New Cricetodontini from the middle Miocene
of Europe: an example of mosaic evolution
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A new species of Cricetodontini (Cricetidae, Rodentia, Mammalia), Cricetodon nievei sp. nov. from the Toril section
(Toril 3A, Toril 3B, Toril 2) and Las Planas SH is described. All this sites belong to the local biozone G3 (late Aragonian,
late middle Miocene) from the Calatayud-Daroca Basin (Zaragoza, Spain). The new species displays a mosaic pattern
consisting in a combination of primitive and derived characters: the upper molars have a basal Cricetodon-like pattern —
short and not complete ectolophs —, whereas the lower molars share several derived features with the older representa-
tives of Hispanomys — absence of metalophulid II. The generic assignation of the new taxon is further discussed and it is
compared with all the species of Cricetodon and Hispanomys described until date. This mosaic evolutionary pattern of
dental characters is also recognized in other species of Cricetodontini from Europe during the late Aragonian, although
involving different combination of morphological characters. At this time, the diversity of the tribe increases, including
species with complex morphology and higher intraspecific variability than the older representatives. The new species
proposed here is morphologically close to Cricetodontini recorded outside the Calatayud-Daroca Basin, especially
C. albanensis and H. decedens from France. Finally, the palacoecological context of the new species is discussed; the
stratigraphical distribution of Cricetodon nievei sp. nov. coevals changes in the faunal assemblages which are possibly
related to an increase of humidity detected in the Calatayud-Daroca Basin. ® Key words: Cricetodon, Hispanomys, mo-
saic morphology, Calatayud-Daroca Basin, late Aragonian, middle Miocene.
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The tribe Cricetodontini (Rodentia) is commonly present
in the European Miocene; it provides relevant information
regarding the biochronology, biostratigraphy and palaeo-
ecology of the continental deposits (Van der Meulen &
Daams 1992; Daams et al. 1999a, 1999b; Van der Meulen
et al. 2011, 2012). The representatives of Cricetodontini
are considered to be immigrants in Asia Minor around the
Oligocene-Miocene boundary (De Bruijn & Unay 1996).
During the early Miocene (Mammal Neogene zones MNI1
and MN2, sensu De Bruijn et al. 1992 and Steininger
1999), the tribe remains modest in the number of both spe-
cies and specimens. The diversification and geographical
expansion into continental Europe start later on, at MNS.
During the late Aragonian (MN7/8), the tribe reaches its
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maximum diversity (De Bruijn & Unay 1996, Rummel
1999). In the middle Aragonian the species of Cricetodon-
tini display a widely extended geographical distribution;
all of them are included in the genus Cricetodon, showing a
primitive stage-of-evolution according to De Bruijn &
Unay (1996).

During the latest part of the middle Miocene (late
Aragonian) new combinations of morphological dental cha-
racters among the species occur. The intraspecific variabil-
ity and the diversity seem to be higher than in older assem-
blages (De Bruijn & Unay 1996). The taxa exhibit a mosaic
morphology that consists in the development of different
rates of change in the jugal teeth. In this interval, the transi-
tion from Cricetodon to Hispanomys, in southwestern
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Figure 1. Geological map of the Calatayud-Daroca Basin. The square marks the situation of the area of Daroca (modified after Garcia-Paredes et al.
2010). The orthophotograph shows the position of Toril and Nombrevilla sections.

Europe (Agusti 1980, De Bruijn et al. 1993, Aguilar et al.
1994, Lopez-Guerrero et al. 2008, Lopez-Antofianzas &
Mein 2009), and to Byzantinia in Turkey (De Bruijn et al.
1993, De Bruijn & Unay 1996) took place. Therefore, the
evolutionary history of the tribe Cricetodontini gathers im-
portant taxonomic changes during the late Aragonian.

In this paper we have studied the fossils of a new spe-
cies found in the upper Aragonian from the Calatayud-
Daroca Basin (Daams ef al. 1999a, Alvarez-Sierra et al.
2003). The rodent fauna from this basin has been exten-
sively studied by many authors (Daams & Freudenthal
1981, 1988; Alvarez-Sierra 1987; Daams er al. 1998;
Peldez-Campomanes 2001; Van der Meulen et al. 2003;
Garcia-Paredes 2006; Oliver et al. 2009; Garcia-Paredes et
al. 2009, 2010; Lopez-Guerrero et al. 2013; Oliver &
Peldez-Campomanes 2013). Specifically, our study is part
of an ongoing systematic and phylogenetic revision of the
Cricetodontini from this basin (Lopez-Guerrero et al.
2008, 2009, 2011, 2013).

The tribe Cricetodontini is represented by six species in
the late Aragonian from Calatayud-Daroca Basin
(Freudenthal 1966; Mein & Freudenthal 1971a; Lopez-
Guerrero et al. 2008, 2009): Cricetodon cf. sansaniensis
Lartet, 1851, Cricetodon jotae Mein & Freudenthal, 1971,
Hispanomys aguirrei (Sesé Benito, 1977), Hispanomys
lavocati (Freudenthal, 1966), Hispanomys nombrevillae
(Freudenthal, 1966), and the new species described here.
Their stratigraphical distributions, according to the local
biozonation proposed by Daams et al. (1999b), are as fol-
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lows: Cricetodon cf. sansaniensis is present in the local
biozone F (Freudenthal 1966); Cricetodon jotae in the G1
(pers. obs.), G2 (Mein & Freudenthal 1971a) and the early
G3 (pers. obs.); Hispanomys aguirrei, Hispanomys
lavocati and the new species, in the G3 (Lopez-Guerrero et
al. 2008), and finally, Hispanomys nombrevillae is found
in the H (Lopez-Guerrero et al. 2009).

Here we describe the new taxon that shows a particular
pattern with a combination of basal and derived features. We
also compare it in detail with the species of Cricetodontini
with close morphology and discuss the context and status
with regards to other representatives of the tribe in Europe.

Material and methods

The studied material includes 274 upper and lower molars.
Table 1 contains the number of specimens studied for each
fossil site and the abbreviations used. They are housed at
the Museo Nacional de Ciencias Naturales-CSIC (Madrid,
Spain) and at the Naturalis Biodiversity Center (Leiden,
The Netherlands). The studied fossils belong to four locali-
ties from the Toril-Nombrevilla section — TOR2, TOR3A,
TOR3B — and Las Planas section — LP5H. These sections
are located in the Calatayud-Daroca Basin, southern part of
the province of Zaragoza (Fig. 1).

All the sites belong to the local biozone G3 from the
late Aragonian (Alvarez-Sierra et al. 2003) and they can be
correlated to the Mammal Neogene zone MN7/8 (Daams
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et al. 1999a). The locality LP5H has been correlated to the
chron C5Ar.1r (Daams et al. 1999c¢) that spans a time range
of 12.474 Ma-12.735 Ma (Hilgen et al. 2012). According
to Van Dam et al. (2006), the numerical age of LP5H is
12.57 Ma using the local magnetostratigraphical correla-
tion. Additionally, Alvarez-Sierra et al. (2003) and Garcés
et al. (2003) correlated LP5H with the localities Toril 2,
Toril 3A and Toril 3B.

The new material has been compared with several taxa
of Cricetodontini from different localities hosted in other
institutions: Cricetodon soriae from the type locality
Somosaguas stored at the Universidad Complutense de
Madrid (Spain); type material of C. bolligeri from Peters-

buch 10 and “Cricetodon” fandli from Gratkorn stored at
Bayerische Staatssammlung fiir Paldontologie und
Geologie, Munich (Germany); C. sansaniensis from the
type locality of Sansan stored at the Muséum d’Histoire
Naturelle de Bale (Switzerland); type material of C. aureus
and C. meini from Vieux-Collonges, and C. albanensis
from La Grive-Saint Alban stored at the Naturalis
Biodiversity Center (NBC), Leiden (The Netherlands);
C. klariankae from the type locality Fels6tarkany-Felné-
met stored at Municipal Museum of Paszt6, Paszt6 (Hun-
gary), C. jotae from its type locality, Manchones, stored at
the Instituut voor Aardwetenschappen, Utrecht University
(The Netherlands) and finally, the type material of
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Table 1. Material of Cricetodon nievei sp. nov. from the Calatayud-
Daroca Basin, studied localities, abbreviations for the localities and insti-
tutions where the fossils are stored (see institutional abbreviations).
Abb = abbreviations for the localities; N = number of specimens.

Cricetodon nievei sp. nov.

Collection M1 M2 M3 ml m2 m3 N

Locality Abb

Toril 3B TOR3B MNCN 8 12 4 10 8 6 48
Toril 3A TOR3A MNCN 18 30 27 36 24 24 159
Toril 2 TOR2 MNCN 4 5 2 — 4 2 17
Las Planas SHLPSH RGM 7 9 4 10 8 12 50

Total 37 56 37 56 44 44 274

Hispanomys aguirrei from Escobosa de Calatafiazor stored
at the Museo Nacional de Ciencias Naturales, CSIC, Ma-
drid (Spain).

The nomenclature used for the structures present in
the occlusal surface, modified after Mein & Freudenthal
(1971b), is summarized in Fig. 2. Notation M1, M2,
M3/ml, m2, m3 is used for upper/lower molars, respec-
tively. Maximum length and maximum width, given in
mm, were measured using a Nikon Measuroscope 10 mi-
croscope with digital micrometer following Loépez-
Guerrero et al. (2013). Descriptive statistics of measure-
ments are given in Table 2. Length/width scatter-dia-
grams of C. nievei sp. nov. are shown in Figure 3. The
scatter-diagrams include C. jotae from its type locality,
Manchones (Calatayud-Daroca Basin), due to the geo-
graphical and temporal proximity, and because of the
large sample size, which allows straightforward compar-
isons with the new species. Among the assemblages of
C. nievei sp. nov. size have been compared by perform-
ing Levenne’s and ANOVA tests in localities with at
least five data per dental element (Table 3). Tables 4 and
5 present the measurements of the species of Cricetodon
and Hispanomys (type localities) from the late Ara-
gonian used in the discussion chapter. The photographs
were taken with an Environmental Scanning Electron
Microscope FEI Quanta 200 in environmental mode at
the Museo Nacional de Ciencias Naturales-CSIC (Ma-
drid, Spain). Descriptive and analytical statistics have
been carried out with IBM SPSS v. 19.0.0 (IBM SPSS
2010). The molars are figured as if they were from the
right side; reversed images have been indicated by an un-
derlined label.

Repository institution. — All specimens are housed in the
Museo Nacional de Ciencias Naturales-CSIC (Madrid,
Spain) with a repository number prefixed by TOR.

Institutional abbreviations. — MNCN, Museo Nacional de
Ciencias Naturales-CSIC, Madrid, Spain; RGM, Naturalis
Biodiversity Center, former Rijksmuseum van Geologie en
Mineralogie, Leiden, The Netherlands.
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Systematic palaeontology

Order Rodentia Bowdich, 1821

Family Cricetidae Fischer von Waldheim, 1817
Subfamily Cricetodontinae Stehlin & Schaub, 1951
Tribe Cricetodontini Simpson, 1945

Genus Cricetodon Lartet, 1851

Type species. — Cricetodon sansaniensis Lartet, 1851.

Cricetodon nievei sp. nov.
Figures 4-6, Tables 1-3

1981 Cricetodon from LP5SH. — Daams & Freudenthal, p. 4,

fig. 1.

1984 Cricetodon from LP5SH. — Daams & Van der Meulen,
p. 246, fig. 2.

1988 Cricetodon spp. from LP5SH. — Daams & Freudenthal,
p- 14, fig. 8.

2003 Cricetodon spp. from TOR2, TOR3A and TOR3B. —
Alvarez-Sierra et al., p- 30, table 1.

2004 Cricetodon sp. — Azanza et al., p. 273, table 2.

2009 Cricetodon aff. jotae. — Lopez-Guerrero et al.,
p. 161A.

Holotype. — Left m1, TOR3A-321 (Fig. 4H).

Paratypes. — M1: TOR3A-118-TOR3A-131, TOR3A-268—
TOR3A-270, TOR3A-278; M2: TOR3A-138-TOR3A-166,
TOR3A-287; M3: TOR3A-218-TOR3A-237, TOR3A-260—
TOR3A-236; m1: TOR3A-168-TOR3A-197, TOR3A-317-
TOR3A-322; m2: TOR3A-198-TOR3A-217, TOR3A-323—
TOR3A-326; m3: TOR3A-238-TOR3A-259, TOR3A-267,
TOR3A-297.

Type horizon. — Local biozone G3, upper Aragonian, mid-
dle Miocene.

Type locality. — TOR3A, province of Zaragoza, Cala-
tayud-Daroca Basin, Spain.

Other localities. — LPSH, TOR2 and TOR3B (see Table 1).

Stratigraphical distribution. — Local biozone G3, MN7/8,
upper Aragonian, middle Miocene.

Etymology. — Dedicated to our mentor Dr. Nieves Lopez
Martinez who made a great contribution to the palaeonto-
logy of micromammals.

Diagnosis. — Medium-sized Cricetodontini with thick
enamel. The main valleys of the upper molars are almost
closed by large cingular ridges and/or styles; the latter are
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Figure 3. Length/Width scatter-diagram of the cheek teeth in Cricetodon nievei sp. nov. and Cricetodon jotae from Manchones.
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especially frequent in the protosinus. Upper molars al-
ways have a short mesoloph except for the M3 where the
mesoloph can be absent. M1 with four roots and the ante-
rocone well divided by a groove. The anterior ectoloph is
frequently present, simple and not complete. The poste-
rior ectoloph is always present, simple and not complete.
The posteroloph, in the M3, is absent. The lower molars
present a short mesolophid. The metalophulid I on the m1
is always present and the metalophulid II is absent. The
ml and m2 frequently have a well-developed ectomeso-
lophid which can reach the labial border. The m2 is gene-
rally birradiculated; in some cases, its posterior root is
partly divided.

Differential diagnosis. — Cricetodon nievei sp. nov. differs
from C. caucasicus Argyropulo, 1938, C. versteegi De
Bruijn, Fahlbusch, Sara¢ & Unay, 1993, C. tobieni De
Bruijn, Fahlbusch, Sarag¢ & Unay, 1993, C. aliveriensis
Klein Hofmeijer & De Bruijn, 1988, C. kasapligili De
Bruijn, Fahlbusch, Sara¢ & Unay, 1993, and C. wanhei
Qiu, 2010 by its larger size.

Cricetodon nievei sp. nov. differs from C. engesseri
Rummel & Kilin, 2003, C. soriae Lépez Martinez, Car-
daba, Salesa, Hernandez Fernandez, Cuevas Gonzalez &
Fesharaki, 2006 in Hernandez Fernandez er al. 2006,
C. jumaensis Rummel, 2001, C. klariankae Hir, 2007,
C. albanensis Mein & Freudenthal, 1971a, C. sansaniensis
Lartet, 1851 and C. aureus Mein & Freudenthal, 1971b by
its smaller size.

Cricetodon nievei sp. nov. differs from C. pasalariensis
(Tobien, 1978) by the deeply split anterocone in the M1; its
M2 and M3 with less-developed lingual anterolophs and
the absence of metalophulid II in the m1. It differs from
C. candirensis (Tobien, 1978) and C. hungaricus (Kordos,
1986) by its less-developed ectolophs; the presence of
metalophulid I on the m1; the absence of the connections in
“X-shaped” pattern among the four main cusps in the m3.
Differs from C. cariensis (Sen & Unay, 1979) by its well-
developed ectolophs — which do not form a continuous
structure —, and the absence of enamel coated valley. Dif-
fers from C. bolligeri Rummel, 1995 by the absence of an-
terior protolophule on the M1, and its less developed ecto-
mesolophid on the m1. Differs from C. meini Freudenthal,
1963 by its presence of posterior ectoloph; the absence of
anterior protolophule on the M1 and metalophulid IT on the
ml. Differs from C. jotae Mein & Freudenthal, 1971a by
the presence of styles on the protosinus of the M 1; the pres-
ence of mesolophs on the upper molars; its protocone con-
nected to the longitudinal crest through the posterior arm of
the protocone; the absence of metalophulid II. Differs from
C. volkeri Wu, Meng, Ye, Ni, Bi & Wei, 2009 by its M1
with four roots and less-developed posteroloph; M2 with
less-developed mesolophs; larger m2. Differs from
“Cricetodon” fandli Prieto, Bchme & Gross, 2010 by the
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M1 without double, and complete anterior ectoloph and m1
without metalophulid II.

Cricetodon nievei sp. nov. differs from Hispanomys
dispectus Agusti, 1980 by its M1 with poor-developed
ectolophs, its sinuous contour; the absence of enamel
coated valley and the m1 without metalophulid II. Differs
from H. daamsi Agusti, Casanovas-Vilar & Furi6, 2005
and H. lavocati (Freudenthal, 1966) by its smaller size;
the presence of mesoloph and poor-developed and the not
complete ectolophs on the upper molars. Differs from
H. aguirrei (Sesé Benito, 1977) by the absence of meta-
lophulid II on the m1; the poor-developed ectolophs on
the M1. Differs from H. bijugatus Mein & Freudenthal,
1971a by the m1 without metalophulids II and the ab-
sence of enamel coated valley. Differs from H. decedens
(Schaub, 1925) by its sinuous contour on the M1 and
the absence of metalophulid II. Differs from H. cas-
telnovi Aguilar, Clavet & Michaux, 1994 by its bigger
size. Differs from H. nombrevillae (Freudenthal, 1966);
H. adroveri Agusti, 1986; H. baixasi Aguilar, Michaux
& Lazzari, 2007; H. peralensis Van de Weerd, 1976;
H. moralesi Lopez-Antonanzas, Pelaez-Campomanes,
Alvarez-Sierra & Garcia-Paredes, 2010; H. mediter-
raneus, Aguilar 1982; H. thaleri (Hartemberger, 1965),
and H. aragonensis (Freudenthal, 1966) by its non-com-
plete ectolophs.

Description of the material from the type locality Toril 3A. —

M1. Material: 18 specimens. It has four roots and a sinu-
ous outline. The enamel is thick (Fig. 4B). The anterocone
is divided in two parts by a shallow groove on the anterior
wall of the tooth. A labial anteroloph is present in five out
of 14 molars; this anteroloph is joined to the labial part of
the anterocone and is extended through the protosinus, but
without reaching the protocone (Fig. 4B, C). The antero-
lophule is connected to the lingual part of the anterocone. A
short labial spur of the anterolophule is present in one spe-
cimen. The protolophule is always posterior. The posterior
ectoloph of the anterocone is present in most of the cases
(10/12; Fig. 4A, B). In one case, this anterior ectoloph is
well developed and it reaches the paracone. The posterior
ectoloph is always present; it is simple, composed by the
posterior ectoloph of the paracone, in most specimens
(11/12; Fig. 4A, C) and it is double, composed by the poste-
rior ectoloph of the paracone and the anterior ectoloph of
the metacone, in one case. None of them is complete. The
mesoloph is present in all specimens but one (14/15), being
short in most cases (13/15; Fig. 4A—C); it is reduced to an
enlargement of the enamel (incipient) in one case. A
ridge-like structure is present in the anterior wall of the
protocone in six out of 14 specimens (Fig. 4A, B), being
absent in the remaining ones (8/14; Fig. 4C). The enamel
coated valley is absent. The entomesoloph is present in
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Figure 4. Cricetodon nievei sp. nov. from the Calatayud-Daroca Basin. Toril 3A. ¢ A —inverted right M1, TOR3A-126. * B —inverted right M1, TOR3A-127.
* C—left M1, TOR3A-122. D —inverted right M2, TOR3A-159. « E — left M3, TOR3A-219. « F — left M3 TOR3A-260. * G — left m1, TOR3A-318. « H—in-
verted right m1, TOR3A-322 holotype. * I — inverted right m1, TOR3A-169. ¢ J — left m1, TOR3A-176. * K — left m2, TOR3A-327. ¢ L — inverted right m2,
TOR3A-201. « M — inverted right m2, TOR3A-207. ¢ N — inverted right m3, TOR3A-259. « O — inverted right m3, TOR3A-242. Scale bar represent 1 mm.

some specimens (2/13) and it is short (Fig. 4B). The labial ~ developed and large cingulum (10/12; Fig. 4A-C); by a
posteroloph is always present, small, but well delimited  style (1/12) or it can also remain open (1/12). The mesosi-
(Fig. 4A—C). The lingual posteroloph is mostly present  nus is blocked by a big cingulum (10/12; Fig. 4A, B); it is
(8/10; Fig. 4A, C). The anterosinus is closed by a well-  open in two cases (Fig. 4C). The sinus is lingually open
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Table 2. Length and width of the upper and lower molars Cricetodon nievei sp. nov. Units are given in mm. Min = minimum values; Max = maximum

values; SD = standard deviation; N = number of specimens.

Length Width
Locality Min Mean Max SD N Min Mean Max SD N
Ml  TOR3B 3.02 3.18 3.38 0.140 5 1.96 2.10 227 0.120 6
TOR3A 2.98 3.15 3.28 0.088 11 2.00 2.12 2.20 0.064 12
TOR2 3.11 3.19 3.33 0.119 2.11 2.15 2.23 0.069
LP5H 2.97 3.05 3.19 0.085 1.99 2.08 2.16 0.071 6
M2 TOR3B 2.12 222 2.34 0.084 1.82 1.94 2.15 0.010
TOR3A 2.13 2.31 2.53 0.097 26 1.76 1.96 221 0.119 26
TOR2 2.28 2.35 2.50 0.094 5 1.91 2.00 2.09 0.074 5
LP5H 2.15 2.26 2.41 0.077 1.77 1.96 2.11 0.103
M3  TOR3B 1.85 1.88 1.94 0.052 3 1.54 1.78 1.90 0.165 4
TOR3A 1.63 1.85 2.03 0.104 24 1.62 1.82 1.98 0.097 24
TOR2 1.66 1.80 1.93 0.191 1.68 1.80 1.92 0.170
LP5H 1.75 1.88 2.03 0.119 1.68 1.78 1.99 0.144
ml TOR3B 2.58 2.66 2.8 0.074 1.65 1.74 1.95 0.109
TOR3A 2.32 2.64 2.85 0.111 29 1.27 1.74 1.91 0.074 27
LP5H 2.49 2.58 2.73 0.088 1.66 1.74 1.81 0.055 7
m2 TOR3B 2.29 242 2.53 0.100 1.92 1.98 2.14 0.091
TOR3A 243 2.54 2.69 0.084 16 1.89 2.02 2.17 0.088 19
TOR2 2.46 2.50 2.53 0.049 2 1.89 1.96 2.03 0.070 3
LP5H 2.00 2.41 2.67 0.102 8 1.58 1.94 2.12 0.081 7
m3  TOR3B 2.17 2.34 2.49 0.130 5 1.77 1.80 1.88 0.044
TOR3A 2.14 2.33 2.54 0.113 18 1.63 1.84 1.97 0.007 18
TOR2 2.11 222 2.32 0.148 2 1.75 1.76 1.76 0.098 2
LP5H 2.16 2.25 2.29 0.049 6 1.73 1.77 1.86 0.046 6

(7/12; Fig. 4B) or closed either by a large style (3/12;
Fig. 4C), or by two crests joined to the hypocone and the
protocone (2/12). The protosinus is closed by a big style in
9 out of 14 molars (Fig. 4A); itis closed by the lingual ante-
roloph on the others (Fig. 4B, C).

M2. Material: 30 specimens. The anterior ectoloph is
present in most cases (19/21); it is composed by the anterior
ectoloph of the paracone in four molars and it seems to be an
enlargement of the enamel at the base of the paracone in the
others (Fig. 4D). The posterior ectoloph is always present
and composed by the posterior ectoloph of the paracone; it is
never connected to the metacone (Fig. 4D) but in two cases,
is lingually curved and connected to the mesoloph (Fig. 4D).
The mesoloph is short (15/27; Fig. 4D), incipient (5/27) or
absent (7/27). A spur on the posterior wall of the protocone
is present in nine out of 12 specimens (Fig. 4D). The ento-
mesoloph is only present in one specimen and it is incipient.
Labial posteroloph is always present; it is well developed in
most specimens (18/23; Fig. 4D) and weak in the remaining
ones. The lingual posteroloph is short (10/23) or absent in
(13/23; Fig. 4D). The anterosinus can be closed by the con-
nection of the basis of labial anteroloph and the paracone
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(25/26). The protosinus is weak in all the molars but one; it
is closed by a small style in two out of 24 specimens. The
mesosinus is blocked by a cingulum (22/27) or remains open
(5/27); the cingulum is low in two specimens (Fig. 4D).
The sinus is curved forward (9/12; Fig. 4D) or straight
(3/12). The sinus is open (19/24; Fig. 4D) or closed (5/24); it
is blocked by a thick cingulum (2/5) or by two crests atta-
ched to the hypocone and to the protocone (3/5).

M3. Material: 27 specimens. It has a rounded outline
with a reduced hypocone. The lingual anteroloph is weak
although it is clearly distinguishable in most cases (6/7;
Fig. 4E, F). The labial anteroloph is always present and
well developed (Fig. 4E, F). The anterior ectoloph is barely
present (5/23); it is composed by the anterior ectoloph of
the paracone and one is complete. The posterior ectoloph is
always present; it is double (11/24; Fig. 4F) or single, for-
med by the posterior ectoloph of the paracone (13/24;
Fig. 4E). In six specimens the posterior ectoloph is com-
plete. Some molars (4/22) have a short mesoloph. The ena-
mel coated valley is absent. The entoloph is continuous and
the neo-entoloph is present in five out of 23 cases. The po-
steroloph is absent; several specimens (3/20) have a con-
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Table 3. Results of the Levenne’s and ANOVA tests comparing length and width variables of Cricetodon nievei sp. nov. from the studied assemblages
with at least five data. NS = non-significant differences (P > 0.05); d.f. = degree of freedom.

ANOVA

dtf2 Width (P-value) d.f.l1 df2

Levenne’s test
Length (P-value) Width (P-value) |Length (P-value) d.f.1
Ml 0.321 NS 0500 NS | 0.154 NS 3 21
M2 0593 NS 0.169 NS | 0.080 NS 3 41
M3 0715 NS  0.361 NS | 0.802 NS 3 29
ml 0477 NS 0498 NS | 0352 NS 2 39
m2 0.774 NS 0.727 NS | 0.101 NS 3 25
m3 0290 NS 0.064 NS | 0255 NS 3 27

0.638 NS 3 23

0.820 NS 3 43
0.827 NS 3 30
0.657 NS 2 38
0.569 NS 3 29
0205 NS 3 27

striction on the posterior wall of the hypocone which is not
considered as a true posteroloph (Fig. 4E). The sinus is
deep, curved and directed forward in the specimens with-
out neo-entoloph (Fig. 4E, F); it is small and straight if the
neo-entoloph is present.

m1l. Material: 36 specimens. The labial anterolophid is
well developed and usually does not reach the protoconid
(16/25; Fig. 4H-J); it connects the anteroconid with the
protoconid in the rest of cases (Fig. 4H, I). A lingual ante-
rolophid is present in one out of 25 specimens and it does
not reach the metaconid. Most of the molars (22/24) have a
metalophulid I (Fig. 4G-J) and the remaining ones do not
have any metalophulid, the metalophulid II being always
absent. The longitudinal ridge bears a mesolophid in nearly
half of the specimens (11/21; Fig. 4G, I), and it is clearly
distinguishable but short in all cases but one, which is inci-
pient. The ectomesolophid is usually present (16/26); it is
long, reaching the labial border (2/16; Fig. 4G, H, J) or en-
ding before the labial edge (7/16), and it is short in seven
out of 16 specimens (Fig. 41). The metaconid and the ento-
conid have, in general, posteriorly directed protuberance
near the lingual border (Fig. 4G—I). The hypolophulid is
transversal (3/27; Fig. 4I) or strongly directed forward
(24/27; Fig. 4G, H, J). A small labial posterior cingulum is
present in three out of 26 cases (Fig. 4G). The mesosinusid
is blocked by a low cingular ridge (3/11; Fig. 4G, I); closed
by a stylid (3/11) or it is open (5/11; Fig. 4H-J). The sinu-
sid is wide and shallow; it is straight and it is blocked by a
low cingular ridge (15/19; Fig. 4H), by two crests attached
to the hypoconid and the protoconid (1/19), or by a stylid
with a crest attached to the hypocone (2/19). The sinusid is
open in one molar. The posterosinusid is blocked by a cin-
gular ridge (3/26) or it remains open.

m2. Material: 24 specimens. It has two roots; the poste-
rior one is split in the half height in some cases (6/10), but
none of the specimens have three complete roots. The la-
bial branch of the anterolophid is well developed and it rea-
ches the protoconid (Fig. 4L, M) in all cases but one
(Fig. 4K). The lingual anterolophid is absent (Fig. 4K—M).
Most specimens have a mesoloph (20/24); it is short

(19/20; Fig. 4K-M) and the other one present a very redu-
ced form; it is an enlargement of the enamel instead of a
“true” mesolophid. Several teeth possesses an ectomeso-
lophid (11/23); it is short (3/11; Fig. 4K) or long and rea-
ching the labial border (8/23; Fig. 4M). There is no antero-
sinusid and the mesosinusid is open (7/24; Fig. 4K, L) or
blocked by a low cingulum (17/24; Fig. 4M). The sinusid is
open (2/23), blocked by a low cingular ridge (14/23;
Fig. 4K, L), by two crests related to the protocononid and
the hypoconid (6/23; Fig. 4K), or by a stylid (1/23). A weak
labial posterosinusid is formed on the posterior wall of the
hypoconid in most specimens (19/21; Fig. 4M); it is well
distinguishable in five of them. The posterosinusid can be
blocked by a cingulid (3/21) or by the connection between
the posterolophid and the entoconid (8/21); it is open in the
remaining ten specimens (Fig. 4K-M).

m3. Material: 24 specimens. The labial anterolophid is
long; it reaches the protoconid in 16 out of 19 cases
(Fig. 4N). A weak lingual anterolophid is present in one
case. The mesolophid is present in most specimens
(17/19); it is short (Fig. 4N) and in four teeth it develops a
second branch in the ectolophid (Fig. 40). The ectomeso-
lophid is mostly absent (Fig. 40); but one tooth possesses a
weak enlargement of the enamel (Fig. 4N). The lingual po-
sterolophid is high and extends towards the entoconid. The
mesosinus is closed by a low cingulid (11/18; Fig. 4N, O)
or it remains open (7/18). The sinusid is blocked by a cin-
gulid (7/16; Fig. 4N), by a stylid (7/16) or it remains open
(3/16; Fig. 40). The posterosinusid is closed by a cingulum
(6/18) or it is blocked by the posterolophid (7/16; Fig. 40);
it is open in the remaining specimens (5/18; Fig. 4N).

Cricetodon nievei sp. nov. from other sites
in the Calatayud-Daroca Basin

The studied assemblages of Cricetodon nievei sp. nov.
from TOR2, 3A, 3B and LP5H (Table 1) are morphological
and metrically homogeneous (Figs 5, 6). Most characteristic
features present in all fossil sites are: the thick enamel, the
presence of styles on the protosinus of the M 1, the moderate
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development of the ectolophs (Fig. 5A, D, F) — being in-
complete in most specimens —, the moderately simple pat-
tern of the M3, the presence of metalophulid I on the m1
and absence of metalophulid II (Fig. 6A, D), the presence of
ectomesolophid, and the moderately reduced m3 (Table 2).

Although no remarkable differences in morphology are
observed in the studied material, there is certain degree of
variability in several characters, or state of character,
which are absent in the type locality. In the fossils from
LP5H, the anterior ectoloph is connected to the basis of the
paracone in the M1 (3/6) and M2 (1/9), instead of to the top
of the cusp as in the rest. Regarding the M3, LPSH and
TOR3B have some specimens with longer mesolophs that
can exceed the half of the length of the mesosinus or even
reach the labial border (1/3 in LP5H).

On the other hand, C. nievei sp. nov. from the type lo-
cality do not show significant differences in the metrical
variables when compared to other studied samples (Fig. 3,
Table 3).

Comparisons and discussion

Remarks on the genera Cricetodon
and Hispanomys

Before addressing comprehensive comparisons and dis-
cussion, it is crucial to clarify some aspects about the ge-
nera Cricetodon and Hispanomys.

Many authors (De Bruijn 1976, Sen & Unay 1979, Unay
1980, Unay & De Bruijn 1984, De Bruijn et al. 1993,
Casanovas-Vilar 2007, Prieto et al. 2010) pointed out that
the differences between some genera of Cricetodontini are
diffuse because the limit from one to the other is not well de-
fined. These transitions are especially problematic during
the late Aragonian: from Cricetodon and Hispanomys in
Western Europe as well as from Cricetodon to Byzantinia in
the Eastern Mediterranean. Thus, the generic assignment is
sometimes very complicated (Prieto ef al. 2010).

The genus Cricetodon is described by the following
features: large, medium or small sized Cricetodontini with
low-crowned cheek teeth, ectolophs of the upper molars
are absent or weak, the upper M1 has four roots, anterocone
of the M1 single or double and majority of the m1 with
metalophulid I and II present on the same specimen or
metalophulid IT only, among others (Mein & Freudenthal
1971a, De Bruijn et al. 1993). In turn, Hispanomys is de-
scribed as Cricetodontinae of medium size, slight to mod-
erately hypsodont; with either incomplete or complete
ectolophs; the anterocone of the M1 with an anterior
groove and the M1 with either four or five roots (Van de
Weerd 1976). Regarding the presence of metalophulid II,
Prieto et al. (2010) pointed out that it is usually absent in
the early Hispanomys. However, the same authors did not
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recommend the use of this structure for the unambiguous
separation between Cricetodon and Hispanomys due to its
high morphological variability.

De Bruijn & Unay (1996) recognized five evolutionary
grades of Cricetodontini. Type 1, 2 and 4 are composed ex-
clusively by the species from Anatolia; type 1 and 2 are re-
presented by the basal eastern Cricetodon species, whereas
type 4 includes mainly representatives of Byzantinia. The
type 3 comprises most of the species of Cricetodon charac-
terized by: M1 and M2 with four roots; a divided
anterocone; a posterior ectoloph that varies in length and it
may be complete; a short labial posteroloph and an m1 that
has usually metalophulid I and II in the same specimen (De
Bruijn & Unay 1996). Finally, the type 5 contains the
Cricetodontini from south-western Europe, assigned by
these authors to Hispanomys and Ruscinomys; the species
included here display the following features: frequent pres-
ence of five roots in the M 1; check teeth, not “stretched” lon-
gitudinally and wear flat, especially the third molar.

Prieto et al. (2010) defined six groups of Cricetodontini
as well. Group 1 that comprises the middle Miocene Anato-
lian species of Cricetodon. Group 2, including middle Mio-
cene Cricetodon hungaricus from the localities from Hun-
gary. Group 3 is including Cricetodon klariankae from the
late middle Miocene of Hungary. Prieto et al. (2010) pro-
posed an ancestor-descendant relationship between
C. klariankae and “Cricetodon” fandli from Austria, so the
latter species is also considered in the group 3. Group 4 that
includes the early Hispanomys species (middle Miocene to
earliest late Miocene) from Spain and France; it is character-
ized by having less hypsodont and reduced longitudinally
“stretched” molars (Prieto et al. 2010). Group 5, which con-
tains brachiodont species of Cricetodon from the middle
Miocene characterized by ectolophs that are very short or
absent (Prieto et al. 2010, p. 181). And finally, group 6 com-
posed by Cricetodon caucasicus from Georgia, which
shows non-split anterocone and no ectolophs. However,
Pickford et al. (2000) described complete ectolophs in
Cricetodon causasicus and its inclusion in group 3 is now
taking in consideration by the author (Prieto, pers. comm.).

The proposal of all these classifications that attempt to
order the different groups of species of Cricetodon and
Hispanomys, give us an idea about the difficulties that,
sometimes, are found when realizing the generic assigna-
tion. This problem is particularly noticeable during the late
Aragonian, the time interval in which the material studied
here is placed.

Comparison with others species
of Cricetodontini

The material of Cricetodontini from TOR2, TOR3A and
TOR3B was previously cited and studied by Alvarez-Sierra
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Figure 5. Cricetodon nievei sp. nov. from the Calatayud-Daroca Basin. Upper molars. * Toril 3B: A — left M1, TOR3-143; B — inverted right M2,
TOR3-146; C — left M3, TOR3-148; D — left M1, TOR3B-402; E — left M2, TOR3-147. * Toril 2: F — left M1, TOR2-258; G — inverted right M2,
TOR2-264; H — left M3, TOR2-267. Scale bar represent 1 mm.

et al. (2003) and Loépez-Guerrero et al. (2009). These aut-
hors left the taxonomical assignation as Cricetodon spp.
and Cricetodon aff. jotae, respectively. After a new study
and descriptions of this material, we have confirmed that the
combination of characters is unique and it has not previously
been described, allowing us to propose the new taxon.

As we mention before, the generic assignation of the
species of Cricetodontini from the late Aragonian is con-
troversial (De Bruijn et al. 1993, Prieto et al. 2010, Lépez-
Guerrero et al. 2013) and as noted by Prieto ef al. (2010,
p. 425), it “depends on whether the morphological or
phylogenetic approach is used”. Taking into account these
considerations, we discuss, on the first place, the generic
ascription of the studied fossils.

The specimens from TOR3A have a combination of
primitive and derived characters. The upper molars have
the following features: (1) low crowns, (2) sinuous con-
tour, (3) moderate development of the ectolophs which do
not form a continuous wall, (4) presence of mesolophs and

entomesolophs, cingular formations and styles on the val-
leys, (5) four-rooted M1, and (6) a barely reduced M3.
These characteristics are frequently present in Cricetodon
and they are considered as primitive for the tribe (Mein &
Freudenthal 1971a, Agusti 1982, Hir 2007, De Bruijn et al.
1993, Loépez-Antofianzas & Mein 2009). On the other
hand, the lower molars have: (1) short or absent
mesolophids, (2) absence of metalophulid IT in the m1, and
(3) three incipient roots in the m2. These characters are de-
scribed in many species of Hispanomys and are considered
as derived within the tribe Cricetodontini (Mein &
Freudenthal 1971a, Agusti 1982, Hir 2007, De Bruijn et al.
1993, Lopez-Antonanzas & Mein 2009, Lépez-Antofianzas
et al. 2010). However, the presence of metalophulid I and
the absence of metalophulid II in the m1, as well as the
three rooted m2 are also found in some species of Crice-
todon such as: Cricetodon albanensis, C. bolligeri and
C. jumaensis studied by Mein & Freudenthal (1971a) and
Rummel (1995, 2001), respectively.
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In addition, the diagnosis and the descriptions of the
different species of Hispanomys frequently pointed out the
high hypsodonty (Mein & Freudenthal 1971a, Van de
Weerd 1976); complete and usually double ectolophs
forming a continuous wall (Aguilar et al. 1994); the younger
species show a short or absent labial anterolophid in the m1
(Lopez-Antofianzas & Mein 2009, 2011); and a hypocone
highly reduced in the third molars (Agusti 1982). These
characters are absent in the material from TOR3A.

Given that our material presents a large number of char-
acters of Cricetodon, as well as the fact that the characters
shared with Hispanomys are also found in some species as-
signed to Cricetodon, we decided to include the new spe-
cies of TOR3A in the latter genus; despite of the above-
mentioned resemblance of its lower molars with
Hispanomys. Nevertheless, it is essential to compare our
new material with the species included in both genera.

In order to make easier the comparisons with the spe-
cies of Cricetodon and Hispanomys, these were grouped.
Primary order is by age and secondary sort is by size. The
species for each group differ from C. nievei sp. nov. by at
least one of the listed features or a combination of several
ones.

Firstly, the material of TOR3A is compared with the
older species of Cricetodon. Since the Ramblian until the
middle Aragonian, the Cricetodontini remains modest in
numbers of both specimens and species (De Bruijn & Unay
1996). These species are enclosed in the Cricetodontini
types 1, 2 and partially 3 defined by De Bruijn & Unay
(1996) as well as in the groups 1, 2 and 6 by Prieto et al.
(2010). We include in these groups: Cricetodon tobieni,
C. wanhei, C. soriae, C. aureus, C. sansaniensis, C. hun-
garicus, C. candirensis, C. versteegi, C. aliveriensis,
C. meini, C. pasalarensis, C. caucasicus, C. volkeri and
C. kasapligili. Our new species can be easily differentiated
from these species because they possess some of the follow
primitive traits: (1) M1 with non-divided anterocone; (2)
three roots on the M 1; (3) anterior protolophule; and (4) m1
with metalophulid IT or both metalophulids, I and I, in the
same specimen (Mein & Freudenthal 1971b, Baudelot
1972, Klein Hofmeijer & De Bruijn 1988, De Bruijn ef al.
1993, Rummel 2001, Hernandez-Fernandez et al. 2006,
Hir 2007, Wu et al. 2009, Qiu 2010, Maridet & Sen 2012,
Loépez-Guerrero et al. 2013).

In turn, the younger representatives of Cricetodontini,
from the Vallesian and the Turolian, belong to the type 5
defined by De Bruijn & Unay (1996). In this group we in-
clude: Hispanomys adroveri, H. freudenthali, H. baixasi,
H. peralensis, H. moralesi, H. mediterraneus, H. thaleri,
H. aragonensis and H. nombrevillae. These species present
complete ectolophs and high degree of hypsodonty. None
of these characters are present in the studied material and
they confer a clear derivate pattern, according with the
trends described by the authors (Mein & Freudenthal
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1971a, Agusti 1982, Hir 2007, Lopez-Antofianzas & Mein
2009).

Our material is compared with the contemporary spe-
cies from the late Aragonian. Among them, there is a group
that is clearly larger than the material from TOR3A (Tables
4, 5). This group includes: (A) C. engesseri; (B) C. kla-
riankae (C) C. jumaensis; (D) C. cariensis; (E) C. alba-
nensis, and (F) Hispanomys lavocati. They have also some
different features. Each species have, at least, one or more
of the following features: (1) long mesolophs and
mesolophids (C); (2) complete ectolophs (B, D, F);
(3) enamel coated valley in the upper molars (D, E); (4)
presence of metalophulid IT (B-F); and (5) well-developed
posteroloph on the M3 (A) (Sen & Unay 1979, Rummel
2001, Rummel & Kilin 2003, Hir 2007, Kilin & Kempf
2009, Lopez-Guerrero et al. 2008).

The case of C. albanensis from La Grive M (MN7/8)
(Mein & Freudenthal 1971a, De Bruijn et al. 1992) is espe-
cially interesting. Despite its larger size, the dental propor-
tions are similar to those in TOR3A. Besides, the morpho-
logical resemblance with our material is noticeable. Both
species share: the low crowned cheek teeth, the degree of
development of ectolophs, which are single and not com-
plete; the presence of large styles on the protosinus; the ab-
sence of metalophulid II; the presence of two labial bulges
on the entoconid and metaconid in the m1 and the presence
of a bifid anterolophulid in some m1. However, C. alba-
nensis has a number of traits that differs from the studied
material, such as: enamel coated valley on the upper mo-
lars, and the absence of both mesoloph and ecto-
mesolophid.

There is another set of species from the late Aragonian
which has similar size to that of TOR3A (Tables 4, 5),
but displays different morphology. “Cricetodon” fandli,
C. jotae, H. bijugatus and H. aguirrei differ from the
Cricetodon from TOR3A, because they have metalophulid
IT or both metalophulids on the same specimen in the m1
(Sesé Benito 1977; Prieto et al. 2010; Lopez-Guerrero et
al. 2008; Lopez-Antonanzas & Mein 2009, 2011). Crice-
todon bolligeri has anterior protolophule on the M1 and a
more developed entomesolophid on the lower molars
(Rummel 1995). Hispanomys dispectus possesses double
and complete ectolophs and a straight contour (Agusti
1980). Hispanomys daamsi has no mesoloph; the anterior
and posterior ectolophs are complete and the latter is dou-
ble (Agusti et al. 2005).

The case of Hispanomys decedens needs special atten-
tion since it shows quite basal morphology shared with the
molars from TOR3A such as: the presence of lingual cin-
gulum closing the valleys, incomplete anterior ectolophs,
the presence of mesolophs, four-rooted M1, and low-re-
duced M3 (Lépez-Antonianzas & Mein 2011). Despite
these similarities, H. decedens shows some differences like
the enamel coated valley, complete posterior ectolophs in
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Figure 6. Cricetodon nievei sp. nov. from the Calatayud-Daroca Basin. Lower molars. * Toril 3B: A —inverted right m1, TOR3B-420; B —inverted right
m2, TOR3B-426; C —left m3, TOR3B-433; D —inverted right m1, TOR3B-418; E — left m2, TOR3B-431; F —left m3, TOR3B-432. « Toril 2: G —left m2,
TOR2-271; H — inverted right m3, TOR2-274. Scale bars equals 0.5 mm and 1 mm.

the upper molars, as well as a well-developed posteroloph
on the M3 (Lépez-Antofianzas & Mein 2011), which pre-
clude the assignment of our material to H. decedens.

Finally, there is one species that is smaller than the mo-
lars from TOR3A (Tables 4, 5), H. castelnovi. This species
displays also morphological differences with the studied
fossils; it has the anterocone slightly divided in the M1 and
both ectolophs are complete, forming a continuous wall in
the upper molars (Aguilar ef al. 1994).

A large number of forms of Cricetodontini have been
described from the late Aragonian and early Vallesian in
Central Europe. In the Swiss Molasse of the North Alpine
Foreland Basin (NAFB) Hispanomys sp. from Nebelberg
TGL I+IT (MN9) (Kilin & Kempf 2009) is similar in size
and morphology to the material from TOR3A. Both pos-
sess M1 with weak posterior ectoloph and absence of ante-
rior ectoloph, and ml having mesolophid and metalo-
phulid I, but lacking metalophulid IT (Kélin & Kempf 2009,
Rummel & Kilin 2003). These resemblances indicate
that the Swiss specimens could fit the diagnosis of the new

species from TOR3A; however, the revision and study of
this material is necessary to confirm this statement.

Rummel (2000) reported Cricetodon aff. sansaniensis
from the locality Petersbuch 31 (MN7) in the German
Molasse of the NAFB. It displays several similarities with
the species from TOR3A: both have weak-developed and
not complete ectolophs on the upper molars, short meso-
lophids on the m1 and, generally, three roots on the m2: the
posterior one can be completely or partially split (Rummel
2000). Furthermore, Cricetodon aff. sansaniensis is similar
in size to the species from TOR3A, although the m2 and
m3 are slightly larger and, therefore, its Length m1/Length
m3 index is lower (1.08 vs. 1.12, respectively). Besides, it
shows metalophulid II in one out of six specimens. All
these features preclude the assignation of Cricetodon aff.
sansaniensis to the species from TOR3A.

After the detailed morphometrical study and the com-
parison with all species above mentioned, it is justified the
proposal of the new species Cricetodon nievei sp. nov. for
the material from TOR3A, TOR3B, TOR2 and LP5H.
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Table 4. Length and width of the upper molars of medium sized species of Cricetodon and the older species of Hispanomys. Units are given in mm.

Min = minimum values; Max = maximum values; N = number of specimens.

Length Width
Species Min Mean Max N Min Mean Max N Source of data
M1 H. dispectus 2.79 3.15 3.46 27 1.77 1.98 2.24 27 Agusti (1980)
H. daamsi 3.01 3.36 3.58 3 1.70 1.92 2.04 5 Agusti et al. (2005)
H. lavocati 3.56 3.69 3.88 6 2.09 222 2.34 7 Agusti (1980)
H. aguirrei 2.68 3.08 3.50 89 1.81 2.10 2.27 89 Sesé Benito (1977)
H. bijugatus 297 3.23 3.50 49 1.92 2.05 2.18 49 Lopez-Antofianzas & Mein (2009)
H. decedens 2.74 3.16 3.59 62 1.76 2.05 2.31 62  Lopez-Antonanzas & Mein (2011)
H. castelnovi 2.66 2.88 3.06 1.80 1.94 2.12 Aguilar et al. (1994)
“C.” fandli 2.90 3.04 3.20 1.90 1.92 1.97 4 Prieto et al. (2010)
C. bolligeri 2.96 3.20 3.44 89 1.85 2.02 2.20 89  Rummel (1995)
C. cariensis 3.25 3.33 3.40 3 1.85 2.03 2.15 3 Sen & Unay (1979)
C. jotae 2.69 2.96 3.18 19 1.80 2.00 2.18 19 pers. obs.
C. pasalarensis 2.76 2.94 3.21 19 1.69 1.85 1.99 19 Rummel (1998)
C. meini 2.58 2.90 3.13 105 1.82 1.96 2.11 105  Mein & Freudenthal (1971b)
C. candirensis 2.85 3.10 3.36 21 1.84 1.99 2.22 21 Rummel (1998)
M2  H. dispectus 2.04 2.35 2.59 23 1.71 1.92 2.14 23 Agusti (1980)
H. daamsi 2.25 2.61 2.75 1.83 1.97 2.20 Agusti et al. (2005)
H. lavocati 2.41 2.56 2.75 4 2.05 2.12 2.23 Agusti (1980)
H. aguirrei 2.04 2.35 2.63 93 1.68 1.92 227 93 Sesé Benito (1977)
H. bijugatus 2.30 2.47 2.61 42 1.80 1.92 2.07 42 Lopez-Antonanzas & Mein (2009)
H. decedens 2.14 243 2.69 54 1.72 1.92 2.23 54 Loépez-Antonanzas & Mein (2011)
H. castelnovi 2.06 2.18 2.29 15 1.61 1.74 1.85 15 Aguilar ef al. (1994)
“C.”. fandli 222 2.30 243 4 1.78 1.82 1.88 2 Prieto et al. (2010)
C. bolligeri 221 2.43 2.65 83 1.79 1.95 2.12 83 Rummel (1995)
C. cariensis 2.65 2.70 2.75 2 1.80 1.90 2.00 2 Sen & Unay (1979)
C. jotae 2.08 2.24 241 8 1.76 1.89 2.01 pers. obs.
C. pasalarensis 2.01 2.14 2.35 27 1.63 1.97 1.80 27 Rummel (1998)
C. meini 2.04 2.24 2.41 106 1.71 1.92 2.12 106  Mein & Freudenthal (1971b)
C. candirensis 2.03 2.26 2.53 17 1.73 1.89 2.04 17 Rummel (1998)
M3 H. dispectus 1.52 1.65 1.75 6 1.52 1.59 1.69 6 Agusti (1980)
H. daamsi 1.83 1.95 2.01 1.73 1.78 2.04 Agusti et al. (2005)
H. lavocati 1.78 1.90 2.01 4 1.74 1.86 1.98 4 Agusti (1980)
H. aguirrei 1.54 1.74 2.04 90 1.52 1.73 2.04 90 Sesé Benito (1977)
H. bijugatus 1.80 1.97 2.18 41 1.57 1.70 1.93 41 Lopez-Antofianzas & Mein (2009)
H. decedens 1.64 1.82 2.09 26 1.50 1.68 1.90 26 Lopez-Antonanzas & Mein (2011)
H. castelnovi 1.45 1.57 1.72 25 1.34 1.52 1.65 25  Aguilar et al. (1994)
“C.” fandli 1.73 1.87 1.95 6 1.57 1.69 1.82 6  Prieto et al. (2010)
C. bolligeri 1.79 1.96 2.14 55 1.68 1.83 2.02 55 Rummel (1995)
C. cariensis - 2.45 - 1 - 1.95 - 1 Sen & Unay (1979)
C. jotae 1.69 1.87 2.00 9 1.60 1.74 1.83 9  pers. obs.
C. pasalarensis 1.65 1.78 1.97 23 1.51 1.67 1.84 23 Rummel (1998)
C. meini 1.68 1.88 2.08 133 1.62 1.76 1.91 133 Mein & Freudenthal (1971b)
C. candirensis 1.85 2.00 2.25 14 1.58 1.69 1.79 14 Rummel (1998)
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Final remarks and conclusions

The relationships with the other Cricetodontini
present in the Calatayud-Daroca Basin

The first Cricetodontini from the Calatayud-Daroca Basin
is found in the local biozone E (MNS5, middle Aragonian).
During biozones F, G1 and G2 (MNG6, late Aragonian) the
species have a homogeneous basal morphology characte-
ristic of Cricetodon. In the biozone G3 (MN7/8, latest late
Aragonian) there is an increase of the taxonomic diversity,
being registered the highest number of species in the basin.
The morphological homogeneity disappears and the intra-
specific variability became higher. These species show a
combination of primitive and derived characters. After-
wards, the acquisition of derivate characters typical of His-
panomys is achieved during the local biozone H (Alvarez-
Sierra et al. 2003).

In the scenarios described above, C. nievei sp. nov. is reg-
istered on the interval of maximum diversification together
with Cricetodon jotae, Hispanomys aguirrei and H. lavocati.
Cricetodon jotae is found in Manchones, Arroyo del Val 6
(local biozone G2, MN6) and TOR 1 (local biozone G3,
MN7/8) (Mein & Freudenthal 1971a; pers. obs.).
Hispanomys aguirrei and/or H. lavocati are recorded on the
younger localities from the TOR-Nombrevilla section, Nom-
brevilla 2, 3 and 4 (Lopez-Guerrero et al. 2008, 2009).

Agusti (1982) propose a phylogeny for the Crice-
todon-Ruscinomys group, in which C. jotae was the ances-
tor of H. aguirrei. He pointed out that the evolutionary
trends for this lineage were the development of the ecto-
lophs and the acquisition of a slightly modern pattern con-
sisting of: the increase of the hypsodonty and the reduction
of the cingular formations (Agusti 1982, pp. 104, 110).
Given that Cricetodon nievei sp. nov. is located in the sites
of intermediate age between those which have C. jotae and
H. aguirrei, is necessary to analyse the possible relation-
ships that could exist among this three species.

As we remark before, these three species show, each
one, a particular combination of basal and derivate traits. In
the case of C. jotae from Manchones we observe a primi-
tive character as the metalophulid II present in many speci-
mens and, however, it has the following features that are
considered derivate for the tribe (Agusti 1980, Lopez-
Antofianzas & Mein 2009): absence of mesolophs; pres-
ence of double ectolophs and styles in the protosinus of
only few M1; low-developed or absent mesolophids; ab-
sence of ectomesolophid and weak or absent labial
anterolophid of the m1. In contrast, Cricetodon nievei sp.
nov. has mesoloph/ids; only one M1 has double ectolophs,
styles are more frequent on the protosinus; ectomesolophid
present; well-developed labial anterolophid, and metalo-
phulid I in the m1; furthermore, neo-entolophs are present
the M3 and it present bigger size (Fig. 3).

In the case of H. aguirrei, it displays primitive features
like: the anterocone on the M1 poorly divided; presence of
metalophulids I and II in the same specimen; two roots in
the m2 (Lopez Martinez et al. 1977, Sesé Benito 1977,
Lopez-Guerrero et al. 2008), whereas both C. jotae and
C. nievei sp. nov. possesses well-divided anterocone and
some of their m2 have three roots. But, on the other hand,
the ectolophs are complete in a high number of molars
(Sesé Benito 1977; Lopez-Guerrero et al. 2008) and it is a
derived feature absent in C. jotae as well as in C. nievei sp.
nov.

The observed morphology, combining primitive and
derivate traits in a particular manner for each species, sug-
gests a mosaic evolution. This consists in different rates of
change in the jugal teeth, which result in a degree of uncou-
pling between the upper and lower features (Stebbins 1983,
Lopez Martinez 1997, Hopkins & Lidgard 2012). Further-
more, this mosaic evolution is also recognized in other
Cricetodontini from the European late Aragonian (De
Bruijn et al. 1993, De Bruijn & Unay 1996). This fact sup-
poses an additional difficulty for establishing the phylo-
genetic relationships between the involved taxa C. jotae,
C. nievei sp. nov. and H. aguirrei. Therefore, these ques-
tions need a separate study, which is beyond the scope of
this study, and they should be resolved through the
cladistic analysis that is currently in progress. In line with
this, a previous cladistics phylogeny, Sen & Erbajeva
(2011) propose that Cricetodon might be paraphyletic,
since its species were gruped in different clades. The re-
sulting cladogram allocates C. albanensis in a clade with
Byzantinia, whereas the other European species like
C. jotae and C. sansaniensis are grouped on another clade
together with some Asian taxa. Nonetheless, the phylogeny
made by Sen & Erbajeva (2011) do not include
Hispanomys and these results has to be taken carefully.

After making detailed comparisons with the rest of Eu-
ropean and Asian species of Cricetodon and Hispanomys
we are allowed to point out a morphological resemblance
of C. nievei sp. nov. with the species of Cricetodon and
Hispanomys from the Vallés-Penedés, France and Central
Europe, especially C. albanensis and H. decedens, that has
to be assessed in a complete cladistics analysis.

Having discussed and compared Cricetodon nievei sp.
nov., C. jotae and Hispanomys aguirrei, it is important to
mention Hispanomys lavocati from Nombrevilla 2,
Nombrevilla 3 and Nombrevilla 4 (Lépez-Guerrero et al.
2008, 2009). It shows a general pattern more derivate than
C. nievei sp. nov.; it consists of: ectolophs always present,
some of them double and, frequently, complete; the meta-
lophulid I always present, and the metalophulid II absent
(pers. obs.); the m2 has always three roots and the posterior
one is mostly completely split. The mosaic morphology is
also perceived in this species by the presence of short
mesoloph-ids in a considerably number of specimens
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Table 5. Length and width of the lower molars of medium sized species of Cricetodon and the older species of Hispanomys. Units are given in mm.

Min = minimum values; Max = maximum values; N = number of specimens.

Length Width
Species Min Mean Max N Min Mean Max N Source of data
ml  H. dispectus 2.29 2.59 2.90 19 1.48 1.70 1.89 19 Agusti (1980)
H. daamsi 2.45 2.67 2.94 9 1.55 1.72 1.95 10 Agusti ef al. (2005)
H. lavocati 2.53 2.82 2.98 1.85 1.89 2.01 8  Agusti (1980)
H. aguirrei 2.36 2.63 2.95 84 1.59 1.78 2.00 84 Sesé Benito (1977)
H. bijugatus 2.44 2.60 2.80 50 1.54 1.63 1.81 50 Lopez-Antofianzas & Mein (2009)
H. decedens 2.44 2.60 2.80 29 1.60 1.69 1.78 29  Loépez-Antonanzas & Mein (2011)
H. castelnovi 227 2.39 2.60 10 1.47 1.57 1.70 12 Aguilar er al. (1994)
“C.” fandli 2.35 243 2.55 2 1.55 1.66 1.77 4 Prieto et al. (2010)
C. bolligeri 2.35 2.60 2.79 61 1.53 1.86 1.72 61 Rummel (1995)
C. cariensis 2.60 2.66 2.75 3 1.72 1.80 1.85 4 Sen & Unay (1979)
C. jotae 2.05 2.44 2.68 28 1.50 1.63 1.82 28  pers. obs.
C. pasalarensis 222 242 2.57 16 1.46 1.60 1.70 16 Rummel (1998)
C. meini 2.19 2.41 2.57 90 1.42 1.57 1.73 90  Mein & Freudenthal (1971b)
C. candirensis 2.32 2.47 2.76 23 1.56 1.70 1.82 23 Rummel (1998)
m2  H. dispectus 2.29 2.59 2.90 19 1.48 1.70 1.89 41 Agusti (1980)
H. daamsi 2.52 2.58 2.70 4 1.87 2.02 1.93 4 Agusti et al. (2005)
H. lavocati 2.46 2.66 2.81 11 1.97 2.07 221 11 Agusti (1980)
H. aguirrei 2.18 2.48 2717 101 1.77 2.02 227 101 Sesé Benito (1977)
H. bijugatus 2.40 2.54 2.74 43 1.65 1.83 1.93 43 Lopez-Antonanzas & Mein (2009)
H. decedens 2.27 2.48 2.69 34 1.80 1.94 2.08 34 Lopez-Antofianzas & Mein (2011)
H. castelnovi 2.32 2.35 2.39 12 1.71 1.76 1.84 14 Aguilar ef al. (1994)
“C.” fandli 2.27 2.43 2.53 5 1.73 1.84 1.87 5 Prieto et al. (2010)
C. bolligeri 2.19 2.52 2.71 59 1.75 1.91 2.01 59  Rummel (1995)
C. cariensis 2.65 2.68 2.70 4 1.90 2.02 2.10 5 Sen & Unay (1979)
C. jotae 222 2.39 2.65 27 1.72 1.87 2.07 27  pers. obs.
C. pasalarensis 2.09 2.26 2.41 29 1.61 1.75 1.92 29 Rummel (1998)
C. meini 2.14 2.33 2.51 88 1.71 1.83 2.05 88  Mein & Freudenthal (1971b)
C. candirensis 2.21 2.40 2.58 17 1.70 1.82 1.90 17 Rummel (1998)
m3  H. dispectus 1.87 2.13 2.33 27 1.49 1.71 1.89 27  Agusti (1980)
H. daamsi 2.38 2.47 2.60 4 1.72 1.88 1.98 Agusti et al. (2005)
H. lavocati 243 2.54 2.74 5 1.88 1.98 2.00 5 Agusti (1980)
H. aguirrei 1.95 2.18 2.45 78 1.54 1.75 1.97 78 Sesé Benito (1977)
H. bijugatus 2.32 2.47 2.72 39 1.58 1.68 1.80 39 Lopez-Antofianzas & Mein (2009)
H. decedens 1.92 223 2.42 25 1.63 1.79 1.93 25  Loépez-Antonanzas & Mein (2011)
H. castelnovi 1.90 2.09 2.20 5 1.57 1.64 1.74 S5 Aguilar er al. (1994)
“C.” fandli 2.08 223 2.32 7 1.60 1.69 1.78 7 Prieto et al. (2010)
C. bolligeri 2.16 2.36 2.63 44 1.76 1.88 2.03 44 Rummel (1995)
C. cariensis 2.08 2.65 2.74 4 1.70 1.87 2.00 5 Sen & Unay (1979)
C. jotae 2.20 2.30 2.43 10 1.66 1.83 1.99 10 pers. obs.
C. pasalarensis 2.10 2.30 2.50 32 1.48 1.66 1.89 32 Rummel (1998)
C. meini 2.05 2.36 271 101 1.56 1.80 2.09 101 Mein & Freudenthal (1971b)
C. candirensis 2.23 2.34 2.45 12 2.58 1.66 1.75 12 Rummel (1998)
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(Lopez-Guerrero et al. 2008). Nevertheless, De Bruijn et
al. (1993) remark that H. lavocati presents some morpho-
logical affinities with the representatives from Anatolia
(not specifying which ones) and they suggest that it could
be related with a late migration from Asia Minor into Eu-
rope during the late Aragonian.

As it is described above, local biozone G3 reports the
higher number of species of Cricetodontini. This increase
has been described, not only for this tribe, but also for large
mammals such as ursids (Abella ef al. 2011) and ruminants
(Sanchez & Morales 2006, 2008; DeMiguel et al. 2011).
The latter ones also reflect a dietary shift towards less abra-
sive diets (DeMiguel ef al. 2011). Many authors argued
that all this changes in the faunal assemblages had been re-
lated with an increase of humidity (Van der Meulen &
Daams 1992, Daams et al. 1999b, Alcala et al. 2000,
Alvarez-Sierra et al. 2003, DeMiguel et al. 2011) and more
diverse vegetation during the G3 (DeMiguel er al. 2011). In
Addition, the occurrence of C. nievei sp. nov. in TOR3A is
coincident with the re-appearance of beavers which sup-
posed the presence of steady water courses (Alcala et al
2000, Lopez-Guerrero et al. 2007) agreeing with the pro-
posed increase of humidity. The new environmental condi-
tions established in Calatayud-Daroca Basin seem to be very
similar to those from the Vallés-Penedes Basin and Southern
France. The implication of these changes in the evolution of
Cricetodontini has to be evaluated in the future.

The present work has allowed us to increase the know-
ledge of the species of Cricetodontini during their maxi-
mum diversification interval, as well as to precise their
stratigraphical and geographical distribution. Neverthe-
less, some aspects about the systematics and phylogeny of
Cricetodontini remain to be solved; especially regarding
those species from the late Aragonian. Indeed, the perfor-
mance of a cladistic analysis, which is in process, should
help us to precise the phylogenetic relationships and evolu-
tion of this group.
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