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A B S T R A C T

The species of the genus Apocricetus are considered to form the phyletic lineage A. aff. plinii (MN11)–A.

plinii–A. alberti–A. barrierei–A. angustidens (MN16). Along this lineage, gradual morphological and

biometrical changes occur, but not all the species are represented by rich populations. The assemblage of

Apocricetus alberti from Venta del Moro is by far the most abundant collection of this species. This

population shows a great morphological variability in some characters like the morphology of the

anteroconid and the anterolophulids in m1 and the shape of the anterolophule in M1, with morphotypes

that resemble both older and younger populations of Apocricetus. Along the phyletic lineage of

Apocricetus, a change in the shape of m3 occurs, from predominantly subtriangular forms in the oldest

populations to predominantly subrectangular in the youngest. To quantify this feature we use the

posterior width of the molar and the anterior width/posterior width ratio, proposing five morphological

categories, from extremely triangular to subrectangular.

� 2014 The Geologists’ Association. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The genus Apocricetus Freudenthal et al., 1998 comprises
‘‘medium to large-sized Cricetinae, practically without mesolo-
phids in m1 and m2, with long third molars; in the younger forms
the anterior protolophules and posterior metalophules in the
upper molars are reduced or absent’’ (Freudenthal et al., 1998). The
temporal range of the genus is Late Miocene (Crevillente 15, Early
Turolian, MN11)–Late Pliocene (Lo Fournas 13, Early Villanyian,
MN16) (Bachelet et al., 1990; Freudenthal et al., 1998). The genus
was erected after Neocricetodon and Cricetulodon were separated as
different genera, because adding the species characterized by the
loss of the mesolophids in m1 and m2 and labial or double
anterolophulids in m1 to any one of them made impossible to give
differential diagnoses (Freudenthal et al., 1998). The genus
* Corresponding author. Tel.: +0034660211526.

E-mail addresses: samuel.mansino@uv.es, samuelmp83@hotmail.com
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Apocricetus comprises: Apocricetus angustidens (Depéret, 1890)
(type species), Apocricetus barrierei (Mein and Michaux, 1970),
Apocricetus plinii (Freudenthal, Lacomba and Martı́n-Suárez, 1991)
and Apocricetus alberti Freudenthal, Mein and Martı́n-Suárez, 1998.
In the localities Crevillente 23 (Crevillente Basin, Spain), Masada
del Valle 2, Concud Barranco and Los Mansuetos (Teruel Basin,
Spain), Freudenthal et al. (1998) noted the presence of an unnamed
species (or a possible mixture of two species) that they named
Apocricetus aff. plinii and which, according to these authors, may be
the ancestor of A. plinii. The species of Apocricetus constitute a
phylogenetic lineage (Apocricetus aff. plinii–A. plinii–A. alberti–A.

barrierei–A. angustidens), where the first representative is Apoc-

ricetus aff. plinii from MN11 and the last one is A. angustidens from
MN16 (Freudenthal et al., 1998).

The representatives of the genus Apocricetus are key to
understanding the biostratigraphic framework in the time span
between Late Miocene (Late Turolian) and Late Pliocene in
Southern Europe (Freudenthal et al., 1998; Garcı́a-Alix et al.,
2008a; Minwer-Barakat et al., 2012). So, a reliable taxonomic
identification of the species integrating this genus is necessary for
served.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.pgeola.2014.07.002&domain=pdf
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dating and correlating continental fossil sites correctly. However,
some species of this genus are not well known because they are
represented by small samples (Ruiz-Sánchez et al., 2014). This is
the case of A. barrierei, described on the basis of three specimens
from the locality of Chabrier (Mein and Michaux, 1970). The
revision of the fossil remains from La Bullana-2B and La Bullana-3
(Ruiz-Sánchez et al., 2014), by far the richest samples of this
species with a hundred specimens recovered, allowed a more
precise diagnosis on the basis of morphology. The material of A.

alberti is not as scarce as that of A. barrierei: CR-6, type locality of
the species (Freudenthal et al., 1998) has yielded 55 measurable
Fig. 1. Geological map of the continental sediments in the Venta del Moro-La Bullana are

after Ruiz-Sánchez et al., 2014). Abbreviations: ABS, Alcoi Barranc Sud; AF, Alcoi Forn; 
teeth, and more material has been extracted from other Late
Miocene localities such as Venta del Moro, Librilla, Purcal 23, 24
and 25 (Freudenthal et al., 1998), Purcal 3 (Garcı́a-Alix et al.,
2008b) and Negratı́n (Minwer-Barakat et al., 2009). In this paper
we study the remains of Apocricetus alberti from the locality of
Venta del Moro (levels VM-A, AB, B, BC, C, and D sensu Montoya
et al., 2006; here denoted as VVmA-, VVmAB-, VVmB-, VVmBC-,
VVmC- and VVmD-), situated in lacustrine and palustrine
sediments of the Cabriel Basin in Eastern Spain (Robles, 1970;
Montoya et al., 2006) (Fig. 1). These remains constitute the richest
collection of this species described to date. Some data about
a (Cabriel Basin), with the location of the locality Venta del Moro (VVm) (Modified

CLC, Calicasas; VVm, Venta del Moro.
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Apocricetus from Venta del Moro were already reported in Ruiz-
Sánchez et al. (2014). These data correspond to a small sample
from this locality, kept at the University of Granada. Specimens
described in this paper belong to an unpublished, larger collection
from Venta del Moro.

The new data from Venta del Moro allow a better characteriza-
tion of the species A. alberti and a good knowledge of the evolution
of the phylogenetic lineage Apocricetus aff. plinii–A. plinii–A.

alberti–A. barrierei–A. angustidens.

2. Material, methods and abbreviations

The new fossils from Venta del Moro are kept in the Museum of
Geology of the University of Valencia (MGUV) with the field labels
VVmA-, VVmAc-, VVmAB-, VVmB-, VVmBC-, VVmC- and VVmD-.
The material of A. aff. plinii from CR-5A and CR-15 and A. plinii from
CR-20 and CR-23 is housed at Naturalis Biodiversity Center, Leiden.
The material of A. alberti from PUR-25A, PUR-25, Librilla and five
Fig. 2. Nomenclature of the m
m3 from Venta del Moro, A. barrierei from Caravaca, Chabrier, PUR-
4, YEG and Gorafe 4, casts of A. angustidens from Soler and
Villeneuve, an m3 from Mont-Hélène, and two specimens with the
label Gorafe 4/5, which may be from Gorafe 4 or 5, but were
ascribed by the authors to A. angustidens, are housed at the
University of Granada.

The nomenclature used in the descriptions of the teeth and the
measurement method are those of Freudenthal et al. (1994). The
terms ‘‘preloph’’ and ‘‘prelophid’’ are taken from Freudenthal
(1985); a prelophid is a transversal crest, halfway between the
anteroconid and the first pair of main cusps, on which the
anterolophulids, the protoconid and the protolophulid insert.
The preloph is a similar structure in the upper molars, a transversal
crest on which the anterolophules insert. The nomenclature of the
m1 and M1 of Apocricetus is shown in Fig. 2.

The lower teeth are indicated as m1, m2 and m3, and the upper
teeth as M1, M2 and M3. Measurements are in millimeters and
were taken on a Leica MZ75 binocular microscope. Fig. 9 was made
1 and M1 of Apocricetus.
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with the program PAST, version 2.17. The box plot was performed
assuming 95.0% intervals of the standard deviation and rounding
as the quartile method.

2.1. Abbreviations

CR-: Crevillente; L: length; LB-: La Bullana; MN: European
Neogene Land Mammal Units; PUR-: Purcal; VVm-: Venta del Moro
(collection of micromammals housed at the University of
Valencia); W: width; YEG: Yeguas; W_ant: anterior width;
W_post: posterior width.

3. Geological setting

The Cabriel Basin, in the East of the Iberian Peninsula, is a mid-
sized Neogene basin located between the Iberian platform to the
north and the Betic Cordillera to the south. The Cenozoic
limestones with detrital sediments of the Cabriel Basin (Fig. 1)
contain several mammal sites ranging from Late Aragonian to
Villanyian (MN7/8 to MN17) (see references in Ruiz-Sánchez et al.,
2011). In the locality of Venta del Moro are represented at least
two cycles of carbonated lacustrine facies which intercalate
paleosoils and lignitiferous clays. These facies are covered in a
discordant way by several meters thick layers of sands and
canaliform conglomerates intercalated with floodplain clays
(Mathisen and Morales, 1981; Gibert et al., 2013). In the last of
these lacustrine cycles are found the rich fossil-bearing levels
studied in this paper (Venta del Moro A, AB, B, BC, C and D, sensu
Montoya et al., 2006).

4. Systematic paleontology

Order: Rodentia Bowdich, 1821

Family: Cricetidae Fischer, 1817

Genus: Apocricetus Freudenthal, Mein and Martı́n-Suárez, 1998

Type species: Cricetus angustidens Depéret, 1890

Other Species: Cricetus barrierei Mein and Michaux, 1970; Neocrice-

todon plinii Freudenthal, Lacomba and Martı́n-Suárez, 1991; Apocri-

cetus alberti Freudenthal, Mein and Martı́n-Suárez, 1998.

Apocricetus alberti Freudenthal, Mein and Martı́n-Suárez, 1998

(Fig. 2)

Holotype: CR6 111, Instituut voor Aardwetenschappen,
Utrecht.

Type locality: CR-6, Upper Miocene, Spain

Original diagnosis (Freudenthal et al., 1998)

Apocricetus with moderately elongated third molars and a
simple crest-like anteroconid in m1. Anterior protolophule of M1
frequently absent (3 out of 7 specimens), in M2 nearly always
present. M3 without mesoloph. Generally the M1 are banana-
shaped, with sinuous borderlines, due to the protruding cusps and
indenting valleys.

Emended diagnosis

Apocricetus similar in size to A. plinii and smaller than A. barrierei

and A. angustidens. Anteroconid of m1 superficially divided or
crest-like. Absent anterosinusid in m2 and m3. Mesolophid seldom
present in m2 and generally present in m3. Shape of m3 similar to
A. plinii, less triangular than A. aff. plinii and less subrectangular
than A. barrierei and A. angustidens. The ectomesolophid is absent
in all the lower molars. Anterior protolophule present in
approximately half of the M1, and all M2 and M3. The mesoloph
is absent in the upper molars.

Differential diagnosis

A. alberti is larger than A. aff. plinii, similar in size to A. plinii, on
average smaller than A. barrierei, although the maximum lengths
and widths of A. alberti can overlap the minimum values of A.

barrierei, and clearly smaller than A. angustidens (Figs. 3 and 4).
A. alberti differs from A. aff. plinii and A. plinii in the shape of the

anteroconid, crest-like in some specimens and with a less
conspicuous constriction when it is bilobed. It differs from A.

barrierei and A. angustidens by the more conspicuous lobes of the
anteroconid, which is crest-like or with a very weak subdivision in
these species.

A. alberti differs from A. plinii, A. barrierei and A. angustidens by
the presence of a mesolophid in approximately one third of m2. It
also differs from A. plinii in the complete absence of an
ectomesolophid in m2.

A. alberti differs from A. aff. plinii by the wider posterior side of
its m3. It differs from A. barrierei and A. angustidens by its narrower
posterior side of its m3 and from A. barrierei also by its less
enlarged m3.

A. alberti differs from A. aff. plinii and A. plinii by the presence of a
weak cingulum ridge in some M1 (13.5% in the material from Venta
del Moro) and from A. angustidens by the lesser development and
lesser frequency of this cingulum.

It differs from A. aff. plinii and A. plinii by the presence of a
preloph in some specimens, which is less developed than in A.

barrierei. It differs from A. angustidens and A. barrierei by the
presence of a simple anterolophule.

A. alberti differs from A. barrierei and A. angustidens in the
frequency of the anterior protolophule of the M1: this crest is
present in 58.5% of the specimens from Venta del Moro, 28.6% of A.

barrierei from LB-2B and 13.3% of A. angustidens from Mont-Hélène.
A. alberti also differs from the other species of the genus in the
frequency of the posterior metalophule in M1. This crest is present
in 45.5% M1 of A. aff. plinii from CR-23, 23.1% of A. plinii from CR-15,
17.1% of specimens from Venta del Moro, being absent in A.

barrierei and A. angustidens.
A. alberti differs from A. barrierei and A. angustidens in the

frequency of the anterior protolophule in M2 (this ridge is present
in 80.0% of the specimens of A. barrierei from LB-2B and 23.1% in A.

angustidens from Mont-Hélène). The frequency of the posterior
metalophule in M2 is similar in A. aff. plinii, A. plinii and A. alberti,
and therefore this character only allows a clear distinction
between these species and A. barrierei and A. angustidens. This
ridge is complete in 51.7% M2 of A. aff. plinii from CR-23, 50.0% of A.

plinii from CR-15, 47.6% of A. alberti from Venta del Moro and 35.3%
of A. barrierei from LB-2B, being absent in A. angustidens.

A. alberti differs from A. barrierei and A. angustidens in the
development of the anterior protolophule in M3. This crest appears
in 100% of the specimens of A. alberti, 25 to 100% in the samples of
A. barrierei (Ruiz-Sánchez et al., 2014) and 33% of the M3 of A.

angustidens from Mont-Hélène.

Localities

VVmA, VVmAc, VVmAB, VVmB, VVmBC, VVmC, and VVmD.

Referred specimens

47 m1 (VVmA-147 to VVmA-161; VVmA-163 to VVmA-172;
VVmA-191 to VVmA-193; VVmAB-1, VVmAB-9, VVmA-10; VVmB-
74 to VVmB-76, VVmB-523; VVmBC-7, VVmBC-15, VVmBC-18,
VVmBC-20, VVmBC-25, VVmBC-30; VVmC-29 to VVmC-33;
VVmAc-13), 71 m2 (VVmA-45 to VVmA-55; VVmA-173 to
VVmA-190; VVmA-194, VVmA-195; VVmAB-2; VVmAB-3;



Fig. 3. Ranges of variation of length and width of the lower molars of A. aff. plinii from Crevillente 20 and Crevillente 23 (Freudenthal et al., 1998), A. plinii from Crevillente 15

(type locality), Crevillente 5A, Crevillente 14 and Valdecebro 3 (Weerd, 1976; Freudenthal et al., 1991; Adrover et al., 1993), A. alberti from Crevillente 6 (type locality),

Negratı́n, Librilla 1, Librilla 2A, Librilla 2C, Purcal 23, Purcal 24A, Purcal 25, Venta del Moro, La Gloria 5 (Freudenthal et al., 1998; Garcı́a-Alix et al., 2008a,b; Minwer-Barakat

et al., 2009), A. barrierei from Chabrier (type locality), Alcoy, Alcoy 4B, Botardo, La Gloria 4, Gorafe 4, Fuente del Viso, Yeguas, Caravaca, Purcal 4, Loma del Castillo 1, La Tour, La

Bullana 2B and La Bullana 3 (Opdyke et al., 1997; Freudenthal et al., 1998; Garcı́a-Alix et al., 2008a,b; Ruiz-Sánchez et al., 2014), A. angustidens from Serrat d’en Vacquer (type

locality), Mont-Hélène, Sète, Le Soler, Villeneuve de la Raho, Portla-Nouvelle, Gorafe 3 and Gorafe 5 (Freudenthal et al., 1998) and A. alberti from Venta del Moro (VVm, this

paper). The dark boxes represent the range at the type locality.
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VVmAB-6; VVmAB-8; VVmB-2 to VVmB-15; VVmBC-17; VVmBC-
19; VVmBC-21; VVmBC-26 to VVmBC-28; VVmBC-31; VVmC-2 to
VVmC-5; VVmC-19; VVmC-21; VVmC-28; VVmC-34, VVmC-35;
VVmD-9; VVmD-11; VVmD-14; VVmD-15; VVmAc-2; VVmAc-3),
53 m3 (VVmA-56 to VVmA-73; VVmA-196, VVmA-197; VVmAB-4,
VVmAB-5, VVmAB-11; VVmB-16 to VVmB-21; VVmB-23 to VVmB-
30; VVmB-71, VVmB-77, VVmB-524; VVmBC-6; VVmBC-16;
VVmBC-29; VVmC-36 to VVmC-39; VVmD-3; VVmD-4; VVmAc-
4 to VVmAc-7; VVmAc-12), 50 M1 (VVmA-74 to VVmA-100;
VVmA-162, VVmA-198; VVmB-31 to VVmB-42; VVmB-525;
VVmBC-8 to VVmBC-10; VVmBC-32, VVmBC-33; VVmC-7;
VVmC-10; VVmAc-1), 50 M2 (VVmA-101 to VVmA-121; VVmA-
199 to VVmA-201; VVmAB-12; VVmB-43 to VVmB-58; VVmBC-
11; VVmBC-14; VVmC-9; VVmC-40, VVmC-41; VVmD-5; VVmD-6;
VVmAc-8; VVmAc-9), 63 M3 (VVmA-70; VVmA-122 to VVmA-
146; VVmA-202 to VVmA-205; VVmB-22; VVmB-59 to VVmB-73;
VVmB-78; VVmBC-12; VVmBC-13; VVmC-8; VVmC-12 to VVmC-
15; VVmC-42 to VVmC-44; VVmD-7; VVmD-8; VVmD-10; VVmAc-
10; VVmAc-11; VVmAc-14; VVmAc-18).
Measurements

See Table 1.

Description

m1: Crest-like anteroconid in 16 out of 34 specimens, with a
slight subdivision in 17 out of 34 (Figs. 5A and 5C) and trifid in 1.
The anterolophulids arise from a prelophid in 18 out of 39
specimens (Fig. 5C), they are parallel without prelophid in 7 cases
(Fig. 5B), forked with a branch to each one of the anteroconid in 7
(Fig. 5A), and simple in 7 (central: 2, lingually-displaced: 2 or
labially-displaced: 3). Metalophulid strongly directed forwards.
Mesolophid absent. Two roots.

m2: Anterosinusid absent. Metalophulid short and strongly
directed forwards, forming the anterior part of the tooth. Labial
anterolophulid reaching the base of the protoconid, enclosing a
deep protosinusid. In one specimen this crest continues backwards
bordering the protoconid. The mesosinusid and sinusid are closed
by a cingulum ridge. Mesolophid absent in 39 out of 64 specimens



Fig. 4. Ranges of variation of length and width of the upper molars of A. aff. plinii from Crevillente 20 and Crevillente 23 (Freudenthal et al., 1998), A. plinii from Crevillente 15

(type locality), Crevillente 5A, Crevillente 14 and Valdecebro 3 (Weerd, 1976; Freudenthal et al., 1991; Adrover et al., 1993), A. alberti from Crevillente 6 (type locality),

Negratı́n, Librilla 1, Librilla 2A, Librilla 2C, Purcal 23, Purcal 24A, Purcal 25, Venta del Moro (Freudenthal et al., 1998; Garcı́a-Alix et al., 2008a,b; Minwer-Barakat et al., 2009)

and La Gloria 5 (Freudenthal et al., 1998), A. barrierei from Chabrier (type locality), Alcoy 1, Alcoy 4B, Botardo, La Gloria 4, Gorafe 4, Fuente del Viso, Yeguas, Caravaca, Purcal 4,

Loma del Castillo 1, La Tour, La Bullana 2B and La Bullana 3 (Opdyke et al., 1997; Freudenthal et al., 1998; Garcı́a-Alix et al., 2008a,b; this paper), A. angustidens from Serrat d’en

Vacquer (type locality), Mont-Hélène, Sète, Le Soler, Villeneuve de la Raho, Portla-Nouvelle, Gorafe 3 and Gorafe 5 (Freudenthal et al., 1998) and A. alberti from Venta del Moro

(VVm, this paper). The dark boxes represent the range from the type locality.
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(Fig. 5F), a trace of a mesolophid is present in 20 (Fig. 5D) and a
short one in 5 (Fig. 5E). Posterolophid very low, connected basally
with the posterolingual side of the entoconid, enclosing an
L-shaped posterosinusid. Two roots.

m3: Shape subrectangular (1 out of 42 specimens, 2.38%),
slightly triangular (34 specimens, 80.95%), moderately triangular
(5 specimens, 11.9%, Figs. 5G and 5H) or very triangular (2 teeth,
4.76%, Fig. 5I. See Section 5.2.2). Anterosinusid absent. Metalo-
phulid short and strongly directed forwards. The labial ante-
rolophulid reaches the base of the protoconid. In two specimens
this crest continues backwards bordering the protoconid. The
mesosinusid and sinusid are closed by a cingulum ridge. The
mesolophid is absent in 10 out of 47 molars, there is a trace of a
crest in 21 (Fig. 5G), a short crest in 8 (Fig. 5I) and a long one in 8
(Fig. 5H). In one of the latter specimens the mesolophid connects
basally with the entoconid, but continues towards the cingulum
ridge of the mesosinusid. There are two roots.

M1: Cingulum ridge on the base of the anterocone absent (32
specimens) or weak (5). The anterolophule may be simple (2)
(Fig. 5J), simple with a free labial spur not reaching the anterocone
(1), forked (23) (Fig. 5L) or double and arising from a hint of preloph
(10) or from a very short preloph (4) (Fig. 5K). The anterior
protolophule is absent in 17 out of 41 specimens (Fig. 5L); it is a
spur in 3 (Fig. 5J), a low crest in 8, and a well-developed crest in 13
(Fig. 5K). Mesoloph and ectomesoloph absent. The anterior
metalophule is always present. The posterior metalophule is
present in 7 out of 41 molars (Fig. 5K). In 11 specimens the
posteroloph is curved and elongated, separated from the metacone
by the transversal posterior part of the L-shaped posterosinus
(Fig. 5J). In other 11 molars the transversal posterior side of the
posterosinus is shorter (Fig. 5L), but the metaconid is still
separated from the posterior wall. In 19 specimens, the posterior
part of the metacone forms the posterior part of the tooth, while in
22 the posterior part is formed by the posteroloph. Four roots.

M2: The lingual anteroloph is very small in 3 specimens,
enclosing a reduced and shallow protosinus, and of medium length
or long in the rest, enclosing a protosinus that is highly variable in
size and depth. The protocone is not separated from the lingual



Table 1
Measurements (in millimeters) of the teeth of A. alberti from Venta del Moro, according to the notation of the fossiliferous levels sensu Montoya et al. (2006) (Venta del Moro

A: VVmA; Venta del Moro AB: VVmAB; Venta del Moro B: VVmB; Venta del Moro BC: VVmBC; Venta del Moro C: VVmC; Venta del Moro D: VVmD; Venta del Moro Ac:

VVmAc).

Element Level Length Width

n Min. Mean Max. n Min. Mean Max.

m1 VVmA 21 2.02 2.20 2.36 22 1.22 1.33 1.50

VVmAB 2 2.20 2.21 2.21 2 1.32 1.38 1.43

VVmB 2 2.16 2.19 2.21 2 1.29 1.31 1.33

VVmC 2 2.00 2.13 2.26 4 1.26 1.30 1.36

VVmBC 2 1.30 1.31 1.31

VVmAc 1 – 1.46 –

m2 VVmA 27 1.80 1.94 2.07 29 1.27 1.46 1.60

VVmAB 2 1.80 1.85 1.90 3 1.36 1.41 1.45

VVmB 10 1.83 1.92 2.05 11 1.31 1.48 1.59

VVmBC 2 1.81 1.88 1.95 5 1.39 1.46 1.54

VVmC 4 1.80 1.98 2.15 6 1.37 1.61 1.54

VVmD 2 1.81 1.84 1.87 3 1.34 1.39 1.44

VVmAc 2 1.90 1.92 1.94 2 1.39 1.47 1.54

m3 VVmA 16 1.78 1.92 2.07 16 1.34 1.46 1.57

VVmAB 3 1.74 1.83 2.00 2 1.34 1.39 1.45

VVmB 13 1.79 1.95 2.12 14 1.32 1.47 1.59

VVmBC 2 1.85 1.93 2.00 2 1.38 1.49 1.59

VVmC 3 1.88 1.92 1.94 4 1.41 1.44 1.49

VVmD 2 1.73 1.92 2.10 2 1.29 1.44 1.58

VVmAc 3 1.80 1.88 1.99 5 1.45 1.51 1.60

M1 VVmA 21 2.17 2.41 2.65 24 1.37 1.51 1.71

VVmB 7 2.18 2.33 2.46 9 1.38 1.49 1.56

VVmBC 2 1.97 2.1. 2.27 4 1.44 1.48 1.54

VVmC 1 – 2.38 – 2 1.50 1.53 1.55

M2 VVmA 20 1.79 1.91 2.17 21 1.42 1.54 1.68

VVmB 11 1.72 1.90 1.97 13 1.36 1.52 1.64

VVmBC 1 – 1.99 – 1 – 1.56 –

VVmC 2 1.86 1.93 1.99 3 1.50 1.54 1.58

VVmAc 2 1.73 1.92 2.10 2 1.43 1.53 1.63

M3 VVmA 25 1.43 1.65 1.83 23 1.26 1.38 1.47

VVmB 12 1.49 1.64 1.79 13 1.33 1.40 1.53

VVmBC 2 1.44 1.61 1.78 2 1.35 1.42 1.48

VVmC 6 1.54 1.63 1.74 7 1.34 1.44 1.64

VVmD 1 – 1.60 – 3 1.37 1.44 1.56

VVmAc 3 1.53 1.61 1.72 3 1.34 1.38 1.41
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border. The labial anteroloph is long, enclosing the anterosinus.
One specimen (Fig. 5N) has a short preloph, from which two very
short anterolophules arise, reaching the anterolophs. Anterior
protolophule well-developed. Mesoloph and ectomesoloph absent.
The sinus and mesosinus are closed by a low cingulum ridge. The
anterior branch of the metalophule is always present. This crest may
be straight (17 specimens, Fig. 5N), slightly curved, with a hint of a
spur (25 specimens, Fig. 5M, O and P), have a short spur (5
specimens) or even a long crest that connects basally with the border
of the molar (1 specimen). In one specimen this branch is transversal
instead of oblique, and contacts the metacone anterolingually,
resembling a mesoloph. The posterior metalophule is complete (16)
(Fig. 5P), reduced to a spur (4), or absent (22). The posteroloph is
strongly curved and elongated, forming an L-shaped posterosinus
with deep anterior and posterior parts in 29 out of 45 specimens
(Figs. 5M and 5P), while the posterior part of the posterosinus is
much more reduced in the rest (16) (Fig. 5O). Four roots.

M3: Lingual anteroloph well-developed in 17 out of 60 speci-
mens (Fig. 5R), reduced in 24 (Fig. 5S) and absent in 19 (Fig. 5Q). The
protocone is not separated from the lingual border. The labial
anteroloph is long and connected to the paracone. The anterior
protolophule is high and complete (59) or low and interrupted (2).
One specimen has two anterior protolophules (Fig. 5Q) and another
one has a small enamel button attached to the labial side of
the posterior protolophule. The posterolingual corner is rounded.
The posterosinus is strongly reduced. In one specimen, the
postero-lingual corner has the posteroloph displaced to the labial
side, forming a strong sinus (Fig. 5S). Three roots.

5. Discussion

Traditionally, size has been the main criterion used to distinguish
the species of the genus Apocricetus from the Late Miocene to the
Early Pliocene (MN11 to MN15) comprising the lineage Apocricetus

aff. plinii–A. plinii–A. alberti–A. barrierei–A. angustidens (Freudenthal
et al., 1998). The lack of rich collections of some species of the genus
prevented a proper morphological characterization (Ruiz-Sánchez
et al., 2014). The study of the rich material of Apocricetus from some
new localities such as LB-2B and LB-3 allows a more reliable
differential diagnosis between the species of the genus (Ruiz-
Sánchez et al., 2014), showing that, in fact, the quantification of these
morphologies is the better way to distinguish them.

The new sampling carried out in the last two decades in the
Late Miocene locality of Venta del Moro has allowed to recover one
of the richest collections of the genus Apocricetus, representing
also a great opportunity for improving the characterization and
diagnosis of the species A. alberti, whose type locality is CR-6.
Apocricetus alberti is restricted to the Late Turolian (Freudenthal
et al., 1998; Garcı́a-Alix et al., 2008b; Minwer-Barakat et al., 2012).
This species represent an intermediate form between A. plinii

(Early Turolian) and A. barrierei (Ruscinian). According to
Freudenthal et al. (1998), A. alberti differs from A. angustidens



Fig. 5. Apocricetus alberti Freudenthal, Mein and Martı́n-Suárez, 1998 from Venta del Moro, Cabriel Basin. (A) right m1, VVmA-161; (B) left m1, VVmA-166; (C) left m1, VVmA-

167; (D) right m2, VVmA-46; (E) right m2, VVmA-187; (F) right m2, VVmB-5; (G) right m3, VVmA-61; (H) left m3, VVmA-65; (I) left m3, VVmB-25; (J) left M1, VVmA-82; (K)

right M1, VVmA-83; (L) right M1, VVmB-31; (M) right M2, VVmA-108; (N) left M2, VVmA-113; (O) left M2, VVmBC-11; (P) right M2, VVmAc-8; (Q) right M3, VVmA-122; (R)

left M3, VVmA-125; (S) right M3, VVmA-137. Scale = 1 mm.
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and A. barrierei by its smaller size and by the presence of an
anterior protolophule in M2. It differs from A. plinii by its hardly-
split anteroconid, more enlarged m3, forked anterolophule with
two complete branches in M1, and the absence of a mesoloph,
converted into the anterior metalophule. Nevertheless, some of
these morphological criteria are not useful to distinguish among
these species (Ruiz-Sánchez et al., 2014). For example, several
populations of A. barrierei and A. angustidens show an anterior
protolophule in M2. As we will explain below, gradual
morphological and biometrical changes occurred in this lineage
indeed, but they must be previously quantified in each species to
know the specific range of variation that will serve to distinguish
the different species of the genus.

5.1. Biometry

Apocricetus aff. plinii, from the Early Turolian of Spain, is the
oldest and smallest form of Apocricetus. This taxon is slightly
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smaller than the Middle and Late Turolian representatives of the
genus, A. plinii and A. alberti, which are similar in size (see Figs. 3
and 4). In the Early Ruscinian, A. barrierei shows a size increase
with respect to the Turolian forms, which becomes more evident in
the Late Ruscinian and Villanyan A. angustidens (Figs. 3 and 4).

Despite this tendency towards size increase through time in
Apocricetus, the size range of any given species of the genus
overlaps greatly with one or more of the precedent taxa, especially
in the group A. aff. plinii-A. plinii-A. alberti (Figs. 3 and 4). The size
range of the abundant sample from Venta del Moro is remarkably
similar to other previously known populations of A. alberti (see
Figs. 3 and 4). Because of the similar size of the populations of
Apocricetus in the time span Early Turolian-Early Ruscinian and
following Freudenthal et al. (1998) and Ruiz-Sánchez et al. (2014),
we consider that this feature is not the best criterion to distinguish
between the different forms of Apocricetus, with the exception of
the youngest species of the genus, A. angustidens (Figs. 3 and 4).

5.2. Morphology

5.2.1. Lower molars

In general, the presence of a crest-like anteroconid and a
complete prelophid in almost half of the m1 (47.1%), and the more
rectangular shape in the m3 from Venta del Moro distinguish A.

alberti from A. aff. plinii. These morphological features, along with
the absence of ectomesolophids in the lower molars, distinguish
this latter species from A. plinii from its type locality, CR-15.

On the other hand, the presence of simple (17.9%) or forked
(with a branch to each one of the anteroconid cuspids) (17.9%)
anterolophulids in m1, a small mesolophid in some m2 (39.1%),
and a more triangular m3 in A. alberti from Venta del Moro
distinguish this latter species from A. barrierei and A. angustidens.

Several characters in the lower molars of the A. aff. plinii–A.

angustidens lineage seem to change from oldest to youngest
populations. To summarize all these differences, Table 2 shows the
variations of these characters in the lower molars of this
phylogenetic lineage.

The morphology of the anterolophulids and the presence of a
prelophid in m1 are clearly distinctive among the species of the
genus Apocricetus. In the oldest populations the anterolophulid is
simple or double in A. aff. plinii from CR-23, and simple or forked in
Table 2
Variation of several characters in the lower molars of Apocricetus. Abbreviations: Abs, ab

Mont-Hélène; Pr, present, VVm, Venta del Moro, collection housed at the University of Val

Species Locality m1 

Anteroconid 

A. aff. plinii CR-23 2–3 lobes 

A. plinii CR-15 2 lobes 

A. alberti CR-6 Crest (1) or 2 lobes 

A. alberti VVm 2 lobes: 17/34 (50%) 

3 lobes: 1/34 (2.9%) 

Crest-like: 16/34 (47.1%) 

A. barrierei Car 2 weak lobes: 2/3 (66.7%) 

Crest-like: 1/3 (33.3%)

A. barrierei LB-2B 2 weak lobes: 2/12 (16.7%) 

Crest-like: 10/12 (83.3%) (83.3%)

A. barrierei LB3 – 

A. angustidens MH Crest like, 2 weak 

Lobes or trifid (1)
A. plinii from CR-15. However, in the youngest populations, A.

barrierei and A. angustidens, the anterolophulids usually arise from
a prelophid (Freudenthal et al., 1998; Ruiz-Sánchez et al., 2014). In
A. alberti from Venta del Moro, all these morphologies are present,
being the most common the one with an anterolophulid arising
from a prelophid (Table 2). In the specimens studied in this paper
the anterolophulid may be simple (7 out of 39 specimens, 17.9%),
forked, with a branch to each one of the anteroconid cuspids (7
specimens, 17.9%), double, arising from a prelophid (18 teeth,
46.2%) or double and parallel (7 molars, 17.9%). In the scarce
material from Venta del Moro studied by Freudenthal et al. (1998),
the anterolophulids are parallel, and in CR-6 they may be simple or
parallel. In A. aff. plinii from CR-23, the anterolophulid may be
double (2 out of 9 specimens, 22.2%), or simple (7 out of 9
specimens, 77.8%), and in this latter case it may be central (2) or
labial (5) (Freudenthal et al., 1998). In A. plinii from CR-15 the
anterolophulids may be simple and connected to the labial part of
the anteroconid (7 out of 17 specimens, 41.2%), or forked (10,
58.8%) (Freudenthal et al., 1991). On the contrary, in A. barrierei and
A. angustidens the anterolophulids usually arise from a prelophid
(Freudenthal et al., 1998; Ruiz-Sánchez et al., 2014). The
anterosinusid is absent in the m2 and m3 of the new material
of A. alberti from Venta del Moro and in A. barrierei, but present in
some m2 of A. aff. plinii from CR-23. A reduced anterosinusid is
present in 64.7% of the m2 (11 out of 17) and 44.5% of the m3 (8 out
of 18) of A. plinii from CR-15 and in some m3 of A. angustidens from
Serrat d’en Vacquer (Freudenthal et al., 1991, 1998).

In one m2 and two m3 of A. alberti from Venta del Moro the
labial anterolophid continues bordering the protoconid instead of
reaching the base of this cuspid. This morphology has been
observed in 2 out of 18 m2 (11.1%) and 5 out of 19 m3 (26.3%) of A.

plinii from CR-15 (Freudenthal et al., 1991). This character is not
present in A. barrierei from LB-2B and LB-3, and has not been
described in other populations of the genus.

A. alberti from Venta del Moro has a short mesolophid in 5 out of
64 m2 (7.8%), and a hint of a mesolophid is distinct in 20 (31.3%).
Freudenthal et al. (1998) described an m2 of A. alberti with a short
mesolophid in CR-6 and Venta del Moro, and another two
specimens with a long mesolophid, reaching the border of the
molar, in Venta del Moro and Librilla. However, these authors
consider that these latter m2 may belong to another species, since
sent; Car, Caravaca; CR-, Crevillente; LB-2B, La Bullana 2B; LB-3, La Bullana 3; MH,

encia. After Freudenthal et al. (1991, 1998), Ruiz-Sánchez et al. (2014) and this work.

m2 m3

Anterolophulid Mesolophid Mesolophid

Simple: 7/9 (77.8%) Pr: 9/26 (34.6%) Pr: 32/35 (91.4%)

Double: 2/9 (22.2%)

Simple: 7/17 (41.2%) Abs Pr: 19/22 (86.4%)

Forked: 10/17 (58.8%)

Simple or double Pr: 1/? Pr: 6/12 (50%)

Simple: 7/39 (17.9%) Pr: 25/64 (39.1%) Pr: 37/47 (78.7%)

Double: 7/39 (17.9%)

Forked: 7/39 (17.9%)

Prelophid: 18/39 (46.2%)

Prelophid: 100% Pr: 2/3 (66.7%) Abs

Prelophid: 12/12 (100%) Pr: 0/16 (0%) Pr: 6/13 (46.2%)

– Pr: 0/2 (0%) Pr: 0/3 (0%)

Prelophid: 100% Pr: 0/34 (0%) Pr: 14/30 (46.7%)
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such long mesolophids have not been described in other
populations of A. alberti. The mesolophid may be absent (17),
short (3), of medium length (3), long (2), or reaching the molar
border (1) in A. aff. plinii from CR-23. This crest is absent in A. plinii,
A. barrierei and A. angustidens.

There is no ectomesolophid in the m2 of A. aff. plinii, A. alberti, A.

barrierei and A. angustidens, but 10 out of 17 m2 of A. plinii from CR-
15 have a weak crest, which is well developed in another specimen
(Freudenthal et al., 1991).

The frequency of the mesolophid in m3 decreases from the
oldest to the youngest populations of Apocricetus (see Table 2). In
the material studied in this paper, the mesolophid is present in 37
out of 47 m3 (78.7%), being long in 8 specimens. In 9 out of 35 m3 of
A. aff. plinii from CR-23 (25.7%) this crest is long, reaching in one of
them the border of the molar, while in A. plinii from CR-15 it is short
or of medium length. The mesolophid is very heterogeneous in the
populations of A. barrierei. In LB-2B this crest reaches the
metaconid, and the only m3 from Chabrier, type locality of this
species, also shows this morphology. One specimen from La Gloria
4 (Adrover et al., 1993) has a long mesolophid, which is absent or
short in Gorafe 4, short and reaching the base of the metaconid in
Alcoy 4B, of medium length in Loma del Castillo 1, absent or
present in Fuente del Viso and absent in Caravaca (Freudenthal
et al., 1998). In A. angustidens, the mesolophid ranges from absent
to long in the population from Serrat d’en Vacquer (type locality),
and this crest is absent in 16, short in 4 and long, thin and low in 10
m3 from Mont-Hélène (Freudenthal et al., 1998).
Fig. 6. Ranges of variation of the ratio Lm2/Lm3 of Neocricetodon occidentalis Aguilar, 19

Crevillente 17 (CR17), A. aff. plinii from CR-20 and CR-23, Apocricetus plinii from Crevillent

from La Bullana 2B (LB-2B), and A. angustidens from Mont-Hélène. The values of min_m2

(mean Lm3) and max_m2/max_m3 to (max Lm2)/(max Lm3). The values under 1.0 corre

than length of m3 (Modified after Ruiz-Sánchez et al., 2014).
5.2.2. Shape of the m3

The shape of m3 has been regarded as an important character to
consider, since a change in the shape of this molar occurs in the
lineage of Apocricetus (Freudenthal et al., 1998; Ruiz-Sánchez et al.,
2014). Freudenthal et al. (1998) noted that in A. angustidens from
Mont-Hélène, the m2 and m3 are very similar in size and shape, to
the extent that it is very difficult to distinguish between them,
while in the oldest forms of Apocricetus, like A. aff. plinii and A. plinii,
the m3 has a posterior side clearly narrower than the anterior one,
as other authors have also noted (Ruiz-Sánchez et al., 2014).

Following Ruiz-Sánchez et al. (2014, Fig. 6), Fig. 6 depicts the
relative length of m2 with respect to m3 (L m2/L m3). Ratios of m2
to m3 lower than 1 indicate an elongated m3, longer than the m2,
while ratios higher than 1 correspond to m2 longer than m3. This
ratio decreases from A. aff. plinii from CR-23 to A. plinii from CR-15,
A. alberti from Venta del Moro and A. barrierei from LB-2B.
However, the m3 of the population of A. alberti from CR-6, its type
locality, are even more elongated than those of A. barrierei. This
may be because of the marked discrepancy between the number of
m2 (4) and m3 (14) in this locality, with some m3 of great size. This
is especially evident for the maximum L m2/maximum L m3,
which is far below the value of A. barrierei (see Fig. 6). On the
contrary, A. angustidens from Mont-Hélène has an L m2/L m3 ratio
similar to that of A. alberti from Venta del Moro.

Although the latter calculated ratios may be a first attempt to
estimate the shape of the m3, the data shown in Fig. 6 are not
enough to estimate this feature correctly.
82 from Crevillente 2 (CR2), Cricetulodon lucentensis Freudenthal et al. (1991) from

e 15 (CR15), A. alberti from Crevillente 6 (CR6) and Venta del Moro (VVm), A. barrierei

/min_m3 correspond to (min Lm2)/(min Lm3), mean_m2/mean_m3 to (mean Lm2)/

spond to: length of m3 larger than length of m2, and above 1.0: length of m2 larger



Fig. 7. Method for taking measurements of the anterior (W_ant) and posterior

(W_post) width of the m3 of Apocricetus. (A) VVmA-65 (A. alberti) and (B) LB-2B-154

(A. barrierei).

Fig. 8. Diagram bar with percentage of representation by categories for the W_ant/W_po

W_post = 1.34), category 2, range 1.30–1.26 (specimen figured VVmB-25, W_ant/W_post = 1

category 4, range 1.20–1.11 (specimen figured VVmA-65, W_ant/W_post = 1.16) and categ

Table 3
Percentage of specimens by categories defined for the W_ant/W_post ratio of m3. Categor

triangular shape), category 3, range 1.25–1.21 (moderately triangular shape), categor

(subrectangular shape). Material studied in the making of this table: A. aff. plinii from Crev

(Granada and Valencia collections), Librilla, PUR-25 and PUR-25A; A. barrierei from La Bu

Mont Hélène, Villeneuve, Soler and two specimens with the label Gorafe 4/5 from the

Species n Category 1 Category 2

1.35–1.31 1.30–1.26 

A. aff. plinii 35 8.6 14.3 

A. plinii 23 0 0 

A. alberti 51 0 3.9 

A. barrierei 23 0 0 

A. angustidens 6 0 0 
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In order to carry out a comparison between the shapes of the
m3 of the different species of Apocricetus, we propose the use of the
ratio W_ant/W_post. Following the measurement method pro-
posed by Daams and Freudenthal (1988) for the cricetids, the
anterior width (W_ant) corresponds to the maximum width of the
tooth, while the posterior width (W_post), as seen in Fig. 7, is
measured from the cingulum ridge closing the sinusid to the
lingual side of the entoconid. We consider this ratio a better
indicator of the shape of the m3, since higher values indicate a
narrower posterior side and therefore a more triangular shape. The
W_ant, W_post and the resultant ratios (W_ant/W_post) of the
populations of Apocricetus measured in this work are summarized
in Table 4. We have defined five categories of W_ant/W_post ratio,
as shown in Table 3 and Fig. 8. Category 1 comprises the values
ranging from 1.35 to 1.31: these molars are extremely triangular
and only 3 specimens of A. aff. plinii fall within this range (Table 3,
Fig. 8). Category 2 comprises the values from 1.30 to 1.26 (Fig. 8):
these m3 are very triangular, and only some specimens of A. aff.
plinii and two molars of A. alberti fall within this category. Category
3 comprises the values from 1.25 to 1.21: these molars are
moderately triangular (Fig. 8), and correspond to some specimens
of the Turolian species of the genus, A. aff. plinii, A. plinii and
st ratio of m3. Category 1, range 1.35–1.31 (specimen figured RGM 404855, W_ant/

.28), category 3, range 1.25–1.21 (specimen figured VVmA-67, W_ant/W_post = 1.23),

ory 5, range 1.10–1.00 (specimen figured LB-2B-154, W_ant/W_post = 1.06).

y 1, range 1.35–1.31 (extremely triangular shape), category 2, range 1.30–1.26 (very

y 4, range 1.20–1.11 (slightly triangular shape) and category 5, range 1.10–1.00

illente 20 and 23; A. plinii from Crevillente 5A and 15; A. alberti from Venta del Moro

llana 2B and 3, Gorafe 4, Yeguas, PUR-4, Chabrier and Caravaca; A. angustidens from

 Granada collection.

 Category 3 Category 4 Category 5

1.25–1.21 1.20–1.11 1.10–1.0

37.1 40 0

4.3 95.7 0

9.8 84.3 2

0 60.9 39.1

0 50 50



Table 4
Measurements in millimeters of the anterior width (W_ant), posterior width (W_post) and anterior width/posterior width ratio (W_ant/W_post) of m3 of Apocricetus aff. plinii

from Crevillente-20 and Crevillente-23, A. plinii from Crevillente-5A and Crevillente-15, A. alberti from Purcal-25A, Purcal-25, Librilla and Venta del Moro, A. barrierei from

Chabrier, Purcal-4, La Bullana-2B, La Bullana-3, Yeguas, Caravaca and Gorafe-4, and A. angustidens from Gorafe-4/5, Villeneuve, Solera and Mont-Hélène. Abbreviations: CR-,

Crevillente; PUR-, Purcal; LIB, Librilla; VM, Venta del Moro; CHA, Chabrier; LB-, La Bullana; YEG-, Yeguas; CAR-, Caravaca; GOR, Gorafe; VIL, Villeneuve; SOL, Solera; MH,

Mont-Hélène.

Species Locality W_ant W_post W_ant/W_post

n Min. Mean Max. n Min. Mean Max. n Min. Mean Max.

A. aff. plinii CR-20 2 1.09 1.11 1.13 2 0.94 0.95 0.96 2 1.15 1.16 1.17

A. aff. plinii CR-23 33 0.93 1.10 1.37 33 0.74 0.90 1.19 33 1.12 1.22 1.34

A. plinii CR-5A 5 1.34 1.42 1.49 5 1.21 1.25 1.32 5 1.10 1.14 1.17

A. plinii CR-15 18 1.39 1.50 1.63 18 1.13 1.29 1.39 18 1.12 1.16 1.23

A. alberti PUR-25A 2 – 1.63 – 2 1.40 1.41 1.41 2 1.15 1.16 1.16

A. alberti PUR-25 2 1.55 1.63 1.71 2 1.42 1.43 1.44 2 1.10 1.14 1.19

A. alberti LIB 1 – 1.55 – 1 – 1.33 – 1 – 1.16 –

A. alberti VMa 52 1.29 1.46 1.60 47 1.08 1.25 1.44 46 1.10 1.17 1.28

A. barrierei CHA 1 – 1.70 – 1 – 1.49 – 1 – 1.14 –

A. barrierei PUR-4 4 1.48 1.63 1.86 4 1.27 1.44 1.63 4 1.10 1.13 1.16

A. barrierei LB-2B 8 1.47 1.57 1.66 9 1.36 1.43 1.57 8 1.06 1.11 1.15

A. barrierei LB-3 1 – 1.59 – 1 – 1.42 – 1 – 1.20 –

A. barrierei YEG 1 – 1.62 – 1 – 1.43 – 1 – 1.13 –

A. barrierei CAR 3 1.56 1.60 1.63 3 1.32 1.45 1.53 3 1.06 1.11 1.18

A. barrierei GOR-4 4 1.56 1.63 1.70 4 1.39 1.46 1.57 4 1.08 1.12 1.15

A. angustidens GOR-4/5 2 1.70 1.70 1.71 2 1.47 1.48 1.49 2 1.14 1.15 1.16

A. angustidens VIL 1 – 1.96 – 1 – 1.78 – 1 – 1.10 –

A. angustidens SOL 1 – 1.63 – 1 – 1.44 – 1 – 1.14 –

A. angustidens MH 2 1.72 1.78 1.83 2 1.68 1.69 1.70 2 1.01 1.05 1.09

a The measurements of five specimens of A. alberti from Venta del Moro housed at the University of Granada were added to the sample housed at the University of Valencia.
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A. alberti. The category 4 comprises the specimens with a ratio
ranging from 1.20 to 1.11: it includes the m3 which are slightly
subtriangular (Fig. 8). Most of the specimens studied here belong to
this category, and all the Apocricetus species are represented within
it (Table 3, Fig. 8), but not in the same proportion. Finally, the
specimens with ratios from 1.10 to 1.0 belong to the category 5:
These molars are subrectangular with similar W_ant and W_post
(see Figs. 7 and 8), and belong to the species A. angustidens and A.

barrierei and one specimen of A. alberti from Venta del Moro, which
lies in the upper limit of this category, 1.10 (Tables 3 and 4, Fig. 8).

The change in shape from the oldest to the youngest species of
the genus Apocricetus is shown in Figs. 8 and 9. Fig. 8 represents the
percentages of m3 of each species of the genus within each of the
Fig. 9. Anterior width/posterior width ratio of Apocricetus aff. plinii from Crevillente-20

Purcal-25A, Purcal-25, Librilla and Venta del Moro, A. barrierei from Chabrier, Purcal-4, L

Gorafe-4/5, Villeneuve, Solera and Mont-Hélène. The boxes enclose the percentiles 25 to 7

boxes comprise just two data, and therefore there is no median. In the cases where th

population from VVm indicates an outlier. Abbreviations: CR-, Crevillente; PUR-, Purcal; L

Caravaca; GOR, Gorafe; VIL, Villeneuve; SOL, Solera; MH, Mont Hélène.
categories previously described, as given in Table 3. Fig. 9 includes
the ranges of the W_ant/W_post ratio of the Apocricetus from the
localities studied in this paper, as well as the median in the
populations where more than two specimens have been measured.
It is clear that the m3 of A. aff. plinii are more triangular than those
of the other species of the genus, while those of A. plinii and A.

alberti are similar in shape, having W_post closer to W_ant. The
great range of variability for W_ant/W_post shown by the
population of A. aff. plinii from CR-23 in Fig. 9, which spans four
different categories of shape in Fig. 8, may be due to the presence of
two species in that locality (Freudenthal et al., 1998). The range of
A. alberti from Venta del Moro also covers four categories of shape,
but the values are less dispersed, with a single specimen in the
 and Crevillente-23, A. plinii from Crevillente-5A and Crevillente-15, A. alberti from

a Bullana-2B, La Bullana-3, Yeguas, Caravaca and Gorafe-4, and A. angustidens from

5, and the median is represented by a horizontal black line within the box. The blank

ere is just one datum, this record is indicated by a square. The number ‘‘1’’ in the

IB, Librilla; VM, Venta del Moro; CHA, Chabrier; LB-, La Bullana; YEG-, Yeguas; CAR-,
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categories 2 and 5, while the great majority of the m3 belong to the
category 4 (Fig. 8). Finally, the molars of the younger species of
Apocricetus, A. barrierei and A. angustidens, are subrectangular or
just slightly triangular, with values of W_post close to W_ant.

5.2.3. Upper molars

The lack of a cingulum ridge and a preloph in M1, the simple
anterolophule in M1, the presence of mesolophs in M1 and M2 and
the better-developed posterior metalophule in the upper molars of
A. aff. plinii from CR-23 and A. plinii from CR-15, distinguish these
latter species from A. alberti from Venta del Moro.

The upper molars of A. alberti, A. barrierei, and A. angustidens are
morphologically quite similar. Nevertheless, some characters have
a different degree of development that allows distinguishing these
three species.

The development of the preloph in M1 distinguishes A. barrierei

and A. alberti. The presence of a well-developed cingulum ridge and
the absence of a posterior metalophule in M1 and M2 of A.

angustidens differ from A. alberti.
According to Freudenthal et al. (1998) and Ruiz-Sánchez et al.

(2014), the cingulum ridge of M1 is absent in all samples of A. aff.
plinii, A. plinii and A. alberti, absent or weak (16.7%) in the
populations of A. barrierei, and well developed in the populations of
A. angustidens. In the new material of A. alberti from the locality
Venta del Moro, a weak cingulum can also be observed in 5 out of
37 specimens (Table 5).

The anterolophule is simple in 2 out of 40 M1 from Venta del
Moro (5%), simple with a free labial spur in 1 (2.5%), forked in 23
(57.5%), double and arising from a hint of a preloph in 10 (25%), or
with a very short but clear preloph in 4 (10%). The anterolophule
may be simple (10), forked (2) or bear a free labial spur (7) in A. aff.
plinii from CR-23, and simple (2), forked (8) or forked with a free
labial branch (6) in A. plinii (Freudenthal et al., 1991, 1998). In
neither of these two latter species the anterolophules arise from a
transversal crest (preloph). In A. barrierei from LB-2B there is a
distinct preloph, longer than in the specimens from Venta del
Moro. This morphology has not been described in the populations
of A. angustidens.

The anterior protolophule is present in approximately 50–60%
of the M1 of the populations of A. aff. plinii, A. plinii and A. alberti

(see Table 5). This crest is less developed in the assemblages of A.

barrierei and especially in A. angustidens (Ruiz-Sánchez et al., 2014;
Table 5).

On the other hand, Freudenthal et al. (1998) consider the
presence a posterior metalophule in M1 diagnostic. However, Ruiz-
Sánchez et al. (2014) do not regard the presence of this crest a good
criterion to distinguish between species in the lineage A. alberti–A.

barrierei–A. angustidens. The rich assemblage of Venta del Moro has
Table 5
Variation of several characters in the upper molars of Apocricetus. Abbreviations: Abs, ab

Mont-Hélène; Pr, present, VVm, Venta del Moro, collection housed at the University of Va

work.

Species Locality M1 

Cingulum ridge (anterocone) Anterior protolophul

A. aff. plinii CR-23 Abs Pr: 6/12 (50%) 

A. plinii CR-15 Abs Pr: 12/18 (60%) 

A. alberti CR-6 Abs Pr: 50% 

A. alberti VVm Weak: 5/37 (13.5%) Pr: 24/41 (58.5%) 

A. barrierei Car Abs/weak Pr: 1/5 (20%) 

A. barrierei LB2B Pr: 1/6 (16.7%) Pr: 2/7 (28.6%) 

A. angustidens MH Well developed Pr: 4/30 (13.3%) 
allowed to assess the frequency of this character, absent in all
populations of A. angustidens and A. barrierei except for one
specimen of this latter species from Caravaca (Freudenthal et al.,
1998). So, extending this analysis to all species of the genus, it is
shown that the posterior metalophule is present in 5 out of 11
(45.5%) M1 of A. aff. plinii from CR-23, 3 out of 13 (23.1%) of A. plinii

from CR-15, 7 out of 41 (17.1%) of the new material from Venta del
Moro and absent in A. barrierei and A. angustidens. Therefore, we
consider that the frequency of the posterior metalophule decreases
from the oldest to the youngest populations of Apocricetus, and
consequently it is a useful parameter to distinguish between
species of the genus Apocricetus.

With respect to the anterior protolophule of M2, this crest is
present in almost all specimens of the species A. aff. plinii, A. plinii

and A. alberti, while its frequency decreases slightly in A. barrierei

and, more markedly, in A. angustidens (Table 5).
The posterior metalophule of M2 is reduced gradually from A.

aff. plinii to A. barrierei (Table 5), becoming absent in all
populations of A. angustidens (Freudenthal et al., 1991, 1998;
Ruiz-Sánchez et al., 2014). The decrease in the frequency of the
posterior metalophule has been linked to the shortening of the
posteroloph in the species A. alberti–A. barrierei–A. angustidens

(Ruiz-Sánchez et al., 2014). In A. alberti from Venta del Moro, the
posteroloph is elongated, forming an L-shaped posterosinus in
29 out of 45 (64.4%) specimens. In the rest of the M2 the
posterior part of the posterosinus is much more reduced, so the
metacone forms the posterior wall of the tooth. In LB-2B and
LB-3, 9 out of 19 (47.4%) M2 have a long posteroloph, 7 (36.8%)
have a medium-sized posteroloph and 3 (15.8%) have a short
one. The development of a long posteroloph seems to be related
to the presence of a posterior metalophule, since all the
specimens from LB-2B and Venta del Moro with a complete
crest have also a long posteroloph which encloses an L-shaped
posterosinus. However, despite the similar development of the
posteroloph in the localities of LB-2B/LB-3 and Venta del Moro,
the posterior metalophule is much more frequent in this latter
population.

In M3, a well-developed anterior protolophule is present in A.

aff plinii, A. plinii and A. alberti. In Venta del Moro, 59 out of 61
specimens have a complete crest (96.2%), and another 2 have a
spur. In A. barrierei the anterior protolophule is long in LB-2B
(100%), being absent in the populations of Gorafe 4, in 3 out of 4
(75.0%) molars from Fuente del Viso and 3 out of 8 (37.5%) from
Almudena 1D (Freudenthal et al., 1998; Ruiz-Sánchez et al., 2014).
In A. angustidens this crest is well developed in the specimens from
Serrat d’en Vacquer, being present in 33.0% of the molars from
Mont-Hélène and absent in the two specimens from Gorafe 3
(Freudenthal et al., 1998; Ruiz-Sánchez et al., 2014).
sent; Car, Caravaca; CR-, Crevillente; LB-2B, La Bullana 2B; LB3, La Bullana 3; MH,

lencia. Data from Freudenthal et al. (1991, 1998), Ruiz-Sánchez et al. (2014) and this

M2 M3

e Anterior protolophule Posterior metalophule Anterior protolophule

Pr: 30/30 (100%) Pr: 15/29 (51.7%) Pr: 30/30 (100%)

Pr: 16/18 (88.9%) Pr: 9/18 (50%) Pr: 22/22 (100%)

Pr: 100% Pr: 3/11 (27.3%) Pr: 100%

Pr: 47/47 (100%) Pr: 20/42 (47.6%) Pr: 61/61 (100%)

Pr: 4/6 (66.7%) Pr: 1/6 (16.6%) Pr: 3/3 (100%)

Pr: 16/20 (80%) Pr: 6/17 (35.3%) Pr: 13/13 (100%)

Pr: 9/39 (23.1%) Abs Pr: 11/33 (33.3%)
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6. Conclusions

The new sampling carried out in the Late Miocene age (Late
Turolian) locality of Venta del Moro has allowed us to recover one
of the richest collection of the genus Apocricetus, and, without
doubt, the most complete of the species Apocricetus alberti (over
300 dental remains), which permits a better characterization of
this taxon. An emended diagnosis and a more complete differential
diagnosis for A. alberti are proposed.

To evaluate the change in the shape of the m3 in the different
populations of Apocricetus, we propose the use of the posterior
width of m3, from the cingulum ridge closing the sinusid to the
lingual side of the entoconid. The ratio of anterior width to
posterior width (W_ant/W_post) is a good indicator of the shape of
the m3, since higher values indicate a narrower posterior side and
therefore a more triangular shape. Five categories of the ratio
W_ant/W_post (extremely triangular to subrectangular) have been
defined, showing a clear distinction in the shape of the m3. A
change in the shape of the m3 is observed in the phylogenetic
lineage of the genus Apocricetus, from extreme triangular shapes in
A. aff. plinii (Early Turolian) to subrectangular outlines in A.

barrierei and A. angustidens (Pliocene).
The anteroconid and the anterolophulids in m1 and the

anterolophule in M1 present quite heterogeneous morphologies,
changing from the older species of the genus to the more recent
ones. This morphological variability has not been observed in any
other species of Apocricetus.

The presence of a crest-like anteroconid and a prelophid in
some m1, presence of a weak cingulum ridge and a preloph in some
M1, and the absence of mesolophs in the upper molars of A. alberti

from Venta del Moro differ from A. aff. plinii and A. plinii. The
absence of the ectomesolophid in m2 and m3 and the presence of a
small mesolophid in some m2 differ from A. plinii.

The smaller size, presence of a small mesolophid in some m2,
less-developed prelophid in m1, more triangular shape of the m3
and common presence of a posterior metalophule in the M1 of A.

alberti from Venta del Moro differ from A. barrierei and A.

angustidens. The less-elongated m3 and less-developed preloph
in M1 distinguish A. alberti from Venta del Moro from A. barrierei.
The more-developed cingulum ridge and absent posterior meta-
lophule of A. angustidens distinguish this species from A. alberti.
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Rodentia) from the Late Miocene of Crevillente (prov. Alicante, Spain). Scripta
Geol. 96, 9–46.
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