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New pelomedusoid turtles from the late Palaeocene Cerrejón Formation of
Colombia and their implications for phylogeny and body size evolution
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Pelomedusoides comprises five moderate-sized extant genera with an entirely Southern Hemisphere distribution, but the
fossil record of these turtles reveals a great diversity of extinct taxa, documents several instances of gigantism, and indicates a
complex palaeobiogeographical history for the clade. Here, we report new pelomedusoid turtle fossils from the late Palaeocene
Cerrejón Formation of Colombia. The most complete of these is represented by a large skull (condylobasal length = 16
cm) and is described as Carbonemys cofrinii gen. et sp. nov. (Podocnemidae). Carbonemys is incorporated into a parsimony
analysis utilizing a modified morphological character matrix designed to test relationships within Panpelomedusoides, with
the addition of molecular data from seven genes (12S RNA, cytochrome b, ND4, NT3, R35, RAG-1 and RAG-2) drawn from
previous studies of extant Podocnemidae. C. cofrinii is recovered within Podocnemidae in the results of both morphology-only
and combined morphological and molecular (total evidence) analyses. However, molecular data strongly impact the inferred
relationships of C. cofrinii and several other fossil taxa by altering the relative positions of the extant taxa Peltocephalus and
Erymnochelys. This resulted in C. cofrinii being recovered within the crown clade Podocnemidae in the morphology-only
analysis, but outside of Podocnemidae in the combined analysis. Two Panpodocnemid turtle taxa of uncertain affinities are
represented by new diagnostic shell material from the Cerrejón Formation, though we refrain from naming them pending
discovery of associated cranial material. One of these shells potentially belongs to C. cofrinii and represents the second
largest pleurodiran turtle yet discovered. Analysis of pelomedusoid body size evolution suggests that climatic variation is
not the primary driver of major body size changes. Cerrejón turtles also demonstrate that at least two major subclades of
Podocnemidae were already in place in the neotropics by the Early Cenozoic.

Keywords: Pleurodira; Pelomedusoidea; Testudines; gigantism; total evidence

Introduction

The late Palaeocene (58–55 Ma) Cerrejón Formation of
northernmost Colombia (Fig. 1A) has yielded some of the
most interesting discoveries of neotropical fossil reptiles
in the last decade, including the largest known snake
Titanoboa cerrejonensis (Head et al. 2009), the diminu-
tive short-snouted dyrosaurid Cerrejonisuchus improcerus
(Hastings et al. 2010), and the podocnemid turtle Cerre-
jonemys wayuunaiki (Cadena et al. 2010). These fossils
have provided important information for palaeoclimatic
reconstructions, phylogenetic analyses and palaeobiogeo-
graphical hypotheses (see references cited above). Here we
report new turtles from the Cerrejón Formation, including
a new genus and species of Podocnemidae represented by
a large skull, and two distinct shell morphotypes belonging
to panpodocnemids of uncertain affinities.

∗Corresponding author. Email: eacadena@ncsu.edu

The fossils described here were recovered from a layer
of claystone underlying Coal Seam 90 in the middle part
of the brackish-continental Cerrejón Formation (Bayona
et al. 2004) (Fig. 1B). The well-preserved palynoflora of
the Cerrejón Formation includes Foveotricolpites perfo-
ratus and Bombacacidites annae, part of a palynological
assemblage indicating a middle–late Palaeocene age (paly-
nological zone Cu-02; Jaramillo et al. 2007).

Institutional abbreviations
UF/IGM: Vertebrate Paleontology Florida Museum of
Natural History, University of Florida, Gainesville, USA
/ Instituto Colombiano de Investigaciones Mineras INGE-
OMINAS, Bogotá, Colombia; MCZ: Museum of Compar-
ative Zoology, Harvard University, Boston, USA.
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314 E. A. Cadena et al.

Figure 1. A, map of Colombia showing the Cerrejón Coal Mine locality, with stratigraphic column for the upper Palaeocene Cerrejón
Formation. Globe depicts land mass reconstructions for the Palaeocene (in grey) with white dots representing fossil occurrences of
Testudines. Distributional data were downloaded from the Paleobiology Database on 20 May 2010, using the group name ‘Testudines’ and
the following parameters: time intervals = 55 Ma, region = western hemisphere. B, stratigraphical column of the Cerrejón Formation,
modified from Bayona et al. (2004). The 10-metre section of the middle segment of Cerrejón Formation, showing the claystone layer
yielding Carbonemys cofrinii and the other two turtle taxa described here is enlarged.

Systematic palaeontology

Testudines Batsch, 1788
Panpleurodira Joyce et al., 2004

Pleurodira Cope, 1864 sensu Joyce et al., 2004
Panpodocnemididae Joyce et al., 2004

Podocnemidae Joyce et al., 2004
Genus Carbonemys gen. nov.

Type species. Carbonemys cofrinii sp. nov.

Diagnosis. As for type species (below).

Derivation of name. Combining ‘Carbon’ (Latin, Carbo,
coal) with ‘emys’ (Greek, freshwater turtle).

Carbonemys cofrinii sp. nov.
(Figs 2, 3)

Holotype. UF/IGM 41, nearly complete skull (Figs 2, 3).

Diagnosis. Carbonemys cofrinii differs from all other
podocnemids by the presence of the following apomor-
phies: (1) a prefrontal–postorbital contact that excludes the
frontals from the orbital margin; (2) a reduced basisphenoid
with very short medial incursion between the pterygoids;
and (3) a posteriorly wide snout which becomes abruptly
narrow anteriorly, particularly at the premaxillary region.

Derivation of name. In honour of Dr David Cofrin, one
of the most important contributors to our palaeontological
expeditions and curatorial activities.

Occurrence. La Puente Pit, Cerrejón Coal Mine, Guajira
Peninsula, Colombia, (11◦ 08′ 30′′N, 72◦ 33′ 20′′ W).
Single claystone layer, middle part of the Cerrejón Forma-
tion; late Palaeocene (58–55 Ma), palynological zone Cu-02
(Jaramillo et al. 2007).
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New pelomedusoid turtles from late Palaeocene Colombia 315

Figure 2. Carbonemys cofrinii sp. nov., UF/IGM 41, holotype. A, B, complete skull in dorsal view; C, D, skull without a portion of
the parietal, showing the bones at the roof of the otic chamber. Abbreviations: fr, frontal; fst, foramen stapedio temporale; ju, jugal;
mx, maxilla; op, opisthotic; pa, parietal; pf, prefrontal; po, postorbital; pr, prootic; q, quadrate; qj, quadratojugal; so, supraoccipital; sq,
squamosal.
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316 E. A. Cadena et al.

Figure 3. Carbonemys cofrinii sp. nov., UF/IGM 41, holotype. A, B, complete skull in ventral view. Abbreviations: bo, basioccipital; bs,
basisphenoid; cm, condylus mandibularis; co, condylus occipitalis, ju, jugal; mx, maxilla; op, opisthotic; pa, parietal; pal, palatine; pm,
premaxilla; pp, processus paroccipitalis; pr, prootic; pt, pterygoid; ptp, processus trochlearis pterygoidei; q, quadrate; qj, quadratojugal;
so, supraoccipital; sq, squamosal.

Comparative description. The type and only skull of
Carbonemys cofrinii is almost complete (see Table 1 for
measurements) but is considerably crushed dorsally. The
snout is both wide and relatively long. The maxillae are

much larger than those in any other podocnemid species,
except for Caninemys tridentada which has the largest and
thickest maxillae of any member of the clade (Meylan et al.
2009). In dorsal view the temporal emargination (better

Table 1. Measurements in centimetres for: UF/IGM 41, holotype of Carbonemys cofrinii; UF/IGM 71, Pelomedusoides shell taxon A;
UF/IGM 72, UF/IGM 73, UF/IGM 74, UF/IGM 75, Pelomedusoides shell taxon B. Abbreviations: MLI: maximum length indicated as I
in Gaffney et al. (2006, fig. 315); MWI: maximum width indicated as B in Gaffney et al. (2006, fig. 315); ML: maximum length; LE:
length estimated for complete carapace; MW: maximum width; WE: width estimated for complete plastron; T: average thickness.

MLI MWI ML LE MW WE T

UF/IGM 41 Skull 21 13 — — — — —
UF/IGM 71 Carapace — — 173 180 157 160 1.2

Plastron — — 52 100 132 120 1.4
UF/IGM 72 Carapace — — 19.2 17.3 21 18 0.5

Plastron — — 18.1 11.2 18.1 13 0.5
UF/IGM 73 Carapace — — 10.3 19 7.5 13 0.4

Plastron — — 7.2 15 5.9 11 0.4
UF/IGM 74 Carapace — — 8.1 13 9.0 10 0.3

Plastron — — 6.4 9.5 7.8 7.8 0.3
UF/IGM 75 Nuchal bone — — 2.4 2.4 2.2 2.2 0.3
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New pelomedusoid turtles from late Palaeocene Colombia 317

preserved on the left side) extends very far posteriorly, with
straight tapering margins completely covering the roof of
the otic chamber. The emargination is comparatively more
advanced than in Podocnemis spp., Cerrejonemys wayuu-
naiki, Bauruemys elegans and aff. Roxochelys vilavilensis
but slightly less advanced than in Erymnochelys madagas-
cariensis, Peltocephalus dumerilianus, Shweboemys anti-
qua, Neochelys arenarum, Bairdemys venezuelensis, B.
harsteini, B. winklerae, Dacquemys paleomorpha and some
specimens of P. erythrocephala (Gaffney et al. 2006). The
extent of cheek emargination is not clearly visible in the
holotype of C. cofrinii due to crushing. However, it is clear
that the degree of emargination is much less than in Pelto-
cephalus dumerilianus and E. madagascariensis, and that
a contact between the jugal and the quadrate is lacking.

Nasal bones are absent as in all other pelomedusoids
(Joyce 2007). The prefrontals are large, flat elements (lack-
ing a groove), and are slightly wider than long. The anterior
protrusion of the prefrontals completely covers the apertura
narium externa, ending in a slightly convex tip as in Dacque-
mys paleomorpha, Stereogenys cromeri, Bairdemys spp.,
Shweboemys antiqua and especially Peltocephalus dumer-
ilianus and Erymnochelys madagascariensis (Gaffney et al.
2006). Posterolaterally, the prefrontals contact the postor-
bitals, a character that is apomorphic for C. cofrinii among
pelomedusoids. In other pelomedusoids the prefrontals
contact the frontals posteriorly but do not contact the postor-
bitals. The prefrontals are reduced to small elements in
Bauruemys elegans, aff. Roxochelys vilavilensis and Podoc-
nemis spp. In contrast to other podocnemids, the frontals
of C. cofrinii are small and excluded from the orbital
margin by the prefrontal–postorbital contact. The orbits
of C. cofrinii are crushed, but appear to be more later-
ally oriented as in D. paleomorpha, S. cromeri, Bairde-
mys spp., S. antiqua, P. dumerilianus and E. madagas-
cariensis, rather than dorsally oriented as in Podocnemis
spp., B. elegans, aff. R. vilavilensis, and Caninemys triden-
tata (Meylan et al. 2009). The postorbitals are large and
contact the quadratojugals posteriorly, as in all other podoc-
nemids except for Podocnemis spp. and C. wayuunaiki
(Cadena et al. 2010). The parietals are the largest roofing
elements of the skull. They contact the postorbitals, frontals
and quadratojugals as in other podocnemids. However,
the parietal–jugal contact seen in Podocnemis spp. and C.
wayuunaiki is absent. The supraoccipital is restricted to a
position between the parietals in dorsal view as in other
podocnemids.

Breakage of the right parietal exposes the contact
between the supraoccipital, right prootic, opisthotic and
squamosal. These elements share a pattern of contacts simi-
lar to other panpodocnemids. The foramen stapediotempo-
rale is large and positioned between the prootic and the
quadrate. The jugal and quadratojugal are crushed, but both
show a pattern of contacts with the maxilla and the quadrate
similar to that in other podocnemids.

In ventral view, the premaxillae have a highly concave,
anteroposteriorly broad triturating surface. The vomer is
not preserved, but a serrate articular surface at the poste-
rior margin of the premaxillae indicates that it was present
in life. There is no evidence for the foramen prepalat-
inum in Carbonemys cofrinii. This foramen is also absent
in Dacquemys paleomorpha, Stereogenys cromeri and
Peltocephalus dumerilianus, and variably present/absent in
Podocnemis expansa (Cadena et al. 2010). As mentioned
above, the maxillae are very large compared to most
other podocnemids. Unlike Caninemys tridentada, the
maxillae in Carbonemys cofrinii lack prominent tooth-like
processes. The triturating surface in C. cofrinii is formed
by the premaxillae, maxillae and palatines. The surface is
broad and smooth, lacking primary or accessory ridges. The
palatines contact the maxillae laterally and the pterygoids
posteriorly. C. cofrinii lacks a foramen palatinum posterius
between the palatines and the pterygoids as in D. pale-
omorpha, Shweboemys antiqua, Stereogenys cromeri and
Bairdemys sanchezi (Cadena et al. 2010). Palatal architec-
ture of C. cofrinii indicates a relatively narrow rostrum,
similar to but slightly wider than that of P. dumerilianus.

The pterygoids contact the palatines anteriorly, the
basisphenoid posteriorly, and the quadrates posterolaterally
via a strong quadrate process as in Caninemys tridentata
and other podocnemids (Meylan et al. 2009). The proces-
sus trochlearis pterygoidei is large and laterally directed
into the centre of the fossa temporalis, as in other podocne-
mids except for Bauruemys elegans, aff. Roxochelys vilav-
ilensis and Peltocephalus dumerilianus, all of which have
a processus projected more obliquely with respect to the
midline of the skull. At the posterior aspect of the ptery-
goids, the cavum pterygoidei is very well developed and
deep. The pterygoid wings are broken, but the preserved
portions indicate that they were elongate, potentially cover-
ing the cavum pterygoidei as in other podocnemids. Particu-
larly extensive wings are present in Podocnemis spp., Pelto-
cephalus dumerilianus, Cerrejonemys wayuunaiki and E.
madagascariensis. The basisphenoid is small with a very
short medial incursion between the pterygoids, contrasting
with other panpodocnemids which have a larger element
that broadly separates the pterygoids posteromedially. The
basioccipital is slightly wider than the basisphenoid, and
contacts the basisphenoid anteriorly, quadrates laterally, and
the exoccipital dorsally. The basioccipital has an apomor-
phically deep circular notch at the middle of the element.
A shallower notch occurs in other podocnemids.

The quadrates of Carbonemys cofrinii possess the same
sutural contacts as in other podocnemids. The cavum
tympani is crushed but preserves a very small antrum
postoticum as in most other podocnemids, particularly
Podocnemis expansa. The condylus mandibularis is well
preserved on the left quadrate. The condyle is much wider
than long, with straight to concave anterior and posterior
edges as in other podocnemids, except in Podocnemis spp.
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318 E. A. Cadena et al.

and probably Cerrejonemys wayuunaiki (see Cadena et al.
(2010) for discussion about the condylus mandibularis).
The opisthotic has a medially narrow and elongated proces-
sus paroccipitalis that projects beyond the squamosal as in
other podocnemids, except for Shweboemys antiqua and
Bairdemys spp. The supraoccipital includes a long crista
supraoccipitalis that is uniform in width along its ventral
base.

Pelomedusoides shell taxon A
(Fig. 4)

Comparative description. A single nearly complete,
somewhat crushed, articulated carapace and plastron
(UF/IGM 71; Fig. 4) was recovered from the same strati-
graphical horizon as the holotype skull of Carbonemys
cofrinii. This specimen can be referred to Pelomedusoides
based on the absence of the cervical scale, and is notable
for its very large size (173 cm maximum carapace length).
In fact, the size of this specimen is not far off from what
one might predict for the shell of C. cofrinii, but lack of
direct association makes it impossible to attribute the shell
confidently to that taxon pending further discoveries. The
skull differs from all other known Pelomedusoides in: (1)
the presence of a long and very narrow knob developed on
the medial portion of costal 8 and projected slightly onto the
peripherals; (2) striated sculpture on the dorsal surface of
neural 8, costal 7 and suprapygal 1; and (3) posterior periph-
erals including the pygal having a medial knob parallel to
the lateral margins.

Portions of the anterior left peripherals and costals
and posterior right peripherals are either not preserved or
crushed, and neurals two and three were not recovered.
The carapace is oval in dorsal view with a shallow embay-
ment at the nuchal area that contrasts sharply with the deep
notch present in Stupendemys geographicus (MCZ4376)
(Fig. 5). Anteriorly, the nuchal is pentagonal in shape, as
wide as long, and completely flat. This shape is shared by
other podocnemids, except S. geographicus, which possess
a thickened and strongly upturned anterior margin of the
nuchal (Wood 1976). The neural series is composed of
eight elements. Neural 1 is rectangular and very wide, as
in S. geographicus. Neurals 4–8 are hexagonal. Pelomedu-
soides shell taxon A and S. geographicus possess a second
suprapygal element, resulting in complete separation of
the posterior costal elements, as is also the condition in
Araripemys barretoi, Dortoka vasconica and platychelyids.
Suprapygal 2 is longer and narrower than suprapygal 1
in both Pelomedusoides shell taxon A and S. geograph-
icus. As in other pelomedusoids, neural 1 contacts only
costal 1 laterally, and neural 2 contacts costal 1 anterolat-
erally. Peripherals 1–4 are trapezoidal and increase in size
posteriorly. They are smaller than the nuchal, as in other
pelomedusoids except S. geographicus, which possess a
peripheral 1 larger than the nuchal. Axillary buttresses are

present on the ventral surface of the carapace, extending
from the posterolateral surface of costal 1 to peripheral 3 as
in podocnemids, except S. geographicus which has axillary
buttresses projected onto the peripheral 2. At the posterior
region of the carapace a pronounced radial knob is present,
almost parallel to the sutures between the peripherals. This
knob is developed from the medial portion of costal 8 and
is projected slightly onto the anterior area of peripherals.
On the dorsal surface of neural 8, costal 7 and suprapy-
gal 1 a striated pattern is also well preserved. All posterior
peripherals including the pygal have a medial knob parallel
to the lateral margins. In contrast, S. geographicus has a
very irregular dorsal surface of the carapace but there is
no evidence of knobs. As in all other pelomedusoids the
cervical scale is absent. The pleural scales of Pelomedu-
soides shell taxon A cover a major portion of peripherals
as in S. geographicus, as is also the condition in most both-
remydids. Less marked extension of the pleurals over the
peripherals is the typical condition in podocnemids.

Only the posterior portion of the plastron is preserved.
The preserved margins of the plastron suggest that it was
approximately 60% the length of the carapace, comparable
to the proportions in other podocnemids. The preserved left
mesoplastron is slightly longer than wide. The xiphiplastra
has an open U-shaped anal notch. The femoroabdominal
sulcus ends at the lateral notch of the hypoplastron. The
femoroanal sulcus is also clearly visible over both xiphiplas-
tra.

Pelomedusoides shell taxon B
(Fig. 6)

Material. UF/IGM 72, carapace and plastron (Fig. 6A–F).
UF/IGM 73, partially articulated shell (Fig. 6G–J). UF/IGM
74, partially articulated shell (Fig. 6K–P). UF/IGM 75,
nuchal and left costal 1 (Fig. 6Q–R).

Comparative description. Four small shells recovered
from the same stratigraphical horizon as Carbonemys
cofrinii appear to belong to a single taxon. Again, because
no associated skulls were recovered, we refrain from diag-
nosing a new taxon. However, ‘Pelomedusoides shell taxon
B’ can be assigned to Pelomedusoides based on the absence
of a cervical scale. It differs from the other turtles from the
Cerrejón Formation and other pelomedusoids by the combi-
nation of the following characteristics: (1) lack of neural
series; (2) only seven pair of costals; and (3) humeral scales
completely separated medially by the intergular.

UF/IGM 72 (Fig. 6A–F) is an articulated small shell
(see Table 1 for measurements), with most of the posterior
margin missing. The nuchal bone is pentagonal in shape,
slightly longer than wide, with the anterior margin straight
and posterior slightly curved. In contrast to other pelome-
dusoids, UF/IGM 72 only has seven pairs of costal bones.
The neural series is completely absent, as in Bairdemys
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New pelomedusoid turtles from late Palaeocene Colombia 319

Figure 4. Pelomedusoides incertae sedis Taxon A, UF/IGM 71. A, B, shell in dorsal view; C, D, shell in ventral view. Dark grey represents
elements of the plastron.

venezuelensis and most species of Chelidae. Suprapygal 1
is triangular in shape. The cervical scale is absent as in
other pelomedusoids. Vertebral scale 1 has a trapezoidal
shape and is considerably longer than wide, and larger

than the other four vertebral scales. All marginal scales are
restricted to peripherals. On the ventral surface, both axil-
lary buttresses are strongly developed medially and exte-
riorly projected onto peripheral 3. The plastron is slightly

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Fl

or
id

a]
 a

t 0
7:

10
 1

7 
M

ay
 2

01
2 

geodwins
Cross-Out



320 E. A. Cadena et al.

Figure 5. Stupendemys geographicus Wood, 1976, MCZ4376, holotype. A, B, carapace in dorsal view. Dark grey represents the original
bone.

shorter than the carapace, with the posterior lobe shorter
than the bridge length and slightly longer than the ante-
rior lobe. The anal notch is a shallow, V-shaped incision.
The mesoplastron is almost circular in shape as in other
pelomedusoids. The entoplastron has a diamond shape and
is slightly wider than long. The gular scales are small,
triangular in shape and restricted to the epiplastron. The
intergular has a pentagonal shape. It contacts the pectorals
posteriorly, completely separating the humerals, as in some
bothremydids, which are triangular in shape and lack a
projection over the hyoplastra. On the dorsal surface, the
ischiac and pubis scars are well defined on the xiphiplastra.
The pubis scar is oval in shape and located at the mid-
anterior portion of the xiphiplastron. The ischiac scar is
triangular and extends far medially.

UF/IGM 73 (Fig. 6G–J) is a partially preserved articu-
lated shell, with evidence of crushing and fragmentation.
As in UF/IGM 72 the neural series is completely absent.
The pygal is trapezoidal in shape, as can be observed on the
ventral surface. The right posterior portion of the plastron
is preserved, exhibiting a shallow V-shaped anal notch. The
abdominofemoral and femoroanal sulci are almost parallel
to each other. The left hypoplastron shows on its antero-
lateral portion the space for the mesoplastron, indicating

that the shape of this element was similar to that in other
pelomedusoids.

UF/IGM 74 (Fig. 6K–P) is a small (15 cm long, 13 cm
wide) articulated and crushed shell, showing the diagnostic
absence of the neural series. The carapace and plastron are
marked by a series of shallow circular holes arranged in an
almost symmetrical pattern (Fig. 6O, P), which we interpret
as bite marks. No evidence of healing can be observed.

UF/IGM 75 (Fig. 6Q, R) is constituted by only two
elements: the nuchal and the right costal 1. With a maximum
estimated length of 10 cm, this is the smallest individual
turtle so far collected from the Cerrejón Formation. The
nuchal is pentagonal in shape, lacking cervical scales. The
medial margin of the costal 1 is straight, being parallel to
the midline of the shell, indicating the absence of at least
neural 1. On the ventral surface, the axillary scar is clearly
outlined, indicating also that the axillary buttress projects
laterally onto peripheral 3.

Phylogenetic analysis

We performed multiple analyses to test the phylogenetic
position of Carbonemys cofrinii. Parsimony analyses were
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conducted using a morphological dataset and a combined
morphological and molecular dataset. In order to explore
the possibility that Pelomedusoides shell taxon A repre-
sents the shell of Carbonemys coffrinii, we also undertook
a set of analyses combining codings from the Carbone-
mys coffrinii holotype skull and UF/IGM 71 into a single
terminal. Finally, we conducted a set of analyses includ-
ing Pelomedusoides shell taxon A as a separate terminal to
explore the possibility that UF/IGM 71 belongs to a distinct
species.

All taxa were coded at the species level. A total of 30
species from Pelomedusoides were sampled in addition
to Carbonemys cofrinii; Chelus fimbriata and Phrynops
geoffroanus were chosen as outgroups. The fossil species
Podocnemis bassleri was identified as a wildcard taxon
(Nixon & Wheeler 1992), contributing to a large polytomy
among the modern species of Podocnemis in a preliminary
analysis of the combined dataset. This species is a taxo-
nomic equivalent of several extant species of Podocnemis
based on available codings, and so can be excluded using
safe taxonomic deletion (Wilkinson 1995) without alter-
ing the relationships of the remaining taxa. We therefore
conducted the final round of combined analyses discussed
below with Podocnemis bassleri excluded.

The morphological dataset includes 46 characters and is
presented in Appendix 1 (Online Supplementary Material).
All morphological characters were equally weighted and
unordered. Multistate characters were treated as polymor-
phic.

Molecular sequence data generated by previous stud-
ies were included in the combined analysis for the extant
taxa Chelus fimbriata, Pelomedusa subrufa, Erymnochelys
madagascariensis, Peltocephalus dumerilianus and the six
extant species of Podocnemis. Accession numbers and orig-
inal citations are provided in Appendix 2 (Online Supple-
mentary Material). Sequences from cytochrome b, 12S
RNA (12S), NADH dehydrogenase 4 (ND4), recombina-
tion activating genes 1 and 2 (RAG-1, RAG-2), intron 1
of RNA-fingerprint protein 35 (R35), and neurotrophin-
3 (NT3) were downloaded from GenBank and aligned
in Clustal X (Thompson et al. 1997). Alignments were
manually inspected and adjusted in MacClade 4.08 (Maddi-
son & Maddison 1992), and then concatenated. Molecular
and morphological characters were weighed equally in the
combined analysis.

All analyses were conducted in PAUP 4.0b10 (Swofford
2002), using a heuristic search strategy with 10 000 random
taxon addition replicates and TBR branch swapping. Boot-
strap values were calculated from 1000 replicates using the
same settings as the primary search and Decay (Bremer)
Indices were obtained using TreeRot v. 2 (Sorenson &
Fransoza 2007) to estimate statistical support for nodes.
Tree lengths for alternative phylogenetic hypotheses were
explored using Mesquite v. 2.72 (Maddison & Maddison
2009).

Results

Analysis of the morphological dataset yielded four most
parsimonious trees (total length (TL) = 81 steps; consis-
tency index (CI) = 0.76; retention index (RI) = 0.90; re-
scaled consistency index (RC) = 0.69). The strict consensus
of these trees is shown in Fig. 7A. Analysis of the combined
dataset also yielded four most parsimonious trees (TL =
2901 steps; CI = 0.71; RI = 0.50; RC = 0.37), but these
trees differ from the morphological trees in the placement
of several key taxa, as discussed below. The strict consensus
of the most parsimonious trees from the combined analy-
sis is shown in Fig. 7B. When shell character codings from
UF/IGM 71 were incorporated into the Carbonemys cofrinii
terminal, 102 most parsimonious trees (TL = 81; CI = 0.76;
RI = 0.90; RC = 0.68) were recovered in the morphology-
only analysis and four most parsimonious trees (TL =
2901; CI = 0.71; RI = 0.51; RC = 0.37) were recov-
ered in the combined analysis. The topologies of the strict
consensus trees from these two analyses were identical to
those resulting from the counterpart morphology-only and
combined analyses using only codings from the holotype
skull for Carbonemys cofrinii. Finally, the analysis includ-
ing Pelomedusoides shell taxon A as a separate terminal
resulted in 102 most parsimonious trees (TL = 81 steps;
CI = 0.76; RI = 0.90; RC = 0.69) using the morphological
dataset and 139 most parsimonious trees (TL = 2901 steps;
CI = 0.71; RI = 0.52; RC = 0.37) using the combined
dataset. A near complete loss of resolution is observed
in the strict consensus trees from both analyses, with
almost every taxon within Podocnemoidae collapsed into a
polytomy.

Discussion

The phylogenetic position of Carbonemys
cofrinii
Results from the morphology-based phylogenetic analysis
placed Carbonemys cofrinii as a member of Erymnochely-
inae (Fig. 7A), which comprises two subclades, one unit-
ing the extant monotypic Erymnochelys madagascariensis
and Peltocephalus dumerilianus, and the other uniting a
large set of fossil taxa (including C. cofrinii). Synapomor-
phies of Erymnochelyinae present in C. cofrinii include:
prefrontals completely covering the apertura narium externa
and ending in a straight to convex edge (Character 5); a
very deep temporal emargination (Character 6); and a very
wide prefrontal bone at the interorbital space (Character
8). Within Erymnochelyinae, C. cofrinii forms a subclade
together with Dacquemys paleomorpha, Shweboemys anti-
qua, Stereogenys cromeri and Bairdemys spp., united by the
absences of a foramen palatinum posterius (Character 27).
Presence of this foramen in B. harsteini, B. venezuelensis
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322 E. A. Cadena et al.

Figure 6. Pelomedusoides incertae sedis Taxon B. A, B, carapace in dorsal view, UF/IGM 72; C, D, plastron in ventral view, UF/IGM 72;
E, F, carapace in ventral view, UF/IGM 72; G, H, plastron in dorsal view, UF/IGM 72; I, J, partial shell in dorsal view, plastral elements
in dark grey, UF/IGM 73. K, L, partial shell in ventral view, plastral elements in dark grey, UF/IGM 73; M, N, nearly complete shell in
dorsal view, black spots represent crocodile bite marks, UF/IGM 74; O, P, nearly complete shell in ventral view, black spots represent
crocodile bite marks, plastral elements in dark grey, UF/IGM 74; Q, the smallest turtle from the Cerrejón Formation, nuchal and costal
1 in ventral view, UF/IGM 75; R, nuchal and costal 1 in dorsal view, UF/IGM 75. Abbreviations: abd, abdominal scale; axb, axillary
buttress; axs, axillary scar; c, costal; ent, entoplastron; epi, epiplastron; fem, femoral; gu, gular; hum, humeral; hyo, hyoplastron; hyp,
hypoplastron; ins, inguinal scar; int, intergular; iscs, ischial scar; m, marginal; mes, mesoplastron; n, nuchal; p, peripheral; pec, pectoral;
pl, pleural; pubs, pubis scar; pyg, pygal; sp, suprapygal; v, vertebral; xip, xiphiplastron.
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Figure 7. Strict consensus cladogram showing the phylogenetic relationships between panpelomedusoid turtles recovered in the current
analysis. A, cladogram obtained based on morphological characters only. Bootstrap support values (left number before dash) and Bremer
decay indices (right numbers after dash) are indicated above the branch they pertain to. B, cladogram obtained from the combination of
morphological and molecular data. For both cladograms extant taxa are indicated with an asterisk. Bootstrap support values obtained from
1000 replicates.
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and B. winklerae is interpreted as a reversal (Cadena et al.
2010).

In contrast, the combined molecular–morphological
analysis (Fig. 7B) resolved Peltocephalus dumerilianus and
Erymnochelys madagascariensis as successive sister taxa
to Podocnemidinae, in agreement with previous molecu-
lar studies (Noonan & Chippindale 2006; Vargas-Ramirez
et al. 2008). The collapse of the P. dumerilianus and E.
madagascariensis clade is not surprising, as only a single
synapomorphy supports this dyad in the morphological
analysis. All fossil taxa recovered as part of the Erym-
nochelyinae in the morphological analysis instead form the
sister taxon of Podocnemidae (P. dumerilianus + (E. mada-
gascariensis + Podocnemidinae)). This shift is crucial, as it
implies that the fossil taxa Carbonemys cofrinii, Neochelys
spp., Caninemys tridentata, Shweboemys spp., Stereogenys
cromeri and Bairdemys spp. all lie outside the crown radi-
ation of Podocnemidae. However, the topology recovered
in the morphology-only analysis is only two steps longer
than the most parsimonious tree recovered in the combined
analysis.

The position of Carbonemys cofrinii does not shift when
codings from the large shell (UF/IGM 71) recovered at
the same locality are added, so it remains plausible that
Carbonemys cofrinii and Pelomedusoides shell taxon A
represent the same species. Including UF/IGM 71 as a sepa-
rate taxon does not result in this shell specimen forming a
clade with the Carbonemys cofrinii holotype skull, but this
may be attributed to the complete lack of overlapping mate-
rial. Recently, (Gaffney et al. 2011) in absence of examina-
tion of the holotype, attributed Cerrejonemys wayuunaiki
Cadena et al. 2010 as dubious taxa, however we dispute
this attribution and consider that there is strong evidence
to support C. wayuunaiki as podocnemid: presence of a
cavum pterygoidei and the horse-saddle posterior condyle
of cervical vertebra, and also as sister taxon to Podocnemis
genus: small postorbital allowing a jugalparietal contact.

Relationships within the genus Podocnemis are fully
resolved in the results of the combined analysis, in contrast
to the results of the morphological analysis where the six
extant species are collapsed into a polytomy. We note that
the extant species remain collapsed in a polytomy when
P. bassleri is excluded from the morphological analysis,
indicating that the lack of resolution is a result of weak or
conflicting phylogenetic signal in the morphological dataset
for Podocnemis spp. rather than the effects of a wildcard
taxon. Relationships within Podocnemis spp. are nearly
identical to those recovered by Vargas-Ramirez et al. (2008,
fig. 4), with the sole difference that our analysis resolved
P. unifilis as the sister taxa of P. lewyana, rather than P.
erythrocephala.

Regardless of whether the morphological or combined
tree is preferred, Late Cretaceous fossils of turtles closely
related to Erymnochelys madagascariensis support the
splitting of the lineages leading to the three extant genera of

Podocnemidae (Peltocephalus, Erymnochelys and Podoc-
nemis) by at least 65 million years ago (Gaffney & Forster
2003). This is a minimum estimate, and given the large
gap spanning the Late Jurassic–Late Cretaceous interval
in the fossil record of Madagascar (Krause et al. 1999),
and the fact that no fossil representatives of the putatively
basal Peltocephalus lineage have yet been discovered, a
significantly older date is quite plausible. Indeed, the basal
divergence in the crown Podocnemidae was estimated to
have occurred around 85 Ma based on divergence dating
analyses (Vargas-Ramirez et al. 2008).

Relationships among modern podocnemids are far from
resolved. While morphological and molecular data yield
very different results, neither is overwhelmingly supported.
Future contributions, for example the sequencing of more
genes for the modern species and the discovery of new
fossil taxa, may add new information supporting any of
the two phylogenetic hypotheses described here. Previous
combined analyses have demonstrated that the phyloge-
netic positions of fossil taxa may be strongly affected by
the inclusion of molecular data (Gatesy et al. 2003; O’Leary
& Gatesy 2008). The present study reinforces the impor-
tance of considering both morphological and molecular data
when studying clades with both fossil and extant represen-
tatives. Molecular data affect the relationships of the extant
taxa sufficiently to impact the placement of many fossil taxa
by changing the polarity of some morphological characters
at key nodes. Morphological data, of course, are neces-
sary to incorporate any fossil taxa into the framework of
pelomedusoid phylogeny.

Pelomedusoides incertae sedis from Cerrejón
Formation
The large shell (UF/IGM 71) described here as Pelomedu-
soides shell taxon A resembles Stupendemys geographicus
from the Late Miocene of Venezuela in several charac-
teristics. Both retain primitive character states, including
the presence of a neural series completely separating the
posterior costals as in basal panpleurodires (platychelyids)
and panpelomedusoids (Araripemys barretoi), as well as
the presence of two suprapygal bones, also characteristic
of platychelyids (Cadena & Gaffney 2005). Besides these
discrete morphological similarities, Pelomedusoides shell
taxon A and S. geographicus also share a very large body
size and similar proportions between the carapace and the
plastron (approximately 2:1). It is very plausible that these
two large pelomedusoids share a common ancestor, form-
ing a clade that should have split from other pelomedusoids
during the late Cretaceous or early Palaeocene, at the same
time as the split between Erymnochelyinae and Podocne-
midinae (Romano & Azevedo 2006).

Taxonomic uncertainty related to skeletal non-overlap
between fossil ‘skull taxa’ and ‘shell taxa’ is a recurring
problem in turtle palaeontology (e.g. Gaffney 1972; Danilov
& Parham 2005; Parham 2005; Lyson & Joyce 2010). It is
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plausible that the shell of Pelomedusoides shell taxon A
belongs to Carbonemys cofrinii. This hypothesis is consis-
tent with the relative size of the fossils and the fact that both
were found at the same stratigraphical horizon (Fig. 1B),
separated by a linear distance of only 200 m. Incorporat-
ing codings from Pelomedusoides shell taxon A into the
Carbonemys cofrinii terminal does not alter the phyloge-
netic position of the species, indicating there is little or
no conflict between the phylogenetic signal in the skull
and shell character data. Nonetheless, we prefer to proceed
cautiously and do not refer UF/IGM 71 to Carbonemys
cofrinii at this time in order to avoid potential creation
of a fossil chimera. Ultimately the resolution of this issue
must await future discoveries of associated skull and shell
material.

Pelomedusoides shell taxon B shares shell character
states with the podocnemid Bairdemys venezuelensis from
the late Miocene of Venezuela, as well as many chelids
which also lack the neural series (e.g. Platemys platy-
cephala and Emydura macquarii). Reduction or complete
loss of the neural series has been attributed to loss
of mesenchymal–epithelial interaction and/or the lack of
muscular interaction (Scheyer et al. 2008). Adaptive signif-
icance and functional implications of the loss of the neural

series remain speculative. Hypotheses include increased
overall shell strength, reduction of asymmetrical tensional
stresses on the shell of powerful swimmers, and reduc-
tion of forces accompanying lateral thrust feeding in long-
necked forms (Pritchard 1988). The fossils described here
constitute the earliest evidence of complete reduction of
neurals in pleurodiran turtles. Based on the evidence from
crocodile bite marks on the shell of specimen UF/IGM
74 (Fig. 6O, P), it is clear these turtles lived alongside
crocodylomorph predators. We hypothesize that loss of
neurals may have helped in the locomotion of these small
turtles, potentially releasing tensional stress as proposed
by Pritchard (1988) and improving the swimming speed
required to escape from predators. Pelomedusoides shell
taxon B has pectoral scales that contact epiplastra, a charac-
ter considered as diagnostic of Podocnemidae by (Gaffney
et al. 2011). However, based on the examination of impor-
tant number of extant podocnemids (Online Supplementary
Material) we conclude that, this character is very variable
within podocnemids, particularly in Peltocephalus dumer-
ilianus, Podocnemis erythrocephala, and P. lewyana, which
exhibited pectorals restricted to hypoplastra, but covering
the posterior portion of the entoplastron as in most bothre-
mydids.

Figure 8. Panpelomedusoides phylogeny in the context of Mesozoic–Cenozoic biogeographical distribution and body size tendency. A,
temporal distribution of clades using the geological timescale of Ogg et al. (2008). B–E, Mesozoic–Cenozoic distribution of panpelome-
dusoids shown in grey, superimposed on plate tectonic reconstructions (downloaded from the Paleobiology Database on 20 May 2010) for:
B, Early Cretaceous; C, Late Cretaceous-Palaeogene; D, Neogene; and E, the present day. F, G, plot of ln length of Mesozoic-Cenozoic
panpelomedusoid skull (F) and carapace (G) lengths versus time (see Online Supplementary Material for primary data).
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Body size implications of Cerrejón turtles
The development of large body size has been explained by
latitudinal gradient variations (Bergman’s Rule; e.g. Watt
et al. 2010), directional evolutionary tendencies (Cope’s
Rule), and temperature and metabolic rate (Head et al.
2009). Very large body size has evolved multiple times
in different turtle lineages, including the Late Cretaceous
marine turtles Archelon ischyros (possibly up to 4 m maxi-
mum length; Wieland 1896) and Protostega gigas (3 m
maximum length; Cope 1872), the Late Cretaceous brack-
ish bothremydid turtle Nigeremys gigantea (20 cm skull
length; Bergounioux & Crozuel 1968; Gaffney et al. 2006),
and the giant freshwater podocnemid turtles from the
Late Miocene–Pliocene of tropical South America, includ-
ing Stupendemys geographicus, Stupendemys souzai and
Caninemys tridentata (Meylan et al. 2009). Several extant
turtles reach comparable sizes as well, including the chelo-
nioid sea turtle Dermochelys coriacea (2 m maximum
length; Wood et al. 1996), the giant land tortoises of the
Galapagos and Aldabra islands, and the extant Chinese soft
shell turtle Rafetus swinhoei (1 m maximum length; Meylan
& Webb 1988). Turtles from Cerrejón can now be added to
this roster. UF/IGM 41 constitutes the largest Palaeocene
turtle ever, and the second largest pleurodiran after Stupen-
demys geographicus.

In order to take a first look at body size trends in
Panpelomedusoides, we collected measurements of 131
skulls and 80 shells including fossil and extant taxa (Online
Supplementary Material). Length and width measures were
log-transformed in order to reduce the positive skew of
the length distribution (Moen 2006). A plot of the cara-
pace and skull length versus time (Fig. 8F, G) shows a
marked trend in increasing size between the Early Creta-
ceous and Palaeocene. During the late Eocene a decrease
in size for both carapace and skull is evident. Whether
this tendency continued during the Oligocene and Early
Miocene is unknown due to a large gap in the fossil record.
Late Miocene and early Pliocene fossils increase in size
again, reaching the maximum sizes for the Cenozoic with
Stupendemys spp. The last 5 million years are also marked
by a trend of decreasing maximum body size, with extant
representatives of Pelomedusoides reaching at maximum 85
cm carapace length in Podocnemis expansa (Online Supple-
mentary Material).

Climate change, particularly environmental temper-
ature, is considered one of the key factors driving
trends of increasing maximum body size in poikilotherms
(Makarieva et al. 2005; Head et al. 2009). However, the
pattern of body size in panpelomedusoids does not seem
to match with the trends in Cretaceous–Cenozoic temper-
atures (Jenkyns et al. 2004; Zachos et al. 2008). While
temperatures in the Cretaceous were warmer than in the
Cenozoic, a corresponding increase in body size is not
apparent in pelomedosoid turtles. The largest shell sizes
are found in the Late Miocene, an interval of cooler climate

than the Palaeocene or Late Eocene, when smaller species
occur. It is thus probable that other factors, such as habitat
area and ecological interactions, drove Cenozoic shifts in
body size in panpelomedusoid turtles.

Biogeographical implications of the Cerrejón
turtles
Cerrejón turtle fossils demonstrate that at least two major
subclades of Podocnemidae were already in place in the
neotropics by the Early Cenozoic. This indicates that disper-
sal of pelomedusoids to this region likely occurred by the
Late Cretaceous or Early Palaeocene (Fig. 8C) (Romano &
Azevedo 2006; Cadena et al. 2010). Pelomedusoids enjoyed
a wide, relatively stable distribution during the Palaeo-
gene (Fig. 8D) but suffered a major range retraction over
the Miocene to present day interval, resulting in a present
distribution limited to sub-Saharan Africa, Madagascar and
northern South America (Fig. 8E).
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Appendix 1: character list

Description of characters used in phylogenetic analysis. A
NEXUS file containing the matrix is included in Supple-
mentary Material 1. Characters were polarized with respect
to Chelus fimbriata and Phrynops geoffroanus. Characters
and codings are based on specimen examination and from
the literature. Original citations for characters are indicated
as follows unless otherwise noted: De La Fuente (2003)
(‘D’), Gaffney et al. (2006) (‘G’), França & Langer (2006)
(‘FL’), Joyce (2007) (‘J’), Meylan et al. (2009) (‘M’), and
Cadena et al. (2010) (‘C’).

Skull
1. Prefrontals meet on midline: absent (0); present (1).

C2, J4, G4.
2. Quadratojugal: absent (0); present (1). C3, J16.
3. Squamosal parietal contact: present (0); absent (1).

C4, G15, J11.
4. Quadratojugal parietal contact: absent (0); present

(1). C5, M4,
5. Prefrontal, anterior overhang onto apertura narium

externa: shaped by the nasals (0); by the prefrontals,
covering a small portion of the posterior part of
the apertura, ending in acute medial tip (1); by the
prefrontals, completely covering the apertura, ending
in a straight to convex edge (2). C7 and Gaffney et al.
(2002).

6. Temporal emargination, secondary roofing of the
fossa temporalis in dorsal view, not advanced and
highly concave allowing the complete exposure
of the otic chamber roof (0); medially advanced
with posteriorly expanded posterolateral temporal
emargination of the parietals and quadratojugal with
concave margins, covering partially or almost totally
the otic chamber roof (1); very advanced with convex
to straight tapering margins completely covering the
roof of the otic chamber (2). C6 and Lapparent de
Broin (2000).

7. Prefrontal, interorbital sulcus at the sutural area
between both prefrontals: absent (0); present (1). C9
and Lapparent de Broin (2000).

8. Prefrontal at the interorbital space: wide (0); narrow
(1). C9, G5.

9. Prefrontal postorbital contact: absent (0); present (1).
New character.

10. Parietal jugal contact: absent (0); present (1). C11,
D3, M9.

11. Supraoccipital, crista supraoccipitalis: very short to
absent (0); long, ventrally wider with uniform width
from the anterior to the posterior aspect, ending
in an acute tip in dorsal view (1); short, wider
posteroventrally than anteroventrally, ending in a
bulbous shape in dorsal view (2). In Dacquemys the
crista supraoccipitalis is long, but is hidden dorsally
by the large exposure of the supraoccipital at the
posterior roof of the skull, coded as 1. C12, G80,
J46.

12. Interparietal scale, anterior margin: anterior to the
frontal parietal suture (0); posterior to the frontal
parietal suture (1). C13.

13. Condylus occipitalis: formed by exoccipitalis and
the basioccipital (0); formed only by exoccipitalis
(1). C14, G84.

14. Quadrate basioccipital contact: absent (0); present
(1). C15, G59,

15. Quadrate, cavum tympani, incisura columella auris:
open without posterior bony restrictions (0);
enclosed or slightly open by a quadrate no completed
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closed posteriorly, Eustachian tube separated from
stapes by bone (1); enclosed together with both
stapes and Eustachian tube in the same oval dilated
opening, posteriorly directed (2); Enclosed together
with both stapes and Eustachian tube in the same oval
dilated opening, downwards directed (3). C15, G52,
and Lapparent de Broin et al. (2007). For the basal
bothremydidae Cearachelys, the incisura is open and
dilated including the Eustachian tube, but without
the complete posterior closure of the quadrate as in
Podocnemidae (Lapparent de Broin et al. 2007) plus
Hamadachelys.

16. Quadrate, cavum tympani, fossa precolumellaris:
deep (0); shallow (1); absent (2). C17, G55, G62,
and Lapparent de Broin (2000).

17. Quadrate, ventral projection: very short, condylus
mandibularis very close to the cavum tympani region
(0); short, condylus mandibularis slightly separated
from the cavum tympani region (1); long, condylus
mandibularis considerably separated from the cavum
tympani region (2). C18.

18. Cheek emargination, secondary lateral roofing of the
fossa temporalis: fossa temporalis laterally exposed
without secondary roofing (0); secondary roofing
slightly advanced (1); secondary roofing moderately
advanced by the descending of only the quadratoju-
gal (2); secondary roofing moderately advanced by
the descending of both the jugal and the quadrato-
jugal (3); fossa temporalis completely roofed by the
jugal, resulting in a contact between the quadrate
and the jugal; occasionally with a small notch at the
posterolateral margin of the jugal (4). C20, G39 and
Lapparent de Broin et al. (2007)

19. One or two accessory ridges on the ventral surface
of the premaxilla: absent (0); present (1). C21.

20. Vomer: present (0); absent (1). C22, M22, J27.
21. Basioccipital: long (0); short (1). C23, G87, M39.
22. Opisthotic, processus paroccipitalis: small and flat,

does not project beyond the squamosal (0); medi-
ally narrowed and elongated, projects beyond the
squamosal ending in a prominent tip (1). C24, G102,
and Lapparent de Broin et al. (2007).

23. Basisphenoid quadrate contact: absent (0); present
(1). C25, G104.

24. Basioccipital opisthotic contact: present (0); absent
(1). C26, G89.

25. Pterygoid, pterygoid flange = pterygoid wings
(Lapparent de Broin, 2000): absent to very short (0);
moderately developed (1); well developed reaching
the caudal margin of the quadrate ramus of the bone
and projected ventrally (2). C28, FL14, and Lappar-
ent de Broin (2000).

26. Pterygoid, cavum pterygoidei = fossa podocnemi-
doid of Lapparent de Broin, (2000): absent (0); shal-
low and slightly hidden anteromedially by the under-

lapping basisphenoid medially and the pterygoid
laterally (1); deep and partially to totally covered
by the pterygoid flange (posterolateral wings of the
pterygoid) (2). C27, G68.

27. Palatine, foramen palatinum posterius: present (0);
absent (1). C29, G48.

28. Palatine, second palate: absent (0); present (1). C30,
M16.

29. Quadrate, condylus mandibularis shape: much wider
than long, with anterior and posterior edges straight
to concave making it shorter at midline (0); slightly
wider than long in a ‘kidney bean’ shape, with ante-
rior edge straight to concave and posterior edge
convex (1). C31.

30. Exoccipital quadrate contact: absent (0); extensive
(1); narrow (2). C32, G85.

31. Prootic quadrate contact: absent (0); present (1).
C33, G95.

32. Prootic: exposed on the ventral view of the skull (0);
completely covered ventrally by quadrate, basisphe-
noid, and pterygoid (1). G95.

Lower jaw
33. Dentary, fused symphysis: absent (0); present (1).

C34
34. Dentary, internal angle between rami: acute, between

40◦ and 90◦ (0); obtuse, over 90◦ (1); very acute, less
than 40◦ (2). C35.

35. Dentary, accessory ridges: absent (0); present (1).
C39 and Gaffney & Forster (2003).

36. Dentary, narrow and elongated ridge, located in the
medial margin on the ventral surface: absent (0);
present (1). C40.

Cervical vertebrae
37. Ventral keel at the posterior condyle: protuberant

(0); reduced almost absent (1). C41 and Lapparent
de Broin (2000).

38. Posterior condyle of the sixth or previous cervical
vertebrae in a horse-saddle shape, higher than wide:
absent (0); present (1). C42 and Lapparent de Broin
(2000).

Coracoid
39. Coracoid shape: slightly curved longitudinally and

much wider distally (0); narrow, almost straight
longitudinally and slightly wider distally (1). C43,
G131.

40. Coracoid, dorsal longitudinal ridge: absent (0);
present (1). C44.

Carapace
41. Cervical scale: wider than long (0); as long as wide

(1), cervical absent (2). C45, J70, and Laparent de
Broin et al. (2004).
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330 E. A. Cadena et al.

42. Neural series composed of: seven or one bones (0);
neurals completely absent (1). C47, D37.

43. Lateral arrangement between neural 1 and 2, and
the costal 1 and 2: neural 1 contacts costal 1 and 2,
neural 2 only contacts costal 2 (0); neural 1 and costal
1 exclusively in contact between each other, neural
2 only contacts costal 2 (1); neural 1 contacts costal
1 and 2, neural 2 contacts costal 2 and 3 (2); neural
1 only contacts costal 1, neural 2 contacts costal 1
anterolaterally (3). New character.

44. Inguinal buttress: short or absent (0); extends medi-
ally to centre of costal 5 (1). G150.

Plastron
45. Mesoplastra: one mesoplastra pair as long as wide,

without midline contact, (0); mesoplastra absent
(1). Character modified from Cadena & Gaffney
(2005).

46. Intergular scale: large, covering the anterior margin
of entoplastron, separating the gulars (0); small,
restricted between the gulars, lacking contact with
entoplastron (1). C53, G170.
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