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ARTICLE

THE SYSTEMATIC POSITION OF ANOUROSORICINI (SORICIDAE, MAMMALIA):
PALEONTOLOGICAL AND MOLECULAR EVIDENCE

JAN A. VAN DAM
Institut Català de Paleontologia (ICP), Campus de la UAB, Mòdul ICP, E-08193 Cerdanyola del Vallès, Spain, jan.vandam@icp.cat;
Faculty of Earth- and Lifesciences, Department of Sedimentology and Marine Geology, De Boelelaan 1085, 1081 HV, Amsterdam,

The Netherlands

ABSTRACT—Two late middle Miocene to early late Miocene (12–11 Ma) soricid populations from Spain and Germany are
re-described and assigned to Crusafontina and Darocasorex, gen. et sp. nov., primitive genera within the Anourosoricini. The
relatively advanced morphology of these oldest Anourosoricini genera known suggest a much earlier date for the origin of
the tribe. Molecular phylogenetics support an early origin (∼15 Ma), but ages up to ∼18 Ma are possible after re-evaluating
the calibration points that use early–middle Miocene occurrences of Soricinae and their potential ancestors. Both molecular
phylogenetics and paleontology consistently point to Anourosoricini being the sister clade of the combined Nectogalini and
Notiosoricini. Synapomorphies in morphology relate to the condylar structure, the morphology of the lower premolar (p4) and
reduction of the upper antemolars. The phylogenetic roots of the Anourosoricini within the Soricinae will remain elusive until
more early–middle Miocene rests are found. The paucity of fossils is probably related to the lack of terrestrial sedimentary
rocks at northern latitudes, where primitive Anourosoricini and their soricine ancestors might have been residing during the
early–middle Miocene thermal optimum.

INTRODUCTION

Living Anourosoricini Anderson, 1879, are represented by the
single southeast Asian relict genus Anourosorex only. The tribe
was much more common and diverse during the late Neogene,
especially between 11 and 4 million years ago, when it was dis-
tributed across Europe, Asia, and North America (see Storch et
al., 1998; van Dam, 2004, for overviews). Because of their highly
specialized dentition and jaw morphology, both palaeontologists
and zoologists have encountered problems in linking phylogenet-
ically Anourosoricini to other soricid groups. Carnivore-like spe-
cializations such as strong shearing blades, the loss or extreme
reduction of third molars, the wide separation between the two
condylar facets, and the presence of a sagittal crest on a strong
skull occur in this group (Kormos, 1926; Engesser, 1972). The up-
per teeth of advanced forms have extraordinary shapes: the M1–2
have abnormally strong, buccally protruding parastyles, the mo-
larized P4 has a square shape, and the A1 (the anterior tooth po-
sitioned directly behind the I1) is unusually large, with additional
cuspules on positions corresponding to protocone and hypocone
in P4 and M1–2 (e.g., see Reumer, 1984; Storch and Zazhigin,
1996; van Dam, 2004). The number of upper antemolars is low,
amounting to two or three only. The p4, a key element in shrew
systematics, tends to be inflated and its buccal wing is extended
posteriorly. Its crests are low and broad with the buccal crest be-
ing dominant, taking a medial position on the tooth and curv-
ing buccally. The lingual crest is not more than a faint swelling.
The resulting wear surface has a unique shape, which tends to be
rounded (van Dam, 2004).

An interesting suggestion about the diet of Amblycoptus was
given by Kormos (1926) on the basis of Hungarian finds. This
author speculated that this Pliocene form was able to crack the
shales of lizards and snakes, with which it was found together.
Because its teeth are amblyodont (bulbous) and exoedaenodont
(overlapping the jaw bone) and therefore have crushing poten-
tial, other workers suggested that Anourosoricini could have
been malacophagous (mollusk-eating, Reumer, 1984; Dannelid,

1998). The diet of the living Anourosorex is not well known, but
is reported to consist of insects, their larvae, and earthworms
(Nowak, 1999). On the other hand, the absence of pigment, which
is supposed to contribute to a more abrasion-resistant enamel,
would be consistent with a diet of soft-bodied items (Dannelid,
1998). A preference for larvae and earthworms fits the reported
burrowing lifestyle and the foraging behavior between the roots
of plants (Nowak, 1999). The acquisition of such a life style is
supported by a mole-like appearance, with reduced eyes and ears
and short forelimbs.

Because of their peculiar morphology, the systematic posi-
tion of Anourosorex and related fossil forms within the shrew
family has remained relatively unclear until the present day. A
separate subfamily status (‘Amblycoptinae’) was proposed by
Kormos (1926), who apparently was unaware of the close mor-
phological resemblance of the Pliocene Amblycoptus to the liv-
ing Anourosorex. Simpson (1945) favored placement of the two
genera in the Crocidurinae, Viret and Zapfe (1951) in the Het-
erosoricinae (Heterosoricidae according to Reumer, 1987), and
Repenning (1967) in the Soricinae. Repenning’s assigment was
followed by most subsequent workers, although uncertainty re-
mained with regard to the systematic position within the sub-
family. Based on their condylar shape (a narrow articular area
between widely separated facets) and other features, Repenning
regarded Anourosorex and Amblycoptus as the most advanced
forms within his newly defined tribe ‘Neomyini’ (now Nectogalini
for priority reasons; McKenna and Bell, 1997). Most workers
since then (e.g., Gureev, 1971; Reumer, 1984) advocated a sepa-
rate tribal status (Anourosoricini). This view is now well accepted
(Hutterer, 2005) and was also followed in my previous paper on
this group (van Dam, 2004).

Several phylogenetic analyses on living shrews on the basis
of DNA have included Anourosorex. On the basis of the mito-
chondrial gene (cytochrome b), Ohdachi et al. (2006) proposed
a surprisingly basal phylogenetic position of the Anourosorex
branch, distant from both Crocidurinae and (the rest of) the
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Soricinae. However, approaches based on this single mito-
chondrial gene are known to be inefficient to resolve deep
nodes in phylogenies due to saturation, leading to wrong re-
lationships between taxa. The larger data set of Dubey et al.
(2007), who included two mitochondrial and two nuclear genes,
yielded a more conservative—although still basal—position of
the Anourosoricini within the Soricinae as a sister group to the
combined Nectogalini (‘Neomyini’)-Notiosoricini. The first ap-
pearance of the clade Anourosoricini-Nectogalini-Notiosoricini
would have occurred more or less coeval with the first ap-
pearance of the two other living Soricinae tribes Soricini and
combined Blarinini-Blarinellini (Dubey et al., 2007). The molec-
ular results are consistent with Repenning’s (1967) notion of a re-
lationship of Anourosorex and Amblycoptus with the ‘Neomyini’
(Nectogalini).

Repenning considered the shape of the mandibular condyle
as a crucial character for soricid systematics. The condyle of
the Anourosoricini has two widely separated facets united by a
narrow, buccally positioned ridge, which forms one plane with
the posterior sides of the two facets, producing an L shape in
posterior view (e.g., Bown, 1980; Storch and Zazhigin, 1996;
Mészáros, 1998; van Dam, 2004; Agustı́ et al., 2006). Most No-
tiosoricini and Nectogalini have a relatively strong buccal con-
tinuity in the condyle as well, although the L shape is less per-
fect, because the interarticular area is rounded buccally or tends
to be slightly concave. In other Soricinae tribes such as Soricini
and Blarinini the interarticular surface is broader and even more
concave.

Thanks to the increased use of screen sieving as a sampling
technique, the knowledge of fossil shrews has increased signifi-
cantly since the 1970s. A wealth of information on fossil shrews
is now available (e.g., Wójcik and Wolsan, 1998; van den Hoek
Ostende et al., 2005). For instance, paleontologists have shown
that Anourosorex is merely the last survivor of a very success-
ful radiation across the entire Holarctic. The known fossil record
of the tribe dates back to 12 million years ago (latest middle
Miocene, Engesser, 1972; van Dam, 2004). The oldest represen-
tatives described thus far belong to the genus Crusafontina Gib-
ert, 1975 (12–7 Ma), which can be regarded as the ancestor of
the remaining Anourosoricini, Paranourosorex, Kordosia, Am-
blycoptus, and Anourosorex (van Dam, 2004). Crusafontina still
contains relatively well-developed third upper and lower molars
and a third lower antemolar, but at the same time it shows the
advanced features that characterize its descendants, such as the
protruding parastyle in the M1–2, the extended trigonids in
the m1–2, the ‘molarized’ A1, and the typical L-shaped condyle,
with long and narrow buccally situated articular area.

The Iberian Peninsula contains one of the most detailed
records of Neogene small mammals in the world. The evolu-
tionary history of the Anourosoricini is well recorded. Various
species of Crusafontina have been recovered from the lower
part of the upper Miocene, and recurrent immigration of Crusa-
fontina and Amblycoptus from Central Europe into the Mediter-
ranean region has been recognized (van Dam, 2004). The popula-
tions from Carrilanga (east Central Spain) and Hammerschmiede
(southern Germany) described in this paper shed more light on
the early (latest middle to earliest late Miocene) history of the
tribe. These populations were previously described as Crusa-
fontina endemica and Angustidens excultus, but are now assigned
to a new and existing genus, respectively.

SYSTEMATIC PALEONTOLOGY

Order SORICOMORPHA Gregory, 1910
Family SORICIDAE Fischer, 1814
Family SORICINAE Fischer, 1814

Tribe ANOUROSORICINI Anderson, 1879

Previous Diagnosis of the Tribe—Reumer (1998:19) stated,
“the following features are diagnostic of the Anourosoricini
(Reumer, 1984): internal temporal fossa narrow and small; in-
terarticular area of the mandibular condyle reduced to a nar-
row ridge; teeth not pigmented and bulbous (synapomorphies);
upper incisor not fissident; M1 with well-developed parastyle;
M3 reduced or absent; lower incisor acuspulate; m3 reduced
or absent (synapomorphy).” This definition is updated in or-
der to also represent the primitive forms described in this
paper.

Emended Diagnosis—Evolutionary development towards
reduction and loss of A3, M3, and m3. Trend towards molar-
ization in P4, A1, and p4. The relatively bulbous teeth lack
pigment. I1 not fissident. A1 large, usually containing both
protocone and hypocone. Outline of P4 between pentagonal
in primitive and square in advanced forms. M1 and M2 with
well-developed parastyle and metastyle, with parastyle in M1
becoming remarkably strong during evolution. Lower incisor
development from tricuspulate to acuspulate morphology. Mo-
larization of p4 is reflected by the development of a prominent
and curving labial crest resembling the paralophid in m1, causing
a strong lingual-buccal asymmetry in younger genera, because
of a long posterior-buccal wing and the presence of a shallow
posterolingual basin. Elongation of trigonid of m1 and to a
lesser extent m2, with metalophids extending perpendicular
to lingual border. Internal temporal fossa on lower ramus
ascendens of lower jaw sub-triangular to round or oval and
becoming more reduced in the younger forms. Mental foramen
at level slightly before, at, or slightly behind protoconid of
m1. Lower and upper condylar facets widely separated, but
connected buccally by narrowly constricted bony ridge (inter-
articular area), giving the posterior surface of the condyle a flat
appearance.

DAROCASOREX, new genus

Diagnosis—Middle-sized Anourosoricini. Teeth without pig-
mentation. M1 with well-developed metastyle. Outline protrud-
ing lingually at the position of the hypocone more than at the
position of the protocone. Length-width ratio smaller than other
Anourosoricini and parastyle not enlarged. Mandibular mental
foramen below the protoconid of m1. Mandibula with one or
two antemolars (i.e., between i1 and p4). Lower premolar in-
flated, with a central wear facet with a short lingual arm and a
longer buccal arm. Buccal arm ending in a thin crest just reach-
ing the posterior cingulum. Lower molars bulbous with convex
lingual and buccal outlines. Oblique crests ending at metalophid
at a position about one third of the distance measured from lin-
gual to buccal border, leaving small valleys between protocone
and hypocone just above the cingulum. Trigonid of m1 slightly
elongated, but less pointed than in the more advanced forms
of the tribe. Trigonid m3 relatively large compared to other
Anourosoricini. Lower molars with narrow and shallow groove
between high entoconid and very low entostylid, lacking a lingual
cingulum. Buccal cingulum very thin, becoming stronger at the
posterior border, ending at a level about two thirds of the width,
and very strong anteriorly, ending abruptly at the level of the
paraconid.

Differential Diagnosis—Differs from all other Anourosoricini
genera by a transversely elongated shape, protruding posterior
part of lingual outline and reduced parastyle in M1, by the pres-
ence of short lingual arm posteriorly of paraconid in p4, and by
less pointed trigonid shape and by less longitudinally directed
oblique crests in the lower molars.

Etymology—Genus named after the town of Daroca
(Zaragoza, Spain), in the vicinity of which the type locality
was found.

Type Species—Darocasorex vandermeuleni.
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DAROCASOREX VANDERMEULENI, new species
(Figs. 1A, B, 2A–C)

Crusafontina endemica Gibert, 1975: de Jong (1988):274–276,
figs. 5–6.
Diagnosis—As for the genus.
Description—The holotype is part of a mandible with the pos-

terior part of i1 and p4–m3 preserved (Fig. 1A, B). Judged from
the anterior reduction of the cingulum of the p4 a tiny a2 might
have been present. The a1 figured and measured by de Jong
(1988) appeared to be lost. The teeth are heavily worn. The men-
tal foramen is situated below the protoconid of M1.

The only upper tooth preserved is an M1. The posterior width
is much larger than the anterior width, with the metastyle pro-
jecting much more buccally than the parastyle, and the hypocone
and associated outline extending more lingually than the proto-
cone and associated outline (Fig. 2A). The small parastyle is not
much larger than the mesostyle. Metastyle distinct. The metaloph
is short. The hypoconal flange is pointed and posterior emargina-
tion shallow, without a sharp angle.

Only a posterior fragment of an i1 is preserved (Fig. 1A, B). A
distinct posterior-buccal cingulum is present. The lingual part has
been broken off. Unfortunately, the first lower antemolar (a1)
pictured and measured (but not described) by de Jong (1988) has
been lost. From the drawings of de Jong of the mandible con-
taining this tooth, it can be deduced that the a1 is only slightly
smaller than the p4. The p4 is a unicuspidate tooth with one root.
The central wear surface has a small lingual and larger buccal
branch. The buccal branch continues as a thin curved ridge and
just reaches the middle of the posterior cingulum. The buccal cut-
ting ridge shows the same orientation as the paralophid of the m1
behind it (Fig. 1A, B), indicating an initial stage of molarization
of the p4.

The m1 is relatively broad. It is not very pointed anteriorly,
its buccal border extends parallel to the lingual border up to a

level more or less halfway the trigonid. The oblique crest, which
extends towards the metalophid, ends at a position about
one third of the distance from lingual to buccal border. The
oblique crest leaves a small valley between the protoconid and
hypoconid, which opens just above the buccal cingulum. There
is a narrow and shallow groove between the high entoconid and
very low entostylid. There is no lingual cingulum. The buccal cin-
gulum is very thin. It becomes stronger at the posterior border,
where it stops at a level about two thirds of the width, and also
anteriorly, where it stops abruptly at the level of the paraconid.
Except for the fact that it is smaller, the m2 is very similar to the
m1. The only difference in shape pertains to the widths of trigo-
nid and talonid, which are about equal. In the relatively unworn
specimen RGM-335557 (Fig. 2B), entoconid and entostylid are
separated by a shallow groove. The talonid of the m3 is reduced,
but contains a distinct basin. Despite some damage to the pos-
terior margin of the relatively unworn specimen RGM-335555,
entoconid and hypoconid are recognizable as distinct elevations
on the crest surrounding the talonid.

Etymology—In honor of Dr. Albert van der Meulen, who con-
tributed significantly to small mammal paleontology in Spain.

Types—Holotype: part of mandible with p4–m3, no. 335588–93
(not 335555 as stated by de Jong), stored in Naturalis, Leiden,
the Netherlands (de Jong, 1988:pl. 3, figs. 5, 6). Type locality Car-
rilanga (Daams and van der Meulen, 1984), Calatayud-Daroca
Basin, east Central Spain. Level at transition local biozone G to
H (MN 7/8 to 9), ∼11.5 Ma (van Dam et al., 2006).

Measurements—See Table 1.
Other Material Examined—Naturalis, Leiden: 558887: left M1;

558857: right m2; 558855: left m3.
Discussion—The monospecific genus Darocasorex contains a

number of features typical for Anourosoricini, such as the bul-
bousness of the teeth, the curved buccal crest of the p4 at a
relatively central position, the elongated trigonids in the m1–2,
and the strong parastyle on the M1. On the other hand, it is

FIGURE 1. Darocasorex vandermeuleni from Carrilanga, Spain, holotype. A, part of left mandible with fragmented i1, p4, and m1–3 (CAR1-335588-
93) in occlusal view; B, part of left mandible with fragmented i1, p4, and m1–3 (CAR1-335588-93) in buccal view.
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FIGURE 2. Darocasorex vandermeuleni from
Carrilanga, Spain. A, left M1 (CAR1-335587)
in occlusal view; B, right m2 (CAR1-335557,
mirror image) in occlusal view; C, left m3
(CAR1–335555) in occlusal view.

characterized by a number of features that are more primitive
than observed in other members of the tribe: the wear surface
of the p4 still has a lingual branch; the metalophids on the mo-
lars are still pointing slightly posteriorly on the lingual side and
are not directed perpendicularly to the lingual side as in later
Anourosoricini; the oblique crest ( = buccal crest of talonid) still
has an oblique direction as in most other soricids, and not sub-
parallel to the lingual side as in more advanced Anourosoricini;
the talonid of m3 is relatively unreduced, showing a substantial
basin; and the M1 has retained the more primitive rectangular
shape (with lingually protruding hypocone) that is more square
in later forms.

Although smaller in size, the oldest representatives of Crusa-
fontina, such as C. exculta described below and C. endemica,
are morphologically more advanced than Darocasorex vander-
meuleni. D. vandermeuleni has a size close to that of C. vande-
weerdi (∼7 Ma). It has been proposed that this latter form de-
scended from C. endemica (van Dam, 2004), but the possibility
of a direct descent from D. vandermeuleni cannot entirely be
excluded.

CRUSAFONTINA Gibert, 1975

Diagnosis—Van Dam (2004:743): “Dental formula 1043/1023.
A3, M3 and m3 reduced, but always present. Upper condylar
facet triangular or oval, lower oblong, interarticular area very
narrow. Internal temporal fossa sub-triangular to round or oval.
I1 with buccal cingulum. A1 without parastyle. P4 is pentago-
nal because of the projecting parastyle. P4 and M1 with distinct
posterior emargination. M1 parastyle projecting less or equally
far buccally compared to metastyle. M2 with complete talon. i1
mono-, bi- or tricuspulate. p4 with posterolingual depression. m1
and m2 with entocristid.”

Type Species—Crusafontina endemica Gibert, 1975.

CRUSAFONTINA EXCULTA (Mayr and Fahlbusch, 1975)

Angustidens excultus Mayr and Fahlbusch, 1975:96–99, figs.
7.1–7.9.

Angustidens excultus Mayr and Fahlbusch, 1975: Ziegler
(1999):71.

Diagnosis—Small-sized Anourosoricini. Anterior broadening
of buccal cingulum of I1 less than in C. endemica. Buccal cin-
gulum I1 without cusp. A1 shorter than in C. endemica, with
paracone less robust and less extending posteriorly. Protocone
of P4 protruding from the anterior border instead of being sit-
uated in a more anterolingual position at the meeting point
of the straight lingual and anterior borders, as in C. endemica.
Length/width ratio in M1 and M2 smaller than in C. endemica.
Posterior emargination weaker, not showing a sharp angle, as
in C. endemica. M1 with small parastyle. Tendency for uninter-
rupted surrounding crest on M3, in contrast to the crest in C. en-
demica, which is posteriorly interrupted, thereby tending to form
a small hypocone. Lower first antemolar (a1) slightly asymmetric
buccal-lingually, but without strong posteriorly extending wing as
in C. endemica. All three lower molars differing from C. endem-
ica in the direction of the oblique crests, being truly oblique and
not sub-parallel to entoconid crests. Trigonids of m1 and m2 less
stretched longitudinally compared to other Crusafontina species.

Description—Basal border of I1 slightly concave. Buccal cin-
gulum without buccal cusp, broadening anteriorly. First antemo-
lar (A1) relatively short. Central crest includes the large para-
cone. Small protocone and hypocone present. A2 short with very
small protocone present. Protocone of P4 protruding from an-
terior border, and parastyle disconnected from protocone. M1
short; parastyle and mesostyle sub-equal in size. Mesostyle pro-
jecting outward. Lingual outline protruding equally far outward
at protocone and hypocone positions. Metaloph not curved and

TABLE 1. Measurements on Darocasorex vandermeuleni from Carrilanga.

Element Specimen L W LL BL PE AW PW

m1 335591 2.35 1.34
m2 335557 1.76 1.12
m2 335592 1.97 1.17
m3 335555 0.78
m3 335593 1.38 0.84
p4 335590 1.48 1.18
M1 335587 2.07 1.93 1.61 2.22 2.52

Abbreviations: AW, anterior width; BL, buccal length; L, length; LL, lingual length; PE, length to posterior emargination; PW, posterior width; W,
width. After Reumer, 1984; see also van Dam, 2004.
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not connected to the metacone in the only specimen available
for direct inspection. M2 short, with well-developed hypoconal
flange. Posterior border moderately emarginated without sharp
angle. M3 lost. The specimen shown by Mayr and Fahlbusch
(1975:pl. 7, fig. 4) contains an uninterrupted crest between pro-
tocone and mesostyle.

First lower antemolar (a1) slightly asymmetric. Buccal part ex-
tending more posteriorly than lingual part. Central crest stops
just before posterior cingulum. Buccal cingulum strong, protrud-
ing anterobuccally. Trigonid of m1 about one-and-a-half times as
long as talonid. Entoconid and entostylid separated by a narrow
groove. Oblique crest slightly oblique with respect to the lingual
border. Lower second molar (m2) smaller but similar in shape to
the m1, except for the sub-equal anterior and posterior width.
Talonid of m3 reduced and surrounded by a continuous crest.
Direction of oblique crest is oblique with respect to the lingual
border.

Types—Holotype: 1973 XIX 79, lower first antemolar (a1) and
not p4 as described and figured by Mayr and Fahlbusch (1975).
Type locality: Hammerschmiede, S. Germany. European Mam-
mal Neogene Unit 9 (MN9). Approximate age 11–10.5 Ma. Col-
lection: Bayerische Staatssammlung für Paläontologie und His-
torische Geologie, Munich.

Other Material Examined—Hammerschmiede 1973 XIX 80:
a1; 1973 XIX 44, 45, 46, 68, 69, 72, and unnumbered: m1; 1973
XIX 43, 47, 48, 77, 81: m2; 1973 XIX 51: m3; 1973 XIX 70, 71,
75, 76: I1; 1973 XIX 49, 73: A1; 1973 XIX 77: A2; 1973 XIX: 54,
56, 58: P4; 1973 XIX 60: M1; 1973 XIX 61, 63, 65: M2. Other ele-
ments described by Mayr and Fahlbusch appeared to be lost. Col-
lection: Bayerische Staatssammlung für Paläontologie und His-
torische Geologie, Munich. Figures: Mayr and Fahlbusch (1975).

Measurements—See Table 2.
Discussion—Mayr and Fahlbusch (1975) described Angusti-

dens excultus from Hammerschmiede as a second species of
Angustidens Repenning, 1967, in addition the type species A.
vireti Wilson, 1960, from the lower Miocene of Quarry A, Col-
orado, U.S.A. In their paper on the microfauna of the Spanish

TABLE 2. Measurements on Crusafontina exculta from
Hammerschmiede.

Measure Mean Min Max n

L(m1) 2.02 1.84 2.21 7
W(m1) 1.15 1.03 1.24 7
L(m2) 1.71 1.62 1.83 5
W(m2) 1.01 0.96 1.09 5
L(m3) 1.16 1
W(m3) 0.65 1
L(a1) 1.17 1
W(a1) 0.88 1
H(I1) 1.64 1.49 1.71 4
LT(I1) 0.98 0.94 0.94 4
L(A1) 1.96 1
W(A1) 1.96 1
L(A2) 1.30 1.05 1.54 2
W(A2) 0.95 0.87 1.03 2
LL(P4) 1.58 1.54 1.60 3
BL(P4) 2.03 1.97 2.08 2
PE(P4) 1.53 1.35 1.88 3
PE(M1) 1.37 1
LL(M2) 1.26 1.20 1.32 2
BL(M2) 1.35 1.30 1.40 2
PE(M2) 1.08 1.05 1.10 3
AW(M2) 1.94 1.93 1.96 2
PW(M2) 1.58 1.55 1.55 2

Abbreviations: AW, anterior width, BL, buccal length; H, height; L,
length; LL, lingual length; LT, talon length; PE, length to posterior
emargination; PW, posterior width; W, width. After Reumer, 1984; see
also van Dam, 2004.

locality La Salle, Adrover et al. (1982) synonimized the Ger-
man population with Crusafontina endemica Gibert, 1975, which
resulted into the new combination Crusafontina exculta. Rzebik-
Kowalska (1998) retained both C. exculta and C. endemica,
whereas Adrover et al. (1982) had meant to include all then exist-
ing C. endemica and C. exculta populations into the new combi-
nation. The present paper shows that the population from Ham-
merschmiede belongs to a separate Crusafontina species after all,
which should be called C. exculta. This species is more primitive
than all pre-9 Ma Crusafontina populations, which should retain
the name C. endemica.

Direct comparison of the Hammerschmiede material to other
Crusafontina material shows that the holotype 1973 XIX 79 is not
a p4, as described by Mayr and Fahlbusch, but an a1. As can be
judged from the absence of a cavity under its crown, the large
element pictured by Mayr and Fahlbusch (1975:pl. 7, fig. 6) as
an upper antemolar, is not a soricid tooth. This implies that the
population shows three instead of four size classes of upper an-
temolars between I1 and P4 (including the tiny vestigial A3, the
evidence for which that has been found in some populations of
the genus), which is the normal situation in a Crusafontina.

Unfortunately, no lower i1 and p4 of C. exculta have been
found. In addition, the upper M3 pictured in the original publica-
tion of Mayr and Fahlbusch (1975) appeared to be lost. Nonethe-
less, based on the more primitive shape of all dental elements
studied, it can be concluded that C. exculta is the most primitive
Crusafontina species known thus far. A direct descent of C. en-
demica from C. exculta is highly probable. The most important
evolutionary trends are the longitudinal extension of the ante-
molars and upper first and second molars, and the acquisition of
an anteriorly broadening buccal cingulum with buccal cusp on the
upper incisor. Interestingly, the gracile shape of the M2 of C. ex-
culta is very similar to that in C. fastigata, a slightly younger form
(9 Ma; van Dam, 2004). However, in other aspects (especially the
strong elongation of the A1) this latter species is more advanced
than both C. exculta and C. endemica.

DISCUSSION: ROOTS OF THE ANOUROSORICINI
TRIBE

Because early–middle Miocene soricids share many primitive
characters and because the shrew record of this time slice is not
continuous, the identification of those lineages that lead up to
the living subfamilies Crocidurinae and Soricinae has proven to
be a difficult task. Similarly, the origin of the Paenelimnoecinae
and Allosoricinae, clades that both went extinct in the Pliocene,
has remained unclear. The inclusion of many primitive forms into
the subfamily Crocidosoricinae (Reumer, 1987) has cleared up
the taxonomy at the subfamily level, but leaves untouched ques-
tions regarding the ancestry of individual Miocene sub-clades
or lineages. Although the reconstruction of the origin of the
Anourosoricini is hampered by the lack of early–middle Miocene
fossils as well, the recognition of the two latest middle to earli-
est late Miocene genera described here provide some constraints
on the morphology of any potential ancestor. For instance, such
forms should have p4’s with a buccal crest that is more posteri-
orly extended than the lingual crest. The buccal crest should be
situated at a relatively central position, leaving no space for the
development of a well-developed lingual basin. At the same time,
the condyle is expected to show a tendency to strengthen the buc-
cal connection between the two articular facets.

The central position of the buccal crest on the p4 is a character
that Anourosoricini share with the extinct North American Lim-
noecinae. This configuration represents one of the two main de-
partures from the primitive crocidosoricine condition (retained
in the Crocidurinae), in which the buccal and lingual crest are
short and equally long, producing a V- or Y-shaped wear surface.
In the other configuration, which characterizes the remaining
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Soricinae tribes, the buccal branch occupies a more extreme po-
sition along the buccal border, thereby creating a basin on the
lingual side. In both conditions, the development of the buccal
crest mimics the shape of the paralophid in the m1 (molariza-
tion). On the other hand, Anourosoricini share the development
of a narrow buccally situated interarticular area in the condyle
with the Nectogalini and Notiosoricini. In all three groups the two
condylar facets are widely separated. Also the other Soricinae
tribes, Soricini, Blarinini, Blarinellini, and Beremendiini, show
this wide separation, but in these groups the interarticular area
is broad and concave. Both evolutionary developments represent
apomorphic conditions with respect to the plesiomorphic condi-
tion characterized by less widely separated, lingually connected
facets. This condition characterizes the Crocidosoricinae and is
retained in the Crocidurinae and Limnoecinae.

Because of its tendency to develop both a well-developed buc-
cal crest on the p4 as well as a buccal continuity between the two
condylar facets, a form such as Antesorex compressus (Quarry
A, Colorado, North America, early Miocene, ∼20 Ma; Wilson,
1960; Repenning, 1967) would qualify as a potential ancestor of
the Anourosoricini, Nectogalini, and Notiosoricini. Also the p4
from Angustidens vireti from the same locality shows this con-
figuration, as well as some bulbousness, thereby resembling the
p4 of Anourosoricini. However, the condyle of Angustidens vireti
does not show the buccal continuity possessed by Antesorex, al-
though the drawings of Wilson (1960) and Repenning (1967) dif-
fer slightly in the way they accentuate this part. An additional
argument against an Angustidens ancestry of Anourosoricini re-
lates to the m3, which is more reduced. In Antesorex, the talonid
basin of the m3 is still well developed. Unfortunately no M1–2
from A. vireti are known. Were they to resemble those of Lim-
noecus (the genus, with which it constitutes the subfamily Lim-
noecinae), a relation with Anourosoricini could be excluded with
certainty, because of the squared shape of the M1–2 in Limnoe-
cus (Lindsay, 1972).

Several European forms qualify as potential ancestors
for the Anourosoricini as well. Crocidosorex piveteaui
Lavocat, 1951 (Marcoin, Europe, early Miocene, MN2,
22–20 Ma; see Hugueney, 1974; van den Hoek Ostende,
2001), and Carposorex Crochet, 1975 (Laugnac, Paulhiac, La
Bréte, France, MN1 and MN2, 24–20 Ma), also have an extended
buccal crest on the p4. The same tendency is shown somewhat
later by the small-sized Paenelimnoecus lineage at the stage
between P. micromorphus (MN3) and P. truyolsi (MN4 and
MN5; see van den Hoek Ostende et al., 2009). Nonetheless, an
ancestry of Anourosoricini by Paenelimnoecus can be excluded,
because of the reduced state of the entoconid and entocristid
on the lower molars in P. micromorphus. For this reason Paene-
limnoecus should be excluded from the Soricinae (see Fejfar
et al., 2006, who erect a separate subfamily for this genus).
Unfortunately, no condyle is known from Crocidosorex pivetiaui
or Carposorex. Whether Crocidosorex piveteaui and Carposorex
should be called Soricinae (Repenning, 1967; McKenna and Bell,
1997) or Crocidosoricinae (e.g., Reumer, 1998; Furió et al., 2007)
is a matter of taxonomic philosophy. The present author tends
towards inclusion into Soricinae.

According to the molecular reconstructions of Dubey
et al. (2007), the clade Anourosoricini-Nectogalini-Notiosoricini
would have appeared more or less together with primitive rep-
resentatives of the Soricini and combined Blarinini-Blarinellini
somewhere around 16 Ma. (Note that the extinct Beremendi-
ini probably branched off from the Blarinini around the
Miocene–Pliocene transition; Furió et al., 2010.) The separation
between Anourosoricini and Nectogalini-Notiosoricini is sup-
posed to occur slightly later, around 15 Ma. These estimates
are based on four calibration points used by Dubey et al. (and
others), the oldest one being 20 Ma, corresponding to the ‘old-
est known Soricinae-Crocidurinae ancestors.’ However, critical

evaluation of the chronological evidence shows that whereas
the minimum age for European Neogene Mammal Unit MN2
(containing forms that given their morphological tendencies
could be included into the Soricinae, see above) is well con-
strained to 19.4 Ma (Kempf et al., 1997), its maximum age is
highly uncertain, with estimates ranging between 22 and 20 Ma
(e.g., Agustı́ et al., 2001). Because the split between Soricinae-
and Crocidurinae-related ancestors is supposed to have hap-
pened before this time, the lower limit of the uncertainty
range of this split (i.e., the calibration point) either approaches
the Oligocene-Miocene boundary (23 Ma) or extends into the
Oligocene (taking into account the presence of Carposorex in
MN1). This age extension has obvious consequences for the un-
certainty in the age of the split between the Anourosoricini and
Nectogalini-Notiosoricini clades, which, depending on molecular
clock assumptions, could as well have taken place several million
years before 15 Ma, perhaps even at 18 Ma. An earlier date of
this separation is consistent with fossil evidence for an early split
between Blarinini and Blarinellini (see below). Regardless of dat-
ing, the loss of antemolars between I1 and P4 in Anourosoricini
and Nectogalini-Notiosoricini would have started before their
splitting and probably continued in both clades separately. In ad-
dition, Anourosoricini would have lost their pigment.

At least two lines of Anourosoricini developed during the mid-
dle Miocene: one leading to Crusafontina and the other to Daro-
casorex (Fig. 3). The latter lineage is larger, showing teeth that
are more inflated, but retaining primitive dental features such
as a paraconid wear surface with a distinct lingual extension on
the p4 and a more primitive shape of the lower and upper mo-
lars. The primitive Crusafontina forms (exculta, endemica, min-
ima) are smaller, have more gracile teeth, and show already the
first stages of the peculiar morphology of the upper and lower
molars that becomes exaggerated in the more advanced Crusa-
fontina species and in Amblycoptus, Kordosia, Paranourosorex,
and Anourosorex.

The middle Miocene record of Soricinae is poorly known,
although some middle Miocene Blarinini (Adeloblarina) and
Blarinellini (Alluvisorex, Petenyia/ ‘Hemisorex’) have been de-
scribed (Harris, 1998; Rzebik-Kowalska, 1998). The record of the
North American forms Adeloblarina and Alluvisorex dates back
to the Barstovian (16.3–13.6 Ma), implying an older upper age
limit (and a potential new calibration point) for the Blarinini-
Blarinellini split compared to the one used for molecular es-
timates thus far (12.1 Ma; Dubey et al., 2007). Anourosoricini
are known from the latest middle Miocene onwards only (∼12
Ma). ‘True’ Soricini (i.e., excluding Antesorex) have merely one
(late) middle Miocene fossil occurrence (Paenesorex, ∼12 Ma,
Germany; Ziegler, 2003). The late Miocene record of Soricini re-
mains very scanty with occurrences at 8–7 Ma in China (Storch
and Qiu, 1991) or perhaps at ∼10 Ma in North America (Bown
1980; see Harris, 1998). More species of Soricini are documented
from the late Miocene onwards, especially in Asia (Storch et al.,
1998). Given their relative northern distribution today and the
evidence for a period of enhanced global middle Miocene warm-
ing (e.g., Zachos et al., 2001; Mosbrugger et al., 2005), the absence
of Soricini from the fossil record could be explained by the gen-
eral lack of Neogene sedimentary basins at higher northern lat-
itudes. This argument could hold for pre-12 Ma Anourosoricini
as well. Alternatively, this segment of their history took place in
other regions with a poor fossil record, such as parts of Asia or
Eastern North America.

CONCLUSION

Molecular phylogenetics suggests a middle Miocene origin
(∼15 Ma) of the Anourosoricini. However, when uncertainties
surrounding the ages used for molecular clock calibration are
taken into account, ages up to ∼18 Ma (early Miocene) are
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FIGURE 3. Tentative phylogenetic tree based on fossil and molecu-
lar evidence, including Crusafontina and Darocasorex species, remaining
genera of Anourosoricini, and remaining tribes of Soricinae. Solid lines
correspond to fossil evidence; dashed lines correspond to hypothetical
relationships. See text for details.

possible. The advanced morphology of the most primitive lat-
est middle to early late Miocene Anourosoricini known, as rep-
resented by Crusafontina and Darocasorex, gen. et sp. nov., is
consistent with an early origin. The middle Miocene gap in the
documentation of Anourosoricini and other shrew groups such
as Soricini is probably related to the warmer and drier climate
that was present during the middle Miocene at Holarctic mid
latitudes, the zone where many Northern Hemisphere Neogene
basins are concentrated.
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Adrover, R., L. Alcalá, P. Mein, E. Moissenet, and J. Paricio. 1982. Micro-
mamı́feros vallesienses del yacimiento La Salle en las Arcillas rojas
de Teruel. Acta Geologica Hispanica 17:89–93.
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Wójcik and M. Wolsan (eds.), Evolution of Shrews. Mammal Re-
search Institute, Polish Academy of Science, Białowieża.

de Jong, F. 1988. Insectivora from the upper Aragonian and the lower
Vallesian of the Daroca-Villafeliche area in the Calatayud-Teruel
Basin (Spain); pp. 253–286 in M. Freudenthal (ed.), Biostratigraphy
and Paleoecology of the Neogene Micromammalian Faunas from
the Calatayud-Teruel Basin (Spain). Rijksmuseum van Geologie en
Mineralogie, Leiden, Netherlands.

Dubey, S., N. Salamin, S. Ohdachi, P. Barrière, and P. Vogel. 2007.
Molecular phylogenetics of shrews (Mammalia: Soricidae) reveal
timing of transcontinental colonizations. Molecular Phylogenetics
and Evolution 44:126–137.
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Rzebik-Kowalska, B. 1998. Fossil history of shrews in Europe; pp. 23–92
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van Dam, J. A. 2004. Anourosoricini (Mammalia : Soricidae) from
the Mediterranean region: a pre-Quaternary example of recurrent
climate-controlled north-south range shifting. Journal of Paleontol-
ogy 78:741–764.

van Dam, J. A., H. Abdul Aziz, M. A. A. Sierra, F. J. Hilgen, L. W. van
den Hoek Ostende, L. J. Lourens, P. Mein, A. J. van der Meulen,
and P. Pelaez-Campomanes. 2006. Long-period astronomical forc-
ing of mammal turnover. Nature 443:687–691.

van den Hoek Ostende, L. W. 2001. Insectivore faunas from the lower
Miocene of Anatolia; Part 6, Crocidosoricinae (Soricidae). Scripta
Geologica 122:47–81.

van den Hoek Ostende, L. W., C. S. Doukas, and J. W. F. Reumer. 2005.
WINE; putting the fossil insectivores on record. Scripta Geologica
Special Issues 5:3–9.

van den Hoek Ostende, L. W., M. Furió, and I. Garcı́a-Paredes. 2009.
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