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ABSTRACT—A rich and diverse micromammal fauna from the late Turolian (MN13) locality of Negratı́n-1 (Guadix
Basin, southern Spain) is described. The faunal list of this site includes Apodemus gudrunae, Occitanomys alcalai,
Stephanomys dubari, Paraethomys meini, Myocricetodon jaegeri, Debruijnimys almenarensis, Apocricetus alberti,
Ruscinomys sp., Eliomys sp., Atlantoxerus sp., Parasorex ibericus, and Soricidae indet. This is the most nearly
complete mammal fauna from the Miocene of the Guadix Basin and allows precise correlations with localities from
other Iberian areas. In addition, some of the taxa identified in Negratı́n-1 are useful as palaeoecological indicators
(Myocricetodon, Debruijnimys, Atlantoxerus), evidencing warm and dry climatic conditions. But the principal
interest of the fauna from Negratı́n-1 is the presence of several species of African origin, the gerbillids Debruijnimys
almenarensis and Myocricetodon jaegeri, which are recognized for the first time in Europe. We also ascribe to M.
jaegeri the population from the upper Turolian karst infilling of Almenara-M. This finding constitutes new evidence
for faunal exchanges between North Africa and the Iberian Peninsula during the Messinian Salinity Crisis.

INTRODUCTION

LATE MIOCENE mammal faunas have received great
attention in the last decades, partly because of the

existence of faunal exchanges between Africa and Europe
during the Messinian Salinity Crisis. The presence of large
mammals of African affinities in the upper Turolian of the
Iberian Peninsula was already reported by Aguirre (1963),
Gibert and Agustı́ (1977) and Azzaroli and Guazzone (1979),
among others. Similarly, typical Iberian micromammals have
been recognized in African localities from the uppermost
Miocene. This is the case for Argoub Kemellal 1, where
Apodemus, Stephanomys, Ruscinomys, and Prolagus were
recovered (Coiffait, 1991) and Aı̈n Guettara, with Apocricetus,
Apodemus, Prolagus, and Eliomys (Brandy and Jaeger, 1980).

Palaeontological and palaeomagnetic studies have pointed
out that the mammal exchanges occurred in several phases and
began before the Messinian Salinity Crisis. In the North
African section of Afoud (late Turolian), the oldest level with
micromammals of European origin was dated at 6.1 Ma
(Benammi et al., 1995, 1996), i.e., before the onset of the
deposition of the Messinian evaporites. Similarly, Garcés et al.
(1998) and Agustı́ et al. (2006) situated the entry of the murid
Paraethomys from Africa into the Iberian Peninsula at
6.2 Ma. But, despite the recent discoveries concerning the
faunal dispersal events related to the Messinian Salinity Crisis,
the origin of certain inmigrant taxa into the Iberian Peninsula
continues to be unresolved. This is the case for the gerbillids,
subdesertic rodents, which today inhabit the dry landscapes of
North Africa and southwest Asia and which are very scarce in
the European fossil record. Several hypotheses have been
proposed for the origin of these mammals, such as an entrance
from northern Africa or an eastern immigration from Asia.

Although the Pliocene and Pleistocene mammal record in
the Guadix Basin is close to complete (Agustı́, 1986; Martı́n
Suárez, 1988; Sesé, 1989; Sesé et al., 2001; Ruiz Bustos, 2002;
Minwer-Barakat et al., 2004, 2005, 2007, 2008), late Turolian
faunas are very scarce. Only the micromammal levels of the

section of Botardo (Martı́n Suárez, 1988), Pino Mojón (Sesé,
1989), Rambla de Chimeneas-3 (Minwer-Barakat et al., 2009),
and the large mammal locality of Abla (Cuevas et al., 1984)
have been clearly assigned to the late Turolian (MN13). In this
paper, we study a new late Turolian locality, Negratı́n-1
(NGR-1), which has yielded the most nearly complete
micromammal fauna known until now from the Guadix
Basin, including twelve different species belonging to seven
families. This fauna enables us to thoroughly establish the
typical micromammal assemblage present in south Iberia
during the late Turolian, and to correlate this site with other
localities of the same age.

Negratı́n-1 is the first non-karstic Spanish locality in which
representatives of the genera Myocricetodon and Debruijnimys
have been found together. The presence of M. jaegeri, until
now reported only from North Africa, represents the first
record of this species in Europe. In this paper we will discuss
the remainder of the Myocricetodon material found on the
European continent (from Almenara-M and some other sites
with very scarce teeth), trying to resolve the question of the
origin of the Spanish populations of this genus.

GEOLOGICAL SETTING AND DESCRIPTION OF THE SECTION

OF NEGRATÍN

The Betic Cordillera is situated in the southern Iberian
Peninsula and, together with the North-African Rif, represents
the western extreme of the belt of Alpine chains around the
Mediterranean. It has two main structural domains: the
Internal Zones located to the south, and the External Zones to
the north, representing the deformed south Iberian palaeo-
margin (Vera, 2001). The Guadix Basin, situated in the central
sector of the Betic Cordillera between the Internal and
External Zones (Fig. 1), was established as a separate
intramontane basin in the late Miocene (Viseras et al., 2004).
The basin’s sedimentary fill has been divided into six generic
units (Fernández et al., 1996). The two lower units (Units I
and II) were deposited in a phase of marine sedimentation
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during the Tortonian, and the third (Unit III) includes
sediments deposited during sea retreat at the end of the
Tortonian. The three youngest units (Units IV, V and VI)
correspond to a period of exclusively continental sedimenta-
tion in an endorheic basin context (late Turolian to Late
Pleistocene). This sedimentary stage was interrupted in the
Late Pleistocene, when the basin was captured by the drainage
network of the Guadalquivir River, becoming an exorheic
domain (Calvache and Viseras, 1997).

The section of Negratı́n is situated in the central part of the
basin, 4 km south of Cuevas del Campo, close to the road
connecting this village with the Negratı́n Dam. The section
(Fig. 2) is included in the oldest exclusively continental unit of
the Guadix Basin (Unit IV, Viseras et al., 2004). The base of
the section is formed by gray marls without any sedimentary
structure. Higher up, the level of NGR-1 is found at
30SWG042591 (Minwer-Barakat, 2005); it is a 50 cm thick
level of black lutites with abundant organic matter, gastropods
and root traces. Its faunal list includes Apodemus gudrunae,
Occitanomys alcalai, Stephanomys dubari, Paraethomys meini,
Ruscinomys sp., Apocricetus alberti, Debruijnimys almenaren-
sis, Myocricetodon jaegeri, Eliomys sp., Atlantoxerus sp.,
Parasorex ibericus, and Soricidae indet.

Above this level, there are alternating gray marls and black,
laminated clays with vegetal remains and gastropods, corre-
sponding to the Lacustrine System (Fernández et al., 1996).
Over these deposits, there are channel bodies of clast-
supported conglomerates, varying in thickness from 20 to
50 cm and extending laterally for 50 cm-5 m, overlain by
sands with normal grading. The existence of clasts of different
lithology (metamorphic rocks and limestones) reflects the
mixture of supplies from different source areas. These
conglomerates and sands correspond to the Axial System
(Fernández et al., 1996), which in its distal part incorporates
an important amount of supplies from the External Transverse
System. These coarse sediments alternate with silts and marls

of the Lacustrine System, which are more abundant towards
the top of the section.

REPOSITORIES

All the studied specimens are deposited in the Departa-
mento de Estratigrafı́a y Paleontologı́a, Universidad de
Granada.

NOMENCLATURE

The nomenclature used in the descriptions of the teeth of
Muridae is that defined by van de Weerd (1976). Abbrevia-
tions: tma, anterocentral cusp; c1, posterior accessory cusp;
t1–t12, numbered tubercules (from 1 to 12).

SYSTEMATIC PALAEONTOLOGY

Family MURIDAE Illiger, 1811
Genus APODEMUS Kaup, 1829

Type species.—Mus agrarius Pallas, 1778.

APODEMUS GUDRUNAE van de Weerd, 1976
Figure 3

Apodemus gudrunae VAN DE WEERD, 1976, p. 84, pl. 3, figs.
1–6.

Material.—Ten m1, 5 m2, 5 M1, 6 M2, 2 M3, NGR-1 25–
41.

Description.—m1: The anteroconid is symmetrical or
slightly asymmetrical. The large tma is central or slightly
labial. The c1, larger than the tma, is separated from the
hypoconid. There are from two to four accessory labial
cuspids. The posterior heel is low.

m2: The anterolabial cuspid is large. The c1 is round and
widely separated from the hypoconid. There is another
accessory labial cuspid, somewhat larger than the c1, attached
to the protoconid. In one specimen, there are two other
accessory labial cuspids placed anteriorly. The posterior heel is
low and oval.

FIGURE 1—Geographic and geologic situation of the Guadix Basin.
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M1: The t1 is posterior with respect to the t3 and
disconnected from the t5. The connection between t4 and t8
can be observed in four specimens: one of them has a crest
connecting these cusps; in another one there is a t7 connected
to t4 and t8; the other two specimens have a large, oval t7
connected to t8 and separated from t4. In two out of three
specimens preserving the posterolabial part, the t9 is
connected to t8 by a crest, and t12 is connected to t8 and
separated from t9. In the other specimen t12 is connected to t8
and t9.

M2: The t1 is large and oval. The t3 is small and round. The
t7 is well developed, oval and separated from the t4. The t12 is
round and less developed than in the M1. In three out of four
specimens preserving the posterior part the t12 is connected to
the t8 and separated from the t9. In the other tooth, the t12 is
reduced to a small protuberance between t8 and t9.

M3: The t1 is large and oval. One specimen has a small t3.
The t8 and t9 are united, forming a posterior tubercule,
connected to t6 in one specimen and isolated in the other one.

Measurements.—See Table 1.
Discussion.—The measurements of A. gudrunae from NGR-

1 fit the size range of the type population of the species,
Valdecebro 3 (for comparison, see Table 2); however, the
minimum length of the M2 is slightly smaller in NGR-1 than
in Valdecebro. The morphology also coincides with that of the
type population, although there exist subtle differences, like
the slight asymmetry of the anteroconid in the m1 from NGR-
1. Certain characters that appear in a few specimens from
Valdecebro 3 cannot be observed in NGR-1 due to the scarcity
of material. This is the case of the t4–t7 connection, or the
separation of t6 and t9 in M2.

Apodemus gudrunae from NGR-1 is clearly larger than A.
atavus, a species found in numerous Pliocene localities,
including several levels in the Guadix Basin (Minwer-Barakat
et al., 2005). It is notably smaller than A. gorafensis from its
type locality, Gorafe-4 (Ruiz Bustos et al., 1984) and the
different sites in the Granada Basin (Garcı́a-Alix et al., 2008a):
there is no overlap in the size ranges of these populations and
A. gudrunae from NGR-1 for any dental element. Apodemus
jeanteti is much larger than A. gudrunae and differs from it in
some morphological features, such as the absence or small size
of the tma in the m1.

Apodemus gudrunae from NGR-1 is slightly smaller than A.
barbarae from several sites of the Teruel region (van de Weerd,
1976) and Crevillente (Martı́n Suárez and Freudenthal, 1993).
The main morphological difference is the presence in A.
gudrunae of a well-developed t7 in the M1 and M2. Apodemus
meini from Crevillente 7 and 8 (Martı́n Suárez and Freu-
denthal, 1993) is larger than A. gudrunae and lacks a t7 in the
M1 and M2.

Apodemus gudrunae is a common species in the upper
Turolian of the Iberian Peninsula. There exist numerous
citations in the Teruel region (van de Weerd, 1976; Adrover et
al., 1993a; Mein et al., 1990), in eastern Spain (Martı́n Suárez
and Freudenthal, 1998), and in the Guadix Basin (Martı́n
Suárez, 1988; Sesé, 1989). This species has been also
recognized in France in the localities of Castelnou 3 (Aguilar
et al., 1991) and Lissieu (Martı́n Suárez and Mein, 1998).
Martı́n Suárez and Mein (1998) considered that A. barbarae
from the middle Turolian is the most probable ancestor of A.
gudrunae, which in turn is the ancestor of A. gorafensis and
other lower Pliocene forms without specific ascription.

Genus OCCITANOMYS Michaux, 1969

Type species.—Occitanomys brailloni Michaux, 1969

FIGURE 2—Stratigraphic column of the Negratı́n section, showing the
location of the fossiliferous level of NGR-1. A: deposits of the Lacustrine
System. B: deposits of the Axial System. C: Intercalation of depositis of
the Axial and Lacustrine Systems.
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OCCITANOMYS ALCALAI Adrover, Mein and Moissenet, 1988
Figure 4

Occitanomys adroveri Thaler, 1966; VAN DE WEERD, 1976,
p. 60, pl. 4, figs 1–3. MARTIN SUAREZ, 1988, p. 76, pl. 1,
figs. 3–7.

Occitanomys alcalai ADROVER, MEIN, AND MOISSENET, 1988,
p. 97, pl. 1, figs. 1–7.

Material.—Three m1, 4 m2, 2 m3, 2 M1, 1 M2, 1 M3,
NGR-1 42–54.

Description.—m1: The anteroconid is slightly asymmetrical.
One specimen has a minuscule tma. There is no longitudinal
crest. The c1 is large and connected to the hypoconid. There is
a small accessory labial cuspid, attached to the anteroconid.
The posterior heel is much smaller than the c1, very low and
elongated.

m2: The anterolabial cuspid is large. In worn specimens, a
small longitudinal spur can be observed. The labial cingulum
is weak. The c1 is small and connected to the hypoconid.
There is a small accessory labial cuspid. The posterior heel is
very low and elongated.

m3: There is neither anterolabial cuspid nor longitudinal
crest. The protoconid and metaconid are practically symmet-
rical. There is a small c1 attached to the posterior complex.

M1: The t1 is placed in a very posterior position, widely
separated from the t2. There is a small but well-differentiated,
elongated t1bis. There is no t2bis. In one specimen the t3 bears
a small posterior spur that does not reach the t5. The t1
connects to the t5, and there is a crest connecting t4 and t8. In
the other specimen, neither the t1 nor the t3 are connected to
the t5, and there is no connection between t4 and t8. There is a
small t12 attached to the t8.

M2: The t1bis is oval, connected to t1 and t5. A very low
crest connects the t1 to the lingual face of the t5. The t3 is
round and separated from the t5. The t4 is weakly connected
to the t5 and separated from the t8. There is a small t12,
connecting t8 and t9.

M3: The t1 is very reduced and attached to the t4. There is
no t3. The t8 is weakly connected to the t6 and separated from
the t4 by a valley.

Measurements.—See Table 3.
Discussion.—The dimensions of O. alcalai from NGR-1 fit

the size ranges of the type population (Peralejos E) for almost
all measured parameters (see Table 4); the widths of the m1,
m2 and M2 are slightly larger in NGR-1. The specimens from
NGR-1 are similar in size to those of O. alcalai from Purcal 4
and 13 (Garcı́a-Alix et al., 2008a). The material in all the
mentioned populations is very scarce and the size ranges are
very restricted; therefore, differences may be due in part to the
scarcity of material. We have also compared this material with
more numerous samples of O. alcalai: practically all the
measured parameters of NGR-1 fit the size ranges of the
populations from Valdecebro 3, 6 and La Gloria 5 (Adrover et
al., 1988, 1993a).

The material from NGR-1 shows the diagnostic characters
of O. alcalai: relatively high crown, well-developed t1bis,
absence of isolated cusps in the upper molars, and longitudinal
crests in the lower molars incomplete or absent. We have
compared our material with that from the type locality, stored
in the University of Lyon I. The m1 are morphologically very
similar; the only difference is the absence in the type
population of the minuscule tma that exists in one specimen
from NGR-1. Some M1 from Peralejos E have a better-
developed t1bis than those from NGR-1. In general terms, the
t3–t5 connection is better developed in the type population,
although this character is variable in Peralejos E. The t1–t5
and t4–t8 connections only appear in some specimens from
Peralejos E. There are no morphological differences in the rest
of the dental elements.

The dimensions of the teeth from NGR-1 also fit the size
ranges of O. adroveri from Los Mansuetos (type locality),
Masada del Valle 3 and 5 and Concud 3 (van de Weerd, 1976),
although the mean values are larger in these populations. On
the contrary, the specimens from NGR-1 are, in general,
smaller than those of O. adroveri from Crevillente 7, 8, 15 and

FIGURE 3—Apodemus gudrunae van de Weerd, 1976. 1, right M1, NGR-1 31; 2, left M2, NGR-1 34; 3, right M3, NGR-1 41; 4, left m1, NGR-1 16; 5,
left m2, NGR-1 25. Scale bar represents 1 mm.

TABLE 1—Measurements (in mm) of the teeth of Apodemus gudrunae van
de Weerd, 1976 from Negratı́n-1.

Length Width

N Min. Mean Max. N Min. Mean Max.

m1 6 1.83 1.90 1.95 7 1.10 1.17 1.21
m2 3 1.29 1.35 1.40 5 1.24 1.26 1.29
M1 3 1.99 2.04 2.10 4 1.28 1.30 1.34
M2 5 1.25 1.37 1.48 5 1.28 1.31 1.39
M3 2 0.95 0.96 0.97 1 . 1.00 .

MINWER-BARAKAT ET AL.—MIOCENE FAUNA AND THE AFRICA-IBERIA INTERCHANGE 857



17 (Martı́n Suárez and Freudenthal, 1993) and Aljezar B
(Adrover, 1986).

In addition to the more or less obvious differences in size,
clear morphological differences exist between O. adroveri and
the material from NGR-1: many m1 and m2 of this species
from the Teruel region have a well-developed longitudinal
spur (van de Weerd, 1976). In the above mentioned levels of
Crevillente the longitudinal spur is present in most specimens;
some m1 even have a complete longitudinal crest. On the
contrary, the longitudinal spur is absent in all the m1 from
NGR-1 and can be observed only in the most worn m2. In
addition, the m1 of O. adroveri from Aljezar B have an
elongated posterior heel with a crest that reaches the postero-
lingual part of the entoconid. To the contrary, in the
specimens from NGR-1 the posterior heel is oval and lacks
this crest. The posterior heel and the accessory labial cuspid of
the m2 are more developed in O. adroveri than in O. alcalai.
The M1 of O. alcalai have a higher crown, a better-developed
stephanodont crest and a less posterior t1 than those of O.
adroveri. The t1–t5 connection in the M2, which is present in
the specimens from NGR-1, is more frequent in O. alcalai
than in O. adroveri.

Occitanomys alcalai from NGR-1 is also larger than O.
sondaari from different localities of Teruel and Crevillente

(van de Weerd, 1976; Adrover, 1986; Martı́n Suárez and
Freudenthal, 1993). Morphollogically, O. sondaari differs
from O. alcalai from NGR-1 in the connection between t6
and t9, which is weak or absent in M1 and M2, in the lower
t4–t5 crest, in the absence or small size of the t1bis in the M1,
in the widely separated t1 and t1bis (or t2), in the less-
developed labial cingulum in the lower molars, and in the
more frequent longitudinal spur in the lower molars.

The specimens from NGR-1 are much smaller than those of
O. brailloni from Layna (type locality), Nı̂mes, Sète (Michaux,
1969), and Tollo de Chiclana-1B (Minwer-Barakat et al.,
2005). In addition, O. brailloni clearly differs from the
population taken from NGR-1 in morphological characters
such as the well-developed longitudinal crests in the upper
molars.

Occitanomys alcalai is restricted to the upper Turolian and
lower Ruscinian of the Iberian Peninsula. It has been found in
many localities of the Teruel region (Adrover et al., 1988,
1993a). In southeastern Spain, O. alcalai is present in
Crevillente 6 (Martı́n Suárez and Freudenthal, 1993), Zorreras
2B and 3A (Martı́n Suárez et al., 2000), and several localities
from the Granada Basin (Garcı́a-Alix et al., 2008a). According
to Adrover et al. (1993a) and Freudenthal and Martı́n Suárez
(1999), this species is an immigrant in the Iberian Peninsula,

TABLE 2—Ranges of length and width (in mm) of the m1 and M1 of several Late Miocene and Pliocene populations of Apodemus. Data of Los
Mansuetos, Valdecebro-3, and Masada del Valle-7 after van de Weerd (1976). Data of Crevillente-7, 8 and 15 after Martı́n Suárez and Freudenthal
(1993). Data of Negratı́n-1 from this paper. Data of Mina-4 and Dehesa-16 after Garcı́a Alix et al. (2008a). Data of Tollo de Chiclana-1 and 1B after
Minwer-Barakat et al. (2005).

Species Locality

m1 M1

Length Width Length Width

N Range N Range N Range N Range

A. atavus .Tollo de Chiclana-1B 18 1.62–1.88 18 0.97–1.18 13 1.66–2.09 13 1.11–1.32
A. atavus .Tollo de Chiclana-1 8 1.71–1.80 8 0.98–1.03 5 1.78–1.90 4 1.14–1.20
A. gorafensis .Dehesa-16 7 2.13–2.29 6 1.28–1.44 10 2.33–2.62 11 1.53–1.66
A. gorafensis .Mina-4 6 2.22–2.47 7 1.35–1.56 8 2.35–261 8 1.60–1.68
A. gudrunae .Masada del Valle-7 . . . . 1 2.09 1 1.30
A. gudrunae .Negratı́n-1 6 1.83–1.95 7 1.10–1.21 3 1.99–2.10 4 1.28–1.34
A. gudrunae .Valdecebro-3 18 1.67–2.12 18 1.00–1.26 12 1.93–2.30 14 1.25–1.43
A. meini .Crevillente-7 5 1.99–2.14 7 1.32–1.42 8 2.28–2.40 8 1.48–1.61
A. meini .Crevillente-8 12 1.94–2.13 12 1.25–1.33 8 2.24–2.38 10 1.43–1.58
A. barbarae .Crevillente-15 56 1.70–1.95 53 1.04–1.25 49 1.88–2.20 52 1.22–1.45
A. barbarae .Los Mansuetos 18 1.74–1.96 18 1.15–1.28 22 2.01–2.24 23 1.32–1.47

FIGURE 4—Occitanomys alcalai Adrover, Mein and Moissenet, 1988. 1, left M1, NGR-1 52; 2, left M1, NGR-1 51; 3, right M2, NGR-1 53; 4, left M3,
NGR-1 54; 5, right m3, NGR-1 50; 6, right m2, NGR-1 48; 7, right m1, NGR-1 44. Scale bar represents 1 mm.
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because it shows notable differences with the species of the
genus previously present in Spain. Certainly, in the lineage O.
sondaari-O. adroveri, an increase in size and in the frequency
of the longitudinal connections can be observed. On the
contrary, O. alcalai is smaller than O. adroveri and has less-
developed longitudinal connections in m1 and m2. Therefore,
an ancestor-descendant relationship for these species is
improbable.

Genus STEPHANOMYS Schaub, 1938

Type species.—Mus donnezani Depéret, 1890

STEPHANOMYS DUBARI Aguilar, Michaux, Bachelet, Calvet,
and Faillat, 1991

Figure 5

Stephanomys sp., DE BRUIJN, 1974, p. 436, pl. 2, figs. 3–5.
Stephanomys aff. medius CORDY, 1976; RUIZ BUSTOS, SESÉ,

DABRIO, PEÑA, AND PADIAL, 1984, p. 234, pl. 2, figs. 1–2.
Stephanomys medius Cordy, 1976; ADROVER, MEIN AND

MOISSENET, 1988, p. 101, pl. 1, figs. 8–14.
Stephanomys dubari AGUILAR, MICHAUX, BACHELET, CALVET

AND FAILLAT, 1991, p. 153, pl. 1, figs. 1–17.

Material.—Four m1, 5 m2, 1 m3, 1 M2, 1 M3, NGR-1 1–4,
NGR-1 6–13.

Description.—m1: The anteroconid is markedly asymmetri-
cal. Two out of three specimens preserving the anterior part
have a minuscule tma. The longitudinal crest is high. The c1 is
connected to the hypoconid. The labial cingulum is separated
from the protoconid. There is a high accessory labial cuspid
attached to the anteroconid. The posterior heel is low,
triangular, and continues in a crest that reaches the postero-
lingual end of the entoconid.

m2: The anterolabial cuspid is small and connected to the
protoconid. The longitudinal crest is high. One out of three
specimens preserving the labial part has a minuscule c1
attached to the hypoconid; another specimen has a c1
connected to the hypoconid and protoconid by two crests.
The third specimen has no c1. The posterior heel is low,
elongated or round.

m3: There is an anterolabial cuspid. There is a crest starting
at the protoconid-metaconid intersection, which does not
reach the posterior complex. The c1 is elongated, attached to
the posterior complex.

M2: The single specimen lacks the anterolingual part. There
is a crest starting at the t5–t6 intersection, which does not
reach the t3. There is no t12, but a crest connects the posterior
part of the t9 to the posterolabial end of the t8. Another crest
connects t4 and t8.

M3: The t1 and t4 are larger than the t5 and t6. The t8 is
very small, round, and weakly connected to the t4–t6
intersection.

Measurements.—See Table 5.
Discussion.—The measurements of the specimens from

NGR-1 fit the size range of the type population of S. dubari
from Castelnou 3 (see Fig. 6), and the mean lengths and
widths are very similar for all the dental elements. The size is
also very similar to that of S. dubari from different localities in
the Granada Basin (Garcı́a-Alix et al., 2008a).

The size of all the specimens from NGR-1 except the M3,
also fits the size range of the type population of S. ramblensis
from Valdecebro 3 (van de Weerd, 1976). However, some
specimens from NGR-1 are larger than those of S. ramblensis
from other localities in the Teruel region, such as Masada del
Valle 6, 7 and Villalba Baja 1. In any case, the size ranges of
the type populations of the species S. dubari and S. ramblensis
largely overlap, so biometrical criteria are not enough to
assign the material from NGR-1 to one of these species.

Morphologically, the material from NGR-1 is very similar
to that of S. dubari from its type locality, stored in the
University of Lyon. The lower molars from NGR-1 have a
slightly lower longitudinal crest than do those from Castelnou
3, although the difference is very subtle. The single M2 from
NGR-1 has a small spur on the t5, directed towards the t3,
whereas most specimens from Castelnou 3 have a complete
crest connecting these cusps. However, this is a variable
character in Castelnou 3, where specimens without this
connection also exist.

Morphological differences with the type population of S.
ramblensis are more accentuated. The m1 from Valdecebro 3
lack accessory labial cuspids, have a lower and more elongated
posterior heel, a less-developed connection between the
anteroconid and the protoconid-metaconid, and a smaller c1
than the specimens from NGR-1. The anterolabial cuspid of
the m2 is larger in Valdecebro 3 than in NGR-1. The
longitudinal crest of the lower molars is notably lower in S.
ramblensis from Valdecebro 3 than in NGR-1. The M2 of S.
ramblensis has its t4 separated from the t8. The longitudinal
labial spur present in the M2 from NGR-1 is very unfrequent
in the type population of S. ramblensis.

FIGURE 5—Stephanomys dubari Aguilar, Michaux, Bachelet, Calvet and Faillat, 1991. 1, left m1, NGR-1 1; 2, left m2, NGR-1 6; 3, right m3, NGR-1
11; 4, right M3, NGR-1 13. Scale bar represents 1 mm.

TABLE 3—Measurements (in mm) of the teeth of Occitanomys alcalai
Adrover, Mein and Moissenet, 1988 from Negratı́n-1.

Length Width

N Min. Mean Max. N Min. Mean Max.

m1 3 1.72 1.78 1.88 3 1.16 1.22 1.28
m2 4 1.26 1.27 1.29 4 1.22 1.235 1.28
m3 1 . 1.05 . 1 . 1.03 .
M1 2 1.83 1.84 1.85 2 1.35 1.375 1.40
M2 1 . 1.36 . 1 . 1.37 .
M3 1 . 0.89 . 1 . 0.92 .
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Differences with S. ramblensis from Crevillente 14 and 31
are also notable (Martı́n Suárez and Freudenthal, 1993). The
m1 and m2 from Crevillente have notably lower longitudinal
crests and lower and more elongated posterior heels. The
anterior spur on the t5 is weaker in the single M2 from CR-31
than in the specimen from NGR-1.

In conclusion, the population from NGR-1 is more similar
to S. dubari from Castelnou 3 than to S. ramblensis from
Valdecebro 3, although the size and some morphological
characters are intermediate between those of the two type
populations. Certain details, such as the small size and the lack
of a longitudinal labial crest of the single M2 from NGR-1
resemble those of S. ramblensis, but the size of the rest of teeth,
the height of the longitudinal crests and the morphology of the
posterior heel and labial cingulum in the lower molars are
much more similar to those of S. dubari.

The measurements of the specimens from NGR-1 partially
overlap the size ranges of S. cordii from Alcoy (Cordy, 1976),
although the mean values in this locality are larger than in NGR-
1 in all cases. Direct comparison with specimens from Alcoy
allows us to observe several morphological differences: the teeth
of S. cordii have higher crowns than those from NGR-1, the
lower molars from Alcoy have stronger longitudinal crests, and
the M2 have better-developed t1–t5 and t3–t5 connections.

Stephanomys dubari from NGR-1 is slightly smaller than S.
minor. The latter species can be distinghished from S. dubari in
the crest-shaped posterior heel in the m1 and m2, and in the
higher longitudinal crests. The rest of the species of Stepha-
nomys are notably larger than S. dubari and have clearly better
developed longitudinal crests in lower and upper molars.

The geographic distribution of S. dubari comprises the
Ibero-Occitan province. Aguilar et al. (1991) assigned several
populations to S. dubari that were previously attributed to
other species (Caravaca, La Tour, La Alberca). Later, this
species has been recognized in southern Spain in Zorreras 3A
(Martı́n Suárez et al., 2000), Rambla de Chimeneas-3
(Minwer-Barakat et al., 2009), and in different localities in
the Granada Basin (Garcı́a-Alix et al., 2008a). Probably, other

samples from the uppermost Turolian, previously attributed
to S. ramblensis, might also correspond to S. dubari.

Genus PARAETHOMYS Petter, 1968

Type species.—Paraethomys filfilae Petter, 1968

PARAETHOMYS MEINI (Michaux, 1969)
Figure 7

Anthracomys meini MICHAUX, 1969, p. 14, pl. 2, figs. 6–9.
Occitanomys anomalus DE BRUIJN, DAWSON, AND MEIN,

1970, p. 548, pl. 2, figs. 7–12.
Paraethomys anomalus (de Bruijn, Dawson and Mein, 1970).

DE BRUIJN, MEIN, MONTENAT, AND VAN DE WEERD, 1975,
p. 13, pl. 1, fig. 15; pl. 2 figs. 16, 17.

Paraethomys miocaenicus JAEGER, MICHAUX, AND THALER,
1975, p. 1674, pl. 1, figs. 1–12.

Paraethomys meini (Michaux, 1969). MONTENAT AND DE

BRUIJN, 1976, p. 248, pl. 1, figs. 1–3; pl. 2, figs. 1, 2; VAN

DE WEERD, 1976, p. 95, pl. 8, figs. 11–15.

Material.—One incomplete m1, 1 m2, 2 m3, two incomplete
M1, 3 M2, 1 M3, NGR-1 5, NGR-1 55–62, NGR-1 114.

Description.—m1: There is no tma. A longitudinal spur
starts at the hypoconid-entoconid intersection and weakly
connects to the protoconid. The c1 is attached to the
hypoconid. The enamel islet between the anteroconid and
the protoconid-metaconid cannot be observed, but this may be
due to the advanced stage of wear.

m2: There is a small longitudinal spur that does not reach
the protoconid-metaconid pair. The c1 is connected to the
hypoconid. The labial cingulum is weak and attached to the
protoconid. The posterior heel is low, elongated and
connected to the hypoconid.

m3: There is neither anterolabial cuspid nor longitudinal
crest. The posterior complex is shifted lingually and has a
poorly differentiated c1.

M1: There is no t1bis. The t3 bears a small posterior spur
that does not reach the t6. The t1 is not connected to the
posterior crown. The t4 is posterior with respect to the t6 and
separated from the t8. The t9 cannot be observed, because the
two specimens are damaged in their posterolabial part.

M2: The t1 is large and oval; the t3 is much smaller. Both
cusps are isolated. The t4 is somewhat posterior with respect
to the t6, and separated from the t8. The t8 is very large and
slightly diplaced labially. The t9 is reduced to a crest
connecting t6 and t8. There is no t12.

M3: The t1 is very large and separated from t4 and t5. There
is no t3. The t4, t5, t6 and t8 are connected forming a crown

TABLE 5—Measurements (in mm) of the teeth of Stephanomys dubari
Aguilar, Michaux, Bachelet, Calvet and Faillat, 1991 from Negratı́n-1.

Length Width

N Min. Mean Max. N Min. Mean Max.

m1 2 2.20 2.205 2.21 2 1.36 1.37 1.38
m2 4 1.48 1.56 1.62 4 1.42 1.50 1.55
m3 1 . 1.23 . 1 . 1.19 .
M3 1 . 1.20 . 1 . 1.24 .

TABLE 4—Ranges of length and width (in mm) of the m1 and M1 of several Late Miocene and Pliocene populations of Occitanomys. Data of Tortajada-
A and Los Mansuetos after van de Weerd (1976). Data of Crevillente-2 and 8 after Martı́n Suárez and Freudenthal (1993). Data of Peralejos-E after
Adrover et al. (1988). Data of La Gloria-4 after Adrover et al. (1993). Data of Negratı́n-1 from this paper. Data of Purcal-4 after Garcı́a Alix et al.
(2008a). Data of Layna after Michax (1969). Data of Tollo de Chiclana-1B after Minwer-Barakat et al. (2005).

Species Locality

m1 M1

Length Width Length Width

N Range N Range N Range N Range

O. brailloni .Tollo de Chiclana-1B 1 1.96 1 1.33 1 2.28 1 1.57
O. brailloni .Layna 10 1.93–2.16 10 1.17–1.38 13 1.90–2.35 13 1.41–1.62
O. alcalai .Purcal-4 5 1.69–1.83 5 1.12–1.21 6 1.87–1.94 6 1.25–1.35
O. alcalai .Negratı́n-1 3 1.72–1.88 3 1.16–1.28 2 1.83–1.85 2 1.35–1.40
O. alcalai .La Gloria-4 11 1.69–1.95 11 1.12–1.28 16 1.82–2.10 16 1.31–1.50
O. alcalai .Peralejos-E 11 1.61–1.97 12 1.02–1.20 12 1.79–2.08 12 1.22–1.41
O. adroveri .Crevillente-8 5 1.80–1.97 5 1.12–1.21 4 1.94–2.12 4 1.33–1.43
O. adroveri .Los Mansuetos 92 1.70–2.03 92 1.08–1.30 68 1.80–2.27 69 1.28–1.55
O. sondaari .Crevillente-2 14 1.53–1.64 15 0.95–1.06 25 1.67–1.91 26 1.12–1.33
O. sondaari .Tortajada-A 39 1.51–1.76 40 0.95–1.18 51 1.59–2.01 56 1.15–1.45
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with a deep funnel, completely closed by the t4–t8 connection.
The t8 is central.

Measurements.—See Table 6.
Discussion.—The locality of NGR-1 has yielded few speci-

mens of P. meini, some of them incomplete, so only three dental

elements have been measured. The dimensions of the M2 from
NGR-1 are similar to those of the type population of P. meini,
Sète (Michaux, 1969; and Adrover, 1986). No measurements of
the third molars from Sète are available, so we cannot compare
the size with the teeth from NGR-1.

The specimens from NGR-1 are similar in size to those of P.
meini from several localities of the Teruel region (van de Weerd,
1976; Adrover et al., 1988), and the Granada Basin (Garcı́a-Alix
et al., 2008a). The only exception is the width of the M2, some-
what larger in the specimens from NGR-1. But most samples we
have compared contain few specimens, so the observed
differences may be due in part to the scarcity of material.

The morphology of the specimens from NGR-1 is very
similar to that of the type population. The most characteristic
feature is the lack of t9 in the M2, although the reduction or
absence of this cusp is a common character in all the species of
Paraethomys. The weak labial cingulum in the lower molars,
the absence of tma in the m1 and the lack of well-developed
posterior spurs on the t1 and t3 of the M1 are other
morphological features common to NGR-1 and Sète.

The synonymy of the species Paraethomys anomalus, P.
miocaenicus, and P. meini was proposed by Montenat and de
Bruijn (1976) and van de Weerd (1976) and accepted later by
many other authors (Adrover, 1986; Martı́n Suárez, 1988;
Castillo, 1990; Freudenthal and Martı́n Suárez, 1999), who
used the oldest name, i.e., P. meini. Nevertheless, other
authors maintained the names P. anomalus and P. miocaenicus
(Mein et al., 1990; Agustı́ and Llenas, 1996). The size of P.
anomalus from its type locality (Maritsa, de Bruijn et al., 1970)
is very similar to that of P. meini from Sète, and the diagnostic
characters given in the original description of P. anomalus
(absence of t9 in the M2, lack of t1bis in the M1 and M2, and
presence of a t12 in the M1) are all common to the material
from Sète, so there is no criterion to differentiate these species,
and their synonymy is evident. With regard to P. miocaenicus,
the measurements from its type locality (Khendek-el-Ouaich)
are also similar to those from Sète (see data in Adrover, 1986).
Morphologically, according to the diagnosis of Jaeger et al.
(1975), the only differential character between P. miocaenicus
and P. meini is the better development of the t9 in the M1 and
M2 of the former species. Nevertheless, the single M1 from the
type locality of P. miocaenicus figured by Jaeger et al. (1975)
has a t9 similar in size to that of the specimens of P. meini
from different localities (no illustration of the M2 from
Khendek-el-Ouaich is available in the cited paper). Taking
into account the scarcity of the material from this locality (15
teeth), we consider that there are not enough criteria to assign
the population from Khendek-el-Ouaich to a species different
from P. meini.

We have compared the material from NGR-1 with several
populations of P. meini kept in the University of Lyon I:
Amama 2, Arquillo 4 and Tolosa (previously assigned to P.
miocaenicus), Maritsa, Peralejos E, Caravaca, Brisighella and
Amama 3 (previously ascribed to P. anomalus), Layna,
Villalba Alta, Villalba Alta Rı́o 2, Serrat d’en Vacquer, and
Villeneuve de la Raho (originally assigned to P. meini). We

FIGURE 7—Paraethomys meini (Michaux, 1969). 1, left M2, NGR-1 59; 2,
right M3, NGR-1 62; 3, right m3, NGR-1 56. Scale bar represents 1 mm.

TABLE 6—Measurements (in mm) of the teeth of Paraethomys meini
(Michaux, 1969) from Negratı́n-1.

Length Width

N Min. Mean Max. N Min. Mean Max.

m3 1 . 1.24 . 1 . 1.20 .
M2 3 1.55 1.61 1.66 3 1.55 1.59 1.64
M3 1 . 0.99 . 1 . 1.12 .

FIGURE 6—Ranges of measurements of several populations of
Stephanomys ramblensis, S. dubari, S. cordii and S. minor. 1, length (in
mm) of the m1; 2, length (in mm) of the m2. Localities are placed in
stratigraphic order. Data of MDV (Masada del Valle), VDC (Valdecebro),
and VB (Villalba Baja) after van de Weerd (1976). Data of NGR
(Negratı́n), from this paper. Data of CTN (Castelnou) after Aguilar et al.
(1991). Data of DHS (Dehesa) and PUR (Purcal) after Garcı́a Alix et al.
(2008a). Data of ALC (Alcoy) after Cordy (1976). Data of TCH (Tollo de
Chiclana) after Minwer-Barakat et al. (2005).
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have also directly compared the material with P. meini from
Purcal 4 and Rambla de Chimeneas-3, stored in the University
of Granada. There are no significant biometrical differences
between these populations. Regarding the morphology, no
differences can be observed in the lower molars, M1 and M3.
The development of the t9 in the M2 is variable within some
populations. In Amama 2, Amama 3, Peralejos E, Brisighella,
Purcal 4, and Layna some specimens have a small but
individualized t9. In most specimens from these localities,
and in all the teeth from the rest of sites we have compared, t9
is absent, like in the populations from Sète and NGR-1. The
thickness of the crest connecting t6 and t8 is variable in all the
mentioned populations. We conclude that the development of
the t9 in the M2 shows a certain intraspecific variability, and
accept the synonymy between these three species.

Paraethomys meini from NGR-1 is smaller than P. belmezensis
from Bélmez-1 (Castillo, 1990). Morphologically, the material
from NGR-1 differs from P. belmezensis in the absence of tma
in the m1 and in the t6–t8 crest in the M2, which is lower in P.
belmezensis. Paraethomys abaigari from Villalba Alta Rı́o
(Adrover et al., 1988) is clearly larger than the material from
NGR-1, and has more developed posterior spurs on the t1 and
t3 of the M1. Paraethomys jaegeri from Gorafe-2 (Montenat
and de Bruijn, 1976), and Asta Regia 3 (Castillo and Agustı́,
1996) is notably larger than P. meini from NGR-1. Differences
between P. jaegeri and P. meini are mainly biometrical.

The genus Paraethomys has a circummediterranean distri-
bution. The oldest (late Miocene) and youngest (Pleistocene)
species are found in northern Africa. In Europe, the genus is
present from the late Turolian until the latest Ruscinian. Its way
of entrance into Europe has been discussed, and several
hypotheses have been proposed (Jaeger et al., 1975; Jaeger
1977a; Adrover, 1986; Agustı́ and Llenas, 1996), but recent
papers agree upon an African-Spanish dispersion of Paraeth-
omys in the late Turolian, later than the first occurrence of
Stephanomys ramblensis (Garcés et al., 1998; Martı́n Suárez and
Freudenthal, 1998; Agustı́ et al., 2006). The first representative
of the genus in Iberia is P. meini. During the Pliocene, this genus
becomes more diversified, and larger species occur (P. abaigari,
P. jaegeri, P. belmezensis). In the Guadix Basin two species have
been recognized: P. meini, of small size, in upper Turolian and
Ruscinian sites (Agustı́, 1986; Martı́n Suárez, 1988) and P.
jaegeri, large-sized, in Ruscinian levels (Montenat and de Bruijn,
1976; Guerra Merchán et al., 1991).

Family GERBILLIDAE Alston, 1876
Subfamily MYOCRICETODONTINAE Lavocat, 1961

Genus MYOCRICETODON Lavocat, 1952

Type species.—Myocricetodon cherifiensis Lavocat, 1952.

MYOCRICETODON JAEGERI Benammi, 2001
Figure 8

? Myocricetodon sp. AGUILAR, BRANDY, AND THALER, 1984,
p. 8, pl. 1, figs. d–e; SESÉ, 1989, p. 188, pl. 1, figs. 6–7;

AGUILAR, MICHAUX, BACHELET, CALVET, AND FAILLAT,
1991, p. 151, fig. 2a; WESSELS, 1998, p. 192, pl.1, figs. 1–2.

Myocricetodon cf. parvus Lavocat, 1961; AGUSTÍ AND GALO-

BART, 1986, p. 57; AGUSTÍ, 1989, p. 151; AGUSTÍ, 1990,
p. 387; AGUSTÍ AND CASANOVAS-VILAR, 2003, p. 19;
AGUSTÍ, GARCÉS, AND KRIJGSMAN, 2006, p. 11.

Myocricetodon sp. COIFFAIT, 1991, p. 63, pl. 2, figs. 3–11.
Myocricetodon jaegeri BENAMMI, 2001, p. 190, pl. 2, figs. 3–11.

Material.—One complete and one incomplete m1, 1 m2, 4
M1, 1 M2, NGR-1 85–92.

Description.—m1: The anteroconid is undivided and very
large. Its connection with the metaconid is low. The
metaconid, protoconid, entoconid and hypoconid are alter-
nating. The longitudinal crest connecting the entoconid and
the protoconid is low. The labial cuspids are lingually inclined,
the lingual cuspids inclined anteriorly. The posterior tubercule
is oval, attached to the posterolingual part of the hypoconid.
There is a cingulum on the labial border, connecting the
anteroconid to the protoconid. The complete specimen has
two accessory labial cuspids: one at the base of the
anteroconid, and the other one behind the protoconid. The
incomplete specimen, which corresponds to the posterior part
of the molar, has no accessory labial cuspid.

m2: The labial branch of the anterolophid is long and well
marked. It starts at the protoconid-metaconid intersection,
decreases in height, and borders the molar, reaching the base
of the metaconid. The metaconid and entoconid are forward
with respect to the protoconid and hypoconid respectively.
There is a low longitudinal crest connecting the anterior part
of the entoconid to the posterior part of the protoconid. The
posterior cuspid is low, oval, and connected by a crest to the
posterior part of the hypoconid.

M1: The outline is long and narrow. The anterocone is
divided into two well-differentiated lobes; the labial lobe is
larger than the lingual one, and placed posterior with respect
to it. There is a minuscule round tubercule on the anterior
border of the tooth at the level of the separation between the
two lobes of the anterocone. The labial lobe of the anterocone
is connected to the protocone by a crest. The labial cusps are
transverse to the longitudinal axis of the tooth; the lingual
cusps are oblique. The protocone and paracone are separated
in the least worn specimens, and become connected with wear.
There is a crest starting at the anterior face of the hypocone,
directed to the paracone. This crest descends forwards, so
these cusps are connected only in worn specimens. The
posteroloph is very reduced or absent. There is a small crest
in the posterior part of the tooth, directed towards the lingual
side, behind the hypocone. The accessory cusp on the lingual
border, between the protocone and hypocone, is rounded and
very small; this cusp is isolated in two specimens and weakly
connected to the protocone in the other two teeth.

M2: In the anterior part, instead of an anteroloph, there is a
large oval tubercule, lower than the rest of cusps, and

FIGURE 8—Myocricetodon jaegeri Benammi, 2001. 1, right m1, NGR-1 86; 2, right m2, NGR-1 87; 3, left M1, NGR-1 88; 4, right M1, NGR-1 91; 5,
left M2; NGR-1 92. Scale bar represents 1 mm.
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connected to the protocone by a low crest. The protocone is
notably anterior with respect to the paracone. There is a small
spur on the anterior wall of the metacone, which does not
reach the paracone, so there is no longitudinal connection
between the anterior and posterior cusps. The hypocone and
metacone are fused, forming a wide transverse crest. There is
neither an accessory cusp between the protocone and
hypocone nor a posteroloph.

Measurements.—See Table 7.
Discussion.—The genus Myocricetodon is known from the

late Aragonian until the earliest Ruscinian. Besides some
citations from Asia (Turkey, Pakistan, and Arabian Peninsu-
la) and Europe (Iberian Peninsula and southernmost France),
most occurrences of this genus have been reported from North
Africa, where at least twelve species have been defined. Jaeger
(1977a) recognized three different lineages within this genus,
expanded later with the inclusion of new species by other
authors (Coiffait, 1991; Benammi, 2001).

The specimens from NGR-1 may be distinguished from the
species of the large-size lineage (formed by Myocricetodon
irhoudi, M. ouedi, M. ultimus, M. asphodelae and M. magnus)
mainly by their much smaller size (see Table 8), and there are
clear morphological differences too. The molars of these
species are proportionally wider than those of M. jaegeri from
NGR-1, have less-developed longitudinal crests (except for M.
asphodelae), and a much less accentuated asymmetry between
the labial and lingual cusps than the teeth from NGR-1.

A second lineage, formed by Myocricetodon parvus, M.
seboui, M. ouaichi and M. afoudensis, is characterized by a
large protuberance on the lingual side of the M1, which
increases in size from older to younger species, becoming a
well-developed cusp. Myocricetodon jaegeri from NGR-1

differs from this lineage principally in the accessory lingual
cusp in the M1, which is reduced and isolated or weakly
connected to the protocone. This difference contrasts espe-
cially with the three youngest species of the lineage, M. seboui,
M. ouaichi and M. afoudensis, in which this lingual cusp is very
large. These three species have also more developed longitu-
dinal crests than M. jaegeri from NGR-1. The upper molars of
M. afoudensis have several transverse crests in the valleys
between the cusps, which are absent in those of M. jaegeri.
Regarding M. parvus, direct comparison with the material
from Beni-Mellal and Pataniak 6 stored at the University of
Lyon showed several morphological differences. The ante-
rocone of the M1 is simple or, less frequently, slightly divided
into two lobes by a very shallow valley. The M2 of M. parvus
have a well-developed anteroloph. The m1 are proportionally
wider and have a less prominent anteroconid than those from
NGR-1. With respect to the size, M. jaegeri from NGR-1 is
slightly smaller than M. parvus, M. seboui and M. afoudensis,
and clearly smaller than M. ouaichi.

The third lineage, characterized by small size and the poorly
developed accessory lingual cusp in M1, includes the species
Myocricetodon cherifiensis, M. trerki and M. jaegeri. The
oldest species, M. cherifiensis (late Aragonian), is smaller than
M. trerki from the Vallesian (Jaeger 1977a, 1977b). Contrarily,
M. jaegeri (the youngest species of the genus, described from
the upper Turolian site of Afoud 5), is more similar in size to
M. cherifiensis than to M. trerki, so Benammi (2001)
considered that it descends directly from M. cherifiensis.

The specimens from NGR-1 are notably smaller than M.
cherifiensis from Beni-Mellal (Jaeger, 1977b) and Jebel
Rhassoul (Benammi and Jaeger, 1996) and much smaller than
M. trerki from l’Oued Zra (Jaeger, 1977a). Morphologically,
in the M1 of these two species the anterocone is undivided and
the accessory lingual cusp occurs infrequently, contrary to M.
jaegeri from NGR-1.

The material from NGR-1 is very similar in size to M.
jaegeri from its type locality, Afoud 5. The dimensions of the
lower molars are practically identical in the two localities, and
those of the upper molars are slightly larger in Afoud 5,
although the differences are not significant in view of the
scarcity of material in both localities (12 specimens in Afoud 5,

TABLE 7—Measurements (in mm) of the teeth of Myocricetodon jaegeri
Benammi, 2001 from Negratı́n-1.

Length Width

N Min. Mean Max. N Min. Mean Max.

m1 1 . 1.34 . 2 0.70 0.71 0.72
m2 1 . 0.93 . 1 . 0.77 .
M1 4 1.44 1.495 1.53 4 0.73 0.765 0.80
M2 1 . 0.89 . 1 . 0.72 .

TABLE 8—Ranges of length and width (in mm) of the m1 and M1 of several species of Myocricetodon. Data of Beni-Mellal (M. cherifiensis) after Lavocat
(1961). Data of Beni-Mellal (M. parvus), Pataniak-6, Oued Zra, and Khendek-el-Ouaich after Jaeger (1977a). Data of El Hiout, Maatgua, and Argoub
Kemellal 1 after Coiffait (1991). Data of Afoud-5 and 6 after Benammi (2001). Data of Negratı́n-1 from this paper. Data of Lissasfa after Geraads
(1998a). Data of Salobreña after Aguilar et al. (1984). Data of Pino Mojón after Sesé (1989).

Species Locality

m1 M1

Length Width Length Width

N Range N Range N Range N Range

Myocricetodon sp. .Pino Mojón 1 1.31 1 0.73 1 1.43 1 0.73
Myocricetodon sp. .Salobreña 2 1.19–1.20 2 0.69–0.73 1 1.32 . 0.73
Myocricetodon sp. .Lissasfa 1 1.34 1 0.76 1 1.62 1 0.80
M. jaegeri .Argoub Kemellal 1 1 1.30 2 0.73–0.74 . — . —
M. jaegeri .Afoud-5 2 1.29–1.34 2 0.68–0.73 6 1.49–1.57 6 0.80–0.91
M. jaegeri .Negratı́n-1 1 1.34 2 0.70–0.72 4 1.44–1.53 4 0.73–0.80
M. trerki .Oued Zra 3 1.76–1.86 3 1.04–1.17 . — 2 1.36–1.42
M. cherifiensis .Beni-Mellal 1 1.57 1 0.87 . — . —
M. afoudensis .Afoud-6 . — . — 2 1.59–1.61 2 0.80
M. ouaichi .Khendek-el-Ouaich . — . — 1 1.84 1 1.05
M. seboui .Oued Zra 6 1.30–1.39 6 0.76–0.83 6 1.49–1.63 7 0.78–0.97
M. parvus .Beni-Mellal 1 1.29 1 0.81 . — 1 0.90
M. magnus .Pataniak-6 1 2.49 1 1.72 1 2.77 1 1.91
M. asphodelae .El Hiout . — . — 1 2.94 3 1.54–1.69
M. asphodelae .Maatgua 1 2.68 1 1.57 . — . —
M. ultimus .Khendek-el-Ouaich . — . — 1 2.46 1 1.69
M. ouedi .Oued Zra 1 2.33 1 1.50 8 2.25–2.58 9 1.47–1.77
M. irhoudi .Pataniak-6 94 1.71–2.24 94 1.12–1.40 107 1.93–2.56 107 1.25–1.55
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and 8 in NGR-1). The measurements are also similar to those
of the few specimens of Myocricetodon sp. from the Turolian
site of Argoub Kemellal 1 (Coiffait, 1991), assigned to M.
jaegeri by Benammi (2001). The comparison with the casts of
the teeth from the type population of M. jaegeri kept in the
University of Lyon I shows a great morphological similarity
with the material from NGR-1. All the dental elements of both
populations have a narrow, elongated shape. The morphology
of the M1 is very similiar in NGR-1 and Afoud 5: anterocone
divided in two asymmetrical lobes, alternating protocone and
paracone, poorly developed longitudinal crest, and relatively
small accessory lingual cusp, isolated or weakly connected to
the protocone. Differences in the M1 are very subtle: the
minuscule anterior tubercule present in all the M1 from NGR-
1 exists in one specimen from Afoud 5 only, and the
posterolingual crest of the hypocone is somewhat more
developed in the teeth from NGR-1. The single M2 from
NGR-1 is also very similar to the two specimens from Afoud
5, although it has a slightly larger anterior tubercule and a
somewhat weaker paracone-metacone connection. No signif-
icant difference has been observed in the m1 and m2. The
presence of accessory labial cuspids is a variable character in
both populations: only one of the two m1 from Afoud 5 and
one of the two specimens from NGR-1 have an accessory
cuspid between protoconid and hypoconid; the accessory
cuspid behind the labial lobe of the anteroconid that exists in
the single specimen from NGR-1 conserving the anterior part
is absent in the teeth from Afoud 5. One of the two m2 from
Afoud 5 has a small cuspid close to the hypoconid, which is
absent in the single specimen from NGR-1.

The evident similarity between the material from NGR-1
and Afoud 5 allows us to assign the studied population to M.
jaegeri. The small differences observed between the two
populations may be due to the scarcity of material from both
sites, which does not permit observation of the intraspecific
variability of certain characters (e.g., the presence of accessory
labial cuspids in the lower molars or the existence of a small
tubercule on the anterior side of the M1). The similar age of
the faunas of NGR-1 and Afoud 5, and the fact that this is the
only species of Myocricetodon described from the late
Turolian, reinforces the ascription of the population from
NGR-1 to M. jaegeri. It is the first European population
assigned to this species.

Myocricetodon sp. from Lissasfa (Morocco), from the
Miocene/Pliocene boundary (Geraads, 1998a), is similar in
size to M. jaegeri. According to this author, the material from
Lissasfa differs in size and morphology from most North
African species but resembles the material from Afoud 5 and
from different Spanish localities (Salobreña, Almenara-M,
Pino Mojón). The scarcity of the material from Lissasfa does
not allow a specific determination; however, in view of the size
of the teeth and the age of the faunal assemblage, it is quite
probable that it belongs to M. jaegeri.

In Europe, the genus Myocricetodon has been reported from
several localities of late Turolian age. All these localities have
yielded very few specimens, except for the karstic site of
Almenara-M, where more than 40 teeth were found. We have
directly compared the material from NGR-1 with that from
Almenara-M, stored at the Instituto Catalán de Paleontologı́a,
Sabadell, which was previously determined as Myocricetodon
cf. parvus (Agustı́ and Galobart, 1986; Agustı́, 1990). The size
is very similar in both localities; as expected, the size
variability is wider in Almenara-M due to the abundance of
material. Morphologically, no significant differences can be
found, although some specimens from Almenara-M show

certain characters that are not observed in the few teeth from
NGR-1. All the M1 from Almenara-M have their anterocone
divided into two lobes, but in some specimens the lingual lobe
is smaller than in the teeth from NGR-1, so the asymmetry is
more accentuated. A lingual accessory cusp is present in 12 out
of 18 specimens from Almenara-M; it is equal in size or
slightly larger than in the specimens from NGR-1, round or
elongated. Only 9 M1 from Almenara-M have the small
tubercule that is present on the anterior end of all the
specimens from NGR-1. Thirteen out of 14 m1 from
Almenara-M have an accessory labial cuspid behind the
anteroconid, generally larger than in the complete specimen
from NGR-1; 8 specimens have an accessory cuspid between
the protoconid and hypoconid, and 4 also have a small
accessory cuspid on the lingual border, near the base of the
anteroconid; this latter cuspid is absent in the single complete
tooth from NGR-1. No morphological difference is observed
between the M2 and m2 from the two populations; the 8 m2
from Almenara-M lack any accessory cuspid, as in the only
specimen from NGR-1. The evident biometrical and morpho-
logical similarity between the material from Almenara-M and
that from Afoud-5 and NGR-1 allows us to assign the former
populaton to M. jaegeri. This way, we solve the problem of the
ascription of the population from Almenara-M to Myocrice-
todon cf. parvus: although the size is similar to that of M.
parvus, certain morphological differences exist, especially the
shape of the anterocone in the M1 and the weaker accesory
lingual cusp in the M1 of M. jaegeri, which is isolated or
weakly connected to the protocone. In addition, it is very
improbable that the material from Almenara-M would be
related with M. parvus, which is found in much older (late
Aragonian) North African levels and, according to different
authors (Jaeger, 1977a; Coiffait, 1991; Benammi, 2001),
evolved into larger species, with a more developed accessory
lingual cusp in the M1.

The few specimens found in Salobreña (Aguilar et al., 1984)
are slightly smaller than those from NGR-1. The single M1
from Salobreña is strongly worn, but it shows a divided
anterocone and a small and isolated accessory lingual cusp, as
in the specimens from NGR-1. The m1 from Salobreña differs
from the specimen from NGR-1 only in the lack of the small
accessory labial cuspid on the base of the anteroconid. The m2
found in Salobreña is identical to the specimen from NGR-1.

The two specimens from Pino Mojón (Sesé, 1989), one M1
and one m1, are very similar in size and morphology to the
teeth from NGR-1. The single m1 from Bacochas (another
nearby locality in the Guadix Basin) was determined as
Myocricetodon sp. 2 by Sesé (1989), who indicates that its size
was larger than that of all the other species of the genus known
from northern Africa at that moment. The size of the m1 from
Bacochas (2.86 3 1.96 mm) and its morphology (absence of
longitudinal crest, transverse metaconid and entoconid,
reduced posterolophid) indicate that the specimen probably
belongs to Debruijnimys almenarensis, a species present in
other late Turolian sites.

Finally, the site of Castelnou-3 in southern France (Aguilar
et al., 1991) has yielded a M2 similar in size to the specimens
from NGR-1. These authors indicated that it corresponds to a
species smaller than the North African M. seboui and M.
parvus intermedius, as in the cases of the material from
Salobreña and Pino Mojón. The m3 of Myocricetodon sp.
found in another locality of southern France, Font Estramar
(Aguilar et al., 1991), cannot be compared with the material
from NGR-1, where no m3 has been found; however, it
corresponds to a notably larger species than the rest of the

864 JOURNAL OF PALEONTOLOGY, V. 83, NO. 6, 2009



European populations of Myocricetodon, and its ascription to
this genus is unclear.

Although it is very scarce, the material from Salobreña,
Pino Mojón and Castelnou-3 is very similar in size and
morphology to M. jaegeri from Afoud-5, NGR-1 and
Almenara-M. This resemblance, together with the equivalence
in age of all the mentioned localities, suggests that these three
small samples may also correspond to M. jaegeri and, hence,
this would be the only species of Myocricetodon present in
Europe. The possible assignation of all the European
populations of the genus to a unique species was suggested
by several authors prior to the definition of M. jaegeri (Agustı́,
1989; Aguilar et al., 1991). In any case, a revision of the
material from Salobreña, Pino Mojón and Castelnou-3 would
be necessary to make a definitive determination.

With respect to the Asian representatives of the genus
Myocricetodon, the species M. sivalensis from the middle
Miocene of Pakistan (Lindsay, 1988) has longer and,
especially, wider molars than M. jaegeri’s from NGR-1, with
better-developed longitudinal crests and almost symmetrical
labial and lingual cusps. Myocricetodon chinjiensis from the
middle Miocene of Pakistan, originally ascribed to Paradak-
kamys by Lindsay (1988) and later transferred to Myocrice-
todon by Wessels (1996) is clearly larger than M. jaegeri from
NGR-1 and has a much more developed labial accessory
cuspid in the m1 and a larger lingual accessory cusp in the M1.
Myocricetodon eskihisarensis from Yeni Eskihisar, Turkey
(Wessels et al., 1987), is slightly larger than M. jaegeri from
NGR-1, has a larger accessory lingual cusp in the M1 and M2
and a better-developed longitudinal crest in the lower molars.

The origin and the gateway of Myocricetodon into the
Iberian Peninsula have been controversial. The identification
of Myocricetodon jaegeri in NGR-1 supports the hypothesis of
the entry from northern Africa during the Messinian Salinity
Crisis, as we will explain in later paragraphs.

Subfamily TATERILLINAE Chaline, Mein and Petter, 1977
Genus DEBRUIJNIMYS Castillo and Agustı́, 1996

Type species.—Debruijnimys julii Castillo and Agustı́, 1996.

DEBRUIJNIMYS ALMENARENSIS (Agustı́, 1990)
Figure 9

Protatera sp., AGUSTÍ AND GALOBART, 1986, p. 57; AGUSTÍ,
1989, p. 147.

Protatera almenarensis AGUSTÍ, 1990, p. 388, pl.4, figs. 1–7;
WESSELS, 1998, p. 193, pl. 2, figs. 7–12; MARTÍN SUÁREZ,
FREUDENTHAL, KRIJGSMAN, AND RUTGER FORTUIN, 2000,
p. 510, pl. 5, figs. 10–11.

Debruijnimys almenarensis (Agustı́, 1990). AGUSTÍ AND

CASANOVAS-VILAR, 2003, p. 20; AGUSTÍ, GARCÉS, AND

KRIJGSMAN, 2006, p. 11.

Material.—One complete and one incomplete m2, 1 m3, 2
M1, 2 M2, 1 M3, NGR-1 75–82.

Description.—m2: The anterior part is broader than the
posterior one. The morphology is rather simplified, with two
transverse lophids corresponding to the protoconid-metaconid
and hypoconid-entoconid complexes. There is neither an
anterolophid nor a longitudinal connection between the two
pairs of cuspids. There exists a vestigial posterolophid behind
the hypoconid-entoconid complex.

m3: The dental pattern is extremely simplified, without
differentiated cusps or ridges. The crown is rather high and
nearly conical. The anterior face is almost flat; the posterior
side is slightly convex. There is no anterolophid.

M1: The crown is relatively high. The anterocone is large,
triangular and undivided; its anterior face is practically flat. There
is a spur on the posterior part of the anterocone that does not
reach the protocone. The protocone-paracone and hypocone-
metacone complexes have a medial constriction between the
labial and lingual cusps, and these complexes are widely
separated from each other. There exists a certain asymmetry
between the labial and lingual cusps: the protocone and hypocone
are larger than the paracone and metacone, respectively.

M2: As in the M1, the protocone-paracone and hypocone-
metacone complexes are widely separated and have no
connection. The protocone is somewhat larger than the
paracone. The asymmetry between the labial and lingual
cusps is much more accentuated in the posterior complex: the
hypocone is much larger than the metacone, and both cusps
are well individualized. There is a vestigial anteroloph.

M3: The protocone is smaller than the paracone and
longitudinally oriented. The paracone is parallel to the
anterior border of the tooth. The hypocone-metacone complex
is very reduced, round, and connected to the posterior part of
the paracone.

Measurements.—See Table 9.

FIGURE 9—Debruijnimys almenarensis (Agustı́, 1990). 1, left M1, NGR-1 78; 2, left M2, NGR-1 80; 3, left M3, NGR-1 82; 4, right m2, NGR-1 76; 5,
left m3, NGR-1 77. Scale bar represents 1 mm.

TABLE 9—Measurements (in mm) of the teeth of Debruijnimys
almenarensis (Agustı́, 1990) from Negratı́n-1.

Length Width

N Min. Mean Max. N Min. Mean Max.

m2 1 . 1.68 . 1 . 1.78 .
m3 1 . 1.11 . 1 . 1.22 .
M1 2 2.91 2.92 2.93 2 2.06 2.08 2.10
M2 2 1.76 1.765 1.77 2 1.84 1.85 1.86
M3 1 . 1.08 . 1 . 1.40 .
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Discussion.—The species Debruijnimys almenarensis was
originally ascribed to the genus Protatera by Agustı́ (1990).
Later, Agustı́ and Casanovas-Vilar (2003) revised the Euro-
pean Gerbillidae and transferred the species to the genus
Debruijnimys on the basis of several morphological characters
such as the absence of anterolophids in the m2 and m3 (also
absent in other species of Debruijnimys but present in the type
species of Protatera, P. algeriensis), the trend towards
developing a longitudinal spur between anteroconid and
protoconid in some m1 and the reduction of lower and upper
M3, more accentuated in the species almenarensis than in
Protatera algeriensis and Protatera kabulense. Agustı́ and
Casanovas-Vilar (2003) also included in the genus Debruijni-
mys, the African species Protatera davidi, and the specimens
from different Spanish localities like Alcoy, Caravaca and
Gorafe-1, previously denominated as Gerbillidae indet. or
Protatera sp. Hence, according to these authors, all the
citations of Protatera from Europe correspond in fact to
Debruijnimys.

The dimensions of the upper molars from NGR-1 are very
similar to those of D. almenarensis from its type locality,
Almenara-M (Agustı́, 1990); all the measured parameters
except the width of the M2 fit the size ranges of the type
population, and they are very similar to the mean values of
Almenara-M (see Table 10). The lower molars are slighty
smaller than those from the type population. We have directly
compared the specimens from NGR-1 with the material from
Almenara-M, stored in the Instituto Catalán de Paleontologı́a
(Sabadell). There is a great morphological similarity between
these populations. There is no difference in the lower molars.
In some M1 from Almenara-M the anterior face of the
anterocone is slightly concave; in other specimens, this face is
flat like in the teeth from NGR-1. The asymmetry between
hypocone and metacone in some M2 from Almenara is less
accentuated than in the specimens from NGR-1. The size of
the hypocone-metacone complex is variable in the M3 from
Almenara-M; it may be larger or smaller than in the single
specimen from NGR-1.

The single M1 of D. almenarensis found in Zorreras 2B
(Martı́n Suárez et al., 2000) is very similar in size to the
specimens from NGR-1; the M2 from Zorreras 3A is slightly
larger than those from Negratı́n. There are no morphological
differences between the material from Zorreras and that from
NGR-1.

The specimens from NGR-1 are somewhat shorter and,
especially, narrower than those of Debruijnimys julii from its
type locality, Asta Regia 3, except for the M3. Morpholog-
ically, the material from Negratı́n is very similar to this
species. Debruijnimys julii differs from D. almenarensis mainly
in the presence of a longitudinal crest which connects the
anteroconid to the protoconid-metaconid pair in the m1, but

this dental element has not been found in NGR-1. The upper
molars of D. almenarensis and D. julii are similar in size and
morphology (Castillo and Agustı́, 1996); nevertheless, there
are some differences. In the M1 of D. julii the posterior walls
of the protocone and paracone show low posterior spurs that
tend to connect to the hypocone and metacone respectively.
Contrarily, in the M1 of D. almenarensis from NGR-1 the
protocone-paracone and the hypocone-metacone are widely
separated and have no longitudinal connection. In addition,
the M1 of Debruijnimys julii has an indentation on the anterior
face of the anterocone, which subdivides this cusp into two
broadly confluent lobes; this character is absent in the
specimens from NGR-1.

All the specimens from NGR-1 are clearly larger than those
of Debruijnimys davidi from its type locality, Lissasfa,
Morocco (Geraads, 1998a); the size ranges for these localities
do not overlap, despite the great number of specimens found
from Lissasfa (e.g., more than 300 M1). Morphologically, D.
davidi differs from D. almenarensis in the crest connecting the
protocone and the hypocone in the M1, and in the metacone
placed posteriorly with respect to the hypocone in the same
dental element.

The measurements of the M1 and the m2 from NGR-1 fit
the size range of Protatera algeriensis from its type locality,
Amama 2, in Algeria (Jaeger, 1977a). The M2 is larger in
NGR-1, and the M3 and m3 are larger in the African locality,
although these differences may be due to the scarcity of
material in both localities. In comparison with other North
African populations of P. algeriensis like Guergour Ferroudj,
Smendou 6, El Hiout and Mekhencha (Coiffait, 1991), we can
observe that the most significant differences in size between P.
algeriensis and D. almenarensis are found in the M3,
considerably shorter in the latter species. We have compared
the material from NGR-1 with P. algeriensis from Amama 2
and observed several morphological differences. The M3
(lower and upper) are notably less reduced in P. algeriensis:
the M3 have a clearly larger hypocone-metacone complex than
those of D. almenarensis, and some m3 from Amama 2
preserve a small posterior cuspid that is absent in D.
almenarensis; therefore, the third molars are proportionally
longer in the African species. The m2 from Amama 2 have a
small anterolophid; in addition, the labial and lingual cuspids
are better individualized than in the specimens from NGR-1.
The M1 of P. algeriensis have a straight anterocone, whereas
in those of D. almenarensis the anterocone is triangular, due to
the existence of a spur directed to the protocone-paracone
pair. The M2 of P. algeriensis have a more developed
anteroloph and a less accentuated asymmetry between the
lingual and labial cusps than those of D. almenarensis.

Protatera algeriensis was considered the ancestor of D.
almenarensis from the upper Miocene Spanish localities of

TABLE 10—Mean lengths and widths (in mm) of the M1, M2 and M3 of Debruijnimys almenarensis, D. julii, D. davidi and Protatera algeriensis from
several Late Miocene and Pliocene localities. Data of Guergour Ferroudj after Coiffait (1991). Data of Amama-2 after Jaeger (1977a). Data of
Lissasfa after Geraads (1998a). Data of Negratı́n-1 from this paper. Data of Almenara-M after Agustı́ (1990). Data of Asta Regia-3 after Castillo and
Agustı́ (1996).

Species Locality

M1 M2 M3

Length Width Length Width Length Width

N Mean N Mean N Mean N Mean N Mean N Mean

D. julii .Asta Regia-3 4 3.02 3 2.18 2 1.89 2 2.01 1 0.92 1 1.30
D. almenarensis .Almenara-M 3 2.93 6 2.10 4 1.75 4 1.97 4 1.11 4 1.42
D. almenarensis .Negratı́n-1 2 2.92 2 2.08 2 1.76 2 1.85 1 1.08 1 1.40
D. davidi .Lissasfa 302 2.30 288 1.59 151 1.36 153 1.45 20 0.82 20 0.92
P. algeriensis .Amama 2 11 2.92 14 1.95 8 1.70 8 1.76 6 1.25 6 1.33
P. algeriensis .G. Ferroudj 10 2.77 10 1.86 13 1.80 13 1.76 8 1.29 8 1.32
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Almenara-M, Salobreña and Zorreras by several authors
(Agustı́ and Llenas, 1996; Wessels, 1998). Recently Agustı́ and
Casanovas-Vilar (2003) considered that the morphology of D.
almenarensis does not indicate a direct relationship with P.
algeriensis. According to these authors, the origin of D.
almenarensis is in a primitive species of Abudhabia, quite
probably in Abudhabia yardangi from the locality of Sahabi in
Libia (Munthe, 1987).

Relationships between D. almenarensis and the rest of the
populations assigned to Debruijnimys are difficult to establish.
According to different authors (Agustı́ and Llenas, 1996;
Agustı́ and Casanovas-Vilar, 2003), an ancestor-descendant
relationship between D. almenarensis and the specimens
without specific ascription from several Spanish lower
Ruscinian localities (Alcoy, Caravaca, Gorafe-1) is difficult
to accept, because D. almenarensis is larger and has certain
derived characters that are absent in the specimens from the
mentioned localities. Following Agustı́ and Casanovas-Vilar
(2003), there were probably two different immigration waves
of Debruijnimys from northern Africa into the Iberian
Peninsula. The first one corresponded to D. almenarensis,
and the second one corresponded to the representatives of
Debruijnimys found in the lower Pliocene localities of Alcoy,
Gorafe, Caravaca and La Gloria 4, which would descend from
D. davidi from Lissasfa, and would be directly related with the
youngest species of the genus, D. julii from the late Ruscinian
site of Asta Regia 3.

Family CRICETIDAE Fischer von Waldheim, 1817
Subfamily CRICETINAE Fischer von Waldheim, 1817

Genus APOCRICETUS Freudenthal, Mein and Martı́n Suárez,
1998

Type species.—Cricetus angustidens Depéret, 1890.

APOCRICETUS ALBERTI Freudenthal, Mein, and Martı́n
Suárez, 1998

Figure 10

Cricetus cf. kormosi Schaub, 1930; DE BRUIJN, MEIN,
MONTENAT, AND VAN DE WEERD, 1975, p. 22, pl. 3, figs.
1–6; FREUDENTHAL, LACOMBA, AND MARTÍN SUÁREZ,
1991, p. 42.

Apocricetus alberti FREUDENTHAL, MEIN, AND MARTÍN

SUÁREZ, 1998, p. 68, pl. 5, figs. 1–5.

Material.—One m1, 1 M2, NGR-1 119–120.
Description.—m1: The anterior part is very narrow. The

anteroconid is crest-shaped. There are two anterolophulids,
which are connected in their middle part; the labial one
reaches the protoconid, and the lingual one is connected to the
metaconid. There is no mesolophid. The ectolophid is very

high. The posterolophid reaches the entoconid, closing the
posterosinusid.

M2: The labial anteroloph is longer and higher than the
lingual one. The anterior protolophule is weak. The anterior
metalophule is high. There is neither a posterior metalophule,
nor a mesoloph. The posteroloph is connected to the
hypocone and metacone, closing the posterosinus. The
entostyle and mesostyle are relatively low.

Measurements.—m1: Length, 2.27 mm; width, 1.33 mm.
M2: Length, 2.13 mm; width, 1.62 mm.

Discussion.—The genus Apocricetus groups several species
of medium-large Cricetinae with long third molars and
without mesolophids in m1 and m2. Freudenthal et al.
(1998) transferred the species Cricetus barrierei, Cricetus
angustidens, and Neocricetodon plinii to this new genus, and
defined a new species, Apocricetus alberti, which includes
several populations previously attributed to Cricetus kormosi
or Cricetus cf. kormosi.

The width of the m1 from NGR-1 fits the size range of the
type population of Apocricetus alberti, Crevillente 6; the length
is slightly larger in NGR-1 (see Fig. 11). Both parameters fit
the size ranges of other populations of A. alberti like Librilla,
Venta del Moro, and Purcal 25 (see data in Freudenthal et al.,
1998). The length of the M2 from NGR-1 is slightly larger
than in the above mentioned populations, and the width is
similar to the minimum values from Crevillente 6 and Librilla.

The m1 from NGR-1 is morphologically identical to the
specimens of other populations of A. alberti; the only
difference is the anteroconid, narrower in NGR-1 than in
Venta del Moro and Librilla. On the contrary, the M2 has the
anterior protolophule notably less developed than in other
populations of the same species.

The m1 is slightly larger than the specimens of A. aff. plinii,
similar to those of A. plinii, and notably smaller than those of
A. barrierei (see data in Freudenthal et al., 1998). The M2
from NGR-1 is larger than those of A. aff. plinii and A. plinii.
Its length is similar to that of some populations of A. barrierei
(Caravaca, Fuente del Viso, La Gloria 4) and smaller than
others like Purcal 4; the tooth from NGR-1 is narrower than
those of all these populations. The specimens from NGR-1 are
notably smaller than A. angustidens.

Morphologically, the m1 from NGR-1, with a crest-shaped
anteroconid, is different from that of A. plinii, which has the
anteroconid clearly split (see figured specimens in Freudenthal
et al., 1991). The M2 from Negratı́n has a very low anterior
protolophule; this crest is present in a few molars of A.
barrierei and A. angustidens. Differences between the material
from NGR-1 and the species A. barrierei and A. angustidens
are mainly biometrical.

According to Freudenthal et al. (1998), this species
is included in the lineage A. aff. plinii – A. plinii – A. alberti
– A. barrierei – A. angustidens, in which morphological
changes and size increase are gradual. The M2 from NGR-1 is
longer than those of other populations of A. alberti
(Crevillente-6, Librilla, Venta del Moro) and has a weakly
developed anterior protolophule, which resembles the species
A barrierei.

Apocricetus alberti is the oldest Cricetinae identified in the
Guadix Basin. Sesé (1989) assigned to Cricetus aff. kormosi
two molars from Bacochas, a site equivalent in age to NGR-1.
Sesé et al. (2001) also cited the presence of C. kormosi in this
basin in the late Turolian. However, according to Freudenthal
et al. (1998), the genus Cricetus only includes Pleistocene and
extant species, and the Turolian material from this Basin
should be ascribed to A. alberti.

FIGURE 10—Apocricetus alberti Freudenthal, Mein and Martı́n Suárez,
1998. 1, left m1, NGR-1 119; 2, left M2, NGR-1 120. Scale bar represents
1 mm.
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Subfamily CRICETODONTINAE Stehlin and Schaub, 1951
Genus RUSCINOMYS Depéret, 1890

Type species.—Ruscinomys europaeus Depéret, 1890.

RUSCINOMYS sp.

Material.—Two incomplete m1, one incomplete M2, NGR-1
115–117.

Description.—One fragment of m1 corresponds to the
anterior part of the tooth. It has a prominent anteroconid.
There is no anterolophid, but a small protuberance on the
labial side, near the base of the crown. The union of the
mesolophid and metaconid with wear closes the mesosinusid,
forming a small funnel. The other fragment corresponds to the
labial part of the molar; the sinusid is deep and narrow and the
labial face of the hypoconid is broad and flat.

The fragment of M2 is rather worn. The ectolophs delimit
two funnels: a deep anterior one, and a shallower posterior

one, hardly observable due to the advanced wear. The sinus is
deep, narrow and perpendicular to the axis of the molar. The
lingual cusps are not preserved.

Measurements.—No specimen can be measured because of
the bad preservation.

Discussion.—The remains of Cricetodontinae from NGR-1
are few and incomplete. Measurements are not available, so
the determination of this material is difficult. Nevertheless, the
large size of the fragments, the high crown, the enamel
thickness and certain morphological features (e.g., the
complete ectolophs in the M2), allow us to assign this material
to the genus Ruscinomys.

We have directly compared the material from NGR-1 with
several species of Ruscinomys. The specimens from NGR-1 are
much smaller than those of R. europaeus from Layna, and
similar in size to those of R. schaubi from Aljezar B and R.
lasallei from Purcal-4, although these comparisons are not
strict because we have not compared complete teeth. The
scarcity and bad preservation of our material makes a specific
determination impossible.

The genus Ruscinomys is frequent in the upper Miocene and
lower Pliocene of western Europe. Within this genus, an
increase of the size and the height of the crown can be
observed from older to younger species. In the Guadix Basin,
R. cf. schaubi is found from Pino Mojón (Sesé, 1989), R.
lasallei from Gorafe-A (Ruiz Bustos et al., 1984) and R.
europaeus from Gorafe-5 (Martı́n Suárez, 1988) and Barranco
de Cañuelas 5 (Sesé, 1989), although this genus is very scarce
in all the mentioned localities.

Family GLIRIDAE Thomas, 1897
Genus ELIOMYS Wagner, 1840

Type species.—Eliomys melanurus Wagner, 1840

ELIOMYS sp.
Figure 12

Material.—One m1, 1 m2, 1 m3, 1 M3, NGR-1 63, 64, 83,
84.

Description.—m1: The anterolophid connects labially to the
protoconid. The metalophid reaches the metaconid. The
centrolophid is continuous and connects to the metalophid.
There is neither anterotropid nor endolophid. Mesoconid and
hypoconid are larger than the protoconid. The posterotropid
is long and straight; its lingual end is weakly connected to the
posterolophid, whereas the labial end is not connected to any
other crest.

m2: The straight anterolophid becomes lower and thinner
towards its labial part, and the connection to the protoconid is
weak. The metalophid connects to the metaconid. There is
neither anterotropid nor endolophid. The centrolophid is
weak. The mesolophid is straight, the posterolophid is curved.
There is a low and weak posterotropid, which ends near the
hypoconid but does not connect to it.

m3: The anterolophid is notably lower than the rest of the
crests and disconnected to the protoconid. The metalophid is
weakly connected to the metaconid. The centrolophid,
endolophid, and accessory crests are absent. Metaconid and
entoconid are separated by a wide valley. Mesolophid and
posterolophid are high and continuous; the latter is strongly
curved.

M3: The labial part of the anteroloph thickens forming an
enamel bulge. There is a short crest connected to this bulge,
occupying the anterolabial end of the molar. The protoloph is
separated from the anteroloph, which connects to the
paracone. There is no precentroloph. The postcentroloph is

FIGURE 11—Ranges of measurements of several populations of
Apocricetus aff. plinii, A. plinii, A. alberti, A. barrierei and A. angustidens.
1, length (in mm) of the m1. 2, width (in mm) of the m1. Localities are
placed in stratigraphic order. Data of CR (Crevillente), LIB (Librilla),
GOR (Gorafe), SERR (Serrat d’en Vacquer), and M.HEL (Mont Hélène)
after Freudenthal et al. (1998). Data of NGR (Negratı́n), from this paper.
Data of PUR (Purcal) and YEG (Yeguas) after Garcı́a Alix et al. (2008b).
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connected to the metacone. The posteroloph is connected to
the endoloph and separated from the metacone.

Measurements.—m1: Length, 1.31 mm; width, 1.47 mm.
m2: Length, 1.31 mm; width, 1.52 mm. m3: Length, 0.96 mm;
width, 1.19 mm. M3: Length, 1.22 mm; width, 1.49 mm.

Discussion.—The specimens found in NGR-1 are larger
than E. truci from its type locality, Hautimagne (except for the
m3, which is similar in size), and smaller than E. intermedius
from Sète (see Table 11 for comparisons). All the measured
parameters are also clearly smaller than in E. intermedius from
other localities from southern Spain (Martı́n Suárez, 1988;
Castillo, 1990; Garcı́a-Alix et al., 2008b). On the contrary, the
specimens from NGR-1 are much larger than E. truci from
Tollo de Chiclana-1B and 13 (Garcı́a-Alix et al., 2008b) and,
except for the m3, also larger than E. truci from Los
Mansuetos, Concud 3, Masada del Valle 5 and 7 (van de
Weerd, 1976), and Aljezar B (Adrover, 1986).

Morphologically, the outline of the molars from NGR-1 is
less angular than in E. truci. The cusps are, in general, smaller
and lower than those of E. intermedius, having a similar
development as in E. truci. The centrolophid and postero-
tropid are longer in the m1 from NGR-1 than in E.
intermedius, and the M3 lacks the precentroloph that is
frequent in E. intermedius. Otherwise, the M3 from NGR-1
differs from E. truci from Tollo de Chiclana in having a well-
developed postcentroloph.

Eliomys sp. from NGR-1 is more similar to E. truci than to
E. intermedius, although it shares some features with the latter
species. The size is intermediate between that of the two
species. These intermediate features, together with the scarcity
of the material, make a specific determination impossible.
Probably Eliomys sp. is an intermediate form between both
species.

Family SCIURIDAE Fischer von Waldheim, 1817
Subfamily SCIURINAE Baird, 1857

Genus ATLANTOXERUS Major, 1893

Type species.—Sciurus getulus Linnaeus, 1758

ATLANTOXERUS sp.
Figure 13

Material.—One p4, 1 m1, 2 m2, 2 m3, two incomplete P4,
one incomplete M1–2, 3 M3, NGR-1 65–74, NGR-1 110–111.

Description.—p4: There is neither anteroconulid nor ante-
rior cingulum. The mesoconid is absent. The entolophid does
not reach the entoconid; it starts at the very small
hypoconulid, and ends at a thick entoconulid. The postero-
lophid is high and curved. There is no mesolophid.

m1: An anteroconulid cannot be observed, but this may be
due to the bad preservation of the tooth. There is no anterior
cingulum. The metaconid is very high and close to the
protoconid. There is an incipient metalophid. There is neither
mesoconid nor mesolophid. Hypoconulid and entoconid are
connected by a straight entolophid, and by a curved postero-
lophid.

m2: There is no differentiated anteroconulid but a slight
protrusion on the anterior border, near the anterolingual end
of the protoconid. There is no anterior cingulum. The very
high metaconid is more distant from the protoconid than in
the m1. One specimen has an incipient metalophid. The other
specimen has a low complete metalophid, connecting proto-
conid and metaconid. Mesoconid and mesolophid are absent.
Hypoconulid and entoconid are connected to each other by a
complete entolophid and by a posterolophid.

m3: The only specimen preserving the anterolabial part has
neither a differentiated anteroconulid, nor an anterior
cingulum, but a slight bulge on the anterior border. One

FIGURE 12—Eliomys sp. 1, right m1, NGR-1 63; 2, right m2, NGR-1 64; 3, left m3, NGR-1 83; 4, left M1–2, NGR-1 84. Scale bar represents 1 mm.

TABLE 11—Mean lengths and widths (in mm) of the m1–2, m3 and M3 of several populations of Eliomys. Data of Hautimagne and Sète after Adrover
(1986). Data of Los Mansuetos after van de Weerd (1976). Data of Negratı́n-1 from this paper. Data of Tollo de Chiclana-1B and 3 (TCH-1B and 3)
after Garcı́a Alix et al. (2008b).

m1–2 m3 M3

Length Width Length Width Length Width

N Mean N Mean N Mean N Mean N Mean N Mean

E. intermedius .TCH-3 10 1.55 10 1.84 6 1.43 6 1.59 6 1.40 6 1.77
E. intermedius .TCH-1B 7 1.62 8 1.91 6 1.40 6 1.61 4 1.45 4 1.74
E. intermedius .Sète 30 1.53 30 1.68 22 1.41 22 1.49 10 1.36 10 1.66
Eliomys sp. .Negratı́n-1 2 1.31 2 1.495 1 0.96 1 1.19 1 1.22 1 1.49
E. truci .TCH-1B 1 1.03 1 1.15 . . . . 1 0.96 1 1.31
E. truci .Los Mansuetos 6 1.18 6 1.24 1 1.00 1 1.16 1 0.93 1 1.16
E. truci .Hautimagne 4 1.11 4 1.28 4 0.96 4 1.20 2 1.02 2 1.21
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specimen has a low complete metalophid, connecting proto-
conid to metaconid. There is neither mesoconid nor mesolo-
phid. The hypoconid is smaller than the protoconid. The
hypoconulid is reduced. The entolophid is thick and incom-
plete; in one specimen it is only connected to the hypoconulid,
and in the other one it is connected to the entoconid. The
entoconid is small and low. The posterolophid is long and
curved.

P4: The anteroloph is low, the parastyle wide. There is
neither anteroconule nor protoconule. The protoloph is high
and thick. Paracone and hypocone are lower than the
protocone. Metacone and metaconule are similar in size and
connected by a short metaloph. The metaconule is also
connected to the posteroloph. There is no mesostyle.

M1–2: The single fragment corresponds to the labial part of
the tooth. The anteroloph is low and straight. The parastyle is
narrow. The protocone is higher than anteroconule and
hypocone. The paracone is well developed. Metacone and
metaconule are similar in size, fused to the posteroloph, and
connected to each other by a metaloph. There is no mesostyle.

M3: The anteroconule is low and connected to the parastyle
by a straight anteroloph. The well-developed paracone is
connected to the protocone by a high and thick protoloph.
The hypocone is low. Metacone and metaconule are connected
to each other by a metaloph. The metaconule is also connected
to the protocone and posteroloph. Only two specimens
preserve the posteroloph. It is continuous in one specimen;
in the other one, it does not reach the hypocone. The
mesostyle is large in one specimen and reduced in the other.

Measurements.—See Table 12.
Discussion.—The scarce material of Xerini from Negratı́n-1

can be assigned to the genus Atlantoxerus without doubt on
the basis of its size and several morphological features like the
bunodonty, the presence of a hypocone in the upper molars,
the rectangular outline of the P4, M1 and M2, triangular
shape of the M3, and the well-developed entolophid in the
lower molars. The size and the general dental morphology are

similar to those of the single extant species of this genus A.
getulus (see data in Cuenca-Bescós, 1988).

A specific determination of the material from NGR-1 is
impossible due to its scarcity and the bad preservation of some
teeth. The lower molars have a very weakly developed
anteroconulid, a character not recognized in any species of
Atlantoxerus. However, this feature may be due to the poor
preservation of the enamel. In addition, the few available
specimens are not enough to recognize all the diagnostic
characters of any species.

The teeth from NGR-1 are, in general, slightly smaller than
are those of A. adroveri from Los Mansuetos (type locality),
Masada del Valle 2 and 5, and Concud 3 (van de Weerd,
1976); the differences are stronger for the lower molars than
for the M3. The main morphological difference is the presence
in the lower molars of A. adroveri of a well-developed
anteroconulid. The rest of morphological features are similar
to those of A. adroveri.

The few teeth of A. blacki from its type locality (Valtorres)
are similar in size to those from NGR-1. Those from
Munebrega I and Valdemoros III B are somewhat larger (de
Bruijn, 1967). Atlantoxerus sp. from NGR-1 differs from A.
blacki in the absence of a mesostyle in the M1–2, in the lack of
a well-differentiated anteroconulid in the lower molars, and in
the metaconule being connected to the posteroloph.

The specimens from NGR-1 are larger than those of A.
idubedensis from its type locality (Vargas 1A) and other sites
from the Calatayud-Montalbán region (Cuenca-Bescós, 1988).

FIGURE 13—Atlantoxerus sp. 1, left M3, NGR-1 72; 2, right p4, NGR-1 65; 3, right m3, NGR-1 68; 4, right m2, NGR-1 67; 5, right m1, NGR-1 66.
Scale bar represents 1 mm.

TABLE 12—Measurements (in mm) of the teeth of Atlantoxerus sp.
from Negratı́n-1.

N Length Width

p4 1 1,94 1,74
m1 1 2,2 2,18
m2 1 2,36 2,33
m3 1 2,68 2,31
M3 1 2,35 2,41

870 JOURNAL OF PALEONTOLOGY, V. 83, NO. 6, 2009



Morphologically, Atlantoxerus sp. from NGR-1 differs from
A. idubedensis mainly in the absence of an anterior cingulum in
the lower molars and in the metaconule connected to the
posteroloph in the upper molars.

Atlantoxerus rhodius is slightly larger than the specimens
from NGR-1 (de Bruijn et al., 1970). In addition, this species
differs from Atlantoxerus sp. from NGR-1 by the presence of a
mesostyle in the M1–2, by the much smaller metacone and
metaconule in the M3, by the existence in the lower molars of
an anteroconulid and, in some cases, a mesolophid, and by the
narrower entolophid.

Atlantoxerus margaritae from La Gloria 4 (type locality) is
considerably larger than the material from NGR-1; however,
the scarce specimens of this species from Orrios I and Orrios
Bajo are very similar in size to those from Negratı́n (Adrover
et al., 1993b). The few teeth of A. margaritae from Purcal-13
(Garcı́a-Alix et al., 2007) are also clearly larger than those
from NGR-1. Morphologically, Atlantoxerus sp. from NGR-1
may be distinguished from A. margaritae mainly by the
absence of a mesostyle in the P4 and M1–2 and the lack of
mesolophid and anteroconulid in the lower molars.

Atlantoxerus tadlae from Beni-Mellal (Jaeger, 1977b) is
clearly larger than Atlantoxerus sp. from NGR-1. In addition,
A. tadlae has a well-developed anteroconulid in the lower
molars, and a more reduced metacone in the M3 than the
specimens from NGR-1. The difference in size is more

accentuated with A. huvelini from the Lower Pleistocene of
North Africa, much larger than Atlantoxerus sp. from NGR-1
(Jaeger, 1977b). The lower molars of A. huvelini differ from
those from NGR-1 in the lack of the entolophid. After all
these comparisons, we are not able to assign the population
from NGR-1 to any described species of Atlantoxerus.

Family ERINACEIDAE Fischer von Waldheim, 1817
Genus PARASOREX von Meyer, 1865.

Type species.—Parasorex socialis von Meyer, 1865.

PARASOREX IBERICUS (Mein and Martı́n Suárez, 1993)
Figure 14

Galerix iberica MEIN AND MARTÍN SUÁREZ, 1993, p. 724, pl.
1, figs. 1–14.

Parasorex ibericus (Mein and Martı́n Suárez, 1993). VAN DE

HOEK OSTENDE, 2001, p. 686.

Material.—A fragment of a mandible with i1 and i2, 1 i1, 1 c
inf., 1 p1, 2 p2, 1 p3, 1 p4, two incomplete m1, one incomplete
m3, 1 P4, two incomplete M1, 3 M2, 2 M3, NGR-1 93–109.

Description.—The i1 is compressed, with a slightly convex
labial face and a concave lingual face. The posterior border is
sharp and straight; it curves lingually near the base of the
crown and thickens, forming a small bulge. The i2 is
morphologycally similar to the i1 but much smaller.

FIGURE 14—Parasorex ibericus (Mein and Martı́n Suárez, 1993). 1, fragment of a left mandible with i1–2, NGR-1 94; 2, fragment of a right mandible
with p1–3, NGR-1 96; 3, right p4, NGR-1 98; 4, left M3, NGR-1 108; 5, left M2, NGR-1 105. Scale bar represents 1 mm.
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c inf.: The crown is high and the outline is elliptical. The
base of the crown is higher in the anterior side than in the
posterior one. The lingual face is slightly concave. The labial
face is faintly convex.

p1: The crown is anteriorly inclined, longitudinally com-
pressed, with a weak enamel flange in the posterior part.

p2: The crown is conical, with oval outline; its base is higher
on the anterior side than on the posterior one. There are two
enamel flanges on the anterior and posterior parts.

p3: The crown is very high, wider posteriorly than
anteriorly. The protoconid is high and sharp. There is a very
short talonid, posteriorly limited by a well-marked cingulum,
which occupies the entire posterior border. This cingulum rises
towards the posterolingual end, where a very small entoconid
exists. In the anterior end there is a minuscule, round
paraconid.

p4: The talonid is much shorter and lower than the trigonid.
The paraconid is notably smaller and lower than protoconid
and metaconid. The paralophid is high. The hypoconid and
entoconid are very reduced and connected by a thick
hypolophid. There is no labial cingulum.

m1: The two available fragments correspond to the talonid.
The entoconid is rather higher than the hypoconid. The
hypolophid is higher than the oblique and entoconidal crests.
The posterior cingulum, low and straight, occupies more than
half the posterior border and is not connected to the
hypolophid.

m3: The single fragment corresponds to the talonid. The
entoconid is high and very protuberant on the posterior face.
The hypoconid is low and round. There is no posterior
cingulum.

P4: The paracone is very high and pointed. Protocone and
hypocone are not connected. The preprotocrista reaches the
base of the paracone. There is a very short anterior cingulum,
which ends in a very protruding parastyle. The posthypocrista
connects the hypocone to the posterior border of the molar,
and continues into a low posterior cingulum.

M1: The two available fragments correspond to the lingual
part. The protocone is much larger than the hypocone; these
two cusps are connected by an entoloph. There is no
postprotocrista connecting the entoloph to the metaconule.
The anterior cingulum is low and straight. In one specimen the

posthypocrista continues in a low posterior cingulum. In the
other fragment, the posterior cingulum is not connected to the
hypocone.

M2: The parastyle is small and prominent. The labial
cingulum is lower than the anterior one. The protocone
connects to the paracone by a very high preprotocrista, which
bears a well-defined protoconule. Protocone and hypocone are
connected by an entoloph. There is a small trace of a
postprotocrista, which in one specimen reaches the base of
the metaconule. The mesostyle is undivided. The metastyle is
long and thick. The posterior cingulum is low; in one specimen
it is connected to the hypocone by a posthypocrista.

M3: Protocone, paracone and metacone are similar in
height and connected by crests. The anterior cingulum is very
wide; the labial cingulum is weaker. The parastyle is well
developed. There is no posterior cingulum, but there are two
small isolated bulges.

Measurements.—See Table 13.
Discussion.—The measurements are, except for the p2,

clearly larger than those of the type population of Parasorex
ibericus from Otura-1 (Mein and Martı́n Suárez, 1993). The
size is very similar to that of P. ibericus from PUR-13 and
PUR-4 (unpublished data; see Table 14 for comparison).

Direct comparison with the type population of P. ibericus
allows us to observe several morphological differences. The
talonid of the p4 is somewhat shorter in OTU-1 than in NGR-
1. The P4 from NGR-1 has a small anterior cingulum, and a
better-developed parastyle than those from OTU-1; the lingual
border and the posthypocrista are longer in the teeth from
NGR-1 than in those from OTU-1. In the M1 and M2 from
NGR-1 the entoloph has a trace of a crest directed towards the
metaconule, which is absent in the specimens from OTU-1.
The M3 from NGR-1 have two small posterior bulges,
whereas those from OTU-1 have a low continuous posterior
cingulum.

We have also compared our material with the sample of P.
ibericus from Purcal-4, much more numerous than that from
NGR-1. Morphological differences are very subtle; e.g., the
M2 from PUR-4 have a somewhat narrower anterior
cingulum and a less distinct protoconule than those from
NGR-1, and the protocone-metaconule connection (postpro-
tocrista) is more frequent in PUR-4. The labial cingulum is
less developed in the M3 from PUR-4 than in those from
NGR-1. We have also compared this sample with the
populations of the same species from Crevillente 8, 15 and
17. The specimens from NGR-1 are notably larger, and the
upper molars have more developed anterior and labial cingula
than those from Crevillente. The protoconule of the M2 is also
larger in NGR-1 than in CR-8 and 15. These comparisons
make evident a clear increase in size from older (CR-8, 15, 17,
Otura-1) to younger populations (NGR-1, PUR-4 and 13).

Van den Hoek Ostende (2001) revised the classification of
the Galericini, including in the genus Galerix those species in
which the p2 is larger than the p3 and with connection

TABLE 13—Measurements (in mm) of the teeth of Parasorex ibericus
(Mein and Martı́n Suárez, 1993) from Negratı́n-1.

Length Width

N Min. Mean Max. N Min. Mean Max.

p1 1 . 1.11 . 1 . 0.68 .
p2 2 1.06 1.1 1.14 2 0.71 0.71 0.71
p3 1 . 1.77 . 1 . 1.16 .
p4 1 . 2.31 . 1 . 1.54 .
M2 3 2.29 2.31 2.33 3 3.01 3.07 3.18
M3 2 1.35 1.385 1.42 2 2.20 2.215 2.23

TABLE 14—Ranges of length and width (in mm) of the p4, M2 and M3 of Parasorex ibericus from several Spanish localities. Data of Otura-1 after Mein
and Martı́n Suárez (1993). Data of Negratı́n-1 from this paper. Measurements of Purcal-4 taken on unpublished material stored in the Departamento
de Estratigrafı́a y Paleontologı́a, Universidad de Granada.

p4 M2 M3

Length Width Length Width Length Width

N Range N Range N Range N Range N Range N Range

Purcal-4 14 2.06–2.44 14 1.34–1.58 7 2.19–2.40 11 2.94–3.46 19 1.19–1.49 21 1.89–2.36
Negratı́n-1 1 2.31 1 1.54 3 2.29–2.33 3 3.01–3.18 2 1.35–1.42 2 2.20–2.23
Otura-1 3 1.94–1.98 3 1.28–1.30 2 1.96–1.97 2 2.62–2.64 2 1.20–1.23 2 1.74–1.86
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between protocone and metaconule at least in some M1 and
M2. On the contrary, Parasorex is characterized by the p2
being smaller than the p3 and by the absence of a connection
between protocone and metaconule; it includes the species
Parasorex socialis, Galerix depereti and Galerix iberica. This
way, the author transferred the two latter species from the
genus Galerix to Parasorex and elevated the ‘socialis group’,
previously distinguished by Mein and Martı́n Suárez (1993), to
the generic rank.

As argued, one of the characters distinguishing P. ibericus
from all the species of Galerix is the size of the p2, notably
smaller than the p3 (Mein and Martı́n Suárez, 1993; van den
Hoek Ostende, 2001). In addition, the species of Galerix have
a well-developed postprotocrista that reaches the metaconule,
which is absent in P. ibericus.

The main difference with Parasorex socialis is the number of
lower teeth: P. socialis has three lower incisors, whereas P.
ibericus lacks the i3. The scarce material from NGR-1 includes
a fragment of a mandible preserving the i1 and i2; directly
behind these teeth, we can observe a large alveolus, which
corresponds to the lower canine, proving the absence of the i3.
In addition, P. socialis shows a better development of the
labial cingula in the lower molars and of the anterior and
labial cingula in the upper molars.

The specimens from NGR-1 are clearly smaller than those
of Parasorex depereti from Mont Hélène, Nı̂mes, Celleneuve,
and Vendargues (Crochet, 1986). In addition, P. depereti can
be distinguished from P. ibericus by the absence of labial
cingula in the upper molars and by the less reduced lower
premolars.

Parasorex ibericus is found in numerous Spanish localities,
ranging in age from the late Vallesian to the early Pliocene. In
the Guadix Basin P. ibericus has been found only in Cortijo de
la Piedra, Botardo 3, and C (Mein and Martı́n Suárez, 1993).
Nevertheless, other sites in this basin have yielded material of
Erinaceidae that has not been determined due to its scarcity
(Sesé, 1989; Guerra Merchán et al., 1991). Probably some of
these remains correspond to P. ibericus also.

Family SORICIDAE Fischer von Waldheim, 1817
SORICIDAE indet.

Material.—One fragment of M1, one fragment of M2,
NGR-1 121–122.

Description.—The two fragments correspond to the labial
part of two upper molars. The metacone is notably larger than
the paracone; its posterior arm is very long and protrudes
markedly over the labial border. The posterior cingulum is
wide. Although the teeth are incomplete, it can be observed
that they are relatively short and wide. Obviously, the scarcity
of the material does not allow a determination, not even at
generic level.

AGE OF THE FAUNA FROM NEGRATÍN-1

The fauna from NGR-1 can be clearly assigned to the late
Turolian (MN13). The first occurrences of Paraethomys meini
and Occitanomys alcalai are late Turolian, although they
persist during the Ruscinian. The presence of Myocricetodon,
whose temporal distribution in Europe is restricted to the late
Turolian, and the species Apocricetus alberti and Apodemus
gudrunae, typical of this age (Mein, 1975; Fejfar and Heinrich,
1990), allows us to assign the site of Negratı́n-1 to the MN13
without doubts.

The presence of Myocricetodon jaegeri and Debruijnimys
almenarensis allows us to further refine the age of NGR-1
within the late Turolian. According to Agustı́ et al. (2006),

these species entered Spain during the so-called ‘Gerbil event’,
a dispersal of rodents of African and Asian affinities clearly
prior to the entry of Paraethomys and directly related to the
Messinian Salinity Crisis. In accordance with these authors,
the presence of D. almenarensis and M. jaegeri in NGR-1
allows us to assign this locality to the latest Miocene, between
5.96 and 5.3 Ma.

The locality of Negratı́n-1 is contemporaneous with Rambla
de Chimeneas-3 (Minwer-Barakat et al., 2009), with a very
similar faunal list, and Pino Mojón (Sesé, 1989), the only other
locality in the Guadix Basin where the genus Myocricetodon
has been found. The levels of Botardo A, B, C, 2, and 3 are
somewhat younger than NGR-1. In these sites, considered
close to the Miocene/Pliocene boundary (Martı́n Suárez,
1988), several species are recorded that persist in the basin
during the Pliocene (Castillomys gracilis, Apodemus gorafen-
sis).

Small mammal faunas of late Turolian age are frequent in
different areas of the Iberian Peninsula: the Granada (Garcı́a-
Alix et al., 2008a, 2008c) and Fortuna Basins (Garcés et al.,
1998), the area of Crevillente (Martı́n Suárez and Freudenthal,
1998), and the Teruel region (Mein et al., 1990; van Dam et al.,
2001). In these areas with a nearly complete micromammal
record, several typical late Turolian species (Apodemus
gudrunae, Occitanomys alcalai, S. ramblensis) appear earlier
than Paraethomys. Thus, the locality of NGR-1 is younger
than the late Turolian sites where Paraethomys is not yet
present, such as Canteras de Jun, Pulianas 1, 2 and 3,
Crevillente 14, 22, and 31, La Gloria 6, Valdecebro 3 and 6,
Arquillo 1, and Villastar (Fig. 15). The localities of La
Dehesa, La Mina, Calerico, Arquillo 4, Celadas 2, Crevillente
6, Librilla, Venta del Moro, and La Alberca, where P. meini is
present, are more similar in age to NGR-1, although the
absence of gerbils in the mentioned localities does not allow
establishing a precise equivalence in age with NGR-1.

The sites of Zorreras 2B and 3A in the Sorbas Basin (Martı́n
Suárez et al., 2000), with O. alcalai, P. meini, S. dubari and D.
almenarensis, are equivalent in age to NGR-1. The most
important karstic fillings of the Spanish late Turolian,
Salobreña (Aguilar et al., 1984) and Almenara-M (Agustı́
and Galobart, 1986), can be also correlated with NGR-1 on
the basis of a similar faunal content. These karstic sites
constitute, together with the localities of Pino Mojón and
Negratı́n-1 in the Guadix Basin, the only records of
Myocricetodon in Spain.

Most of the species identified in NGR-1 are uncommon
outside the Iberian Peninsula. The lack of common species
hinders an accurate correlation with other late Turolian
localities such as Lissieu (France), Cassino, Baccinello V2
(Italy), and Polgardi 2 and 4 (Hungary). The latest Miocene
faunas of Castelnou 3 (Aguilar et al., 1991) and Brisighella (de
Giuli, 1989) contain some of the taxa present in NGR-1
together with other typical Pliocene species. Therefore, we
interpret them as being somewhat younger than NGR-1.

CONSIDERATIONS ON THE AFRICAN-IBERIAN MAMMAL

EXCHANGES DURING THE LATEST MIOCENE

The Messinian Salinity Crisis is one of the most important
geological events to happen in the Neogene. It consisted of the
progressive closure of the connections between the Mediter-
ranean Sea and the Atlantic Ocean, leading to very thick
evaporite deposits and possibly the complete desiccation of the
Mediterranean (Hsü et al., 1973, 1977). In this context, the
existence of a continental gateway between Africa and Europe
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that permitted faunal exchanges between the two continents
has been widely discussed.

Mammal exchanges between North Africa and the Iberian
Peninsula have been generally accepted, but the origin and the
way of entrance of different immigrant taxa are still
controversial. This is the case with the Gerbillidae, for whose
invasion in Europe several hypotheses have been proposed.
The recognition of Myocricetodon jaegeri and Debruijnimys
almenarensis in NGR-1 supports an African origin for these
species.

The first records of Gerbillidae in Europe correspond to the
gerbil without generic ascription from Gorafe-1 and Caravaca
(de Bruijn, 1974). This author suggested the entrance of this
mammal group by a connection between Africa and Europe.
Later on, the presence in Salobreña of Myocricetodon and a
member of the Taterillinae, initially ascribed to Gerbillus and
later assigned to Protatera (Jaeger et al., 1977), was explained
by the emergence of a gateway between Africa and Spain
during the Messinian Salinity Crisis, leading to the entrance of
African mammals into the Iberian Peninsula. This hypothesis
was accepted by many authors (Azzaroli and Guazzone, 1979;
Brandy and Jaeger, 1980; Thomas et al., 1982; Coiffait, 1991;
Wessels, 1998; Geraads 1998a, 1998b).

Nevertheless, other authors offer different opinions. Aguilar
et al. (1984) and Moyà-Solà et al. (1984) excluded a faunal
exchange between Africa and southern Spain and proposed an
Asiatic origin for Myocricetodon and Protatera, with an east-
west migration through the partially or completely desiccated
Mediterranean. The discovery of ‘Protatera’ and Myocriceto-
don in Almenara-M (northeast Spain) was considered another
piece of evidence for the entry of these genera by an oriental
way (Agustı́ and Galobart, 1986). Later publications proposed
the existence of a unique bioprovince including North Africa
and central Asia, so Myocricetodon and Protatera would not

be of strictly African, but of Afro-Asiatic origin (Agustı́, 1989,
1990; Agustı́ and Llenas, 1996). Aguilar and Michaux (1997)
also refuted the African origin of these gerbillids, and
proposed an eastern migration, simultaneous along both
margins of the Mediterranean and previous to the Messinian
Salinity Crisis.

Recently, Agustı́ et al. (2006) differentiated several dispersal
waves related to the Messinian Salinity Crisis, one of them
corresponding to the entry of Paraethomys and a later one
leading to the arrival of gerbils (including Myocricetodon and
Debruijnimys) to Europe. These authors definitively accepted
an African gateway for all these taxa.

One of the main problems with accepting a North African
origin for the European representatives of Myocricetodon was
the lack of similarity of the populations from Salobreña and
Almenara with the youngest species of the genus known from
Africa. This way, Jaeger et al. (1977) considered the
population of Myocricetodon from Salobreña as a ‘primitive
form’, closer to the middle Miocene African species than to
those described from the upper Miocene; these authors were
not able to explain the ‘reappearance’ of a primitive
Myocricetodon in the Spanish locality. Even in recent papers,
the ‘apparent conservatism’ of the Spanish populations of
Myocricetodon is considered to be a surprising fact (Agustı́
and Casanovas-Vilar, 2003).

The discovery of M. jaegeri in the upper Turolian site of
Afoud 5 (Benammi, 2001) and the assignment to this species of
the material from Argoub Kemellal 1 seem to solve this
question. The youngest species of Myocricetodon from North
Africa (M. ouaichi and M. ultimus) were found in the middle
Turolian, so the finding of M. jaegeri extends the temporal
distribution of the genus until the end of the Miocene. The
type locality of M. jaegeri is equivalent in age to the European
sites containing Myocricetodon.

FIGURE 15—Correlation between Negratı́n-1 and other upper Turolian and lower Ruscinian localities, and relation with the first occurrences of
several characteristic taxa.
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The ascription to M. jaegeri of the populations of Negratı́n-
1 and Almenara M (previously assigned to Myocricetodon cf.
parvus) represents the first citation of this species in Europe.
As we argued above, the rest of the European populations of
Myocricetodon (Salobreña, Pino Mojón, Castelnou 3) proba-
bly correspond to the same species. The existence of cospecific
populations of Myocricetodon, very similar in age and
geographically limited to North Africa and the Mediterranean
border of southwestern Europe (Fig. 16), seems to be the
definitive evidence of the African origin and the Betic-Rifian
gateway for the European representatives of this genus.

With regard to the European Taterillinae, origins in the
African species Protatera algeriensis and in the Asiatic P.
kabulense have been proposed (Aguilar et al., 1984; Agustı́,

1990; Agustı́ and Llenas, 1996). Recently, Agustı́ and
Casanovas-Vilar (2003) included all the Spanish representa-
tives of this subfamily in the genus Debruijnimys and proposed
the African Abudhabia yardangi as its ancestor. These and
other authors (Agustı́ et al., 2006) supposed that Myocriceto-
don and Debruijnimys reached the Iberian Peninsula in the
same dispersal event. However, these two genera had not been
found together in any Spanish site until now, with the
exception of the karstic fillings of Salobreña and Almenara-
M. The recognition of M. jaegeri and D. almenarensis in
NGR-1 reinforces the idea of a common geographic origin
and a simultaneous entrance into Europe for both taxa.

Summarizing, the hypothesis of a common origin for all the
Gerbillidae found in the upper Turolian of the Iberian

FIGURE 16—Situation of the European localities with presence of Myocricetodon and Debruijnimys.
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Peninsula (Aguilar et al., 1984; Moyà-Solà et al., 1984; Agustı́,
1989, 1990; Agustı́ and Llenas, 1996; Aguilar and Michaux,
1997) can be refuted in the light of the recent findings. The
Asiatic provenance of Calomyscus and Pseudomeriones, found
in Salobreña and Almenara-M, seems evident, since these
genera have also been identified in the upper Miocene and
lower Pliocene of Greece, Turkey and, in the case of
Pseudomeriones, Afghanistan and China (Sen, 1982, 1994;
Wessels, 1998; Qiu and Storch, 2000), but have not been found
in Africa. On the contrary, the European distribution of
Myocricetodon and Debruijnimys is restricted to the Iberian
Peninsula and, for Myocricetodon, southeastern France
(Fig. 16). The identification of M. jaegeri, known until now
only from North Africa in the localities of NGR-1 and
Almenara-M, and the similarity of D. almenarensis with the
African upper Turolian Taterillinae, leads us to assume a
North African origin for both taxa and an entrance into
Europe through a Betic-Rifian gateway.

PALEOECOLOGICAL REMARKS

Several of the taxa identified in the locality of Negratı́n-1
allow us to make some paleoecological inferences, based
mainly on comparisons with the ecological requirements of
closely related living species. The species M. jaegeri belongs to
the subfamily Myocricetodontinae, whose extant representa-
tives, Calomyscus and Mystromys, live in Central Asia and
South Africa respectively, occupying open herbaceous or even
arid areas without any vegetation. Debruijnimys almenarensis
is included in the subfamily Taterillinae, today represented by
the genera Tatera, Taterillus and Gerbillurus, which inhabit
such arid environments as savannas and dry plains. Some
species of these genera are adapted to extremely dry and hot
climatic conditions. The only extant species of Atlantoxerus,
A. getulus, lives in North Africa under arid/semiarid condi-
tions and prefers rocky or sandy areas with scarce vegetation.

Following Martı́n Suárez et al. (2001), other species found
in this level can be also considered as indicators of relatively
warm climatic conditions: Paraethomys meini, Apodemus
gudrunae, Occitanomys alcalai, and Apocricetus alberti. Rusci-
nomys prefers dry and open herbaceous landscapes, whereas
Stephanomys and Parasorex are considered eurytopic taxa
(Garcı́a-Alix et al., 2008d). On the contrary, there is no
indicator of cold climate in NGR-1, and the only taxon
directly related to wet conditions is the undetermined
Soricidae, whose abundance is less than 2%.

Thus, the overall faunal assemblage of Negratı́n-1 evidences
the existence of warm and dry climatic conditions and the
predominance of open landscapes. Moreover, the presence of
M. jaegeri, D. almenarensis, and Atlantoxerus sp. indicates
that, at least in part, the area was subject to very arid (desertic
or subdesertic) climatic conditions during the formation of this
fossiliferous level.

CONCLUSIONS

The fauna from NGR-1 is the richest and most diverse
Miocene continental fauna in the Guadix-Basin. It allows a
precise determination of the age of the locality, and a
correlation with other sites in Spain and the rest of Europe.
The equivalence in age is especially precise between NGR-1
and other localities containing remains of Myocricetodon and
Debruijnimys almenarensis, such as Zorreras 2B and 3A, Pino
Mojón, Castelnou-3, and the karstic fillings of Salobreña and
Almenara-M. According to previous data, the presence of
these gerbils situates the mentioned localities in the latest

Miocene, being contemporaneous with the deposition of the
Messinian evaporites in the Mediterranean.

The presence of Myocricetodon jaegeri represents the first
record of this species in Europe. After exhaustive comparison,
we also ascribe the rich sample from Almenara-M to M.
jaegeri. This assignment confirms the African origin of the
European representatives of Myocricetodon, since this species
is geographically restricted to North Africa, the Mediterra-
nean margin of Spain, and southeastern France. The
coexistence of M. jaegeri and D. almenarensis, found together
for the first time in a non-karstic level, supports the idea of a
common (African) origin for both species. The presence of
these gerbils and the squirrel Atlantoxerus indicates warm and
dry climatic conditions during the deposition of the level of
Negratı́n-1.
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paleoecológico. Instituto de Estudios Turolenses, Teruel, 423 p.

ADROVER, R., P. MEIN, AND E. MOISSENET. 1988. Contribución al
conocimiento de la fauna de roedores del Plioceno de la región de
Teruel. Teruel, 79:91–151.

ADROVER, R., P. MEIN, AND E. MOISSENET. 1993a. Roedores de la
transición Mio-Plioceno de la región de Teruel. Paleontologia i
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AGUSTÍ, J. 1989. On the peculiar distribution of some muroid taxa in the
Western Mediterranean. Bollettino della Società Paleontologica Itali-
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Société Impériale des Naturalistes Moscou, 5:357–472.
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GARCÍA-ALIX, A., R. MINWER-BARAKAT, J. M. MARTÍN, E. MARTÍN
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GUERRA MERCHÁN, A., A. RUIZ BUSTOS, AND A. J. MARTÍN-PENELA.
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HSÜ, K. J., L. MONTADERT, D. BERNOULLI, M. B. CITA, A. ERICKSON, R.
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muridé nouveau, Paraethomys miocaenicus nov. sp., dans le Turolien
supérieur du Maroc et d’Espagne. Implications paléogéographiques.
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MICHAUX, J. 1969. Muridae (Rodentia) du Pliocène supérieur d’Espagne
et du Midi de la France. Palaeovertebrata, 3:1–25.

MINWER-BARAKAT, R. 2005. Roedores e insectı́voros del Turoliense
superior y el Plioceno del sector central de la cuenca de Guadix.
Unpublished Ph.D. dissertation, Universidad de Granada, Spain, 548 p.
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FREUDENTHAL. 2007. Blarinoides aliciae sp. nov., a new Soricidae
(Mammalia, Lipotyphla) from the Pliocene of Spain. Comptes Rendus
Palevol, 6:281–289.
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