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of Titanochelon (Testudinidae) in the Miocene of Portugal
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ABSTRACT
The information about the European giant fossil tortoises has been greatly increased in recent years, 
based on the description of new material and the revision of previously published specimens. A genus 
with a wide paleobiogeographic and stratigraphic distribution, Titanochelon, has recently been described, 
containing all large testudinids from the European Neogene record. Its type species, Titanochelon bolivari, 
was described in the Spanish record. The presence of this species outside this country had not been 
justified. In this paper we present and describe fossil material of large testudinids from several sites in 
the Lisbon District (Portugal), from lower (Quinta da Barbacena; MN4), middle (Charneca do Lumiar and 
Quinta da Farinheira; MN5) and upper (Aveiras de Baixo; MN9) Miocene levels. This study allows us to 
confirm the presence of Titanochelon in the Portuguese record and justify, for the first time, the presence 
of Titanochelon bolivari outside Spain. Furthermore we are able to discuss the geographical and temporal 
distribution of the large tortoises in the middle Miocene of Europe, a relevant period for the diversity and 
evolution of this clade.
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Introduction

The crown Testudinidae includes tortoises with almost world-
wide distribution and an excellent fossil record. The total clade 
Pan-Testudinidae is known in Europe since the early Eocene 
(Broin 1977; Lapparent de Broin 2001; Pérez-García et al. 2016). 
Small-sized members of this clade (i.e. Testudo sensu lato or Pan-
Testudo), not exceeding 30 cm in shell length, are part of the 
fauna that inhabits this continent at the present (van Dijk et al. 
2014). However, several large taxa are known in the European 
fossil record, some of them reaching lengths between one and 
two meters; they all became extinct from continental Europe 
by the Early Pleistocene (Jiménez Fuentes 1994; Lapparent de 
Broin 2001, 2002; Pérez-García & Vlachos 2014 and references 
therein). Information on the taxonomy and systematics of these 
large forms has been, so far, problematic. In fact, although several 
Neogene species had been identified, defined in several countries 
and distributed between the Miocene and Pleistocene, their alpha 
taxonomy needed a major revision (see also Jiménez Fuentes 
1988; Gmira et al. 2013). Many of these species were originally 
identified as belonging to Testudo Linnaeus (1758), a extant 
small genus to which not only most European tortoises but most 
known testudinids were traditionally attributed (Lapparent de 
Broin et al. 2006; Fritz & Havaš 2007). New information about 
the members of this clade led several authors to reallocate the 
large European Neogene species to other genera, its assignment 
to Cheirogaster Bergounioux (1935) being very common (e.g. 

Bourgat & Bour 1983; Jiménez Fuentes 2000, 2003; Luján et al. 
2014; Vlachos et al. 2014). However, Cheirogaster corresponds to 
a more primitive form, defined in the Eocene, and much smaller 
than those identified in the Neogene (Pérez-García & Vlachos 
2014). As such, recent works restricted the use of Cheirogaster 
only for its type species, Cheirogaster maurini Bergounioux 
(1935), a form defined in the upper Eocene (Priabonian) of 
France (Pérez-García & Vlachos 2014; Pérez-García 2015).

References to the findings of large testudinids in the Iberian 
Miocene fossil record are known since the nineteenth century (see 
Prado 1864 and Bolívar 1871; as well as the history of the find-
ings performed in the nineteenth century and the first decades 
of the twentieth century in Pérez-García & Vlachos 2014), and 
Hernández-Pacheco (1917) was the first who nominated a species: 
‘Testudo’ bolivari. The material analysed by this author came from 
several locations from the Aragonian (Orleanian + Astaracian) 
of the Spanish Castilian Plateau (Alcalá de Henares, Casa de 
Campo, Vallecas and Los Santos de la Humosa, in Madrid; Cerro 
del Otero, in Palencia; and Fuensaldaña, in Valladolid). However, 
a recent study has confirmed that this species was present in 
many other Spanish locations as well, both in Aragonian and 
Vallesian levels, with a temporal distribution between the MN5 
and the MN10 biozones at least (Pérez-García & Vlachos 2014). 
Considering the definition of a species for the Spanish mate-
rial, Zbyszewski (1949) indicated that a large shell found in the 
Portuguese locality of Aveiras de Baixo (Azambuja Municipality, 
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Crespo (2001) includes this reference in a list on the paleoher-
petofauna from Portugal, reallocating it to Cheirogaster, as other 
authors had done with the other European large species. He 
indicated that this specimen came from lower/middle Miocene 
levels. This author did not provide any new information on this 
fossil, which remained undescribed until now. Pérez-García and 
Vlachos (2014) attributed all species of large testudinids distrib-
uted between the lower Miocene and the Pliocene of Europe to 
a new genus, Titanochelon. Although Pérez-García and Vlachos 
(2014) considered that Titanochelon could be present in Portugal 
as well, they not justified this attribution nor discussed the pos-
sible affinity to specific level.

Several specimens of large testudinids from the Miocene of 
Portugal are studied here, given the significant increase in the 
information on the European Neogene forms recently published 
(Pérez-García & Vlachos 2014; Luján et al. 2014; Vlachos et al. 
2014). The specimens analysed here come from four sites of the 
district of Lisbon (Figure 1): the shell from Aveiras de Baixo 
(upper Miocene) cited in previous papers (Zbyszewski 1949; 
Crespo 2001), and several unpublished remains from Quinta 
da Barbacena (lower Miocene), Quinta da Farinheira (middle 
Miocene) and Charneca do Lumiar (middle Miocene). The sys-
tematic allocation of these specimens is discussed. Overall, the 
combined information presented herein improve significantly 
our knowledge of the evolution and distribution of large testu-
dinids in the Miocene of Europe, a period that is important for 
the evolutionary history of this clade.

Institutional abbreviations

MG, Museu Geológico do Laboratório Nacional de Energia e 
Geologia, Lisbon, Portugal.

Systematic Paleontology

Testudines Batsch, 1788
Cryptodira Cope, 1868
Testudinoidea Batsch, 1788
Pan-Testudinidae Batsch, 1788

Lisbon District; Figure 1), and considered by him as of Pliocene 
age, corresponded to ‘Testudo’ bolivari. However, this determina-
tion was not justified by anatomical information. More recently, 

Figure 1. Geographic and stratigraphic position of the Portuguese localities where the remains of the large tortoise Titanochelon studied in this paper where found. 
(a), geographical position of the Lisbon District (Portugal). (b), geographical position of the fossil sites, in a map showing the Miocene outcrops (grey color). 1, Quinta da 
Barbacena (Lisbon Municipality); 2, Charneca do Lumiar (Lisbon Municipality); 3, Quinta da Farinheira (Loures Municipality); 4, Aveiras de Baixo (Azambuja Municipality). 
(c), stratigraphic position of these localities.

Figure 2.  MG 25219, peripheral plate of Titanochelon cf. bolivari, from the 
biozone MN4 (upper Burdigalian, lower Miocene) of Quinta da Barbacena (Lisbon 
Municipality, Lisbon District), in external view.

Figure 3. MG 918, partial carapace of Titanochelon cf. bolivari, from the biozone 
MN9 (lower Tortonian, upper Miocene) of Aveiras de Baixo (Azambuja Municipality, 
Lisbon District), in visceral, (a), and anterior, (b), views.
Note: Abbreviations for the plates: C, costal.
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Testudinidae Batsch, 1788
Titanochelon Pérez-García and Vlachos, 2014
Titanochelon cf. bolivari (Hernández-Pacheco 1917)
(Figures 2–4(a))

Material: MG 25219 (Figure 2), a peripheral plate from the 
biozone MN4 (upper Burdigalian, lower Aragonian, lower 
Miocene) (Antunes & Ginsburg 2003) of Quinta da Barbacena 
(Lisbon Municipality, Lisbon District) (Figure 1); MG 30490 
(Figure 3), a partial carapace from the biozone MN9 (lower 
Tortonian, lower Vallesian, upper Miocene) (Antunes & Mazo 
1983; Antunes et al., 2003) of Aveiras de Baixo (Azambuja 
Municipality, Lisbon District) (Figure 1); MG 4772 (Figure 4(a)), 
a partial costal plate from the biozone MN5 (lower Langhian, 
middle Aragonian, middle Miocene) (Pais et al. 2012) of Quinta 
da Farinheira (Loures Municipality, Lisbon District) (Figure 1).

Description: The plate from Quinta da Barbacena is a free right 
peripheral (Figure 2). Its medio-distal width is significantly 
greater than its anteroposterior length. The outer surface is rough. 
A sulcus corresponding to the contact between two marginals is 
recognized. Its path, except at its distal region, is subparallel to 
the anterior and posterior margins of the plate. No protrusion 
is noted on the edge of the peripheral. The proximal edge of the 
peripheral is not preserved. However, the available information 
indicate that the marginal scutes overlapped to all or most of the 
dorsal surface of the plate.

The specimen of Aveiras de Baixo is a partial articulated car-
apace (Figure 3). Due the mounting position and the prepara-
tion of the dorsal surface, covered by plaster, only the visceral 
surface is available for observation. The anteroposterior length 
of the preserved region is about 115 cm. However, the length of 
the complete carapace was significantly greater, as neither the 
anterior nor the posterior regions are preserved. Because of its 
relatively poor preservation, and the fusion between many of 
the plates of this adult specimen, the only partially recognizable 
sutures are those located between the third and the last costals 

from the right side, and those between the third and the fifth 
costals from the left side. Based on the preserved information of 
this specimen, an alternation of short medially and long laterally 
costals (pairs) and medially long and laterally short plates (odd) 
is evident. Although the neural outlines are not visible, traces of 
the attachment of the dorsal vertebras are evident on the midline.

The plate from Quinta da Farinheira (Figure 4(a)) corre-
sponds to the middle and distal part of a costal plate. The anterior 
and posterior borders are not parallel, and the antero-posterior 
length of the costal decreases toward the lateral region. Also no 
trace of the sulcus between the pleurals is found. Based on all 
the above, it is identified as an odd plate (i.e. costal 3 or 5 most 
probably), but further identification is not possible.

Titanochelon bolivari (Hernández-Pacheco 1917)
(Figures 4(b)–5)

Material: MG 4766 (Figure 4(b)), a relatively complete right 
humerus from the biozone MN5 (lower Langhian, middle 
Aragonian, middle Miocene) (Pais et al. 2012) of Quinta da 
Farinheira (Loures Municipality, Lisbon District) (Figure 1); MG 
30491 (Figure 5), numerous fragmentary pieces that are part of 
the shell of a single individual, from the biozone MN5 (lower 
Langhian, middle Aragonian, middle Miocene) (Antunes & 
Ginsburg 2003; Pais et al. 2012) of Charneca do Lumiar (Lisbon 
Municipality, Lisbon District).

Description: The right humerus from Quinta da Farinheira 
(Figure 4(b)) preserves the diaphysis, as well as most of its distal 
region and part of the proximal portion. The minor trochanter 
is complete. Both the humeral head and the major trochanter 
are broken. However, the available information indicates that 
the minor trochanter did not reach the level of the maximum 
height of the humeral head. The preserved region of the major 
trochanter allow observing that both trochanters were slightly 
divergent towards the proximal region. The diaphysis shows a 
relatively well-developed sigmoid curve. The cross-section of 

Figure 4. Specimens of Titanochelon, from the biozone MN5 (lower Langhian, middle Miocene) of Quinta da Farinheira (Loures Municipality, Lisbon District). (a), MG 4772, 
distal half of a costal plate of Titanochelon cf. bolivari, in external view. (b), MG 4766, right humerus of Titanochelon bolivari, in anterior, (b1); dorsal, (b2); posterior, (b3); 
ventral, (b4); medial (b5); and distal, (b6) views.
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with some fragments being so small that cannot be identified. 
Some fragments preserve sutures that correspond to the margins 
of some plates, but further identification is not possible. Some 
remains however represent larger portions of the shell, complete 
plates or plates in association; those fragments are illustrated in 
Figure 5, summarizing the main anatomical information of this 
specimen. The estimated length of this shell was certainly greater 
than one meter but a precise estimation is not possible. Elements 

the humerus is elliptical in the proximal and distal regions, but 
subrounded in the central area. A portion of the ulnar condyle is 
not preserved. The morphology of the distal region of this bone 
is clearly asymmetrical, due to the different length of the radial 
and ulnar condyles, the latter being the longest. In dorsal view, 
the groove separating both condyles is shallow.

The material from Charneca do Lumiar corresponds to a 
shell of a single individual. The material is highly fragmented, 

Figure 5. MG 74, selection of some elements of the carapace, (a)–(l), and plastron, (m)–(n) of a specimen of Titanochelon bolivari, from the biozone MN5 (lower Langhian, 
middle Miocene) of Charneca do Lumiar (Lisbon Municipality, Lisbon District). The elements of the carapace are in external view. Those of the plastron are in ventral ((m1), 
(n1)) and visceral ((m2), (n2)) views.
Notes: The black lines represent the boundaries between the plates and the gray ones, thicker, the margins of the scutes. Abbreviations for the plates (in normal font): C, costal; En, entoplastron; 
Ep, epiplastron; Hy, hyoplastron; N, neural; Pe, peripheral. Abbreviations for the scutes (in bold and gray): Ab, abdominal; G, gular; Hu, humeral; M, marginal; Pc, pectoral; Pl, pleural; V, vertebral.
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taxa of Pan-Testudinidae recognized in the European record: 
the Eocene Fontainechelon cassouleti (Claude & Tong 2004), 
Pelorochelon eocaenica (Hummel 1935), Cheirogaster maurini 
and Pelorochelon soriana Pérez-García, Ortega and Jiménez 
Fuentes, 2016; the Oligocene Taraschelon gigas (Bravard 1844) 
and ‘Ergilemys’ bruneti Broin 1977; and the representatives of 
the Neogene Titanochelon.

The size of all analysed specimens from Portugal is consistent 
with that of a taxon of more than one meter in length, a condition 
found in the members of Titanochelon. The size of the known 
adult specimens of Fontainechelon cassouleti and Cheirogaster 
maurini is about 40 cm; that of Pelorochelon eocaenica and of 
Pelorochelon soriana about 70  cm; that of ‘Ergilemys’ bruneti, 
about 60 cm; and that of Taraschelon gigas about 80 cm. The 
absence of protrusions in the region of contact of the bound-
ary between the marginal scutes and lateral margin of the 
peripheral scutes (apomorphic for Titanochelon) differentiates 
the Portuguese material from Fontainechelon cassouleti and 
‘Ergilemys’ bruneti. The overlapping or marked proximity of the 
pleuro-marginal sulci with the costo-peripheral sutures differs 
from the condition present in Pelorochelon eocaenica, Pelorochelon 
soriana and Taraschelon gigas (apomorphic for Testudinidae). 
The absence of a concave dorsal epiplastral lip in the preserved 
anterior plastral lobe (apomorphic for Titanochelon) is shared 
with all compared taxa, except with Fontainechelon cassouleti, 
Pelorochelon eocaenica and Pelorochelon soriana. The absence of 
epiplastra significantly wider than long is shared with all ana-
lysed taxa except with Fontainechelon cassouleti (apomorphic 
for Testudinidae). The presence of an anterior angle between 
the gularo-humeral sulcus and the sagittal axis lower than 
45º (apomorphic for Testudinidae) is shared with Taraschelon 
gigas, ‘Ergilemys’ bruneti and the members of Titanochelon. The 
humero-pectoral sulcus perpendicular to the axial plane, in the 
medial region (apomorphic for Testudinidae), is identified in 
Pelorochelon eocaenica, Pelorochelon soriana, ‘Ergilemys’ bruneti 
and the representatives of Titanochelon. The presence of short 
medially pectoral scutes (apomorphic for Testudinidae) contrast 
to the condition seen in the Eocene taxa Fontainechelon cassou-
leti, Cheirogaster maurini, and Pelorochelon soriana, and asso-
ciates the material from Portugal with the Neogene forms. The 
presence of a well-developed curvature in the humeral diaphysis 
(apomorphic for Testudinidae) is shared with Titanochelon, but 
differs from the condition present in Fontainechelon cassouleti, 
both taxa being the only discussed testudinids considered here 
in which appendicular elements have been described. Therefore, 
all characters discussed above are shared with the representatives 
of Titanochelon. The presence of this genus in the Portuguese 
record, previously suggested by Pérez-García and Vlachos 
(2014), is confirmed herein.

The absence of a well-developed dorsal epiplastral pocket 
(apomorphic for Testudinidae) allows to exclude the allocation 
of the material studied here to the forms of the Miocene record 
of France Titanochelon eurysternum, Titanochelon ginsburgi 
and Titanochelon leberonensis, as well as the Greek Titanochelon 
bacharidisi, but not to the Spanish Miocene Titanochelon 
bolivari or to the French Pliocene Titanochelon perpiniana. 
However, the absence of contact of the humero-pectoral sulcus 
with the entoplastron (plesiomorphic for Titanochelon), known 
in Titanochelon bolivari, is not compatible with the condition 

of both the carapace and plastron are identified. The outer surface 
of all these elements is rough, consistent with the shell outer sur-
face of testudinid taxa. The neural/costal association of Figure 5(a)  
represents fragments of two successive neurals, connected with 
a costal plate. The neurals are unequal in width, representing 
most probably rectangular and hexagonal/octagonal neurals. The 
rectangular one is crossed transversely by the vertebral sulcus. 
The neural/costal association of Figure 5(b) represents a long 
neural, probably rectangular, connected with a long costal. The 
neural is crossed transversely by the vertebral sulcus, whereas a 
part of the pleural scute is noted as well. The fragment illustrated 
in Figure 5(c) represents a partial neural, probably rectangu-
lar in outline, connected with a costal plate. The costal plate is 
covered by a vertebral scute and two successive pleurals. The 
partial neural in Figure 5(d) is either hexagonal or octagonal, 
connected with two successive costals. No evidence of scute sulci 
is observed. Numerous fragments of partial costals in association 
are preserved (Figure 5(e)–(h)), showing an alternating pattern, 
as that described for the material from Aveiras de Baixo. Several 
partial peripherals are preserved as well (Figure 5(j)–(l)) lacking 
protrusions in their distal margins. The grooves delimiting the 
scutes are relatively deep. Although vertebral scutes are partially 
preserved, they can be recognized as relatively narrow (Figure 
5(b)–(c)). The sulci between the pleural and the marginal scutes 
coincide with the sutures between the costals and the peripherals, 
or both structures are very closely located (Figure 5(h)–(i)). The 
lateral margin of the preserved portion of the right epiplastron 
and hyoplastron is subrounded (Figure 5(m)). A thick epiplas-
tral lip is present, with a convex dorsal surface. The epiplas-
tra were probably about as wide as long. This specimen lacks 
a well-developed gular pocket. However, a marked change of 
relief between the dorsal epiplastral lip and the region located 
behind this structure is present. The entoplastron is subrhom-
bic, with a rounded posterior side (Figure 5(m)–(n)). The sulcus 
between the gular scutes and the humerals generates a relatively 
acute angle with the sagittal plane. The humero-pectoral sulcus 
is located far behind the posterior margin of the entoplastron 
(Figure 5(n)). In the medial region, the humero-pectoral and 
the pectoro-abdominal sulci are perpendicular to the axial plane, 
and the pectoral scutes are medially short.

Discussion

In the following discussion the phylogenies previously pre-
sented by Pérez-García & Vlachos 2014; Pérez-García 2015 and  
Pérez-García et al. 2016 are used as a reference for character distri-
bution and polarity. The material studied here can be attributed to 
Testudinidae because it shares with the representatives of this clade 
a unique combination of characters: roughened outer surface of the 
plates; presence of rectangular, hexagonal and octagonal neurals; 
alternating pattern in the costal series, composed by medially short 
and laterally long plates alternating with medially long and laterally 
short plates; deep sulci corresponding to the lateral margins of the 
scutes; relatively narrow vertebral scutes; proximity or coincidence 
of the boundary between the pleural and the marginal scutes with 
the suture between the costal and the peripheral plates; presence 
of a thick epiplastral lip; absence of intergular scutes.

The specimens from the Miocene of Portugal are com-
pared with those corresponding to the medium and large 
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species from Bois de Fabrègues, with a uncertain specific allo-
cation (Lapparent de Broin 2002). As such, it is clear that during 
MN5-MN6 Titanochelon achieved a wide geographic distribu-
tion, reaching more northern latitudes (Germany, Switzerland) 
than in previous periods. In subsequent moments of the Neogene 
large tortoises are still quite widespread, but confined in more 
southern latitudes (including their occurrences in Greece). Also, 
in terms of taxonomic diversity of the Titanochelon clade, this 
period is among the richest during the Neogene, with at least 
two species (i.e. Titanochelon bolivari in the Iberian Peninsula 
and Titanochelon vitodurana in Switzerland).

These first two pulses in geographic expansion and higher 
taxonomic diversity of Titanochelon coincides with the Miocene 
Climatic Optimum (MCO), a period with a warm climate and 
favorable conditions that was followed by significant cooling 
and climate change in the Northern Hemisphere (Zachos et al. 
2001). During this period the survival of ectothermic vertebrates, 
including giant turtles, is favored in Central Europe (Böhme 
2003). Our results further corroborate these claims and indicate 
that the Middle Miocene was crucial period for the establishment 
of the clade Titanochelon in Europe.

The material from the MN4 of Quinta da Barbacena joins 
a list of a few occurrences of large tortoises from the lower 
Miocene of Europe. These early records come from France, with 
Titanochelon ginsburgi (Broin 1977) from the MN4 of Artenay 
and Titanochelon eurysternum (Gervais 1848–1852) from the 
MN2 of Saint-Gerard-le-Puy (see Pérez-García & Vlachos 2014 
for comments on these taxa). Therefore, although limited, the 
material from the MN4 presented herein provides new informa-
tion on the earliest records of this clade in Europe.

Conclusions

The presence of the large testudinid Titanochelon is confirmed for 
the Portuguese record. This generic attribution is justified here 
for the first time, based on specimens from the lower, middle and 
upper Miocene (biozones MN4, MN5 and MN9) of the Lisbon 
District. A humerus and a partial shell from two localities of the 
MN5 biozone, Quinta da Farinheira and Charneca do Lumiar, 
are attributed to the species Titanochelon bolivari. This species 
was defined from the Aragonian levels of the Castilian Plateau 
(Spain), being known from the MN5 to the MN10 biozones. Its 
presence outside the Spanish record is confirmed here for the 
first time. In addition, Titanochelon cf. bolivari is recognized in 
the Portuguese sites of Quinta da Barbacena (MN4) and Aveiras 
de Baixo (MN9).

The Portuguese material of large tortoises represent the west-
ernmost records of this clade in Europe and further highlight 
that the favourable climatic and environmental conditions in 
the Middle Miocene played an important role of the survival, 
expansion and diversification of this clade in the Neogene of 
Europe. The material from the MN4 is also among the oldest 
confirmed records of Titanochelon in Europe. The material from 
Portugal appears to be directly associated with the large tortoise 
material from Spain, both from a taxonomic as well as from a 
paleogeographical point of view. The presence of large tortoises 
in Iberian Peninsula from the MN4 till the Pleistocene provides 
a rich, mostly uninterrupted, fossil record of large tortoises in 
Europe, which is crucial for our understanding of the origin, 

present in Titanochelon perpiniana nor in the Greek Pliocene 
species Titanochelon bacharidisi. Furthermore, the marked asym-
metry observed in the distal region of the humerus (autapomor-
phic for Titanochelon bolivari) is only shared with Titanochelon 
bolivari, and especially with the humerus from Alcalá 3 from 
the MN6 of Madrid (Spain; figure 5C1–C4 in Pérez-García & 
Vlachos 2014). The similarity of the two specimens (compared 
to other humeri of Ti. bolivari) is on the robust diaphyseal and 
distal part of the bone. The position of the humero-pectoral sul-
cus relative to the entoplastron is placed more posteriorly in the 
Portuguese specimen (Figure 5(n)) than in those of Titanochelon 
bolivari figured by Pérez-García and Vlachos (2014). However, 
the distance of this sulcus to the entoplastron is not only recog-
nized as subject to variability in the large forms of Testudinidae 
(see Pérez-García & Vlachos 2014), but also in small repre-
sentatives of this clade, as has been evidenced, for example, by 
the study of other Iberian Miocene forms (see Pérez-García 
& Murelaga 2013; Luján et al. 2016; Pérez-García Accepted). 
Therefore, considering all the available information, the pres-
ence of the species Titanochelon bolivari, defined in Spain and 
known in that country from the MN5 to the MN10 biozones (see 
Pérez-García & Vlachos 2014), is here recognized in the biozone 
MN5 of Portugal, both in Quinta da Farinheira (Figure 4(b)) as 
in Charneca do Lumiar (Figure 5). The availability of characters 
provided by the material from the MN4 biozone of Quinta da 
Barbacena (Figure 2), and that of the biozone MN9 of Aveiras 
de Baixo (Figure 3), is compatible with Titanochelon bolivari, 
but is considered too limited to confirm this specific attribution. 
Therefore, the presence of Titanochelon cf. bolivari is recognized 
in these two locations.

The recent advances in our knowledge of the anatomy and 
taxonomy of the Neogene large testudinids from Europe high-
light that the Middle Miocene was an important period for the 
diversification of this clade. First of all, the tortoises from Europe 
achieve a large size for the first time in their evolutionary his-
tory during the late Langhian- middle Serravallian interval (i.e. 
the late Orleanian-middle Astaracian, MN5-MN6) (see Pérez-
García & Vlachos 2014), following a trend toward increased 
size known from the Eocene (Pérez-García 2015; Pérez-García 
et al. 2016). The material described herein represent the west-
ernmost records of Titanochelon in the European continent, not 
only for the Middle Miocene but for all the Neogene. Middle 
Miocene confirmed records of Titanochelon are known in Central 
Europe, mainly in Germany and Switzerland, with numerous 
localities including some well-preserved specimens such as 
those of Sandlezhausen (Germany) (see Schleich 1981) and 
Winterthur and Zurich (Switzerland) (see Biedermann 1862 
and Peyer 1942 respectively). Several localities with Titanochelon 
remains are known between these areas representing the western 
and eastern known limits for the geographic expansion of the 
large tortoises in the Middle Miocene (i.e. Portugal and Central 
Europe). They are located in Spain and France. In Spain, several 
sites where Titanochelon bolivari has been identified are recog-
nized for the MN5 and MN6 biozones (MN5 sites in Barajas, 
Casa de Campo, Puente de los Franceses and Vallecas; MN6 
sites in Coca, Cerro del Viso, Henares 1 and Parla; and MN5 
or MN6 sites in Carabanchel, Ciudad Universitaria, El Pardo 
and Puente de la Princesa referred by Pérez-García & Vlachos 
2014). The material from France is more scarce, represented by 
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