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a b s t r a c t

Postcranial material corresponding to three specimens of freshwater turtles, from the lower Albian
(upper Lower Cretaceous) of Ari~no (Teruel Province, Spain), is analysed in this paper. This study allows us
to identify the presence of Pleurosternidae (Paracryptodira) outside its known stratigraphic range, from
Kimmeridgian to Barremian, and extends its distribution to the Albian. The species from Ari~no represents
a new taxon, Toremys cassiopeia gen. et sp. nov., which is the only pleurosternid described so far in post-
Berriasian levels. Toremys cassiopeia is closely related to other taxa from Europe, to which the Cretaceous
pleurosternids are restricted. Knowledge about the European freshwater turtle faunas distributed be-
tween the Barremian and the uppermost Cretaceous is very limited. The new finding provides relevant
data on these poorly understood faunas.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Pleurosternidae (Paracryptodira) is the only group of freshwater
turtles recognized in the Upper Jurassic of North America and
Europe. This clade is identified as the sister group of the North
American Baenidae (P�erez-García et al., in press). Pleurosternidae
are restricted in North America to the Upper Jurassic, whereas they
occur in Europe in the Upper Jurassic and in the Lower Cretaceous.
The type species, Pleurosternon bullockii (Owen, 1842), was
described from the Lower Cretaceous (Berriasian) of the Purbeck
Limestone Group of United Kingdom. This genus is also known in
the Upper Jurassic. The new combination Dorsetochelys typocar-
dium (Seeley, 1869) has recently been proposed for other pleuro-
sternid species, also described in the same British levels (Purbeck
Limestone Group) (P�erez-García, 2014). Recent findings of two new
Iberian Late Jurassic pleurosternid taxa improved the knowledge
about the diversity of Pleurosternidae in Europe (Portuguese Sele-
nemys lusitanica P�erez-García and Ortega, 2011; Spanish Riode-
vemys inumbragigas P�erez-García, Royo-Torres and Cobos, in press).
Therefore, the so far described members of Pleurosternidae from
uldade de Ciências da Uni-
e, 1749-016 Lisbon, Portugal.
z-García).
Europe come from Upper Jurassic levels (Kimmeridgian and
Tithonian), and from the oldest stage of the Lower Cretaceous
(Berriasian). The presence of fragmentary plates of indeterminate
pleurosternids has recently been recognized in several European
Lower Cretaceous locations, including some findings in post-
Berriasian levels such as in the French locality of Angeac (Char-
ente; HauterivianeBarremian) and the Spanish locality of Galve
(Teruel; Hauterivian and Barremian levels) (Neraudeau et al., 2012;
P�erez-García et al., 2013). Considering these new findings, P�erez-
García et al. (in press) postulated that the known stratigraphic
distribution of Pleurosternidae must be extended and reaches now
from the Kimmeridgian (Upper Jurassic) to the Barremian (Lower
Cretaceous).

The finding of a new bonebed, in the lower Albian of the Spanish
town of Ari~no (Teruel Province), has recently been reported (Alcal�a
et al., 2012) (Fig. 1). This bonebed has yielded thousands of fossils,
including abundant material of several groups of vertebrates. This
discovery immensely expanded the knowledge on the vertebrate
faunas from the Albian of Europe, and especially, from the Iberian
Peninsula, which was so far very limited. Several new taxa of
crocodilians (the most recent European goniopholidids: Hulkeph-
olis plotos Buscalioni, Alcal�a, Espílez and Mampel, 2013, and Ante-
ophthalmosuchus escuchae Buscalioni, Alcal�a, Espílez and Mampel,
2013) and dinosaurs (basal nodosaurid ankylosaur Europelta car-
bonensis Kirkland, Alcal�a, Loewen, Espílez, Mampel and Wiersma,
2013; basal iguanodont ornithopod Proa valdearinnoensis
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Fig. 1. Geographical location of Ari~no (Teruel Province, Spain), the type locality of
Toremys cassiopeia, gen. et sp. nov.
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McDonald, Espílez, Mampel, Kirkland and Alcala, 2012) have
currently been described (McDonald et al., 2012; Buscalioni et al.,
2013; Kirkland et al., 2013).

The remains of turtles, hitherto unpublished, are very abundant
in Ari~no. Most of them can be attributed to Solemydidae, a group of
primitive turtles (stem Testudines) recently recognized as terres-
trial forms (Scheyer et al., in press). However, three of the turtle
specimens found in Ari~no do not correspond to Solemydidae. These
specimens are studied here. They are assigned to a new taxon of
Pleurosternidae, representing the worldwide most recent record of
this clade.

Collection abbreviations. AR, Ari~no collection, deposited in the
Museo Aragon�es de Paleontología (Fundaci�on Conjunto Paleon-
tol�ogico de Teruel-Din�opolis), Teruel, Spain.

Anatomical abbreviations. Plates: c, costal; en, entoplastron; ep,
epiplastron; hp, hypoplastron; hy, hyoplastron; ms, mesoplastron;
n, neural; nu, nuchal; p, peripheral; py, pygal; spy, suprapygal; xi,
xiphiplastron. Scutes: Ab, abdominal; An, anal; Fe, femoral; Gu,
gular; Hu, humeral; Ig, intergular; Inf, inframarginal; M, marginal;
Pc, pectoral; Pl, pleural; V, vertebral.

2. Systematic paleontology

Testudines Batsch, 1788
Paracryptodira Gaffney, 1975
Baenoidea Williams, 1950
Pleurosternidae Cope, 1868

Toremys cassiopeia, gen. et sp. nov.
Figs. 2e5

Holotype. AR-1-4893, a nearly complete and articulated shell, and
some appendicular elements (Fig. 2).

Paratypes. AR-1-4863, a relatively complete and partially articu-
lated shell, and several appendicular elements (Fig. 3). AR-1-3923, a
partial and disarticulated shell (Fig. 4).

Locality and horizon. Site AR-1, Santa María Quarry, Ari~no, Teruel
Province, Northeastern Spain. Oliete Geological Sub-basin, South
Iberian Range. Lower Escucha Formation, lower Albian (Alcal�a et al.,
2012; Tibert et al., 2013).

Etymology. The generic name is composed by Tor-, from the Spanish
word toro (bull in English), an animal closely linked in several
legends and traditions to Teruel Province; and -emys (Greek),
meaning turtle. The specific name refers to Cassiopeia, the turtle of
the fantasy novel Momo (Ende, 1973), which could see the future
and knew the way to travel to the place where the administrator of
the time worked, alluding to the fact that the new pleurosternid
lived outside the stratigraphical range known for the other repre-
sentatives of this clade. In addition, Cassiopeia is a star constellation
and a bull and a star are integrated in the emblem of Teruel
Province.

Diagnosis. Pleurosternid with the following autapomorphies:
maximum width of the anterior edge of the nuchal plate (consti-
tuting the anterior margin of the carapace) being less than four
times the maximum width of this plate; maximum width of the
vertebral 1 greater than twice the width of its posterior edge. It is
distinguished from other pleurosternids by an exclusive character
combination: shallow emargination of the anterior carapace region
(shared with Dinochelys whitei, Glyptops plicatulus, Riodevemys
inumbragigas and some specimens of Pleurosternon bullockii);
absence of notched posterior carapace rim (shared with Di. whitei,
G. plicatulus, Dorsetochelys typocardium, P. bullockii, and Selenemys
lusitanica); absence of carapace sagittal keel (shared with Di. whitei,
G. plicatulus, R. inumbragigas, P. bullockii, and S. lusitanica); width of
the nuchal less than twice its maximum length (shared with
G. plicatulus, R. inumbragigas, and P. bullockii); straight latero-
anterior nuchal margins (shared with Di. whitei, G. plicatulus, Do.
typocardium, and P. bullockii); neural 1 rectangular, neurals 2e8
hexagonal (shared with G. plicatulus, R. inumbragigas, and some
specimens of Do. typocardium and P. bullockii); suprapygal 1 much
narrower than suprapygal 2 (shared with R. inumbragigas,
P. bullockii, and S. lusitanica); slight dorsal curvature of the lateral
part of the anterior and bridge peripherals (shared with
G. plicatulus, Do. typocardium, and R. inumbragigas); peripherals 11
longer than wide (shared with Di. whitei, G. plicatulus, Do. typo-
cardium, P. bullockii, and S. lusitanica); absence of cervical scute
(shared with P. bullockii and S. lusitanica); vertebrals relatively
narrow, pleurals wider than long (shared with G. plicatulus, Do.
typocardium, R. inumbragigas, P. bullockii, and S. lusitanica); straight
anterior margin of the vertebral 1 (shared with Di. whitei,
G. plicatulus, R. inumbragigas, P. bullockii, and S. lusitanica); vertebral
1 wider than the nuchal (shared with Di. whitei, G. plicatulus, Do.
typocardium, and P. bullockii); suprapygal 1 carrying the sulcus
between vertebrals 4 and 5 (shared with Di. whitei and
S. lusitanica); vertebral 1 overlapping on the peripheral series
(shared with Di. whitei, G. plicatulus, Do. typocardium,
R. inumbragigas, and P. bullockii); pleuro-marginal sulci near the
costo-peripheral sutures (shared with Di. whitei, G. plicatulus, Do.
typocardium, P. bullockii, and S. lusitanica); marginals 1 wider than
long (shared with Di. whitei, G. plicatulus, Do. typocardium,
R. inumbragigas, and P. bullockii); marginals 2 exclusively located at
the peripheral series (shared with Di. whitei, G. plicatulus, and Do.
typocardium); marginals 11 not overlapping on the suprapygal 2
(shared with Di. whitei, R. inumbragigas, and P. bullockii); marginals
12 overlapping on the suprapygal 2 (shared with Do. typocardium,
P. bullockii, and S. lusitanica); subrounded lateral and anterior
margins of the anterior plastral lobe (shared with G. plicatulus, Do.
typocardium, P. bullockii, and S. lusitanica); absence of well-
developed gular protrusions (shared with G. plicatulus, Do. typo-
cardium, R. inumbragigas, P. bullockii, and S. lusitanica); entoplastron
rhomboidal and wider than long (shared with Do. typocardium,



Fig. 2. AR-1-4893, holotype of Toremys cassiopeia, gen. et sp. nov., from the lower Albian of Ari~no (Teruel Province, Spain). AeB, carapace, in dorsal (A) and ventral (B) views. CeD,
plastron, in dorsal (C) and ventral (D) views. E, carapace, in ventral view. F, details of the ornamental pattern of several regions of the dorsal view of the carapace. G, details of the
ornamental pattern of several regions of the ventral view of the plastron. H, proximal region of the right femur, in posterior (H), and anterior (H0) views. I, left femur, in anterior
view. J, left humerus, in dorsal view.
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Fig. 3. AR-1-4863, paratype of Toremys cassiopeia, gen. et sp. nov., from the lower Albian of Ari~no (Teruel Province, Spain). A, anterior region of the carapace, in dorsal view. B, left
peripherals of the bridge area, in lateral view. C, posterior region of the carapace, in dorsal view. DeE, distal region of two costals, in dorsal view. F, partial plastron, in ventral view.
GeH, two views of a block containing, in situ, other plates of the carapace and plastron, and also appendicular elements. IeL, right humerus, in dorsal (I), anterior (J), ventral (K) and
posterior (L) views. MeO, proximal region of the left humerus, in dorsal (M), ventral (N), and medial (O) views. PeT, proximal half of the right femur, in dorsal (P), anterior (Q),
ventral (R), posterior (S), and medial (T), views. UeV, right ilium, in dorsal (U), and ventral (V) views. WeX, right pubis, in dorsal (W), and ventral (X) views.
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Fig. 4. AR-1-3923, paratype of Toremys cassiopeia, gen. et sp. nov., from the lower Albian of Ari~no (Teruel Province, Spain). AeE, peripheral plates, in dorsal view. FeI, costal plates, in
dorsal view. JeK, neurals, in dorsal view. L, posterior region of a first suprapygal, in dorsal view. M, several elements, including most of the plates of the plastron. All of them are in
ventral view except the xiphiplastron, in dorsal view. NeQ, details of the ornamental pattern in the outer surface of several shell regions: a peripheral (N), a costal (O), the
entoplastron (P) and the left hyoplastron (Q).
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P. bullockii, and S. lusitanica); sagittal contact between the meso-
plastra (shared with Di. whitei, G. plicatulus, Do. typocardium,
P. bullockii, and S. lusitanica); presence of an anal notch (sharedwith
Do. typocardium and P. bullockii); straight plastral sagittal sulcus
(shared with Di. whitei, G. plicatulus, Do. typocardium, and
P. bullockii); anal scutes entirely situated on the xiphiplastra (shared
Fig. 5. Reconstruction of the shell of Toremys cassiopeia, gen. et sp. nov., from the lower
Albian of Ari~no (Teruel Province, Spain). A, dorsal view of the carapace. B, ventral view
of the plastron.
with G. plicatulus, Do. typocardium, R. inumbragigas, P. bullockii, and
S. lusitanica).

Description. The outer surfaces of all plates of the carapace and
plastron of Toremys cassiopeia are ornamented by low tubercles,
constituting a vermiculate pattern (Figs. 2FeG, 4NeQ). Well-
developed fine striations, perpendicular to the margins of all the
plates, are present in this taxon. None of the three analysed spec-
imens shows shell fontanelles. The estimated carapace length of
these individuals is close to 15 cm. Neither the anterior nor the
posterior margins of the shell of T. cassiopeia are scalloped (Fig. 5A).
A shallow emargination of the anterior region of the carapace is
developed on the anterior margin of the nuchal plate and on the
antero-medial region of the first pair of peripherals (Figs. 2A, 3A).
This taxon lacks a pygal notch (Fig. 3C). The lateral margins of the
shell are rounded (Fig. 2A).

The anterior edge of the nuchal plate of Toremys cassiopeia
constitutes the anterior margin of the carapace (Figs. 2A, 3A, 5A).
However, this edge is very narrow in relation to the maximum
width of this plate, which is more than four times that of the
anterior edge. Thewidth of this plate is considerably less than twice
its maximum length. The latero-anterior margins of the nuchal are
straight. Toremys cassiopeia has eight neurals and lacks supernu-
merary plates anterior to the neural 1. The neural 1 is rectangular
(Figs. 2A, 3A) and is in contact with the costals 1. The other neurals
are hexagonal (Figs. 2A, 4JeK) with a latero-anterior margin shorter



Fig. 6. Phylogenetic position of Toremys cassiopeia, gen. et sp. nov., from the lower Albian of Ari~no (Teruel Province, Spain), obtained by the cladistic analysis. A, majority rule tree
(values refer to percentages obtained in this analysis); B, strict consensus tree, with Bootstrap frequencies (top; only values equal to or greater than 50% shown) and Bremer support
values (bottom); C, temporally calibrated cladogram of Paracryptodira corresponding to the majority rule tree obtained in the phylogenetic analysis. The black rectangles represent
the North American taxa and the grey ones the European taxa.
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than the latero-posterior. Each of them contacts with two pairs of
costals. Neurals 1e6 are longer than wide. The ratio between the
length and width of neurals 7 and 8 is not known due to the poor
preservation of that carapace region. Toremys cassiopeia lacks a
sagittal keel. It has two suprapygal plates (Figs. 3C, 4L, 5A) which
the first being much narrower than the second one. Toremys
cassiopeia has eight pairs of costals and eleven pairs of peripherals.
The first dorsal rib is long (Fig. 2B). A slight dorsal curvature of the
carapace is developed in the lateral area of the anterior and bridge
peripherals (Figs. 2A, 3A, 4A). The last pair of peripherals is longer
than wide (Fig. 3C).

Toremys cassiopeia lacks a cervical scute (Fig. 3A). Therefore, the
sagittal contact between marginals 1 is visible. Marginals 1 are
wider than long. The latero-posterior margins of the vertebral 1 are
markedly divergent (Figs. 2A, 3A, 5A) resulting in a maximum
width of this scute that is greater than twice the width of its pos-
terior edge. Anterolaterally, this vertebral overlaps the peripheral
series (peripherals 1 and 2 in the case of AR-1-4893, Fig. 2A; pe-
ripheral 1 in AR-1-4863, Fig. 3A). Medially, the sulcus between
vertebrals 1 and 2 is placed on the neural 1. The sulcus between
vertebrals 4 and 5 is located on the posterior region of the supra-
pygal 1 (Figs. 4L, 5A). The vertebral series is relatively narrow, the
pleural scutes being wider than long (Figs. 3A, 4H, 5A). The sulci
between the pleural and marginal scutes is situated near the suture
between the costal and the peripheral plates (Figs. 2A, 3C, 4DeE, 4I,
5A). Marginals 2 do not overlap at the costals 1 (Figs. 2A, 3A).
Marginal 11 are not in contact with suprapygal 2 (Figs. 3C, 5A).
However, marginals 12 overlap on the postero-medial region of
that suprapygal.

Both the lateral and the anterior margins of the anterior plastral
lobe of Toremys cassiopeia are subrounded (Figs. 2D, 4M, 5B). This
taxon lacks well-developed protrusions of the gulars. The ento-
plastron is rhomboidal, being wider than long. The axillary but-
tresses of T. cassiopeia are poorly developed, only weakly extending
onto the first costals (Figs. 2B, 3F, 4M). The inguinal buttresses are
in contact with the distal portion of the costals 5. The hyoplastra are
longer than the hypoplastra (Figs. 2D, 4M). This taxon has a
transversely directed pair of mesoplastra that contact each other
sagitally. The lateral margins of the posterior plastral lobe are
subrounded. An anal notch, wider than long, is present.

The plastral sagittal sulcus is straight (Figs. 2D, 4M, 5B). Toremys
cassiopeia has a pair of intergular scutes (Figs. 4M, 5B). These scutes
are slightly larger than the gulars. The humero-pectoral sulcus is
well posterior to the entoplastron. Toremys cassiopeia has infra-
marginal scutes. The pectoro-abdominal and the abdomino-
femoral sulci are straight, and run perpendicular to the axial
plane. The anal scutes are entirely situated on the xiphiplastra.

Postcranial elements include some generally poorly preserved
appendicular bones associated with AR-1-4893 and AR-1-4863
(Figs. 2HeJ, 3IeX). The diaphysis of the humerus is more curved
than that of the femur. The proximal and distal regions of the hu-
merus are wider than those of the femur. The proximal head of the
femur carries a wide depression which separates the two
trochanter (Figs. 2HeJ, 3IeT). The preserved pelvic elements are
relatively flat (Fig. 3UeX). The contacts of these elements with the
plastron were ligamentous attachments.

3. Discussion

3.1. Comparison of Toremys cassiopeia with other members of
Paracryptodira

General comparisons. Toremys cassiopeia differs from the repre-
sentatives of Compsemydidae, the sister group of Baenoidea, by the
lack of intergulars significantly larger than the gulars, and of a
wider than long neural 5. Furthermore, it does not sharemost of the
morphological features of the exclusive combination of characters
described for Compsemydidae (sensu P�erez-García et al., in press)
such as the presence of straight lateral shell margins, no contact of
the nuchal with the anterior shell margin, presence of a markedly
sinuous sagittal plastral sulcus, no contact of the pleuro-marginal
sulcus with the costals.

The availability of characters in Toremys cassiopeia allows its
identification as a taxon which differs from Baenidae by the
absence of a scalloped posterior carapace margin; contact of
neural 5 with costals 5 and 6; presence of eleven pairs of pe-
ripherals; axillary buttresses only weakly extending onto the
costals; inguinal buttresses contacting the distal portion of the
costals; long first dorsal rib. This combination of characters allows
the attribution of the turtle from Ari~no to Pleurosternidae, the
only clade of Paracryptodira known in the Mesozoic levels of
Europe.

The presence of well-developed fine striations perpendicular to
the margins of the carapace and plastron plates is shared with the
pleurosternids Glyptops plicatulus (Cope, 1877), Dorsetochelys
typocardium, Riodevemys inumbragigas, Pleurosternon bullockii, and
Selenemys lusitanica. The occurrence of low tubercles forming a
vermiculate pattern is present in Dinochelys whitei Gaffney, 1979,
G. plicatulus, Do. typocardium, and R. inumbragigas, the ornamen-
tation being less developed in Dinochelys whitei.

All the known specimens of Toremys cassiopeia are interpreted
as adult or subadult individuals due to the ossification of their
carapaces. Carapace length is less than those of the adult specimens
of other so far defined pleurosternids (e.g. the size of the shell of
S. lusitanica is about 25 cm, but that of P. bullockii is about 50 cm).

Toremys cassiopeia differs fromDo. typocardium in the absence of
a deep nuchal notch. A shallow emargination of the anterior region
of the carapace is present in Di. whitei, G. plicatulus, R. inumbragigas,
and some specimens of P. bullockii. The slightly notched posterior
carapace margin known in R. inumbragigas is not present in
T. cassiopeia.

Carapace plates. The anterior edge of the nuchal plate of T. cassiopeia
constitutes the anterior margin of the carapace, differing from
S. lusitanica. The very narrow anterior edge of the nuchal of
T. cassiopeia relative to the maximum width of this plate is unique
in this pleurosternid. Thewide nuchal ofDi. whitei,Do. typocardium,
and S. lusitanica is more than two times as wide as it is long, and
differs to that of T. cassiopeia. The latero-anterior margins of the
nuchal of T. cassiopeia are straight, as in all the others pleuro-
sternids except for R. inumbragigas and S. lusitanica, where it is
concave.

The rectangular morphology of the first neural of T. cassiopeia,
and the hexagonal morphology of the others, are shared with
G. plicatulus, R. inumbragigas, and some specimens of Do. typocar-
dium, and P. bullockii. The poorly developed sagittal keel on the
posterior half of the carapace of Do. typocardium is absent in
T. cassiopeia.

The new taxon shares with R. inumbragigas, P. bullockii, and
S. lusitanica a much narrower first suprapygal when compared to
the second one. A slight dorsal curvature of the lateral part of the
anterior and bridge peripherals is also present in G. plicatulus, Do.
typocardium, and R. inumbragigas. The presence of longer thanwide
peripherals 11 is shared with all pleurosternids except for
R. inumbragigas.

Carapace scutes. A sagittal contact between the marginals 1, due to
the absence of a cervical scute, is shared with P. bullockii and
S. lusitanica. The presence of wider than long marginals 1 differs
from the condition in S. lusitanica. Relatively narrow vertebrals, and
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pleurals wider than long, are shared with G. plicatulus, Do. typo-
cardium, R. inumbragigas, P. bullockii, and S. lusitanica.

The presence of the vertebral 1 with the anterior margin
significantly wider than the posterior margin is unique for this
pleurosternid. Its straight anterior margin differs from that of Do.
typocardium. A vertebral 1 being wider than the nuchal is shared
with all pleurosternids except for R. inumbragigas and S. lusitanica,
taxa in which both elements have a similar width. The overlap of
the sulcus between the vertebrals 4 and 5 on the suprapygal 1 is
shared with Di. whitei and S. lusitanica. This overlap occurs on the
neural 8 in the other pleurosternids.

The overlap of vertebral 1 on the peripheral series is sharedwith
all pleurosternids except for S. lusitanica. Marginals 2 do not overlap
on costals 1, a feature that is sharedwithDi. whitei, G. plicatulus, and
Do. typocardium. The boundary between the pleural and marginal
scutes near the suture between the costal and the peripheral plates
is shared with Di. whitei, G. plicatulus, Do. typocardium, P. bullockii,
and S. lusitanica. The absence of overlap of the marginals 11 on the
suprapygal 2 is shared with Di. whitei, R. inumbragigas and
P. bullockii. The overlap of the marginals 12 on the suprapygal 2 is
shared with Do. typocardium, P. bullockii, and S. lusitanica.

Plastron plates. The subrounded and anteriorly convergent lateral
margins of the anterior plastral lobe are shared with G. plicatulus,
Do. typocardium, R. inumbragigas, P. bullockii, and S. lusitanica. The
absence of the anterior margin of this lobe perpendicular to the
axial plane is shared with G. plicatulus, Do. typocardium, P. bullockii,
and S. lusitanica. The well-developed gular protrusions observed in
Di. whitei are unique for this taxon within Pleurosternidae.

Toremys cassiopeia has a wider than long entoplastron, which is
also present in Do. typocardium, R. inumbragigas, P. bullockii, and
S. lusitanica. Its rhomboidal morphology is similar to that known in
Do. typocardium, P. bullockii, and S. lusitanica.

The sagittal contact between the mesoplastra is shared with all
pleurosternids except for R. inumbragigas, in which these plates
undergo marked wedging towards the medial region, which pre-
vents the sagittal contact. The presence of an anal notch is shared
with Do. typocardium and P. bullockii.

Plastron scutes. A straight or slightly sinuous plastral sagittal sulcus
is shared with Di. whitei, G. plicatulus, Do. typocardium, and
P. bullockii. The location of the anal scutes, entirely situated on the
xiphiplastra, differs only from the condition in Di. whitei.

3.2. Phylogenetic analysis

Methods. In order to establish the systematic position of Toremys
cassiopeia, this taxon was coded in the data matrix proposed by
P�erez-García et al. (in press), in which the phylogenetic relation-
ships of the Paracryptodira representatives were analysed. As in
P�erez-García et al. (in press) the baenid Scabremys ornata (Gilmore,
1935) was excluded from the analysis due to it was identified as a
wild card taxon using the application of the TNT program's “Pruned
treeds”. A total of 123 characters and 30 taxa were analysed. Due to
the preservation, 49 characters of this matrix can be encoded for
T. cassiopeia (Appendix 1).

The analysis has been performed with TNT v. 1.0 (Goloboff et al.,
2008) using a traditional search which a tree-bisection algorithm
with 10,000 replicates. All characters were considered unordered
and equally weighted. Both the majority rule and the strict
consensus trees are presented here (Fig. 6AeB). Bootstrap fre-
quencies and Bremer support have also been calculated, using TNT.
The equal of or greater than 50 absolute frequencies of the boot-
strapped values, obtained using 10,000 replicates, are shown in the
strict consensus tree (Fig. 6B). Bremer support (Bremer, 1994),
obtained through the script provided by TNT v.1.1, uses a combi-
nation of heuristic searches saving suboptimal trees and negative
constraints for monophyly, which are also shown in the strict
consensus tree (Fig. 6B). The synapomorphies are obtained using
the tool “List common synapomorphies” of TNT.

Results. The topology of the majority rule tree is very similar to
that obtained by P�erez-García et al. (in press) (Fig. 6A). The strict
consensus tree is very similar too (Fig. 6B), but the hypothesis on
the phylogenetic relationships among the Pleurosternidae mem-
bers cannot be resolved here. In this regard, two politomies
are identified. This analysis resulted in 30 most parsimonious
trees, each with a length of 286 steps (CI ¼ 0.486; RI ¼ 0.736;
RC ¼ 0.358).

Toremys cassiopeia is identified as a pleurosternid both in the
majority rule tree as in the strict consensus tree. As in P�erez-García
et al. (in press), the node Pleurosternidae is defined in the majority
rule tree by: strongly hooked premaxillae (character 75, state 1);
dorsal skull roof not reaching the anterior edge of the premaxillae
(character 77, state 1); anterior plastral lobe larger than the pos-
terior one (character 98, state 1); suprapygal 1 as wide or nearly as
wide as suprapygal 2 (character 105, state 1), a character state not
present in the European pleurosternids Riodevemys inumbragigas,
Pleurosternon bullockii, Selenemys lusitanica or Toremys cassiopeia;
rounded lateral shell margins (character 106, state 1); and skull
length greater than 1.45 times its width (character 123, state 1). In
the strict consensus tree, Pleurosternidae is defined by some of the
cited character states (those corresponding to characters 75, 77, 98
and 106), but also by: oblong and rounded anteriorly skull (char-
acter 1, state 1); palatines not or very lightly contributing to the
triturating surface (character 10, state 1); parietals thin out towards
their posterior edge (character 23, state 1); poorly developed
contact between the pterygoids and the basioccipital (character 29,
state 0); small supraoccipital exposure on the skull roof (character
69, state 1); small fenestra perilymphatica (character 87, state 1);
and pronounced fine striations perpendicular to the plate margins
(character 109, state 1), a character state not sharedwith Dinochelys
whitei.

A node that groups all pleurosternids except the North Amer-
ican Di. whitei is obtained in themajority rule tree, being defined by
the previously described character 109. These pleurosternids are
grouped into a third-grade polytomy, composed of Glyptops plica-
tulus, Dorsetochelys typocardium and the node grouping the Euro-
pean R. inumbragigas, P. bullockii, S. lusitanica, and T. cassiopeia. This
node is defined by the presence of suprapygal 1 markedly narrower
than suprapygal 2 (character 105, state 0), a character state not
shared with Di. whitei, G. plicatulus, and Do. typocardium. It is
composed by T. cassiopeia and a clade grouping R. inumbragigas,
P. bullockii, and S. lusitanica. Toremys cassiopeia is defined by an
autapomorphy, corresponding to the presence of a trapezoidal first
vertebral, with the anterior margin significantly wider than the
posterior (character 55, state 2); and by the presence of a well-
developed anal notch (character 92, state 1), character state
shared with Do. typocardium and P. bullockii. The other taxa,
R. inumbragigas, P. bullockii, and S. lusitanica, are grouped by the
following characters: maximum plastron length less than or equal
to twice the maximum width of the plastral lobes (character 108,
state 0); and presence of overlap of the marginals 2 on the costals 1
(character 118, state 1).

A basal politomy for Pleurosternidae is obtained in the strict
consensus. It corresponds to a fifth-grade polytomy, comprising Di.
whitei, G. plicatulus, Do. typocardium, T. cassiopeia, and the node
grouping R. inumbragigas, P. bullockii, and S. lusitanica. Toremys
cassiopeia is defined by three character states: those corresponding
to the previously described characters 55 and 92, as well as by the
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absence of a cervical scute (character 43, state 2), a character that is
shared with P. bullockii and S. lusitanica.

3.3. Systematic and biostratigraphic implications

Toremys cassiopeia is the most recent pleurosternid taxa, coming
from the Albian. Before the most recent pleurosternids, Pleuro-
sternon bullockii and Dorsetochelys typocardium (Fig. 6C), had been
described from the Berriasian. The finding of Pleurosternidae in
Ari~no allows us to extend the known stratigraphic range of this
group, that was from the Kimmeridgian to the Barremian (P�erez-
García et al., in press), and can now be extended to the Albian.

During the Hauterivian and Barremian of Europe, and especially
of Spain, a diverse fauna of freshwater turtles, belonging to
Eucryptodira, has been recorded (P�erez-García andMurelaga, 2013;
P�erez-García et al., 2014a). One of the most diverse groups is Xin-
jiangchelyidae, represented by the British taxon Brodiechelys bro-
diei (Lydekker, 1889), and by the Spanish forms Brodiechelys royoi
P�erez-García, Gasulla and Ortega, 2014a, Larachelus morla P�erez-
García and Murelaga, 2012a, and Camerochelys vilanovai P�erez-
García and Murelaga, 2013. Galvechelone lopezmartinezae P�erez-
García and Murelaga, 2012b is another Spanish turtle that lived in
that time interval. These forms, probably belonging to lineages
originated in Asia, are not recognized in the European Jurassic re-
cord. Other European freshwater turtles are also unique to that time
interval, such as the Belgian Peltochelys duchastelii Dollo, 1885, the
Belgian and Spanish Chitracephalus dumonii Dollo, 1885, and the
Spanish Hoyasemys jimenezi P�erez-García, de la Fuente and Ortega,
2012. The only European eucryptodiran known from the Upper
Jurassic (Tithonian) and the Lower Cretaceous (Valanginian) is
Hylaeochelys, represented by the British Hylaeochelys belli (Mantell,
1844), and by the Portuguese Hylaeochelys kappa P�erez-García and
Ortega, 2014. In contrast to the previously mentioned forms,
Hylaeochelys is regarded as probably belonging to an exclusively
European lineage (P�erez-García and Ortega, 2014). Despite this
diversity, the presence of freshwater eucryptodires between the
Barremian and the uppermost Cretaceous of Europe has not been
confirmed. The eucryptodires identified in the uppermost Creta-
ceous, and those from the Paleocene, correspond to other clades,
which migrated from several continents (P�erez-García, 2012;
Scheyer et al., 2012). The only lineage of freshwater turtles found
in Europe in the Lower Cretaceous and in younger levels corre-
spond to Pan-Pleurodira, represented by members of the clade
Dortokidae (Murelaga Bereikua, 1998; P�erez-García et al., 2014b).
This group is recorded from the Barremian, being relatively abun-
dant in the Campanian and Maastrichtian, and surviving at least
until the Paleocene (Lapparent de Broin et al., 2004).

Therefore, the faunas of freshwater turtles identified in the
Upper Cretaceous of Europe are very different from those of the
Lower Cretaceous. The only exception is the European clade Dor-
tokidae, present during both periods. Information on the transition
between the Lower Cretaceous and the uppermost Cretaceous
faunas of freshwater turtles is extremely limited. No lineage of
European Lower Cretaceous freshwater pan-cryptodires was hith-
erto known in post-Barremian levels. Pleurosternidae is the only
European clade of freshwater turtles identified in both pre-
Barremian and post-Barremian levels.

4. Conclusions

The turtles from the recently discovered Spanish lower Albian
bonebed of Ari~no (Teruel Province) are studied here for the first
time. This study focuses on the description and analysis of three
specimens which preserve elements of the shell as well as some
appendicular bones. The three specimens are recognized as
belonging to the same taxon. It is identified as a member of Pleu-
rosternidae (Paracryptodira), a group of European and North
American freshwater turtles. The morphology of its nuchal plate
(with thewidth of its anterior margin being less than four times the
maximumwidth of the plate, and constituting the anterior margin
of the carapace) and that of the vertebral 1 (with its maximum
width greater than twice the width of its posterior edge) are
recognized as unique to the turtle from Ari~no. Furthermore, it is
distinguished from the other pleurosternids by an exclusive char-
acter combination. Therefore, it is recognized as a new taxon,
Toremys cassiopeia gen et sp. nov. Toremys cassiopeia is the third
pleurosternid identified in the Iberian Peninsula, where the Late
Jurassic Selenemys lusitanica and Riodevemys inumbragigas were
described.

The most recent so far described pleurosternids were the Eu-
ropean Pleurosternon bullockii and Dorsetochelys typocardium. Both
came from the oldest stage of the Lower Cretaceous (Berriasian).
Therefore, Toremys cassiopeia is the worldwide most recent known
pleurosternid taxa, coming from the youngest stage of the Lower
Cretaceous (Albian). Pleurosternidae is identified here as the only
European clade of freshwater turtles recognized before and after
the Barremian.

This study allows us to observe, for the first time, a partial
overlap in the known range of stratigraphic distribution of Pleu-
rosternidae with that of its sister group, the Baenidae (Fig. 6C).
However, the distributions of the Cretaceous pleurosternids and
that of the baenids were not sympatric: all known Cretaceous
pleurosternids were European forms, and all known baenids were
North American taxa.
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