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Revision of the extinct Pleistocene tortoise Testudo lunellensis
Almera and Bofill, 1903 from Cova de Gracia (Barcelona, Spain)

Massimo Delfino"2*, Angel H. Lujan?, Raiil Carmona®?, David M. Alba?

Abstract. Testudo lunellensis Almera and Bofill, 1903 from the Middle Pleistocene of Cova de Gracia (Park Giiell, Barcelona,
Spain) is a valid species belonging to the clade of the extant Testudo hermanni — a diagnostic feature being the narrowed
vertebral scutes. Thanks to still unpublished material, 7. lunellensis is diagnosed for the first time and its shell morphology
described in detail. This species is uniquely characterized, among others, by tall peripheral bones and by a peculiar shape of
the anterior lobe of the plastron, somewhat recalling the species referred to Testudo s.s. (the clade containing the extant species
Testudo graeca, Testudo kleinmanni and Testudo marginata). Given that the purported valid species from Lunel-Viel (Middle
Pleistocene, France) is still unnamed and undescribed, 7. lunellensis from Cova de Gracia is currently the stratigraphically
youngest extinct Testudo species. The co-occurrence in 7. lunellensis of characters typical of both 7. hermanni and Testudo s.s.
further testifies the phenotypic plasticity of tortoises and the mosaic distribution of morphological characters, which hinders
a clear-cut assessment of the relationships of extant tortoises when based exclusively on morphology. Further analyses of the
phylogeny of Testudo should consider fossil and extant taxa together, as well as both morphological and genetic characters.

Keywords: Eurotestudo, fossil record, phenotypic plasticity, shell morphology, Testudo hermanni.

Introduction tudo species currently recognized) using a five-

data set. According to thei lysis, all
The taxonomy and phylogeny of western Pa- gene data set, According fo their analysts, a

learctic tortoises, Testudo s.., have been re-
cently the object of morphological and molec-
ular scrutiny. According to the morphological
analyses of extant and extinct taxa by Lappar-
ent de Broin et al. (2006) and by Lapparent de
Broin, Bour and Perild (2006a, b), the mem-
bers of Testudo s.1. have a paraphyletic arrange-

the extant Testudo species constitute a mono-
phyletic clade. T. hermanni and Testudo hors-
fieldii Gray 1844 are grouped in a subclade
of their own, which if any nomenclatural dis-
tinction was to be made, could be referred to
the subgenus Chersine Merrem, 1820 (see also
Fritz and Kraus, 2008, and references therein).

ment, and therefore the clade of Testudo her-
manni Gmelin, 1789 could be referred to a dif-
ferent genus, Eurotestudo Lapparent de Broin
et al., 2006. Strikingly contrasting are the re-
sults of Fritz and Bininda-Emonds (2007), who
analyzed approximately two-thirds of all ex-
tant testudinid species (including all five Tes-
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Moreover, Fritz and Bininda-Emonds (2007)
and Fritz and Kraus (2008) demonstrated that
the name Eurotestudo Lapparent de Broin et al.,
2006 cannot be used because it is an objective
junior synonym of Chersine Merrem, 1820 and
Medaestia Wussow, 1916 (see also Bour and
Ohler, 2008).

In agreement with Fritz and Bininda-Emonds
(2007) we did not apply the name Eurotestudo
to T. hermanni and its clade.

These taxonomic, phylogenetic and nomen-
clatural issues aside, the above-mentioned pa-
pers by Lapparent de Broin and co-workers of-
fered the most comprehensive description and
discussion of the osteological characters and
variability of extant and extinct members of Tes-
tudo s.1. From a palaeontological perspective,

DOI:10.1163/156853812X636466
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a remarkable result obtained by Lapparent de
Broin et al. (2006) and Lapparent de Broin,
Bour and Perild (20064, b) is that, despite its
convoluted nomenclatural history (see Discus-
sion), the extinct Testudo lunellensis Almera
and Bofill, 1903 from the Middle Pleistocene of
Cova de Gracia (Barcelona, Spain) can be con-
sidered a valid species, which still needs to be
properly diagnosed. The materials on which this
species was based were discovered at the end of
the nineteenth century, during the construction
of Park Giell, the renowned, iconic urban park
designed by the Catalan architect Antoni Gaudi,
now a UNESCO World Heritage Site. 7. lunel-
lensis has been reported only from the type lo-
cality, Cova de Gracia, and its remains are cur-
rently housed in three different institutions.

Here we focus on the description of still
unpublished remains of this taxon, housed in
the collections of the Institut Catala de Pa-
leontologia Miguel Crusafont and the Museu
Geologic del Seminari Conciliar de Barcelona,
as well as on the revision of the already de-
scribed material from the Museu de Ciencies
Naturals de Barcelona (Museu Martorell, for-
mer Museu de Geologia de Barcelona; Almera
and Bofill, 1903; Bergounioux, 1958; Gomez-
Alba Ruiz, 1997). Our goal is to provide a di-
agnosis of T. lunellensis, on which future com-
prehensive phylogenetic analyses of the Testudo
clade could be grounded.

Abbreviations

Anatomical abbreviations

ed: epiplastral depression
ento: entoplastron

ep: epiplastral pads

epi: epiplastron

gp:  gular pocket

hyo: hyoplastron

hypo: hypoplastron

xiphi: xiphiplastron

M. Delfino et al.

Institutional abbreviations

ICP: Institut Catala de Paleontologia
Miquel Crusafont, Universitat
Autonoma de Barcelona, Spain

IPS: collections of the ICP (formerly

Institut  de
Sabadell)

MGB MGC: Museu Martorell (former Mu-
seu de Geologia de Barcelona),
Museu de Ciencies Naturals de
Barcelona, Spain

Paleontologia de

MSCB: Museu Geologic del Seminari
Conciliar de Barcelona, Spain

MTD: Museum fiir Tierkunde Dresden,
Germany

NHMW: Naturhistorisches Museum Wien,

Austria

Systematic account

Testudines Batsch, 1788.

Testudinidae Batsch, 1788.

Testudo Linnaeus, 1758.

Testudo lunellensis Almera and Bofill, 1903
(figs 1-4).

Testudo lunellensis Almera and Bofill, 1903:
454, pl. 1 fig. 3, pl. 2 fig. 2, pl. 3 figs 4, 5
(original description).

Testudo ibera Pallas, 1814: Almera and Bofill,
1903: 456.

Testudo lunellensis Almera and Bofill, 1903:
Depéret, 1906: 12.

Testudo lunellensis Almera and Bofill, 1903:
Bataller, 1956: 22.

Testudo lunellensis Almera and Bofill, 1903:
Bergounioux, 1958: 203, figs 27-28.

Testudo lunellensis Almera and Bofill, 1903 var.
ibera Bergounioux, 1958: 208, figs 29, 30, pl.
43, 44,

Testudo lunellensis Almera and Bofill, 1903:
Auffenberg, 1974: 203.

Testudo hermanni lunellensis Almera and Bo-
fill, 1903: Jimenéz Fuentes and De Jesus, 1991:
98.
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Eurotestudo lunellensis (Almera and Bofill,
1903): Lapparent de Broin et al., 2006: 804
(new combination).

Eurotestudo lunellensis (Almera and Bofill,
1903): Lapparent de Broin et al., 2006a: 274,
fig. 9g-i.

Eurotestudo lunellensis (Almera and Bofill,
1903): Lapparent de Broin et al., 2006b: 344.

Lectotype

MGB MGC 6101: partial shell (Jimenéz Fuen-
tes and De Jests, 1991: 98).

Paralectotype

MGB MGC 20642: partial shell, MGB MGC
20838: partial shell (Gémez-Alba Ruiz, 1997:
186).

Referred material

IPS 57549: partial shell; MSCB 25197: par-
tial shell, MSCB 28193: partial shell, MSCB
28194: partial carapace, MSCB 28195: partial
shell; MGB MGC 6101: partial shell, MGB
MGC 6110: partial carapace, MGB MGC 6202-
1/2: femur, MGB MGC 6258-1/4: femur and
three long bone fragments, MGB MGC 20839:
plastron, MGB MGC 33121: tibia, caudal ver-
tebra, three distal phalanges and six metapo-
dial elements, MGB MGC 33122: fragmentary
plastron with femur, MGB MGC 333123: frag-
mentary carapace, MGB MGC 333124: shell
fragment, MGB MGC 333125: partial plastron,
MGB MGC 33126: plastron.

Type locality

Cova de Gracia, Park Giiell, Barcelona, Spain
(by original designation; Almera and Bofill,
1903). Also known as Can Montané, Font del
Carbd, Can Larra.

Age

Middle Pleistocene, Toringian, biozone Arvi-
cola aff. sapidus (Agusti and Moya, 1992).
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Diagnosis

Testudo lunellensis differs from all extant and
the other extinct species of Testudo by the
following combination of characters: vertebral
scutes narrower than the pleural ones; divided
supracaudal scutes (at least externally); periph-
eral bones very tall; anterior plastral lobe ro-
bust and markedly bent dorsally; thick epiplas-
tral pads anteroposteriorly so well developed
that their posterior edge is variably convex in
dorsal view (reaching the entoplastron but not
significantly overhanging it); shallow but evi-
dent gular pocket; ventral surface of epiplastra
slightly convex in correspondence of the gulars
and weakly concave in correspondence of the
humerals; xiphoid process present and relatively
robust; hypo-xiphiplastral suture (no hinge).

Description of the unpublished materials

The materials of the MGB collection have been
listed, figured and at least partly described
in several articles (Almera and Bofill, 1903;
Bergounioux, 1958; Jimenéz Fuentes and De
Jests, 1991; Gomez-Alba Ruiz, 1997; Lappar-
ent de Broin et al., 2006; Lapparent de Broin,
Bour and Perild, 2006a, b) and therefore they
will not be commented in this section. The de-
scription below is focused on the most informa-
tive remains, which are those at the ICP, and
the remains in the collections of MSCB are de-
scribed just for completing the morphological
information provided by the former.

IPS collection

Carapace. The carapace of IPS 57549
(fig. 1A) is represented by the anterior portion
up to the fourth neural, fourth costal and sev-
enth peripheral element (a little portion of the
eight right peripheral is also preserved). The
preserved portion of the carapace, 19.5 cm long
and 19.0 cm wide, is highly fractured and part
of the left costals and one peripheral have been
reconstructed with plaster. The anterior edge of
the shell is severely damaged, so that the ante-
rior profile does not correspond to the original
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Figure 1. Testudo lunellensis Almera and Bofill, 1903 from Cova de Gracia (Barcelona, Spain). (A) carapace IPS 57549 in
right lateral view, showing the high peripherals. (B-E) plastron of the same specimen: (B) ventral, (C) dorsal (detail of the
anterior lobe), (D) anterior, (E) right lateral. Note that the anterior lobe is dorsally bent and that the epiplastral pads are well
developed, with an overhanging convex posterodorsal edge that forms a moderate gular pocket. Scale bar equals 10 cm.

shape of the shell. Despite the relatively large
size of the carapace, none of its constituting el-
ements is particularly thick. The nuchal bone
is only slightly wider than the first vertebral
scute. Due to preservation conditions, the cer-
vical scute is visible only on the ventral surface
of the nuchal. The maximum thickness of the
nuchal is of 12.6 mm. The first neural is much
longer (33.3 mm) than wide (21.3 mm); it is ap-
proximately rectangular, only weakly tapering
anteriorly. In the preserved portion, the neural
formula seems to be 4-8-4-8 (or 67) and the typ-
ical Testudo alternation of approximately trape-
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zoidal costal elements (with dorsal and ventral
edges alternatively wide and narrow) is only
weakly expressed. The costo-peripheral suture
corresponds to the pleuro-marginal sulcus. The
peripherals are tall (the mediolateral width of
the fourth peripheral is 59.1 mm; the one of the
corresponding costal is 93.1 mm). The periph-
erals from 3 to 7 are involved in the bridge. The
axillary buttress contacts the third and the sec-
ond peripherals, whereas the inguinal buttress
contacts the seventh peripheral. Both buttresses
did not reach the costals. The maximum width
of the second vertebral scute does not exceed
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the width of the corresponding pleural. A distal
fragment of the right acromion is attached to the
matrix still adhering to the ventral surface of the
first right costal.

Plastron. Despite the fact that the left hy-
poplastron and right xiphiplastron are incom-
plete and the left xiphiplastron is missing, the
plastron (fig. 1B-E) is relatively well preserved.
There are no signs of deformation and the sev-
eral fractures do not significantly dislocate the
bones. The length of the preserved plastral por-
tion is 19.2 cm. The external surface of the plas-
tron is only slightly concave in the region corre-
sponding to the hyo- and hypoplastra, but it is
markedly bent dorsally in the area of the epi-
plastra and the entoplastron. Epiplastra are dor-
sally bent and very robust as in most specimens
of Testudo graeca Linnaeus, 1758. They possess
a thick dorsal pad (26.5 mm tall) that is con-
siderably developed in anteroposterior direction
(29.8 mm long), reaching the entoplastron but
not significantly overhanging it. The posterior
edge of the epiplastral pads is convex in dor-
sal view. The area of the pad corresponding to
the gular scutes is very weakly concave as is the
anterior edge of the epiplastra in dorsal view.
A little step is developed at the anterior edge of
the epiplastra in correspondence with the gulo-
humeral sulcus. On the ventral surface of the
epiplastra, the area covered by the gulars occu-
pies about one third of the surface and is very
weakly convex; the two thirds not covered by
the gulars host a moderate depression. The en-
toplastron is not entirely located in the anterior
lobe of the plastron. It has an approximately tri-
angular outline dorsally and a roundish outline
ventrally (40.5 mm wide, 38.2 mm long). The
dorsal surface of the entoplastron does not dis-
play any marked depression. The remnants of
the xiphoid process indicate that it was present
and relatively robust. The ventral surface of
the anterior half of the entoplastron is curved
in dorsal direction; it is crossed by the gular-
humeral sulcus (gulars extend to a little more
than one fourth of the entoplastron) but not by
the humero-pectoral sulcus.
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The hyoplastra are characteristically thick
and are visibly convex on the dorsal surface
(nearly as in most specimens of 7. marginata
Schoepff, 1793). On the ventral surface, the
humero-pectoral sulcus medially points in pos-
terior direction, describing a wide curve that is
separated by at least 1.5 mm from the suture
with the entoplastron; this sulcus reaches the
lateral edge of the hyoplastra exactly at the ax-
illa (it turns backward as it approaches the edge
of the bone). The pectoro-abdominal sulcus is
arched in anterior direction. The interpectoral
sulcus is 22.5 mm long. Due to preservation,
it is not possible to assess the presence/absence
of the axillary scute. The hyo-hypoplastral su-
ture laterally reaches the fifth peripheral. The
hypoplastra are much lightly built than the hy-
oplastra and participate in the posterior lobe.
There is no evidence for a hypo-xiphiplastral
hinge. On the hypoplastra ventral surface, the
abdomino-femoral sulcus is deeply arched lat-
erally, and despite the incompleteness of the
hypoplastra it is clear that the sulcus did not
reach the hypo-xiphiplastral suture (it was prob-
ably separated by about 5 mm). The inguinal
scute is clearly present. The fragmentary right
xiphiplastron only preserves the thickened an-
terolateral portion corresponding to the base of
the hypoplastral buttress.

MSCB collection

The four tortoise remains from Park Giiell
housed in the MSCB collections are poorly pre-
served and therefore very little informative.
MSCB 25197 (fig. 2A) is the best preserved
of the specimens, being represented by the ante-
rior portion of the carapace and plastron. How-
ever, skeletal elements are partially deformed
and their surface altered, so that the sulci are
only partly visible. The dorsoventral compres-
sion significantly alters the convexity of the
carapace. The alternance of the costals is well
visible on the right side of the carapace, where
the third costal has a ventral edge distinctly
narrower than those of the second and fourth.
Worth noting is that the entoplastron is not as
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Figure 2. Testudo lunellensis Almera and Bofill 1903 from
Cova de Gracia (Barcelona, Spain). (A) anterior lobe of the
plastron MSCB 25197, showing the relationships between
the humero-pectoral sulcus and the entoplastron; (B) poste-
rior lobe of the plastron MGB MGC 33122 in ventral view,
showing the female morphology of the xiphiplastra. Scale
bar equals 10 mm.

roundish as in IPS 57549 and has a pointed ante-
rior edge. The humero-pectoral sulcus coincides
with the posterior edge of the entoplastron. The
shell is filled with matrix and therefore the mor-
phology of the visceral surface of the anterior
region of the plastron is not visible.

MSCB 28193 preserves only the right part
of a shell with the exception of the gular area,
where both the epiplastra are present. A vari-
ably thick concretion masks most of the exter-

M. Delfino et al.

nal and internal surfaces except for that of the
anterior part of the plastron, which is markedly
bent in dorsal direction. The epiplastral pads
are developed in a way similar to that of IPS
57549, although they are less thick and their
posterior edge is slightly less convex in dorsal
view (fig. 3A). Such difference could be likely
related to the smaller size of this specimen (the
estimated size of the plastron is of about 16 cm).
There is no step corresponding to the gular-
humeral sulcus (the epiplastral surface covered
by the gulars is not significantly convex relative
to the uncovered surface).

MSCB 28194 is a small carapace portion pre-
serving only some neural and costal elements of
the posterior and left lateral region. The whole
ventral surface is covered by matrix. The for-
mula of the preserved neurals appears to be 8-4-
6-6. The last of these neurals could be the sev-
enth. The costals show the typical alternation.
The position of the vertebral-pleural sulci in-
dicates that the vertebral scutes were narrower
than the pleural ones.

MSCB 28195 is a partially preserved shell,
missing the dorsal portion of the carapace and
the posterior region of both the carapace and
plastron. The alteration of most of the surface
hinders the evaluation of the morphology of
sutures and scute sulci. The visceral surfaces
of what remains of the carapace and of the
plastron are not visible due to the matrix filling
the shell cavity. The xiphiplastra are missing,
but on the basis of the suture of the hypoplastra,
it is possible to state that there was no hinge.
The pectoro-abdominal sulcus is only a little
convex (in anterior direction). The abdomino-
femoral sulcus is deeply arched anterolaterally
and does not reach the hyo-xiphiplastral suture
medially.

Discussion
Nomenclatural remarks

Almera and Bofill (1903) named the new
species from Cova de Gracia Testudo lunellen-
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ep

Figure 3. Testudo lunellensis Almera and Bofill, 1903 from
Cova de Gracia (Barcelona, Spain). (A-B) anterior lobe of
the plastron in dorsal view, showing the thick epiplastral
pads variably developed in posterior direction: (A) MSCB
28193; (B) MGB MGC 20839. Note that the anterior profile
of the lobe is not truncated as in IPS 57549. (C) ventral view
of the anterior lobe of the plastron MGB MGC 20839 with
the surface of the epiplastra characterized by a depression
(a character particularly well-developed in this large size
specimen, but also present in others). Scale bars equal 10
mm.

sis in order to underline its striking similarities
with an unnamed species from the Middle Pleis-
tocene (0.30 to 0.34 Ma) of Lunel-Viel (Hérault,
France) already figured by Gervais (1859: plate
53, fig. 3), who dubiously referred it to Testudo
hermanni (at that time named 7. graeca). Actu-
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ally, Almera and Bofill (1903) did not see the
diagnostic characters of the Cova de Gracia tor-
toise (which are present on the dorsal/visceral
surface of the plastron) in the plastron from
Lunel-Viel depicted in ventral view, and appar-
ently made a connection between the tortoises
from Cova de Gracia and Lunel-Viel only on
the basis of the geometric relationships between
the entoplastron and the humero-pectoral sulcus
(which is quite variable in 7. lunellensis, com-
pare fig. 2A with fig. 3C). Ironically, the mate-
rial from Lunel-Viel is now considered as be-
longing to a new taxon that still has to be named
and diagnosed (Lapparent de Broin et al., 2006;
Lapparent de Broin, Bour and Perild, 2006a,
b) and therefore the name 7. lunellensis is cur-
rently associated to a form that did not inhabit
the Lunel-Viel area. According to the charac-
ter matrix for the cladistic analysis published by
Lapparent de Broin, Bour and Perild (2006b),
the Lunel-Viel Testudo differs from Testudo her-
manni (both T. h. hermanni and T. h. boettgeri,
which were considered in that paper as different
species, but whose character coding was identi-
cal) for just one character: the neurals were in
number of eight in the Lunel-Viel species but
are sometimes reduced to seven by fusion of the
last two posterior most elements in 7. hermanni.
Worth noting is that such a subtle difference
of the Lunel-Viel Testudo, if not supported by
other, more diagnostic characters, would prob-
ably not suffice to solidly diagnose an extinct
species different from the extant 7. hermanni.

Morphological remarks

Contrary to the reports by Almera and Bofill
(1903: 455; “el espaldar es notable por su con-
vexidad relativamente poco acentuada y por
su anchura”) and by Bergounioux (1958: 207;
“carapace relativement peu convexe”) the shell
of Testudo Iunellensis is vaulted and not de-
pressed. The depressed shape of some speci-
mens is clearly due to deformation (particularly
MGB MGC 2083, but also MSCB 25197), be-
cause the shape of a relatively undeformed cara-
pace (IPS 57549; fig. 1A) is distinctly vaulted
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Figure 4. Testudo lunellensis Almera and Bofill 1903 from Cova de Gracia (Barcelona, Spain). Reconstruction of the shell
based on the information provided by the available material. (A-C) shell in dorsal, ventral, and lateral views: (D) anterior lobe
of the plastron in dorsal view. Note that variability is not represented in this drawing (in particular that of the relationships
between the humero-pectoral sulcus and the entoplastron, as well as the configuration of the suprapygal area).

thanks to the development of the peripheral ele-
ments, a character already noted by Almera and
Bofill (1903).

Conversely, it is not clear why Bergounioux
(1958) wrote that the neural elements of 7.
lunellensis are hexagonal. Testudo species are
characterized by the alternation of octagonal
and rectangular neurals. Even though some vari-
ation occurs in the neural formula — e.g., T.
h. hermanni NHMW 13246:1 = 4-7-4-6A-0A-
6-6A-6; T. h. hermanni NHMW 132462 =
6P-6P-4-8-4-6A-6A-6; T. h. boettgeri NHMW
34392 = 4-8-4-6A-6A-6A-5-6 — and some
hexagonal elements can be present mostly in the
posterior sector of the carapace (Amiranashvili,
2000, reports 4-8-4-8-4-6-6-6 and 4-8-4-6-6-6-
6-6in T. h. boettgeri), the specimens of T. lunel-
lensis TIPS 57549 and MSCB 25197 clearly have
at least one octagonal neural (see fig. 4A).

As in extant T. hermanni (see, among others,
Cheylan, 1981; Amiranashvili, 2000; Hervet,
2000), sexual dimorphism of 7. [unellensis is
expressed in both the pygal and xiphiplastra.
According to Gémez-Alba Ruiz (1997), MGB
MGC 6101 and MGB MGC 20642 are males,
whereas MGB MGC 20838, MGB MGC 33122,
MGB MGC 33123, and MGB MGC 33126 are
females. Such distinction has been based on
the shape of the pygal, which is more convex
in males (MGB MGC 6101) than in females
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(MGB MGC 20838, MGB MGC 33123, MGB
MGC 33126), as well as on the fact that xi-
phyplastra are generally shorter in males (both
MGB MGC 6101 and MGB MGC 20642) than
in females (MGB MGC 33122) (see fig. 4B for
the male and fig. 2B for the female morphol-

ogy).

Taxonomic remarks

Some scholars (Gémez-Alba Ruiz, 1997, and
Morales Pérez and Serra, 2009, following Jime-
nez Fuentes and De Jesus, 1991) referred the
Cova de Gracia tortoise to Testudo hermanni,
distinguishing it only at subspecies rank, i.e.
Testudo hermanni lunellensis. Even if Testudo
lunellensis clearly shows many characters in
common with 7. hermanni (narrowing of the
vertebral scutes, supracaudal scutes divided at
least externally, triangular entoplastron in ven-
tral view, relatively well-developed xiphoid pro-
cess, shape and position of the abdomino-
femoral sculcus, presence of hypo-xiphyplastral
suture) such taxonomic framing is discouraged
here, because the referral of the Cova de Gra-
cia tortoise to a subspecies of Testudo hermanni
would contrast with the definition of the mor-
phological boundaries between the extant 7es-
tudo species. In particular, the morphology of
the epiplastra (namely the development of the
epiplastral pads and their pocket) clearly distin-
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guishes extant 7. hermanni from that of other
Testudo species (among others, Cheylan, 1981;
Amiranashvili, 2000; Hervet, 2000; Delfino,
Chesi and Fritz, 2009) and the development
of the epiplastra and hyoplastra in 7. lunellen-
sis definitely exceeds the variability of T. her-
manni, being close to that of T graeca and T.
marginata (see Appendix for the list of compar-
ative material analyzed for this study). The in-
clusion of T. lunellensis in T. hermanni at sub-
specific rank would require a general redefini-
tion of the diagnostic characters of all the extant
Testudo species. Conversely, its full specific sta-
tus is congruent with the mosaic distribution of
morphological characters found among Testudo
species, as summarized in detail by Lapparent
de Broin, Bour and Perili (2006a, b).

It is worth mentioning that, according to
both Almera and Bofill (1903) and Bergounioux
(1958), two taxa would be recorded in the Cova
de Gracia assemblage. Beside Testudo lunellen-
sis, these authors discussed the presence of a
second tortoise taxon somehow related to 7es-
tudo graeca (at that time named Testudo ibera
Pallas, 1814; this name is currently applied to
the subspecies Testudo graeca ibera). The for-
mer authors considered it as a variety of Testudo
graeca, whereas the latter author erected a new
variety within 7. lunellensis: T. lunellensis var.
ibera. According to Almera and Bofill (1903),
the form from Cova de Gracia would be larger
than the extant 7. graeca but similar to it in
the following characters: shape of the entoplas-
tron, anal scute, and abdomino-femoral sulcus
(only weakly arched laterally). These authors
did not mention any catalogue number and did
not figure the referred specimens. Bergounioux
(1958: 208) stated that the second taxon from
Cova de Gracia was similar to 7. lunellensis,
but agreed with Almera and Bofill (1903) that
it also showed some similarities with 7. graeca,
“faisant le passage progressif” with the latter.
Hence, Bergounioux (1958) referred two spec-
imens, MGB MGC 20839 (20639 in his pa-
per; see also Gémez-Alba Ruiz, 1997, for cor-
rections to Bergounioux’s numbers) and MGB
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MGC 6110, to Testudo lunellensis var. ibera (as
remarked by Auffenberg, 1974, Testudo lunel-
lensis var. ibera is not a subspecies but just
the designation of a morphotype). Regarding its
taxonomic validity, according to Bergounioux,
who published an interpretative drawing of both
specimens (Bergounioux, 1958: figs 29 and 30),
the main purported distinguishing characters of
this nominal taxon would be the subcircular en-
toplastron, and the plastron anteriorly truncated
and posteriorly only weakly notched. Direct ob-
servation of MGB MGC 20839 (fig. 3B, C) in-
dicates that the posterior tip of the plastron is ac-
tually missing, and that therefore the morphol-
ogy of the anal notch cannot be evaluated (the
drawing published by Bergounioux is actually
based on the shape of the counter slab, which
is not present anymore, but it is highly improba-
ble that the original shape was the one depicted).
The characters shown by MGB MGC 20839 and
6110 are here considered as comprised in the
variability of 7. lunellensis and therefore just
one tortoise taxon in considered present in the
Cova de Gracia fossil assemblage.

Phylogenetic remarks

According to Bergounioux (1935), T. lunellen-
sis belongs to the T. antiqua-graeca phyletic
line (sensu Glaessner, 1933). In fact, as dis-
cussed above, he later considered the variety
Testudo lunellensis var. ibera as an intermediate
form between Testudo lunellensis and T. graeca
(Bergounioux, 1958).

As clearly shown by Lapparent de Broin et al.
(2006) and Lapparent de Broin, Bour and Perild
(20064, b), T. lunellensis is actually closer to
T. hermanni than to any other living Testudo
species (and 7estudo antiqua Bronn, 1831 be-
longs to the clade of T. hermanni): they share the
narrowing of the vertebral scutes. It is notewor-
thy that the pectoral scutes of T. lunellensis are
medially shorter than the femoral scutes, a pro-
portion typical of the extant western subspecies,
T. h. hermanni, and not of the eastern one, 7. h.
boettgeri. In the phylogenetic analysis by Lap-
parent de Broin, Bour and Perild (20064, b), the
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character coding of T. lunellensis differs from
that of T. hermanni (again, T. h. hermanni and
T. h. boettgeri) for three characters concerning
the shape of the suprapygals, pygal, and the epi-
plastra in the area covered by the gulars. As
seen above, more characters could be now con-
sidered for T. lunellensis (see Diagnosis) for
the phylogenetic analysis of the whole Testudo
clade. Given that the purported valid species
from Lunel-Viel (Middle Pleistocene, France)
is still unnamed and undescribed, 7. lunellen-
sis from Cova de Gracia is currently the strati-
graphically youngest extinct member of 7es-
tudo (including all the extant living species: T.
graeca, T. hermanni, T. horsfieldi, T. kleinmanni
Lortet, 1883 and 7. marginata). Remarkably, the
co-occurrence in the youngest extinct Testudo
species of characters typical of both 7. hermanni
and of the members of the Testudo s.s. group
(T. graeca, T. kleinmanni and T. marginata) fur-
ther testifies the phenotypic plasticity of tor-
toises and the mosaic distribution of morpholo-
gical characters that hinders a clear-cut evalua-
tion of the relationships of the Testudo species
when based exclusively on morphology (for ex-
tant 7. graeca see Fritz et al., 2007). A cladistic
analysis based on the morphological characters
of Lapparent de Broin et al. (2006) and Lap-
parent de Broin, Bour and Perild (2006a, b) is
not performed here due to the contrasting results
of the genetic analyses by Fritz and Bininda-
Emonds (2007) that impose a deep renovation
of the matrix based on morphological charac-
ters. A thorough analysis of the phylogeny of
Testudo should consider fossil and extant taxa
together, as well as both morphological and ge-
netic characters, as already attempted for other
reptilian taxa (e.g., Conrad et al., 2010).
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Appendix: Comparative extant specimens
examined

Testudo graeca: NHMW 1236: 1 + 2, NHMW 28293,
NHMW 34354, NHMW 34356, NHMW 37686,
NHMW 39096.

Testudo hermanni: NHMW 35605, NHMW 13246:1,
NHMW 13246:2, NHMW 34392, NHMW 37898,
NHMW 37903, NHMW 37967, NHMW 38614,
NHMW 37663.

Testudo horsfieldi: MTD D 3568, MTD D 7679.

Testudo kleinmanni: MTD D 26762, MTD D 32832, MTD
D 35692, MTD D 38650, MTD D 39221, MTD D
40289, MTD D 44284, MTD D 44285.

Testudo marginata: NHMW 33441, NHMW 33442,
NHMW 33443, NHMW 33460, NHMW 33461,
NHMW 34244, NHMW 34253, NHMW 34254,
NHMW 37154, NHMW 37081, NHMW 38021,
NHMW 39095.
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(Temnoclemmys) batalleri, décrite a 'origine dans le Miocéne supérieur (MN9et MN10)
de ce bassin. Le nouveau matériel élargit le cadre chronostratigraphique de P. batalleri
dans le bassin de Vallés-Penedés a MN7 + 8 et montre que « Testudo » celonica est son syn-
onyme plus récent. Des diagnoses émendées sont également fournies pour Ptychogaster et

Temnoclemmys.

© 2013 Académie des sciences. Publié par Elsevier Masson SAS. Tous droits réservés.

1. Introduction

The family Geoemydidae (Testudines, Testudinoidea)
constitutes a diverse and widely-distributed group of
freshwater turtles, with 69 extant species of world-wide
distribution except for Australia and Antarctica (Marmiand
Lujan, 2012; Van Dijk et al., 2012). Fossil geoemydids are
frequently recorded from Tertiary deposits of Europe, and
among them, an extinct ‘ptychogasterid’ group—including
Ptychogaster Pomel, 1847 and closely-allied genera—is rec-
ognized by several authors (Claude, 2006; Hervet, 2003,
2004a, 2006; Miklas-Tempfer, 2003). This group origi-
nated in the Eocene of Europe (Lapparent de Broin, 2001;
Murelaga et al., 2002), and some of its most characteris-
tic features (such as the ptychogasterid spikes) are already
present in its basal-most known members, whereas others
appear in later taxa and are known to have independently
evolved more than once in the “Palaeochelys s..-Mauremys
group” (Hervet, 2003, 2004a, 2004b, 2006). The genus
Ptychogaster is further characterized by plastral kinesis,
which is known to have convergently evolved several
times within the Testudinoidea (Claude, 2006). The inclu-
sion within ‘ptychogasterids’ of non-kinetic extinct genera
(e.g., Hervet, 2006) has been questioned by Claude (2006).
In any case, similarities in plastral morphology indicate
that Ptychogaster belongs to the Geoemydidae (Claude,
2006).

Although some authors have previously concluded that
‘ptychogasterids’ constitute a monophyletic clade diagnos-
able by several synapomorphies (Hervet, 2004a, 2006),
more comprehensive phylogenetic analyses than those
currently available (Hervet, 2006) would be required in
order to adequately test whether ‘ptychogasterids’ actu-
ally constitute a monophyletic group within geoemydids,
as well as to further decipher which are their closest extant
relatives among the latter. Largely as a result of such
phylogenetic uncertainties, the systematic status of ‘pty-
chogasterids’ is currently unclear. Various former authors
(Lapparent de Broin, 2000, 2001; Murelaga et al., 2002)
referred these taxa to the infrafamily Geoemydinei (within
the family Testudinidae), which is currently recognized as
a distinct family, Geoemydidae, within the Testudinoidea
(Fritz and Havas, 2007). Hervet (2003, 2004a), in turn,
referred to this group as ‘Ptychogasteridae’—the quotation
marks indicating that no taxonomic value was implied.
Later, the same author (Hervet, 2006) employed for it the
name “Ptychogasteridae De Stefano, 1903 (sensu Hervet,
2004a)”, but given that phylogenetic nomenclature was
employed, no family rank was apparently implied. Here
we provisionally distinguish the extinct group includ-
ing Ptychogaster and closely-allied genera as a subfamily,
i.e. Ptychogasterinae—as done by some previous authors
(Lujan et al., 20134, 2013b; Miklas-Tempfer, 2003 )—within
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the geoemydids (Claude, 2006). Future cladistic analyses
(outside the scope of this paper) would be required in order
to investigate the monophyly of ptychogasterines as well
as their relationships with other geoemydids.

Two subgenera are currently distinguished within Pty-
chogaster (Lapparent de Broin, 2001), the type genus
of this subfamily: Ptychogaster (Ptychogaster) and Pty-
chogaster (Temnoclemmys) Bergounioux, 1958. The type
species of the latter, Ptychogaster (Temnoclemmys) batal-
leri (Bergounioux, 1931), has a very complex taxonomic
and nomenclatural history (with many junior subjective
synonyms, see later). This species was originally described
in the Vallés-Penedés Basin (NE Iberian Peninsula), but
since Bergounioux’s (1958) revision of Tertiary reptiles
from Catalonia, no detailed revision of the ptychogasterine
turtles from this basin has been performed. Here we report
new ptychogasterine material from several Vallés-Penedés
localities, and further revise its taxonomy on the basis of all
available remains, including those already described from
the historical collections (see Lujan et al., 2013a, 2013b, for
preliminary reports in abstract form). Emended diagnoses
of the genus Ptychogaster, its two included subgenera, and
the type species of Temnoclemmys are also provided.

2. Materials and methods
2.1. Abbreviations

Institutional abbreviations: ICP: Institut Catala de
Paleontologia Miquel Crusafont: Universitat Autonoma de
Barcelona (Spain); IPS: acronym of the collections of the
ICP; MGB: Museu de Geologia (Museu de Ciéncies Natu-
rals de Barcelona, Spain); MGSB: Museu de Geologia del
Seminari de Barcelona (Spain).

Locality abbreviations: ACM: local stratigraphic series
of Abocador de Can Mata (els Hostalets de Pierola); BDA:
Bassa de Decantacié d’Aigties Pluvials (ACM sector); CC:
Can Canals (El Papiol); CM: Can Mata unknown loca-
tion (els Hostalets de Pierola); CR: Can Rabassa (Sant
Celoni); EC: El Canyet (Castellbisbal); EDAR: Estaci6 Depu-
radora d’Aigilies Residuals Sabadell Riu-Ripoll (Sabadell);
HP: Hostalets de Pierola indeterminate (els Hostalets de
Pierola); HPI: Hostalets de Pierola Inferior (els Hostalets de
Pierola); HPS: Hostalets de Pierola Superior (els Hostalets
de Pierola); LT: La Tarumba (Viladecavalls); SMT: Sant
Miquel del Taudell (Viladecavalls); TS: subsoil of Terrassa
(Terrassa); VC: Viladecavalls unknown location (Viladeca-
valls).

2.2. Anatomical terminology

Anatomical terminology is after de Broin (1977).
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3. Age and geological background

All the fossil remains reported in this paper come
from the Vallés-Penedés Basin (Fig. 1) in NE Iberian
Peninsula. This basin is a NNE-SSW-oriented, asymmetric
half-graben limited by the Littoral and Pre-littoral Catalan
Coastal Ranges, which was generated by the rifting of the
NW Mediterranean region during the Neogene (Bartrina
et al, 1992; Cabrera et al., 1991, 2004; de Gibert and
Casanovas-Vilar, 2011; Roca and Guimera, 1992). Besides
some Early and Middle Miocene shallow marine and tran-
sitional sequences, most of the basin infill consists of
distal-marginal alluvial fan sediments, with a rich fossil
record of late Middle and Late Miocene terrestrial verte-
brates (Agusti et al., 1985; Casanovas-Vilar et al., 2011a).
On the basis of the previously-available data for this basin
(Agusti et al., 1997; Casanovas-Vilar et al., 2011a, 2011b),
the following correlations with Mammal Neogene (MN)
units are available for the localities that have yielded
Ptychogaster remains: CC and EC (MN4; Early Aragonian,
Early Miocene); HPI (MN7+8; Late Aragonian, Middle
to Late Miocene); HP (MN7+8 to MN9; Late Aragonian
to Early Vallesian, Middle to Late Miocene); CM (late
MN7+8 to MN9; Late Aragonian to Early Vallesian, Mid-
dle to Late Miocene); HPS (MN9; Early Vallesian, Late
Miocene); EDAR24 (MN9; early Vallesian, late Miocene);
CR (MN9-MN10; Early to Late Vallesian, Late Miocene);
LT, SMT, VC and TS (MN10; Late Vallesian, Late Miocene).
It should be taken into account that HP, HPI, HPS, CM
and VC are not paleontological localities in a strict sense,
but rather loosely-defined areas that mix material from
different stratigraphic horizons that cover a relative long
time interval (Alba et al,, 2006, 2010, 2011). The exact
stratigraphic position of the new material from ACM is
not recorded, but its provenance from sector ACM/BDA,
on the basis of biostratigraphic and magnetostratigraphic
data for the whole ACM series (Alba et al., 2006, 2011;
Casanovas-Vilar et al., 2011b; Moya-Sola et al., 2009), indi-
cates an early MN7 +8 (Late Aragonian, Middle Miocene)
age.

4. Systematic paleontology

Order: TESTUDINES Linnaeus, 1758

Infraorder: CRYPTODIRA Cope, 1868

Superfamily: TESTUDINOIDEA Batsch, 1788
Family: GEOEMYDIDAE Theobald, 1868
Subfamily: PTYCHOGASTERINAE De Stefano, 1903
Genus Ptychogaster Pomel, 1847

Type species: Ptychogaster emydoides Pomel, 1847.

Included subgenera: Ptychogaster (Ptychogaster)
Pomel, 1847; Ptychogaster (Temnoclemmys) Bergounioux,
1958.

Emended diagnosis: Small to medium-sized geoe-
mydid characterized by the following features: long
peripherals; loose coincidence between the pleurals and
the peripherals at the posterior part of the shell; posteriorly
narrow suprapygal 1; sulci betwen marginal 12 and verte-
bral 5 situated on pygal; reduced anal notch; somewhat
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elongated internal ventral underlap of cervical; dorsal
epiplastral lip long and narrow; entoplastron pyriform to
rhomboid, longer than broad, and with rounded posterior
margins; humeropectoral sulcus overlapping with the
entoplastron, from about its midlength to three-quarters
of the latter; wide dorsal overlap of the plastral scutes; nar-
row anterior edge of the anterior plastral lobe; vertebral 1
not completely covering the nuchal; irregular neural series
formed mainly by octagonal and hexagonal plates with
short sides in front; and nuchal longer than wide, markedly
concave internally, and with a well-developed pair of inter-
nal thickenings. Further characterized by the following
apomorphies: reduced axillary buttresses (approximately
one-third of pleural 1 width); absent inguinal buttresses;
completely ligamentous union between hypoplastron and
peripherals; presence of a hinge between hyoplastron-
hypoplastron; octagonal neural 2; well-developed
pair of internal thickenings on the ventral surface of
nuchal.

Differential diagnosis: Ptychogaster differs from other
Geoemydidae by displaying a well-developed pair of
internal thickenings on the nuchal plate. It differs from
all other ptychogasterines (sensu Hervet, 2006) in the six
apomorphic features mentioned above in the diagnosis.
It further differs from all other ptychogasterines except
“Geoemyda” saxonica Hummel, 1935 and Clemmydopsis
Boda, 1927 in the position of sulci between marginal 12
and vertebral 5 on pygal—although this feature cannot
be evaluated in Geiselemys Khosatzky and Mtynarski,
1966. It also differs from other ptychogasterines except
Clemmydopsis in the longer peripherals (sometimes with
marked anterior expansions), the entoplastron longer
than broad and with more rounded margins, and the
markedly narrower anterior border of the plastral lobe.
Ptychogaster also differs from Hummelemys Hervet, 2004b
and Merovemys Hervet, 2006 in the loose coincidence
between the pleurals and peripherals at the posterior
portion of the shell; from Merovemys and Clemmydopsis in
the posteriorly narrow suprapygal 1; from Hummelemys in
the somewhat narrower and much longer dorsal epiplas-
tral lip, the somewhat longer internal ventral underlap
of the cervical, and the wider and more extensive dorsal
overlap of the plastral scutes; from Merovemys in the
larger overlap between the humeropectoral sulcus and
the entoplastron, and in the presence of anal notch (albeit
reduced); and from Clemmydopsis, in the less reduced
axillary buttresses, less elongate nuchal (not longer than
wide), the lack of fused costal and vertebral scutes, and in
the fact that the posterior vertebrals are not wider than the
costals.

Subgenus Ptychogaster Pomel, 1847

Other included species: Ptychogaster (Ptychogaster)
laurae (Forster and Becker, 1888); Ptychogaster (Pty-
chogaster) sansaniensis (De Stefano, 1903); Ptychogaster
(Ptychogaster) grepiacensis (Bergounioux, 1935); Pty-
chogaster (Ptychogaster) ronheimensis Groessens-Van Dyck
and Schleich, 1985.
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Fig. 1. Schematic geological map of the Vallés-Penedés Basin, showing the sites that have delivered remains of Ptychogaster. ACM: Abocador de Can Mata;
CC: Can Canals; EC: El Canyet; CR: Can Rabassa; EDAR: Estaci6 Depuradora d’Aigiies Residuals Sabadell Riu-Ripoll; LT: La Tarumba; SMT: Sant Miquel del

Taudell; TS: subsoil of Terrassa; VC: Viladecavalls.

Fig. 1. Carte géologique schématique du bassin de Vallés-Penedés, montrant les sites qui ont livré des restes de Ptychogaster. ACM : Abocador de Can Mata;
CC: Can Canals; EC: El Canyet; CR: Can Rabassa; EDAR: Estacié Depuradora d’'Aigiies Residuals Sabadell Riu-Ripoll; LT : La Tarumba ; SMT: Sant Miquel

del Taudell ; TS : sous-sol de Terrassa; VC: Viladecavalls.

Diagnosis: As for genus. See below for a differential
diagnosis with subgenus Temnoclemmys.

Ptychogaster (Ptychogaster) sp.
(Figs. 2A-H, 3A-H)

Material: IPS64018 (Figs. 2A-B, 3A-B), partial right and
left epiplastron (possibly also a little portion of entoplas-
tron) from EC; IPS64019 (Figs. 2C-D, 3C-D), left partial
peripheral 7 from CC; IPS64022 (Fig. 2E-F, 3E-F), right
epiplastron from HPI; IPS64023 (Fig. 2G-H, 3G-H), partial
nuchal from HP.

Stratigraphic range in the Vallés-Penedés Basin: MN4
(Early Miocene) to MN7 +8-MN9 (Middle to Late Miocene).

Description of the new material: Based on the dimen-
sions and structure of the peripheral plate and the
epiplastron (in the material from EC) and the partial nuchal
and right epiplastron (in the material from els Hostalets
area), the shell would have been relatively large (>20cm).
The dermal grooves and bony sutures are visible.

The peripheral 7 of IPS64019 (Figs. 2C-D, 3C-D), which
is nearly complete, is approximately rectangular in shape.
In internal view, it displays a rough elongated area for the
cartilaginous union with the inguinal process. It hosts the
sulcus between marginals 7-8 and the costo-marginal sul-
cus, which is situated close to the pleuro-peripheral suture.

Despite some fractures affecting the anterior edge of the
right epiplastron just medial to the right edge of the epi-
plastral lip, the ptychogasterid spike seems to be present
but small in IPS64018 (Figs. 2A-B, 3A-B); it is developed
in posterior direction, slightly medially, although close to
the gulohumeral sulcus, where it is poorly developed, not
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protruding dorsally and weakly defined. The epiplastral
dorsal lip is only partially preserved, but its shape was
most likely subrectangular. Its dorsal surface is somewhat
concave medially, slightly thickened and anteroposteriorly
long, imperceptibly shortening in medial direction so that
its posterior edge is only slightly concave. The remnants of
the anterior edge indicate that it was clearly concave, but
for preservational reasons it is not possible to assess the
depth of the concavity. On the basis of the small preserved
portion of the gular area, it is possible to state that this
element was extremely short and triangular, with rounded
lateral margins, and probably not covering the anterior por-
tion of the entoplastron.

On the basis of the right epiplastron IPS64022
(Fig.2E-F, 3E-F), it seems that the anterior plastral lobe was
anteriorly truncated and slightly concave. The covering of
the scutes on the dorsal surface of the epiplastron is well
developed, resulting in an anteroposteriorly long epiplas-
tral lip. The ptychogasterid spike is partially preserved. The
area of the epiplastral lip posterior to the spike, and located
medially to the gulohumeral sulcus, is roughly triangular
and distinctly elongated, but not significantly protruding
dorsally. The epiplastral dorsal lip of the isolated epi-
plastron is slightly wider than long. Its posterior edge
is approximately straight and its dorsal surface is mod-
erately concave medially. The gulars are proportionally
long (covering the anterior portion of the entoplastron),
triangular-shaped, with slightly rounded lateral margins.
The dorsal overlap of the humeral scute on the epiplastron
is well developed.

IPS64023 (Fig. 2G-H, 3G-H) is hexagonal, probably
slightly wider than long and highly concave ventrally.
The anterolateral edge is vaguely concave. In lateral view,
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Fig. 2. (Color online). Shell remains of Ptychogaster (P.) sp. (A-H) and P. (Temnoclemmys) sp. (I-L) from the Vallés-Penedés Basin. A-B, IPS64018 from EC,
in A, dorsal; B, ventral views. C-D, IPS64019 from CC, in C, dorsal; D, internal views. E-F, IPS64022 from HP], in E, dorsal; F, ventral views. G-H, IPS64023
from HP, in G, dorsal; H, internal views. I-J, IPS64020 from CC, in I, dorsal; J, ventral views. K-L, IPS64021 from CC, in K, dorsal; L, internal views.

Fig. 2. (Couleur en ligne). Restes de carapace de Ptychogaster (P.) sp. (A-H) et P. (Temnoclemmys) sp. (I-L) du bassin de Vallés-Penedés. A-B, IPS64018 de EC,
envues A, dorsale ; B, ventrale. C-D, IPS64019 de CC, en vues C, dorsale ; D, interne. E-F, IPS64022 de HPI, en vues E, dorsale ; F, ventrale. G-H, IPS64023 de
HP, en vues G, dorsale ; H, interne. I-J, IPS64020 de CC, en vues I, dorsale ; ], ventrale. K-L, [IPS64021 de CC, en vues K, dorsale ; L, interne.

the nuchal is faintly concave, and the posterior edge Emended diagnosis: The subgenus Temnoclemmys
of the cervical corresponds to a change in slope. The differs from Ptychogaster s.s. in the following features:
cervical is very large, triangular, and posteriorly quite smaller size (adult shell length around 10-16cm vs.
wider, with a concave posterior edge and convex lateral 20-30 cm); much shorter cervical both dorsally and inter-
margins. The internal overlap of the cervical is long and nally (not preserved in P. cayluxensis); trapezoidal (instead
well developed. The left marginal 1, which is partially of rounded) margin of the anterior lobe and more tapering
present, was apparently rectangular and slightly longer posterior lobe of the plastron (the latter only preserved in
than wide. The vertebral 1, which is partially preserved, the type species); thicker epiplastral lip (at least medially,
does not completely cover the nuchal because it is fairly close to the gular sulci and the ptychogasterid spikes);
narrow anteriorly; the small preserved portion of the left shorter peripherals 1-2 without marked anterior expan-
lateral vertebral-costal sulcus is slightly concave, possibly sions (only preserved in the type species); and shorter
indicating that the vertebral was lyre-shaped. nuchal (i.e., shorter than wide; only preserved in the type
species). The two latter features cannot be ascertained for

Subgenus Temnoclemmys Bergounioux, 1958 P.(T.) bardenensis.

Type species: Ptychogaster (Temnoclemmys) batalleri Ptychogaster (Temnoclemmys) sp.
(Bergounioux, 1931). (Figs. 21-L, 3I-L)

Other included species: Ptychogaster (Temnoclemmys)
cayluxensis Lydekker, 1889; Ptychogaster (?Temnoclem-

mys) francofurtanus Reinach, 1900 (nomen dubium); Material: Two shell fragments of the same individ-
Ptychogaster (Temnoclemmys) bardenensis Murelaga et al., ual from CC, including: IPS64020 (Figs. 21-], 31-]), partial
1999. left epiplastron (a little portion of entoplastron is possibly

SRS
Qo

Fig. 3. Schematic drawings corresponding to the fossil remains depicted in Fig. 2. Thick lines correspond to scute sulci, dotted areas indicate ligamentous
joints, and oblique lines denote missing portions or sediment.

Fig. 3. Dessins schématiques correspondant a des restes fossiles illustrés sur la Fig. 2. Les lignes épaisses correspondent auxs écailles, les zones en pointillés
indiquent des articulations ligamentaires, et les lignes obliques indiquent des portions manquantes ou du sédiment.
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present); and IPS64021 (Figs. 2K-L, 3K-L), left peripherals
2-3.

Stratigraphic range in the Vallés-Penedés Basin: MN4
(Early Miocene).

Description of the new material: Based on the dimen-
sions of the plates, the shell was small and thin. Most of the
dermal grooves are visible, although the sutures are fairly
obliterated.

The shape of the peripherals 2-3 [PS64021
(Fig. 2K-L, 3K-L) cannot be assessed with confidence.
The sulci delimiting the marginals 2-4 are visible.
Marginal 3, the only complete scute, is longer than wide. In
internal view, the overlap of the marginals is moderately
developed.

The epiplastron of IPS64020 (Fig. 21-], 31-]) is moder-
ately thin and lacks its posterolateral portion. Due to the
anteroposterior length of this element and the absence of
clearly visible sutures, it is not possible to exclude that a
portion of the entoplastron is present. The ptychogasterid
spike is preserved and distinctly protruding in anterior
direction. The anterior edge of the epiplastron is slightly
convex in dorsal view. The overlap of the gular and humeral
scutes on the dorsal surface of the epiplastron is relatively
well developed. The epiplastral dorsal lip is 2.8 times
wider than long. In dorsal view, it is very little concave
medially and slightly thickened and longer medially to
the gulohumeral sulcus. The posterior edge of the lip is
concave, being the anteroposterior width decreasing in
medial direction. The gular is triangular, slightly longer
than wide. Its relationships with the entoplastron are
unclear due to the absence of visible sutures.

Ptychogaster (Temnoclemmys) batalleri (Bergounioux,
1931)
(Figs. 4-8)

1926 Emys egarensis Bataller: 159 (nomen nudum).

1926 Testudo sp.: Bataller: pl. 3 figs. 1-2.

1931 Clemmys batalleri Bergounioux: 72, figs. 1-5 (orig-
inal description).

1937 Clemmys  batalleri  Bergounioux, 1931:
Bergounioux: 793.
1938 Clemmys  batalleri  Bergounioux, 1931:

Bergounioux: 283.

1956 Clemmys batallery [sic] Bergounioux, 1931:
Bataller: 21.

1957a Temnoclemmys batalleri (Bergounioux, 1931):
Bergounioux: 1237 (new combination with invalid genus
designation).

1957a Temnoclemmys vallesensis Bergounioux: 1237
(original description).

1957a Temnoclemmys elongata Bergounioux: 1237
(original description).

1957b Temnoclemmys batalleri (Bergounioux, 1931):
Bergounioux: 40.

1957b Temnoclemmys vallesensis Bergounioux: 40.

1957b Temnoclemmys elongata Bergounioux: 40.

1957¢ Temnoclemmys batalleri (Bergounioux, 1931):
Bergounioux: 164.

1957¢ Temnoclemmys vallesensis Bergounioux: 164.

1957¢ Temnoclemmys elongata Bergounioux: 164.

1958 Temnoclemmys batalleri (Bergounioux, 1931):
Bergounioux: 185, figs.18-19, pls.35-36 (new combina-
tion with valid genus designation as its type species).

1958 Temnoclemmys vallesensis Bergounioux: 191,
figs.22-23, pls.38-39.

1958 Temnoclemmys elongata Bergounioux: 194, fig. 24,
pl. 40.

1958 Testudo celonica Bergounioux: 171, figs.13-14,
pls.30-31 (original description).

1974 Testudo (Testudo) celonica Bergounioux, 1958: Auf-
fenberg: 198.

1976 “Mauremys” batalleri (Bergounioux, 1958):
Jiménez: 123.

1977 Ptychogaster (Temnoclemmys) batalleri
(Bergounioux, 1931): de Broin: 239, fig.100, pl.23
figs. 1-4 (new combination).

1977 Ptychogaster (Temnoclemmys) cf. batalleri
(Bergounioux, 1931): de Broin: 239, pl. 23 figs.9-14.

1991 Ptychogaster (Temnoclemmys) batalleri
(Bergounioux, 1931): Jiménez Fuentes and Martin de
Jests: 100.

1991 Ptychogaster celonica (Bergounioux, 1958):
Jiménez Fuentes and Martin de Jests: 102 (new
combination).

2000 Ptychogaster (Temnoclemmys) batalleri
(Bergounioux, 1931): Lapparent de Broin: 243, fig.9
(emended diagnosis).

Emended diagnosis: A species of Temnoclemmys dis-
playing all the features included in the diagnosis of this
subgenus above, and further characterized by a trapezoidal,
very thick and medially slightly concave dorsal epiplastral
lip. It therefore differs from P. (T.) bardenensis by the medi-
ally less concave and much thicker dorsal epiplastral lip
throughout its width, and from P. (T.) cayluxensis by the
more trapezoidal and non-protruding contour of the ante-
rior plastral lobe (due to the straight instead of convex
gular angles), and the shorter dorsal epiplastral lip without
a thickened inverse triangle.

Syntypes: Bergounioux (1931) described this species on
the basis of two fossil remains that are currently lost (see
below): an anterior portion of plastron (entoplastron and
both epiplastra; Bataller, 1926: pl. 3 figs. 1-2; Bergounioux,
1931: figs.1-2; see also our Figs. 4A-B, 5A-B); and a
shell fragment including two peripheral plates (left periph-
erals 7-8; Bergounioux, 1931: figs.3-4; see also our
Figs. 4C-D, 5C-D). It is uncertain whether these two plates
belong to a single individual. Given that Bergounioux
(1931) did not designate a holotype, these two specimens
must be considered syntypes. In order to clarify the tax-
onomic identity of this taxon, we think it is necessary to
designate the most complete specimen (Figs. 4A-B, 5A-B)
as the lectotype, so that the fragment with the marginal
plates (Figs. 4C-D, 5C-D) must be considered a paralec-
totype. The lectotype was referred to as MGSM39663
by Jiménez Fuentes and Martin de Jests (1991), and
included in the catalogue of the MGSM published by
Calzada and Urquiola (1992: 107). However, as noted by
Jiménez Fuentes in Adsera and Calzada (2009: 22), this
was a mistake, since Jiménez Fuentes and Martin de Jestds
(1991) were referring to a different specimen from Sant
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Fig. 4. (Color online). Previously-published shell remains of Ptychogaster (Temnoclemmys) batalleri from the Vallés-Penedés Basin. A-B, Lectotype from TS
(currently lost; reproduced from Bataller, 1926), in A, dorsal; B, ventral views. C-D, Paralectotype from TS (currently lost; reproduced from Bergounioux,
1931),in C, external; D, internal views. E, “Specimen A” from VC (currently lost; reproduced from Bergounioux, 1958: pl.35), in dorsal view. F, “Specimen B”
(MGBV32) from VC (reproduced from Bergounioux, 1958: pl. 36), in ventral view. G-H, IPS696 from HPS (holotype of Temnoclemmys elongata Bergounioux,
1957; see also Bergounioux, 1958: pl.40), in G, dorsal; H, ventral views. I-], IPS2071 from VC (holotype of Temnoclemmys vallesensis Bergounioux, 1957;
see also Bergounioux, 1958: pl.38-39), in I, dorsal; J, ventral views. K-M, MGS25319A from CR (holotype of Testudo celonica Bergounioux, 1958; see also
Bergounioux, 1958: pl.30-31), in K, ventral; L, dorsal; M, posterior views. N-0, MGS25319B (paratype of Testudo celonica Bergounioux, 1958), in N, dorsal;
0, ventral views.

Fig. 4. (Couleur en ligne). Restes de carapace déja publiés de Ptychogaster (Temnoclemmys) batalleri du bassin de Vallés-Penedés. A-B, Lectotype de TS
(actuellement perdu, reproduit a partir de Bataller, 1926), en vues A, dorsale; B, ventrale. C-D, Paralectotype de TS (actuellement perdu, reproduit a
partir de Bergounioux, 1931), en vues C, externe; D, interne. E, «Specimen A» de VC (actuellement perdu, reproduit a partir de Bergounioux, 1958,
pl.35), en vue dorsale. F, « Specimen B» (MGB V32) de VC (reproduit a partir de Bergounioux, 1958, pl. 36), en vue ventrale. G-H, IPS696 de HPS (holotype
de Temnoclemmys elongata Bergounioux, 1957; voir aussi Bergounioux, 1958, pl.40), en vues G, dorsale ; H, ventrale. I-], IPS2071de VC (holotype de
Temnoclemmys vallesensis Bergounioux, 1957 ; voir aussi Bergounioux, 1958, pl.38-39), en vues I, dorsale ; J, ventrale. K-M, MGS25319A de CR (holotype
de Testudo celonica Bergounioux, 1958 ; voir aussi Bergounioux, 1958, pl.30-31), en vues K, ventrale ; L, dorsale; M, postérieure. N-0, MGS25319B (paratype
de Testudo celonica Bergounioux, 1958), en vues N, dorsale ; O, ventrale.

Quirze, whose correct catalogue number is MGSB31663 (B- and Cugny from the Institut catholique de Toulouse that
27). According to Bergounioux (1931), the syntypes were this material was lost (Adsera and Calzada, 2009). How-
housed at the Institut Catholique de Toulouse. In 1985, ever, given that there is no evidence that the lectotype has
the curators of the MSGB were informed by Drs. Bilotte been destroyed, and that it was adequately described and
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Fig. 5. Schematic drawings corresponding to the fossil remains depicted in Fig. 4. Thick lines correspond to scute sulci, dotted lines denote plate sutures,
dashed lines denote completely ligamentous kinesis between hypoplastra and peripherals as well as the hinge between hyoplastron and hypoplastron,
dotted areas indicate ligamentous joints, and oblique lines denote missing portions or sediment.

Fig. 5. Dessins schématiques correspondant a des restes fossiles illustrés sur la Fig. 4. Les lignes épaisses correspondent aux sillons des écailles, les lignes
pointillées indiquent les sutures de plaques, les lignes pointillées longues indiquent une kinesis complétement ligamentaire entre les hypoplastra et les
périphériques et aussi la charniére entre I'hyoplastron et I'hypoplastron, les zones en pointillés indiquent des articulations ligamentaires, et les lignes

obliques indiquent les portions manquantes ou du sédiment.

figured in the original description of the species, we refrain
from designating a neotype.

Type locality: Terrassa (MN10, Late Miocene).

Previously-described material: Partial shell (“spec-
imen A” of Bergounioux, 1958: fig.18, pl.35; see also
our Figs. 4E, 5E) from VC, which is currently lost; par-
tial shell (“specimen B” of Bergounioux, 1958: fig.19,
pl.36; see also our Figs. 4F, 5F) from VC, which is cur-
rently housed at the MGB (MGB V32); IPS696, partial
shell from HPS (Bergounioux, 1958: fig. 24, pl. 40; see also
our Figs. 4G-H, 5G-H), which is the holotype of Temno-
clemmys elongata; IPS2071 (field number VP387), partial
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shell from VC (Bergounioux, 1958: figs.22-23, pls. 38-39;
see also our Figs. 41-], 5I-]), which is the holotype of
Temnoclemmys vallesensis; MGSB25319A, partial posterior
shell from CR (Bergounioux, 1958: fig.13-14, pl.30-31;
see also our Figs. 4K-M, 5K-M), which is the holotype
of Testudo celonica; MGSB25319B, partial shell from CR
(Figs. 4N-0, 5N-0; previously not figured by Bergounioux,
1958), which is a paratype of T. celonica.

New material: IPS766a-h (Figs. 6A-L, 7A-L), par-
tial shell from EDAR24; IPS64024 (Figs. 6X-Y, 7X-Y),
right partial anterior plastral lobe from HP; IPS35267
(Figs. 6V-W, 7V-W), partial anterior plastral lobe
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Fig. 6. (Color online.) New shell remains of Ptychogaster (Temnoclemmys) batalleri from various localities of the Vallés-Penedés Basin. A-L, IPS766 from
EDAR 24; A-B, partial shell IPS7664, in A, dorsal; B, ventral views; C-D, Epi IPS766b-c, in C, dorsal; D, ventral views; E-F, left P9-10 IPS766d-e, in E, dorsal;
F, internal views; G-H, right P11 IPS766f, in G, dorsal; H, internal views; I-], right partial P13 IPS766 g, in I, dorsal; J, internal views; K-L, left partial P7
IPS766 h, in K, dorsal; L, internal views. M-N, anterior plastral lobe IPS20439 from ACM/BDA, in M, dorsal; N, ventral views; 0-S, IPS36059 from VC; O,
partial right P15-6 IPS36059Db, in dorsal view; P-Q, posterior partial shell IPS36059a,d, in P, dorsal; Q, ventral view; R-S, right peripherals 7-9 and distal
portion of pleurals 4-7 IPS36059c, in R, dorsal; S, internal views. T-U, partial left hypoplastron IPS35288 from LT, in T, dorsal; U, ventral views. V-W, partial
anterior plastral lobe IPS35267 from VC, in V, dorsal; W, ventral views. X-Y, Partial anterior plastral lobe IPS64024 from HP, in X, dorsal; Y, ventral views.
Z-A’, epiplastra MGSB31699 from CM, in Z, dorsal; A’, ventral views. B’-C, Ento IPS31692 from SMT, in B’, ventral; C’, dorsal views. D’-E’, Partial shell
(anterior portion) MGS31662A from CR, in D, dorsal; E’, ventral views. F'-G’, Partial carapace MGS31662B from CR, in F’, dorsal; G’, ventral views.

Fig. 6. Restes nouveaux de carapace de Ptychogaster (Temnoclemmys) batalleri de diverses localités du bassin de Vallés-Penedés. A-L, IPS766 de EDAR 24 ;
A-B, carapace partielle IPS766a, en vues A, dorsale ; B, ventrale ; C-D, Epi IPS766b-c en vues C, dorsale ; D, ventrale ; E-F, P9-10 gauches IPS766d-e, en vues
E, dorsale ; F, interne ; G-H, P11 droite IPS766f, en vues G, dorsale ; H, interne ; I-J, P13 droite partielle IPS766g en vues I, dorsale ; J, interne ; K-L, P7 partielle
gauche IPS766h en vues K, dorsale ; L, interne. M-N, lobe plastral antérieur IPS20439 d’ACM/BDA en vues M, dorsale ; N, ventrale ; 0-S, [IPS36059 de VC; O,
P15-6 partielles droites IPS36059b, en vue dorsale ; P-Q, carapace partielle postérieure IPS36059a,d, en vues P, dorsale ; Q, ventrale ; R-S, P7-9 et la partie
distale des Pl4-7 droites IPS36059c, en vues R, dorsale ; S, interne. T-U, hypoplastron gauche partiel IPS35288 de LT, en vues T, dorsale ; U, ventrale. V-W,
lobe plastral antérieur partiel IPS35267 de VC, en vues V, dorsale ; W, ventrale. X-Y, lobe plastral antérieur partiel [PS64024 de HP, en vues X, dorsale; Y,
ventrale. Z-A’, epiplastra MGSB31699 de CM, en vues Z, dorsale ; A’, ventrale. B'-C’, entoplastron IPS31692 de SMT, en vues B’, ventrale ; C, dorsale. D’-E’,
carapace partielle (portion antérieure) MGS31662A de CR, en vues D’, dorsale ; E’, ventrale. F'-G’, carapace dorsale partielle MGS31662B de CR, en vues F’,
dorsale ; G, ventrale.
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Fig. 7. Schematic drawings corresponding to the fossil remains depicted in Fig. 6. Thick lines correspond to scute sulci, dotted lines denote plate sutures,
long dashed lines denote completely ligamentous kinesis between hypoplastra and peripherals as well as the hinge between hyoplastron and hypoplastron,
dotted areas indicate ligamentous jonts, and oblique lines denote missing portions or sediment.

Fig. 7. Dessins schématiques correspondant a des restes fossiles illustrés sur la Fig. 6. Les lignes épaisses correspondent aux sillons des écailles, les lignes
pointillées indiquent les sutures de plaques, les lignes pointillées longues indiquent une kinesis complétement ligamentaire entre les hypoplastra et les
périphériques, et aussi la charniére entre I'hyoplastron et I'hypoplastron; les zones en pointillés indiquent des articulations ligamentaires, et les lignes

obliques indiquent les portions manquantes ou du sédiment.

from VC; IPS20439 (Fig. 6M-N),
lobe from ACM/BDA; IPS35288 (Figs. 6T-U, 7T-U),
partial left hypoplastron from LT; MGSB31699
(Figs. 6Z-A’, 7Z-A’), epiplastron from CM; MGSB31692
(Figs. 6B’-C’, 7B’-C’), entoplastron from SMT; IPS36059
(Figs. 60-S, 70-S), posterior partial shell from VC;
MGSB31662A (Figs. 6D’-E’, 7D’-E’), partial anterior shell
from CR; MGSB31662B (Figs. 6F-G’, 7F-G’), partial
carapace from CR. The most complete new material cor-
responds to the three partial shells IPS766, IPS36059 and
MGSB31662A.

anterior plastral
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Stratigraphic range in the Vallés-Penedés Basin: early
MN7 + 8 (Middle Miocene) to MN10 (Late Miocene).

Description of the new material from EDAR24:
IPS766a (Figs. 6A-B, 7A-B) preserves most of the ante-
rior half of the plastron and most of the carapace, but the
posterior area of the latter is in poor condition and not
complete; the right xiphiplastron is misplaced and pre-
served within the matrix filling the carapace, so that only
its posterior tip is visible among the right pleural frag-
ments. The two epiplastra IPS766b-c (Figs. 6C-D, 7C-D),
left peripherals 9-10 IPS766d-e (Figs. 6E-F, 7E-F), right
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Fig.8. Ptychogaster (Temnoclemmys) batalleri from Vallés-Penedés Basin. Reconstruction of the shell in: A, dorsal; B, ventral; C, right lateral views. Thick lines
correspond to scute sulci, dotted lines denote plate sutures, and dashed lines denote completely ligamentous kinesis between hypoplastra and peripherals

as well as the hinge between hyoplastron and hypoplastron.

Fig. 8. Ptychogaster (Temnoclemmys) batalleri du bassin de Vallés-Penedés. Reconstruction de la carapace en vues : A, dorsale ; B, ventrale ; C, latérale droite.
Les lignes épaisses correspondent aux sillons des écailles, les lignes pointillées indiquent les sutures de plaques, et les lignes pointillées longues indiquent
une kinesis complétement ligamentaire entre les hypoplastra et les périphériques, ainsi que la charniére entre I'hyoplastron et I'hypoplastron.

peripheral 11 IPS766f (Figs. 6G-H, 7G-H), right distal pleu-
ral 3 IPS766g (Figs. 61-], 71-]) and left peripheral 7 IPS766h
(Figs. 6K-L, 7K-L) were found associated to IPS766a and
belong to the same individual.

The shell is relatively small, low and elongated in lateral
view. The decoration of the carapace and plastron surfaces
is smooth. The carapace is oval and quite slender, approx-
imately 16 cm long and 13.5 cm wide once reconstructed.
IPS766 probably represents a male individual due to the
concavity of the hyoplastron and entoplastron. All the scute
sulci are visible and the sutures are not obliterated. The
carapace does not have evident carinae. As shown by the
entoplastron and the hyoplastron, the anterior lobe of the
plastron is distinctly bent in dorsal direction.

The nuchal is hexagonal, wider than long and not much
concave ventrally. This plate is slightly elongated (ca. 21% of
shell length), with the anterior part significantly widened
and little emarginated. On the internal surface, there is
a transversal moderately developed thickening in corre-
spondence of the edge of the marginal overlap. In lateral
view, the dorsal profile of the nuchal is straight, and the
anterior edge is slightly arched in anterior view. The neural
series is irregular: neural 1 quadrangular, neural 2 octago-
nal, neurals 3-6 hexagonal with short sides behind, neural
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7 is hexagonal, with short sides in front, and neural 8 hexag-
onal with short sides in front. The pleurals are rectangular,
with the length of the lateral edge being equal to that
of the medial edge. There is no coincidence (alignment)
between pleurals and peripherals in the posterior part of
the shell. The peripherals 1-2 are longer than wide, slightly
trapezoidal, but without clear strong anterior expansions.
Peripherals 3-7 are involved in the bridge and develop a lat-
eral ridge. Peripheral 7 is rectangular, and in internal view
it displays the rough, elongated area for the cartilaginous
union with the inguinal process. Peripheral 11 is rectan-
gular with an oblique and slightly concave anteromedial
border (this is reflected in the shape of the suprapygal 2;
see below). The anterior and posterior peripherals are fairly
equal in size.

The cervical is relatively small (covering 27% to 30%
of the nuchal length), trapezoidal in shape, longer than
wide, with the posterior border convex, and with straight
lateral edges. The overlap of the cervical on the ventral
surface of the nuchal is well developed but relatively short
anteroposteriorly; the ventral surface of the cervical is
wider than the dorsal one. The vertebral series is present,
quadrangular, and slightly narrower than the costal series.
Vertebral 1 is lyre-shaped, not covering the lateral corners
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of the nuchal and slightly narrower (at its widest point)
than the nuchal. Vertebrals 2-4 are quite square, although
slightly wider anteriorly than posteriorly. Vertebral 5 is
fairly wider posteriorly than anteriorly. The costal series
are rectangular, wider than long. The margino-costal
sulcus is regularly situated on the peripheral, distal to the
pleuro-peripheral suture, except at the level of the bridge
(marginals 5, 7 and 9), where the sulcus contacts and in
some cases crosses the pleuro-peripheral suture. Marginal
1 is dorsally wider than long; its length exceeds more than
half of the anterolateral side of the nuchal. Marginals 2-4
are shorter than marginal 1 and rather square; marginal 4,
in particular, has a costo-marginal sulcus situated rather
close to the costo-peripheral suture. The ventral overlap
of the marginals is well developed.

The anterior plastral lobe is relatively widened, slightly
rounded and not completely filling the anterior open-
ing of the shells. The anterior edge is truncated, straight
and narrowed if compared to the width of the ante-
rior lobe. The dorsal overlap of the humeral scutes is
significant.

The epiplastron is vaguely pentagonal and approxi-
mately as wide as long. In dorsal view, the anterior edge of
the anterior lobe is approximately rectilinear and laterally
bordered by projections anteriorly directed, the ptychogas-
terid spikes, which are located within the gular shield
and triangular, well-developed and distinctly protruding
from the epiplastral outline. In anterior view, the edge is
located close to the ventral border of the element and it
is slightly convex medially. The lateral border of the epi-
plastron is overall straight but slightly curved close to the
epi-hyoplastral suture. In dorsal view, the epiplastral dorsal
pad is approximately rectangular (with a concave poste-
rior edge), thrice wider than long; it is characterized by
being longitudinally thickened in correspondence of the
spike (therefore slightly medial to the gulohumeral sulcus)
and moderately concave medially where the thickness of
the pad equals that of the plate. However, a depression is
developed on the dorsal surface of each epiplastron pos-
teromedially to the gular pad, but laterally to the medial
symphysis. In dorsal view, the posterior border of the pad
is slightly concave medially (the maximum anteroposte-
rior length corresponds to the longitudinal thickening of
the spike), but it is, however, far from the anterior edge
of the epiplastron. In lateral view, the epiplastral pad dis-
tinctly slopes in anteroventral direction. The area of the
ventral surface covered by the gular is distinctly depressed
compared to the humeral area.

The entoplastronis only partly developed in the anterior
lobe. It is roughly pyriform in shape: the epi-entoplastron
sutures are straight and form an angle of about 90°.
The entoplastron has a roundish posterolateral edge. The
humeropectoral sulcus crosses slightly below mid-height
the ventral surface.

The hyoplastra are slightly wider than longer. They
contact posteriorly the hypoplastron through a hinge and
laterally with peripherals 3-6. The epi-hyoplastral suture
is oblique and its lateral end is located rather close
to humeropectoral sulcus. The hyo-hypoplastral hinge
is straight and approximately transversal; it is located
approximately at the mid of peripheral 6.
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The gulars are approximately triangular-shaped, fairly
short medially and narrow, so that they do not overlap the
entoplastron.

The humerals are vaguely pentagonal, slightly longer
than wide. The medial length of the humeral is much higher
than the medial length of the gular. The humeropectoral
sulcus is fairly straight medially but laterally concave ante-
riorly.

The pectorals are approximately rectangular and wider
than long. They contact laterally with peripherals 3-6. The
pectoro-abdominal sulcus is medially straight but laterally
a little concave in posterior direction. It is located close
(from 5 to 7mm far) to the hyo-hypoplastral hinge but
does not contact it. The anterior portion of the abdominal
is therefore preserved on the hyoplastron.

Description of the new material from the area of
Viladecavalls: 1PS35267 (Figs. 6V-W, 7V-W) from VC
preserves the epiplastron and part of the entoplastron
(possibly also a little portion of the left hyoplastron). The
sutures are not visible. Taking into consideration the dif-
ference in size, the general morphology of this specimen is
congruent with the corresponding region of IPS766b and
IPS766¢, with the exception of the gulars, which are pro-
portionally wider, more developed in posterior direction
and with straighter lateral edges. In anterior view, the ven-
tral edge of the epiplastron is approximately straight and
not slightly convex medially as in IPS766. The area of the
ventral surface covered by the gular is not depressed if
compared to that covered by humeral.

IPS36059a-d (Figs. 60-S, 70-S) from VC is a par-
tial posterior shell preserving part of the posterior half
of the carapace and the left half of the posterior lobe
of the plastron (which is fragmented and partially dis-
articulated). Both the sutures and the scutes sulci are
visible. The specimen is highly fractured, but, thanks
to the matrix filling of the shell, all the fragments are
not significantly displaced. It includes: IPS36059a, left
peripherals 8-11, pygal, suprapygals 1-2, neurals 7-8, left
pleurals 6-8, right peripherals 10-11 and right pleural 8
(Figs. 6P-Q, 7P-Q); IPS36059b, partial right pleurals 5-6
(Figs. 60, 70); IPS36059c, right peripherals 7-9 and distal
portion of pleurals 4-7 (Figs. 6R-S, 7R-S); and IPS36059d,
left hyoplastron and xiphiplastron (Figs. 6P-Q, 7P-Q).

The shell is small, slightly high and domed in lateral
view. The decoration of the carapace and plastron sur-
faces is smooth. In dorsal view, the preserved portion of
the carapace seems to indicate that it was probably oval
and quite slender; at least in the posterior sector of the
carapace there are no evident carinae. The neural series is
incomplete and the general morphology of this specimen is
congruent with the corresponding region of IPS766a with
the exception of neural 7, which is octagonal. The shape
of the suprapygal 1 is quadrangular and slightly narrowed
posteriorly. Suprapygal 2 is triangular, wider than long with
rounded latero-posterior edges. The pygal is rectangular,
slightly wider than long. In IPS36059a the costo-marginal
sulcus shortly intersects the pleural-peripheral suture at
the level of the marginals 9 and 11. Vertebral 5 is trapezoid,
markedly wider posteriorly than anteriorly (only partially
preserved in IPS766a) and partially covers the pygal pos-
teriorly. The sulcus between vertebrals 4-5 laterally does
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not cross the suture between pleurals 7-8. Costal 4 is
trapezoidal, slightly wider distally. The left portion of the
posterior lobe of the plastron (IPS36059d) is narrowed with
gently rounded borders. The posterior tip of the xiphiplas-
tron is only partially preserved, but the anal notch should
have been reduced (less than 15% of xiphiplastron length),
and possibly as wide as long. The dorsal overlap of the plas-
tral scutes is moderately developed, mainly in the area of
the femoral scute. The inguinal buttresses are partially pre-
served and were probably reduced because of the presence
of the hinge. The left hypoplastron is rectangular, slightly
wider than long. It contacts laterally with peripherals 6-7
trough a completely ligamentous union in the inguinal pro-
cess. The left hypoplastron-xiphiplastron suture is medially
straight and laterally slightly curved in posterior direction.
The left xiphiplastron is trapezoidal, slightly longer than
wide.

The portion of the left abdominal developed on
the hypoplastron is entirely preserved and rectangular.
The abdominofemoral sulcus is straight (IPS36059d) and
antero-laterally does not reach the inguinal process, being
located slightly below it. The left femoral is rectangular,
wider than long, with the dorsal overlap well developed.
The femoroanal sulcus is oblique and faintly sinuous and
laterally displays a wide notch. The left anal is triangular,
fairly wider than long, and with rounded lateral borders.

IPS35288 (Figs. 6T-U, 7T-U) from La Tarumba only pre-
serves a left posterior partial fragment of hypoplastron
that is basically congruent with IPS36059d, from which
it differs because the abdominofemoral sulcus is weakly
concave anteriorly. Given the scarce morphological details
preserved, only a tentative taxonomic attribution is possi-
ble for this specimen.

MGSB31692 (Figs. 6B'-C’, 7B’-C’) from San Miquel de
Taudell is a complete entoplastron much smaller than
[PS766a but morphologically congruent with it. However,
the humeropectoral sulcus is placed more posteriorly in
the former than in the latter; the ventral surface is only
very slightly curved and therefore the anterior lobe of the
plastron to which it belonged was less inclined in dorsal
direction.

Description of the new material from the area of
Hostalets: IPS64024 (Figs. 6X-Y, 7X-Y) from HP preserves
the right epiplastron (possibly also a little portion of the
left epiplastron) and a fragment of the right hyoplastron.
The epi-hyoplastral suture is not visible and the ptychogas-
terid spike is not preserved. The general morphology of
this specimen is congruent with the corresponding region
of IPS766¢. However, IPS64024 is slightly smaller and less
thick than IPS766¢; the dorsal projection of the gular pad is
less thick; the gulars are a little longer, with straight lateral
edges. The preserved portion of the anterior lobe indicates
that this was distinctly bent in dorsal direction.

The anterior plastral lobe IPS20439 (Figs. 6M-N, 7M-N)
from ACM/BDA preserves the epiplastron, entoplastron and
left and partial right hyoplastron. The sutures are not visible
because the skeletal elements are heavily fused together.
Taking into consideration the difference in size, the gen-
eral morphology of this specimen is congruent with the
corresponding region of IPS766a with some exception:
the gulars are proportionally wider and more developed
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in posterior direction and with straighter lateral edges;
in dorsal view, the anterior edge of the epiplastron is
slightly rounded and not straight as in IPS766a; the hyo-
hypoplastral hinge is slightly thinner than IPS766 and
oblique (not completely straight as in the latter); the
humeropectoral sulcus is slightly sinuous and less curved
laterally in anterior direction than IPS766a; the pectoro-
abdominal sulcus is slightly oblique and sinuous instead
of being completely straight as in IPS766a; and finally,
IPS20439 shows the anterior lobe distinctly bent in dorsal
direction.

MGSB31699 (Figs. 6Z-A’, 7Z-A") preserves both epiplas-
tra and a little portion of the left entoplastron of the same
specimen. Even if the general morphology of this speci-
men is similar to the corresponding region of the much
larger IPS766b-c, the following features can be outlined:
the gulars are proportionally narrower and slightly less
developed in posterior direction and with sinuous lateral
edges; in dorsal view, the anterior edge of the epiplastron is
slightly rounded and not straight as in IPS766b-c; in ventral
view, the ventral edge of the epiplastral pad has a slightly
convex profile.

Description of the new material from Sant Celoni:
MGSB31662A (Figs. 6D'-E’, 7D’-E’) from CR preserves the
anterior half of the shell and most of the posterior lobe
of the plastron, which is housed mostly inside the shell
and poorly preserved (not visible in the figure). The two
hypoplastra are misplaced and preserved within the matrix
filling the carapace, and therefore only their posterior tip
is visible in posterior view. The right portion of the dor-
sal shell is partly covered by a hard concretion. All the
scute sulci are visible whereas the sutures are obliterated.
Except for its different size and the shell shape, which is
relatively high and slightly domed, the general morphol-
ogy of MGSB31662A is congruent with that of IPS766. The
shape of the carapaceis less oval and slender thanin IPS766,
being approximately 10 cm wide and approximately 12 cm
long once reconstructed. MGSB31662A probably also cor-
responds to a male individual, given the concavity of the
entoplastron and the hyoplastron. The anterior lobe of the
plastron is more distinctly bent in dorsal direction than
in IPS766. The nuchal is significantly widened in ante-
rior view, more emarginated and much concave ventrally
than in IPS766. In lateral view, the dorsal profile of the
nuchal is less straight, much arched at the end of the cer-
vical. The sutures and sulcus of the neural and peripheral
series are not visible, and therefore differences in the neu-
ral pattern cannot be determined. Peripherals 1-2 are less
prominent in anterior direction than in IPS766, but mor-
phologically congruent with it. The cervical is relatively
smaller than in IPS766 and has a narrower anterior edge
narrower; the overlap of the cervical on the ventral sur-
face of the nuchal is significantly longer anteroposteriorly.
The vertebral series are somewhat narrower and verte-
bral 1 is less lyre-shaped. Marginal 1 is square-shaped
and rather rectangular as in IPS766. The anterior plastral
lobe of MGSB31662A is slightly narrower than in IPS766,
somewhat rounded and not completely filling the anterior
opening of the shell. In anterior view, the anterior edge of
the anterior plastral lobe is located close to the dorsal bor-
der of this element and it is medially quite convex. In dorsal
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view, the anterior edge of the anterior lobe is slightly round
and laterally bordered by ptychogasterid spikes, which are
poorly developed and not protruding from the epiplastral
outline. The gulars are triangular-shaped, proportionally
longer in posterior direction and with straight lateral edges.
The area of the ventral surface covered by the gulars is not
depressed if compared to IPS766. In dorsal view, the epi-
plastral dorsal pad is vaguely trapezoidal, slightly longer
in posterior direction than in IPS766. In lateral view, the
epiplastral pad distinctly slopes anteroventrally, forming
an angle slightly over 45°. The pectoro-abdominal sulcus
is medially straight and close to, but not overlapping, the
hyo-hypoplastral hinge; laterally it is located close to the
hyo-hypoplastral hinge, contacting it at least on the left
side.

MGSB31662B (Figs. 6F'-G’, 7F'-G’) only preserves the
central part of the carapace and the anterior part of the
plastron, which is completely eroded. In the dorsal region,
it preserves completely the vertebrals 2-3 and partially the
posterior part of the vertebral 1 and the anterior part of ver-
tebral 4. Vertebral series is rectangular, wider than long and
not quadrangular as in IPS766. Furthermore, vertebrals 2-4
are less wide anteriorly. On the basis of the small preserved
portion of the C1-C3 area, these elements seem rectangular.

5. Discussion

5.1. Taxonomy and nomenclature of subgenus
Temonoclemmys

Ptychogaster (Temnoclemmys) batalleri—the type species
of subgenus Temnoclemmys—has a complex nomenclatu-
ral history. The first name applied to this taxon was Emys
egarensis, erected by Bataller (1926) on the basis of mate-
rial from TS (see above). The author, however, failed to
describe the material, so subsequently Bergounioux (1931)
considered it to be a nomen nudum. Such a contention
is further strengthened by the fact that, although Bataller
(1926) figured the holotype, he did not refer to it within
the text, and in the plate he incorrectly labeled it as Testudo
sp. Bergounioux (1931) therefore described a new species,
Clemmys batalleri, based on the same specimen. This was
accepted by Bataller (1956), who nevertheless misspelled
the species nomen as “batallery” and further incorrectly
attributed the authorship to Bergounioux (1938) instead
of Bergounioux (1931).

Later on, Bergounioux (1957a) erected the genus
Temnoclemmys to reallocate Clemmys batalleri and three
newly-described species of the genus: Temnoclemmys
cordiformis and Temnoclemmys vallesensis from Viladecav-
alls (MN10), and Temnoclemmys elongata from Hostalets
de Pierola Superior (MN9). Bergounioux (1957a, published
in February) described the new taxa without figuring the
material, designating a holotype, or indicating which of the
species must be considered the type species of the new
genus. These results were summarized a few months later
by Bergounioux (1957b, published in August), who cited
the three new species as “sp. nov.” (when in fact they had
been already described by himself) and moreover reported
(presumably incorrectly) the occurrence of T. elongata from
both HP and VC. A third paper, published by the same
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author in the same year (Bergounioux, 1957c), is merely
a translation into Spanish of his former paper in French
(Bergounioux, 1957a).

According to the Code (ICZN, 1999, Art. 13.1) the
descriptions provided by Bergounioux (1957a) suffice
the requirements for these species nomina to be valid. In
contrast, this publication does not fulfill the requirements
of Art. 68 regarding the fixation of a type species, so
that the genus-group name Temnoclemmys Bergounioux,
1957 is not nomenclaturally valid (Art. 13.3). Bergounioux
(1958) described again (and in greater detail) the genus
Temnoclemmys as “nov. gen.”, together with the four
species that he distinguished among this genus: T. batalleri
from TS and VC; T. cordiformis and T.vallesensis from VC;
and T. elongata, only from HPS. Bergounioux (1958) explic-
itly designated T. batalleri as the type species (“genotype”)
of Temnoclemmys, and further described and figured the
remaining three species. Accordingly, the authorship of the
genus must be attributed to Bergounioux (1958), instead of
any of his three preceding publications appeared the year
before (contra Lapparent de Broin, 2000, who attributed
the authorship of Temnoclemmys to Bergounioux, 1957).

Jiménez(1976) considered that both Temnoclemmys and
the various species of this genus erected by Bergounioux
(1958) were not taxonomically valid, and referred to them
all as “Mauremys” batalleri. de Broin (1977), in contrast,
considered Temnoclemmys as a valid subgenus within the
genus Ptychogaster Pomel, 1847, and her proposal was
subsequently followed by Jiménez Fuentes and Martin de
Jestis (1991) as well as by Lapparent de Broin (2000). In
this regard, it should be noted that the material from
Venta del Moro attributed to “Mauremys” cf. batalleri
by Jiménez (1976) does belong in fact to Mauremys sp.
(Lapparent de Broin, 2000). Jiménez Fuentes and Martin
de Jestis (1991) explicitly considered that T. vallesensis and
T.elongata are synonyms of P. (T.) batalleri, but concluded
that T. cordiformis must be considered a nomen nudum.
In contrast, Lapparent de Broin (2000) (see also de Broin,
1977) considered that these three nominal taxa would be
junior subjective synonyms of P. (T.) batalleri (Bergounioux,
1931), for which Lapparent de Broin (2000) provided an
emended diagnosis.

Currently, three different valid species of the subgenus
Temnoclemmys are recognized (Lapparent de Broin, 2000;
Murelaga et al., 1999, 2002): P. (T.) cayluxensis, from the
Oligocene of France; P. (T.) bardenensis, from the Early
Miocene of Spain; and P. (T.) batalleri, from the Middle to
the Late Miocene of Spain and France. The scarce and frag-
mentary material available for P.bardenensis (Murelaga
et al,, 1999, 2002) and P. cayluxensis (Lapparent de Broin,
2000, p.244; Lydekker, 1889) precludes evaluating some of
the features that we consider diagnostic of subgenus Tem-
noclemmys, namely: the length of the peripherals 1-2; the
length of the nuchal and the shape of the posterior lobe of
the plastron (in the two above-mentioned species); and the
length of the cervical (only not preserved in P. cayluxensis).
However, other features preserved in these taxa—small
size, contour of the anterior lobe of the plastron, shape
of the epiplastral lip, and in P. bardenensis also the length
of the cervical—enable an unambiguous attribution of
these species to the subgenus Temnoclemmys instead of



A.H. Lujdn et al. / C. R. Palevol 13 (2014) 277-295

Ptychogaster s.s. On the other hand, differences compared
to P. (T.) batalleri (see our emended diagnosis for the latter
species above) confirm the distinct species status of both
P. (T.) cayluxensis and P. (T.) bardenensis. In particular, the
morphology of the epiplastral lip enables to distinguish
the latter two species (both between one another, and
also from the type species of Temnoclemmys), whereas the
morphology of the anterior lobe of the plastron further
enables to distinguish P.cayluxensis from the remaining
two species of this subgenus. Overall, in spite of the scarcity
of the available material for Temnoclemmys species other
than P. (T.) batalleri, their preserved morphology enables an
attribution to this subgenus and also confirms their distinct
species status—in further agreement with their older age.

A fourth nominal taxon, Ptychogaster francofurtanus
Reinach, 1900 from the Miocene of Germany, might be
also attributable to subgenus Temnoclemmys. This binomen
is nomenclaturally valid, even though (to our knowledge)
it has not been employed by subsequent authors after
its original description. This species was erected on the
basis of several shell remains—peripherals 5-9 (Reinach,
1900: pl.20 figs.1-2), a partial nuchal (Reinach, 1900:
pl. 20 fig. 3), the anterior portion of the plastron (Reinach,
1900: pl.20 figs.4-6)—most likely attributable to a sin-
gle individual, and recovered from the MN3 locality of
Frankfurt-Nordbassin (Reinach, 1900: 56-58). The liga-
mentous area in peripheral 7 confirms an attribution to
Ptychogaster s.l., whereas the short cervical further suggests
an attribution to Temnoclemmys. Among the species of the
latter genus, the material described by Reinach (1900) most
closely resembles P. (T.) batalleri in the morphology of the
anterior portion of the plastron, differing from P. (T.) barde-
nensis by the less concave dorsal epiplastral lip that is also
thicker throughout all of its width, and from P. (T.) caylux-
ensis by the straighter and non-protruding anterior margin.
However, due to incomplete preservation, the tapering of
the posterior lobe of the plastron characteristic of Tem-
noclemmys cannot be ascertained in P. francofurtanus. We
therefore consider that the morphology preserved by the
holotype and only known specimen of this taxon is insuf-
ficient to conclude that it belongs to the same species
than P. (T.) batalleri, and that additional remains would
be required to confirm its tentative attribution to sub-
genus Temnoclemmys. We consequently conclude that P.
(?Temnoclemmys) francofurtanus Reinach, 1990 is currently
best considered a nomen dubium—i.e., a nomenclaturally
valid name of doubtful taxonomic application. If additional
material shows that P. francofurtanus is a senior subjective
synonym of P. (T.) batalleri, Reinach’s (1900) name would
take precedence. This would go against prevailing usage
and might cause confusion, but given that the provision of
Article 23.9.1.1 of the Code (“the senior synonym. . . has not
been used as a valid name after 1899”) cannot be fulfilled,
reversal of precedence would not be possible without refer-
ring the case to the International Commission on Zoological
Nomenclature (ICZN: article 23.9.3).

Two of the three nominal species of Temnoclem-
mys erected by Bergounioux (1957a)—T.elongata and
T.vallesensis—are attributable to subgenus Temnoclemmys
because they display the diagnostic features of this sub-
genus (e.g., very thick dorsal epiplastral lip, short cervical,
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trapezoid anterior margin of the plastron and tapering
posterior margin of the plastron; see diagnosis above for
further details). Moreover, the two above-mentioned nom-
inal taxa are considered here junior synonyms of P. (T.)
batalleri, because they display the same morphology of
the dorsal epiplastral lip and of the anterior margin of the
plastron—which enable a distinction of this species from
both P. bardenensis and P. cayluxensis. Therefore, the minor
differences originally employed by Bergounioux (1957a,
1958) to distinguish these species (based on the shape of
the carapace) are not considered diagnostic, being merely
attributable to sexual dimorphism or intraspecific vari-
ability. In contrast, we conclude that the nominal taxon
T. cordiformis Bergounioux, 1957a must be considered a
nomen vanum, instead of a junior subjective synonym of
P. batalleri as suggested by Lapparent de Broin, 2000. Tem-
noclemmys batalleri was originally erected by Bergounioux
(1957a: 1237; see also Bergounioux, 1957b: 40, 1957c:
164, 1958: 189, figs.20-21, pl. 37) on the basis of a partial
shell without number from VC from the former Vil-
lalta’s collection—which, according to Jiménez Fuentes and
Martin de Jests (1991), is currently lost. Jiménez Fuentes
and Martin de Jests (1991) concluded that, given the mea-
ger description provided by Bergounioux (1958) and the
loss of the holotype, T.cordiformis should be considered
a nomen nudum. In fact, based on the authors’ reasoning
(according to which the remains used to erect the species
cannot even be identified at the family level), T. cordiformis
should be considered instead a nomen vanum. The holo-
type of this nominal taxon is poorly preserved and further
displays the neural plates displaced to the left side rela-
tive to the vertebral scutes. Bergounioux (1958) attributed
the displacement to taphonomic distortion, when in fact
this more likely reflects some kind of pathology. In any
case, based on the description and figures provided by
Bergounioux (1958), this specimen cannot correspond to
a ptychogasterine—as indicated by the lack of ptychogas-
terid spikes, the situation of the humeropectoral sulcus
below the entoplastron (withouth any overlap), and the
rounded (instead of markedly elongate) shape of the shell
(about 10cm in length and 9 cm in width). Moreover, the
possession of a hexagonal (instead of octagonal) neural 2
further conclusively discounts an attribution to the genus
Ptychogaster. The specimen might belong to a testudinid or
to a non-ptychogasterine geoemydid, and even if it was not
lost, it is probably too poorly preserved to be able to dis-
cern its taxonomic affinities. Thefore, the nominal taxon
T. cordiformis, although nomenclaturally valid, is here con-
sidered a nomen vanum.

5.2. Taxonomic attribution of the described remains

Ptychogaster (Temnoclemmys) batalleri: Most of the
new ptychogasterine material from the Vallés-Penedés
described here can be ascribed to P. (T.) batalleri. This is
the case not only for the material coming from the areas
of Viladecavalls and els Hostalets, but also from the par-
tial shell from EDAR in the area of Sabadell. The latter
shows a short cervical and a slightly elongated nuchal,
together with the same general morphology of the dorsal
epiplastral lip, that characterize P. (T.) batalleri. Regardless
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of the difference in size, IPS766 displays a much wider,
shorter and less concave shell compared to Ptychogasters.s.,
being morphologically similar to the classical material of P.
(T.) batalleri, such as IPS2071, MGSB25319B, MGSB31662B
and specimens A and B from VC. The new material from
the area of Viladecavalls, in turn, can be attributed to P.
(T.) batalleri on the basis of the trapezoidal contour of
the anterior plastral lobe as well as the morphology of
the dorsal epiplastral lip (in the case of IPS35267), and
based on the narrowing of the posterior lobe of the plas-
tron (in the case of IPS36059 and IPS35288). The newly
reported material from ACM, CM and HP can be similarly
ascribed to P. (T.) batalleri based mainly on the morphology
of the epiplastral dorsal lip, which resembles that of the
lectotype as well as of IPS696 from HPS. The new mate-
rial from the area of Hostalets (IPS64024, 1PS20439 and
MGS31699) shows a trapezoidal dorsal epiplastral lip that
is thick thoughout its width, little concave and medially
narrower, which discounts an alternative attribution to P.
(T.) bardenesis or P. (T.) caulexensis. The new material from
ACM, in the area of els Hostalets, further enables to conclu-
sively show that P. (T.) batalleri was already present from
the early MN7+8 onwards in the Vallés-Penedés Basin,
which was not possible to ascertain on the basis of the
previously-available material from this area, due to strati-
graphic provenance uncertainties. This agrees with the
range of P. (T.) batalleri in France (Hervet, 2003; Lapparent
de Broin, 2000), where it is already recorded in the Middle
Miocene localities of Sansan (MN6) and La Grive-Saint-
Alban (MN7 +8)—further extending into the Turolian, as
recorded in the sites of Aubignas I (MN11) and Aubignas Il
(MN12).

Most significantly, the new material reported here from
Can Rabassa helps to solve a long-lasting taxonomic prob-
lem regarding another taxon erected by Bergounioux,
namely Testudo celonica Bergounioux, 1958. This species
was described on the basis of Vallesian material from CR in
Sant Celoni (holotype MGSB25319A; see Jiménez Fuentes
and Martin de Jests, 1991), which had been first figured
(but not described) as a “new turtle” from Sant Celoni by
Bataller (1956: pls. 1-4). Auffenberg (1974) considered that
this taxon was likely a junior subjective synonym of Tes-
tudo antiqua Bronn, 1831, but Jiménez Fuentes and Martin
de Jests (1991) reassigned it to the genus Ptychogaster.
This attribution was later confirmed by Lapparent de
Broin (2000), according to whom the holotype of “Tes-
tudo” celonica would belong to Ptychogaster s.s. The new
material reported here from the type locality, however,
leads us to conclude that this taxon must be assigned
instead to the subgenus Temnoclemmys, and in particu-
lar to P. (T.) batalleri. Such a contention is supported by
the shorter cervical, slightly elongated nuchal, the absence
of the well-developed peripherals 1-3, and the hexagonal
neural 4, among other features related to the dorsal epi-
plastral lip. Accordingly, we conclude that Testudo celonica
is but another junior subjective synonym of P. (T.) batal-
leri.

Ptychogaster (Temnoclemmys) sp.: Among the newly
reported material, a few specimens can be attributed
to the subgenus Temnoclemmys but must be left unas-
signed at the species level. These remains display the main
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autapomorphy of Temnoclemmys—trapezoidal and thick
dorsal epiplastral lip (Lapparent de Broin, 2000; Murelaga
et al., 2002)—as well as other features of this subgenus,
such as the lack of well-developed peripherals 1-2 with
strong anterior expansions and reduced axillary buttresses
(Hervet, 2003, 2006). The Vallés-Penedés specimens are
similar to those of P. (T.) bardenensis from the slightly older
locality of Las Bardenas (MN3) in Spain (Murelaga et al.,
1999, 2002), as shown by the slightly narrow, short and
trapezoidal dorsal epiplastral lip, as well as the slightly-
protruding anterior edge of the anterior plastral lobe.
However, IPS64020 differs from P. (T.) bardenensis by the
medially less concave and much thicker dorsal epiplastral
lip thoughtout its width (Murelaga et al., 1999, 2002). This
would in principle discount an attribution to this species,
although it should be taken into account that such a feature
is quite variable in P. (T.) batalleri from the Vallés-Penedés
Basin (see above). In turn, the fragmentary new remains
from CC may be attributable to either P. (T.) batalleri or P.
(T.) bardenensis, because the peripheral series is unknow
for the latter species. Therefore, we refrain from providing
a specific attribution for these remains, which in any case
constitute the oldest record of the subgenus Temnoclem-
mys in the Vallés-Penedés Basin—its first apperance datum
in this basin being as old as that of Ptychogaster s.s. (see
below).

Ptychogaster (Ptychogaster) sp.: Finally, some of
the described specimens are attributable to the genus
Ptychogaster—as indicated among others by the com-
pletely ligamentous union between hypoplastron and
peripherals and the presence of a hinge between
hyoplastron-hypoplastron (Hervet, 2006; Murelaga et al.,
2002) in IPS64019—and more specifically to subgenus
Ptychogaster—based on the presence of elongated nuchals
and very narrow and elongated dorsal epiplastral lip, as
well as on the lack of the diagnostic features of Tem-
noclemmys. Moreover, the dimensions of the available
fragmentary remains suggest a shell size consistent with
species of subgenus Ptychogaster, but larger than those of
Temnoclemmys.

The described specimens from the Early Miocene of
Can Canals and El Canyet are very similar to those of P.
(P.) ronheimensis from the MP22 (Early Oligocene) of Ger-
many (Groessens-Van Dyck and Schleich, 1985) and the
MNS3 (Early Miocene) of Spain (Murelaga et al., 1999). Sim-
ilarities include the relatively large size and slenderness
of the peripheral 7 of IPS64019—much more robust in
P. sansaniensis; the narrow and not markedly convex con-
tour of the anterior plastral lobe of IPS64018 (wider and
more convex in P.sansaniensis); and the slightly narrow
and relatively short epiplastral lip of IPS64018 (narrower
and more elongated in other species of Ptychogaster s.s.).
In spite of these similarities with P. (P.) ronheimensis, the
anterior edge of the anterior plastral lobe of IPS64018 is
more concave than in the specimens from the type locality
(Ronheim), in which it tends to be transversally or medi-
ally protruding, thus more closely resembling the Spanish
specimens attributed to the same species and also those of
P. (P.) sansanienesis from France. The lack of preservation of
other diagnostic features of P. (P.) ronheimensis—the hexag-
onal neural 4 (instead of octagonal as in P.grepiacensis
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and P.emydoides), the position of the humeropectoral sul-
cus coinciding with the entoplastron-hyoplastron suture
(instead of being situated in the middle of the entoplas-
tron as in P. sansaniensis), and the wide and anteriorly little
convex plastron (instead of wider and more convex, fill-
ing more extensively the openings of the shell, as in other
species of Ptychogaster s.s.)—hinders an attribution to the
species level for the EC and CC material.

The younger material from els Hostalets de Pierola, in
turn, can be attributed to Ptychogaster s.s. on the basis of
the following features (Hervet, 2006): the narrow ante-
rior edge of the anterior plastral lobe as well as elongated
epiplastral lip in IPS64022; and the presence of a pair
of pronounced thickenings on ventral face of nuchal in
IPS64023. Both specimens are very similar to those of
P. (P.) sansaniensis from MNG6 of Sansan (France). Thus,
IPS64022 resembles the latter species in the dorsally-
elongated (quadrangular) epiplastral lip, but differs from
it regarding the length of the gulars—proportionally longer
and covering the anterior portion of the entoplastron in
[PS64022, whereas in P.sansaniensis they are very elon-
gated (at least twice longer than the humeral; Lapparent
de Broin, 2000).1PS64023, in turn, resembles P. sansaniensis
in the large cervical, the well-developed of the internal
ventral overlap of cervical, and the anteriorly narrow verte-
bral 1. The two former features are synapomorphies shared
with P.emydoides (so they cannot unequivally confirm an
attribution to P.sansaniensis), whereas the shape of the
vertebral 1 is a highly variable feature, as shown by the
specimens from MN2 of Saint-Gerand-le-Puy in France (de
Broin, 1977).

Although the available remains of Ptychogaster s.s.
from the Vallés-Penedés Basin are too scarce to pro-
vide a taxonomic assignment at the species level, they
enable for the first time the report of this subgenus
from this basin. The material from EC and CC, which
shows some resemblances to P.ronheimensis, indicates
that Ptychogaster s.s. was already recorded in the Vallés-
Penedés by the late Early Miocene. The material from
els Hostalets de Pierola, in contrast, shows some more
derived features within this subgenus and is thus closer
to P.sansaniensis and P. emydoides. IPS64022 indicates that
this subgenus was recorded in the Vallés-Penedés Basin
until at least the Late Aragonian (MN7+8), although
an Early Vallesian (MN9) age cannot be excluded for
[PS64023.

5.3. The distinctiveness of Temnoclemmys

Temnoclemmys has been considered a neotenic form
compared to other Ptychogaster (Lapparent de Broin, 2000;
see also Murelaga et al., 2002), in spite of being distinguish-
able from juveniles of the latter in several features, such as a
short cervical in dorsal and internal view, slightly narrowed
and short dorsal epiplastral lip, narrower posterior lobe
of the plastron, wider nuchal, and lack of well-developed
peripherals 1-2 with strong anterior expansions. Hervet
(2006) and Murelaga et al. (2002) considered that Temn-
oclemmys would be neotenic (and, hence, a pedomorphic,
or juvenilized, form) compared to Ptychogaster s.s. merely
based on the reduced adult size (small specimens with
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well closed, often obliterated sutures), as well as the short
anal notch with straight borders, of the former. The size
of the anal notch may be variable among individuals and
related to sexual dimorphism, regardless of ontogenetic
stage, as shown by some extant geoemydids (Pritchard,
2008). Moreover, the new material from EDAR described
here indicates that differences in size between the two sub-
genera are less marked than previously thought. In fact,
size in itself is not a valid criterion for inferring the polarity
of heterochronic change (Alba, 2002). The latter must be
based instead on whether a particular taxon displays a
juvenilized (pedomorphic) or overdeveloped (peramor-
phic) morphology (irrespective of size) compared to its
presumed ancestor (Alba, 2002; Alberch et al., 1979; Gould,
1977). Without a sound phylogenetic hypothesis and onto-
genetic data for these taxa, it is not even possible to
determine the polarity of heterochronic change, so that
the neotenic hypothesis for Temnoclemmys remains to be
tested.

Taxonomically, the subgenera Ptychogaster and Temn-
oclemmys can be distinguished based on several features,
as shown by the diagnoses provided in this paper. How-
ever, their phylogenetic relationships remain uncertain.
Hervet (2006) performed a preliminary cladistic analysis
of several western European ptychogasterines, but explic-
itly refrained from including Temnoclemmys because of
its purported pedomorphic status—which, according to
this author, would create problems for the definition and
polarization of characters. Hervet (2006) did, however, not
explain what problems the purported pedomorphosis (i.e.,
juvenilization) of Temnoclemmys imposed on phylogenetic
reconstruction. Recently, a preliminary cladistic analysis
based on Hervet's (2006) matrix, but further incorporat-
ing P. (T.) batalleri, supported a sister-taxon status between
Temnoclemmys and Ptychogaster s.s., although the internal
phylogeny of the latter subgenus was not fully resolved
(Lujan et al., 2013b). This is consistent with the results
of this paper, which show that Temnoclemmys and Pty-
chogaster can be distinguished from one another on the
basis of morphologic shell features.

The use of subgenera is not very frequent in testudinoid
systematics. This fact raises the issue of whether Pty-
chogaster and Temnoclemmys might be better distinguished
at the genus instead of subgenus rank. Here, we main-
tain the distinction between these taxa at the subgeneric
level, in agreement with the usage by previous authors
(Hervet, 2003; Lapparent de Broin, 2000, 2001; Murelaga
et al., 1999, 2002), because the shell characters that dis-
tinguish the two taxa are not very numerous. This fact
notwithstanding, a more extensive study, further incorpo-
rating cranial and non-shell postcranial features (currently
unknown for Temnoclemmys) might eventually support
elevating the latter taxon at the genus rank. In order to do
so,a more comprehensive cladistic analysis—incorporating
not only more characters but also a wider represen-
tation of both extinct and extant geoemydids than in
Hervet (2006)—would be required in order to confirm the
sister-taxon relationship between Temnoclemmys and Pty-
chogaster s.s., as well as to test the purported monophyly
of the Ptychogasterinae and their phylogenetic position
among the Geoemydidae.
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6. Summary and conclusions

The following Ptychogasterinae are recorded in the
Vallés-Penedés Basin: Ptychogaster (Ptychogaster) sp.(MN4,
MN7 +8 and MN9?), representing the first record of sub-
genus Ptychogaster from this basin; P.(Temnoclemmys)
sp. (MN4), indicating that the first appearance datum
of subgenus Temnoclemmys is at least as old as that of
the nominotypical one; and P. (T.) batalleri (MN7+8 to
MN10), including most of the described material, and
unequivocally showing the presence of this taxon also in
the late Middle Miocene. Although some of the newly
reported remains attain a larger size than previously
recorded, the morphology of the studied specimens sup-
ports that a single species of Temnoclemmys is present in
the Vallés-Penedeés Basin during the Late Aragonian and
Vallesian. Previously-unpublished material further indi-
cates that Testudo celonica is another junior synonym of P.
(T.) batalleri, like the nominal taxa Temnoclemmys elongata
and Temnoclemmys vallesensis. In contrast, Temnoclemmys
cordiformis is considered a nomen vanum of uncertain tax-
onomic affinities, whereas Ptychogaster francofurtanus is
tentatively assigned to subgenus Temnoclemmys and pro-
visionally considered a nomen dubium.
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CapitoL 11. Discussio

Aquesta tesi ofereix una revisié actualitzada dels quelonis fossils del Mioce i Plio-
Pleistoceé de la conca del Valles-Penedés i del pla de Barcelona, a partir no només de
I’estudi de gran part del material fossil disponible (més de 1.400 restes, majoritariament
inedites), sind també d’una exaustiva revisio de la literatura publicada previament. Alguns
taxons han estat estudiats amb més profunditat (capitols 6-10), sobretot des d’un punt
de vista taxonomic i filogenetic, per0 també atenent a les implicacions
cronostratigrafiques i paleobiogeografiques. Ates que cada capitol té la seva propia
discussio i conclusions, en aquesta Discussid s’ha optat per fer dos gran apartats: en el
primer, es discuteixen els principals avengos recents en el coneixement dels quelonis
d’aquesta area geografica (tant pel que fa als testudins terrestres com als d’aigua dolca),
a partir de la informacioé proporcionada en aquesta tesi i altres publicacions recents; en el
segon apartat de la Discussid, se sintetitza la informacio disponible del registre fossil dels
qguelonis a la conca del Valleés-Penedes i el pla de Barcelona, seguint un ordre temporal

(des del Mioceé inferior fins al Plistoce).

11.1. Principals avencos en el coneixement dels quelonis fossils de la conca del Vallés-

Penedés i el pla de Barcelona

Els quelonis fossils representen una part important del conjunt de reptils fossils del
Valles-Penedes, tal i com es pot veure en la revisié de I’herpetofauna miocena d’aquesta
conca del capitol 10. Les restes de paleoherpetofauna del Valles-Penedes s’han estudiat
des de fa més de cent anys (Bataller, 1926, 1941, 1956; Bergounioux, 1931, 1937, 1938,
1951, 1957a,b,c, 1958), perdo la majoria dels treballs publicats durant el segle XX
unicament han reportat la presencia d’aquests taxons en llistes faunistiques, sovint sense
cap mena de descripcié (e.g., Bataller, 1941; Crusafont Pairé & Villalta, 1952; Crusafont et
al., 1955; Bergounioux, 1957b; Alba et al., 2006a,b, 2010). Malgrat aixo, alguns grups com
les tortugues van ser estudiats més detalladament, tot i que les descripcions eren, en
general, bastant curtes i poc detallades (Bataller, 1926; Bergounioux 1931, 1951). De fet,

Bergounioux (1938, 1958) va ser el primer en realitzar una revisid de la fauna de quelonis
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de la conca del Valles-Penedes i el pla de Barcelona, proporcionant a més una diagnosi
esmenada per a totes les espécies. Malauradament, aquests darrers estudis daten de fa
més de 50 anys, durant els quals no s’ha dut a terme cap tipus d’investigacié sistematica i
detallada, ni cap revisio taxonomica dels diversos grups de quelonis representats en el
registre fossil del Neogen i Quaternari Catalunya. Aquest fou un dels principals motius,
juntament amb la recuperacié d’abundants noves restes durant els darrers quinze anys,
gue va propiciar la realitzacié d’aquesta tesi. En aquesta, a més de dur a terme una revisié
de tots els quelonis del Miocé de la conca del Valles-Penedés (capitol 10), s’ha volgut
solventar el problema esmentat més amunt mitjangant I'estudi taxonomic aprofundit
d’alguns dels taxons més ampliament representats, com és el cas dels geoemidids
pticogasterins (tortugues d’aigua dolga) del Valles-Penedeés (i, especialment, de I'espécie
P. batalleri; capitol 9), o dels testudinids (tortugues terrestres) de la conca del Vallés-
Penedes i el pla de Barcelona, incloent-hi tant els de mida gran (o tortugues gegants,
sobretot Ti. richardi; capitol 6) com els de mida més petita (Testudo spp.; capitols 7i 8). A
continuacio, es discuteixen les principals contribucions d’aquesta tesi pel que fa a tots
tres tipus de tortugues (d’aigua dolca, terrestres gegants, i terrestres de mida petita-
mitjana), des d'un punt de vista principalment taxondmic, perdo també biocronologic i

paleobiogeografic.

11.1.1. Les tortugues terrestres gegants. Com hem vist en |'apartat anterior, durant
el Mioce del Valles-Penedes hi ha representades com a minim dues espécies de
testudinids gegants, que d’una banda hem atribuit a Ti. cf. bolivari (MN3-4), i de 'altra a
Ti. richardi (MN7+8—MN10 i, temptativament, a Ti. cf. richardi en determinades localitats
de I’'MN6 i 'MN11-MN12). La principal aportacié d'aquesta tesi, pel que fa a aquest grup
de tortugues, es refereix a la validesa taxonomica de Ti. richardi. La taxonomia de les
tortugues gegants de la peninsula Ibérica és un tema que s’ha debatut intensament
(Jiménez-Fuentes, 2000). Classicament se n’han distingit dues espécies (e.g., Auffenberg,
1974; Jiménez Fuentes & Carbajosa Tamargo, 1982; Jiménez Fuentes, 1984, 1985, 1994;
Jiménez Fuentes et al., 1986, 1988, 1989, 1990; Jiménez Fuentes & Martin de Jesus, 1991;
Lapparent de Broin, 2002; vegeu també els capitols 6 i 10): Titanchelon bolivari

(Hernandez-Pacheco, 1917), erigida a partir de material del Miocé mitja (MN5-MN®6)
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d’Alcald de Henares (conca de Madrid); i Titanchelon richardi (Bergounioux, 1938), basada
en material del Mioce superior (MN9) dels Hostalets de Pierola (conca del Valles-
Penedes). Totes dues espécies es van descriure originalment dins del génere Testudo,
pero, pocs anys després, Loveridge & Williams (1957) van proposar que totes les
tortugues gegants extintes europees s’havien de transferir al genere actual Geochelone
Fitzinger, 1835. Durant algun temps, aquesta proposta va ser adoptada per als taxons
ibérics (e.g., Auffenberg 1974; Mlynarski 1976; Jiménez Fuentes & Carbajosa Tamargo
1982; Jiménez Fuentes, 1984), si més no fins que Bourgat & Bour (1983) van suggerir que
ambdues especies s’havien de transferir al genere extint Cheirogaster Bergounioux, 1935.
Aguesta nova atribucié genérica va ser acceptada per la majoria dels autors posteriors
(Hans-Volker, 1996; Lapparent de Broin, 2001, 2002; Lujan et al., 2010, 2011; Pérez-
Garcia et al., 2011; Pérez-Garcia & Murelaga, 2013; Vlachos et al., 2014; vegeu també els
capitol 6) fins fa molt poc, quan Pérez-Garcia & Vlachos (2014) van mostrar que totes les
tortugues gegants del Neogen europeu constitueixen un clade distint del que inclou
I'especie tipus de Cheirogaster, Cheirogaster maurini Bergounioux, 1935, de I'Eoce
superior i I'Oligoce inferior de Franca. Per a aquest clade de tortuges neogenes d’Europa,
aquests autors varen erigir el génere Titanchelon Pérez-Garcia & Vlachos, 2014, amb Ti.
bolivari com 'especie tipus. A les conques ibériques interiors, aquesta especie es coneix a
partir de closques parcials, material postcranial, i un crani parcial de la Ciudad
Universitaria, aquest ultim amb la mateixa edat que el material de la localitat tipus, Alcala
de Henares (Royo y Gémez, 1934, 1935a,b; vegeu també el capitol 6). Al Vallés-Penedés,
el registre del genere Titanchelon és més restringit, i fins fa poc es limitava a les citacions
proporcionades per Bergounioux (1938, 1958; vegeu també Bataller, 1956). La gran
majoria de les troballes posteriors d’aquesta conca (e.g., Checa Soler & Rius Font, 2003;
Alba et al., 2006, 2009, 2010a,b, 2012a; Rotgers et al., 2006; Blaya Marti, 2007; Badia et
al., 2008), amb I'excepcié de les descrites al capitol 6 i les reportades preliminarment al
capitol 10, segueixen sent majoritariament inedites.

Com ja s’ha esmentat més amunt, el principal problema no és I'atribucié d’aquestes
dues espécies a un génere o un altre. L'article reproduit al capitol 6 (Lujan et al., 2014b)
es va publicar abans de la publicacié de Pérez-Garcia & Vlachos (2014) i, per tant, encara

s’hi atribueixen les especies iberiques a Cheirogaster. Al capitol 10 (corresponent a un
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manuscrit encara inédit), en canvi, ja s’empra el génere Titanchelon erigit per aquests
autors i, de fet, es proposa per primer cop la nova combinacio Ti. richardi per a I'espéecie
definida al Valles-Penedes. La principal controversia taxonomica al respecte fa referencia
a la suposada sinonimia entre I'espécie tipus d’aquest genere (Ti. bolivari) i I'especie
definida a partir del material del Valles-Penedeés (Ti. richardi). Aixi, mentre que molts
autors han acceptat durant les darreres decades que es tractava de dues espeécies
diferents (e.g., Lapparent de Broin, 2002), Jiménez Fuentes et al., (2000) van argumentar
que Cheirogaster richardi (actualment, Ti. richardi) no seria sind un sinonim subjectiu
posterior de Cheirogaster bolivari (actualment, Ti. bolivari). En particular, Jiménez
Fuentes et al. (2000) van argumentar que les suposades diferéncies en la forma del lobul
anterior del plastré (subtrapezoidal, amb el marge anterior trilobulat a Ti. richardi, i
subheptagonal, amb el marge anterior rectilini o lleugerament convex a Ti. bolivari) no es
podien utilitzar per diferenciar Ti. bolivari de I’Aragonia i Ti. richardi del Vallesia, ja que
aquestes caracteristiques del plastro reflectirien el dimorfisme sexual d’aquests
testudinids (vegeu també capitol 10). Aixo els va dur a considerar que tots dos taxons
nominals corresponien en realitat a una mateixa especie, per a la qual Ti. bolivari seria el
nom que té preferencia. Un dels problemes per resoldre aquest debat és que I’holotip de
Ti. richardi, un plastré descrit per Bergounioux (1938) i procedent dels nivells vallesians
(MN9) dels Hostalets de Pierola (Bataller 1956; Bergounioux 1958), es va destruir durant
la Guerra Civil espanyola. En el capitol 6 es descriuen els dos primers cranis coneguts de
Titanchelon del Mioce superior del Valles-Penedes, procedents de I'Ecoparc de Can Mata
(ECM). A partir d’aquest material, es proporciona una diagnosi esmenada de Ti. richardi,
gue permet distingir aquesta espécie de Ti. bolivari. De fet, en aquest capitol, un dels
cranis de 'ECM es designa com a neotip de Ti. richardi, i es considera erronia la
designacid prévia com a neotip d’un plastrd parcial de la localitat d'Arévalo (MN9) per
Jiménez Fuentes et al., (1988), ja que no complia tots els requisits del Codi Internacional
de Nomenclatura Zooldgica (ICZN, 1999), segons els quals un neotip ha de provenir, en la
mesura que sigui possible, de nivell equivalents a la localitat tipica original. Al capitol 6,
també es presenta una analisi cladistica, basada en la morfologia cranial dels testudinids
actuals, que ddna suport a un estret parentiu entre el genere extint Cheirogaster

(actualment, Titanchelon) i el génere extint Centrochelys. En aquest capitol també es

350



Les tortugues (Testudines) del Neogen i Quaternari de Catalunya (NE de la peninsula Ibérica)

conclou que cal un estudi de la resta de material de Ti. richardi, per avaluar-ne les
possibles diferencies en la closca i la resta del postcranial respecte a Ti. bolivari, aixi com
per aclarir si totes dues espécies ibériques tenen una distribucié geografica i/o un rang
cronostratigrafic diferents. Aquest tema, que es repren al capitol 10, es discuteix també a
continuaciéo amb relacié a la suposada sinonimia entre tots dos taxons, a la qual Pérez-
Garcia & Vlachos (2014) tornaren a donar suport recentment.

En una revisid dels testudinids gegants d’Europa, Pérez-Garcia & Vlachos (2014) van
ignorar les diferéncies cranials assenyalades al capitol 6 (Lujan et al.,, 2014b), i
conseglientment donaren suport a la sinonimia entre tots els testudinids gegants del
Neogen iberic, exclusivament sobre la base de la morfologia de la closca. El principal
pretés problema segons aquests autors seria I'absencia d’una closca associada al crani
designat com a neotip per Lujan et al. (2014b; capitol 6), de manera que aquest no es
podria comparar I'holotip original (un plastré) actualment destruit. Afortunadament,
aquest problema és facil de resoldre: tot i que el neotip no és associat a restes completes
de la closca, hom disposa de nombrosos exemplars inedits for¢ca complets de diverses
localitats del Miocé superior la conca del Vallés-Penedes, incloent-hi material procedent,
a l'igual de I’holotip, de I'ECM (capitol 10). La revisié d’aquest material, juntament amb
les descripcions publicades de I'holotip d’Hostalets Superior (Bergonioux, 1938, 1958),
corroboren I'existéncia de diferéncies morfologiques (no només pel que fa al crani, sind
també la closca) entre Ti. richardi i Ti. bolivari, les quals justifiquen a bastament el fet de
considerar-les especies distintes (vegeu el capitol 10). Concretament, els material inedit
del Valles-Penedes reportat al capitol 10 confirma que els mascles de Ti. richardi
presenten el |obul anterior del plastrd trilobulat, a diferéncia dels mascles de Ti. bolivari,
gue el presenten recte o lleugerament concau anteriorment. Alhora, les femelles de Ti.
bolivari mostren la mateixa forma heptagonal del Iobul anterior (perd menys
sobresortint) que els mascles de la mateixa espécie, mentre que, en canvi, les femelles de
Ti. richardi tenen el 1dbul anterior trapezoidal i sense lobuls, com els mascles de la
mateixa especie, perd anteriorment més estret. Per tant, malgrat que hi ha cert
dimorfisme sexual en la morfologia del I6bul anterior del plastrd en totes dues espeécies,
les diferencies entre les dues espécies son encara més marcades i permeten distingir tots

dos taxons a partir de la closca (capitol 10; contra Jiménez Fuentes & Carbajosa Tamargo,
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1982; Jiménez Fuentes, 1984, 1985, 1994, 2000; Jiménez Fuentes et al., 1986, 1988, 1989,
1990; Jiménez Fuentes & Martin de Jesus, 1991; Pérez-Garcia & Murelaga, 2013; Pérez-
Garcia & Vlachos, 2014). A més, els escuts pectorals de Ti. richardi son romboidals,
mentre que, en canvi, els de Ti. bolivari sén rectangulars (és a dir, els solcs
humeropectoral i pectoroabdominal sén paral-lels entre si; vegeu també el capitol 10). A
aquestes diferencies de la closca cal afegir-hi les diferencies cranials, posades de manifest
no només pels dos cranis de 'ECM (capitol 6), sind també per tres nous cranis inedits
procedents d’altres localitats de la conca amb una edat similar (B400OV/S4F i ROS-DS;
capitol 10). En aquest sentit, Ti. richardi es distingeix de Ti. bolivari per presentar una
fossa premaxillar el-liptica (en comptes de circular), una major constriccié6 mediolateral
tant del frontal com del prefrontal, i un arc zigomatic molt més prim i gracil (capitols 6 i
10). Aquestes diferéncies es veuen també confirmades per I'estudi preliminar de dos
cranis associats a closques de Ti. bolivari, procedents de dues localitats del Mioce mitja
(MNS5) de la conca de Madrid (Maternidad de O’Donnell i Calle Bolivar; dades inedites de
I’autor).

Totes dues espeécies, aparentment, no diferirien en distribucid geografica, sind més
aviat en rang cronostratigrafic: MN5—MN7+8 per a Ti. bolivari a les conques iberiques
internes (dades inédites de I'autor), i MN7+8—MN10 per Ti. richardi (tot i que les restes
del Valles-Penedes atribuides a Ti. cf. richardi indiquen que aquest taxon podria tenir un
rang més ampli, MN6—-MN12; capitol 10). Malgrat aix0, a les conques iberiques internes
Ti. richardi no s’enregistraria fins a I’'MN7+8 (superposant-se en rang estratigrafic amb Ti.
bolivari) i, sobretot, durant tot el Vallesia, mentre que a la conca del Vallés-Penedés Ti.
richardi seria I'Gnica espécie present al llarg de I'MN7+8 (capitol 10). Pel que fa a Ti.
bolivari, malauradament, les restes de testudinids gegants del Miocé inferior (MN3—-MN4)
del Valles-Penedes, malgrat que es poden assignar amb confianga al genere Titanchelon,
son massa fragmentaries per permetre’n una atribuciéd conclusiva al rang d’espécie
(capitol 10). De fet, aquestes restes inédites, del Ramblia i I’Aragonia inferior de la conca,
si que permeten descartar una atribucio a Ti. richardi (d’acord amb la morfologia del 1obul
anterior del plastrd), pero, en canvi, no permeten excloure’n I'atribucié a altres espécies
enregistrades al Mioce inferior d’Europa, a banda de T. bolivari, com Titanchelon

eurysternum (Gervais, 1848), Titanchelon ginsburgi (de Broin, 1977) o Titanchelon
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vitodurana (Bierdermann, 1863). Atesa la proximitat geografica amb les conques
iberiques internes, i les similituds morfologiques del [obul anterior del plastrd, al capitol
10 les restes del Mioce inferior del Valles-Penedes s’atribueixen temptativament a Ti. cf.
bolivari. Tanmateix, caldria disposar d’un plastré prou complet (que permetés avaluar la
morfologia dels escuts pectorals) per tal de confirmar I'atribucié d’aquest material a Ti.
bolivari.

Pel que fa a les tortugues gegants, resta només discutir la validesa de I'especie
nominal Cheirogaster arrahonensis, descrita per Bergounioux (1958) a partir d’un
fragment posterior d’una closca de Subsol de Sabadell (vegeu els capitols 6 i 10). Diversos
autors havien assenyalat que I'holotip d’aquesta espécie era massa fragmentari com per
poder proporcionar una diagnosi adequada de l'especie (Auffenberg, 1974; Jiménez
Fuentes & Martin de Jesus, 1991). A més, diversos autors assenyalaren que la morfologia
preservada, tot i ser insuficient per permetre una atribucié especifica, permetia descartar
una atribuciod al génere de testudinids gegants Cheirogaster (o, actualment, Titanchelon).
Aixi, Lapparent de Broin et al. (2006a) encertadament atribuiren aquest espécimen a
Testudo s.l., principalment sobre la base de la morfologia concava del solc
femoroabdominal, tot i que no descartaren una atribucié alternativa al genere
Paleotestudo. Més recentment, Pérez-Garcia & Murelaga (2013) també afavoriren una
atribucié a Paleotestudo, malgrat que I'espécimen no presenta, de fet, cap de les
caracteristiques diagnostiques de Paleotestudo (pigal corbada anteriorment i perifériques
posteriors dirigides ventralment). En els capitols 7 i 10, d’acord amb les proporcions de la
serie neural i la morfologia dels escuts vertebrals, s’atribueix I'holotip de Cheirogaster
arrahonensis al subgenere Testudo (Chersine) (vegeu més avall). Alhora, es confirmen les
conclusions de Jiménez Fuentes & Martin de Jesus (1991), segons les quals els caracters
morfologics preservats en aquest espécimen sdn massa escassos per proporcionar un

diagnosi adequada de I'espécie, que és considerada per tant un nomen vanum.

11.1.2. Les tortugues terrestres de mida mitjana-petita. Previament als estudis que
s’emmarquen en aquesta tesi doctoral, a la conca del Valles-Penedes només es distingien
dues espécies extintes (e.g., Bataller, 1926; Bergounioux, 1938, 1958; Jiménez Fuentes et

al., 1988; Jiménez Fuentes & Martin de Jesus, 1991; Lapparent de Broin et al., 2006b,c): T.
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catalaunica, classificada al genere Testudo i erigida inicialment per Bataller (1926) a partir
de material de I’Aragonia superior (MN7+8) de Sant Quirze; una varietat o subespécie
diferent de I'anterior (T. catalaunica irregularis), erigida per Bergounioux (1958) com a
varietat sobre la base de material de la localitat tipica; i Paralichelys catalaunicus, erigida i
inclosa en un génere diferent per Bergounioux (1951), a partir de material del Mioce
inferior (MN3—-MN4) de Can Mas. Al seu torn, al pla de Barcelona es distingia un unic
taxon (T. hermanni lunellensis), considerat una subespecie de I'actual T. hermanni per
Jiménez Fuentes & Martin de Jesus (1991). La revisid, en el marc d’aquesta tesi, dels
testudinids de mida mitjana-petita del Mioce i el Plistoceé de la conca del Vallés-Penedes, i
del Plistoce del pla de Barcelona, permet distingir quatre espécies valides diferents, totes
elles incloses al génere Testudo i, més concretament, al subgénere actual Testudo
(Chersine). Tres d’aquestes especies (“Paralichelys” catalaunicus, T. catalaunica i T. aff.
burgenlandica) només es troben enregistrades al Miocé de la conca Valles-Penedes,
mentre que l'espécie restant correspon a T. lunellensis, que ja no es considera una
subespécie de T. hermanni, sind una espécie diferent de (tot i que propera a) I'anterior, i
que es troba al Plistoce tant del Valleés-Penedés com del pla de Barcelona. Les principals
aportacions d’aquesta tesi, pel que fa a aquest grup de tortugues, es refereixen a la
descripcié de material inedit, tant de T. catalaunica (capitol 7) com de T. lunellensis
(capitol 8), el qual ha permés fer sengles diagnosis esmenades, a més de dur a terme una
revisio filogenetica i sistematica de les especies actuals i extintes d’aquest genere (capitol
7). Al capitol 10, tanmateix, també es reporta el material corresponent a la resta
d’especies, de manera que a continuacio es discuteixen amb més detall les diverses
aportacions realitzades per a les quatre especies extintes de Testudo identificades a I'area
d’estudi.

Pel que fa a T. catalaunica, alguns autors han acceptat la presencia de dos
testudinids de mida petita-mitjana a Sant Quirze, ja sigui distingint-los com a subespecie
(Jiménez Fuentes, 1981) o com a varietat (Lapparent de Broin et al., 2006b). Altres autors
(Auffenberg, 1974; Jiménez Fuentes & Martin de Jesus, 1981; Pérez-Garcia & Murelaga,
2014; Lujan et al., 2014c), en canvi, han argumentat que T. catalaunica irregularis, tot i
ser un nom de (sub)espécie nomenclaturalment valid, no seria siné un sinonim subjectiu

posterior de T. catalaunica s.s. Aquesta ultima opinié és confirmada als capitols 7 i 10, a
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partir de I'estudi de tot el material actualment disponible de la conca del Valles-Penedes
(incloent-hi material inédit de la localitat de Sant Quirze). La revisié de T. catalaunica duta
a terme al capitol 7, en qualsevol cas, va forca més enlla de la taxonomia, ja que també
n’investiga la posicio filogenética, a partir d’'un estudi cladistic que inclou totes les
espécies actuals, i la majoria de les extintes, de Testudo. Aquest genere constitueix un
clade de tortugues terrestres que inclou cinc espécies actuals i moltes més d’extintes
(Lapparent de Broin et al., 2006a,b), pero I'Gs d’un Unic génere per totes aquestes
especies no esta universalment acceptat. Aixi, d’altres autors donen suport a un esquema
sistematic alternatiu, que distingeix tres generes actuals diferents (e.g., Lapparent de
Broin et al., 2006b,c). Al capitol 7, es proposa distingir els diversos subclades de Testudo
s.l. només a nivell de subgenere, i també es clarifica I'atribucié subgenerica de les
espécies extintes més ben representades, a partir de I'estudi de material fossil i una
revisio de la bibliografia disponible. Es conclou que la majoria d’espécies extintes
analitzades (incloent-hi totes les enregistrades al Vallés-Penedés; vegeu els capitols 7, 8 i
10) pertanyen al subgénere Chersine, que té Testudo hermanni Lortet, 1883 com espécie
tipus, i del qual Eurotestudo Lapparent de Broin et al., 2006¢ n’és un sinonim objectiu
posterior. Algunes espécies extintes no representades al Valles-Penedes, en canvi, son
incloses en algun dels altres dos subgeneres actuals (Testudo s.s., representat per
I'especie tipus Testudo graeca Linnaeus, 1758; i Agrionemys Khosatzky & Mtynarski, 1966,
que té Testudo horsfieldii Gray, 1844 com espécie tipus), o bé al subgénere extint
Paleotestudo Lapparent de Broin, 2000, representat per |'especie tipus Paleotestudo
canetoniana Lartet, 1851.

En el capitol 7 es discuteix amb particular atencié la posicid filogenetica de
Paleotestudo, atés que alguns autors previs (Lapparent de Broin et al., 2006a,b; Pérez-
Garcia & Murelaga, 2013) han inclos dins d’aquest pretés genere alguns dels testudinids
del Vallés-Penedés. En particular, Pérez-Garcia & Murelaga (2013) van incloure T.
catalaunica al génere Paleotestudo d’acord amb suposades caracteristiques de la closca
(pigal corbada anteriorment i periferiques posteriors dirigides ventralment). En canvi,
Lujan et al. (2014c) van argumentar, preliminarment, que tant el material tipus de T.
catalaunica, com el material inedit d’aquesta espécie procedent de la conca del Valles-

Penedes (incloent-hi diverses closques senceres), no mostrava cap de les caracteristiques
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diagnostiques del geénere Paleotestudo. Aixo s’explica més detalladament en el capitol 7,
en que es descriu el material tipus i el material inedit de T. catalaunica, tot
proporcionant-ne una diagnosi esmenada. Segons aquest estudi, T. catalaunica es
caracteritza per un Iobul anterior del plastré trapezoidal i per una neural 1 hexagonal i
allargada (amb una marcada constriccié posterior). També es corrobora que aquesta
espécie presenta invariablement les plaques periféeriques dirigides posteroventralment,
com d’altra banda és habitual en la majoria d’espeécies de Testudo spp. (llevat de Testudo
marginata Schoepff, 1793 i Testudo marmorum Gaudry, 1862), i que cap dels espécies
presenta una pigal corbada anteriorment. Aquests caracters permeten descartar la
inclusié de T. catalaunica al (sub)génere Paleotestudo (vegeu capitol 7 i 10). Aixo es veu
confirmat també per I'analisi filogenetica duta a terme al capitol 7, ja que T. catalaunica
és més derivada que no pas l'especie tipus de Paleotestudo. De fet, els resultats de
I’analisi cladistica indiquen que T. catalaunica pertany al clade de Chersine i que, més
concretament, esta estretament emparentada amb Testudo steinheimensis Staesche,
1931 (MN6-MN7+8 d’Alemanya), mentre que, en canvi, Paleotestudo ocuparia una
posicié més basal en qualitat de grup germa de Chersine.

L'estudi del nou material de T. catalaunica dut a terme al capitol 7 també permet
expandir el rang cronostratigrafic d’aquesta espécie, que abastaria del Miocé mitja (MN6)
fins al Mioce superior primerenc (MN9). Al capitol 10 es mostra també que el rang de T.
catalaunica no se superposa amb |'especie de Testudo present durant el Mioce inferior
(“Paralichelys” catalaunicus, vegeu a continuacid), mentre que en canvi si que se
superposa lleugerament amb I'espéecie caracteristica del Mioce superior, T. aff.
burgenlandica, que s’enregistra al Vallés-Penedes des del Vallesia inferior (MN9) fins al
Turolia inferior (MN11). Com és obvi pel fet d’emprar el nom genéric de I'especie del
Mioce inferior entre cometes (“Paralichelys”), aquest taxon presenta diversos problemes
nomenclaturals i taxonomics que, a I’espera d’un estudi més detallat del material, hom ha
decidit no solventar completament en la revisié proporcionada al capitol 10. L'espécie
nominal Paralichelys catalaunicus va ser erigida per Bergounioux (1951) a partir d’'una
closca parcial (forca aixafada) de la localitat de Can Mas (MN3—-MN4; vegeu també
Bataller, 1956; Bergounioux, 1958; i el capitol 10). Bergounioux (1951), justificadament,

va erigir aquesta especie, pero en comptes d’incloure-la a Testudo la va incloure a la
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familia Pelomedusidae Cope, 1868a i, més especificament, al genere Paralichelys
Bergounioux, 1935, degut a la interpretacié erronia de les plaques del plastré (en
particular, degut a la pretesa presencia de mesoplastrons; Bergounioux, 1951; 1958).
Posteriorment, diversos autors s’adonaren que, en realitat, aquest taxon pertany al
genere Testudo, com denoten diversos caracters: el patrd alternatiu de les plaques
costals (Jiménez Fuentes, 1977; Jiménez Fuentes & Martin de Jesus, 1991); la morfologia
concava del solc abdominofemoral (Lapparent de Broin et al., 2006c; Pérez-Garcia &
Murelaga, 2013); I'abséncia de xarnera entre |'hipoplastré i el xifiplastré (Lapparent de
Broin, 2006b: vegeu també el capitol 10); i la morfologia dels escuts vertebrals preservats,
gue sén aproximadament tan amples com llargs, i que permeten, a més, incloure aquesta
especie al subgénere Chersine (vegeu el capitol 10). Alguns autors recents, com Lapparent
de Broin et al. (2006b) i Pérez-Garcia & Murelaga (2013), s’han aventurat a incloure
aquesta especie al genere Paleotestudo, perd no hi ha arguments valids per donar suport
a aquesta assignacid, ja que ni la placa pigal ni les perifériques posteriors estan
preservades en I'holotip. De fet, el material inedit de la localitat tipus, juntament amb el
d’altres localitats d’edat similar de la conca del Vallés-Penedés (reportat al capitol 10),
confirma la inclusid6 d’aquesta especie al genere Testudo, i més concretament al
subgénere Chersine, en comptes de Paleotestudo (capitol 10). Tanmateix, diversos
caracters permeten descartar una possible sinonimia amb T. catalaunica. En particular,
segons la morfologia dels escuts pectorals, “Paralichelys” catalaunicus s’ha de considerar
una espécie propera a Testudo promarginata Reinach, 1900 (MN2 d’Alemanya), tot i que
distinta, ja que se’n diferencia pel major desenvolupament del llavi epiplastral (vegeu el
capitol 10). En el futur, caldra dur a terme un estudi més detallat del material actualment
disponible (reportat al capitol 10), el qual permetra realitzar una diagnosi esmenada de
I’espécie, aixi com una avaluacié de les seves relacions filogenetiques. Al capitol 10 no es
transfereix formalment “Paralichelys” catalaunicus al génere Testudo, ja que, en tal cas,
aquest taxon nominal esdevindria un homonim posterior de Testudo catalaunica Bataller,
1926. Quan es dugui a terme la diagnosi esmenada de |'espécie, doncs, fara falta
proporcionar també un epitet especific de reemplacament. Mentrestant, com al capitol
10, s’opta per mantenir el nom del genere original entre cometes, per tal de distingir

nomenclaturalment aquestes dues espécies, incloses al subgenere Testudo (Chersine).
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Respecte a Testudo (Chersine) aff. burgenlandica, la primera closca atribuida a
aquesta especie va ser reportada per Gomez-Alba (1988) com a Testudo sp. de la localitat
de Can Missert (MN9). La revisid de totes les restes de quelonis de la conca del Vallés-
Penedés (capitol 10) no només ha permeés identificar restes addicionals de Can Missert,
sind també restes de diverses localitats vallesianes (MN9-MN10, com per exemple Can
Llobateres, Can Perellada, Viladecavalls, EDAR24, Parc Valles, Trinxera Nord Autopista,
B400V/S3D) i, fins i tot, tal vegada del Turolia inferior (MN10 o MN11; Can Baiona). El
nou material de Testudo aff. burgenlandica permet adscriure aquest taxon al subgenere
Chersine, alhora que també en descarta I'atribucié a T. catalaunica, atesa I'abséncia
d’escut cervical i d’un contacte extens entre la periferica 6 i I’hipoplastrd, aixi com la
manca de diversos caracters diagnostics de T. catalaunica (lobul anterior del plastré
trapezoidal, i neural 1 allargada i constreta posteriorment). De fet, el material assignat a
Testudo aff. burgenlandica és molt similar a Testudo pyrenaica Depéret, 1885 de 'MN15
de Franca i T. burgenlandica de I'MN11 d'Austria, sobretot degut a I"abséncia d’escut
vertebral tant dorsalment com ventralment. Tanmateix, segons la morfologia i el
desenvolupament del llavi epiplastral, el material del Valles-Penedés s’ha de considerar
més proper a T. burgenlandica que no pas a T. pyrenaica (capitol 10). Tot i que el material
de Testudo aff. burgenlandica del Valles-Penedés presenta algunes diferéncies clares
respecte a totes dues especies, al capitol 10 s’ha optat per no erigir una nova espécie fins
qgue no s’hagi dut a terme un estudi taxonomic més detallat. Sembla forga probable que
I'extincid6 de T. catalaunica estigui relacionada amb [Iaparici6 de Testudo aff.
burgenlandica durant el Vallesia inferior. De fet, T. catalaunica durant el Vallesia inferior
nomeés esta present en les localitats més antigues, tot coincidint a Can Missert amb
Testudo aff. burgenlandica, que és l'unica espéecie que s’enregistra durant la resta del
Vallesia.

Finalment, resta per discutir I'espécie Testudo lunellensis Almera & Bofill, 1903, del
Plistocé mitja de la Cova de Gracia (Pla de Barcelona). Aquesta espeécie classicament
s’havia considerat un taxon valid, pero sovint distingint-la només a nivell de subespécie
(Jiménez Fuentes & Martin de Jesus, 1991), i mai no s’havia diagnosticat adequadament
(Bergounioux, 1938, 1958; Lapparent de Broin et al., 2006b,c). La revisié del material ja

descrit, dipositat al Museu de Ciencies Naturals de Barcelona i al Museu de Geologia del
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Seminari de Barcelona, juntament amb la descripcio de les noves restes inedites d’aquest
taxon, procedents de la localitat tipica i dipositades a les col-leccions de I'Institut Catala
de Paleontologia Miquel Crusafont, han permés proporcionar una diagnosi esmenada per
a T. lunellensis (capitol 8). Alhora, els resultats de I'analisi cladistica de les espécies actuals
i extintes de Testudo (capitol 7) no només corroboren que T. lunellensis pertany al
subgénere Chersine, sind també que és 'espéecie extinta més propera a (tot i que diferent
de) l'actual T. hermanni. Un estudi preliminar de les restes inédites de quelonis del
Vallparadis (dades inédites de I’autor) ha permeés constatar la presencia de T. lunellensis
també a la conca del Valles-Penedes, aixi com estendre’n el rang cronostratigrafic del

Plistoce mitja fins al Plistoce inferior terminal.

11.1.3. Les tortugues d’aigua dolg¢a. Al Mioce del Valles-Penedes hi ha
representades cinc especies de quelonis d’aigua dolca, que s’han atribuit als seglients
taxons (capitols 9 i 10): Ptychogaster (Ptychogaster) sp. (MN4—MN9); Ptychogaster
(Temnoclemmys) sp. (MN3—MN4); P. (Temnoclemmys) batalleri (MN6 o MN7+8—-MN10);
Clemmydopsis sp. (MN6-MN12); i Trionyx sp. (MN3-MN10). La principal aportacio
d’aquesta tesi, pel que fa a les tortugues dulciaqiicoles, correspon als pticogasterins,
considerats en el capitol 9 una subfamilia extinta de geoemidids, caracteritzada per la
presencia d’una xarnera a la meita del plastré (entre I’hio- i I'hipoplastrd), d’un lligament
entre les periferiques 6-7 i I'hipoplastrd, i d’un parell de protuberancies (o ‘espines
pticogasterides’) que sobresurten de la part anterior del plastré (Hervet, 2003, 2006;
vegeu també el capitol 10). En el capitol 9 es revisa el material del génere tipus d’aquesta
subfamilia, Ptychogaster, procedent de la conca del Valleés-Penedes, i a partir d’aquestes
restes es proporciona una diagnosi esmenada de |‘especie tipus del subgenere
Ptychogaster (Temnoclemmys). Cal remarcar que la historia nomenclatural i taxonomica
d’aquest subgénere és forca complexa (e.g., Jiménez-Fuentes, 1985; capitols 9 i 10), en
bona mesura perquée Bergounioux, en diverses publicacions, va descriure’n fins a quatre
especies: Temnoclemmys batalleri (Bergounioux, 1931), I'espécie tipus, del Subsol de
Terrassa (MN10); Temnoclemmys cordiformis Bergounioux, 1957a, de Viladecavalls
(MN10); Temnoclemmys elongata Bergounioux, 1957a, d’Hostalets Superior (MN9); i

Temnoclemmys vallesensis Bergounioux, 1957a, també de Viladecavalls (MN10).
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Tanmateix, el primer nom que es va aplicar a P. batalleri fou en realitat Emys egarensis,
erigit (pero no descrit) per Bataller (1926), i que, posteriorment, Bergounioux (1931) va
considerar (encertadament) un nomen nudum. Conseglientment, Bergounioux (1931) va
erigir una nova especie, Clemmys batalleri, per al mateix material. Anys després,
Bergounioux (1957a) va establir el génere Temnoclemmys per incloure-hi no només
Clemmys batalleri, sind també les tres noves espécies esmentades més amunt (Te.
cordiformis, Te. elongata i Te. vallesensis), perd sense designar ni I'especie tipus del
génere ni figurar cap dels espéecimens inclosos en les diverses espécies (vegeu també
Bergounioux, 1957c). Uns mesos després, Bergounioux (1957b) torna a publicar els
mateixos resultats pero citant les noves espéecies com “sp. nov.”, malgrat que ja les havia
descrit ell mateix, aquell mateix any, en una publicacié anterior. No fou fins a I'any
seglient que Bergounioux (1958) va designar Te. batalleri com a espécie tipus del genere
Temnoclemmys, alhora que en va figurar totes les especies, per a les quals també
proporciona descripcions més detallades. Per tant, com s’explica al capitol 9, I'autoria del
génere correspon en realitat a Bergounioux (1958), ja que fins aquest article no se’n
designa I'espécie tipus, i no pas a Bergounioux (1957a), com havien assumit erroniament
altres autors (e.g., Lapparent de Broin, 2000), malgrat que és aquesta la publicacié on es
descriuen per primer vegada les diverses especies. En qualsevol cas, mentre que
Temnoclemmys ha estat considerat un taxon valid, ja sigui a nivell de genere (e.g.,
Jiménez, 1976) o com un subgenere de Ptychogaster (e.g., de Broin, 1977; Schafer, 2013),
s’ha considerat unanimement per tots els autors que les tres espeécies erigides per
Bergounioux (1957a) sén sindnims subjectius posteriors de Te. batalleri (Lapparent de
Broin, 2000; Schafer, 2013). De fet, Jiménez Fuentes & Martin de Jesus (1991) fins i tot
van considerar Te. cordiformis com un nomen nudum. Tot aix0 s’ha confirmat als capitols
9 i 10, a partir de I'estudi de totes les restes de Ptychogaster de la conca del Valles-
Penedés. Es conclou, en concret, que Te. elongata i Te. vallesensis sén sindnims de Te.
batalleri, mentre que Te. cordiformis, malgrat ser nomenclaturalment valida, és en
realitat un nomen vanum, ja que I'holotip no pertany a cap geoemidid (ni pticogasteri ni
clemidopsi) ni a cap taxon diagnosticable, sind a un testudinoideu indeterminat.

Pel que fa a I'espécie tipus de Temnoclemmys, al capitol 9 es revisa el material

classic publicat anteriorment (incloent-hi els holotips de les diverses espécies nominals
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discutides més amunt) junt amb material inedit addicional procedent de diverses
localitats de la conca del Valleés-Penedés (EDAR24, la Tarumba, Can Mata, Can Rabassa i
Sant Miquel de Toudell). Aixd ha permés proporcionar una diagnosi esmenada de
I'espécie tipus de Temnoclemmys, i concloure que aquest taxon no s’ha de considerar un
génere diferent, sind un subgénere de Ptychogaster (capitol 9). El génere Ptychogaster es
caracteritza per presentar un llavi epiplastral poc concau, perdo molt allargat (Hervet,
2006), mentre que Temnoclemmys es distingeix de Ptychogaster s.s. per presentar un
lobul anterior del plastré trapezoidal i un llavi epiplastral curt i gruixut (capitol 9). A més
de proporcionar diagnosis esmenades per als subgéneres Ptychogaster (Temnoclemmys) i
Ptychogaster s.s., en el capitol 9 també es revisa I'holotip de I'espécie nominal Testudo
celonica Bergounioux, 1958, procedent de la localitat de Can Rabassa (MN9-MN10), i
s’arriba a la conclusié que també és un sinonim posterior de P. batalleri (vegeu també el
capitol 10). Al seu torn, al capitol 10 es descriuen noves restes adscrites a P. batalleri,
procedents no només de la localitat tipus, sind també de Can Llobateres i Hostalets
Inferior. Tots aquests espécimens previament inedits mostren la mateixa morfologia
trapezoidal del Iobul anterior del plastrd, aixi com un llavi epiplastral gruixut i medialment
concau, entre d’altres caracters diagnostics de I'espécie (vegeu també el capitol 9). Com
es discuteix en el capitol 10, la preséncia d’aquesta espécie en el sector ACM/BDA, que
abasta I’'MNG6 terminal i 'MN7+8 més inicial, podria implicar que P. batalleri ja era present
a la conca durant 'MN6.

Als capitols 9 i 10 també es descriu material inedit de Ptychogaster que no es pot
atribuir a P. batalleri, i se’n constata la preséncia, tant de Ptychogaster (Temnoclemmys)
com del subgénere nominotipic, des del Mioce inferior. Aixi, al capitol 9 es descriuen
escasses restes de Can Canals (MN4) atribuides a P. (Temnoclemmys) sp., mentre que al
capitol 10 es reporta material inédit d’'una localitat més antiga (Moli Calopa, MN3)
atribuible al mateix taxon. Tots aquests exemplars es poden adscriure al génere
Temnoclemys d’acord amb la morfologia del Iobul anterior del plastrd, el llavi epiplastral, i
la manca de perifériques anteriors molt marcades (Lapparent de Broin 2000; Murelaga et
al., 2002; Hervet 2003, 2006; vegeu també el capitol 9). Aquestes restes, pero, son massa
fragmentaries per assignar-les a Ptychogaster (Temnoclemmys) bardenensis Murelaga et

al., 1999, descrita a partir de restes de la localitat espanyola de les Bardenas (MN3;
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Murelaga et al., 1999, 2002), o a Ptychogaster (Temnoclemmys) grundensis Bachmayer &
Schaffer, 1959, de la localitat austriaca de Grund (MN3; Bachmayer & Schaffer, 1959). Tot
i que la validesa taxonomica de P. bardenensis ha estat recentment qliestionada per
Schéafer (2013), que ha proposat sinonimitzar-la amb P. batalleri, aquesta possibilitat és
descartada en el capitol 10, ja que el llavi epiplastral de P. bardenensis és molt concau en
comparacio al de P. batalleri. Més aviat, caldria estudiar en detall P. grundensis per
proporcionar-ne una diagnosi esmenada, ja que sembla més probable que P. bardenensis
sigui un sinonim subjectiu posterior de T. grundensis, atesa la manca de diferencies
significatives entre ambdues espécies nominals (observacions personals de I'autor). Al
capitol 9 també es descriuen les poques restes disponibles del Valles-Penedes atribuibles
al subgenere Ptychogaster, que consisteixen en unes quantes plaques aillades de les
localitats de Can Canals, el Canyet, Hostalets Inferior i Hostalets Superior. El material de
I’'MN3-MN4 s’assembla forga al de Ptychogaster (P.) ronheimensis Groessens-Van Dyck &
Schleich, 1985, una espeécie descrita a partir de material de I'Oligoce inferior de la localitat
alemanya de Ronheim (MP22; Groessens-Van Dyck & Schleich, 1985), pero identificada
també a I’'MN3 de las Bardenas (Murelaga et al., 1999). El material del Miocé inferior del
Valles-Penedes, perd, no preserva suficients caracters per confirmar una atribucid a
aquesta especie (capitols 9 i 10). EI mateix es pot dir de les restes més tardanes (MN7+8—
MN9) de Ptychogaster (P.) sp. de l'area dels Hostalets de Pierola, les quals sén
morfologicament més properes a les especies franceses d’aquest subgenere,
Ptychogaster (P.) sansaniensis (De Stefano, 1902) de Sansan (MN6; Lapparent de Broin,
2000), i Ptychogaster (P.) emydoides Pomel, 1847 de Saint-Gérand-le-Puy (MN2; de Broin,
1977). Malgrat que l'escassetat i el caracter fragmentari del material disponible no
permet confirmar conclusivament que hi ha dues espécies diferents de Ptychogaster s.s. a
la conca del Valles-Penedés, si més no es constata que aquest subgenere hi és present
des de I’Aragonia inferior fins al Vallesia inferior (MN4—MN9; vegeu els capitols 9 i 10).

Al capitol 10 també es reporta per primera vegada al Valles-Penedes el genere
Clemmydopsis, un geoemidid que, a diferéncia de Ptychogaster, no s’inclou en la
subfamilia dels Ptychogasterinae, sind en la dels Clemmydopsinae, caracteritzats per
I’expansid dels escuts vertebrals (Hervet, 2003). Dins d’aquesta subfamilia, el génere

Clemmydopsis es caracteritza per la manca dels dos primers escuts pleurals, mentre que
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altres géneres, com Sakia (Khosatzky, 1946) o Sarmatemys Chkhikvadze, 1983, encara els
presenten, tot i que considerablement reduits (Danilov, 2005). Les restes de
Clemmydopsis reportades al capitol 10 no només constitueixen la primera citacio
d’aquest genere per a la conca del Vallés-Penedes, sind també per a tota la peninsula
Ibérica. Malauradament, les restes de Clemmydopsis del Vallés-Penedés consisteixen
basicament en plaques aillades (de les localitats de Trinxera del Ferrocarril i Sant Quirze,
Creu Conill 20, Can Sant Feliu i Piera), les quals permeten constatar la preséncia d’aquest
génere des de I’Aragonia superior fins al Turolia mitja (MN7+8-MN12), pero no dur a
terme una atribucié a rang d’espécie. De fet, la presencia d’una quilla central en la part
posterior de la closca i de dos engruiximents a la cara visceral de la placa nucal, juntament
amb la morfologia concava i prima del llavi epiplastral, encaixen perfectament amb
I'especie Clemmydopsis turnauensis (Meyer, 1847), de la localitat austriaca de Turnau
(MN5). Tanmateix, I'abséncia de plaques costals i perifériques impedeix avaluar altres
caracters diagnostics, com la fusid dels dos primers escuts pleurals amb els tres primers
escuts vertebrals, o la presencia d’un escut vertebral 4 molt més ample en comparacio
amb l'escut vertebral 5 (Hervet 2006). Per aquest motiu, al capitol 10 es considera més
adequat deixar els especimens Vallés-Penedes sense assignacio especifica.

Finalment, al capitol 10 es confirma la preséencia de trioniquids a la conca del Valles-
Penedés. Aquest grup de tortugues aquatiques es caracteritza per un patré ornamental
caracteristic de la superficie exterior de la closca, les plagques dorsals amb un marge
lateral sinuds, i la manca de plaques periferiques i d’escuts (de Broin 1977; Lapparent de
Broin 2001; Hutchison & Holroyd 2003; Vitek, 2012). Classicament, al genere Trionyx
Geoffroy Saint-Hilaire, 1809 només s’hi havia inclos una Unica espécie actual, Trionyx
triunguis Forskal, 1775, pero actualment se’l considera un grup monofilétic que inclou
també diverses espécies extintes (pendents de revisid) i que s’enregistra des de I'Eocé (De
Broin, 1977; Danilov, 2005; vegeu també el capitol 10). Bergounioux (1958) ja va
assenyalar la presencia d’aquest grup de tortugues a la conca del Valles-Penedes,
mitjangant la citacié de Trionyx sp. a partir d’'un especimen de mida gran (25 cm de llarg)
de Can Cerda (MN4), el qual es troba perdut i, desafortunadament, no va ser figurat. La
revisio de les restes disponibles duta a terme al capitol 10, en qualsevol cas, indica que les

restes de Trionyx sén forca abundants a la conca, particularment al Mioce inferior. Tot i
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gue la gran majoria de restes sén fragmentaries, en moltes plaques (aillades o associades)
s’ha pogut identificar I'ornamentacié tipica d'aquest grup, que consisteix en crestes
irregulars formades per la unié de tubercles, juntament amb solcs arrodonits i
relativament grans (de Broin, 1977). De la mateixa manera, en cap de les plaques s’han
identificat escuts queratinosos, que només sén absents en aquest grup de quelonis
(Lapparent de Broin, 2001). El nou material de Can Canals, el Canyet, Can Cerda i
Costablanca, reportat al capitol 10, permet identificar aquest genere durant el Ramblia
superior i I’Aragonia inferior (MN3—MN4), mentre que el material de Can Llobateres i Can
Casablanca n’indica la presencia durant el Vallesia inferior i superior (MN9-MN10).
Malauradament, la manca de restes més completes no permet una assignacio especifica

per a aquest material, que s’atribueix per tant a Trionyx sp. (capitol 10).

11.2. El registre fossil dels quelonis a la conca del Vallés-Penedeés i el pla de Barcelona

La revisié actualitzada del registre fossil dels quelonis del Valles-Penedeés i Barcelona
gue es presenta a continuacid constitueix un aveng notable respecte al que es coneixia
fins ara. Aixo és particularment notori en el cas de la conca del Valles-Penedes, per a la
qual la darrera sintesi disponible data de fa més de mig segle (Bergounioux, 1958),
mentre que, en canvi, per al pla de Barcelona hi havia una revisié més recent (Felix et al.,
2006). Certament, la preséncia de determinades espécies en noves localitats s’havia
reportat mitjangant la publicacié de llistes faunistiques provisionals (e.g., Alba et al.,
2006a,b, 2010), pero en la majoria de casos calia dur a terme una revisié taxonoOmica més
aprofundida. Malgrat que aixd0 només ha estat possible per a determinats grups (vegeu
els capitols 6-9), en el capitol 10, si més no, es revisen de manera preliminar tots els
grups de testudins enregistrats durant el Miocé del Vallés-Penedés (en el marc d’una
revisié de tota I'herpetofauna miocena de la conca). La informacié aportada en tots
aquests capitols, juntament amb la informacié previament disponible a la literatura, se
sintetitza a continuacié (Taules 11.1-11.3; Figura 5.1). En concret, a la Taula 11.1 es
reporten tots els taxons de quelonis enregistrats a la conca del Vallés-Penedeés i el pla de
Barcelona des del Mioce inferior fins a I’'Holocé. A la Taula 11.2, es detallen les localitats

on s’enregistren els diversos taxons identificats, i es compara la taxonomia emprada
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anteriorment amb les atribucions que s’adopten en la present tesi. A la Taula 11.3 i la
Figura 11.1, finalment, es detallen els rangs estratigrafics de cada taxon en funcié de les

localitats on s’han enregistrat.

Taula 11.1. Llista dels quelonis enregistrats a la conca del Vallés-Penedeés i el pla de Barcelona, des del
Mioce inferior fins a I'Holoce. Els taxons extints es denoten amb una daga. Les identificacions es
proporcionen fins al rang taxonomic més inferior possible: per exemple, no s’hi inclouen les citacions de
testudinids ni de testudinoideus interminats, perqué podrien correspondre a diverses de les espécies
llistades; en canvi, es manenten les citacions d’espécies indeterminades de determinats generes quan
aquestes no corresponen a la resta d’especies llistades d’aquests géneres.

Superfamilia Testudinoidea Batsch, 1788
Familia Testudinidae Batsch, 1788
Génere Titanchelon Pérez-Garcia & Vlachos, 2014t
1. Titanchelon cf. bolivari (Hernandez-Pacheco, 1917)%
2. Titanchelon richardi (Bergounioux, 1938)t
Génere Testudo Linnaeus, 1758
Subgenere Chersine Merrem, 1820
3. “Paralichelys” catalaunicus (Bergounioux, 1951)% [=T. (Chersine) sp. nov.]
4. Testudo (Chersine) catalaunica Bataller, 1926t
5. Testudo (Chersine) aff. burgenlandica Bachmayer & Mtynarski, 1983+
6. Testudo (Chersine) lunellensis Almera & Bofill, 1903t
Familia Geoemydidae Theobald, 1868
Genere Clemmydopsis Boda, 1927t
7. Clemmydopsis sp.t
Geénere Ptychogaster Pomel, 1847t
Subgénere Ptychogaster Pomel, 1847t
8. Ptychogaster (Ptychogaster) sp.t
Subgenere Temnoclemmys Bergounioux, 1958+
9. Ptychogaster (Temnoclemmys) sp.
10. Ptychogaster (Temnoclemmys) batalleri (Bergounioux, 1931)t
Genere Mauremys Schweigger, 1812
11. Mauremys leprosa (Schweiger, 1812)
Génere Emys Duméril, 1805
12. Emys orbicularis (Linnaeus, 1758)
Superfamilia Trionychoidea Fitzinger, 1826
Familia Trionychidae Batsch, 1788
Geénere Trionyx Gray, 1825
13. Trionyx sp.t

En conjunt, el registre de quelonis continentals de la conca del Vallés-Penedes
s’estén des del Burdigalia (Miocé inferior, MN3) fins al Tortonia (Mioce superior, MN12),
tot i que és interromput per diverses transgressions marines cap a finals del Burdigalia i

durant el Languia (Mioce inferior i mitja, MN4-MNS5). Pel que fa al pla de Barcelona, el

365



ANGEL H. LUJAN

Taula 11.2. Actualitzacié de la taxonomia dels quelonis del Neogen i Quaternari de la conca del Valles-Penedés i del pla de Barcelona. S’hi indiquen les atribucions
taxonomiques revisades, aixi com la assignacions taxonomiques originals pel material de cada localitat. Les localitats entre claudators corresponen a la localitat tipus del

taxon en qlestié. Vegeu el capitol 10 per a més detalls.

Familia Atribuci6 original Atribucié actual Localitats Citacions
Testudo lunellensis Testudo (Chersine) lunellensis [CGPG] 3,9, 11, 20, 24-26, 34, 42
Testudo lunellensis var. ibera Sinonim posterior de Testudo (Chersine) lunellensis [CGPG] 9,11, 21-25
Cheirogaster arrahonensis Nomen vanum, Testudo (Chersine) sp. [SS] 8-11, 21-26, 32, 42

w . . . . . B400OV/S4F1,CFI,CG,CMI,CMR,CSM,CVI,[ECM/VCE- 5, 6,8-13, 17, 18, 21, 24,
Testud, hard, Titanchel hard,
g estudo richarai ftancheion richaral B],ECM/VCE-BC,EDAR24,HP,HPS, PIE,ROS-D8 27,28, 32, 37
= Testudo catalaunii . - . . .
a .es udo ?a alaunica var Sinonim posterior de Testudo (Chersine) catalaunica [sQ] 9, 11, 21, 24-26, 34, 37
2 irregularis
Q@ ACM/C1-E2,ACM/C1-E3,ACM/C1-ET2,ACM/C1-
= . . . 1-3,5, 6, 8-11, 20, 21, 24,
Testudo catalaunica Testudo (Chersine) catalaunica E10,ACM/VIE-E,ACM/VIE- 26 33 34 37
E1,CB,CCN20,CM3,CMI,[SQ] T
“Paralichelys” catalauni =Testudo (Chersi . . 3,7,9,11, 19,21, 24-26
Paralichelys catalaunicus arq I(:‘ elys ca'a aunicus [=Testu o(’ ersine) sp. nov.], CC, [CMA], EC,RP ,7,9,11, 19,21, ,
homonim posterior de T. (C.) catalaunica 42
Emys orbicularis Emys orbicularis CGR,VP 42
14-16, 22, 35, 38, 29, 41
Mauremys leprosa Mauremys leprosa BM,EM,CTT,CX,PSR,VP e 42’ P
Emys egarensis Nomen vanum, Ptychogaster (Temnoclemmys) batalleri [ST] 2-4, 21, 24,31,40
g Temnoclemmys cordiformis Nomen vanum, Testudinoidea indet. [vC] 8-11, 21, 24, 31, 40
3 Sinoni terior de Ptych ter (Te l
S Testudo celonica inonim posterior de Ptychogaster (Temnoclemmys) [CR] 9,11, 21, 24, 31, 40
S batalleri
o) Sinoni terior de Ptych ter (T /|
Q Temnoclemmys elongata |non|m. posterior de Ptychogaster (Temnoclemmys) [HPS] 8-11, 24, 29, 31, 40
® batalleri
Temnoclemmys vallesensis sinonim posterior de Ptychogaster (Temnoclemmys) [vc] 6,8-11, 21, 24, 29, 31, 40

Clemmys batalleri

batalleri

Ptychogaster (Temnoclemmys) batalleri

ACM/BDA, CM, CLL, CR, EDAR24, HP, HPI, HPS, LT,
SMT, SQ, [ST],vC

3-6, 8-11,21, 24, 29-31,
34, 40, 42

Abreviatures de les localitats: ACM, série estratigrafica local de I'Abocador de Can Mata; ACM/BDA, Bassa de Decantaci6 d’Aiglies Pluvials (sector ACM); B400V, Autovia Orbital de Barcelona, tram Olesa de Montserrat-Viladecavalls; BM, Bovila
Madurell; CB, Castell de Barbera; CC, Can Canals; CCN20, Creu Conill 20; CF; Can Filua; CG, Can Gavarra; CGPG, Cova de Gracia, Parc Guell; CGR, Cal Guardiola; CLL, Can Llobateres (1); CM3, Can Mata 3; CM; Can Mata indeterminat; CMA, Can
Mas; CMI, Can Missert; CMR, Can Marcet; CR, Can Rabassa; CSM, Can Simeo; CTT, Cal Tintorer; CX, Can Xercavins; CVI, Can Vilanyets; EC, El Canyet; ECM, série estratigrafica local de I'Ecoparc de Can Mata; EDAR24, Estaci6 Depuradora d’Aiglies
Residuals-Riu Ripoll 24; EM, Els Mallols; HP, Hostalets de Pierola indeterminat; HPI Hostalets de Pierola Inferior; HPS, Hostalets de Pierola Superior; LT, La Tarumba (1); PIE, Pierola; PSR, Placa de Sant Roc de Sabadell; ROS, série estratigrafica
local de la Ronda Oest de Sabadell; RP, Rubi-Papiol; SMT, Sant Miquel del Toudell; SQ, Sant Quirze del Vallés; SS, subsol de Sabadell; ST, subsol de Terrassa; VC, Viladecavalls indeterminat; VP, Vallparadis.
Referéncies: 1, Alba et al. (2009); 2, Bataller (1926); 3, Bataller (1956); 4, Bergounioux (1931); 5, Bergounioux (1937); 6, Bergounioux (1938); 7, Bergounioux (1951); 8, Bergounioux (1957a); 9, Bergounioux (1957b); 10, Bergounioux (1957c); 11,
Bergounioux (1958); 12, Blaya Marti (2007); 13, Blaya Marti et al. (2012); 14, Bosch et al. (1999); 15, Bosch et al. (2000); 16, Budo et al. (2003); 17, Carmona et al. (2011); 18, Checa Soler & Rius Font (2003); 19, Crusafont et al. (1955); 20, Delfino
et al. (2012); 21, Delfino et al. (enviat); 22, Felix et al. (2006); 23, Gomez-Alba (1997); 24, Jiménez Fuentes & Martin de Jesus (1991); 25, Lapparent de Broin et al. (2006b); 26, Lapparent de Broin et al. (2006c); 27, Lujan et al. (2010); 28, Lujan et
al. (2011); 29, Lujan et al. (2013a); 30, Lujan et al. (2013b); 31, Lujan et al. (2014a); 32, Lujan et al. (2014b); 33, Lujan et al. (2014c); 34, Lujan et al. (en revisid); 35, Morales Pérez & Sanchis Serra (2009); 36, Pérez-Garcia & Murelaga (2013); 37,
Pérez-Garcia & Vlachos (2014); 38, Ripoll i Perellé (1963); 39, Roig & Melo (2003); 40, Schafer (2013); 41, Serra-Rafols (1947); 42, dades inédites de 'autor.
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registre continental se circumscriu principalment al Calabria (Plistocé inferior) fins a
I’'Holocé (actualitat).

A continuacio se sintetitzen, en ordre cronologic, els principals canvis en les faunes
de quelonis en l'area d’estudi, amb relacié a canvis paleoambientals i els recanvis
faunistics de mamifers.

Taula 11.3. Rang cronostratigrafic dels testudins del Neogen i Quaternari de la conca del Valles-Penedés i el

pla de Barcelona. Les caselles negres denoten preséncia, les blanques abséncia, i les grises manca de
registre fossil.

Edat Localitat

“Paralichelys” (C.) catalaunicus
Testudo (C.) aff. burgenlandica
Ptychogaster (Ptychogaster) sp.
Ptychogaster (Temnoclemmys) sp.

Titanchelon cf. richardi
Testudo (Chersine) sp.
Testudo (C.) catalaunica
Testudo (C.) lunellensis
Ptychogaster (T.) batalleri
Mauremys leprosa

Emys orbicularis

Testudinoidea indet.
Testudinidae indet.
Titanchelon cf. bolivari
Titanchelon richardi
Clemmydopsis sp.
Ptychogaster s.. sp.

Testudo sp.
Trionyx sp.

MN13-MN17

MN10-MN11 CBA
CCBL
CPE
LT
ROS-D8
MN10 SMT
ST
TFE
TNA
Ve || ||
B400V/S3D
B400OV/S4F
CFI
CG
MN9-MN10 CR -l
CVI
PV ||

SG

ss |

367



*ds xAuoliy

s1pnaiqJo sAwy

pso.da| sAwainpi

143]|p10q ("1) 421SDHOYIA4|

+ds (sAwwapoouway) 4331spboyIA1d|

*ds (4915060Y2A1d) 191s0bOYIALd

*ds |'s 4a1spb0Y2A1d

“ds sisdopAwwa))

sisuajjauny (*) opnisaj

paipunjuabing “je (") opnisaj

D21UNDILIDI (D) OPNISI|

snajunppind (D) ,SA|dY21PIDd,,

*ds (auisiay)) opnisay

"ds opnisa|

1p4DY21I UOJaYOUDI] ]

1p4DY21LI "} UOJaYIUD3Y |

1IDAIJOq "}2 UOJaYouD3i ]|

ANGEL H. LUJAN

~

"19pul aepluIpnisa |

‘}Jopul eapioulpnisa ]

Localitat

Taula 11.3. (Continuacio).

Edat

368

HHI

CB
CCN20
CLL
cM3
cMmI
CP
csM
CSF
ECM/VCE-B
ECM/VCE-B/C
EDAR6
EDAR21
EDAR24
HPS
PIE
PO
cM
HP
HP/P565
HP/P62
ACM/BCV1
ACM/C1-E3
ACM/C1-E9
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El Mioceé inferior (el Ramblia i ' Aragonia inferior). En comparacié amb els diposits

continentals del Miocé mitja i superior, les formacions ramblianes (MN3) i aragonianes
(MN4) del Mioce inferior de la conca del Vallés-Penedeés han proporcionat pocs jaciments
de vertebrats, els quals, a més, no sén particularment rics, a excepcio del jaciment dels
Casots (Crusafont et al.,, 1955; Casanovas-Vilar et al., 2011a,d). Respecte a la
sedimentologia, totes les restes de quelonis d’aquesta edat provenen de jaciments
associats a sistemes lacustres, com per exemple Can Mas, Costablanca i Moli Calopa
(Crusafont et al., 1955; Casanovas-Vilar et al., 2011a). Només tres families de testudins
(Testudinidae, Geoemydidae i Trionychidae) hi sén representades durant I’'MN3 i 'MN4
(e.g., Crusafont et al., 1955; Bergounioux, 1958; vegeu també els capitols 9 i 10). Les

restes de tortugues aquatiques sén més aviat escasses i corresponen a trioniquids
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Figura 11.1. Rangs cronostratigrafics dels diversos taxons de quelonis, en funcié de les localitats on
colors denoten els diferents géneres.



Les tortugues (Testudines) del Neogen i Quaternari de Catalunya (NE de la peninsula Ibérica)

(Trionyx sp.) i al geoemidid Ptychogaster (subgéneres Temnoclemmys i Ptychogaster s.s.),
de la subfamilia extinta dels pticogasterins (Hervet, 2003, 2006). Les restes disposibles de
Ptychogaster, procedents dels jaciments de Can Canals, Canyet i Moli Calopa, sén massa
fragmentaries per permetre una assignacié taxonomica fins a rang d’especie, perd sén
molt similars a les d’especies presents en altres localitats iberiques d’edat similar,
Ptychogaster (P.) ronheimensis i Ptychogaster (Temnoclemmys) bardenensis (capitol 9).
Respecte als trioniquids, aquest grup domina les faunes de tortugues d’aigua dolca de la
resta d’Europa, pero al Valleés-Penedés només s’enregistren a les localitats de Can Cerda i
Canyet. Aquestes restes, com passa a les conques internes de la peninsula Ibérica, son
massa fragmentaries com per ser diagnostiques a nivell especific, i només permeten una
adscripcié al genere Trionyx (capitol 10), que actualment esta distribuit a I'extrem sud-est
d’Europa, Turquia, el Proxim Orient i la major part d’Africa (Meylan, 1987). Les restes de
tortugues terrestres del Mioce inferior del Valles-Penedés tampoc no son gaire
nombroses, pero tot i aixi permeten distingir dos testudinids: un de mida gran,
enregistrat a les localitats de Can Canals, els Casots, Canyet, Cases de la Valenciana i
Costablanca, que s’atribueix al genere Titanchelon; i un altre, de mida mitjana-petita,
present a les localitats de Can Canals, Canyet, Can Mas i Repetidor, que és atribuible al
genere Testudo. El material disponible de testudinid gegant del Mioce inferior del Valles-
Penedeés s’atribueix temptativament a Ti. cf. bolivari (capitol 10) que és I'especie tipica del
genere i que s’enregistra en altres conques ibériques de I'MN5 a 'MN7+8 (Pérez-Garcia &
Vlachos, 2014; dades inédites de I’autor). El material de Testudo, al seu torn, no
correspon a la mateixa espécie present a les conques de I'Europa central (Franga i
Alemanya), T. (Chersine) promarginata, tot i correspondre al mateix subgénere (Reinach,
1900; Corsini et al., 2014); provisionalment, s’atribueix a “Paralichelys” catalaunicus, una
espécie endemica del Vallés-Penedées definida per Bergounioux (1951), a I'espera d’un
nom de reemplacament per evitar ’homonimia amb T. (Chersine) catalaunica.

En general, la fauna de quelonis continentals del Mioce inferior del Valles-Penedes
és forga similar a les quelonofaunes de I’'MN3 i MN4 d’altres conques ibériques (Murelaga
et al., 1999, 2002), pero significativament més pobra que les d’altres conques de I'Europa
central i oriental, en les quals hi trobem tortugues dulciaqliicoles dels generes

Chelydropsis Peters, 1868, Promalacoclemmys Reinach, 1900 i Palaeochelys Meyer, 1847,
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a més de tortugues terrestres gegants del genere Ergilemys Chkhikvadze, 1972 (de Broin,
1977; Lapparent de Broin, 2000, 2001; Hervet, 2003; Karl, 2013). Alguns dels taxons
enregistrats en el Mioce inferior del Valles-Penedes tenen implicacions pel que fa a la
reconstruccié paleoambiental d’aquestes localitats. En particular, la preséencia de
tortugues dulciaqicoles dels géneres Trionyx i Ptychogaster, juntament amb les restes de
cocodrils i la presencia d’amfibis com Latonia i Bufo, confirmen la presencia de masses
d’aigua (ambients lacustres, palustres o fluvials; capitols 7 i 10), la qual cosa esta d’acord
amb I'ambient depositional lacustre de moltes de les localitats del Mioce inferior del
Vallés-Penedés (Casanovas-Vilar et al., 2011a,d), aixi com la preséncia de determinats
macromamifers com el tragulid Dorcatherium, fortament Iligat a masses d’aigua (Alba et
al.,, 2014). Al seu torn, la preséncia de reptils termofilics, com les tortugues gegants, el
cocodril Diplocynodon ratelii Pomel, 1847 (Diaz Araez et al., en revisid), i els llargandaixos
del génere Varanus Merrem, 1820 (Delfino et al., 2013b; vegeu també el capitol 10),
indiquen temperatures mitjanes anuals elevades, com correspon als inicis de I’Optim
Climatic del Mioce (Bohme, 2003). Aquesta inferéncia sobre el clima també esta
suportada per la paleoflora rambliana del jaciment de Costablanca, indicativa d’un clima
tropical a subtropical, amb una estacid seca seguida aparentment d’una estacié de pluges
torrencials (Sanz de Siria Catalan, 1981, 1985b, 1993). D’altra banda, la preséncia de certs
macromamifers, com els cervids, els suids i els tragulids, entre d’altres, corroborarien la
presencia de boscos humits a la conca del Valles-Penedés durant el Ramblia i I’Aragonia
inferior (Casanovas-Vilar et al.,, 2011a,c,d). Malgrat aix0, també hi hauria zones més
obertes i ambients més secs, com indica la presencia dels testudinids Titanchelon cf.
bolivari (Muller, 1980; Schleich, 1984) i “Paralichelys” catalaunicus (Bohme & Vasilyan,
2014), els varans Varanus sp. (Bbhme, 2003), i les associacions de rosegadors (Casanovas-
Vilar et al., 2011c,d). En general, les faunes de quelonis del Miocé inferior del Vallés-
Penedes, i de fet tota I’herpetofauna en general, confirmen les inferencies
paleambientals i climatiques basades en les dades paleobotaniques, i corroboren per tant
I’existéncia d’un clima calid (subtropical), amb ambients de bosc humit propers a zones

lacustres i palustres, aixi com a zones més obertes amb menor cobertura arboria.

El Miocé mitja (Aragonia mitja i superior). A causa de les repetides transgressions

marines que van afectar la conca del Vallés-Penedés durant el Burdigalia superior (MN4) i
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el Languia (MN5), hi ha molt pocs jaciments continentals amb presencia de
macrovertebrats i, més especificament, no hi ha cap resta de queloni de la unitat
biocronologica MN5 (Aragonia mitja). Pel que fa ’'MN6 (Languia superior a Serraval-lia
inferior, Aragonia superior), a les facies transicionals de la part alta dels Complexos
Marins i de Transicié hi trobem una de les sis Uniques localitats amb quelonis d’aquesta
unitat (capitol 10): Ca n’Almirall. La resta de localitats amb quelonis de I'MN6
corresponen a la part baixa de la série estratigrafica de I’Abocador de Can Mata (ACM;
capitols 7 i 10), ja dins del Complex Continental Superior. Durant aquesta unitat, el
registre dels testudins a la conca del Vallés-Penedeés es limita a la familia Testudinidae. En
destaquen, en particular, les primeres aparicions del testudinid de mida mitjana-petita
Testudo (Chersine) catalaunica a 'ACM i del testudinid de mida gran Titanchelon cf.
richardi a Ca n’Almirall (capitol 10). Aquesta fauna de quelonis és idéntica a la del Mioce
mitja de la conca de I'Ebre (Murelaga et al., 2006), perd molt més pobra que la d’altres
conques de I'Europa central i oriental, que presenten una gran diversitat de tortugues
dulciaquicoles (generes Mauremys, Palaeochelys, Ptychogaster, Trionyx, Clemmydopsis i
Chelydropsis; de Broin, 1977; Lapparent de Broin, 2000, 2001; Hervet, 2003).
Malauradament, hom no compta amb restes de flora de 'ACM, perd atenent a les
similituds que mostren les faunes de macro- i microvertebrats del Valles-Penedes amb les
localitats de Franga i Europa Central, i d'acord amb la completa abséncia de tortugues
aquatiques, es pot inferir un clima calid amb condicions més arides que durant I’Aragonia
inferior, com succeeix també en les localitats coetanies de la conca de I'Ebre (Murelaga et
al., 2006; Postigo Mijarra, et al., 2009; Jiménez-Moreno et al., 2010).

La majoria de localitats amb quelonis de I’Aragonia superior de la conca del Valles-
Penedeés corresponen a la unitat MN7+8. S’hi inclouen tant diverses localitats classiques
de I'area de Sant Quirze (Trinxera del Ferrocarril) i els Hostalets de Pierola (Can Mata),
com la majoria de les noves localitats de 'ACM (Alba et al.,, 2011a). La diversitat de
quelonis al Valles-Penedés durant aquesta unitat és forga elevada, ja que, a més dels dos
géneres de tortugues terrestres (Titanchelon i Testudo) enregistrats durant 'MN6, hi
trobem també representats dos generes de tortugues dulciaqlicoles (Ptychogaster i
Clemmydopsis). Per aix0, les faunes de quelonis de I'MN7+8 del Vallés-Penedés son

lleugerament més diverses que les registrades en altres conques ibériques o europees,
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només essent comparables a la quelonofauna de la conca de Steinteim (Alemanya), on
tanmateix només s’hi troben tres taxons: Chelydropsis murchisoni (Bell, 1832),
Clemmydopsis turnauensis (Meyer, 1847) i Testudo steinheimensis Staesche, 1931. Les
restes de Clemmydopsis del Valles-Penedés son massa fragmentaries per identificar-les a
nivell d’espécie, perd les restes de Testudo corresponen a la mateixa espécie que ja
s’enregistra a I'MN6, T. catalaunica (la qual esta estretament emparentada, pero és
diferent, de T. steinheimensis; capitol 7). En qualsevol cas, la preséencia dels génere
Clemmydopsis (present a Alemanya) i de I'espécie P. batalleri (també present a Franca)
confirma que la quelonofauna del Valles-Penedes presenta similituds amb les de I'Europa
central (capitol 9). En contraposicio, els testudinids T. catalaunica i Ti. richardi no es
troben a Europa i sén aparentment endemismes ibérics (ja que si estan presents en les
conques internes Ibéeriques, com la conca del Duero; Jiménez-Fuentes, 1971, 1989, 2003;
vegeu també els capitols 6 i 10). D’altra banda, al Vallés-Penedés durant I’'MN7+8 no s’hi
enregistren trioniquids ni els generes Mauremys i Chelydropsis, a diferencia del que passa
a Franga i al centre d’Europa (Lapparent de Broin, 2000, 2001).

En general, la fauna de quelonis de I’Aragonia superior de la conca del Valles-
Penedes recolza la idea que es tractava d’'una area de transicid entre dues bioprovincies
diferents, una de centreeuropea (en la qual predominarien els ambients boscosos i
humits), i una d’ibérica interior (molt més seca), tal com ja s’havia argumentat
préviament a partir de les faunes de mamifers (Agusti et al., 1990; Casanovas-Vilar et al.,
2005, 2008, 2010b). Malgrat que les associacions de quelonis de I'MN7+8 del Vallés-
Penedés també estan dominades pels testudinids (que, generalment, constitueixen més
del 75% de les restes de queloni recuperades), es tracta en conjunt d’una quelonofauna
més diversa que a les conques ibéeriques internes. De fet, les faunes de quelonis que hi
trobem representades, juntament amb la composicié de I’herpetofauna associada
(capitol 10), que inclou granotes (Latonia, Pelophylax, Pelobates) i salamandres
(Pleurodeles), corroboren que els habitats del Vallés-Penedés serien menys oberts i més
humits que els de l'interior de la peninsula Ibérica. Aquesta interpretacié és congruent
amb les faunes de mamifers de I’'MN7+8 de la conca del Valleés-Penedes, les quals son
particularment diverses i, a més de glirids i esquirols voladors (indicatius d’ambients

tancats amb una elevada cobertora vegetal), també difereixen de les conques ibériques
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internes per la preséncia de primats hominoideus i pliopitecoideus (Casanovas-Vilar &
Agusti, 2007; Alba et al., 2010b, 2011a, 2015; Casanovas-Vilar et al., 2001c; Furid et al.,
2011; Alba, 2012). Encara que no es disposa de dades paleobotaniques, segurament la
vegetacié del Valles-Penedeés durant I’Aragonia superior era molt semblant a la de
I’'Europa Central, amb preséencia de boscos tancats i humits amb masses d’aigua properes
(si més no en determinades zones), mentre que el clima, d’acord amb les restes de
quelonis i la resta de I'herpetofauna i la mastofauna associades, hauria estat de tipus
subtropical i una mica més humit que durant I’Aragonia mitja (Casanovas-Vilar & Agusti,

2007; Casanovas-Vilar et al., 2008).

El Miocé superior (Aragonia terminal, Vallesia i Turolia). La majoria de localitats
amb vertebrats fossils del Miocé superior del Valles-Penedés corresponen al Vallesia,
malgrat que també n’hi ha alguna del Turolia (a la zona de Piera) i alguna de I’Aragonia
superior terminal (a la zona dels Hostalets de Pierola). En aquest sentit, d’acord amb la
definicié inicial del Vallesia (Crusafont, 1950), encara vigent en 'actualitat, aquest s’inicia
amb I'entrada de I’'equid hipparionini Hippotherium, datada en aquesta conca a 11.2 Ma
(Garcés et al., 1996; Agusti et al., 1997; Casanovas-Vilar et al., 2011c, 2015, enviat)
mentre que el Miocé superior (definit a partir de la base del Tortonia) s’inicia
anteriorment (11,6 Ma) i, per tant, durant I’Aragonia superior (Hilgen et al., 2012). El
mateix criteri (primera aparicié d’Hippotherium) és també aplicable per a l'inici de la
unitat MN9 (Agusti et al., 2001; Casanovas-Vilar et al., 2015, enviat). En qualsevol cas, les
localitats vallesianes (MN9 i MN10) del Vallés-Penedés sén les que han proporcionat més
restes de quelonis de tota la conca (capitol 10), malgrat que els taxons representats se
circumscriuen, com durant I'MN7+8, a les families Testudinidae, Geoemydidae i
Trionychidae.

Durant 'MN9, el nombre d’espécies de quelonis enregistrades al Vallés-Penedes
s’eleva fins a set (tres espécies de testudinids terrestres, i quatre espécies de tortugues
d’aigua dolga), cosa que representa la diversitat més elevada per a tota la conca durant el
Mioce. Aixo s’ha d’atribuir tant a un major nombre de tortugues d’aigua dolca com de
testudinids de mida mitjana-petita respecte I’Aragonia superior. Pel que fa a les tortugues

dulciaquicoles, mentre que al Vallés-Penedés i a la resta d’Europa s’hi troben tant
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trioniquids com geoemidids (pticogasterins i clemmidopsins), en canvi, a les conques
ibériques internes, aquests taxons sén del tot inexistents. Tot i aix0, i a diferencia del
Valles-Penedes, a I'Europa de I'Est també s’enregistren quelidrids i un altre genere de
geoemidids, Sarmantemys Chkhikvadze, 1983. De fet, la majoria d’aquestes tortugues
d’aigua dolga tampoc no son gaire frequents a la conca del Valles-Penedeés: Trionyx i
Ptychogaster s.s. sOn presents practicament només a Can Llobateres, mentre que
Clemmydopsis s’enregistra només a Can Poncic i Creu Conill 22. En contraposicio, P.
batalleri esdevé la tortuga dulciaqlicola més abundant a la conca (s’enregistra a tres
localitats diferents, EDAR24, Hostalets de Pierola Superior i Can Llobateres), mentre que
en canvi aquesta especie no s’ha detectat durant 'MN9 i 'MN10 ni a les conques
ibériques internes ni a la resta d’Europa (capitol 9). Pel que fa als Testudinidae, les seves
restes son forca nombroses en moltes localitats. Corresponen a tres espécies diferents:
una tortuga terrestre de mida gran, Ti. richardi, ben coneguda a partir de les restes de la
zona dels Hostalets de Pierola, entre d’altres; i un parell d’espécies terrestres de mida
més petita, que corresponen a T. catalaunica i T. (Chersine) aff. burgenlandica. Testudo
catalaunica ja estava enregistrada amb anterioritat, i malgrat que es troba en quatre
localitats de ’'MN9 (Can Missert, Can Mata 3, Creu Conill 20 i Castell de Barbera), totes
ells corresponen al Vallesia inferior més inicial (de fet, en el passat dues d’aquestes
localitats, com Castell de Barbera i Can Missert, s’havien correlacionat amb I’Aragonia
terminal; vegeu discussié a Alba & Moya-Sola, 2012; Robles et al., 2011; Casanovas-Vilar
et al., 2015, enviat). Al seu torn, T. aff. burgenlandica només s’enregistra en dues
localitats de I'MN9, Can Missert (I’Unica on coincideix amb T. catalaunica) i Can
Llobateres, i mostra per tant un rang estratigrafic més ampli al llarg del Vallesia inferior, a
més de ser el testudinid més abundant en nombre de restes. Testudo aff. burgenlandica
del Valles-Penedés presenta algunes diferencies respecte a T. burgenlandica (Bachmayer
& Mtynarski, 1983) de 'MN9 d’Austria, pero faria falta un estudi més detallat per decidir
si aquestes diferéncies son diferents per erigir una nova especie. En qualsevol cas,
morfologicament Testudo aff. burgenlandica forma part dels testudinids de talla petita-
mitjana sense escut cervical, que son presents en altres conques europees pero no a les
conques ibériques internes. En canvi, Ti. richardi també esta representada durant 'MN9 a

d’altres zones de la peninsula Ibérica (com la conca del Duero) perdo no a la resta
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d’Europa, mentre que T. catalaunica durant 'MN9 esta restringida a la conca del Valles-
Penedes, tot i que a les conques ibériques internes hi trobem representada una espeécie
propera pendent de descripcid (Pérez-Garcia & Murelaga, 2013). En conjunt, les faunes
de quelonis del Vallesia inferior (MN9) del Valles-Penedés practicament no presenten
difereéncies respecte a les de I’Aragonia terminal, a excepcidé de la primera aparicio de T.
aff. burgenlandica, que aparentment substituteix T. catalaunica a principis del Vallesia
(malgrat certa coexistencia en el temps i 'espai durant el Vallesia més inicial). A I'igual
gque a I'MN7+8, la quelonofauna del Valles-Penedés durant 'MN9 és més diversa i
presenta majors similituds amb les de la resta d’Europa que les faunes de quelonis de
I'interior de la peninsula Ibeérica.

Quant a les restes de quelonis de I'MN10 del Valles-Penedes, provenen
principalment les localitats de I'area de Terrassa i Viladecavalls (Bergounioux, 1958;
Goémez-Alba, 1997; Alba et al., 2010a; vegeu també els capitols 6, 9, 10). La diversitat dels
quelonis durant aquesta unitat decreix fins a cinc espécies, totes les quals ja
representades a la conca durant I’'MN9, degut a la desaparicié de T. catalaunica durant el
Vallesia inferior i la manca de registre de Clemmydopsis durant I'MN10. Aixi, les faunes de
quelonis del Valles-Penedés durant el Vallesia superior estan encara més dominades pel
testudinid gegant Ti. richardi que en el Vallesia inferior, tant pel que fa al nombre de
localitats com a I'abundancia de restes. Durant MN10 s’enregistra encara P. batalleri (tot i
qgue per darrera vegada) i, per tant, les faunes de quelonis del Vallesia superior de la
conca del Vallées-Penedés continuen mostrant similituds amb les d’altres conques
europees, més que no pas amb les de les conques ibériques internes. Tanmateix, les
faunes de I'MN10 del Valles-Penedés continuen sense enregistrar generes de tortugues
aquatiques molt comuns a la resta d’Europa (com sén Mauremys i Chelydropsis;
Lapparent de Broin, 2001; Hervet, 2003, 2006).

Val la pena discutir I'extincié de T. catalaunica i P. batalleri, durant 'MN9 i a finals
de I'MN10, respectivament, amb relacié a la Crisi Vallesiana que, suposadament, va
afectar els mamifers d’origen aragonia lligats a ambients boscosos i humits durant la
transicié entre el Vallesia inferior i el superior (Agusti & Moya-Sola, 1990, 1991; Moya-
Sola & Agusti, 1990; Casanovas-Vilar et al., 2005, 2010, 2014). Les causes d’aquesta

suposada crisi de biodiversitat, i de la seva extensio geografica fora de la conca del Valles-
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Penedés, han estat molt discutides (Casanovas-Vilar et al., 2014), i fins i tot s’ha
argumentat que, si més no en el cas dels micromamifers, I’extencié dels taxons associats
a ambients humits hauria estat més progressiva al llarg del Vallesia superior i el Turolia, i
gue només es mostraria com una crisi abrupta degut a un efecte de mostratge
(Casanovas-Vilar et al., 2014, 2015). En el cas de T. catalaunica, és clar que la seva
extincio (associada a la substitucié per T. aff. burgenlandica) es produeix molt a principis
del Vallésia, i per tant abans de la desaparicido dels primats hominoideus i d’altres
mamifers associats a ambients humits (que es produeix poc després del transit amb el
Vallesia superior). Sembla, doncs, que la desaparici6 de T. catalaunica estaria més
relacionada amb una possible exclusié competitiva amb T. aff. burgenlandica, que
pertany a un clade de Testudo (Chersine) més derivat. Aquest clade, caracteritzat per la
manca de l'escut cervical i una mida lleugerament més gran, esdevindra el grup de
tortugues terrestres de mida petita-mitjana més comu des de 'MN9 fins a 'MN15 arreu
d’Europa (Lapparent de Broin, 2001). Per tant, la substitucié de T. catalaunica per T. aff.
burgenlandica, més que estar relacionat especificament amb la Crisi Vallesiana, sembla
reflectir un fenomen més global a escala europea (tot i que no deixa de remarcar que els
recanvis faunistics es van produir durant el Vallesia d’'una manera més progressiva del
qgue implica la concepcid classica de la Crisi Vallesiana). Respecte a la tortuga d’aigua
dolgca P. batalleri, cal ressaltar que tot el llinatge dels geoemidids pticogasterins
desapareix progressivament a tot Europa al llarg del Vallesia superior i el Turolia (de
I'MN10 a ’'MN12; Azanza et al., 1993; Hervet, 2003, 2006; vegeu també el capitol 9). La
gradual desaparicid dels membres d’aquest llinatge s’ha relacionat amb la progressiva
reduccio dels habitats humits i I'increment d’aridesa i estacionalitat que va culminar al
Turolia (Tempfer, 2005). En qualsevol cas, el fet que P. batalleri estigui encara
representada durant I’'MN10 posa de manifest, com en el cas de T. catalaunica, que els
recanvis faunistics esdevinguts durant el Vallesia foren més escalonats del que assumeix
la Crisi Vallesiana (i no se circumscriuen, per tant, exclusivament al transit entre el
Vallesia inferior i el superior).

Pel que fa a la reconstruccio paleoambiental de la conca del Vallés-Penedeées durant
I'MN9 i I’'MN10, 'associacié de quelonis i de la resta de I’herpetofauna associada, que

inclou granotes i gripaus (Latonia, Pelophylax, Pelobates, Bufo), salamandres i tritons
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(Pleurodeles, Triturus) i, fins i tot, cocodrils indeterminats, corrobora que els ambients
eren majoritariament humits i boscosos, i, per tant, menys oberts i més humits que els de
les conques internes de la peninsula Iberica. Aixo també es veu recolzat per les faunes de
mamifers (Alba et al., 2011a; Casanovas-Vilar et al., 2011c), incloent-hi els primats
hominoideus i pliopitecoideus, que s’enregistren encara durant I'MN10 (fins fa 9.5 9.0
Ma, respectivament; Alba, 2012; Moya-Sola et al.,, 2001). De la mateixa manera, les
associacions floristiques de Can Llobateres i altres jaciments han permes inferir que cap a
mitjans del Vallesia a la conca hi hauria hagut un mosaic d'habitats, amb boscos mixtos en
unes arees i elements tropicals només a les zones humides, i amb un clima de tipus
subtropical a temperat calid amb una certa estacionalitat pel que fa a la pluviositat (Sanz
de Siria Catalan, 1993; Agusti et al., 2003; Casanovas-Vilar et al., 2011c; Marmi et al.,
2012b). Aixi com les faunes de quelonis de les unitats MN9 i MN10 sén les més diverses
del Vallés-Penedes, tot mostrant una diversitat major que a les conques iberiques
internes i, fins i tot, comparable a localitats de la resta d’Europa, les del Turolia sén
notablement més pobres. Aixd, en bona mesura, és degut al fet que el Turolia es troba
escassament representat al Valles-Penedes, malgrat que també s’ha de relacionar amb
els canvis climatics i paleoambientals que es produiren durant aquest periode (Tempfer,
2005; Bohme et al., 2008). Pel que fa als jaciments turolians del Valles-Penedés amb
restes de quelonis, hi trobem Can Baiona (atribuible a ’'MN11 o, alternativament, 'MN10)
i, sobretot, les localitats de Piera (entre les quals hi destaca Torrentet de Traginers).
Classicament, les localitats de Piera s’havien correlacionat amb I'MN11 (Agusti et al.,
1985, 1997), pero més recentment s’han correlacionat amb I’'MN12 a partir de la fauna de
micromamifers de Torrentet de Traginers (Casanovas-Vilar et al., 2015, enviat). La
diversitat de quelonis al Turolia del Vallés-Penedes es limita a T. (C.) aff. burgenlandica de
Can Baiona, i a Ti. cf. richardi i Clemmydopsis sp. de I'area de Piera. Les faunes de quelonis
del Turolia de la conca del Vallés-Penedes, encara que menys diverses que abans, sén
semblants a les de les conques europees, degut a la persistencia dels geoemidids
clemmidopsins (Lapparent de Broin, 2001; Hervet, 2003, 2006), pero també a les de les
conques iberiques internes, atesa la presencia de testudinids gegants (Murelaga et al.,
2007; Romero, et al.,, 2007; Pérez-Garcia et al.,, 2011). La fauna de mamifers de Piera

(Casanovas-Vilar et al., 2011c, 2015) és forca més similar a les faunes coetanies d’altres
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arees de la peninsula Ibérica, com per exemple les de la conca de Terol (Alcald et al.,
2000), per a les quals s’ha inferit un clima calid i forga arid només amb pluges estacionals
(Van Dam & Weltje, 1999). Una cosa similar es pot inferir per a la conca del Valles-
Penedes, on hi manquen els mamifers propis d’habitats més boscosos (Casanovas-Vilar et
al., 2011c, 2015). Aix0 es veuria suportat també per I'abséncia de certs grups de quelonis
d’aigua dolca, com els trioniquids i els geoemidids pticogasterins, i que indicaria habitats
menys humits i amb menor cobertora arboria prop de les masses d’aigua que durant el
Vallesia (Mlynarsky, 1976; Gemel, 2002). De la mateixa manera, cal remarcar que la
manca de testudinids de mida mitjana-petita s’explicaria per I'absencia de zones amb una
vegetacié densa de sotabosc i matollar (Buskirk et al., 2001; Cheylan, 2001), que s’haurien
vist substituides per grans praderies dominades per Titanchelon cf. richardi (Tempfer,
2002). Tot plegat indicaria una homogeneitzacié dels ambients en el conjunt de la
Peninsula i, de fet, bona part d’Europa (Van Dam & Weltje, 1999; Alcald et al., 2000;
Casanovas-Vilar et al.,, 2011c), la qual hauria representat la desaparicié d’habitats
boscosos i humits i que, al seu torn, s’hauria reflectit en un empobriment de les faunes de

guelonis en comparacio a I’Aragonia superior i, sobretot, el Vallesia.

El Plistoce i 'Holocé (Vil-lafranquia fins a I'actualitat). El Plistoce inferior i mitja de
la conca del Vallés-Penedés només es troba representat per dos jaciments amb restes de
guelonis, Cal Guardiola (Berastegui et al., 2000; Madurell et al., 2009b, 2010, 2014) i
Vallparadis Estacio a Terrassa (Alba et al., 2008a,b; Madurell et al., 2009b, 2010, 2014),
ambdods formant part de la seccid estratigrafica del Torrent de Vallparadis, corresponent a
la unitat MQ1 (que abasta el Plistocé inferior i part del mitja; Madurell et al., 2014). Aixi,
mentre que la serie estratigrafica de Vallparadis Estacidé abasta tant el Plistoce inferior
com el mitja, en canvi, Cal Guardiola es correlaciona només amb el Plistoce inferior
(Madurell et al., 2010). Les restes de quelonis de Vallparadis son inedites, perd un estudi
preliminar ha permes constatar-hi la presencia de Mauremys leprosa, Emys orbicularis i
Testudo lunellensis (observacions personals de I'autor). D’altra banda, el Plistocé mitja
també el trobem representat al pla de Barcelona, amb la localitat de la Cova de Gracia
(Park Guell), també corresponent a la unitat MQ1 (Agusti & Moya-Sola, 1992). A banda de

la preséncia de Testudo (Chersine) lunellensis (capitol 8), en aquesta localitat no hi trobem
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altres restes de quelonis (Gdmez-Alba, 1997; vegeu també el capitol 8). Dins d’aquesta
biozona (MQ1), per tant, hi trobem representats els tres generes de tortugues que, en
I’actualitat, es troben a Catalunya (i, de fet, a la peninsula Ibérica i la resta d’Europa):
Testudo (al Vallés-Penedes i Barcelona), i Mauremys i Emys (només al Vallés-Penedes).
Per tant, a nivell de génere, la diversitat de quelonis fossils en ambdues conques és la
mateixa que en I'actualitat. Malgrat aix0, mentre que les faunes de quelonis d’aigua dolga
estan representades per les espéecies actuals Mauremys leprosa i Emys oribicularis, el
testudinid present, tant al Vallés-Penedés com al pla de Barcelona, és T. (Chersine)
lunellensis, una espécie propera a, perd diferent de, I'actual Testudo (C.) hermanni.
Aguesta és, de fet, la diferencia més rellevant entre I'area d’estudi i les conques iberiques
internes i de la resta d’Europa (Fernandez Peris & Martinez Valle, 1989; Morales Pérez &
Sanchis Serra, 2009; Pérez-Garcia et al., 2015a,b), on només es troba T. hermanni.
Malgrat aix0, segons la bibliografia, aquesta espeécie si que es troba enregistrada durant
I'MQ1-MQ2 en altres jaciments de Catalunya, com per exemple Incarcal, Pedreres de
Llers i Montjuic (Budod et al., 2003; Félix et al., 2006). A 'MQ2 (que abasta part del Plistoce
mitja i del Plistoceé superior), la diversitat de quelonis en I'area d’estudi es redueix a la
presencia d’'un Unic taxon, Mauremys leprosa, que s’enregistra a quatre localitats del
Vallés-Penedés (Can Xercavins, Els Mallols, Placa de Sant Roc de Sabadell, i Bobila
Madurell; Felix et al., 2006; Morales Pérez & Sanchis Serra, 2009) i a una del pla de
Barcelona (Cal Tintorer; Budé et al., 2003; Felix et al., 2006). En general, la diversitat de
I’herpetofauna enregistrada durant el Plistoce inferior a la conca del Valleés-Penedés i al
pla de Barcelona, i, en definitiva, a tota la peninsula Ibérica en conjunt és molt escassa, i,
per tant, no permet fer massa interpretacions paleoambientals. Per contra, les dades
disponibles per als quelonis fossils del Plistoce mitja sén forca més abundoses, en especial
a partir del registre del Vallés-Penedeés. Tot i aix0, I'abséncia de T. hermanni durant el
Plistocé mitja i superior en ambdues conques és, molt probablement, un artefacte degut
a un registre paleontologic incomplet.

Les dades disponibles de les localitats de ’'MQ1 del Valleés-Penedes i el pla de
Barcelona, juntament amb les dades del registre paleoherpetologic de la peninsula
Ibérica, indiquen que les quelonofaunes van experimentar un primer periode de

reestructuracié i diversificacié coincidint amb l'inici de la dinamica glacial durant el
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Plistoce inferior (aproximadament 2,6—-1.1 Ma), incloent-hi I'aparicié de T. lunellensis cap
a finals del Plistoce inferior. La llarga persistencia T. lunellensis durant el Plistoce inferior i
mitja (almenys entre 1.2 i 0.5 Ma), tant al Valles-Penedés com al pla de Barcelona, esta
probablement relacionada amb el menor impacte de les glaciacions a les latituds més
baixes de I'area mediterrania, en comparacié amb I'Europa Central. Posteriorment,
s’hauria produit un segon episodi de recanvi faunistic (que hauria afectat no només
I’herpetofauna, sind també tota la fauna de macrovertebrats), coincidint amb la
inestabilitat climatica del Plistocé mitja (entre 1.1 i 0.5 Ma), i durant el qual s’haurien
establert a la zona d’estudi els tres quelonis que conformen la fauna actual: Mauremys
leprosa, Emys orbicularis i T. hermanni. L’origen de T. hermanni es remunta cap a finals
del Plioce de la peninsula Balcanica o Italica, des d’on posteriorment s’hauria expandit
cap a I'Europa occidental, incloent-hi Franga i la peninsula Ibérica, a principis del Plistoce
inferior (Delfino, 2002; Morales Pérez & Sanchis Serra, 2009). En canvi, T. lunellensis
probablement s’hauria originat a finals del Plistoce inferior, a partir de poblacions
ibériques i/o franceses de T. hermanni, fragmentades de la resta de la distribucié de
I'especie a causa de les oscil-lacions climatiques del Plistoce. De manera similar, E.
orbicularis també tindria un origen centreeuropeu, des d’on s’hauria expandit rapidament
per I’Antic Continent durant el Plioce i principis del Plistocé inferior (Lenk et al., 1999). En
canvi, 'origen de Mauremys leprosa cal situar-lo a la peninsula Ibérica o a I’Africa nord-
occidental cap a finals del Plioce, a partir tant del registre fossil disponible com dels
estudis moleculars (Gmira et al., 2003; Barth et al., 2004). Aquests dos esdeveniments de
recanvis faunistics, que afectaren les quelonofaunes al llarg del Plistoce, també han estat
identificats pel que fa a les faunes de grans mamifers: el primer tingué lloc cap a finals del
Plistoce inferior (1.2-1,1 Ma), mentre que el segon (I'anomenada “Revolucié de Mitjan
Plistoce”) correspon al Plistocé mitja (1.0-0,5 Ma; Madurell-Malapeira, 2010; Martinez-

Navarro, 2010).
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CapiTOL 12. CONCLUSIONS

A continuacié es resumeixen les principals conclusions d’aquesta testi doctoral:

1. Paleobiodiversitat. A partir de la revisid taxonomica de les restes de quelonis
fossils (classiques i inedites) procedents de més de 100 localitats de la conca del Vallés-
Penedeés i el pla de Barcelona, aixi com de la literatura publicada préeviament, des del
Ramblia superior (MN3, Mioce inferior) fins a I'Holoce, s’hi identifiquen un total de 3
families, 7 generes i 13 espécies de Testudines: entre els Testudinidae, Titanchelon cf.
bolivari, Titanchelon richardi, “Paralichelys” catalaunicus [=Testudo (Chersine) sp. nov.],
Testudo (Chersine) catalaunica, Testudo (Chersine) aff. burgenlandica, i Testudo (Chersine)
lunellensis; entre els Geoemydidae, Clemmydopsis sp., Ptychogaster (Ptychogaster) sp.,
Ptychogaster (Temnoclemmys) sp., Ptychogaster (Temnoclemmys) batalleri, Mauremys
leprosa, i Emys orbicularis; i, finalment, entre els Trionychidae, Trionyx sp. Només alguns
testudinids i els geoemidids pticogasterins s’han pogut revisar a fons en el marc d’aquesta
tesi, i per tant el nombre de taxons enregistrats en I'area d’estudi podria incrementar-se

en el futur, a mesura que s’aprofundeixi en I'estudi de la resta de grups.

2. Els testudinids gegants. Pel que fa a la revisié taxonomica de les tortugues
terrestres gegants del Mioce de la conca del Valles-Penedes, atribuides fins fa poc al
geénere Cheirogaster i, actualment, a Titanchelon, en destaca la descripcié de dos cranis
de Ti. richardi del Mioceé superior de I'Ecoparc de Can Mata. Un d’aquests cranis s’ha
designat com a neotip de l'especie, i a partir d’aquest material se n’ha proporcionat una
diagnosi esmenada, la qual permet concloure que aquest taxon nominal no és un sindnim
posterior de Titanchelon bolivari (I'espécie tipus del genere). La revisid de tot el material
disponible (del crani i de la closca) de les tortugues gegants del Vallés-Penedeés indica que
Ti. richardi és 'espécie propia del Mioce mitja i superior (MN7+8-MN10, o MN6—-MN12
guan es tenen en compte les restes més fragmentaries atribuides a Ti. cf. richardi),
mentre que, en canvi, Ti. cf. bolivari estaria restringida al Mioce inferior (MN3-MN4).
Totes dues especies es poden distingir per diferencies morfologiques en el 16bul anterior

del plastré i dels escuts pectorals, juntament amb diverses caracteristiques cranials. Una
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analisi cladistica, basada en la morfologia cranial de la majoria de Testudinidae actuals,
ddna suport a una relacié de grups germans entre Titanchelon i Centrochelys, alhora que
posa de manifest la importancia de la morfologia cranial per a una millor comprensioé de

les relacions filogenetiques entre els testudinids.

3. Els testudinids de mida mitjana-petita. La revisié taxonomica de les tortugues
terrestres de mida mitjana-petita de la conca del Valles-Penedes i el pla de Barcelona, a
partir del material classic i inedit, indica que totes les espécies enregistrades pertanyen al
génere Testudo i, més concretament, al subgenere actual Testudo (Chersine), incloent-hi
“Paralichelys” catalaunicus del Miocé inferior (MN3—MN4). Malgrat concloure que
Paralichelys és un sindonim posterior subjectiu de Testudo (Chersine), provisionalment
s’opta per continuar emprant aquest nom generic entre cometes, ja que si es transferis a
Testudo esdevindria un homonim posterior de Testudo (Chersine) catalaunica i, per tant,
caldria un epitet especific de reemplagament. A partir de I'estudi del material del Valles-
Pendes, es proporciona una diagnosi esmenada de T. catalaunica, enregistrada durant el
Miocé mitja i el Miocé superior més inicial (MN6—MN9), i es conclou que aquesta espécie
no és atribuible al (sub)génere extint Paleotestudo siné a I'actual Chersine. Es justifica
també que T. catalaunica irregularis és un sinonim subjectiu posterior de T. catalaunica
s.s., la qual durant el Vallesia més inicial és substituida (tot i que amb certa superposicid
en el temps i en I'espai) per Testudo (Chersine) aff. burgenlandica, que es reporta per
primera vegada per a la conca del Valleés-Penedées. Malgrat I'existéncia d’algunes
diferéncies clares amb T. burgenlandica, s’opta per no erigir una nova espeécie fins que no
s’hagi dut a terme un estudi taxonomic més aprofundit del material del Vallés-Penedeés.
Quant al taxon nominal Cheirogaster arrahonensis, es considera un nomen vanum, ja que
I’"holotip, atribuible a Testudo (Chersine) sp., no permet un diagnostic adequat de
I’espécie. Finalment, pel que fa a les restes plistocenes del pla de Barcelona, es confirma
que Testudo (Chersine) lunellensis és una espécie diferent de, tot i que molt propera a,
I'actual Testudo (Chersine) hermanni. Una analisi filogenética de les especies actuals i
moltes especies extintes del génere Testudo recupera la filogenia molecular de les
espeécies vivents, i déna suport a un esquema sistematic en que el subgenere Testudo s.s.

és el clade germa de la resta d’espécies del génere, que al seu torn es divideixen en el
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clade de Testudo (Agrionemys) i el clade de Testudo (Paleotestudo)+Testudo (Chersine).
Aquesta analisi, per tant, dona suport a la distincié de Paleotestudo només amb rang de
subgenere, i mostra que T. catalaunica és més propera a l‘especie extinta T.

steinheimensis, mentre que T. lunellensis és més propera a I'actual T. hermanni.

4. Les tortugues d’aigua dolga. La revisié taxonomica de les tortugues d’aigua dolca
del Mioce del Valles-Penedeés indica la presencia de tres géneres diferents (Ptychogaster,
Clemmydopsis i Trionyx), mentre que durant el Pleistoce, a I'area d’estudi, s’enregistren
només dues especies actuals dels generes Mauremys i Emys. Pel que fa als geoemidids del
Mioce, s’emfatitza la descripcio de les restes dels membres de la subfamilia extinta dels
Ptychogasterinae. La major part de les restes disponibles s’atribueixen a Ptychogaster
(Temnoclemmys) batalleri, I'espécie tipus del subgénere, enregistrada durant el Mioce
mitja i superior (MN7+8-MN10). A partir de totes les restes disponibles d’aquest taxon a
la conca del Valles-Penedes, es proporcionen diagnosis esmenades d’aquesta espécie, del
subgénere Ptychogaster (Temnoclemmys), i del subgénere nominotipic, Ptychogaster s.s.,
a més de concloure que Testudo celonica, Temnoclemmys elongata i Temnoclemmys
vallesensis son sinonims subjectius posteriors de P. batalleri, mentre que Temnoclemmys
cordiformis és un nomen vanum (ja que I'holotip correspon a un testudinoideu
indeterminat). També es reporta, per primera vegada a la conca del Valles-Penedés, la
preséncia del subgénere nominotipic, P. (Ptychogaster) sp. (com a minim, des de 'MN4
fins a I’'MN7+8), aixi com de P. (Temnoclemmys) sp. durant el Miocé inferior (MN3—-MN4).
Es reporta també, per primer cop de manera concloent a la conca del Vallés-Penedes, la
presencia dels generes Trionyx i Clemmydopsis. El primer es troba representant des del
Miocé inferior fins al superior (MN3—-MN10), malgrat que les restes disponibles no en
permeten una atribucié especifica. Les restes de Clemmydopsis podrien correspondre a
Clemmydopsis turnauensis, pero ateses les poques restes disponibles, i a I'espera d’un

estudi més detallat, es considera més adequat no atribuir-les a nivell d’especie.

5. Canvis en les quelonofaunes i implicacions biostratigrafiques. El registre fossil
dels quelonis a la conca del Valles-Penedés mostra una diversitat molt més elevada

durant el Mioce que no pas al Plistocé o en l'actualitat, mentre que la baixa diversitat
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durant el Plistoce del pla de Barcelona és clarament atribuible a la manca d’un registre
fossil prou complet. Durant el Miocé inferior (Ramblia-Aragonia inferior, MN3-MN4), les
guelonofaunes del Vallés-Penedeés sén forca similars a les de la resta de la peninsula
Ibérica; hi sén presents tres families de quelonis: els Testudinidae, amb Titanchelon cf.
bolivari i “Paralichelys” catalaunicus; els Geoemydidae, amb Ptychogaster (Ptychogaster)
sp. i Ptychogaster (Temnoclemmys) sp.; i els Trionychidae, amb Trionyx sp. Al Mioce mitja
(Aragonia mitja i superior, MN5—-MN7+8) del Valles-Penedeés, hi ha un buit en el registre
de quelonis durant I'MN5, degut a la virtual abséncia de registre fossil continental, seguit
de la nova aparicié durant I’'MN6 (Aragonia superior) de tot un seguit de taxons, la
majoria dels quals sobreviuran fins al Mioce superior: entre els Testudinidae, Testudo
(Chersine) catalaunica i Titanchelon cf. richardi; i entre els Geoemydidae, Clemmydopsis
sp. i Ptychogaster (Temnoclemmys) batalleri. Aquestes faunes de quelonis sén forca
similars a les quelonofaunes coetanies de la resta de la peninsula Ibérica, i menys diverses
qgue les de les conques europees. Durant 'MN7+8 (Aragonia superior), les faunes de
quelonis del Valles-Penedes mostren similituds tant amb les conques ibériques com amb
les europees, i sovint son de fet més diverses en conjunt, atés que als taxons ja presents a
I’"MN®6 (incloent-hi Ti. richardi) cal afegir-hi també Ptychogaster (P.) sp. No és fins a 'MN9
(Vallesia inferior), ja iniciat el Mioce superior, que trobem les quelonofaunes més diverses
a la conca del Valles-Penedes, ja que als taxons presents a I'MN7+8 cal afegir-hi el
testudinid T. (Chersine) aff. burgenlandica i el trioniquid Trionyx sp., que junt amb
Clemmydopsis sp. posen de relleu unes majors similituds faunistiques amb la resta
d’Europa (llevat de Ti. richardi, que és I'Unic testudinid del Valles-Penedés present també
a altres conques ibeériques). Les quelonofaunes del Valles-Penedés durant el Vallesia
superior (MN10) son similars a les del Vallesia inferior, pero lleugerament menys diverses,
ates que durant I’'MN9 T. aff. burgenlandica reemplaga T. catalaunica. A I’MN10 hi troben
enregistrades per darrera vegada P. batalleri i Trionyx sp., mentre que T. aff.
burgenlandica podria estendre’s fins al Turolia inferior (MN11), i Ti. cf. richardi (absent
del registre de I’'MN11) i Clemmydopsis sp. (no enregistrada durant I’'MN10 i MN11)
reapareixen per darrera vegada al Turolia mitja (MN12). L'empobriment de les faunes de
quelonis des del Vallesia fins al Turolia no sembla adequar-se a una crisi de diversitat

abrupta entre el Vallesia inferior i superior (la Crisi Vallesiana), sind que és un fenomen

386



Les tortugues (Testudines) del Neogen i Quaternari de Catalunya (NE de la peninsula Ibérica)

més graonat i de causes variades. A partir d’aquest punt, hom no disposa de registre fins
al Plistocé mitja i superior, caracteritzats per unes quelonofaunes més pobres i molt
similars a les actuals, caracteritzades amb la preséncia d’un Unic testudinid (Testudo
lunellensis, en comptes de I'actual Testudo hermanni), i dues tortugues d’aigua dolca, el

geoeminid Mauremys leprosa i I’emidid Emys orbicularis.
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