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ABSTRACT —The species Myosorex meini Jammot, 1977 was a nomen nudum because it was named in an unpublished
dissertation. The species is here revised using the new material found in the Late Pliocene fissure infillings of Almenara-
Casablanca 1 and 4 (province of Castelló, East of Spain) and from the Tollo de Chiclana localities 1B, 3, 10, and 10B in
the Guadix Basin (province of Granada, Southeastern Spain). A new diagnosis is given with some differential characters
to identify the species within the family. The species definitively belongs to the genus Myosorex. A definitive new
allocation for the genus into the subfamily Crocidosoricinae is proposed as an alternative to the classical assignment to
the Crocidurinae. This is justified by available data coming from different fields of research, such as genetics, reproductive
biology, morphology, and paleontology. Within the Crocidosoricinae, the tribe Myosoricini Kretzoi, 1965 is resurrected,
and two other ones, the Crocidosoricini and the Oligosoricini, are redefined. From the paleobiogeographical point of
view, the occurrence of the African genus Myosorex constitutes a new striking evidence of the faunal exchange between
Eurasia and Africa that took place during the Messinian Salinity Crisis.

INTRODUCTION

Under the common name of ‘mouse shrews’, the genus Myo-
sorex Gray, 1838 includes 14 extant species (Hutterer, 2005): M.
babaulti Heim de Balsac and Lamotte, 1956, M. blarina Thomas,
1906, M. cafer (Sundevall, 1846), M. eisentrauti Heim de Balsac,
1968, M. geata (Allen and Loveridge, 1927), M. longicaudatus
Meester and Dippenaar, 1978, M. okuensis Heim de Balsac,
1968, M. rumpii Heim de Balsac, 1968, M. schalleri Heim de
Balsac, 1966, M. sclateri Thomas and Schwann, 1905, M. tenuis
Thomas and Schwann, 1905, M. varius (Smuts, 1832), M. zinki
Heim de Balsac and Lamotte, 1956, and M. kihaulei Stanley and
Hutterer, 2000. The related genera Surdisorex Thomas, 1906 and
Congosorex Heim de Balsac and Lamotte, 1956 include five
more species: S. norae Thomas, 1906 and S. polulus Hollister,
1916, and C. polli (Heim de Balsac and Lamotte, 1956), C. ver-
heyeni Hutterer, Barriere, and Colyn, 2001, and C. phillipsorum
Stanley, Rogers, and Hutterer, 2005, respectively. Both were
originally considered as subgenera of the genus Myosorex, but
there is general agreement that they represent separate genera.

Most of the above listed species are relatively unknown, and
some of them have just been reported once in literature, and
never found again. This is because the genus mostly persists in
the form of small and isolated relict populations in high moun-
tains of Central, East, and South Africa (Kingdon, 1974; Nowak,
1991). Such enigmatical condition of the extant species seems to
be also applicable to its fossil forms and consequently to its
evolutionary history. The only accepted extinct representative of

the genus is Myosorex robinsoni Meester, 1955, reported from
some of the classical Plio-Pleistocene hominin sites from South
and East Africa, such as Makapansgat, Kromdraai, Swartkrans,
and Olduvai Bed I. According to Butler (1998), Myosorex rob-
insoni seems to be related, although not directly, to the extant
South African species M. cafer and M. varius.

The presence of Myosorex in the European fossil record is
much more confusing. Jammot (1977) described the species
Myosorex meini in his unpublished Ph.D. dissertation based on
material coming from the karstic sites of Seynes and Balaruc 2,
in southeastern France, and of the northeastern Spain locality of
Illes Medes. In spite of the abundant material available from
those late Pliocene localities, insufficient diagnostical characters
were specified in the original diagnosis, and no differential diag-
nosis was provided.

Since that paper, no further taxonomical investigation was
published. Because of this failure, problems arose about accept-
ing this species as a valid one according to the ICZN and also in
its correct ascription to the genus Myosorex. All these facts led
some authors to consider it as nomen nudum (Reumer, 1994;
Rzebik-Kowalska, 1998). Given that the presence of the genus
had been only reported in Africa up to that time, a detailed
taxonomical work became necessary in order to ensure whether
the ascription to this genus was right or not. At the same time, a
formal description and diagnosis were required to justify it as a
valid species.

New Myosorex meini material coming from the karstic sites of
Almenara-Casablanca 1 and Almenara-Casablanca 4 (province
of Castelló, East Coast of Spain), as well as from the fluvio-
lacustrine levels 1B, 3, 10, and 10B of Tollo de Chiclana (prov-
ince of Granada, southeast Spain) sheds new light on all the
systematic problems related to this species.*Corresponding author.
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Evolutionary History of Myosorex in Africa

Due to its peculiarities and known temporal range, the most
direct ancestor for the genus Myosorex has to be found in an
earlier representative of the Crocidosoricinae. The paleontologi-
cal data show that the Crocidosoricinae originated in Asia, dis-
persed to Europe at the beginning of the middle Oligocene and
finally retreated southwards due to the Miocene climatic dete-
riorations and the competition with more derived forms (Reu-
mer, 1994). At the end, this dispersal event may have led some
representatives of this group out of Eurasia into Africa, and the
occurrence of a species of Lartetium Ziegler, 1989 was reported
by Lavocat (1961) from Beni-Mellal, a Miocene locality in Mo-
rocco.

The occurrence of Oligosorex antiquus (Pomel, 1853) in the
Miocene locality of Oschiri (De Bruijn and Rümke, 1974) could
indicate a migration of the crocidosoricines using the Sardinian
Corridor as gateway. However, the main path for shrews to reach
Africa seems to have been southern Asia rather than southwest-
ern Europe, in light of the paleogeography of the Mediterranean
Area during the early and the middle Miocene. The abundant
soricid remains reported from Anatolia (Engesser, 1980; Hoek
Ostende, 2001) strongly support this idea. Therefore, the first
occurrence of Myosorex in Tunisia (Fig. 1) is considered to be far
from the probable point of entry (Butler, 1998) and probably
postdates in a considerable way the arrival to Africa of its direct
ancestors.

The paleontological record of the genus Myosorex is rather
sparse. According to the available data, its oldest record is found
in the Ketchaba Formation, a late middle Miocene section from
Tunisia, dated at about 12 Ma (Butler, 1998). No other occur-
rence is reported for the next 7 Ma anywhere. The next record
quoted as Myosorex sp. comes from the south African site of
Langebaanweg, estimated as earliest Pliocene, around 5 Ma old.
Subsequently, occurrences of the genus Myosorex become more
frequent, and are adequately documented in several Pliocene
and Pleistocene sites of Africa. In this continent the genus seems
to have been formerly widespread, but it persists today in form
of isolated relict populations probably due to the climatic dete-
rioration that affected this continent during the middle and late
Pleistocene (Kingdon, 1974).

Presence of Myosorex in Southwestern Europe

Jammot (1977) did not give a reliable explanation to justify the
occurrence of a species of Myosorex in the Pliocene localities of
Balaruc 2, Seynes, and Illes Medes. Most of the specialists con-
sequently stayed sceptical about accepting its presence in the
Pliocene of Europe. However, others did not, as in the case of
Mein et al. (1978), who quoted Myosorex sp. in Valdeganga II
(Júcar Basin, SE Spain). Crochet (1986) briefly discussed the
observations of Jammot (1977) in his paper on the insectivores
from France, confirming the presence of M. meini in the locali-
ties where it was originally described. Mein and colleagues
(1990) cited again Myosorex sp. in the faunal lists of the late
Turolian site of Arquillo 4 and the early Ruscinian one of La
Gloria 4, both placed in the Teruel Basin (NE Spain). Neverthe-
less, both citations were eliminated in the faunal lists elaborated
by the same authors posteriorly (Hoek Ostende and Furió,
2005). The species was quoted also in the faunal lists of Moreda
1-A (Granada) and Bélmez-1 (Córdoba) by Castillo Ruiz (1990,
1992), once again lacking any description or taxonomical remark.

It must be noticed that only Jammot (1977), Crochet (1986),
and Castillo Ruiz (1990, 1992) made use of the complete generic
and specific name. Mein and colleagues (1978, 1990) just cited an
unidentified species of Myosorex in some faunal lists. Actually,
only isolated but undiagnostic teeth had been recovered from
Arquillo 4 and La Gloria 4 (M.F. pers. obs.) and so they cannot

be considered as truly occurrences of the species, rather than of
the genus. Therefore, the sole strictly undoubtful occurrences of
M. meini correspond to some late Pliocene localities from Spain
and Southeast of France, as shown in Figure 2.

The species has been recently found in several localities from
the Almenara-Casablanca karstic complex (Serra d’Espadà,
Eastern Spain) and the area of Tollo de Chiclana (Guadix Basin,
Southeastern Spain) (Fig. 2). The Almenara-Casablanca karstic
complex comprises five main independent sites (Agustı́ and Ga-
lobart, 1986), ranging in age from the late Miocene (late Tur-
olian, MN 13) of ACB-M up to the early Pleistocene of ACB-3
(Furió et al., 2005). Nevertheless, remains of M. meini have been
found only in ACB-4 and ACB-1, both dated as late Pliocene
(Gil and Sesé, 1984, 1985; Soto and Morales, 1985; Esteban-
Aenlle and López-Martı́nez, 1987; Agustı́ et al., 1993). All these
sites are well known due to their excellently preserved fossil
remains, especially those of micromammals. Both infillings have
delivered good material, which can not be easily found in other
localities, thus permitting detailed study of the species. On the
other hand, the fossiliferous levels from Tollo de Chiclana are
placed in the central part of the Guadix Basin, and are strati-
graphically superposed. They have yielded rich rodent and in-
sectivore faunas, allowing the determination of their ages (Min-

FIGURE 1. Current distribution of the genus Myosorex (horizontal
lined zones) and Congosorex (squared spots) in Africa. The fossil occur-
rences of Myosorex are indicated by numbered black dots. Myosorex sp.
Middle Miocene: 1- Ketchaba Fm., Tunisia; Pliocene: 2- Langebaanweg,
South Africa. Myosorex robinsoni. Pliocene: 3- Omo, Ethiopia; 4- Oldu-
vai, Tanzania; 5- Makapansgat, South Africa; 6- Kroomdrai and Swart-
krans, South Africa. Myosorex varius. Middle Pleistocene: 7- Hoed-
jiespunt 1, South Africa. Late Pleistocene: 8- Saldanha Bay Yatch Club,
South Africa; 9- Elands Bay Cave, South Africa; Holocene: 10- Steen-
bokfontein Cave, South Africa. (Sources: Kingdon, 1997; Butler, 1998;
Matthews et al., 2005; Stanley et al., 2005).
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wer-Barakat et al., 2004, 2005; Minwer-Barakat, 2005). Myosorex
meini has been identified in TCH-1B (late Ruscinian, MN15),
TCH-3 (early Villanyian, MN16), TCH-10, and TCH-10B (late
Villanyian, MN17). Thus, the section provides the best choice to
follow the presence of the species in the basin along the geologi-
cal time.

Methodology

Measurements and Nomenclature—The measurements of
the dental elements and their description have been carried out
following the methodology and the nomenclature specified in
Reumer (1984). The p4 is not considered in the number of lower
antemolars.

Institutional Abbreviations—DEPUG, Departamento de
Estratigraf ı́a y Paleontolog ı́a, Universidad de Granada,
Granada, Spain; FSL, Faculte Sciences Lyon, Lyon, France;
IPMC, Institut de Paleontologia M. Crusafont, Sabadell, Barce-
lona, Spain; MGB, Museu de Geologia de Barcelona, Barcelona,
Spain; MGUV, Museo de Geologı́a de la Universidad de Valen-
cia, Valencia, Spain.

Locality Abbreviations—ACB, Almenara-Casablanca; GA2,
Galera 2; TCH, Tollo de Chiclana.

SYSTEMATIC PALEONTOLOGY

Superorder INSECTIVORA Bowdich, 1821
Order LIPOTYPHLA Haeckel, 1866

Suborder SORICOMORPHA Gregory, 1910
Family SORICIDAE Fischer von Waldheim, 1817
Subfamily CROCIDOSORICINAE Reumer, 1987

Tribe MYOSORICINI Kretzoi, 1965 (Resurrected Tribe)
Genus MYOSOREX Gray, 1838

MYOSOREX MEINI Jammot, 1977
(Figs. 3, 4; Table 1)

Myosorex meini n.sp. Jammot, 1977:112, figs. 32—33 (original
description)

Myosorex meini Jammot: Crochet, 1986:162, Pl.4 fig.6
Crocidurinae indet.: Esteban-Aenlle and López-Martı́nez, 1987:

593
Croccidura kornfeldi: Martı́n-Suárez, 1988:174 (only for Ga-

lera 2)
Miosorex meini: Castillo Ruiz, 1990:34
Miosorex meini: Castillo Ruiz, 1992:776
? Myosorex nov. sp. (� Myosorex meini Jammot, 1977 nomen

nudum): Aguilar, Crochet, Hebrard, Le Strat, Michaux, Pe-
dra, and Sigé, 2002:23

Crocidura sp.: Furió et al., 2005:283.
“Myosorex meini” Jammot, 1977: Hoek Ostende and Furió,

2005:271
“Myosorex meini” Jammot, 1977 (nomen nudum): Minwer-

Barakat, 2005:310, Pl. XVII figs. 9–16.

Material

Original Type Locality—Seynes, Gard, France.
New Type Locality—Almenara-Casablanca 4 (ACB-4),

Castelló, Spain.
Neotype—IPS-5982 left horizontal ramus with a1, a2, p4, m1,

m2, and m3.
Stratigraphic Range—late early Pliocene (late Ruscinian,

MN15) to late Pliocene (late Villanyian, MN17). It possibly ex-
tends from Mio-Pliocene boundary (late Turolian, MN13) to
early Pleistocene.

Geographical Range—Spain, and Southeast of France.

Diagnosis

Original Diagnosis (translated from Jammot, 1977:113)
—“Soricidae presenting a mandible of slender aspect; height of
the coronoid process of about 4,5 mm; short lower incisive; men-
tal foramen placed below the root of p4; talonid of the m3 very
reduced, presenting only the hypoconid; tiny vestigial p3, but
present; inner temporal fossa big, triangular; coronoid spicule

FIGURE 2. Fossil occurrences of Myosorex meini in Southwestern Europe (France and Spain). The table indicates the relative age for each locality.
For doubtful occurrences (referred in literature as Myosorex sp.) a question mark follows the name of the site. Occurrences not referred before in
literature are followed by the acronyms into brackets of the place where the material is stored (sources: Jammot, 1977; Mein et al., 1978, 1990;
Crochet, 1986; Castillo Ruiz, 1990, 1992; Aguilar et al., 2002; Hoek Ostende and Furió, 2005; Minwer-Barakat, 2005).
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small and placed very high; articular condyle of very primitive
crocidurine type.”

Emended Diagnosis—Small species of Myosorex, with a
rounded tip of the coronoid process; triangular and relatively big
internal temporal fossa; very small articular condyle; i1 short,
with a posterior ridge presenting two weak elevations and a
strong cingulum at the labial face of its base; a1 and p4 with
accessory cuspules and strong cingula surrounding their base; a2
small-sized but still present between a1 and p4; very short tal-
onids in m1 and m2; m3 lacking a talonid basin; M1 and M2 very
elongated labiolingually and compressed mesiodistally.

Differential Diagnosis—Myosorex meini differs from any
other known Pliocene or Pleistocene Soricidae of southwestern
Europe in the retention of an extra lower antemolar between a1
and p4 and, except Amblycoptus Kormos, 1926 and Crocidura
Wagler, 1832, in the lack of any kind of pigmentation in the
teeth. The species can also be distinguished by the peculiar mor-
phology of its p4, with a ‘V-shaped’ occlusal surface generated by
having a p4 with two posterior cuspules connected to the highest
one by continuous ridges.

Myosorex meini differs from all the species of Crocidura in all
these aspects, except in the unpigmented teeth, but also in the
position of the mental foramen, placed in a more anterior posi-
tion, under the p4, and in the somewhat smaller infraorbital
foramen. Moreover, it differs from all the species of Suncus
Ehremberg, 1832 in its larger dimensions (Table 2), and from
Ruwenzorisorex Hutterer, 1986 in their different-sized upper
unicuspids, and in the more slender P4.

Myosorex meini differs from all the Crocidosoricinae except
Miosorex Kretzoi, 1959, Miocrocidosorex Lopatin, 2004, and
Carposorex Crochet, 1975 in having a more reduced lower an-
terior dentition, with only two lower antemolars, being the sec-
ond one very reduced. It differs from all the rest of species of
Crocidosoricinae in having shorter talonids on lower molars, and
more labio-lingually elongated upper molars.

Myosorex meini differs from any other known species of Myo-
sorex by its smaller size, especially in the case of the lower molar
series (Table 2). Other differential features are: rounded tip of
the coronoid process instead of having a posterior elongation
and moderated posterior emargination; M1 and M2 very elon-
gated in labio-lingual direction; extremely shortened talonids in
the m1 and m2, and reduced talonid in the m3, which lacks a
talonid basin.

DESCRIPTION

Skull

In lateral view, the partially preserved fragments of skull show
a medium-sized infraorbital foramen placed above the postero-
labial root of the P4. A very small lacrimal foramen is also visible
right behind it, above the anterolabial root of the M1.

Mandible

The anterior margin of the ascending ramus makes an angle of
about 110 degrees with the horizontal ramus. The tip of the
coronoid process is rounded. The labial surface of the ascending
ramus is rather smooth, and so the external temporal fossa and
the coronoid spicule are difficult to appreciate. The shape of the
condyle is similar to that of the crocidurines, but it is somewhat
smaller. The angular process is not in straight line with the hori-
zontal ramus. The internal temporal fossa is triangular with
rounded corners. The mandibular foramen is comma-shaped and
located under the centre of the internal temporal fossa. The
mental foramen is located under the p4.

Lower Dentition

i1—The crown is almost equal in size to the root. Two weak
cuspules are visible in unworn specimens. In worn ones, these

FIGURE 3. Fossil material of Myosorex meini from ACB 1 and 4 (A-C), Galera 2 (D), and TCH 3 and 10B (E-I). A, right M3 (IPS 5979) in occlusal
view; B, right row M2-P4 (IPS 5977) in occlusal view; C, right row m3-a1 (IPS 5982) (neotype) in: 1-lingual view; 2-occlusal view; 3-buccal view. The
squared zones are detailed views of the vestigial a2 (up–lingual view; down–labial view); D, right M1 (Ga2-010) in occlusal view; E, left I1 (TCH-10B
104) in labial view; F, left m3 (TCH-3 309) in occlusal view; G, right m2 (TCH-10B 103) in occlusal view H, right i1 (TCH-10B 95) in labial view;
I, right m2 (TCH-10B 102) in labial view.
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cuspules are difficult to discern, thus giving the impression of
being a mono or an acuspulate lower incisor. The labial base of
the crown is surrounded by a strong cingulum.

a1—These teeth have a tetrahedral shape, anteroposteriorly
elongated. The labial side is slightly longer than the lingual one.
The main cusp is not very tall. When worn, this cusp forms a
central depression, triangular in occlusal view, with the labial
margin longer than the lingual one. A strong and wide cingulum
extends along the base of the tooth, thus giving a rather stout
aspect. In lingual view, the tooth dips under the vertical position
of the main cusp of the p4. At the labial side, it does not dip so
far.

a2—This tooth is extremely reduced but still visible on the
lingual side of the mandible. The crown does not reach the den-
tary bone. Instead, it is confined between the posterior face of
the a1 and the anteroventral side of the p4. The existence of its
root is not clearly reflected in the alveoli of the mandible.

p4—It does not present a reentrant lingual valley. There are
two accessory cuspules placed in a posterior position with respect
to the main cusp, which is a little higher. The lingual cuspule is
slightly lower than the labial one. The ridges joining the main
cusp with the secondary ones make a halfway inflexion. There is
a wide and clear cingulum around the whole base of the crown.
The posterior face of the tooth is concave. There are two roots,
but the anterior one is extremely reduced.

m1—The talonid is extremely short and wide compared to the
trigonid. The protoconid is the tallest cusp. It connects to the
paraconid by a strongly bent paralophid crest. The paraconid is
rather bulbous. The talonid basin is closed, although the hypo-
lophid shows a certain vertical concavity. The posterolabial edge
presents a convex outline. There is a thin but quite visible cin-

gulum on the labial side of the base. It makes a slight convexity
under the talonid-trigonid junction.

m2—These teeth are morphologically similar to the m1, but
the trigonid and the talonid have a similar width. The trigonid
basin is more antero-posteriorly compressed than in m1. The
wavy inflexion on the labial cingulum is less pronounced than it
is in m1. However, the cingulum overhangs the occlusal outline
on the anterolabial side more than it does in the m1.

m3—The talonid is reduced to a single ridge with a rounded
posterior cusp. The protoconid is the tallest cusp. It is placed in
a more distal position than the metaconid. The labial cingulum is
quite thin but well delimited, and it overhangs the same way as
it does in m2.

Upper Dentition

I1—The apex is not fissident. The dorsal margin makes a regu-
lar curve, thus the tooth is hook-shaped. The talon is not promi-
nent. The crown is rather short and its posterolabial margin is
surrounded by a thin but well-defined cingulum. The root is also
short and somewhat curved. There is a deep groove at its labial
side, occupying two thirds of the length of the root.

P4—The paracone is the highest cusp. It reaches the postero-
labial corner by means of a half-way inflexed ridge. The distal
margin of the tooth presents a moderated posterior emargin-
ation, surrounded by a small cingulum. The hypoconal flange has
a rather stout aspect. The hypocone is placed in the most anterior
position of the hypoconal flange. The protocone is closer to the
anterior border than it is to the lingual border. Both cusps are
well rounded. The parastyle is small, but it overhangs the occlu-
sal outline. The parastylar crest is strongly reduced, almost ab-
sent.

M1—The tooth is very wide and short, thus conferring an
anterodistally compressed shape. The paracrest is very short.
The paramesocrest is slightly longer. The postmesocrest is longer
than the paramesocrest. The metacrest is the longer crest of the
ectoloph, which presents a very asymmetrical aspect. The meta-
cone is the highest cusp. The posterior emargination is moder-
ately pronounced. The hypoconal flange is relatively small. The
hypocone is rounded and anteriorly advanced in relation to the
posterolingual corner. It is separated from the metaloph by an
intermediate small notch. Protoconule, protocone, and metaloph
are aligned at right angle coinciding with the anterolingual cor-
ner of the tooth. The anterior margin is rather straight, only
showing a small undulation in occlusal view.

M2—The tooth is also short and wide, but with a quite more
rectangular outline than the M1. The posterior emargination is
slightly less pronounced than in the M1. The paracrest and the
paramesocrest have similar lengths, so that the ectoloph is not as
asymmetric as it is in the M1. The tooth is otherwise similar to
M1.

M3—It has an anteroposteriorly compressed triangular shape.
The paracone is the highest cusp. The paracrest is the longest
ridge; it is parallel to the anterior margin and it occupies two
thirds of the tooth width. The length of the paramesocrest is half
of that of the paracrest. The postmesocrest is slightly shorter
than the paramesocrest. The protocone is small. The anterior
margin of the tooth shows a not very marked cingulum that
surrounds the whole base, from the protocone to the parastyle.

DISCUSSION

Validity of the Species and Assignment to the
Genus Myosorex

According to Aguilar and colleagues (2002), the type-
specimen proposed by Jammot in 1977 is not present in the
collections of the University of Montpellier II. The ICZN (Art.
75) states that a new type (neotype) can be defined in such cases.

FIGURE 4. Fragmented right hemimandible of Myosorex meini from
ACB 4 (IPS 5983). A, lingual view; B, labial view. Scale bar equals 1 mm.
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TABLE 1. Measurements (in millimeters) of the dental and mandibular elements of Myosorex meini in the different localities studied.

Element Parameter Locality Min. Mean Max. sd n

I1 L ACB4 1.32 1.48 1.59 0.063 23
ACB1 1.60 1
TCH-10B 1.51 1

LT ACB4 0.55 0.67 0.78 0.049 23
ACB1 0.76 1
TCH-10B 0.66 1

H ACB4 0.94 1.06 1.13 0.035 23
ACB1 1.17 1
TCH-10B 1.09 1

P4 PE ACB4 0.80 0.91 0.96 0.054 11
ACB1 0.87 0.96 1.04 0.070 6

LL ACB4 0.84 0.98 1.10 0.068 11
ACB1 0.96 1.01 1.05 0.037 6

BL ACB4 1.65 1.73 1.79 0.049 11
ACB1 1.67 1.84 1.95 0.109 6

W ACB4 1.30 1.39 1.49 0.061 11
ACB1 1.31 1.44 1.55 0.090 6

M1 PE ACB4 0.79 0.88 0.96 0.048 29
ACB1 0.91 0.93 0.96 0.023 5
TCH-10B 0.83 0.84 0.84 0.007 2
GA2 0.70 1

LL ACB4 1.09 1.20 1.28 0.056 25
ACB1 1.22 1.23 1.24 0.010 5
TCH-10B 1.14 1.17 1.19 0.035 2

BL ACB4 1.20 1.30 1.39 0.051 25
ACB1 1.26 1.33 1.41 0.053 5
TCH-10B 1.27 0.000 2
GA2 1.15 1

AW ACB4 1.40 1.55 1.64 0.068 28
ACB1 1.43 1.55 1.64 0.078 5
TCH-10B 1.57 1.58 1.58 0.007 2
GA2 1.37 1

PW ACB4 1.86 1.97 2.07 0.045 22
ACB1 1.84 1.94 2.09 0.097 5
TCH-10B 1.99 0.000 2

M2 PE ACB4 0.76 0.83 0.90 0.038 29
ACB1 0.83 0.88 0.93 0.070 2
TCH-1B 0.79 1
TCH-10B 0.88 1

LL ACB4 1.03 1.08 1.17 0.044 26
ACB1 1.02 1.03 1.05 0.021 2
TCH-1B 1.07 1
TCH-10B 1.13 1

BL ACB4 1.07 1.15 1.25 0.045 21
ACB1 1.11 1.14 1.18 0.049 2

AW ACB4 1.61 1.75 1.85 0.087 25
ACB1 1.67 1.71 1.76 0.063 2

PW ACB4 1.50 1.64 1.73 0.062 20
ACB1 1.58 1.59 1.61 0.021 2

M3 L ACB1 0.59 1
W ACB1 1.20 1

i1 L ACB4 2.20 2.34 2.46 0.082 18
TCH-10B 2.59 1

p4 L ACB4 1.01 1.18 1.38 0.109 15
ACB1 1.21 1.22 1.27 0.037 3

m1 L ACB4 1.07 1.28 1.36 0.071 33
ACB1 1.24 1.34 1.48 0.093 6
TCH-1B 1.34 1
TCH-3 1.37 1
TCH-10B 1.25 1.27 1.29 0.020 3

TRW ACB4 0.74 0.85 0.95 0.054 34
ACB1 0.79 0.86 0.89 0.037 6
TCH-1B 0.92 1
TCH-3 0.91 0.92 0.92 0.007 2
TCH-10B 0.86 0.87 0.89 0.015 3

TAW ACB4 0.86 0.95 1.02 0.051 35
ACB1 0.82 0.96 1.01 0.071 6
TCH-1B 1.03 1
TCH-3 1.05 1.06 1.07 0.014 2
TCH-10B 0.96 0.99 1.05 0.049 3

m2 L ACB4 1.21 1.29 1.35 0.040 42
ACB1 1.07 1.26 1.35 0.092 7
TCH-1B 1.40 1.42 1.43 0.021 2
TCH-3 1.46 1
TCH-10B 1.33 1.36 1.39 0.042 2
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Of our new finds and the material recovered during the field
seasons of the two last decades stored at the IPMC, the specimen
IPS-5982 (Fig. 3.C) from ACB-4 is quite well preserved and
retains the tiny second lower antemolar. It has been therefore
chosen as the new type specimen.

Although brief comments on the doubtful taxonomic condi-
tion for the species exist (Crochet, 1986; Reumer, 1994; Rzebik-
Kowalska, 1998; Aguilar et al., 2002), none of them finally jus-
tifies or denies its validity based on a detailed study. The ICZN
(Art. 23.3.5.) states that “The Principle of Priority requires that
if a name in use for a taxon is found to be unavailable or invalid
it must be replaced by the next oldest available name from

among its synonyms ( . . . ), providing that that name is not itself
invalid. If the rejected name has no potentially valid synonym a
new substitute name must be established in its place.” Moreover,
the Article 11.5.2. postulates that “The status of a previously
unavailable name is not changed by its mere citation (that is,
without adoption for a taxon) even if accompanied by a refer-
ence to the work in which the name was published but was not
made available.” We make use of both articles to validate the
species and leave the original species name and author (that is,
Myosorex meini Jammot, 1977), despite the deficiencies ob-
served in the first description of the species. The species is in-
cluded into the genus Myosorex because all the above specified

TABLE 2. Measurements (in millimeters) of the height of the coronoid process and the molar row length on extant and fossil specimens of
Congosorex, Myosorex, and Suncus.

Species

Height of Coronoid Process Lm1-m3

SourceMean Range SD N Mean Range SD N

C. phillipsorum 4.67 4.52–4.92 0.12 20 4.02 3.81–4.23 0.13 22 Stanley et al., 2005
C. verheyeni 4.86 4.42–4.99 0.16 11 NA NA NA NA Stanley et al., 2005
C. polli 5.24 1 NA NA NA NA Stanley et al., 2005
M. zinki 5.39* 1 4.31* 1 Heim de Balsac and Lamotte, 1956
M. babaulti 5.10* 1 4.71* 1 Heim de Balsac and Lamotte, 1956
M. robinsoni (Olduvai) 5.02 4.65–5.30 0.20 11 4.01 3.70–4.25 0.16 28 Butler and Greenwood, 1979
M. robinsoni (Makapansgat) 4.92 4.60–5.35 0.20 23 3.93 3.65–4.20 0.13 23 Butler and Greenwood, 1979
M. robinsoni (Swartkrans) 5.12 NA NA 5 4.14 NA NA 9 Butler and Greenwood, 1979
M. meini (Illes Medes) 4.43* 1 3.56* 1 Jammot, 1977
M. meini (ACB-1) 4.25 4.19–4.32 0.09 2 3.58 3.52–3.71 0.10 3 This work
M. meini (ACB-4) 4.36 1 3.42 3.31–3.52 0.09 4 This work
S. barbarus (Ahl Al Ouglhlam) 4.08 3.61–4.32 NA 9 3.64 3.48–3.74 NA 4 Geraads, 1995
S. varilla (Olduvai) 4.09 3.75–4.25 0.10 18 3.24 3.10–3.45 0.09 34 Butler and Greenwood, 1979
S. varilla (Makapansgat) 4.04 3.70–4.55 NA 5 3.26 3.15–3.55 0.04 11 Butler and Greenwood, 1979
S. varilla (Recent) 3.83 3.60–4.20 NA 11 3.15 2.90–3.40 NA 11 Butler and Greenwood, 1979
S. leakeyi (Olduvai) 3.50 3.30–3.80 0.12 25 2.89 2.80–3.05 0.06 36 Butler and Greenwood, 1979
S. infinitessimus (Recent) 3.43 3.25–3.50 NA 5 2.78 2.70–3.00 NA 5 Butler and Greenwood, 1979

*Indicates that measurement has been taken from illustrated specimens.
Abbreviations: Lm1–m3, molar row length; NA, not available.

TABLE 1. (Continued)

Element Parameter Locality Min. Mean Max. sd n

TRW ACB4 0.76 0.84 0.92 0.041 43
ACB1 0.81 0.84 0.92 0.039 7
TCH-1B 0.89 0.90 0.90 0.007 2
TCH-3 0.92 1
TCH-10B 0.80 0.86 0.92 0.060 3

TAW ACB4 0.78 0.89 0.98 0.045 43
ACB1 0.82 0.87 0.95 0.040 7
TCH-1B 0.92 0.93 0.93 0.007 2
TCH-3 0.97 1
TCH-10B 0.87 0.92 0.96 0.045 3

m3 L ACB4 1.06 1.11 1.16 0.034 17
ACB1 0.95 1.06 1.13 0.057 7
TCH-3 1.12 1
TCH-10 1.05 1

W ACB4 0.59 0.64 0.70 0.030 19
ACB1 0.54 0.62 0.66 0.039 7
TCH-3 0.65 1
TCH-10 0.63 1

Mand. Lm1-m3 ACB4 3.31 3.42 3.52 0.094 4
ACB1 3.52 3.58 3.71 0.106 3

L ACB4 5.78 1
ACB1 4.20 5.32 5.76 0.647 5

H ACB4 4.36 1
ACB1 4.19 4.25 4.32 0.091 2

Cond. HC ACB1 1.12 1
LUF ACB1 0.41 1
LLF ACB4 0.97 1

ACB1 0.82 0.94 1.06 0.169 2

Abbreviations: AW, anterior width; BL, buccal length; H, height of the coronoid process; HC, height of the condyle; L, length; LL, lingual length,
LLF, length of the lower condylar facet; Lm1-m3, molar row length; LT, length of the talon; LUF, length of the upper condylar facet; PE, posterior
emargination; PW, posterior width; TAW, talonid width; TRW, trigonid width; W, width.
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characters found in the specimens—lower a2 present, position of
the mental foramen, and structure of the p4—do agree with an
expected intrageneric variability (Fig. 5). Moreover, Jammot
(1977) figured a partially toothless skull in occlusal view in which
four alveoli are present between those of I1 and P4. Because
upper unicuspids are always single-rooted, it is assumed that M.
meini had four upper antemolars, as occurs in all the extant
species of Myosorex. A last point to consider is the ratio between
the buccal lengths of the i1s and the lengths of the lower molar
series. According to the measurements of our samples, such ratio
reaches a maximum of 0.78, a value that perfectly matches the

“about three quarters” specified as typical of Myosorex by Butler
and Greenwood (1979). So, there is no reason to exclude this
species from the genus Myosorex. In any case, the differences
found between this species and the known forms of the genus
support the definition of a new species (as proposed by Jammot,
1977), rather than the erection of a new genus (as suggested by
Aguilar et al., 2002). The geographical and temporal ranges of
the fossil species of Myosorex in the African continent do agree
with a dispersal northwards as the most parsimonious explana-
tion to the presence of this genus in southwestern Europe (see
text below).

FIGURE 5. Set of diagnostical features for the genus Myosorex and the species meini. Numbers indicate diagnostical characters for the genus in
order of relevance. 1, presence of a vestigial a2; 2, presence of accessory cusps on p4; 3, mental foramen under p4; 4, root and crown of i1 almost
same-sized; 5, two slight cuspules on i1; 6, small articular condyle; 7, M3 triangular; 8, P4 still retaining a visible hypocone; 9, I1 short-crowned and
without a fissident apex. Letters indicate diagnostical characters for the species in order of relevance. A, width/length ratio of M1 and M2 extremely
high; B, very asymmetrical ectoloph on M1; C, extremely short talonids of m1 and m2; D, talonid of m3 reduced to a single-cusp; E, relatively high
internal temporal fossa; F, rather rounded tip of the coronoid process; G, broad basal cingula surrounding labial faces of a1 and p4. See text for further
explanation.
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Systematic Allocation of the ‘Mouse-Shrews’

The genus Myosorex has been classically placed in the sub-
family Crocidurinae (Simpson, 1945; Repenning, 1967; Reumer,
1998), mainly because of its unpigmented teeth, condyle struc-
ture, and geographical distribution. Because of its peculiarities,
other authors have placed it in a somewhat different position.
Kretzoi (1965) was the first to suggest erecting the tribe Myo-
soricini to include Myosorex and Surdisorex. According to this
author, this new group was independent of the Crocidurini and
Soricini, something that was justified because of its “dental re-
duction in a stage of the Miocene European forms (Miosorex),
(. . .) also confirmed by all the other Soricinae peculiar formation
of sidecusps on the lower antemolars” (Kretzoi, 1965: 124). The
idea was later followed by Gureev (1971) and Jammot (1983),
who considered the group as a subtribe, the Myosoricina, be-
longing to the tribe Crocidurini. McKenna and Bell (1997) ig-
nored all this grouping and directly placed these genera into the
Crocidurinae, also including Miosorex and Soricella Doben-
Florin, 1964. Finally, Hutterer and colleagues (2001) employed
the name Myosoricini to reference Myosorex and its related gen-
era, but they included this tribe in the subfamily Soricinae. In the
absence of more clear evidences linking Myosorex, Congosorex,
and Surdisorex to any other subfamily of the Soricidae, Hutterer
(2005) raised the Myosoricini up to the subfamily level, thus
becoming the Myosoricinae.

Actually, most of the characters of Myosorex neither fit the
Soricinae, nor the Crocidurinae, but they perfectly agree with the
set of diagnostical characters for the subfamily Crocidosoricinae
(sensu Reumer, 1987, 1994, 1998). The ‘mouse-shrews’ retain an
extra lower antemolar, their p4 is tetrahedron-shaped with a
‘V-shaped’ occlusal wearing surface, and their p4 keeps two ac-
cessory cuspules apart from the main anterior cusp, which pro-
duce a posterior groove or sulcus. Moreover, a double-rooted
p4—a typical crocidosoricine feature—is present in the species of
the related genus Surdisorex according to Repenning (1967), and
at least in M. meini (Jammot, 1977:fig. 33B). Finally, the buccal
extension of the i1 is weak in all the specimens of Myosorex, and
the I1 is never fissident. Although it has never before been re-
ferred to in literature, the I1 of the crocidosoricines is always
short-crowned, it has a regular and curved dorsal margin, and it
has a relatively short root centered in the base of the crown.
Myosorex displays these typical features as well.

Significant morphological resemblances suggest a close rela-
tionship between Myosorex and the genera Surdisorex and Con-
gosorex (Heim de Balsac and Lamotte, 1956). Some of the char-
acters observed on those genera are interpreted as archaic, thus
indicating that they are an early deviation from a Crocidosorici-
nae ancestor rather than a linking group leading to the true
Crocidurinae. The Crocidosoricinae represent the ancestral
group of the Crocidurinae and the Soricinae (Reumer, 1987),
and this relationship is consequently characterized by the reten-
tion of some plesiomorphic characters. Therefore, its members
are expected to show intermediate biological traits. Such char-
acters have been reported by recent investigations on extant
specimens of Myosorex coming from different fields of research.
In that way, the protein products of 26 loci from 32 specimens of
7 different soricid species analyzed by allozyme electrophoresis
techniques suggest that, biochemically, Myosorex diverged from
the Crocidurinae lineage at nearly the same time as the subfam-
ily Soricinae (Maddalena and Bronner, 1992). From the genetic
point of view, the analyses of partial mitochondrial 16s rRNA
sequences from 47 extant species of African Soricidae demon-
strate that Myosorex and Congosorex represent a separate lin-
eage, different from the rest of the Crocidurinae and closer to the
Soricinae (Quérouil et al., 2001). Besides, the histological and
cytological study of the reproductive tracts and gametes of the
extant species M. varius shows that it shares characters and struc-

tures of both subfamilies (Bedford et al., 1998). Similarly, studies
on the metabolism of Myosorex do not show significant differ-
ences from that typical of the Crocidurinae, but its behavior does
in some respects (Brown et al., 1997). As result, all these appar-
ently mixed biological characters place the genus Myosorex mid-
way between the Crocidurinae and the Soricinae, as predicted
for expected living-forms of Crocidosoricinae.

According to Hutterer and colleagues (2001:9), “the phyloge-
netic relationships between the fossil (i.e., Crocidosoricinae) and
extant taxa (i.e., Myosorex, Surdisorex, and Congosorex) have
not been studied properly, and the inclusion of all taxa sharing a
single tooth character is highly hypothetical.” As shown above,
there is no reason not to include those forms among the Crocido-
soricinae. Moreover, and given their undoubted close relationship,
the three extant genera must be grouped together (Heim de Balsac
and Lamotte, 1956, 1957; Kretzoi, 1965; Quérouil et al., 2001; Hut-
terer et al., 2001). Thus, we do follow Hutterer and colleagues
(2001) in using the name Myosoricini proposed by Kretzoi (1965)
for the tribe. Nevertheless, we do not agree with the idea that
Crocidosoricinae Reumer, 1987 and Myosoricini Kretzoi, 1965 re-
fer to the same group. Whereas Reumer (1987) specifies the exact
criteria to group all the forms under the name of Crocidosoricinae
and suggests the possible inclusion of Myosorex, Kretzoi (1965)
grouped the extant genera under the tribal name of Myosoricini,
differing from the Soricini, Soriculini, Crocidurini, and Blarinini. It
must be emphasized that even when the resemblance of the Myo-
soricini to some Miocene forms such as Miosorex is explicitly no-
ticed, this latter genus together with Crocidosorex Lavocat, 1951,
Oligosorex Kretzoi, 1959, and “O.” dehmi (Viret and Zapfe, 1951)
(i.e. Lartetium dehmi) are excluded from the Myosoricini and con-
sidered as members of the tribe Soricini. We understand that the
name of Myosoricini can not be employed further than for desig-
nating the group of the African forms and their most resembling
genera, and disagree in such way with Hutterer and colleagues
(2001:9), who stated that “even if investigations demonstrate a
closer relationship between the two groups (i.e., Myosorex and Cro-
cidosoricinae), the name Myosoricini would have formal priority.”

Hutterer (2005) pointed out the need of an analysis to clarify
the possible relationship between the fossil and the extant gen-
era. In order to find out if any of the fossil representatives is
more directly related to the extant forms than the others or, in
contrast, the known fossil forms and the extant species are well-
differentiated evolutionary lineages among the Crocidosorici-
nae, some of the morphological features of the lower teeth are
reviewed below, because these pieces are by far the most abun-
dant—usually the only—fossil material available. The main fea-
tures are the number of lower antemolars, the form of i1, the
shape of the talonid of m3, and the morphology of the p4.

Lower Antemolars—Most of the forms of Crocidosoricinae
retain more than two lower antemolars, a well-known archaic
character. We believe this is true for Srinitium Hugueney, 1976,
and for most of the species of Clapasorex Crochet, 1975, Larte-
tium, and Oligosorex (this latter genus sensu Hoek Ostende,
2001). However, this is not so evident in Carposorex sylviae Cro-
chet, 1975, which could possibly have had less than three lower
antemolars. Soricella discrepans Doben-Florin, 1964 and Miocro-
cidosorex zazhigini Lopatin, 2004 only possessed two, thus rep-
resenting two singular cases among the Early Miocene forms. In
their role of somewhat younger forms, the species of Miosorex
also had two of them—the second one tiny—, except in the case
of M. pusilliformis (Doben-Florin, 1964), in which the second
one had disappeared. Unfortunately in some other species such
as Ulmensia ehrensteinensis Ziegler, 1989, Aralosorex kalini
Lopatin, 2004, Crocidosorex piveteaui Lavocat, 1951, Clapasorex
bonisi Crochet, 1975, Lartetium petersbuchense Ziegler, 1989,
and Oligosorex reumeri Hoek Ostende, 2001, the lower antemo-
lars were missing in the recovered material, and so their exact
numbers stay unknown. Among the extant forms, a second tiny
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lower antemolar is typical of the species of Myosorex and of
some of Congosorex, but it is always absent in Surdisorex (Hut-
terer et al., 2001).

Lower Incisor—Reumer (1994) noticed that the axes of the
root and the crown of i1 of some crocidosoricines are not par-
allel, but diverge at a low angle. This condition is accentuated in
the oldest representatives, especially in the Oligocene genera
Srinitium and Ulmensia Ziegler, 1989 (see Hugueney, 1976; Zie-
gler, 1989), and noticeable too in the Early Miocene forms Ara-
losorex Lopatin, 2004, Soricella, and Florinia Ziegler, 1989. The
rest of crocidosoricines do not display this character. In Oligo-
sorex reumeri, there is some disagreement between the descrip-
tion of the material from the type locality (Hoek Ostende, 2001)
and what the figure shows. Although the text explicitly points
out that “the crown and the root lie in line” (Hoek Ostende,
2001:56), a slight angle can be discerned between the root and
the crown of the depicted first lower incisor (Hoek Ostende,
2001:pl. 1, fig. 1). If a Nyctitheriidae ancestor for the Soricidae is
accepted (Sigé, 1976; Reumer, 1987; Lopatin, 2005), a divergent
root-crown alignment in i1 represents the primitive condition
and is present in the oldest forms of the subfamily Crocidosorici-
nae. In all the extant genera the lower incisors are completely
straight.

Talonid Basin of m3—The presence of a well-developed tal-
onid basin in m3 is another archaic feature preserved in some of
these species. An m3 with a non-reduced talonid is docu-
mented—figured or described—for Srinitium, Ulmensia, Sori-
cella, Aralosorex, Clapasorex, and Lartetium. Some forms show
partially reduced talonids, like Carposorex sylviae, Miocrocido-
sorex zazhigini, Lartetium prevostianum (Baudelot, 1972), L. pe-
tersbuchense, Oligosorex antiquus, and O. thauensis (Crochet,
1975) (for details on the degree of reduction of the talonid of the
m3 in each species, see Baudelot, 1972; Hugueney, 1974; Cro-
chet, 1975; Ziegler, 1989; Lopatin, 2004). In the species of Mio-
sorex, the talonid basin of the m3 is extremely reduced or absent.
It can be said that except for Florinia—which shows a single-
cusped talonid (Ziegler, 1989:pl. 6.1)—and Miosorex, all the gen-
era of Crocidosoricinae have representatives with partially or
non-reduced talonid basins in m3. In all the living forms the
talonid of the m3 is extremely reduced, taking forms from a tiny
basin to a single cusp, usually as a comma-shaped crest.

Lower p4—The disposition and shape of the posterior arms of
p4, connecting the main cusp to the posterior cuspules, are other
characters to take into account. Both arms are usually sub-equal
in length, but they are not in some species. In Clapasorex sigei
Crochet, 1975 the lingual branch is longer. Reumer (1987) inter-

FIGURE 6. Chronological ranges for the genera and species of Crocidosoricinae. Solid lines indicate the known stratigraphical record for each
species included in a genus balloon. Dotted lines indicate the possible extended stratigraphical range for those species (‘aff.’, ‘cf.’ or ‘sp.’ quotations)
when included into a genus balloon, and possible relationships between genera when out. Ranges taken from Rzebik-Kowalska (1998) and Butler
(1998), updated with data from Hoek Ostende (2001, 2003), Mein and Ginsburg (2002), and Lopatin (2004).
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preted this asymmetry as an evolutionary dead line. On the con-
trary, Carposorex sylviae and Crocidosorex piveteaui have re-
duced lingual crests and enlarged labial ones. A possible trend
leading to the subfamily Soricinae (Reumer, 1987) or reminis-
cent of it (Ziegler, 1989) have been pointed out respectively for
Carposorex sylviae and Crocidosorex piveteaui. A similar mor-
phology can be observed in the p4 of “Limnoecus” truyolsi Gib-
ert, 1975, a species of Crocidosoricinae of uncertain ascription
according to Reumer (1994), as well as in “Crocidurinae gen. et
sp. indet. after Doukas, 1986” depicted in Reumer (1987). In
Aralosorex the two posterior arms have sub-equal lengths, but
the labial one adjoins the central area of the posterior cingulum
(Lopatin, 2004). Anyway, it can be deduced from these obser-
vations that these six forms do not follow of the general tendency
of keeping a symmetrical shape preserved in the extant species.

Tribes of Crocidosoricinae—These four arguments indicate
that the subfamily Crocidosoricinae is a quite diverse group. But,
taking into account the primitive conditions and the derived
states for those characters, closer tighter links between some of
them rather than others can be depicted. In this way, we do
consider the two tribal names (Crocidosoricini, and Oligo-
soricini) proposed by Lopatin (2004) as certainly appropriate,
but we do not agree with their definition of included genera. This
is because the names of the tribes follow the ICZN correctly, but
some of the characters employed for their definition are rather

weak from an evolutionary point of view, or simply unknown for
most of the treated forms. Moreover, these characters do not
discriminate sufficiently among the subfamily. Similar reserva-
tions pertain to Kretzoi (1965), given that this paper lacks an
unequivocal definition of the Myosoricini. We therefore propose
regrouping the subfamily into three tribes: (1) the extant forms,
and their closest fossil relatives; (2) the fossil forms retaining
some archaic features, but presenting modified p4s similar to
those of the soricines; and (3) the rest of the fossil forms, retain-
ing most of the ancestral characters (Fig. 6).

The first group includes the extant genera Myosorex, Congo-
sorex, and Surdisorex, because all of them present the derived
state of the analyzed characters, except for the sub-equal arms of
the p4. Such grouping had been already done by Kretzoi (1965),
as said before. But, among the Crocidosoricinae, it is noticeable
that they share their four dental characters with the Miocene
genus Miosorex, something previously pointed out by Gureev
(1971). Miosorex is therefore considered as their closest known
fossil relative, a highly reliable fact given that the temporal
ranges of Miosorex and Myosorex overlap during the transition
from the Middle to the Late Miocene (Fig. 6). Hence, the new
definition for the tribe is as follows:

Myosoricini Kretzoi, 1965 (Resurrected tribe)—Type genus:
Myosorex Gray, 1838.

Diagnosis—Crocidosoricinae possessing a lower incisor with a
straight root-crown alignment; two (or one) lower antemolar(-s);
p4 with posterolabial and posterolingual arms of sub-equal
length; m3 with a reduced talonid, from a tiny basin to a single
cusp.

Included Genera—Miosorex, Myosorex, Surdisorex, Congo-
sorex.

A second group is formed on the basis of the shared develop-
ment of the posterolabial and retraction of the posterolingual
arms of p4. This criterion links the monospecific genera Croci-
dosorex (sensu Hoek Ostende, 2001) and Carposorex. The mor-
phology of this element in Aralosorex can be considered as a
previous evolutionary stage leading to these other genera. The
suggested link between Aralosorex and Carposorex becomes
even tighter taking into account that both genera share a con-
nection between the posterolabial crest of the protoconid and
the basal posterolabial cingulum in the m1 and the m2, a very
unusual character displayed among the Soricidae (Lopatin,
2004). Such derived characters are not in disagreement with the
rest of the features of these genera, nor with their stratigraphical
range, given that their fossil remains have been always reported
from early Miocene localities. Crocidurinae indet. from the MN4
Greek locality of Aliveri (Crocidosoricinae indet. in Doukas,
2005) and “Limnoecus” truyolsi from the MN5 Spanish localities
of Villafeliche 4 and Valdemoros 3B, could in fact represent
related younger forms leading to the Soricinae, if not already
Soricinae by themselves. Although these latter two forms need
further research, we provisionally include them into the new
tribe, and we consider them to be related to Aralosorex, Car-
posorex, and Crocidosorex.

We heed the comment of Hoek Ostende (2001:52), who stated
that given the uncertain position of the monospecific genus Cro-
cidosorex within the subfamily, its choice as the type genus for
the group “is in retrospect unfortunate”. Nevertheless, it is con-
sidered an excellent type genus for the definition of a new tribe
within the subfamily, given that the structure of its p4, unusual
among the Crocidosoricinae, represents a peculiar evolutionary
trend independent to the rest of forms. Considering all these
arguments, the new tribe including these forms is subsequently:

Crocidosoricini Reumer, 1987—Type genus: Crocidosorex
Lavocat, 1951.

Emended Diagnosis—presence of two or more lower ante-
molars; p4 with the posterolabial arm longer than posterolingual
one, or with a connection of the posterolabial arm with the pos-

FIGURE 7. Compared material of Myosorex meini from TCH 10B (A,
B) and Crocidura sp. from Fuente Nueva 3 (C, D). A, right M1 (TCH-
10B 106) in occlusal view; B, left m1 (TCH-10B 97) in occlusal view; C,
right M1 (FN3-2001-N86 55) in occlusal view; D, left m1 (FN3-2001-N86
19). Notice that the aspect is more mesio-distally compressed in A (M1
of M. meini) than in C (M1 of Crocidura sp.), and that B (m1 of M. meini)
has a shorter talonid than D (m1 of Crocidura sp.). Scale bar equals 1
mm.
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terior cingulum, thus generating a rudimentary posterolingual
basin; m3 with a non-reduced talonid.

Included Genera—Crocidosorex, Carposorex, Aralosorex.
Also “Limnoecus” truyolsi, and Crocidosoricinae indet. from
Aliveri, Greece (Doukas, 2005) are included forms.

A third group includes all the rest of fossil Crocidosoricinae,
which retain at least two primitive features in the lower teeth.
We are conscious that it is acting as a waste basket for the forms
not included in the other tribes, but until more fossils will fill up
the gaps, a more precise grouping would be highly hypothetical.
A new tribe is created, whose genera are characterized by the
next:

Oligosoricini Gureev, 1971—Type genus: Oligosorex Kretzoi,
1959.

Emended Diagnosis—Crocidosoricinae shrews combining at
least two of the following characters: presence of two or more
lower antemolars; posterolabial and posterolingual arms on p4 of
sub-equal length; lower incisor usually showing a bended crown-
root disposition.

Included Genera—Oligosorex, Miocrocidosorex, Soricella,
Florinia, Clapasorex, Lartetium, Srinitium, Ulmensia.

The assignment of the species of uncertain attribution after
Reumer (1998) is more difficult to evaluate. According to Re-
penning (1967), “Sorex” collongensis Mein, 1958 retains four
lower antemolars and has an anteriorly placed mental foramen,
but its lower p4 is crocidurine-type. “Oligosorex” bruijni Gibert,
1975 and “Sorex” gracilidens Viret and Zapfe, 1951 have not
been properly studied because their descriptions and illustrations
lack useful characters. The label of ‘Crocidosoricinae incertae
sedis’ is retained for them.

Biostratigraphical and Chronological Range

Until now, the known stratigraphic range for M. meini in Spain
and France is restricted to the Pliocene. Some isolated fossil
teeth of M. meini have been wrongly identified by some authors
as remains of Crocidura because of their similar unpigmented
teeth and mesio-distally compressed molars—see Figure 7 for
differences between first upper and lower molars of each one—

which at the end is a direct result of the absence of a previous
detailed taxonomical work. The most representative case is that
of Galera 2, where it had been previously identified as Crocidura
kornfeldi Kormos, 1934 (Martı́n-Suárez, 1988; Roca (unpubl.
data) in Rzebik-Kowalska, 1995). Crocidura kornfeldi is also
wrongly included in the faunal list of ACB-4 (Hoek Ostende and
Furió, 2005), and may come from the uppermost levels of the
site. Soria-Mingorance and Ruiz-Bustos (1991) reported another
doubtful occurrence from the Spanish locality of Yeguas (MN14,
Guadix Basin, southeast of Spain), including Crocidura sp. in the
faunal list. No description, figure, or taxonomical remarks were
provided, but considering the stratigraphical range and the situ-
ation of the site, we assume that such remains more probably
belong to M. meini. We cannot ascertain whether or not C. korn-
feldi reported from Orce 3 (Martı́n-Suárez, 1988; Roca (unpubl.
data) in Rzebik-Kowalska, 1995) is this species but the close and
similarly aged early Pleistocene sites of Fuente Nueva 3 and
Barranco León 5 have provided dental elements corresponding
undoubtedly to Crocidura (Fig. 7).

The ascription to the genus Crocidura of all those unpig-
mented teeth from the Plio-Pleistocene record of Spain has in-
terfered with the understanding of its arrival in Europe, leading
to the opinion that the invasion of the genus occurred twice, one
from the east, and the other one across Spain (Roca (unpub-
lished) in Rzebik-Kowalska, 1995). In the absence of unequivo-
cal demonstrations of the occurrence of Crocidura in the Spanish
Pliocene record, it is assumed that Myosorex was the unique
white-toothed shrew genus that successfully occupied the Iberian
Peninsula during that interval. Other than its presence in the
Pliocene record of Spain, we deduce that the arrival of Crocidura
occurred during the early Pleistocene (Fig. 8), perfectly fitting
with the models of progressive migrations from the east of Eu-
rope proposed by Reumer (1984) and Rzebik-Kowalska (1995),
and supported by the arrival of some other African genera of
mammals like Hippoppotamus Linnaeus, 1758; Theropithecus
Geoffroy Saint-Hilaire, 1843; and even Homo Linnaeus, 1758.

Myosorex meini actually represents the first known real evi-
dence of an African soricid genus reaching southwestern Europe

FIGURE 8. Major events in the evolutionary history of Myosorex according to the fossil record and the corresponding paleogeography. A, Early
to Middle Miocene: arrival of a Crocidosoricinae stock—including the genus Lartetium—to the North of Africa. Appearance of the genus Myosorex,
and spread along and across most of the African Continent. B, Late Miocene to Mio-Pliocene transition (Messinian): arrival of Myosorex to the
Iberian Peninsula from the North of Africa. Speciation of Congosorex and Surdisorex in Inner Africa, and appearance of the genus Crocidura. C,
Late Pliocene to Pleistocene: extinction of the South-European populations of Myosorex, and retraction of the African ones. Adaptive radiation of
Crocidura in Africa, and progressive colonization of Europe by the East. White zones indicate land masses and grey ones indicate sea waters. Both
areas are separated by the reconstruction of the coastal lines in the past (solid lines), whereas current geography is partially represented by dotted
lines. Evaporitic areas are indicated with ^ symbols. Zones of vertical and horizontal lines represent the distribution of Crocidosoricinae and
Myosorex populations, respectively. The distribution of Crocidura is indicated with + symbols. Zones of crossed lines indicate possible co-existence
of other Crocidosoricinae and Myosorex populations. Question marks are placed where the taxa are expected to have lived, but no fossil evidences
have been reported. Middle Miocene paleomaps modified from Ilyina et al. (2004). Latest Miocene paleomap modified from Khondkarian et al.
(2004a). Middle-Late Pliocene paleomap modified from Khondkarian et al. (2004b).
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before the Pleistocene. Given that no faunal exchange between
Africa and Southern Europe has been reported from the middle
Pliocene, the easiest explanation for the presence of the genus in
Europe is a migratory movement during the Messinian Salinity
Crisis, well-documented for other small and large mammals (Jae-
ger et al., 1977; Brandy and Jaeger, 1980; Coiffait, 1991; Bennami
et al., 1996; Geraads, 1998; Agustı́ and Llenas, 1996; Agustı́ et al.,
2006). Its rather common presence in the Pliocene fossil record
of Spain and southern France suggests the existence of a natural
frontier that disabled a new dispersal event into the inner Euro-
pean lands.

CONCLUSIONS

According to the available fossil data and its current diversity,
the origin of the genus Myosorex has to be placed in Africa, after
the dispersal of an unknown Crocidosoricinae stock out of Eura-
sia. Until now, the sole reported occurrence of a non-Myosoricini
Crocidosoricinae (sensu this work) from the Miocene of Africa is
Lartetium africanum from Beni Mellal, in Morocco (Lavocat,
1961). Even when this species is not considered to be the direct
ancestor of Myosorex, L. africanum documents an early dispersal
of archaic Eurasian shrews southwards to Africa, which at the
end led to the appearance of the first representatives of the
genus Myosorex (Fig. 8).

Real and misidentified occurrences of Crocidura have been
mixed up in the literature of the Plio-Pleistocene fossil record
from Spain, as result of the confusion with the remains of M.
meini. We deduce that the temporal range of Crocidura in Spain
does not actually extend back further than the early Pleistocene.
Therefore the white-toothed shrew present in the Pliocene of
Spain and Southern France should be referred to Myosorex. The
presence of this genus in the early Pliocene of Southern Europe
can probably be related to the Messinian Salinity Crisis.

Some interpretations of the genus Myosorex, suggest an inter-
mediate position between the current Soricinae and Crociduri-
nae species. The fossil record is in agreement with such results,
on the basis of the morphological traits of the Crocidosoricinae,
and the spreading of the species along the geological times. The
new data reinforces what had been proposed by several authors
during the five last decades. Myosorex and its closest relative
genera Surdisorex and Congosorex represent an early evolution-
ary deviation of the Crocidosoricinae, closely related with the
extinct genus Miosorex. Consequently, they are not expected to
be more directly related with the members of the subfamily Cro-
cidurinae than any other Miocene crocidosoricine species.
Therefore, the extant white-toothed shrews from Africa repre-
sent two different groups: the monophyletic group of the Croci-
durinae, and the current representatives of the ancestral plesio-
morphic group of the Crocidosoricinae.
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dentia, Mammalia) du Villanyen récent de Casablanca I (Castellón,
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Société Geologique de France Série 7, 19(3):501–506.

Jammot, D. 1977. Les Musaraignes (Soricidae, Insectivora) du Plio-
Pleistocene d’Europe. Ph.D. dissertation, University of Dijon, Di-
jon, France, 341 pp. Unpublished.
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