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A new freshwater basal eucryptodiran turtle
from the Early Cretaceous of Spain

ADÁN PÉREZ−GARCÍA, MARCELO S. DE LA FUENTE, and FRANCISCO ORTEGA

Pérez−García, A., de la Fuente, M.S., and Ortega, F. 2012. A new freshwater basal eucryptodiran turtle from the Early

Cretaceous of Spain. Acta Palaeontologica Polonica 57 (2): 285–298.

A freshwater turtle from the lithographic limestone of Las Hoyas (Barremian of Cuenca, Spain) is described as a new ge−

nus and species of Eucryptodira, Hoyasemys jimenezi. The holotype consists of the skull, lower jaw, carapace, plastron,

vertebral column, pectoral and pelvic girdle remains, and fore− and hindlimbs. Hoyasemys jimenezi gen. et sp. nov. is

characterized by three pairs of blind oblique depressions on the ventral surface of the basisphenoid, and a character com−

bination composed, among others, of the articulation between the fourth and fifth cervical vertebrae through a cotyle in

the fourth and a condyle in the fifth, amphicoelous caudal centra, and most digits of manus and pes with three elongated

phalanges. This study allows clarification of the systematic position of a species of uncertain affinity often identified as

“chelydroid” in appearance. A phylogenetic analysis shows Hoyasemys jimenezi gen. et sp. nov. forms a monophyletic

group with Judithemys sukhanovi, Dracochelys bicuspis, Sinemys lens, and Ordosemys leios, collectively the sister group

of crown Cryptodira.
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Introduction

A complete Lower Cretaceous turtle from the Iberian Penin−
sula has been found in the Barremian fossil site of Las Hoyas
(Cuenca). This finding is noteworthy because complete turtle
skeletons from the Lower Cretaceous are rare. Sanz et al.
(1988) briefly described two specimens from Las Hoyas
(MCCM−LH 84 and MCCM−LH 254) and noted the cruci−
form aspect of the plastron, the presence of hyo−hypoplastral
fontanelles and their stylized limbs. These features are only
available on MCCM−LH 84 because the other cited specimen
is a fragment of carapace. Although Sanz et al. (1988) noted
that these characters are present in several testudine families,
such as Toxochelyidae, Macrobaenidae, and Chelydridae,
they nevertheless referred the Las Hoyas turtles to Toxo−
chelyidae indet. The monophyly of Toxochelyidae has sub−
sequently been rejected (Gaffney and Meylan 1988; Meylan
et al. 2000; Averianov 2002). Jiménez−Fuentes (1995) also
mentioned these specimens and considered them to be a
“toxocheloid” related to Chelonioidea. He recognized the
particular elongation of the digits of the manus of MCCM−
LH 84 as a shared feature between Las Hoyas specimens and

chelonioids. Nevertheless, this is a common feature among
aquatic turtles (Joyce and Gauthier 2004) and the Las Hoyas
specimens do not present any synapomorphies diagnostic of
the clade Chelonioidea (sensu Joyce 2007). Thereafter, the
Las Hoyas specimen was identified as an undetermined basal
representative of Centrocryptodira (Ortega et al. 1999) or as
an undefined new form with “chelydroid” aspects, but with−
out the autapomorphies of Chelydridae (Lapparent de Broin
2001). Some aspects of the specimens were not available for
Sanz et al. (1988) and they suggested that it would be neces−
sary to prepare the skull and the outer surface of the carapace
and plastron of the specimen MCCM−LH 84 to analyze it, be−
cause most of the characters used for the identification of tur−
tle taxa could not be observed. The specimen has fortunately
since been prepared for study. MCCM−LH 84 preserves
a large percentage of the elements of the cranial and, espe−
cially, postcranial skeleton. The exquisite preservation of
this specimen, in a lithographic limestone, therefore allows
the description here of a new basal freshwater eucryptodiran
genus and species.

Institutional abbreviation.—MCCM, Museo de las Ciencias
de Castilla−La Mancha, Cuenca, Spain.
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Eucryptodiran turtles in the Upper
Jurassic and Lower Cretaceous of
Europe

Basal eucryptodiran turtles (sensu Joyce 2007) are well rep−
resented in the European Jurassic by the endemic littoral
Thalassemydidae, Plesiochelyidae, and Eurysternidae (Da−
nilov 2008). Thalassemydidae are present in the Kimme−
ridgian of Switzerland (Lapparent de Broin et al. 1996) and
probably in France (Lapparent de Broin 2001). Eurysterni−
dae range from the upper Kimmeridgian to the lower Titho−
nian of France, Germany and Switzerland, and are repre−
sented by Achelonia formosa, Euryaspis radians, Euryster−
num wagleri, Hydropelta meyeri, Idiochelys fitzingeri, and
Solnhofia parsonsi (Lapparent de Broin 2001). Several gen−
era of Plesiochelyidae have been recognized in the Upper
Jurassic of England, France, Germany, Switzerland, and Por−
tugal: Plesiochelys, Craspedochelys, Tropidemys, and Tho−
lemys (Lapparent de Broin 2001). Although there are tenta−
tive reports of plesiochelyids from the Valanginian (Lower
Cretaceous) of Switzerland (Lapparent de Broin 2001), these
turtles are typically thought to be inhabitants of coastlines,
disappearing during the Jurassic–Cretaceous transition,
when a regression restricted the European epicontinental
seas and drastically reduced the habitats for these aquatic
reptiles (Bardet 1994). The English taxon Hylaeochelys may
be close to Plesiochelyidae (Lapparent de Broin 2001) or
even a member of this group (Hirayama et al. 2000; Milner
2004). The phylogenetic position of the English Portlan−
demys mcdowelli is difficult to determine (Joyce 2007), al−
though it might to be a plesiochelyid (Milner 2004). Other
European Jurassic taxa that could belong to these families or
be closely related to them are Anaphotidemys robusta, “Aco−
chelys” approximata or “Thalassemys” marina (Lapparent
de Broin 2001; Joyce 2003), a species perhaps closer to
Cryptodira than Plesiochelys solodurensis (Joyce 2007).

In the Early Cretaceous of Laurasia, turtles are distributed
in three distinct areas: North America, Asia, and Europe (Hira−
yama et al. 2000). In North America, paracryptodires domi−
nate, in Asia eucryptodires, and in Europe both groups (Hira−
yama et al. 2000). European and North American faunas com−
prise the paracryptodiran clades Pleurosternidae and Baenidae,
and Solemydidae, another basal pancryptodiran group of un−
certain systematic position (Lapparent de Broin 2001; Danilov
2008; Joyce et al. 2011; Lyson and Joyce 2011). The record of
basal eucryptodires in the European Cretaceous is limited to
Brodiechelys brodiei, known from shells from the Barremian
of England (Lydekker 1889; Nopcsa 1928). Brodiechelys may
be closely related to, or a member of, Plesiochelyidae
(Lapparent de Broin 2001) or Xinjiangchelyidae, a group from
the Middle Jurassic–Early Cretaceous of Central Asia
(Hirayama et al. 2000; Danilov 2005, 2008; Danilov and
Parham 2007). Cryptodires have also been identified in the Eu−
ropean Cretaceous, the dermochelyoid Protostegidae and the

putative trionychoid Peltochelys duchastelii, from Belgium
(Meylan 1988; Meylan and Gaffney 1989; Tong et al. 2006;
Joyce 2007; Pérez−García 2011). There are others eucrypto−
diran taxa of uncertain affinity, including Chitracephalus
dumonii from Belgium (Dollo 1884), Salasemys pulcherrima
from Spain (Fuentes Vidarte et al. 2003), and Sandownia
harrisi, from the Isle of Wight (UK), a taxon that has been as−
signed to Trionychoidea (Meylan et al. 2000; Lapparent de
Broin 2001) or to basal Eucryptodira (Joyce 2007).

A relatively abundant record of basal eucryptodires is
known from the Upper Jurassic of the Iberian Peninsula
(Sauvage 1898; Antunes et al. 1988; Lapparent de Broin et
al. 1996; Pérez−García et al. 2008b). Non−marine basal eu−
cryptodires are reported from North and South America, cen−
tral Asia, and Australia, but not yet from Europe (Gaffney et
al. 2007). Thus, the new Las Hoyas turtle Hoyasemys jime−
nezi gen. et sp. nov. confirms the presence of this group of
turtles in the Early Cretaceous of Europe. Other specimens
from the Cretaceous of Spain could belong to this node, such
as the turtle specimens from the Maestrazgo Basin or from
the Cameros Basin (Pérez−García et al. 2008a; Pérez−García
and Ortega 2009).

Geological setting

The Las Hoyas fossil site is a well−known Lower Cretaceous
Konservatlagerstätte located in the southern part of the Serra−
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Fig. 1. Geographical and geological location of the fossil site of Las Hoyas

(Cuenca, Spain), in the Mesozoic context of the Iberian Ranges.

Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 14 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



nía de Cuenca (Southwestern Iberian Ranges, Eastern Spain)
(Fig. 1). The fossiliferous deposits, the La Huérguina Forma−
tion (upper Barremian), are composed of laminated limestone
and rare marlstone beds. The depositional environment was a
freshwater subtropical carbonate wetland that overlay a low−
relief karstic terrain (Buscalioni and Fregenal−Martínez 2010).
The Las Hoyas biota consists mainly of obligate aquatic or−
ganisms, such as osteichthyan fishes, decapod crustaceans,
belostomid insects, charophytes, the aquatic plant Montsechia
(Buscalioni et al. 2008). Amphibious forms (crocodiles, tur−
tles, and lissamphibians) are much less abundant, and terres−
trial/arboreal forms, such as insects, lizards, and basal birds,
are rare as well. Large animals including dinosaurs are excep−
tional finds (Buscalioni and Fregenal 2006). The terrestrial
macroflora is dominated by conifers (Cheirolepidiaceae) and
ferns (Mantoniacea and Schizaeaceae) (Escaso et al. 2005).

Systematic palaeontology

Testudines Batsch, 1788

Eucryptodira Gaffney, 1975a

Genus Hoyasemys nov.
Type species: Hoyasemys jimenezi sp. nov., see below.

Etymology: From Spanish hoyas, the source of the specimen; and Greek
emys, for freshwater turtle.

Diagnosis.—As for monotypic type species.

Hoyasemys jimenezi sp. nov.
Figs. 2–4.

Etymology: In honour of Dr. Emiliano Jiménez Fuentes for his contribu−
tion to the knowledge of Spanish fossil turtles.

Holotype: MCCM−LH 84, an almost complete skeleton, missing the
dorsal portion of the skull. The specimen is preserved on two slabs. One
shows the ventral view of the skull, the five proximal cervical vertebrae,
some dorsal vertebrae, some fragments of the peripherals and of the lat−
eral part of the costal plates, the plastron, sacral and caudal vertebrae and
the appendicular skeleton. The other slab preserves the partial carapace
and some bones of the hindlimb.

Type locality: Las Hoyas site, La Cierva township, Cuenca Province,
Spain.

Type horizon: Calizas de La Huérguina Formation, Upper Barremian,
Lower Cretaceous (Sanz et al. 1988; Diéguez et al. 1995).

Diagnosis.—Small basal eucryptodiran turtle with three
pairs of oblique depressions on ventral surface of the basi−
sphenoid. Differing from the rest of basal Eucryptodira in the
following character combination: rear contact of the ptery−
goids with the basioccipital; basisphenoid large and nar−
rower than basioccipital; basioccipital wider than long;
cervicals two to four opisthocoelous; single transverse pro−
cesses on the anterior edge of the centrum of the cervical ver−
tebrae; cervical ribs absent; caudal vertebrae amphicoelous;
small chevrons poorly developed, along the posterior cau−
dals; shell low, longer than wide; nuchal plate relatively
broad, without anterior or posterior notch; first neural plate
longer than the second; two suprapygal plates; anterior pairs

of peripherals guttered; mediolaterally expanded posterior
peripherals; marginals overlapping onto the whole surface of
the peripherals; plastral buttresses reaching only peripherals;
posteriorly elongated inguinal process; anals scutes near the
border of the hypo−xiphiplastra; most digits of manus and pes
with three elongated phalanges.

Description

The anatomical terminology of the cranium follows Gaffney
(1972), and of the bones and scutes of the carapace and
plastron follows Zangerl (1969).

Skull.—All available cranial information was seen in ventral
view (Fig. 2). The cranial length is about a third of the
plastral length.

Rostral elements: In ventral view, the labial ridge of both
premaxillae and maxillae are visible. Hoyasemys jimenezi
lacks a medial hook along the labial margin of the pre−
maxillae. On the left maxilla the labial ridge extends posteri−
orly forming a straight and sharp edge. The triturating sur−
face and lingual ridge could be preserved, but they are hidden
by the left branch of the lower jaws. A part of the upper edge
of the maxilla can be observed delimiting the left orbit. A
partial left jugal is preserved.

Palatoquadrate elements: The long processus articularis of
the right and particularly the left quadrate are well preserved.
The right condylus mandibularis is not fully visible, while the
left one is partly hidden by the posterior area articulis mandi−
bularis of the lower jaw, showing the lateralmost articular
facet. The quadrate−pterygoid suture is hidden by the hyoid el−
ements. Only a part of the left quadratojugal can be seen in
ventral view. It contacts the squamosal posteriorly.

The anterior portions of both pterygoids are missing or are
at least represented only by minute fragments. The posterior
portion of the left pterygoid and especially the right one are
broken in fragments that are slightly displaced from their orig−
inal position. On the right side, the pterygoid–basisphenoid
suture runs between bony fragments. Likewise, the left ptery−
goid bone is sagittally displaced and its medial margin over−
laps the lateral edge of the basisphenoid and basioccipital.

Braincase elements: The basisphenoid lies between the
pterygoids. It lacks the anteriormost portion. The available
ventral surface of the basisphenoid suggests it was sub−
triangular in shape. The preserved ventral surface of the
basisphenoid is ornamented by three pairs of oblique and
parasagittal depressions. The two posterior pairs of depres−
sions have a prominent and crenulated ridge on the anterior
edge. The anterior depression is the deepest. A blunt crest is
situated anterior to the rear depressions. At least two posterior
pairs of grooves, and likely also one other, are blind depres−
sions, not related to the development of any cranial foramina.

The basioccipital presents an anterior, transverse contact
with the basisphenoid and an anterolateral contact with the
pterygoids. The basioccipital is notably broader than the pos−
terior end of the basisphenoid. The basioccipital has a slight
midventral ridge. This bone forms a short and robust con−
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dylus occipitalis, likely with lateral contributions from the
exoccipitals.

Portions of the opisthotics are present on both sides. The
contact of the opisthotic with the exoccipital is visible postero−
medially and the contact of the opisthotic with the quadrate
anterolaterally.

The exoccipitals are preserved on both sides, the left be−
ing more complete than the right. Two foramina nervi hypo−
glossi are located in a unique depression close to the base of
the condylus occipitalis. The foramen jugulare posterius is
not entirely formed by bone and confluent with the fenestra
postotica.

Lower jaw.—Both mandibular rami are preserved and articu−
lated with the skull (Fig. 2). The dentary is the dominant ele−
ment of the lower jaw. A dentary−articular sutural line is not
evident in the posteroventral view of mandible. There is no
evidence of a retroarticular process. The jaw joint is located
well anterior relative to the basioccipital condyle.

Hyoid apparatus.—The hyoid apparatus is represented by a
single pair of branchial horns, which consist of ossified rods

extending from the middle of the palate to the posterolateral
corner of the skull (Fig. 2).

Vertebral column.—It is possible to identify some cervical
and thoracic vertebrae, in addition to all sacral and some cau−
dal vertebrae.

Cervical vertebrae: Remains of the atlas, axis, third, fourth
and the anterior portion of the fifth cervical vertebrae are pre−
served (Fig. 2). The atlas preserves its right neural arch, part of
the left one and the crescentic atlantal intercentrum. The axis,
and third and fourth cervical vertebrae are relatively short. The
third and fourth cervicals are slightly larger than the axis. The
transverse processes are well−developed, single, and placed
slightly cranially. The neurocentral suture divides the trans−
verse processes. The vertebrae are located in lateral view. A
low ridge represents the neural spine. The centra of the axis,
third, and fourth cervical vertebrae are opisthocoelous, having
a well−formed anterior condyle. The fifth cervical vertebra is
caudally hidden by the left epiplastron, but its badly preserved
anterior end seems to be convex too. There are well developed
midventral keels from the axis to the fifth centrum. These
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Fig. 2. Skull and cervical vertebrae of the eucryptodiran turtle Hoyasemys jimenezi gen. et sp. nov. (MCCM−LH 84) from the Early Cretaceous of Las
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Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 14 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



keels are more developed cranially, decreasing to the rear part,
showing a convex ventral outline. This convexity gradually
increases from the second to the fifth vertebrae.

The base of the high neural arch of the second cervical
vertebra is broken and is partially displaced. The prezygapo−
physis of the third cervical vertebra is situated near the bro−
ken base of the second neural arch. The zygapophyses are
long; particularly the postzygapophyses are well developed.
In the third cervical vertebra, the peduncle that bears the
postzygapophyses is as longer as the vertebral centrum. No
ribs are present along the preserved cervical series.

Dorsal, sacral, and caudal vertebrae: Three dorsal centra
are exposed throughout the central fontanelle of the plastron
(Fig. 3), but just one of them is antero−posteriorly complete.
Its centrum is elongate and possesses a ventral sagittal ridge.
All available articular surfaces are slightly concave. The cra−
nial articular surface of the most caudal of these vertebrae is
exposed. It is dorso−ventrally depressed and has a subtrian−
gular outline.

Four precaudal vertebrae are visible in the sacral area, of
which two or three may be sacral vertebrae. The two anterior
preserved precaudal vertebrae have low and wide centra with
a strong midventral keel. The anterior articular surface of the
first vertebra is platycoelous and mediolaterally elongated.
The posterior one is not visible. The two posterior precaudal
(sacral) vertebrae have low, wide centra with a low midventral
keel.

The preserved portion of the tail is about a quarter of the
plastral length. Twelve caudal vertebrae with amphicoelous
centra are visible. The first four caudal vertebrae have trans−
verse processes that are as long as their centra. The length of
the transverse processes decreases posteriorly and disap−
pears at the level of the eighth caudal vertebra. Starting with
the fourth caudal vertebra, slightly developed articular sur−
faces for haemal arches are apparent. Small chevrons are at−
tached to the sixth−seventh, seventh−eighth and eighth−ninth
caudal vertebrae. The caudal vertebrae 9 to 12 are rotated
with respect to the anterior ones and their haemal arches,
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when present, are slightly displaced from their natural posi−
tions. The neural arches of these vertebrae are strongly modi−
fied and its neural spines taper forwardly and overlap the
prezygapophyses.

Carapace.—The carapace is oval and low, and elongate in
shape (Fig. 4). Unfortunately most of its right side is not pre−
served and the anterior left side is slightly displaced. The dor−
sal surface of the vertebral scutes is weakly sculptured by
grooves radiating forwards and laterally from a midpoint on
the posterior edge of the vertebral scutes.

Plates: The nuchal is a large plate slightly displaced from
the midline of the carapace. It is trapezoidal in shape, lacking
the posterior notch for articulation with the first neural. This
plate also lacks an anterior emargination.

The specimen preserves the first five plates of the neural
series. The first two neurals are rectangular, while from the
third to fifth they become hexagonal with short anterolateral

edges. The first neural is the largest in the preserved series
and despite its rectangular shape, it has contacts with two
pairs of costals. The second neural plate by contrast contacts
only with one costal (costal 2).

Hoyasemys jimenezi has two suprapygals. The specimen
shows half of the left side of both suprapygal plates, a small
part of the right region of this later, and the proximal margin
of the pygal, quadrangular in shape. A cast of the pygal plate
suggests that no posterior notch is present. The complete left
costal series is preserved. The right costal series is composed
of the lateral ends of the four posterior plates, slightly dis−
placed and overlapping onto the peripheral bones.

The posterior costal plates form lateral fontanelles with the
peripheral bones. These fontanelles are apparently larger than
they probably were due to compaction and disarticulation of
the specimen and the relative displacement of some of the
plates of the carapace.
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As it is typical in other turtles, Hoyasemys jimenezi likely
had eleven pairs of peripherals. However, only two left pe−
ripheral plates of the anterolateral margin and the last five
pairs of peripherals from both sides of the posterolateral mar−
gin are preserved. Among these bones is a fragment of a trap−
ezoidal and elongated first left peripheral plate. It is laterally
displaced from its contact with the nuchal. The anterolateral
margin of this peripheral is upturned. Several fragments of
the second left peripheral, also guttered, represent the re−
mainder antero−lateral margin. Peripheral plates from eight
to eleven are mediolaterally expanded.

Scutes: In the anterior region of the nuchal plate the limits
of the scutes are not visible, so it is unknown if Hoyasemys
jimenezi has one or more cervical scutes on this plate. The
first vertebral scute covers the posterior portion of this plate.
Most of the first, second, third, fourth and fifth vertebral
scutes can be recognized. They are hexagonal, wider than
long, and with lateral angled edges.

The contact between the first and second vertebral scutes
is located on the first costal and neural plates, the contact be−
tween the second and third vertebral scutes on the third costal
and neural plates, the contacts between the third and fourth
on the sixth costal and probably sixth neural, and the contact
of the last vertebral scutes over the last pair of costals and the
first suprapygal.

Apparently, the marginal scutes are at least as wide as pe−
ripheral plates, but the contact between pleurals and marginals
is not evident.

Plastron.—The length of the plastron is about the 70% of the
carapace. It has a narrow bridge, with deeply concaves
axillary and inguinal notches, and with a subtriangular poste−
rior lobe (Fig. 3). The plastron is slightly shifted in relation to
its original position. The distal regions of the right hyoplastra
or hypoplastra are not preserved and the lateral left margin is
located below the peripheral plates. There therefore is no
contact between the plastron and the carapace, and the nature
of the plastron/carapace connection is unclear. The plastral
buttresses only reach the peripheral plates.

There is a rounded mid−sized central plastral fontanelle
between the hyoplastra and hypoplastra. Preservation does
not allow identification of lateral bridge fontanelles, but if
these existed they would have been very small.

Plates: The epiplastra are large, broad and elongate, giv−
ing a rounded outline to the anterior lobe of the plastron. Be−
tween the epiplastra and the hyoplastra there is a long, proba−
bly ligamentous attachment. The entoplastron is narrow and
barely protrudes from between the hyoplastra. The hyo−
plastra meet each other in the plastral midline and with the
entoplastron along an interfingering contact. This anterior
half of the plastron is partially disarticulated likely due to
compaction.

Mesoplastra are absent. The posterior half of the plastron
is also displaced from its natural position. Consequently
there is a large gap between the hyoplastra and hypoplastra.
Hyoplastra are shorter than hypoplastra. The suture between
the hypoplastra and xiphiplastra is medially directed toward

the rear, with a small notch laterally. The xiphiplastra are
elongate and lack anal notch.

Scutes: The morphology of the scutes of the anterior half of
the plastron is not known because the sulci are not discernible.
Inframarginal scutes are not preserved. The sulci between the
abdomino−femoral and femoro−anal scutes are clearly visible.
The abdomino−femoral sulci, restricted to the hypoplastra, ar−
ticulated along a line that extends from the deepest point of the
inguinal notch to the posterior part of the hyo−hypoplastral
fenestra. The femoral−anal sulcus is oblique, tends sagittally to
reach the hyoplasta−xiphiplastra contact, but remains restric−
ted to the xiphiplastron.

Pectoral girdle and forelimbs.—Pectoral girdle: Most of the
elements of the left and right scapular girdles lie under the
hyoplastra and can only be partially described. Only the
glenoid cavity is visible on both sides where the humeri are
articulated. The articular surface is slightly convex.

Humerus: Both humeri are exposed in ventral view. The
axis of the humeri presents a slightly sigmoidal shape and a
strong medial constriction. The medial process is about twice
as large as the lateral process. Between them, a shallow
intertubercular fossae is present. The proximal end is slightly
cranio−caudally wider than the distal one. The articular sur−
face of the distal end is directed ventrally. The radial and ul−
nar condyles are only lightly developed.

Radius and ulna: These elements are relatively well pre−
served on both sides. The radius is slightly longer, and more
columnar and slender than the ulna. The ulna is about two−
thirds the length of the humerus and is flattened dorso−
ventrally, with a convex proximal end. The olecranon fossa
is not well developed.

Carpus and manus: The right and left carpi are partially
preserved and the relative position of the elements has suf−
fered some distortion. Both carpi are exposed in dorsal view.
The preserved bones of the proximal carpus are difficult to
determine because of slightly disarticulation. However, the
ulnare, the intermedium and the centrale can be recognized
in both forelimbs. The five distal carpals are preserved in
both carpi. They are rounded elements. Distal carpals I to III
are subequal in size, while distal carpal IV is the largest and
the V is the smallest.

The metacarpals are relatively long elements. As usual,
the first metacarpal is relatively short and broad in compari−
son with the other metacarpals. The proximal end of metacar−
pal I has an expanded base that is broader than the rest of the
bone. Metacarpals II to IV are similar in general size and
shape, while the V is the shortest. This metacarpal is pre−
served in bad conditions on both manus.

The phalanges are exposed mainly in lateral or dorsal
views. They are preserved on the right manus in digits I to IV
and in the left one in all the digits but not complete. The first
digit has two phalanges, the second and the third have three.
Digit IV probably had three phalanges, but there is no evi−
dence to ensure that this number is not higher. Digit V has
two preserved phalanges, the first and the claw.
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Pelvic girdle and hindlimbs.—Pelvic girdle: Partially pre−
served and slightly distorted pelvic elements are present.
Just a small part of the acetabular portion of the right ilium
is available. The articular surface is narrow and concave.
Most of the pubis lies under the visceral surface of the
plastron. The proximal region of both pubes is partially ex−
posed around the acetabulum. The pubis is a thin blade, as
can be seen in the available portion of the right one. The
ischia are caudally displaced and sagittally articulated, al−
most completely exposed. The lower end is expanded.

Femur: Both femora are preserved articulated with the
acetabulum. They are slightly S−shaped, and slightly longer
than the humeri. The rounded femoral head forms an angle of
approximately 120� from the main axis of the bone. The right
femur is exposed in lateral view, while the left one is exposed
in latero−ventral view. The femur expands distally forming a
large tibial condyle. A small fibular condyle is placed on the
posteroventral margin.

Tibia and fibula: The tibia and fibula are equal in size and
slightly shorter than the femur. They articulate with one
other. The tibia has an expanded proximal end. Its broad
proximal articular surface articulates with much of the tibial
condyle of the femur. The medial edge of the tibia is concave
and the lateral edge is nearly straight. Distally, the tibia ex−
pands slightly. The fibula is a slender bone with a head
scarcely wider than its shaft, while the distal end is broader
and flatter than the proximal end.

Tarsus and pes: Both tarsi are partially preserved. As in
the carpi, the proximal elements are somewhat disarticulated.
It is not possible to identify the different bones of the right
tarsi. Two elements of the left tarsi probably correspond to
the astragalus and calcaneum. The element interpreted as the
astragalus is larger than the calcaneum, and proximally artic−
ulates with the tibia and fibula.

The distal tarsals are oval in shape. In the left hindlimb
five metatarsals are recognized, which increase in length
from I to IV and decrease in the last one. The metatarsals are
slender and long. Metatarsal V is characterized by a flat
L−shape.

Digits I to V are relatively well preserved. Digit I has two
phalanges. In the digit II there is only one preserved phalanx.
Digit III has three phalanxes. The first phalanx and the proxi−
mal region of the second phalanx are observed in digits IV
and V. Therefore, the total number of phalanges in these two
digits is not known.

Stratigraphic and geographic range.—Known only from the
type locality.

Phylogenetic analysis

In order to determine the systematic position of Hoyasemys
jimenezi, we used the data matrix from Joyce (2007), consist−
ing of 56 taxa and 136 characters. Because of the variation
shown by characters 73 (vertebral B: shape of the vertebrals)

and 76 (plastron B: central plastral fontanelle) during
ontogenetic development, we chose not to code these for
Hoyasemys. Since the state of character 99 (anal A: plastral
scale set 7, anals) in MCCM−LH 84 is intermediate between
the conditions coded as 0 and 1, it also was not coded. Fi−
nally, it should be noted that for character 132 (manus A:
phalangeal formula of manus and pes), the scoring was the
reverse of that in Joyce (2007). All in all, Hoyasemys
jimenezi was scored for 51 of the characters from Joyce
(2007) (see Appendix 1).

The phylogenetic analysis was conducted using the TNT
v. 1.0 program (Goloboff et al. 2008), with Proganochelys
quenstedti as outgroup. Considering that Hoyasemys is an
unequivocal pancryptodire, we used a reduced version of the
data matrix in which all representatives of Panpleurodira and
three of Joyce’s (2007) rogue taxa (Portlandemys mcdowelli,
Sandownia harrisi, Mongolemys elegans) were excluded.
The most parsimonious trees were found using the heuristic
tree search, performing 1000 replicates of Wagner trees (us−
ing random addition sequences) followed by TBR branch
swapping (holding 10 trees per replicate). All characters
were considered unordered and equally weighted.

The phylogenetic analysis resulted in 20 most parsimoni−
ous trees (MPTs) of 297 steps (CI = 0.569, RI = 0.863). The
majority rule tree (Fig. 5) shows the same topology as found
by Joyce (2007). Hoyasemys jimenezi gen. et sp. nov. is placed
as a basal member of Eucryptodira, forming a monophyletic
group with the “Macrobaenidae” and “Sinemydidae”. Here
we found, as did Joyce (2007), that the “Macrobaenidae” and
“Sinemydidae” are non−monophyletic groups more derived
than Xinjiangchelys latimarginalis, but not including Crypto−
dira. The node “Macrobaenidae” + “Sinemydidae” + Crypto−

292 ACTA PALAEONTOLOGICA POLONICA 57 (2), 2012

A Testudinata

B Pancryptodira

C Eucryptodira

Proganochelys quenstedti

Australochelys africanus

Proterochersis robusta
Palaeochersis talampayensis
Kayentachelys aprix

Mongolochelys efremovi
Meiolania platyceps

Kallokibotion bajazidi

Dorsetochelys delairi

Paracryptodira
Plesiochelys solodurensis

Solnhofia parsonsi

Santanchelys gaffneyi

Thalassemys moseri

Xinjiangchelys latimarginalis

Kirgizemys hoburensis
Hoyasemys jimenezi

Judithemys sukhanovi

Dracochelys bicuspis

Ordosemys leios

Sinemys lens

Cryptodira

D

E

F

65

57

65

Fig. 5. Majority rule tree from the 87 maximum parsimonious trees pro−

duced by the cladistic analysis of Hoyasemys jimenezi in the modified data

set of Joyce (2007). Retention index (RI) = 0.863 and consistency index

(CI) = 0.569. Values refer percentages under 100% obtained in the majority

rule analysis. Branchs with percentage under 50% are collapsed. Letters re−

fer to the nodes mentioned in the text.
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dira (Fig. 5: node D) is diagnosed by the following synapo−
morphies: epiplastra elongate in shape, with long postero−
medial contact with the hyoplastra (Joyce 2007: character 83);
extragular scutes absent (character 92); posterior cervicals
with strongly developed ventral keels (character 103); and
presence of cervical central articulations (character 105). The
node consisting of all these taxa except Kirgizemys hoburensis
(Fig. 5: node E) is diagnosed by the absence of parietal–
squamosal contact because the upper temporal emargination is
well developed (character 11).

Hoyasemys jimenezi forms an unnamed clade with Judi−
themys sukhanovi, Dracochelys bicuspis, Sinemys lens, and
Ordosemy leios. The members of this clade (Fig. 5: node F)
share the absence or underdevelopment of chevrons (character
117). This clade is the sister group of crown−group Cryptodira
(Joyce 2007).

Hoyasemys jimenezi has three autapomorphies in this
cladistic analysis: articulation between fourth and fifth cervi−
cals through a cotyle in the fourth and a condyle in the fifth
(character 108); all caudal centra amphicoelous (character
119); most digits of manus and pes with three elongate pha−
langes (character 132).

Comparisons

Because of its systematic position in the cladistic analysis
(Fig. 5), Hoyasemys jimenezi is compared with some species
traditionally attributed to “Macrobaenidae” and “Sinemydi−
dae”, primitive eucryptodires from the Cretaceous to the
Paleocene of Asia and North America (Parham and Hutchin−
son 2003; Lee et al. 2009): Kirgizemys hoburensis (consid−
ered a subjective senior synonym of Hangaiemys hoburensis
sensu Danilov et al. 2006), Judithemys sukhanovi, Draco−
chelys bicuspis, Ordosemys leios, Sinemys lens, Anatolemys
oxensis, Macrobaena mongolica, and Wuguia efremovi.
“Macrobaenidae” or “Sinemydidae” may both be paraphy−
letic (Parham and Hutchinson 2003; Gaffney et al. 2007), a
view supported by our study. Other basal eucryptodires are
also compared: Plesiochelys solodurensis, Plesiochelys etal−
loni, Solnhofia parsonsi, Thalassemys moseri, Brodiechelys
brodiei, and Xinjiangchelys latimarginalis.

Skull.—As in most turtles, in Hoyasemys jimenezi the qua−
dratojugal is present. The only basal eucryptodire in which
this bone is absent is Sinemys, both S. lens and S. gamera
(Joyce 2007).

In Hoyasemys jimenezi the pterygoids contact the basi−
occipital, as in Kirgizemys hoburensis, Judithemys sukhanovi,
Dracochelys bicuspis, and Ordosemys leios but also in other
basal eucryptodires, such as Portlandemys mcdowelli, Plesio−
chelys etalloni, and Solnhofia parsonsi (Joyce 2007). How−
ever, there is no contact between these bones in other taxa, in−
cluding Sinemys lens (Brinkman and Peng 1993b; Sukhanov
2000; Sukhanov and Narmandakh 2006). The sagittal contact
of the pterygoids in Hoyasemys jimenezi is shared with all

basal eucryptodires except Kirgizemys hoburensis, which has
lost this contact (Danilov et al. 2006; Joyce 2007).

A pair of pits on the posterior region of the ventral surface
of the basisphenoid is present in several primitive pancrypto−
dires, such as Sinemys lens, Kirgizemys hoburensis, Ordo−
semys leios, and Judithemys sukhanovi (Brinkman and Peng
1993b; Brinkman and Wu 1999; Tong et al. 2004; Danilov et
al. 2006; Gaffney et al. 2007; Joyce 2007). This pair of pits is
absent in Macrobaena mongolica, and other basal eucrypto−
dires such as Portlandemys mcdowelli, Plesiochelys etalloni,
and Solnhofia parsonsi (Danilov et al. 2006), but they are
present in members of the paraphyletic group that includes
all pancryptodires more derived than Xinjiangchelys lati−
marginalis, but excluding Cryptodira (Joyce 2007). This pair
of pits is likely associated with insertions of major ligaments
from the neck onto the base of the skull, allowing neck re−
traction (Brinkman and Peng 1993b; Joyce 2007). However,
the presence of two pairs of blind depressions on this bone is
not shared with any other representative of this node.

The triangular shape of the basisphenoid in Hoyasemys
jimenezi is shared by some basal eucryptodires such as Port−
landemys mcdowelli, Plesiochelys etalloni, and Dracochelys
bicuspis (Gaffney 1976; Gaffney and Ye 1992; Gaffney et al.
2007), but not by Ordosemys leios or Kirgizemys hoburensis,
in which it is rectangular (Gaffney et al. 2007).

As in most other pancryptodires, the basisphenoid of
Hoyasemys jimenezi is narrower than the basioccipital. How−
ever, in Plesiochelys etalloni and Portlandemys mcdowelli the
width of the rear end of the basisphenoid is the same of the
basioccipital (Gaffney 1976; Rieppel 1980). The long basi−
sphenoid of Hoyasemys jimenezi, as in Plesiochelys etalloni,
contrasts with the condition in other taxa such as Solnhofia
parsonsi, in with is very short (Lapparent de Broin et al. 1996).

The relatively short and wide basioccipital of Hoyasemys
jimenezi is shared with Ordosemys leios, but it is longer than
wide in other taxa such as Kirgizemys hoburensis and Draco−
chelys bicuspis (Brinkman and Wu 1999; Gaffney et al. 2007).

Vertebral column.—The transverse processes on the anterior
edge of the centrum of the cervical vertebrae in Hoyasemys
jimenezi is shared with the basal eucryptodires Kirgizemys
hoburensis, Judithemys sukhanovi, and Xinjiangchelys lati−
marginalis (Gaffney et al. 2007). However, there other repre−
sentatives of this group show the transverse processes in the
middle of the centrum, such as Dracochelys bicuspis and
Solnhofia parsonsi (Gaffney et al. 2007).

The articulations of the cervical vertebrae of Hoyasemys
jimenezi are formed as in Kirgizemys hoburensis, Judithemys
sukhanovi, and Ordosemys leios. This condition, also present
in Cryptodira, differs from that observed in other basal eu−
cryptodires, with amphicoelous vertebrae, such as Solnhofia
parsonsi, Thalassemys moseri, and Xinjiangchelys latimargi−
nalis (Joyce 2007).

The presence of at least the three opisthocoelous cervicals
seen in Hoyasemys jimenezi (from the second to the fourth) is
shared with Sinemys lens and Dracochelys bicuspis, with
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opisthocoelous cervicals 2–7 and a biconvex 8 (Brinkman
and Wu 1999; Brinkman 2001). This differs from the charac−
ter in most Pancryptodira, with the fourth cervical biconvex,
separating the opisthocoelous anterior vertebrae from the
procoelous posterior cervicals (Parham and Hutchinson
2003). The fourth cervical vertebra is biconvex in taxa such
as Judithemys sukhanovi, Ordosemys leios, and Kirgizemys
hoburensis (Brinkman and Wu 1999; Joyce 2007; Gaffney et
al. 2007).

As in Solnhofia parsonsi, all caudal centra in MCCM−LH
84 are amphicoelous (Gaffney et al. 2007; Joyce 2007).
Dracochelys bicuspis, Kirgizemys hoburensis, Ordosemys
leios, and Judithemys sukhanovi have a biconcave third cau−
dal vertebra, with procoelous anterior and opisthocoelous
posterior caudals (Brinkman and Peng 1993a; Brinkman and
Wu 1999; Hirayama et al. 2000; Parham and Hutchinson
2003; Gaffney et al. 2007; Joyce 2007).

The small, poorly developed chevrons in the last preserved
vertebrae of Hoyasemys jimenezi are like those of Judithemys
sukhanovi and Ordosemys leios (Parham and Hutchinson
2003; Joyce 2007). However, many basal eucryptodires have
well−developed chevrons in nearly all caudals, such as Soln−
hofia parsonsi (Brinkman and Wu 1999; Hirayama et al.
2000; Gaffney et al. 2007; Joyce 2007).

Carapace.—The longer than wide carapace of Hoyasemys
jimenezi is seen in almost all basal eucryptodes, but not in
Ordosemys leios, in which it is as wide as long, or in some
specimens of Sinemys, such as Sinemys lens or Sinemys
gamera, in which the width of the carapace can be greater than
or equal to its length (Brinkman 2001; Parham and Hutchin−
son 2003; Danilov and Sukhanov 2006; Danilov et al. 2006).

The absence of emargination in the anterior margin the
nuchal plate of Hoyasemys jimenezi is shared with Wuguia
efremovi or Anatolemys oxensis, taxa in which this emargi−
nation is weak or absent. Judithemys sukhanovi, Kirgizemys
hoburensis, Ordosemys leios, and Sinemys lens have a small
emargination. On the contrary, in Dracochelys bicuspis the
emargination is well developed (Sukhanov 2000; Parham
and Hutchinson 2003; Matzke et al. 2004a; Danilov et al.
2006; Danilov and Sukhanov 2006; Sukhanov and Narman−
dakh 2006; Danilov and Parham 2008).

Hoyasemys jimenezi shares with other primitive eucrypto−
dires, such Kirgizemys hoburensis, Ordosemys leios, and Wu−
guia efremovi, the dorsal thickening of the lateral edges in the
anterior peripherals (Brinkman and Peng 1993a, b; Peng and
Brinkman 1993; Parham and Hutchinson 2003; Matzke et al.
2004b; Danilov and Sukhanov 2006; Danilov and Parham
2008). Guttered peripherals are absent in other taxa such as
Dracochelys bicuspis, Judithemys sukhanovi, or Sinemys lens
(Peng and Brinkman 1993a, b; Matzke et al. 2004b; Danilov
and Sukhanov 2006).

The angled lateral edges of the vertebral scutes of Hoya−
semys jimenezi are more like those of Dracochelys bicuspis
than Kirgizemys hoburensis, where the vertebral scutes have
nearly parallel sides (Brinkman 2001).

Plastron.—In Hoyasemys jimenezi the plastral buttresses
reach only the peripherals, as in Sinemys lens, Kirgizemys
hoburensis, Dracochelys bicuspis, Ordosemys leios, Judi−
themys sukhanovi, Xinjiangchelys latimarginalis, Solnhofia
parsonsi, and Brodiechelys brodiei (Hirayama et al. 2000;
Gaffney et al. 2007; Joyce 2007). In Plesiochelys solodu−
rensis and Thalassemys moseri the plastral buttresses reach
the costals (Lapparent de Broin et al. 1996; Hirayama et al.
2000; Gaffney et al. 2007; Joyce 2007).

The broad epiplastra of Hoyasemys jimenezi are also seen
in Xinjiangchelys latimarginalis, but Sinemys lens, Draco−
chelys bicuspis, Kirgizemys hoburensis, and Ordosemys leios
have narrow epiplastra (Brinkman and Wu 1999). The elon−
gate epiplastra of Hoyasemys jimenezi, with a long postero−
medial contact with the hyoplastra, are similar to Kirgizemys
hoburensis, Judithemys sukhanovi, and Dracochelys bicuspis,
but different from the squarish epiplastra with a minor poste−
rior contact with the hyoplastra in Plesiochelys solodurensis,
Solnhofia parsonsi, and Xinjiangchelys latimarginalis (Joyce
2007).

Appendicular skeleton.—The hook−shaped fifth metatarsal of
Hoyasemys jimenezi is the general condition in turtles (Brink−
man 2001). The complete phalangeal formula of the pes of
Hoyasemys jimenezi is not known, but is compatible with the
primitive formula for Pancryptodira, 2−3−3−3−3, present in
eucryptodiran taxa such Judithemys sukhanovi (Parham and
Hutchinson 2003).

Discussion

Adult basal eucryptodes can exhibit several characters seen
in juveniles of other groups of turtles. In particular, the large
size of the skull in relation to the carapace, the ornamentation
on the vertebral scutes, the presence of fontanelles, the pres−
ence of broad vertebral scutes, or the interdigitating inter−
hyoplastral and interhypoplastral sutures observed in the
type of Hoyasemys jimenezi are shared with other adult
eucryptodires.

The ratio of the length of the skull to the carapace in
Hoyasemys jimenezi is about 25%, similar to Idiochelys
fitzingeri and Eurysternum wagleri (Lapparent de Broin et al.
1996). Solnhofia parsonsi is diagnosed by a skull that is 40%
the length of the carapace (Joyce 2000).

The ornamentation of forward−radiating ridges on the
vertebral scutes in Hoyasemys jimenezi is present in adults of
some basal eucryptodires. Xinjiangchelys qiguensis, X. tian−
shanensis, and X. radiplicatus show this dorsal ornamenta−
tion of the carapace, but the pattern and intensity is different,
being weakest in X. qiguensis and strongest in X. radiplicatus
(Matzke et al. 2004b). This pattern is also present in some
Eurysternidae such as Eurysternum wagleri (Lapparent de
Broin 2001). In some “Macrobaenidae” such as Kirgizemys
hoburensis, the carapace is also sculptured by grooves
(Brinkman and Peng 1993a).
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Peripheral fontanelles are present in adult specimens of
Eurysternidae, Dracochelys bicuspis, Ordosemys brinkmania,
undetermined representatives of Sichuanchelys, Xinjiang−
chelys chowi, and some species of Sinemys such as S. gamera
(Brinkman and Peng 1993b; Lapparent de Broin et al. 1996;
Joyce 2000; Brinkman 2001; Maisch et al. 2003; Matzke et al.
2005; Sukhanov and Narmandakh 2006; Danilov and Parham
2007, 2008), but are absent in other taxa such as Kirgizemys
hoburensis, Sichuanchelys chowi, Sinemys lens, and Xinjiang−
chelys qiguensis (Brinkman and Peng 1993a, b; Maisch et al.
2003; Matzke et al. 2004b; Danilov and Parham 2008).

The fenestrated plastron is primitive for Eucryptodira
(Brinkman and Peng 1993b). A central fontanelle in the
plastron is present in Ordosemys leios, Solnhofia parsonsi,
and Eurysternum wagleri. However, other basal Eucrypto−
dira lack this fontanelle, such as Judithemys sukhanovi, Kir−
gizemys hoburensis, Brodiechelys brodiei, and Xinjiang−
chelys latimarginalis (Hirayama et al. 2000; Joyce 2000;
Sukhanov 2000; Danilov and Parham 2008). In other turtles,
including Plesiochelyidae and Sinemys lens, this fontanelle
can be retained or absent in adults (Bräm 1965; Gaffney
1975b; Lapparent de Broin et al. 1996; Gaffney et al. 2007).

The broad vertebral scutes of Hoyasemys jimenezi repre−
sent the primitive condition for Eucryptodira, observed in
taxa such as Eurysternidae, Plesiochelyidae, Xinjiangchelyi−
dae, Ordosemys leios, Dracochelys bicuspis, and Judithemys
sukhanovi (Gaffney 1975c; Brinkman and Peng 1993a;
Lapparent de Broin et al. 1996; Hirayama et al. 2000; Joyce
2000; Sukhanov 2000; Matzke et al. 2004b; Danilov et al.
2006). In some of these taxa, the vertebral scutes are consid−
erably wider than in Hoyasemys jimenezi, extending to the
peripheral plates in the case of Xinjiangchelys qiguensis
(Matzke et al. 2004b).

The strongly interdigitating interhyoplastral and partial
interhypoplastral sutures of Hoyasemys jimenezi are similar
to those observed in adults of other taxa such as Xinjian−
gchelys qiguensis, Dracochelys bicuspis, or Macrobaena
mongolica (Brinkman 2001; Maisch et al. 2003; Matzke et
al. 2004b; Tong et al. 2004).

These comparisons mean it is impossible to determine the
ontogenetic age of Hoyasemys jimenezi. For this reason,
some characters were not coded for Hoyasemys jimenezi in
the cladistic analysis, nor taken into account in the diagnosis
of this new taxon. In this analysis, Hoyasemys jimenezi is
considered to be a member of Eucryptodira more derived
than Xinjiangchelys latimarginalis, but primitive relative to
Cryptodira (Fig. 5).

The Uña locality (Cuenca, Spain) is the closest fossil site
both spatially and temporally, and it has yielded a rich verte−
brate fauna. Turtles are represented by shell fragments, includ−
ing a “chelydroid−like” turtle (after Broin in Krebs 1995),
which might be Hoyasemys jimenezi, although diagnostic
characters are lacking.

Although some basal eucryptodires more primitive than
Hoyasemys jimenezi, such as Thalassemydidae, Plesiochely−
idae and Eurysternidae, are interpreted as coastal chelonians

(Danilov 2008), closer relatives of Hoyasemys jimenezi, such
as “Macrobaenidae” and “Sinemydidae”, may have been
freshwater forms. In fact, Kirgizemys hoburensis, Draco−
chelys bicuspis, Sinemys lens, and Ordosemys leios are inter−
preted as adapted to freshwater environments, and described
as “chelydroid” in appearance (Renous et al. 2008). Judith−
emys sukhanovi was a more specialized swimmer (Parham
and Hutchinson 2003). The Las Hoyas deposits were formed
in a shallow and permanent lacustrine system (Fregenal−
Martínez and Meléndez 1995), and the fauna is largely fresh−
water (Buscalioni et al. 2008).

The adaptation of turtles to an aquatic life involves modifi−
cations both in shell shape and in the limbs (Renous et al.
2008). An incomplete and reduced shell, like that in this group
of Eucryptodira, seems to be adequate in aquatic environ−
ments (Renous et al. 2008). The low shell is hydrodynamically
efficient (Claude et al. 2003; Parham and Hutchinson 2003).
The reduced fenestrated and cruciform plastron of the aquatic
“Macrobaenidae” and “Sinemydidae” (Brinkman and Peng
1993a) allows good leg mobility. However, a reduced plastron
could also facilitate other functions such as cutaneous respira−
tion over a greater surface area, so it does not always imply an
adaptation to swimming (Parham and Hutchinson 2003).

Adaptation to different modes of aquatic life has led to sig−
nificant changes in the limbs of turtles. Hoyasemys jimenezi
lacks the adaptations of marine forms, in which the forelimbs
are much longer than the hindlimbs and are modified into rigid
flippers and the hindlimbs into semi−rigid paddles. This is
achieved by an increase in the length of the metacarpals and
phalanges, the loss of articulations between these, similar
length of the femur and humerus, a peculiar morphology of the
pisiform, and flattened limb bones (Pace et al. 2001; Renous et
al. 2008). Hoyasemys jimenezi, as well as the rest of basal
Eucryptodira, clearly lacks these characters. However, the
limbs of Hoyasemys jimenezi are similar to those of semi−
aquatic and highly aquatic freshwater forms (Pace et al. 2001;
Renous et al. 2008), in that the femur is a little longer than the
humerus, the paddles are small and consist of mobile digits,
long claws on all digits, and a typical phalangeal formula of
2−3−3−3−3. In contrast, in highly aquatic freshwater forms such
as Trionychidae and Carettochelyidae the paddles are more
developed, with long mobile digits, hyperphalangy in phalan−
ges IV and V, and claws only in the first three digits (Joyce
2007; Renous et al. 2008). Although the exact number of pha−
langes of the last two digits of the hands or feet are not known
in Hoyasemys jimenezi, the fifth digit of the hand has no more
than three phalanges, the last being a claw, as in semiaquatic
turtles. Therefore, the carapace and limbs suggest Hoyasemys
jimenezi was an inhabitant of freshwater, compatible with the
environment where it was found.
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Appendix 1

Scored characters for Hoyasemys jimenezi into the data matrix of Joyce
(2007): quadratojugal A, 0; premaxilla B, 0; premaxilla E, 0; pterygoid
A, 1; pterygoid C, 1; pterygoid D, 1; pterygoid G, 0; basisphenoid A, 0;
basisphenoid B, 1; jugular foramina A, 1; dentary A, 0; splenial A, 1;
carapace A, 0; carapace B, 0; nuchal B, 0; neural A, 0; peripheral A, 1;
costal A, 0; costal B, 0; costal C, 0; supramarginal A, 2; vertebral A, 1;
entoplastron A, 1; entoplastron C, 1; entoplastron D, 0; entoplastron E,

0; hyoplastron A, 0; mesoplastron A, 2; hypoplastron A, 0; xiphi−
plastron A, 0; xiphiplastron B, 0; plastral scutes A, 0; extragular C, 1; ab−
dominal A, 0; cervical rib A, 1; cervical vertebra A, 1; cervical articula−
tion A, 1; cervical articulation B, 0; cervical articulation C, 0; cervical
articulation D, 0; chevron A, 1; caudal B, 0; scapula B, 1; scapula C, 1;
ilium D, 0; ischium A, 1; hypoischium A, 1; manus A, 0; manus B, 0;
manus C, 0; pes B, 1.
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