and retain this as a multistate character. Ordered.
Stapedial Artery, foramen stapedio-temporale location
in the otic chamber: 0 = on dorsal part and pointing
dorsally; 1 = on the anterior wall of the otic region,
pointing anteriorly. Reworded from STF (ch 91, Sta-
pedial Artery C).

Recessus scalae tympani: 0 = almost nonexistent, not
surrounded by bone; 1 = well developed. STF (ch 92,
Recessus scalae tympani A).

Foramen jugulare posterius, relationship with the fenes-
tra postotica: 0 = separate from fenestra postotica; 1 =
coalescent with fenestra postotica. STF (ch 93, Foramen
jugulare posterius A). Remarks: coded for few fossils
because: poorly described specimens, lack of figures
detailing this feature, or obscured by rock matrix.
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Foramen nervi hypoglossi (XII), ventral covering: 0 =
exposed in ventral view; 1 = covered in ventral view by
an extension of the pterygoid and the basioccipital; 2 =
covered in ventral view by an extension of the basioc-
cipital. STF (ch 95, Foramen nervi hypoglossi A).
Internal Carotid Artery, splitting of the internal carotid
artery and the cerebral and palatine arteries: 0 = not
embedded in braincase bone elements, the cerebral
artery enters at the foramen posterius canalis carotici
cerebralis (known previously as the foramen caroticum
basisphenoidale) in the basisphenoid; 1 = partially
embedded, the internal carotid artery enters in the
braincase elements through the foramen posterius
canalis carotici interni, running along the pterygoid
canal, and then splitting into the cerebral and palatine
arteries at the fenestra caroticus; 2 = fully embedded,
the internal carotid artery enters in the braincase ele-
ments through the foramen posterius canalis carotici
interni, and split inside the braincase, lack of a ventral
exposed fenestra caroticus. Combined character from
HY2, KL, & BR (ch 30 and 36). Ordered.

Internal Carotid Artery, foramen posterius canalis
carotici interny: 0 = absent; 1 = formed by pterygoid;
2 = formed by pterygoid and basisphenoid halfway
along the basisphenoid-pterygoid suture; 3 = formed
by prootic, prootic and basisphenoid, or prootic and
pterygoid; 4 = formed by basisphenoid only. Reworded
from JY1 (ch 56, Canalis Caroticum A); STF (ch 100,
Canalis Caroticum G).

Palatine Artery, entering in the skull: 0 = through
the interpterygoid vacuity or intrapterygoid slit; 1
= through the foramen posterius carotici palatinum
between basisphenoid and pterygoid. Reworded from
STF (ch 99, Canalis Caroticum F). Remarks: according
to the definition of the foramina in Rabi et al. (2013),
the entry of the palatine artery is through the foramen
posterius carotici palatinum, known before as the fora-
men caroticum laterale.

Fenestra Perilymphatica: 0 = large; 1 = reduced in size
to that of a small foramen. JY1 (ch 57) & STF (ch 101)
(Fenestra Perilymphatica A). Remarks: coded for few
fossils because: poorly described specimens, lack of fig-
ures detailing this feature, or obscured by rock matrix.
Cranial scutes, scute D meeting in midline: 0 = absent;
1 = present. STF (ch 103) (Cranial Scute B).

Cranial scutes, scute X much smaller than scute D: 0
= absent; 1 = present. STF (ch 104) (Cranial Scute C).
Cranial scutes, scute X partially separates scutes G: 0
= absent; 1 = present. STF (ch 105) (Cranial Scute D).
Cranial scutes, scutes A, B, and C forming a continus

107.

108.

posterolateral shelf: 0 = absent; 1 = present. STF (ch
106) (Cranial Scute E).

Cranial scutes, scute F: 0 = formed by several scutes;
1 = formed by a single scute. STF (ch 116) (Cranial
Scute O).

Cranial scutes, scute J: 0 = formed by several scutes; 1 =
formed by a single scute. STF (ch 117) (Cranial Scute P).

Lower Jaw

109.

110.

111.

112.

113.

114.

Dentary, medial contact of dentaries: 0 = fused; 1 =
open suture. JY1 (ch 58) & STF (ch 120) (Dentary A).
Dentary, width triturating surface vs jaw length: 0 =
narrow triturating surface, symphysis less than 1/3 of
jaw length; 1 = broad triturating surface, symphysis
>1/3 jaw length. Reworded from HY2, KL, & BR (ch 39).
Dentary, symphyseal ridge: 0 = absent, flat triturating
surface; 1 = present, but not visible in lateral view, flat
to slightly convex triturating surface; 2 = present and
greatly developed, visible in lateral view, ridge along
entire length of symphysis. Reworded from HY2 (ch
41 & 42); PH (ch 6), & KL (ch 41). Ordered.

Dentary, lingual (tomial) ridge: 0 = prominent; 1 = weak
or absent. HY2 (ch 43), PH (ch 7), KL & BR (ch 42).
Dentary-Surangular arrangement: 0 = lack of a poste-
rior expansion of dentary and anterior projection of
surangular; 1 = posterior expansion of dentary present
almost reaching the articular surface, covering the dor-
sal half of the surangular in lateral view, surangular with
anterior projection. HY2 (ch 44), PH (ch 8). Reworded
from KL (ch 43).

Splenial: 0 = present; 1 = absent. JY1 (ch 59, Splenial
A); HY2 (ch 45); KL & BR (ch 44).

Carapace

115.

116.

Carapace, carapacial scutes: 0 = present; 1 = reduced
not fully covering the carapace; 2 = absent. Reworded
from JY1 (ch 60) & STF (ch 121) (Carapace A) and
HY2, KL & BR (ch 80). Joyce’s (2007) original wording
for the character is somewhat confusing, as it is unclear
how carapacial scutes might be “partially present” The
original intention of this character was to capture the
presence of carapacial scutes in some turtles that only
cover part of the shell. This condition is found in Me-
sodermochelys undulatus and Pseudanosteira pulchra.
Scutes are also found in juvenile individuals of Caret-
tochelys insculpta (Zangerl 1959). We do not follow the
reduction of this character to two character states, as
proposed by Anquetin (2012). Ordered.

Carapace, three parallel lines of keels: 0 = absent; 1 =
present, but only poorly developed; 2 = present and
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pronounced; 3 = present, but only with a medial line
of keels on neurals, absence of keels on costals. JY1 (ch
61) & STF (ch 122) (Carapace B) and HY2, KL, & BR
(ch 84). We do not follow the proposed reduction of
this character to two character states (Anquetin 2012,
character 88). Remarks: Sterli and de la Fuente (2013)
coded Araripemys barretoi as (2), but examination of
the holotype indicates that is poorly developed, changed
here to (1). Also Platychelys oberndorferiis changed here
from (0) to (1). A third state was added to include forms
with a single medial line of keels as in protostegids and
some cheloniids.

Shell, sculpturing of dorsal surface (carapace) and ven-
tral surface (plastron): 0 = absent, smooth to slightly
rugose; 1 = present, development of striations, vermicu-
lations, striations, or pitting. Modified from STF (ch
124) (Carapace D). Remarks: Proganochelys quenstedti
is coded here as (0&1) with marked striations in the
posterior portion of the carapace.

Shell, pattern of sculpturing of the dorsal surface
(carapace) and ventral surface (plastron): 0 = parallel
to radial striations; 1 = vermiculation; 2 = highly dense
pattern of pitting combined with striations; 3 = dicho-
tomic striations; 4 = spread pitting without marked
striation pattern; 5 = granules (positive relief). Modified
from STF (ch 125) (Carapace E).

Carapacial Sutures: 0 = carapacial elements finely su-
tured or the contact is smooth; 1 = carapacial sutures
strongly serrated in adult stage. Character from Zhou
et al. (2014) (ch 244).

Nuchal, articulation of nuchal with neural spine of
eighth cervical vertebra: 0 = cervical articulates with
nuchal along a blunt facet; 1 = articulation absent; 2 =
cervical articulates with nuchal along a raised pedestal.
JY1 (ch 62) & STF (ch 126) (Nuchal A). We do not
follow Anquetin (2012) and retain this character as a
single multistate character.

Nuchal, elongate costiform process: 0 = absent; 1 = pres-
ent, crosses peripheral 1; 2 = present, well developed
reaches peripherals 2 or 3. Modified from JY1 (ch 63) &
STF (ch 127) (Nuchal B). Remarks: we adjust the scor-
ing of Baptemys wyomingensis and Dermatemys mawii
to 1 (Knauss et al. 2011). State (1) was splitted in state
(1) and (2). Ordered.

Nuchal, length versus width: 0 = wider than long; 1 =
longer than wide or as long as wide. de la Fuente (2003)
& STF (ch 128) (Nuchal C).

Nuchal, posteriomedial fontanelles: 0 = absent; 1 =
present. HY2, KL, & BR (ch 81) & PH (ch 30). Remarks:
Bardet et al. (2013) coded as present for Erquelinnesia
gosseleti (Zangerl 1971).
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Neurals, neural formula 6>4<6<6<6<6: 0 = absent; 1 =
present. JY1 (ch 64) & STF (ch 129) (Neural A).
Neurals, shape of neurals: 0 = very irregular in shape,
wider than long or squared; 1 = regular, often perfectly
hexagonal or pentagonal, longer than wide. STF (ch
130) (Neural B) & HY2, KL & BR (ch 86).

Neurals, number of neurals: 0 = ten or more; 1 = nine or
less; 3 = COall neurals lost even in ventral view. Modi-
fied character from HY2, KL & BR (ch 85 & ch 87) and
PH (ch 33). State character (3) reworded. Remarks: a
combined character from HY?2 (ch 85 & ch 87) is pro-
posed here that covers all the possible variations in the
number and reduction of neurals.

Peripheral Gutter: 0 = peripheral gutter absent of only
anteriorly developed; 1 = peripheral gutter extensively
developed along anterior and bridge peripherals. Char-
acter from Zhou et al. (2014) (ch 246).

Peripherals, number of peripherals: 0 = more than 11
pairs of peripherals present; 1 = 11 pairs of peripherals
present; 2 = 10 pairs of peripherals present; 3 = less
than 10 pairs of peripherals present. JY1 (ch 65) & STF
(ch 131) (Peripheral A). Remarks: we do not follow
Anquetin (2012) and retain this character as a single
multistate character. Ordered.

Peripherals, anterior peripherals incised by musk
ducts: 0 = absent; 1 = present. JY1 (ch 66) & STF (132)
(Peripheral B).

Costals, medial contact of the first pair of costals: 0 =
absent; 1 = present. Reworded from JY1 (ch 67) & STF
(ch 133) (Costal A).

Costals, medial contact of posterior costals: 0 = absent;
1 = medial contact of up to three posterior costals pres-
ent; 2 = medial contact of all costals present. Modified
from JY1 (ch 68) & STF (ch 134) (Costal B). Remarks:
we do not follow Anquetin (2012) and retain this
character as a single multistate character. However, we
follow Anquetin (2012) by adjusting the scoring for
Mesodermochelys undulatus. Ordered.

Costals, distal rib end and lateral ossification of the
costal: 0 = costals fully ossified laterally with strong
sutural contact with peripherals, lack of dorsal expo-
sure of distal end of costal ribs; 1 = costals fully ossified
laterally with strong sutural contact with peripherals,
distal end of costal ribs exposed on dorsal surface and
surrounded by the peripheral; 2 = costals lack lateral
ossification, allowing the dorsal exposure of the distal
end of ribs and the development of fontanelles only at
the most anterior and posterior costals; 3 = costals with
extreme lost of lateral ossification, allowing the dorsal
exposure of the distal end of ribs, in almost all series
of costals. Remarks: character reworded from STF (ch



30

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

PALEOBIOS, VOL. 32, SEPTEMBER 2015

135) (Costal C) and the combination of characters (ch
243) (costal rib) and (ch 247) (costal rib distal end)
from Zhou et al. (2014).

Rib free peripherals: 0 = absent; 1 = present, only ante-
rior and posterior to ribs; 2 = present, between sixth and
seventh ribs; 3 = present, between seventh and eighth
ribs. Reworded from PH (ch 29).

Costals, alternative short and long ends in the lateral
part of costals: 0 = absent; 1 = present. STF (ch 136)
(Costal D).

Costals, costal 9: 0 = present; 1 = absent. Reworded
from HY2, KL & BR (ch 90).

Costals, shape of Costal 3: 0 = tapering towards the
lateral side of the shell or with parallel anterior and
posterior borders; 1 = broadens towards the lateral side
of the shell. Character from Zhou et al. (2014) (ch 242).
Suprapygals, number of suprapygals: 0 = one; 1 = two;
2 = more than two; 3 = absent. Hirayama et al. (2000)
and STF (ch 137) (Suprapygal A). Ordered.
Suprapygals, size between suprapygal 1 and 2: 0 = su-
prapygal 1 smaller than suprapygal 2; 1 = suprapygal
1 larger. Reworded from KL (ch 88). Remarks: turtles
with only one suprapygal or suprapygals absent are
coding as (-).

Cervical scute: 0 = more than one cervical scute pres-
ent; 1 = one cervical scute present; 2 = cervical scutes
absent, carapacial scutes otherwise present. JY1 (ch 70)
& STF (ch 138) (Cervical A). Remarks: we do not fol-
low Anquetin (2012) and retain the original multistate
arrangement for this character.

Pygal, posterior notch: 0 = present; 1 = absent. Modi-
fied from Lapparent de Broin and Murelaga (1999) &
PH (ch 35).

Supramarginals: 0 = complete row present, fully sepa-
rating marginals from pleurals; 1 = partial row present,
incompletely separating marginals from pleurals; 2 =
absent. JY1 (ch 71) & STF (ch 139) (Supramarginal A).
Remarks: we do not follow Anquetin (2012) and retain
the original multistate arrangement for this character.
We furthermore retain the scoring of Platychelys obern-
dorferias 1, as this taxon clearly exhibits supramarginals
(Brdm 1965). The Munich specimens are not informa-
tive in this regard, as the lateral portions of the shell
are not preserved. In addition to its supramarginals,
P. oberndorferi also possesses supernumerary pleural
scales (Joyce 2003). Ordered.

Vertebrals, shape of the verterbrals: 0 = vertebrals 2 to
4 significantly broader than pleurals; 1 = vertebrals 2
to 4 as narrow as, or narrower than, pleurals. JY1 (ch
73) & STF (ch 141) (Verterbal B).

143.

144.

145.

146.

147.

Vertebrals, position of vertebral 3-4 sulcus in taxa with
five vertebrals: 0 = sulcus positioned on neural 6; 1 =
sulcus positioned on neural 5. JY1 (ch 74) & STF (142)
(Vertebral C).

Vertebrals, vertebral 3-4 sulcus with a wide posteriorly
oriented medial embayment: 0 = absent; 1 = present.
AN (ch 108).

Vertebrals, verebral 1: 0 = vertebral 1 does not enter
anterior margin of carapace; 1 = enters anterior margin.
Character from Zhou et al. (2014) (ch 245).
Marginals, marginal scutes overlap onto costals: 0 =
absent, marginals restricted to peripherals; 1 = present.
Meylan and Gaftney (1989) & STF (ch 143) (Marginal
A).

Pleurals, at least one pair of additional pleural scutes lo-
cated laterally of vertebral scute 1, with anterior contact
with cervical scute: 0 = absent; 1 = present. Modified
from PH (ch 32).

Plastron

148.

149.

150.

151.

152.

153.

Plastron, connection between carapace and plastron:
0 = osseous; 1 = ligamentous. JY1 (ch 75) & STF (ch

144) (Plastron A). Remarks: we adjust Anquetin (2012)
scoring of Odontochelys semitestacea to 1, as it is ap-
parent that a turtle lacking peripherals can only have a
ligamentous bridge.

Plastron, central plastral fontanelle: 0 = absent; 1 =
present. Modified from JY1 (ch 76) & STF (ch 145)
(Plastron B) and HY2, KL & BR (ch 97). Remarks: see
recommendation in Character 143 about levels of os-
sification and ontogeny.

Plastron, posterior plastral fontanelle, posterior plastral
fontanelle between the xiphiplastra and/or the hypo-
plastra: 0 = absent in adult stage; 1 = retained in adult
stage. Character from Zhou et al. (2014) (ch 239).
Plastron, plastral kinesis: 0 = absent, scutes sulci and
bony sutures do not overlap; 1 = present, scutes sulci
coincide with epiplastral-hyoplastral contact. JY1 (ch
77, Plastron C).

Plastron, plastral kinesis: 0 = between hyoplastron and
hypoplastron; 1 = between hyoplastron and epiplastron-
entoplastron. STF (ch 148) (Plastral Kinesis B).
Plastron, hyo-hypoplastra contact and shape: 0 = deep
U or V-shaped axillar and inguinal notches, contact
between hyo-hyoplastra absent or reduced due to the
presence of mesoplastra or a central fotanelle; 1 = deep
axillar and inguinal notches, reduced contact between
both elements due to the existence of central and lat-
eral fontanelles; 2 = deep axillar and inguinal notches,
extensive contact between hyo-hyoplastra (even for
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those taxa with plastral kinesis); 3 = a very narrow to
absent contact between each other, star-shaped with
extremely serrate medial edges, very shallow axillar and
inguinal notches, and long lateral edges; 4 = extreme
loss of ossification of hyo-hypoplastra, lack of contact
between each other. Combined from HY2, KL & BR (ch
96) and PH (ch 28). Remarks: two states were added
to cover all possible variations in the contact between
hyo-hypoplastra and the shape of both elements related
to the presence of mesoplastra or fontanelles.
Entoplastron: 0 = present; 1 = absent. STF (ch 153)
(Entoplastron E).

Entoplastron, anterior entoplastral process: 0 = present,
medial contact of epiplastra absent; 1 = absent, medial
contact of epiplastra present. JY1 (ch 78) & STF (ch
149) (Entoplastron A).

Entoplastron, size of the posterior entoplastral process:
0 = posterior process long, reaching as far posteriorly
as the mesoplastra; 1 = posterior process reduced in
length. JY1 (ch 79) & STF (150) (Entoplastron B).
Entoplastron, distinct posterolateral process: 0 = pres-
ent; 1 = absent. JY1 (ch 80) & STF (ch 151) (Entoplas-
tron C).

Entoplastron, shape of the entoplastron in ventral view:
0 = dagger-shaped; 1 = massive diamond-shaped; 2
= T-shaped, longer than wide; 3 = T-shaped, wider
than long, forming broad lateral wings; 4 = strap like
and V-shaped. Combined from JY1 (ch 81) & STF (ch
152) (Entoplastron D); AN (ch 116); and HY2, KL &
BR (ch 101).

Entoplastron, suture with hyoplastra: 0 = tightly su-
tured; 1 = lightly sutured to almost absent contact
between both. Modified from HY2, KL & BR (ch 99),
and STF (ch 154) (Entoplastron F).

Epiplastra, shape and contact of epiplastra: 0 = epiplas-
tra squarish in shape, lack a contact between each other
due to the narrow participation of the entoplastron in
the anterior plastral lobe edge; 1 = epiplastra elongate
in shape, with medial contact located anterior to the
entoplastron; 2 = epiplastra squarish in shape lack of
medial contact due to the extensive anterior and lateral
projections of the entoplastron. Modified from JY1 (ch
83, Epiplastron A). Remarks: A third state is added to
describe variations in the participation of the entoplas-
tron to the anterior plastral lobe edge.

Epiplastra, very thick anterior lip in dorsal view: 0 =
present; 1 = absent. Hirayama et al. (2000) and STF (ch
156) (Epiplastron B).

Hyoplastra, contacts of axillary buttresses: 0 = absent
to slightly contacting peripherals only; 1 = peripherals
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and costal 1. Modified from JY1 (ch 84) & STF (ch 157)
(Hyoplastron A) and HY2, KL & BR (ch 92).
Hyoplastra, termination of axillary buttresses: 0 =
terminates on peripheral 1 or 2; 1 = terminates on
peripheral 3; 2 = terminates on peripheral 4 or 5 level;
3 = ossified axillary buttresses absent. Reworded from
Hutchison (1991) and STF (ch 159) (Hyoplastron B).
Mesoplastron: 0 = two present; 1 = one present; 2 =
absent. Modified from JY1 (ch 85) & STF (ch 160)
(Mesoplastron A) and AN (ch 120 and ch 121). Re-
marks: we follow Sterli (2008) and Anquetin (2012)
by splitting character 85 of Joyce (2007), but instead of
three new characters, we only create two, one of which
is multistate. Ordered.

Mesoplastron, medial contact of mesoplastra: 0 = pres-
ent, or virtually present when a central plastral fonta-
nelle is present, absence of contact between hyoplastron
and hypoplastron; 1 = absent, partial contact between
hyoplastron and hypoplastron present. Modified from
JY1 (ch 85) & STF (ch 160) (Mesoplastron A) and AN
(ch 122). Remarks: we use the reworded character of
Anquetin (2012) and follow his scoring for this char-
acter as well.

Hypoplastra, contacts of inguinal buttresses: 0 = absent
to slightly contacting peripherals; 1 = peripheral and
costal 5; 2 = peripheral, costals 5 and 6; 3 = peripherals
and costal 4. Modified from JY1 (ch 86) & STF (ch 161)
(Hypoplastron A); AN (ch 123) and HY2, KL & BR (ch
93). Remarks: a third state is added for the condition in
Chelus fimbriata, having an inguinal buttress restricted
to costal 4 and peripherals.

Hypoplastra, termination of inguinal buttresses: 0 =
peripheral 8; 1 = peripheral 7; 2 = peripheral 6. Iverson
(1991) and STF (ch 162) (Hypoplastron B). Ordered.
Xiphiplastra, distinct anal notch: 0 = absent; 1 = present.
JY1 (ch 87) & STF (163) (Xiphiplastron A).
Xiphiplastra, shape of xiphiplastra: 0 = almost trian-
gular to trapezoidal, with lateral straight to convex
margin; 1 = rectangular elongated in shape, coupled
forming together with the hypoplastron a very narrow
posterior plastral lobe; 2 = narrow struts, separated by
the posterior fontanelle. Reworded from JY1 (ch 88)
& STF (ch 164) (Xiphiplastron B) and HY2, KL & BR
(chs 102, 103 and 104). Remarks: Zhou et al. (2014)
proposed a new character (Plastron lobe, ch 241) for
the posterior plastral lobe, however this becomes a
redundant character because the shape of the posterior
plastral lobe is mostly determinate by the shape of the
xiphiplastron, and we combine this character with the
previously defined character 88 of Joyce (2007). How-
ever, we split the character state 1 in two: covering the
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two most common shapes of the xiphiplastron related
to the shape of the posterior plastral lobe.

Plastral scutes: 0 = present; 1 = absent. JY1 (ch 89) &
STF (ch 165) (Plastral scutes A) and HY2, KL & BR
(ch 57).

Plastral scutes, midline sulcus: 0 = straight; 1 = dis-
tinctly sinuous, at least for part of its length. AN (ch
127) & STF (ch 166) (Plastral scutes B).

Gular, number of gulars: 0 = one pair of scutes; 1 =
only one scute. Reworded from JY1 (ch 91) & STF (ch
167) (Gular A).

Extragulars: 0 = present; 1 = absent. JY1 (ch 92) & STF
(ch 168) (Extragular A).

Extagulars, medial contact: 0 = absent; 1 = present,
contacting one another anterior to gular(s); 2 =present,
contacting one another posterior to gular(s). JY1 (ch 93)
& STF (ch 169) (Extragular B). Remarks: Even though
character state 2 is only developed in Chelodina oblonga,
we retain this character as a multistate character, contra
to Anquetin (2012).

Extragulars, anterior plastral tuberosities: 0 = present;
1 = absent. JY1 (ch 94) & STF (ch 170) (Extragular C).
Remarks: we disagree in the coding for Chelus frim-
briata and Otwayemys cunicularius, both taxa lack of
strong tuberosities as the one in stem-testudines, coding
as (1) for both here.

Extragulars, restricted to epiplastra: 0 = present; 1 =
absent, extragulars reach the entoplastron. Reworded
from An (ch 129) & STF (ch 171) (Extragular D).
Intergulars: 0 = absent; 1 = present. JY1 (ch 95) & STF
(ch 172) (Intergular A).

Humerals, number of pairs: 0 = one pair present; 1 =
two pairs present, subdivided by a plastral hinge. JY1
(ch 96) & STF (ch 173) (Humeral A).

Humerals, humero-pectoral sulcus: 0 = restricted to
hyoplastra; 1 = crossing the posterior portion of ento-
plastron. STF (ch 174) (Humeral B). Remarks: in extant
cheloniids, this character is polymorphic, depending of
the length of the posterior process of the entoplastron.
This could be also the condition for most marine forms
for which this character can be coded due to poor il-
lustrations or bad preservation of sulci.

Pectorals: 0 = present; 1 = absent. JY1 (ch 97) & STF
(ch 175) (Pectoral A).

Pectorals, antero-posteriorly developed: 0 = present; 1
= absent, very short antero-posterior development. STF
(ch 176) (Pectoral B).

Abdominals: 0 = present, in medial contact with one
another; 1 = present, medial contact absent; 2 = absent.

183.

184.

JY1 (ch 98) & STF (ch 177) (Abdominal A). Remarks:
we do not follow Anquetin (2012) and retain the origi-
nal multistate nature of this character. The scoring of
Emarginachelys cretacea is amended to 1 (pers. comn.
of WG] of type material). Ordered.

Anals: 0 = only cover parts of the xiphiplastra; 1 =
overlap anteromedially onto the hypoplastra. JY1 (ch
99) & STF (ch 178) (Anal A) and HY2, KL & BR (ch 94)
Inframarginals: 0 = more than two pair present, plastral
scales do not contact marginals; 1 = two pair present
(axillaries and inguinals), limited contact between
plastral scales and marginals present; 2 = absent, unre-
stricted contact between plastral scales and marginals
present. JY1 (ch 100, Inframarginal A) & STF (ch 179,
180, and 181) (Inframarginals, A, B and C). Remarks:
we do not follow Anquetin (2012) or Sterli and de la
Fuente (2013) and retain the original multistate nature
of this character. We furthermore adjust the scoring
of all kinosternids from 0 to 1 (Knauss et al. 2011).
Ordered.

Neck

185.

186.

187.

188.

189.

190.

Cervical ribs: 0 = large cervical ribs present; 1 = cer-
vical ribs reduced or absent. JY1 (ch 101) & STF (ch
182) (Cervical Rib A). Remarks: we follow Anquetin
(2012) correction for the scoring of Palaeochersis ta-
lampayensis.

Cervicals, position of the transverse processes: 0 =
middle of the centrum; 1 = anterior end of the centrum.
JY1 (ch 102) & STF (ch 183) (Cervical Vertebra A).
Cervicals, posterior cervicals with strongly developed
ventral keels: 0 = absent or slightly developed in all
vertebrae; 1 = present, more developed on posterior
vertebrae. JY1 (ch 103) & STF (ch 184) (Cervical Ver-
tebra B); HY2 (ch 48); and KL & Br (ch 47).
Cervicals, cervical 8 centrum significantly shorter
than cervical 7: 0 = absent; 1 = present. JY1 (ch 104)
& STF (ch 185) (Cervical Vertebra C) and HY2, KL &
BR (ch 52).

Cervicals, triangular diapophyses: 0 = absent; 1 =
present. Gaffney (1996) and STF (ch 186) (Cervical
Vertebra D).

Cervicals, central articulations of cervical vertebrae:
0 = articulations not formed, cervical vertebrae am-
phicoelous or platycoelous; 1 = articulations formed,
cervical vertebrae procoelous or opisthocoelous. JY1
(ch 105) & STF (ch 187) (Cervical Articulation A);
HY2 (ch 49); and Kl & BR (ch 48). Remarks: Bardet et
al. (2013) coded Notochelone as amphicoelous based on
the descriptions from Gaftney (1981).
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202.

203.

CADENA & PARHAM—A NEW PROTOSTEGID FROM THE LOWER CRETACEOUS OF COLOMBIA 33

Cervicals, articulation between cervical 8 and dorsal
vertebrae 1: 0 = 8(dorsal 1; 1 = 8)dorsal 1; 2 = none,
vertebrae only meet at zygapophyses. JY1 (ch 112) &
STF (ch 188) (Cervical Articulation H) and RH2, KL
& BR (ch 51). Remarks: we do not follow Anquetin
(2012) and retain the original multistate character of
Joyce (2007).

Cervicals, biconvex cervical vertebrae in the middle of
the neck: 0 = absent; 1 = present. STF (ch 189) (Cervi-
cal Vertebra E).

Cervicals, biconvex cervical vertebra in the middle of
the neck: 0 = cervical 2; 1 = cervical 3; 2 = cervical 4; 3
= cervical 5. JY1 (ch 106) (Cervical Articulation B, C
& D); STF (ch 190) (Cervical Vertebra F).

Cervicals, biconcave cervical vertebrae: 0 = absent; 1 =
present. STF (ch 191) (Cervical Vertebra G).
Cervicals, double articulation between cervical 5 and 6:
0 =absent; 1 = present. JY1 (ch 109) (Cervical Articula-
tion E); STF (ch 192) (Cervical Vertebra I).

Cervicals, double articulation between cervical 6 and 7:
0 =absent; 1 = present. JY1 (ch 110) (Cervical Articula-
tion F); STF (ch 193) (Cervical Vertebra J).

Cervicals, central articulation between cervical 6 and
7: 0 = cervical 6 concave ( cervical 7 convex; 1 = platy-
coelous, cervical 6 II cervical 7. JY1 (ch 110) (Cervical
Articulation F); STF (ch 194) (Cervical Vertebra K).
Cervicals, double articulation between cervical 7 and
8: 0 = absent; 1 = present. JY1 (ch 111) (Cervical Ar-
ticulation G); STF (ch 195) (Cervical Vertebra L); PH
(ch 27); and RH2, KL & BR (ch 51 and 53).

Cervicals, height versus length of centra and neural
arch: 0 = total height of centra and neural arch longer
than the anteroposterior length of the cervical centra;
1 = total height of centra and neural arch much shorter
than the anteroposterior length of the cervical centra.
STF (ch 196) (Cervical Vertebra H).

Cervicals, modification of neural arch on cervical 8: 0 =
neural arch without modificiation of postzygapophyses;
1 = neural arch with postzygapophyses poiting antero-
ventrally. STF (ch 197) (Cervical Vertebra I).
Cervicals, postzygapophyses united in midline: 0 =
absent; 1 = present. Bona and de la Fuente (2005); STF
(ch 198) (Cervical Vertebra J).

Cervicals, ventral process on cervical 8: 0 = absent; 1 =
present, well developed (as tall or taller than the height
of the centrum). STF (ch 199) (Cervical Vertebra K).
Cervicals, shape of central articulation of cervicals 7
and 8: 0 = as high as wide; 1 = much wider than high.
Reworded from HY2 (ch 47), KL & BR (ch 46).

Ribs

204. Ribs, length of first dorsal rib: 0 = long, extends full
length of first costal and may even contact peripher-
als distally; 1 = intermediate, in contact with well-
developed anterior bridge buttresses; 2 = intermediate
to short, extends less than halfway across first costal.
JY1 (ch 113) & STF (ch 200) (Dorsal Rib A) and HY?2,
KL & BR (ch 55). Remarks: although we agree with
Anquetin (2012) that the anterior plastral buttress
cannot be used as a fixed reference when assessing the
length of the first thoracic, our experience with this
character demonstrates that all turtle clearly fall into
the three classes developed as character states herein.
We therefore maintain the character of Joyce (2007) as
originally developed. Ordered.

205. Ribs, contact of dorsal ribs 9 and 10 with costals: 0
= present; 1 = absent. JY1 (ch 114) & STF (ch 201)
(Dorsal Rib B).

206. Dorsal rib 10: 0 = long, spanning full length of costals
and contacting peripherals distally; 1 = short, not span-
ning father distally than pelvis. JY1 (ch 115) & STF (ch
202) (Dorsal Rib C), HY2, KL & BR (ch 56). Remarks:
we follow Anquetin’s (2012) adjustment in the scoring
of Santachelys gaffneyi.

Vertebrae

207. Dorsals, anterior articulation of the first dorsal centrum:
0 = faces at most slightly anteroventrally; 1 = faces
strongly anteroventrally. JY1 (ch 116) & STF (ch 203)
(Dorsal Vertebra A) and HY2, KL & BR (ch 54)

Tail

208. Caudals, tail club: 0 = present; 1 = absent. JY1 (ch 118)
& STF (ch 204) (Caudal A).

209. Caudals, caudal centra: 0 = all centra amphicoelous;
1 = all centra more or less pronounced procoelous; 2
= all centra more or less pronounced opisthocoelous;
3 = anterior few centra procoelous, posterior centra
predominantly opisthocoelous. JY1 (ch 119) & STF
(ch 205) (Caudal B) and HY2, KL & BR (ch 58 and 59).
Remarks: we do not follow Anquetin (2012) and retain
the original multistate character of Joyce (2007).

210. Caudals, anterior caudal centra: 0 = amphicoelous; 1
= procoelous or platycoelous; 2 = opisthocoelous. STF
(ch 206) (Caudal C).

211. Caudals, posterior caudal centra: 0 = amphicoelous; 1
= procoelous or platycoelous: 2 = opisthocoelous. STF
(ch 207) (Caudal D).
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Caudals, chevrons: 0 = present on nearly all caudal
vertebrae; 1 = absent, or only poorly developed, along
the posterior caudal vertebrae. JY1 (ch 117) & STF (ch
207) (Chevron A) and HY2, KL & BR (ch 57).
Caudals, tail ring: 0 = absent; 1 = present. STF (ch 208)
(Tail Ring A).

Pectoral girdle

214.

215.

216.

217.

218.

219.

220.

221.

222.

Scapula, anterodorsal ridge of acromion: 0 = present; 1
= absent. New character. Remarks: the acromion ridge
of basal turtles such as Proganochelys quenstedti is tri-
radiate in cross section due to the developed of three
ridges. The anterodorsal ridge (sensu Gaffney 1990)
runs from the acromion to the dorsal process of the
scapula. The ventral ridge (sensu Gaffney 1990; acro-
mion ridge sensu Joyce 2007) runs from the acromion
to the glenoid. The horizontal ridge (sensu Gaftney
1990) spans between the acromion and the coracoid
and may contain the coracoid foramen. These three
ridges are apparent lost in steps independently from
one another and we therefore reorganize characters
122 and 124 of Joyce (2007) into three characters, one
of which of multistate. These character partially contain
the morphologies discussed by Sterli (2007, character
75) and Anquetin (2012, character 165).

Scapula, ventral ridge of acromion: 0 = present; 1 =
absent developed proximally near glenoid. Reworded
from JY1 (ch 122, Scapula B).

Scapula, horizontal ridge of acromion: 0 = well-de-
veloped, coracoid foramen present; 1 = reduced, only
developed along distal portion of acromion. Modified
from JY1 (ch 124, Coracoid A). Ordered.

Scapula, glenoid neck on scapula: 0 = absent; 1 = pres-
ent. JY1 (ch 123, Scapula C).

Scapula, lamina between the dorsal process of the
scapula and the acromion: 0 = well developed; 1 = re-
duced; 2 = absent. STF (ch 215) (Scapula A). Ordered.
Scapula, internal angle between acromion process
and scapular process =110°: 0 = absent; 1 = present.
Reworded from PH (ch 18) and HY2, KL & BR (ch 61).
Coracoid, coracoid vs humerus length: 0 = shorter than
humerus; 1 = at least as long as humerus. PH (ch 26)
and HY2, KL & BR (ch 60).

Coracoid, foramen: 0 = present; 1 = absent. Gafiney et
al. (2007) and Joyce et al. (2013) (ch 82).

Cleithrum: 0 = present and in contact with the carapace;
1 = present, osseous contact with carapace absent; 2 =
absent. JY1 (ch 120) & STF (ch 214) (Cleithrum A).
Ordered.

Pelvic girdle

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

Pelvis, pelvis-shell attachment: 0 = pelvis-shell attach-
ment by ligaments; 1 = pelvis attached by strong sutural
contact of the ischium and pubis with the plastron, and
illium with the carapace. ST (ch 138); JY1 (ch 134) &
STF (ch 221) (Pelvis A). Remarks: States 1 and 2 of STF
combined in one, considering that one of them is only
apomorphic for Palaeochersis

Pelvis, thyroid fenestra: 0 = coalescent; 1 = two sepa-
rated fenestra completely or partially separated. STF
(ch 222) (Pelvis B).

Ilium, elongated iliac neck: 0 = absent; 1 = present. JY1
(ch 126) & STF (ch 225) (Ilium A).

Ilium, iliac scar: 0 = extends from costals onto the
peripherals and pygal; 1 = positioned on costals only.
JY1 (ch 127) & STF (ch 226) (Ilium B).

Ilium, shape of the ilium articular site on the visceral
surface of the carapace: 0 = narrow and pointed poste-
riorly; 1 = oval. JY1 (ch 128) & STF (ch 227) (Ilium C).
Ilium, posterior notch in acetabulum: 0 = absent; 1 =
present. JY1 (ch 129) & STF (ch 228) (Ilium D).
Ilium, thelial process: 0 = absent; 1 = present. Meylan
(1987); STF (ch 229) (Ilium E).

Pubis, lateral process: 0 = small, poorly developed,
columnar; 1 = well developed and flat. STF (ch 223)
(Pubis A); HY2, KL & BR (ch 62).

Pubis, epipubis process: 0 = osseus or calcified; 1 =
cartilaginous or absent. STF (ch 224) (Pubis B).
Ischium, ischial contacts with plastron: 0 = contact via
a large central tubercle; 1 = contact via two separate
ischial processes. JY1 (ch 130, Ischium A).

Ischium, lateral process of ischium or metischial pro-
cess: 0 = absent; 1 = present. PH (ch 19); HY2, KL &
BR (ch 64); STF (ch 230) (Ischium A).

Hypoischium: 0 = present; 1 = absent. JY1 (ch 131,
Hypoischium A).

Forelimb

235.

236.

237.

Humerus, ectepicondylar foramen: 0 = in a channel; 1
= only a groove. Meylan (1987) & STF (ch 216) (Hu-
merus A).

Humerus, proximal articular surface of humerus: 0 =
with shoulder on preaxial side, upturned; 1 = without
shoulder, not upturned. Gaftney (1990); HY2, KL & BR
(ch 68); STF (ch 217) (Humerus B).

Humerus, lateral process of humerus: 0 = abuts caput
humeri; 1 = slightly separated from caput humeri; 2 =
located distal to caput humeri but along proximal end
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of shaft; 3 = located at middle of humeral shaft. HY2,
KL & BR (ch 67); STF (ch 218) (Humerus C). Ordered.
Humerus, lateral process of humerus: 0 = visible in
dorsal view: 1 = not visible in dorsal view. STF (ch 219)
(Humerus D).

Humerus, lateral process shape: 0 = rounded to slightly
squared; 1 = V-shaped or triangular. Reworded from
PH (ch 25) and HY2, KL & BR (ch 70).

Humerus, expansion of lateral process: 0 = limited to
anterior surface of shaft; 1 = expands onto ventral sur-
face. Reworded from HY2, KL & BR (ch 71).
Humerus, medial concavity of lateral process: 0 = ab-
sent; 1 = present. HY2, KL & BR (ch 72).

Humerus, prominent anterior projection of lateral
process: 0 = absent; 1 = present. HY2, KL & BR (ch 73).
Humerus, length of the humerus versus the width of
the proximal end: 0 = two times or less the width of the
proximal end: 1 = more than two times the width of the
proximal end. STF (ch 220) (Humerus E).

Humerus, scar for Muscle latissimus dorsi and Muscle
teres major: 0 = located anterior to humeral shaft; 1 =
located at middle of shaft. HY2, KL & BR (ch 69).
Humerus, humerus length vs femur length: 0 = shorter
than femur; 1 = longer than femur. HY2, KL & BR (ch
66).

Ulna, contact with radius through rugosity and ridge:
0 = absent; 1 = present. HY2, KL & BR (ch 74).
Radius, curves towards anterior: 0 = absent; 1 = present.
HY2, KL & BR (ch 75).

Manus, phalangeal formula of the manus: 0 = most
digits with two shortenened phalanges: 1 = most digits
with three elongated phalanges. JY1 (ch 132) & STF (ch
232) (Manus A).

Manus, paddles: 0 = absent, moveable articulations
of all digits; 1 = ‘half-paddle’ digits 3 and 5 modified
into paddle with rigid articulations. But digits 1 and 2

250.

251.
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immoveable; 2 = elongate paddles present, digits 1 and
2 modified into paddle with rigid articulations, and very
flat carpal and tarsal elements. Combined from JY1 (ch
133, Manus B) and HY2, KL & BR (chs 76, 77 and 78).
Remarks: we do not follow Anquetin (2012) and retain
this as a multistate character. Ordered.

Manus, flippers: 0 = absent; 1 = short flippers present;
2 = elongate flippers present. JY1 (ch 134, Manus C).
Remarks: we do not share Anquetin (2012) reservation
in regards to this character and leave it in the matrix.
Ordered.

Ulnare, size of the ulnare vs the intermedium: 0 =
smaller than intermedium: 1 = nearly as large as inter-
medium; 2 = much larger than intermedium. Remarks:
character defined by Tong et al. (2006), but first time
included in a phylogenetic analysis. New character.
Ordered.

Hindlimb

252.

253.

254.

255.

256.

Pes, number of digits: 0 = five; 1 = four. STF (ch 237)
(Pes C).

Manus and Pes, flattening of carpals and tarsal elements:
0 = absent; 1 = present. HY2, KL & BR (ch 76); STF (ch
238) (Manus and Pes A).

Manus and Pes, hyperphalangy manus digits 4 and 5,
pes digit 4: 0 = absent; 1 = present. Meylan (1987) &
STF (ch 239) (Manus and Pes B).

Femur, femoral trochanters: 0 = distinct, and separated
from one another; 1 = fossa obliterated, space between
trochanters not concave, but notch present; 2 = fossa
obliterated, trochanters connected by bony ridge with-
out a notch. Character combined from HY2, KL & BR
(ch 79) and PH (ch 20 and ch 21). Ordered.

Tibia, tibial pit for pubotibialis and flexor tibialis inter-
nus muscles: 0 = absent; 1 = present. PH (ch 22).
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SUPPLEMENTARY INFORMATION 2

List of characters excluded from the phylogenetic analyses
and the explanation for their exclusion.

From Sterli and de la Fuente (2013), Rabi et al. (2013)
and Zhou et al. (2014).

Character numbers and names are as from the most recent
update of the character-taxon matrix presented as a Nexus
file in Zhou et al. (2014).

Character 8 (Prefrontal E): prefrontal, heavily sculptured
with prominences and bosses. JY1 & STF (ch 8, Prefrontal
E). Reason for exclusion: uninformative character for Tes-
tudines as ingroup.

Character 13 (Parietal B): parietal contact with the ptery-
goid, epipterygoid, or palatine and Character 14 (Parietal
C): length of anterior extension of the lateral braincase wall.
Reason for combination: the anterior extension does not al-
low for the contact between the pterygoid, epipterygoid or
palatine, see Character 15 of this study.

Character 16 (Parietal E): processus inferior parietalis form-
ing the posterior margin of the foramen nervi trigemini.
Combination: character represented in Character 15 of this
study.

Character 18 (Parietal G): parietal, forming part of the fora-
men stapedio-temporalis. Reason for exclusion: uninforma-
tive for Testudines (as ingroup).

Character 28 (Squamosal D): long posterior process pro-
truding beyond condyles occipitalis. Sterli and de la Fuente
(2013) indicate that this is a new character, however this is
the same as character 24 of Gaftney et al. (2006): Squamosal,
Posterior projection. Reason for exclusion: after examination
of extant and fossil taxa, we concluded that this character is
variable and so we excluded it from this study, however a
possible quantification of the size of the posterior projection
(out of the scope of this study) could reveal a defined pattern
in different lineages with phylogenetic meaning.

Character 37 (Maxilla A): do not contact each other in
ventral view. Reason for combination: this is synonymous
with vomer-premaxilla contact Character 47 of this study.
The contact between both maxillae occurs when the vomer
is very small or absent.

Character 38 (Maxilla B): contribution of the palatine to the
triturating surface. Reason for combination: this is synony-
mous with character 41 of this study.

Character 61 (Pterygoid C2): pteygoid-basioccipital contact.
Reason for exclusion: this is a character useful to differentiate
only two taxa in the whole matrix, becoming autapomorphic.
We removed it from this study.

Character 79 (Opisthotic A): processus paroccipitalis. Reason
for exclusion: uninformative character for Testudines.

Character 88 (Stapedial artery A): position of the canalis
stapedio-temporalis. Reason for exclusion: uninformative
character for Testudines.

Charater 93 (Foramen jugulare posterius B ): foramen
jugulare posterius, bones that separate the foramen from
the fenestra postotica. Reason for exclusion: uninformative
character, autapomorphic for Lissemys punctata.

Character 95 (Caroticum C). Reason for exclusion: lack of
clearly defined character states in recent studies, Sterli and
de la Fuente (2013) and Zhou et al. (2014).

Character 96 (Caroticum D) and Character 97 (Caroticum
E). Reason for exclusion: both are related to the evolution of
the carotid, we redefined two characters (character 103 and
104) to cover all possible states about the internal carotid
artery.

Character 101 (Cranial scutes A): presence or absence. This
character is synonymous with character 9 of this study.

Characters 106 to 114 (Cranial Scute F, G, H, I, ], K, L, M, N):
cranial scutes. Reason for exclusion: uninformative character,
autapomorphic inside meiolaniform turtles.

Character 118 (Upper temporal fossa A): Reason for exclu-
sion: character omitted from this study because is uninforma-
tive for Testudinata (stem + crown-Testudines).

Character 122 (Carapace C): bony turtle shell. Reason for
exclusion: uninformative character for Testudines as ingroup.

Character 139 (Vertebral A): number of vertebral scutes.
Reason for exclusion: uninformative character for Testudines
as ingroup.

Character 154 (Epiplastron A): the definition presented in
Sterli and de la Fuente (2013) (at least in the Nexus file) dif-
fers completely from the original definition of Joyce (2007)
(Epiplastron A). We reestablished Joyce’s (2007) definition of
this character, and we consider that the definition presented
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by Sterli and de la Fuente (2012) can be combined with char-
acter 151 (Entoplastron D). This is character 170 of this study.

Character 157 (Hyo-Hypoplastron A). Reason for exclusion:
This is autapomorphic for Lissemys punctata.

Characters 209 and 210 (Tail ring B and Tail club A). Reason
for exclusion: these are autapomorphic for meiolanids.

Character 211 (Pectoral Girdle A): scapula, horizontal
lamina-dorsal process. This is a character that we consider is
better defined by three characters, two of which were previ-
ously defined by Joyce (2007) (Scapula A and Coracoid A),
and a new character related to the anterodorsal ridge of the
acromion. The three characters are characters 214, 215 and
216 of this study.

Character 212 (Pectoral Girdle B). Reason for exclusion:
uninformative character for Testudines as ingroup.

Characters 234 and 235 (Pes A and Pes B). Reason for ex-
clusion: uninformative character for Testudines as ingroup.

Character 240 (Neural Number): number of neurals. This
character has been previously defined in other studies. See
character 126 of this study for references.

Character 241 (Plastron Lobe): posterior lobe of plastron.
This character is related to the shape of the xiphiplastron and
we combined it into character 169 of this study.

Character 243 (Costal Rib) and character 247 (Costal Rib
Distal End): we consider this character related to character
134 (Costal C) and include both characters in a redefined
character 132 of this study.

Modifications to scoring of previous character-taxon
matrix

Characters 240 and 241 (Characters 225 (Ilium B) and 226
(Ilium C), Zhou et al. 2014) Xinjiangchelys wusu, Xjinji-
anchelys radiplicatoides, Hoplochelys crassa, and Anosteira
ornata. Change from “-“to “?”.

Character 276 (Character 245 (First vertebral), Zhou et al.
2014) Palaeochersis talampayensis. Change from “0” to “?”.

Taxa added to the matrix of Zhou et al. (2014)

Brachyopsemys tingitana
Angolachelys mbaxi
Chitracephalus dumonii
Corsochelys haliniches
Nichollsemys bareri
Rhinochelys pulchriceps
Rhinochelys nammourensis
Rhinochelys sp.
Protostega gigas
Archelon ischyros
Bouliachelys suteri
Desmatochelys lowi
Colombiachelys padillai
Mexichelys coahuilaensis
Argillochelys cuneiceps
Argillochelys africana
Tasbacka ouledabdounensis
Eochelone brabantica
Erquelinnesia gosseleti
Pacifichelys spp.
Puppigerus camperi
Allopleuron hoffmanni
Ctneochelys stenoporus
Lepidochelys olivacea
Lepidochelys kempii
Eretmochelys imbricata
Natator depressus
Euclastes acutirostris
Euclastes wielandi
Euclastes platyops
Itilochelys rasstrigin
Calcarichelys gemma
Ocepechelon bouyai
Adocus amtgai
Notoemys zapatocaensis
Alienochelys selloumi
Syllomus aegyptiacus
Tasbacka aldabergeni
Chelosphargis advena
Helochelydra nopcsai
Sandownia harrisi
Hoyasemys jimenezi
Terlinguachelys fischbecki

Lophochelys (natatrix+niobrarae)

Carolinochelys wilsoni
Asleychelys palmeri
Procolpochelys grandaeva
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Odontochelys semitestacea
Proganochelys quenstedti
Pelomedusa subrufa
Erymnochelys madagascariensis
Podocnemis expansa
Chelus fimbriata

Phrynops geoffroanus
Chelodina longicollis
Chelodina colliei

Elseya dentata

Myuchelys latisternum
Carettochelys insculpta
Lissemys punctata
Pelodiscus sinensis
Apalone spinifera

Platysternon megacephalum
Emys orbicularis

Chrysemys picta

Trachemys scripta
Geoclemys hamiltonii
Gopherus polyphemus
Testudo hermanni
Chelonoidis chilensis

Macroclemys temminckii
Chelydra serpentina
Dermatemys mawii
Staurotypus triporcatus
Kinosternon flavescens
Sternotherus odoratus
Dermochelys coriacea
Chelonia mydas
Natator depressus
Eretmochelys imbricata
Caretta caretta
Lepidochelys olivacea
Lepidochelys kempii

Figure 1S. Backbone constraint tree topology for the extant OTUs used in the phylogenetic analysis (Fig. 11), following the most
comprehensive molecular analysis of turtle relationships (Crawford et al. 2015).
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Table 18. List of extant and fossil specimens examined.
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EXTANT

Species Collection ID Material

Caretta caretta FMNH 1478 Skull-Jaw

Caretta caretta FMNH 4158 Skull-Jaw

Caretta caretta FMNH 31020 Skull-Jaw-Postcranial
Caretta caretta FMNH 34329 Skull-Jaw

Caretta caretta FMNH 121932 Skull-Jaw-Postcranial
Caretta caretta MTKD 2392 Skull

Caretta caretta NCSM 354 Skull-Jaw-Postcranial
Caretta caretta NCSM 4217 Skull-Jaw

Caretta caretta NCSM 16007 Skull-Jaw

Caretta caretta NCSM 30816 Postcranial

Caretta caretta NCSM 62511 Skull-Jaw

Caretta caretta NCSM 62546 Skull-Jaw

Caretta caretta NCSM 62560 Skull-Jaw

Caretta caretta NCSM 62562 Skull-Jaw

Caretta caretta NCSM 62563 Skull-Jaw

Caretta caretta NCSM 79143 Skull-Jaw-Postcranial
Caretta caretta USNM 31790 Skull-Jaw

Caretta caretta USNM 317907 Skull-Jaw

Caretta caretta USNM 317908 Skull-Jaw

Caretta caretta USNM 317914 Skull-Jaw

Caretta caretta USNM 317917 Skull-Jaw

Caretta caretta USNM 317918 Skull-Jaw

Caretta caretta USNM 347556 Postcranial

Caretta caretta UCMP 119064 Skull-Jaw

Caretta caretta SM 32145 Skull-Jaw

Caretta caretta SM 32143 Skull-Jaw-Postcranial
Chelonia mydas FMNH 29276 Skull-Jaw

Chelonia mydas FMNH 51673 Skull-Jaw

Chelonia mydas FMNH 10449 Postcranial

Chelonia mydas FMNH 207431 Skull-Jaw

Chelonia mydas FMNH 212910 Skull-Jaw

Chelonia mydas NCSM 57902 Skull-Jaw

Chelonia mydas NCSM 61743 Skull-Jaw

Chelonia mydas NCSM 62559 Skull-Jaw

Chelonia mydas NCSM 62567 Skull-Jaw-Postcranial
Chelonia mydas UCMP 123034 Skull-Jaw

Chelonia mydas UCMP 132031 Skull-Jaw

Chelonia mydas USMN 039262 Postcranial
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Species Collection ID Material
Caretta caretta FMNH 1478 Skull-Jaw
Caretta caretta FMNH 4158 Skull-Jaw
Caretta caretta FMNH 31020 Skull-Jaw-Postcranial
Caretta caretta FMNH 34329 Skull-Jaw
Caretta caretta FMNH 121932 Skull-Jaw-Postcranial
Caretta caretta MTKD 2392 Skull
Caretta caretta NCSM 354 Skull-Jaw-Postcranial
Caretta caretta NCSM 4217 Skull-Jaw
Caretta caretta NCSM 16007 Skull-Jaw
Caretta caretta NCSM 30816 Postcranial
Caretta caretta NCSM 62511 Skull-Jaw
Caretta caretta NCSM 62546 Skull-Jaw
Caretta caretta NCSM 62560 Skull-Jaw
Caretta caretta NCSM 62562 Skull-Jaw
Caretta caretta NCSM 62563 Skull-Jaw
Caretta caretta NCSM 79143 Skull-Jaw-Postcranial
Caretta caretta USNM 31790 Skull-Jaw
Caretta caretta USNM 317907 Skull-Jaw
Caretta caretta USNM 317908 Skull-Jaw
Caretta caretta USNM 317914 Skull-Jaw
Caretta caretta USNM 317917 Skull-Jaw
Caretta caretta USNM 317918 Skull-Jaw
Caretta caretta USNM 347556 Postcranial
Caretta caretta UCMP 119064 Skull-Jaw
Caretta caretta SM 32145 Skull-Jaw
Caretta caretta SM 32143 Skull-Jaw-Postcranial
Chelonia mydas FMNH 29276 Skull-Jaw
Chelonia mydas FMNH 51673 Skull-Jaw
Chelonia mydas FMNH 10449 Postcranial
Chelonia mydas FMNH 207431 Skull-Jaw
Chelonia mydas FMNH 212910 Skull-Jaw
Chelonia mydas NCSM 57902 Skull-Jaw
Chelonia mydas NCSM 61743 Skull-Jaw
Chelonia mydas NCSM 62559 Skull-Jaw
Chelonia mydas NCSM 62567 Skull-Jaw-Postcranial
Chelonia mydas UCMP 123034 Skull-Jaw
Chelonia mydas UCMP 132031 Skull-Jaw
Chelonia mydas USMN 039262 Postcranial
Chelonia mydas USMN 117363 Head
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Species Collection ID Material
Eretmochelys imbricata USNM 231696 Skull-Jaw
Eretmochelys imbricata USNM 237710 Skull-Jaw-Postcranial
Eretmochelys imbricata USNM 267026 Postcranial
Eretmochelys imbricata USNM 279317 Complete specimen
Eretmochelys imbricata USNM 237699 Skull-Jaw-Postcranial
Lepidochelys kempii FMNH 275847 Skull-Jaw-Postcranial
Lepidochelys kempii FMNH 31334 Skull-Jaw-Postcranial
Lepidochelys kempii NCSM 21164 Complete skeleton
Lepidochelys kempii NCSM 62564 Skull-Jaw-Postcranial
Lepidochelys kempii NCSM 62565 Skull-Jaw
Lepidochelys kempii NCSM 67080 Postcranial
Lepidochelys kempii USNM 220818 Skull-Jaw-Postcranial
Lepidochelys kempii USNM 220819 Skull-Jaw-Postcranial
Lepidochelys kempii USNM 227688 Skull-Jaw-Postcranial
Lepidochelys kempii USNM 227691 Skull-Jaw
Lepidochelys kempii USNM 235603 Skull-Jaw
Lepidochelys kempii USNM 291940 Skull-Jaw
Lepidochelys kempii USNM 292989 Skull-Jaw
Lepidochelys kempii USNM 308591 Postcranial
Lepidochelys olivacea MTKD 11175 Skull

Lepidochelys olivacea USNM 095416 Skull-Jaw
Lepidochelys olivacea USNM 214142 Skull-Jaw-Postcranial
Lepidochelys olivacea USNM 300031 Skull-Jaw-Postcranial
Lepidochelys olivacea USNM 300057 Skull-Jaw
Lepidochelys olivacea USNM 300064 Skull-Jaw
Dermochelys coriacea UCMP 130642 Skull-Jaw
Dermochelys coriacea USNM 062754 Postcranial
Dermochelys coriacea USNM 063491 Postcranial
Dermochelys coriacea USNM 220843 Postcranial
Dermochelys coriacea USNM 228844 Skull-Jaw
Dermochelys coriacea USNM 243396 Skull-Jaw
Dermochelys coriacea USNM 243397 Skull-Jaw
Dermochelys coriacea USNM 243401 Skull-Jaw
Dermochelys coriacea USNM 243402 Skull-Jaw
Dermochelys coriacea USNM 317614 Skull-Jaw
Dermochelys coriacea USNM 317616 Skull-Jaw
Dermochelys coriacea USNM 317618 Skull-Jaw

Natator depresus SM 32411 Skull-Jaw-Postcranial
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FOSSILS
Species Collection ID Material
Archelon ischyros NMW Vienna specimen Complete skeleton
Protostega gigas USNM 11652 Skull
Toxochelys latiremis MCZ 1046 Skull
Rhinochelys sp. SM B55775 Skull
(HIGH RESOLUTION IMAGES)
Rhinochelys sp. SM B55792 Skull
(HIGH RESOLUTION IMAGES)
Demastochelys padillai FCG-CBP 01 Nearly complete skeleton
Demastochelys padillai FCG-CBP 40 Skull and jaw
Demastochelys padillai FCG-CBP 13 Skull and jaw
Demastochelys padillai FCG-CBP 39 Skull and jaw
Demastochelys padillai UCMP 38346 Skull and jaw
Demastochelys padillai UCMP 38345A Partial carapace
Demastochelys padillai UCMP 38345B Posterior portion carapace

Institutional abbreviations

FCG-CBP, Fundacion Colombiana de Geobiologia, Centro de Investigaciones Paleontologicas, Villa de Leyva,

Colombia

FMNH (Florida Museum of Natural History, Herpetology collection, Gainesville, Florida, USA)
MCZ (Museum of Comparative Zoology, Harvard University, Cambridge, Massachusetts, USA)

MTKD (Senckenberg Natural History Collections, Dresden, Germany)

NCSM (North Carolina Science Museum, Raleigh, USA)
NMW (Naturhistoriches Museum Wien, Viena, Austria)
SM (Sedgewick Museum, Cambridge, UK)

UCMP (University of California Museum of Paleontology, herpetology collection, Berkeley, USA)
USNM-SM (Smithsonian National Museum of Natural History, herpetology collection, Washington, USA)






