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ARTICLE

SORICIDAE (SORICOMORPHA, MAMMALIA) FROM THE PLIOCENE OF TOLLO DE
CHICLANA (GUADIX BASIN, SOUTHERN SPAIN)

RAEF MINWER-BARAKAT,*,1 ANTONIO GARCÍA-ALIX,2 ELVIRA MARTÍN SUÁREZ,3

and MATTHIJS FREUDENTHAL3

1Institut Català de Paleontologia, Universitat Autònoma de Barcelona, 08193 Cerdanyola del Vallès, Barcelona, Spain,
raef.minwer@icp.cat;

2Instituto Andaluz de Ciencias de la Tierra (CSIC), Camino del Jueves s/n 18100, Granada, Spain;
3Departamento de Estratigrafı́a y Paleontologı́a, Universidad de Granada 18071, Granada, Spain

ABSTRACT—The fossil shrews (Soricidae, Lipotyphla, Mammalia) from the Pliocene continental deposits of Tollo de Chi-
clana (Guadix Basin, southern Spain) are described. Remains of Asoriculus gibberodon, Blarinoides aliciae, Petenyia hun-
garica, Paenelimnoecus pannonicus, Myosorex meini, and an indeterminated species of Soricidae have been recognized. With
the exception of A. gibberodon, these species are very uncommon in the south of the Iberian Peninsula; in fact, this finding
represents the first record of Petenyia, Blarinoides, Paenelimnoecus, and Myosorex in the Guadix Basin. The changes in the
abundance of Soricidae in the studied levels indicate wet and warm climatic conditions during the late Ruscinian and early
Villanyian, and a decrease in the temperature and precipitation in the late Villanyian.

INTRODUCTION

Shrews (Soricidae, Lipotyphla, Mammalia) are a quite diverse
group of small mammals that nowadays are distributed through
Eurasia, Africa, North and Central America, and part of South
America. The oldest known Soricidae come from the middle
Eocene of North America and Central Asia; the first record of
the family in Europe corresponds to the early Oligocene, but this
group does not become abundant and diverse until the Pliocene
(Reumer, 1994).

Fossil (especially Pliocene) shrews are well studied from Cen-
tral and Eastern Europe, where a great number of genera and
species have been identified (Kretzoi, 1959; Sulimski, 1959, 1962;
Kowalski, 1960; Janossy, 1973; Reumer, 1984, 1995; Rzebik-
Kowalska, 1975, 1976, 1981, 1990, 1994, 1998, 2000; Dahlmann
and Storch, 1996; Mészáros, 1998, 1999; Hoek Ostende et al.,
2005). In contrast, fossil Soricidae are little known in the Iberian
Peninsula. Their remains are relatively scarce in comparison with
other European areas; consequently, there are very few papers
dealing with this family, and their representatives are often not
identified at specific, or even generic, level. Sometimes specific
ascriptions exist, but they are not supported by descriptions, mea-
surements or illustrations of the material. Nevertheless, in the last
few years the interest on the study of fossil shrews from Spain has
raised, mainly due to their paleobiogeographical and paleoenvi-
ronmental relevance (Hoek Ostende and Furió, 2005; Rofes and
Cuenca-Bescós, 2006, 2009a, 2009b; Minwer-Barakat et al., 2007;
Furió et al., 2007; Furió and Mein, 2008).

In southern Spain, the lack of studies on fossil Soricidae is par-
ticularly remarkable, in spite of the abundance of Neogene mi-
cromammal localities. In fact, the Guadix Basin has a very rich
and continuous mammal fossil record ranging in age from the late
Miocene to the Late Pleistocene (Agustı́, 1986; Martı́n Suárez,
1988; Sesé, 1989; Ruiz Bustos, 2002; Minwer-Barakat et al., 2004,
2005, 2007, 2008a, 2008b, 2008c, 2009; Garcı́a-Alix et al., 2007,
2008); however, the soricids from this Basin have been hardly

*Corresponding author.

studied. In this paper we depict the most numerous populations
of Soricidae described until now from southern Spain, contribut-
ing considerably to increase the knowledge about this mammal
group during the Pliocene.

GEOLOGICAL SETTING

The Guadix Basin, situated in the central sector of the Betic
Cordillera, was established as a separate intramontane basin in
the late Miocene (Viseras et al., 2004). The sedimentary infill of
this basin has been divided into six genetic units (Fernández et al.,
1996), whose boundary unconformities are related to both tec-
tonic events and eustatic changes (Soria et al., 1998). The two
lower units (Units I and II) were deposited in a phase of marine
sedimentation during the Tortonian, and the third one (Unit III)
includes sediments deposited during the sea retreat from the cen-
tral sector of the Betic Cordillera at the end of the Tortonian.
The three youngest units (Units IV, V, and VI) correspond to a
phase of exclusively continental sedimentation in an endorheic
basin context, from the late Turolian to the Late Pleistocene.
This sedimentary stage was interrupted in the Late Pleistocene,
when a geomorphological inversion of the basin took place and
it was captured by the drainage network of the Guadalquivir
River, becoming an exorheic domain, mainly subjected to erosion
(Calvache and Viseras, 1997).

The area of Tollo de Chiclana is situated in the central part of
the basin, where fine-grained detritic deposits corresponding to
distal fluvial sedimentation alternate with lacustrine carbonates
(Viseras, 1991; Fernández et al., 1996). From this area, several su-
perposed Pliocene fossiliferous localities were described in previ-
ous publications (Minwer-Barakat et al., 2004, 2005, 2007, 2008a,
2008b, 2008c). These fossiliferous levels are found in swamp de-
posits and have yielded rich micromammal faunas composed of
various families of rodents and insectivores (Minwer-Barakat,
2005). Soricidae remains have been found in the localities of
Tollo de Chiclana-1 and -1B (late Ruscinian), Tollo de Chiclana-3
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and -13 (early Villanyian) and Tollo de Chiclana-10 and -10B
(late Villanyian).

DENTAL TERMINOLOGY AND MEASURING
METHODS

The nomenclature used in the descriptions of the teeth is that
of Reumer (1984). Lengths and widths have been measured as
defined by Reumer (1984). Specimens are kept in the Departa-
mento de Estratigrafı́a y Paleontologı́a, Universidad de Granada,
Spain.

SYSTEMATIC PALEONTOLOGY

Order SORICOMORPHA Gregory, 1910
Family SORICIDAE Fischer von Waldheim, 1817

Subfamily SORICINAE Fischer von Waldheim, 1817
Tribe NECTOGALINI Anderson, 1879

Genus ASORICULUS Kretzoi, 1959
ASORICULUS GIBBERODON (Petényi, 1864)

(Fig. 1)

Material—TCH-1: 1 i1, 3 m1, 5 m2, 2 m3, 3 I1, 3 P4, 4 M1, 2
M2; TCH-1B: 4 i1, 27 m1, 21 m2, 4 m3, 7 I1, 2 P4, 10 M1, 10 M2;

TCH-3: 3 i1, 5 m1, 6 m2, 3 m3, 7 I1, 3 P4, 7 M1, 4 M2; TCH-13: 2
i1, 1 m1, 1 m2, 1 M1.

Description of the Material from TCH-1B

i1—Relatively short, bicuspulated teeth. The anterior cuspule
is very weak, the posterior one is well marked. The apex is no-
tably upturned. A well-developed labial cingulum occupies the
dorsal border and the posterolabial end and reaches the ventral
part.

m1 and m2—The trigonid is notably narrower than the talonid
in the m1; this difference is less marked in the m2. The entoconid
is high and placed backward, close to the entostylid. The ento-
conid crest has medium height. Four out of 26 m1 and 1 out of
20 m2 have a minuscule mesoconid. The re-entrant valley opens
near the labial cingulum, or even directly above it in some speci-
mens. The labial cingulum is low and narrow, but well marked; in
most specimens, it rises at the level of the protoconid. The lingual
cingulum is straight and notably higher than the labial one. In lin-
gual view, the lower border of the molars is somewhat convex.

m3—The talonid is not reduced: there are a distinct hypoconid
and entoconid, and a long, narrow talonid basin. The labial cin-
gulum is more strongly developed than in the m1 and m2; it is
prominent, especially in its anterior portion. The lingual cingu-
lum is notably higher than the lingual one, but less prominent.

FIGURE 1. Asoriculus gibberodon (Petényi,
1864) from TCH-1B. A, Left i1, TCH-1B 722;
B, Right I1, TCH-1B 780; C, Left m1 in occlusal
view, TCH-1B 730; D, Left m2 in occlusal view,
TCH-1B 755; E, Left m3 in occlusal view, TCH-
1B 772; F, Left m1 in labial view, TCH-1B 725;
G, Left m2 in labial view, TCH-1B 752; H, Left
m3 in labial view, TCH-1B 773; I, Left P4, TCH-
1B 783; J, Left M1, TCH-1B 785; K, Left M2,
TCH-1B 794. Scale bar equals 1 mm.
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I1—Fissident incisors. The posterolabial margin has a weak on-
dulation at its central part. A well-marked cingulum occupies the
entire posterolabial border; it increases in width from ventral to
dorsal. Four out of seven specimens have a shorter, less devel-
oped cingulum on the posterolingual border. The dorsal border
may be straight or convex.

P4—The paracone is high and connected to the parastyle by
a high parastylar crest. The parastyle protrudes markedly over
the anterior border. The protocone is well developed; it is con-
nected to the hypocone in one of the two found specimens, and
separated from the hypocone in the other one. The hypocone is
low, but distinct. The hypoconal flange is broad. The posterior
emargination is very pronounced in one specimen, moderated in
the other one. The posteroloph is well marked; it continues in a
cingulum that occupies the entire posterior border and reaches
the posterolabial end. There is another cingulum bordering the
labial side.

M1 and M2—The metacone is higher than the paracone, es-
pecially in the M1. The metastyle of the M1 protrudes markedly
over the labial border. A high crest connects protocone and para-
cone. The protocone is connected to the hypocone in two out
of ten M1; one out of ten M2 has a small anterior crest on the
hypocone, which does not reach the protocone. In the rest of
specimens, protocone and hypocone are separated by a wide val-
ley; some specimens have a cingulum on the base of this valley.
The hypocone is small and low, but distinct. The posterolingual
region can be observed in six M1 and six M2; one M1 and one
M2 have the hypocone somewhat more developed than the rest,
and separated from the posterolph by a very shallow valley (mor-
photype A described by Reumer, 1984). In the rest of specimens,
the hypocone is smaller and connected to the posteroloph (mor-
photype B of Reumer, 1984). The hypoconal flange is broad in
the M1 and moderated in the M2. The posterior emargination is
pronounced. The posteroloph continues in a posterior cingulum,
which may be continuous or interrupted at the level of the poste-
rior emargination.

Description of the Material from the Other Localities—The
material from TCH-1, TCH-3, and TCH-13 shows several dif-
ferences with the teeth from TCH-1B described above. The fre-
quency of the mesoconid in the lower molars is variable: it is ab-
sent in all the specimens from TCH-1 and TCH-13; one out of five
m1 and two out of six m2 from TCH-3 have a small mesoconid.
Anyhow, this feature is only distinguishable in very unworn
specimens.

One out of three upper incisors from TCH-1 and two out of
seven specimens from TCH-3 have a weakly marked posterolin-
gual cingulum. The dorsal border varies from straight to convex.

All the P4 from TCH-1 and TCH-3 have a crest connecting
protocone and hypocone. The hypocone is well developed in all
the specimens from TCH-1 and in two of the three teeth from
TCH-3. The posterior emargination varies from very pronounced
to moderate in TCH-1, TCH-3, and TCH-13. One specimen from
TCH-1 has a short, well-marked cingulum between protocone
and hypocone.

The connection between protocone and hypocone is absent
in all the upper molars from TCH-1, TCH-3, and TCH-13. The
three M1 from TCH-1 preserving the posterolingual part have
the hypocone connected to the posteroloph (morphotype B of
Reumer, 1984); the single M2 preserving the posterolingual re-
gion has the hypocone separated from the posteroloph (morpho-
type A). All the upper molars from TCH-3 correspond to mor-
photype B. The single specimen from TCH-13 does not preserve
the posterolingual part. In the specimens from TCH-3 the poste-
rior cingulum is continuous and thicker than in TCH-1 and 1B.

Measurements—See Tables 1 and 2.
Discussion—Originally described as Crocidura gibberodon,

this species has been transferred to the genus Soriculus by
Kretzoi (1956) and to Episoriculus by Repening (1967); this latter

TABLE 1. Measurements (mm) of the lower teeth of Asoriculus gib-
berodon (Petényi, 1864) from Tollo de Chiclana-1, -1B, -3, and -13.

Element Locality Parameter N Min. Mean Max.

i1 TCH-13 Length 1 3.09
TCH-3 Length 2 3.49 3.52 3.55
TCH-1 Length 1 3.49

m1 TCH-3 Length 5 1.37 1.52 1.71
Trigonid width 5 0.78 0.82 0.86
Talonid width 5 0.90 0.95 1.00

TCH-1B Length 18 1.39 1.52 1.61
Trigonid width 21 0.76 0.84 0.89
Talonid width 24 0.87 0.96 1.02

TCH-1 Length 2 1.49 1.50 1.51
Trigonid width 3 0.81 0.84 0.87
Talonid width 3 0.94 0.97 1.00

m2 TCH-13 Length 1 1.39
Trigonid width 1 0.69
Talonid width 1 0.72

TCH-3 Length 4 1.28 1.38 1.44
Trigonid width 5 0.75 0.77 0.78
Talonid width 6 0.79 0.82 0.87

TCH-1B Length 16 1.33 1.47 1.59
Trigonid width 19 0.71 0.79 0.87
Talonid width 19 0.73 0.82 0.89

TCH-1 Length 4 1.39 1.44 1.47
Trigonid width 5 0.78 0.81 0.85
Talonid width 5 0.82 0.85 0.88

m3 TCH-3 Length 3 1.03 1.12 1.24
Width 3 0.59 0.63 0.66

TCH-1B Length 4 1.13 1.19 1.22
Width 4 0.55 0.59 0.65

TCH-1 Length 2 1.12 1.145 1.17
Width 2 0.62 0.63 0.64

adscription has been maintained for long time. Finally, Hutterer
(1994) transferred to the genus Asoriculus all the fossil species
previously included in Episoriculus, considering that they are not
cogeneric with the living forms of Episoriculus, E. caudatus, and
E. leucops. The denomination Asoriculus gibberodon is currently
accepted by many authors (Masini and Sará, 1998; Reumer, 1998;
Rzebik-Kowalska, 1998, 2000), and is followed in this paper.

The measurements are similar in all the studied localities, and
are also similar to those of A. gibberodon from other sites of
the Guadix-Baza Basin such as Venta Micena 1 and Orce 3
(Martı́n Suárez, 1988). The subtle differences in size do not follow
any concrete trend; for example, the lower molars from Venta
Micena 1 are somewhat smaller than those from Tollo de Chi-
clana, whereas the P4 is larger.

Compared to other European populations of A. gibberodon,
the measurements of the studied material are, in general
terms, larger than those from Villány 3, Osztramos 1 and 9
(Reumer, 1984), Podlesice 7 (Rzebik-Kowalska, 1981), Tar-
dosbánya, Polgárdi (Mészaros, 1998, 1999), and the different lev-
els of Betfia (Rzebik-Kowalska, 2000), and smaller than those
from Osztramos 7 (Reumer, 1984). The dimensions of the teeth
from Tollo de Chiclana are similar to those of A. gibberodon from
Weze 1 (Rzebik-Kowalska, 1981), and fit the size ranges of the
rich population from Csarnóta 2 (Reumer, 1984). The mean val-
ues from TCH-1, -1B, and -3 are similar to those from Csarnóta
2, whereas the measurements of the two specimens from TCH-13
are similar to the minimum values from Csarnóta 2, and also to
the mean values from Osztramos 1 and 9.

These comparisons reinforce the wide biometrical variability
of this species, as indicated by Reumer (1984), who also noted
that the changes in size do not show any trend from oldest to
youngest populations. This author also pointed out that the size
is not directly related to the morphology: the two morphotypes of
the upper molars occur in both small and large-sized populations.
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TABLE 2. Measurements (mm) of the upper teeth of Asoriculus gib-
berodon (Petényi, 1864) from Tollo de Chiclana-1, -1B, and -3.

Element Locality Parameter N Min. Mean Max.

I1 TCH-3 Length 4 1.60 1.725 1.81
Height 6 1.07 1.18 1.27
Length of the talon 5 0.76 0.79 0.84

TCH-1B Length 2 1.45 1.67 1.89
Height 4 1.03 1.155 1.25
Length of the talon 1 0.87

TCH-1 Length 1 1.97
Height 2 1.16 1.22 1.28
Length of the talon 1 0.88

P4 TCH-3 Length P. E. 3 0.87 0.95 1.03
Lingual length 2 1.00 1.06 1.12
Labial length 3 1.57 1.60 1.65
Width 2 1.51 1.59 1.67

TCH-1B Length P. E. 2 1.02 1.02 1.02
Lingual length 2 1.11 1.155 1.20
Labial length 1 1.59
Width 2 1.44 1.47 1.50

TCH-1 Length P. E. 3 0.90 0.97 1.02
Lingual length 3 1.09 1.11 1.13
Labial length 3 1.56 1.57 1.58
Width 3 1.52 1.59 1.63

M1 TCH-3 Length P. E. 7 1.08 1.13 1.22
Lingual length 7 1.35 1.43 1.50
Labial length 4 1.38 1.41 1.43
Anterior width 6 1.52 1.57 1.62
Posterior width 4 1.74 1.755 1.76

TCH-1B Length P. E. 9 1.03 1.10 1.17
Lingual length 6 1.38 1.47 1.55
Labial length 6 1.29 1.42 1.55
Anterior width 8 1.38 1.48 1.60
Posterior width 3 1.64 1.70 1.74

TCH-1 Length P. E. 3 1.10 1.13 1.16
Lingual length 3 1.39 1.47 1.53
Labial length 4 1.42 1.46 1.49
Anterior width 4 1.51 1.54 1.56
Posterior width 3 1.73 1.82 1.90

M2 TCH-3 Length P. E. 3 1.04 1.06 1.10
Lingual length 3 1.27 1.31 1.35
Labial length 3 1.24 1.32 1.40
Anterior width 3 1.66 1.72 1.84
Posterior width 3 1.57 1.63 1.73

TCH-1B Length P. E. 10 0.94 1.02 1.09
Lingual length 6 1.20 1.28 1.34
Labial length 9 1.12 1.25 1.33
Anterior width 6 1.48 1.56 1.63
Posterior width 5 1.50 1.55 1.65

TCH-1 Lingual length 1 1.31
Anterior width 1 1.64

Length P. E.: length to the posterior emargintion.

The material from the levels of Tollo de Chiclana also shows
the broad morphological variability described in other popula-
tions of A. gibberodon (Reumer, 1984; Rzebik-Kowalska, 2000),
especially in the upper molars. The lower molars are practically
identical in all the studied localities, whereas in the upper molars
two different morphotypes can be distinguished. The main diag-
nostic characters of the species listed in the emended diagnosis
of Reumer (1984) can be recognized in the material from TCH-
1, -1B, -3, and -13: lower incisor bicuspulated and with a well-
developed labial cingulum; upper incisor fissident; lower molar
with entoconid crests; m3 with talonid basin.

Asoriculus gibberodon from TCH-1, -1B, and -3 is clearly
smaller than Asoriculus burgioi from Monte Pellegrino, Sicily
(Masini and Sarà, 1998) and than Asoriculus maghrebiensis from
Ahl Al Oughlam, Morocco (Geraads, 1995); it is also smaller than
the species Asoriculus thenii (Geraads, 1995; Masini and Sarà,
1998).

During the Pliocene, this species had a broad geographic dis-
tribution in the entire European continent. In southern Spain, A.

gibberodon has been reported from the sites of Moreda, Ram-
bla Seca, Bélmez (Castillo, 1990), and Asta Regia 3 (Castillo and
Agustı́, 1996), among others. It is a common species in the Teruel
region (Mein et al., 1990) and France (Crochet, 1986), and it
is particularly abundant in central and eastern Europe (Rzebik-
Kowalska, 1995, 1998).

According to Reumer (1984) and Rzebik-Kowalska (1994,
1995), Asoriculus gibberodon is a good indicator of warm and,
especially, humid conditions, and lived in forested environments.

Tribe BLARININI Kretzoi, 1965
Genus BLARINOIDES Sulimski, 1959

BLARINOIDES ALICIAE Minwer-Barakat, Garcı́a-Alix,
Martı́n Suárez, and Freudenthal, 2007

Material—TCH-3: 6 i1, 8 m1, 9 m2, 5 m3, 4 I1, 8 P4, 10 M1, 7
M2.

Description and Discussion—The material of Blarinoides ali-
ciae from TCH-3 is described and figured in a recent paper
(Minwer-Barakat et al., 2007). The main morphological charac-
ters of the species are: lower incisor tricuspulate; m1 and m2 with
well-developed entoconid, and without entoconid crest; m3 with
distinct hypoconid and entoconid; I1 not fissident; P4 with dis-
tinct protocone and hypocone; M1 and M2 with a weak posterior
emargination, and with a long metaloph connecting the proto-
cone to the metacone. Blarinoides aliciae differs from the only
other species of the genus, B. mariae, mainly in its smaller size.
For further descriptions, comparisons, measurements, and illus-
trations, see Minwer-Barakat et al. (2007).

Tribe BLARINELLINI Reumer, 1998
Genus PETENYIA Kormos, 1934

PETENYIA HUNGARICA Kormos, 1934
(Fig. 2)

Material—TCH-13: 1 m2, 2 M1–2.

Description

m2—The only specimen is damaged in its lingual part, so the
entoconid and the entoconid crest cannot be observed. The labial
border is nearly straight. The trigonid and the talonid are similar
in width. The protoconid is notably higher than the hypoconid.
The re-entrant valley opens directly above the labial cingulum,
which is low but well marked, and occupies the anterior, labial
and posterior borders.

M1–2—The two specimens are incomplete. The outline is
quadrate, with nearly straight borders and a very weak poste-
rior emargination. The metacone is somewhat higher than the

FIGURE 2. Petenyia hungarica Kormos, 1934 from TCH-13. Right
M1–2, TCH-13 176. Scale bar equals 1 mm.
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paracone. The protocone is very low and located near the pos-
terolingual border. The metaloph is high and well marked; it
reaches the metacone, closing the trigon basin. There is no dif-
ferentiated hypocone. The posteroloph is thick at the posterior
part of the lingual face, and continues in a cingulum that occupies
the entire posterior border. The surface of the hypoconal flange
is markedly concave.

Measurements—The only measurable parameters are: length
of m2: 1.42 mm; length to the posterior emargination of M1–2:
1.16 mm; lingual length of M1–2: 1.25 mm.

Discussion—Despite its scarcity, the material from TCH-13
can be assigned to Petenyia hungarica. The size and the mor-
phology of the upper molars, with a hardly marked posterior
emargination and a well-developed metaloph, distinguish this
species from most of the Pliocene European Soricidae.

The specimens of P. hungarica from TCH-13 can be differ-
entiated from the other Pliocene genera of Blarinellini. The up-
per molars of Alloblarinella have very weak or absent metalophs
(Storch, 1995). The lower molars of Cokia have a more quadrate
occlusal outline, and the protoconid more distant from the meta-
conid. The upper molars of Paenepetenyia have a more pro-
nounced posterior emargination and lack a metaloph (Storch,
1995).

The only other species included in this genus is Petenyia du-
bia, which was transferred to Blarinella by Reumer (1984), and
included again in Petenyia by Storch and Qiu (1991) and Storch
(1995). This species, common in the European upper Miocene,
is very similar to P. hungarica in size and morphology; the main
differences between the two species are the shape of the incisors,
the number of antemolars, and the pigmentation of the molars,
but these characters cannot be observed in the material from
TCH-13. The upper molars of P. dubia figured by several au-
thors (Reumer, 1984; Mészáros, 1996, 1998, 1999) have a some-
what less-developed metaloph than those of P. hungarica, and the
lower molars have a higher and more prominent labial cingulum.
We have compared the material from TCH-13 with that of P. du-
bia from Los Mansuetos and Aljezar B stored at the University of
Lyon I, observing a great morphological similitude in the molars
of the three localities. Anyhow, the ascription of the specimens

from TCH-13 to the species P. hungarica is clear, because P. du-
bia disappears at the end of the Miocene.

The scarce available measurements are very similar to those of
P. hungarica from Csarnóta 2, Osztramos 3 and 7, and slightly
smaller to those from Osztramos 1, Villány 3, and Tegelen
(Reumer, 1984). We have directly compared the material from
TCH-13 with other populations of P. hungarica stored at the Uni-
versity of Lyon I (Wèze 2, Montoussè 5, Schernfeld): they are
identical in size and morphology.

Petenyia hungarica is known from many Central and Eastern
European localities, ranging in age from the earliest Pliocene to
the Early Pleistocene (Rzebik-Kowalska, 1998). Contrary, it is
very uncommon in more southern latitudes: it only has been re-
ported from the Italian site of Arondelli and from the Spanish lo-
calities of Moreda (Ruiz Bustos, 2002) and TCH-13; these three
localities are equivalent in age (early Villanyian, MN 16). This
fact may be due to the existence of particular climatic or ecolog-
ical conditions in southern Europe during the early Villanyian,
but it also possible that the scarcity of mentions of Petenyia hun-
garica is caused by the lack of detailed studies about the Soricidae
from the Iberian Peninsula.

Subfamily ALLOSORICINAE Fejfar, 1966
Genus PAENELIMNOECUS Baudelot, 1972

PAENELIMNOECUS PANNONICUS (Kormos, 1934)
(Fig. 3)

Material—TCH-1: 1 m1, 2 M1, 1 M2; TCH-1B: 3 m1, 2 m2, 5
I1, 1 P4, 1 M1, 1 M2; TCH-3: 1 i1, 3 m1, 3 m2, 2 P4, 5 M1, 1 M2;
TCH-13: 3 i1, 3 m1, 1 m2, 1 m3, 2 I1, 4 P4, 2 M1, 1 M2.

Description of the Material from TCH-3

i1—Bicuspulated incisor, with weak cuspules. The apex is up-
turned. The tooth is damaged at its posterior part, so the cingu-
lum cannot be observed.

m1 and m2—Very small molars, characterized by the absence
of entoconid and entoconid crest. The lingual border is convex.
The entostylid is tubercular, lower than the rest of cuspids. The
metaconid and protoconid are close to each other, the former one

FIGURE 3. Paenelimnoecus pannonicus (Kormos, 1934) from TCH-1B and TCH-13. A, Fragment of left mandible with m1-m2 in labial view, TCH-
1B 706; B, Left m1 in occlusal view, TCH-1B 704; C, Right m3 in occlusal view, TCH-13 159; D, Right i1, TCH-13 154; E, Left I1, TCH-1B 709; F,
Right P4, TCH-1B 713; G, Right M1, TCH-1B 714. Scale bar equals 1 mm.
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placed rather backwards with respect to the latter. In the m1, the
paraconid is very distant from the protoconid, so the trigonid is
notably longer and narrower than the talonid. In the same dental
element, the posterolabial end extends further backwards than
the posterolingual one. The paraconid is very low. The re-entrant
valley opens very high on the labial cingulum, which is thick and
well marked. The lingual cingulum is narrow.

P4—The paracone is high and acute. The parastyle and the
protocone are low and similar in size. There is a low, round
hypocone, separated from the protocone by a wide valley, which
in one specimen is anterolingually bordered by a narrow cingu-
lum. The posteroloph is very thick and well marked. In one spec-
imen, the posterior emargination is moderated and the hypoconal
flange is not much broad; in the other one, the posterior
emargination is pronounced and the hypoconal flange is large.

M1 and M2—The metacone is notably higher than the para-
cone, especially in the M1. In the same dental element, the poste-
rior branch of the metacone is very long, and the metastyle pro-
trudes markedly over the labial border. There is no metaloph, so
the trigone basin is open posteriorly. There is a very narrow cin-
gulum on the lingual side of the protocone. There is no hypocone.
The posteroloph is thick. The posterior emargination is very pro-
nounced, and the hypoconal flange is broad, particularly in the
M1. A well-marked cingulum occupies the entire posterior bor-
der; it widens at the posterolabial end.

Description of the Material from the Other Localities—The
material from TCH-1 is equal to that from TCH-3 except for
the narrower posteroloph and the smaller hypoconal flange in the
upper molars. The three upper molars from TCH-1 have a very
narrow cingulum on the lingual base of the protocone, which is
absent in one of the specimens from TCH-3.

In a fragment of mandible from TCH-1B the mental foramen
can be observed; it is placed below the re-entrant valley of the m1.
Five upper incisor have been found in TCH-1B; they are small,
not fissident teeth, with a well-marked cingulum occupying the
entire posterolabial border. The talon is well developed and has
a groove on its occlusal surface. The single P4 from TCH-1B dif-
fers from those from TCH-3 in the following features: it lacks
the hypocone, the posteroloph is narrower than in TCH-3, the
posterior emargination slightly more marked, and the hypoconal
flange broader. The single M1 from TCH-1B has a cingulum on
the anterolingual border.

Three lower incisors have been found in TCH-13; they have a
well-marked anterior cuspule, and a weaker posterior one. The
only complete specimen shows a weak and short cingulum, re-
stricted to the posterodorsal border. The site of TCH-13 has
yielded one m3, a dental element not found in the other levels.
The trigonid is long and narrow, with the paraconid very ante-
rior with respect to the protoconid. The protoconid is very high;
the paraconid and metaconid are slightly lower. The talonid is re-
duced to a small cuspid, connected by a low crest to the posterior
wall of the trigonid. A well-marked cingulum occupies the entire
labial border; it is wider at its anterior part. The lingual border
is convex; it has a cingulum on its base. One of the two P4 pre-
serving the lingual part has a small hypocone, similar in size to
that of the specimens from TCH-3; the other specimen lacks this
cusp, but the posteroloph is somewhat wider anteriorly than pos-
teriorly. The rest of the dental elements exhibit no morphological
differences to the material from TCH-3.

Measurements—See Tables 3 and 4.
Discussion—All the measured parameters are very similar in

the studied localities. The size is slightly larger than that of the
samples from Osztramos 7 and 9 (Reumer, 1984), which consist
of very few specimens. Practically all the measurements of the
levels from Tollo de Chiclana fit the size ranges of P. pannonicus
from Csarnóta 2 (Reumer, 1984), a much larger assemblage. The
mean values are almost identical in Csarnóta 2 and in the studied
localities.

TABLE 3. Measurements (mm) of the lower teeth of Paenelimnoecus
pannonicus (Kormos, 1934) from Tollo de Chiclana-1, -1B, -3, and 13.

Element Locality Parameter N Min. Mean Max.

i1 TCH-13 Length 1 2.56
m1 TCH-13 Length 2 1.10 1.13 1.16

Trigonid width 2 0.62 0.63 0.64
Talonid width 2 0.64 0.655 0.67

TCH-3 Length 3 1.10 1.14 1.17
Trigonid width 3 0.61 0.62 0.62
Talonid width 3 0.66 0.68 0.70

TCH-1B Length 3 1.09 1.14 1.20
Trigonid width 3 0.59 0.61 0.62
Talonid width 3 0.66 0.66 0.67

TCH-1 Length 1 1.13
Trigonid width 1 0.56
Talonid width 1 0.61

m2 TCH-3 Length 3 1.11 1.12 1.13
Trigonid width 2 0.61 0.645 0.68
Talonid width 2 0.64 0.665 0.69

TCH-1B Length 2 1.07 1.09 1.11
Trigonid width 2 0.61 0.65 0.69
Talonid width 2 0.62 0.64 0.66

m3 TCH-13 Length 1 0.85
Width 1 0.51

TABLE 4. Measurements (mm) of the upper teeth of Paenelimnoecus
pannonicus (Kormos, 1934) from Tollo de Chiclana-1, -1B, -3, and 13.

Element Locality Parameter N Min. Mean Max.

I1 TCH-13 Length 1 1.30
Height 1 0.80
Length of the talon 1 0.62

TCH-1B Length 2 1.40 1.43 1.46
Height 3 0.91 0.93 0.96
Length of the talon 2 0.63 0.675 0.72

P4 TCH-13 Length P. E. 1 0.70
Labial length 1 1.17

TCH-3 Length P. E. 2 0.58 0.615 0.65
Lingual length 2 0.71 0.785 0.86
Labial length 2 1.16 1.17 1.18
Width 2 1.25 1.26 1.27

TCH-1B Length P. E. 1 0.66
Lingual length 1 0.81
Labial length 1 1.09
Width 1 1.22

M1 TCH-13 Labial Length 1 1.10
TCH-3 Length P. E. 4 0.78 0.815 0.85

Lingual length 3 1.08 1.11 1.13
Labial length 4 1.07 1.09 1.11
Anterior width 3 1.23 1.24 1.25
Posterior width 2 1.27 1.31 1.35

TCH-1B Length P. E. 1 0.80
Lingual length 1 1.08
Labial length 1 1.09
Anterior width 1 1.17
Posterior width 1 1.37

TCH-1 Length P. E. 2 0.79 0.82 0.85
Lingual length 2 1.11 1.13 1.15
Labial length 2 1.04 1.065 1.09
Anterior width 2 1.09 1.12 1.15
Posterior width 2 1.32 1.33 1.34

M2 TCH-3 Length P. E. 1 0.76
Lingual length 1 1.04
Labial length 1 0.99
Anterior width 1 1.26
Posterior width 1 1.21

TCH-1B Length P. E. 1 0.75
Labial length 1 1.00
Anterior width 1 1.24

Length P. E.: length to the posterior emargination.
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There is no morphological difference between the studied as-
semblages and those from Osztramos and Csarnóta described by
Reumer (1984), except for the presence of a small hypocone in
the P4 from TCH-3 and -13, which is absent in the material from
Osztramos, Csarnóta, and in the single specimen from TCH-1B.
We have directly compared our material with the sample of P.
pannonicus from Balaruc 2 stored at the University of Lyon I;
there are no differences, except for the lack of the hypocone in
the P4 from Balaruc.

The combination of two features, the very small size and the
absence of entoconid and entoconid crest in the m1 and m2, al-
lows distinguishing Paenelimnoecus from the rest of the Pliocene
European Soricidae.

The species Paenelimnoecus crouzeli from the Arago-
nian (MN6–8) and P. repenningi from the Vallesian-Turolian
(MN10–13) are morphologically very similar to P. pannonicus
(Baudelot, 1972; Reumer, 1984, 1992). However, several differ-
ences can be established: the mental foramen is placed below the
protoconid of the m1 in P. crouzeli and P. repenningi, whereas
in P. pannonicus it is placed at the level of the re-entrant val-
ley or the hypoconid of the m1. The lower molars of P. crouzeli
from Sansan have the paraconid and protoconid closer to each
other than those of P. pannonicus, so the trigonid is notably
shorter in the former species. In the lower molars of P. repen-
ningi the entoconid is reduced, but not completely absent (see
specimens figured in Mészáros, 1998). Some M1 and M2 of P.
repenningi from Tardosbánya (Mészáros, 1998) have a metaloph,
which is absent in the upper molars of P. pannonicus. The speci-
mens of P. cf. repenningi from Aljezar B, stored at the Univer-
sity of Lyon I, differ from P. pannonicus from Tollo de Chi-
clana in the position of the mental foramen, in the presence of
a small but well-individualized entoconid in the m1 and m2, in
the larger hypoconid in the m3, and in the notably more devel-
oped protocone in the P4. Regarding to the size, P. crouzeli from
Sansan (Engesser, 1980; Ziegler, 1989) is somewhat smaller than
P. pannonicus. Paenelimnoecus pannonicus from the studies sites
is similar in size to P. repenningi from Tardosbánya (Mészáros,
1998), and slightly smaller than the same species from Polgárdi 4
(Mészáros, 1999).

Paenelimnoecus micromorphus from Erkertshofen 2 and Pe-
tersbuch 2 (MN4; Ziegler, 1989) and P. truyolsi from different
sites in the Calatayud-Montalbán Basin (middle Miocene; van
den Hoek Ostende et al., 2009) are clearly smaller than P. pan-
nonicus from Tollo de Chiclana. Morphologically, these species
differ from P. pannonicus in having a very small entoconid and a
low entoconid crest in m1 and m2.

Paenelimnoecus obtusus from the upper Miocene site of
Ertemte 2 in Mongolia (Storch, 1995) clearly differs from P. pan-
nonicus in the occlusal outline of the teeth: the lower molars of
P. obtusus have a rectangular outline, with nearly straight labial
and lingual borders; the P4 and upper molars have a very weak
posterior emargination.

The taxonomic position of the genus Paenelimnoecus has been
very controversial. Originally included in the subfamily Lim-
noeecinae by Baudelot (1972), the genus has been transferred
by Reumer (1984) to the tribe Allosoricini (included in the
Soricinae), which was later elevated to the rank of a subfam-
ily (Allosoricinae) by Reumer (1992). On the other hand, the
species P. micromorphus has been placed into the Crocidosoric-
inae (Ziegler, 1989). The genus has also been referred as “Soric-
inae incertae sedis” or “Soricidae incertae sedis” (Storch, 1995;
Storch et al., 1998; Mészáros, 1999). Recently, Fejfar et al. (2006)
suggested that Paenelimnoecus developed separately from Al-
losorex, and included it in a new subfamily, Paenelinmoecinae.
However, van den Hoek Ostende et al. (2009) prefer to main-
tain both Paenelimnoecus and Allosorex in the Allosoricinae. The
subfamily Paenelimnoecinae is based on the supposed relation-
ship between the Miocene “Sorex” gracilidens and the Pliocene

genus Allosorex, which would constitute a separate lineage from
Paenelimnoecus. However, we agree with Hoek Ostende et al.
(2009) in considering that there are not enough criteria support-
ing that separation, since “S.” gracilidens has a p4 with V-shaped
wear facet, and retains entoconids and entocristids in the lower
molars, like the oldest species of Paenelimnoecus. Therefore, we
prefer to keep Panelimnoecus into the Allosoricinae, which is
also the most widely accepted opinion (Reumer, 1998; Rzebik-
Kowalska, 1998, 2003; van den Hoek Ostende et al., 2009, among
others).

Paenelimnoecus pannonicus is a common species in the
Pliocene of Europe (Reumer, 1984; Rzebik-Kowalska, 1990,
1994). In the Iberian Peninsula, it has been recognized in some
sites of the Teruel area (Mein et al., 1990, van den Hoek Os-
tende and Furió, 2005). The localities from Tollo de Chiclana and
Yeguas (Minwer-Barakat, 2005) in the Guadix Basin represent
the only mention of P. pannonicus in South Spain, except for a
doubtful citation of the species from the upper Miocene site of
Otura (Mein and Martı́n Suárez, 1993). In addition, the levels of
TCH-3 and -13 are, together with the locality of Barranco del
Monte in Teruel (Laplana et al., 2004), the sole Villanyian sites
that have yielded this species in the Iberian Peninsula.

Subfamily CROCIDOSORICINAE Reumer, 1987
Tribe MYOSORICINI Kretzoi, 1965

Genus MYOSOREX Gray, 1838
MYOSOREX MEINI Jammot, 1977

(Fig. 4)

Material—TCH-1B: 1 m1, 2 m2, 1 M1, 2 M2; TCH-3: 2 m1, 1
m2, 1 m3, 1 M1; TCH-10: 1 m3; TCH-10B: 1 i1, 1 p4, 4 m1, 3 m2,
3 I1, 2 M1, 1 M2.

Description of the Material from TCH-10B

i1—Relatively short incisor. The stage of wear does not allow
the determination of the number of cusps. The labial cingulum
is narrow, but well marked; it occupies the entire posterolabial
margin of the tooth.

p4—The main cuspid is placed in the anterior part of the tooth.
There are two accessory cuspules in lingual and labial positions.
There are two crests starting at the two cuspules and reaching the
posterior part of the tooth. These crests delimitate a posterocen-
tral depression. A cingulum borders the entire base of the crown.

m1 and m2—The crown is very high and the cusps are acute.
The protoconid is the highest cusp. The metaconid is higher than
the paraconid in the m1; in the m2 both cusps are of equal height.
The hypoconid and entoconid are lower than the three anterior
cusps. The talonid is very short; in the m1 it is notably wider than
the trigonid, in the m2 they are similar in width. The entoconid
has round section. The entoconid crest is very low. The re-entrant
valley opens very high on the labial cingulum. The oblique crest
is very short; it reaches the base of the protoconid in the m1,
and a somewhat more lingual position in the m2. The hypolophid
curves at its posterolingual end, forming a low, protruding en-
tostylid. The labial cingulum is low but well marked; it rises no-
tably at the level of the re-entrant valley. This cingulum widens
at its anterior and posterolabial portions. Two out of seven spec-
imens have a very weak lingual cingulum.

I1—Not fissident incisors. The labial cingulum is narrow, but
well marked; it occupies the entire posterolabial margin and has
an undulation at its central part. The talon is small and pointed.
The dorsal border is convex.

M1 and M2—These molars are much wider than longer. In
the M1, the metacone is notably higher than the paracone, and
its posterior branch is much longer than the anterior one, so
the metastyle protrudes markedly over the labial border. The
parastyle is small; the mesostyle is thick and high. The single M2
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FIGURE 4. Myosorex meini Jammot, 1977 from TCH-10B and TCH-3. A, Right i1, TCH-10B 95; B, Left I1, TCH-10B 104; C, Left m1 in occlusal
view, TCH-10B 97; D, Right m2 in occlusal view, TCH-10B 103; E, Left m1 in labial view, TCH-10B 98; F, Right m2 in labial view, TCH-10B 102; G,
Left m3 in occlusal view, TCH-3 309; H, Right M1, TCH-10B 106. Scale bar equals 1 mm.

does not preserve the labial part. The protocone is high and con-
nected to the paracone by a high crest. There is no metaloph. The
protocone is well separated from the metacone, so the trigone
basin is posteriorly open. The hypocone is a distinct cusp, sep-
arated from the protocone by a valley. The posteroloph is nar-
row but well marked. The posterior emargination is rather pro-
nounced. The hypoconal flange extends more backwards in the
M1 than in the M2. A cingulum borders the entire posterior face;
it is very narrow at the level of the posterior emargination, and
widens towards the posterolabial end.

Description of the Material from the Other Localities—The
few specimens from TCH-1B, TCH-3, and TCH-10 exhibit no
morphological difference to the described material from TCH-
10B. The levels of TCH-3 and TCH-10 have yielded two m3, a
dental element that has been not found in TCH-10B. The proto-
conid is very high, and the talonid is reduced to a single cuspid
(hypoconid), which is separated from the metaconid by a wide
valley. The labial cingulum is very wide at its anterior part, and
narrow at its labial and posterior portions. There is no lingual
cingulum.

Measurements—See Table 5.
Discussion—The genus Myosorex includes 14 extant species

that live in Central, East, and South Africa. Besides, an African
fossil species has been described: Myosorex robinsoni from the
Plio-Pleistocene of southern Africa (Meester, 1955). The sys-
tematic position of the genus has been controversial. Tradition-
ally, Myosorex was included into the subfamily Crocidurinae
(Repening, 1967; McKenna and Bell, 1997). Nevertheless, sev-
eral authors (Reumer, 1994; Rzebik-Kowalska, 1995) suggested
that Myosorex represents a living member of the subfamily Cro-
cidosoricinae, before considered extinct, mainly because of the
presence in Myosorex of three lower antemolars (including the

P4), whereas the Crocidurinae have only two (Reumer, 1987).
Recently, Furió et al. (2007) pointed out a set of characters of
Myosorex, Congosorex, and Surdisorex that neither fit the Sorici-
nae, nor the Crocidurinae, but agree with the diagnostical charac-
ters of the Crocidosoricinae. We accept this systematic interpre-
tation, which is also supported by biochemical and genetic data
(Maddalena and Bronner, 1992; Quérouil et al., 2001).

The presence of this genus in Europe was indicated for the first
time in the unpublished thesis of Jammot (1977), who defined
the species Myosorex meini from three late Pliocene sites: Seynes
(type locality) and Balaruc 2 in France, and Islas Medas in Spain.
The occurrence of the species in the mentioned localities was con-
firmed by Crochet (1986). Since that moment, few mentions to
the genus in Europe have been made, often lacking any descrip-
tion or taxonomical remark: Myosorex meini from Moreda and
Bélmez (Castillo, 1990) and Myosorex sp. from Valdeganga II
(Mein et al., 1978), Arquillo 4, and La Gloria 4 (Mein et al., 1990).

This species has been considered for long time as a nomen
nudum because it was named in an unpublished dissertation
(Rzebik-Kowalska, 1998). In addition, according to Aguilar et al.
(2002), the type specimen from Seynes proposed by Jammot
(1977) is not available in the collections of the University of
Montpellier. Finally, Furió et al. (2007) validated the species,
maintaining the original name and author (that is, Myosorex
meini Jammot, 1977), but assigning a neotype from the Spanish
site of Almenara-Casablanca 4.

All the dental characters compiled in the original diagnosis
of the species (Jammot, 1977) and in the emended diagnosis of
Furió et al. (2007) are observed in the material from Tollo de
Chiclana: short lower incisor; p4 with two accessory cuspules
and two marked crests in labial and lingual positions; talonid ex-
tremely short in the m1 and m2, and very reduced in the m3,
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TABLE 5. Measurements (mm) of the teeth of Myosorex meini Jam-
mot, 1977, from Tollo de Chiclana-1B, -3, -10, and 10B.

Element Locality Parameter N Min. Mean Max.

i1 TCH-10B Length 1 2.59
m1 TCH-10B Length 3 1.25 1.27 1.29

Trigonid width 3 0.86 0.87 0.89
Talonid width 3 0.96 0.99 1.05

TCH-3 Length 1 1.37
Trigonid width 2 0.91 0.915 0.92
Talonid width 2 1.05 1.06 1.07

TCH-1B Length 1 1.34
Trigonid width 1 0.92
Talonid width 1 1.03

m2 TCH-10B Length 2 1.33 1.36 1.39
Trigonid width 3 0.80 0.86 0.92
Talonid width 3 0.87 0.92 0.96

TCH-3 Length 1 1.46
Trigonid width 1 0.92
Talonid width 1 0.97

TCH-1B Length 2 1.40 1.415 1.43
Trigonid width 2 0.89 0.895 0.90
Talonid width 2 0.92 0.925 0.93

m3 TCH-10 Length 1 1.05
Width 1 0.63

TCH-3 Length 1 1.12
Width 1 0.65

I1 TCH-10B Length 1 1.51
Height 1 1.09
Length of the talon 1 0.66

M1 TCH-10B Length P. E. 2 0.83 0.835 0.84
Lingual length 2 1.14 1.165 1.19
Labial length 2 1.27 1.27 1.27
Anterior width 2 1.57 1.575 1.58
Posterior width 2 1.99 1.99 1.99

M2 TCH-10B Length P. E. 1 0.88
Lingual length 1 1.13

TCH-1B Length P. E. 1 0.79
Lingual length 1 1.07

Length P. E.: length to the posterior emargination.

presenting only the hypoconid; well-developed labial cingulum in
the lower molars; not fissident upper incisor, upper molars with
reduced hypocone and hypoconal flange, and pronounced poste-
rior emargination; M1 and M2 very short and wide (mesiodistally
compressed).

The material from TCH-1B, -3, -10, and -10B is practi-
cally identical in size and morphology to that from Almenara-
Casablanca 1 and 4 (Furió et al., 2007). We have also compared
our material with the specimens of M. meini from Seynes and
Balaruc 2 stored at the University of Lyon I, and observed no
morphological differences. The teeth from Tollo de Chiclana are
equal in size to those from Balaruc 2 and slightly smaller than
those from Seynes.

Myosorex meini from Tollo de Chiclana can be distinguished
from Crocidura kornfeldi (a frequent species in the European
upper Pliocene and Pleistocene) by its shorter upper molars, the
presence of the accessory cuspules in the p4, and the more com-
pressed talonid in the lower molars. With regard to the size, the
measurements of M. meini from TCH-1B, -3, -10, and -10B are
clearly smaller than those of C. kornfeldi from Villany 3, Osz-
tramos 3/2 (Reumer, 1984), and Betfia (Rzebik-Kowalska, 2000).

The studied sites are the first in the Guadix-Baza Basin that
have yielded remains of M. meini. This species is particularly well
represented in the youngest levels (TCH-10 and -10B), where the
most common soricid is; such abundance has been observed in
other European upper Pliocene sites, such as Balaruc 2 and Mas
Rambault 2 (Aguilar et al., 2002).

SORICIDAE, gen. et sp. indet.
Material—TCH-10: 1 m2, 1 M1; TCH-10B: 1 M2.

Description of the Material from TCH-10—In the m2 the
talonid is slightly wider than the trigonid. The entoconid is very
high and well separated from the hypolophid. The entoconid
crest is high and curved. The re-entrant valley opens just above
the cingulum, which occupies the entire anterior, labial, and pos-
terior borders. This cingulum is low and narrow, except on the
anterior face, where it widens.

In the M1, the metacone is larger than the paracone. The pro-
tocone is high, acute, and has a long posterior branch. There is a
low and narrow metaloph that does not reach the protocone. The
hypocone is small but well individualized, and separated from the
protocone by a wide valley. There is a cingulum on the lingual
border. The posterior side is not preserved.

Description of the Material from TCH-10B—Paracone and
metacone are similar in size. There is a weak metaloph connect-
ing protocone and metacone. The hypocone is small but distinct;
it is well separated from the protocone by a very wide valley. The
posterior emargination is moderate, and the hypoconal flange
relatively small. There are a cingulum on the lingual face and
another wider one occupying the entire posterior border of the
tooth.

Measurements—m2 from TCH-10: length: 1.25 mm; trigonid
width: 0.69 mm; talonid width: 0.72 mm.

M1 from TCH-10: labial length: 1.09; anterior width: 1.31 mm.
M2 from TCH-10B: length to the posterior emargination:

0.94 mm; lingual length: 1.04 mm; labial length: 1.09 mm; ante-
rior width: 1.33 mm; posterior width: 1.42.

Discussion—The studied specimens do not show any morpho-
logical or biometrical feature exclusive for a concrete genus or
species. Besides, these levels have not yielded any upper or lower
incisor, which are the most useful dental elements for the diag-
nosis of the different genera of Soricidae. Hence, the scarcity of
the material does not allow a determination, even at the generic
level.

GENERAL DISCUSSION

The study of the Soricidae from Tollo de Chiclana has certain
relevance from the paleobiogeographical and paleoecological
point of view. On the one hand, this study provides some interest-
ing data about the geographical distribution of Soricidae within
Europe during the Pliocene, an issue scarcely treated in the lit-
erature (Rzebik-Kowalska, 1995, 2003; Reumer, 1999). During
the Ruscinian, the Soricidae are much more diverse in Eastern
and Central Europe (Poland, Hungary, Slovakia) than in West-
ern Europe. In the Villanyian, the climatic deterioration caused
the disappearance of many species in Western Europe and a de-
crease in their abundance in Eastern Europe (Rzebik-Kowalska,
1995). This author also pointed out a latitudinal movement of
Asoriculus, a genus related to relatively warm and, overall, humid
conditions, which since the late Ruscinian became uncommon in
North Europe, disappearing at the end of the Pliocene in some
regions. At the beginning of the Middle Pleistocene, Asoriculus
is restricted to the south of Europe (Italy, Croacia, and Spain).

The results of the present paper indicate a similar migration
for the genus Paenelimnoecus. According to Rzebik-Kowalska
(1995), this was a very common taxon in Central Europe dur-
ing the Ruscinian, which became very scarce in the Villanyian.
This genus is present in all the studied localities from the up-
per Ruscinian and lower Villanyan (TCH-1, -1B, -3, and -13);
in fact, it is more abundant in the lower Villanyan levels, coin-
ciding with the decrease in abundance in Central Europe (the
relative abundance of P. pannonicus in the studied localities is,
from the oldest to the youngest level, 0.91%, 0.75%, 2.75%, and
4.81% of the whole micromammal assemblage). These data seem
to indicate that Paenelimnoecus pannonicus, similarly to Asoricu-
lus, suffered a southward retreat due to the decrease in the
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FIGURE 5. Number of species and relative
abundance (%) of Soricidae and Talpidae in
the studied localities.

temperature, finally leading to its complete extinction in the late
Villanyian.

The presence of Myosorex meini in the studied levels has
also biogeographical interest. The geographic distribution of this
species is restricted to Spain and southern France. Its occurrence
in the level of TCH-1B (late Ruscinian) represents the oldest
mention of the species, and also its unique record in a Ruscinian
fluvio-lacustrine level (it is also found in the karstic Ruscinian
localities of Moreda 1-B and Layna; Castillo, 1990; Furió et al.,
2007). There are mentions of the genus Myosorex in the upper
Turolian and lower Ruscinian in the Teruel area (Mein et al.,
1990; Furió et al., 2007) and also in the lower Ruscinian locality
of Purcal 4 in the Granada Basin (unpublished data), but these ci-
tations do not correspond for sure to the species M. meini. Any-
how, the presence of the species in southern Spain in the early
Pliocene reinforces the hypothesis of its African origin and its
arrival to Europe in relation to the Messinian Salinity Crisis, as
pointed out by Furió et al. (2007).

The assemblages from Tollo de Chiclana represent the first
record of Petenyia, Paenelimnoecus, and Myosorex in the Guadix
Basin, in spite of the great number of micromammal localities
found in this basin, and the unique mention to Blarinoides in
South Spain. These data seem to indicate that the apparently
low diversity of Soricidae in the Pliocene of the Iberian Penin-
sula may be due in part to the scarce studies on the fossil shrews,
which in many cases have been not been identified even at the
generic level. This paper contributes to complete the knowledge
about the geographical distribution of this mammal group during
the Pliocene.

On the other hand, the Soricidae from the studied localities are
interesting from the paleoecological point of view. Soricidae are
one of the groups of micromammals with most concrete ecolog-
ical requirements. This family includes the smallest living mam-
mals; therefore, their surface/volume ratio is very high. These an-
imals loose heat rapidly through their skin; therefore they have
high metabolic rates and a nearly constant need of food. Con-
sequently, soricids cannot inhabit very cold regions (there exist
some exceptions, such as Sorex minutissimus, which inhabits the
northern Taiga zone from Norway to Siberia) and, because their
diet consists mainly of small invertebrates, they do not live in arid
areas. In fact, their abundance and diversity is highly determined
by the environmental humidity. For these reasons, this family

has been considered very useful for paleoclimatic inferences: the
fossil assemblages in which Soricidae are abundant and diverse
indicate humid and relatively hot climatic conditions (Rzebik-
Kowalska, 1995; Reumer, 1999).

In some previous studies, the changes in the abundance of the
Soricidae in superposed fossiliferous levels are used to interpret
variations in humidity (López Antoñanzas and Cuenca Bescós,
2002). Another mammal group related to wet environments is
the family Talpidae: Desmaninae are directly linked to continu-
ous water flows, and Talpinae need humid soils with abundant
invertebrates. Therefore, the changes in the abundance of Sori-
cidae and Talpidae reflect in a reliable way the evolution of the
humidity along the sequence of fossiliferous levels.

Figure 5 shows the relative abundance and the number of
species of Soricidae and Talpidae in each studied level (data from
Minwer-Barakat, 2005). These taxa are abundant in the late Rus-
cinian and early Villanyian levels, with a marked maximum at
TCH-3 (earliest Villanyian). Contrary, in the late Villanyian site
of TCH-10B, these animals are relatively scarce. The number of
species of talpids and soricids is also higher at the beginning of
the Villanyian, although this parameter is less significant, because
it highly depends on the sample size. We interpret that the cli-
matic conditions in the region were humid and relatively warm in
the late Ruscinian and, particularly, at the beginning of the Vil-
lanyian, and later the rainfall diminished in the late Villanyian.
However, the decrease in the abundance of Soricidae in the late
Villanyian may be also due to the general cooling which occurs in
the late Pliocene.
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pp. 5–22 in J. M. Wójcik and M. Wolsan (eds.), Evolution of
Shrews. Mammal Research Institute, Polish Academy of Sciences,
Bialowieza.

Reumer, J. W. F. 1999. Shrews (Mammalia, Insectivora, Soricidae) as
paleoclimatic indicators in the European Neogene; pp. 390–396
in J. Agustı́, L. Rook, and P. Andrews (eds.), Hominoid Evolu-
tion and Climatic Change in Europe. Volume 1. The Evolution of
Neogene Terrestrial Ecosystems in Europe. Cambridge University
Press, Cambridge, U.K.

Rofes, J., and G. Cuenca-Bescós. 2006. First evidence of the Soricidae
(Mammalia) Asoriculus gibberodon (Petényi, 1864) in the Pleis-
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