HISTORICAL BIOLOGY
https://doi.org/10.1080/08912963.2026.2634175

Taylor & Francis
Taylor &Francis Group

RESEARCH ARTICLE

8 OPEN ACCESS ) Check for updates

A seven-million-year record from the Daroca-Calamocha area (Miocene, Spain)
brings new clues to Erinaceidae phylogeny and paleobiogeography

Florentin Cailleux (', Pablo Peldez-Campomanes

3 Jérbme Prieto

4 and Lars W. van den Hoek Ostende (%)?

"Department of Geology and Palaeontology, Comenius University, Bratislava, Slovakia; 2Vertebrate Evolution, Development and Ecology Department,
Naturalis Biodiversity Center, Leiden, The Netherlands; *Paleobiology Department, Museo Nacional de Ciencias Naturales, Madrid, Spain; “Department
of Earth and Environmental Science, Palaeontology & Geobiology Ludwig-Maximilians-Universitdt, Munich, Germany

ABSTRACT

Ninety-two localities from the Daroca-Calamocha area (central Spain), spanning seven million years,
have yielded a high diversity of Miocene erinaceids, comprising six species of Galericinae (Galerix
remmerti, Galerix symeonidisi, Galerix exilis, Parasorex sp. Parasorex voesendorfensis, Lantanotherium sp.)
and four species of Erinaceinae (‘Amphechinus’ baudeloti, Atelerix cf. depereti, ‘Mioechinus’ sp. Erinaceinae
gen. et sp. indet). We identify the transition from Galerix remmerti to G. exilis during Local Zone C (MN4)
and discuss the differences between G. exilis and G. symeonidisi in Spain. Detailed comparisons of the
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intraspecific variability of Galerix species lead to a new phylogeny of the genus that supports a strong

basal dichotomy and two distinct dispersal events into Europe during the Early Miocene. The record of
Parasorex sp. and Lantanotherium sp. in the lberian Peninsula is constrained to the middle-late
Aragonian transition and is correlated with unstable climatic conditions. The latest Aragonian and
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Vallesian material from Nombrevilla 2, Carrilanga 1, and Pedregueras 2A, previously identified as

Parasorex socialis, is reattributed to Parasorex voesendorfensis.

Introduction

The Erinaceidae have a rich and diverse Neogene fossil
record. In western Eurasia, this high diversity is mainly
explained by the success of the Galericinae, which often
dominate Miocene insectivore assemblages, and for which
several migration events have been identified (Van den
Hoek Ostende et al., 2015). In the Neogene of Europe,
Spain stands out for its rich fossil micromammal record
and large number of well-dated localities, especially in the
Calatayud-Montalban, Teruel, and Vallés-Penedés Basins
(e.g. Casanovas-Vilar et al.,, 2016; Garcia-Paredes et al,
2016; Van der Meulen et al., 2012). This allowed the iden-
tification of peaks in eulipotyphlan diversity and their
correlation with environmental and faunal phenomena
during the European Miocene, such as the Miocene
Climatic Optimum and the Aragonian-Vallesian transition
(Furié et al., 2018). The long-term record of micromam-
mals in Spain, combined with magnetostratigraphy, is of
crucial importance for highlighting the relationship
between faunal and climatic changes (e.g. Van Dam et al.,
2006).

To date, insectivore studies from Spain have mainly
been focused on the Ramblian (e.g. Crespo et al., 2019,

2020; Jovells-Vaqué et al., 2018; Van den Hoek Ostende,
2003) or the Vallesian (e.g. De Jong, 1988; Van Dam, 2010;
Van Dam et al., 2020; Van den Hoek Ostende et al., 2012).
In comparison, studies on the Aragonian Eulipotyphla are
rather limited or confined to taxonomic lists (Gibert, 1975;
De Jong, 1988; Van den Hoek Ostende & Furi6, 2005;
Alvarez Sierra et al., 2006; Furié, Casanovas-Vilar, et al.,
2011a; Van Dam et al., 2011; Van der Meulen et al., 2012),
partly because the overall diversity of insectivores was
lower during this stage. The poorly published Aragonian
record leads to an incomplete picture of the small mammal
faunas and their evolution during the Miocene, despite the
exceptional number of Aragonian localities. In this paper,
the diversity of the Erinaceidae from the Daroca-
Calamocha area, which represents the densest long-term
record of insectivores in Spain and spans seven million
years, is examined. Subsequently, existing phylogenetic
and paleobiogeographic hypotheses will be tested on the
basis of this record.

Palaeontological setting

The present work focuses on assemblages from
the Daroca-Calamocha area within the Calatayud-
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Montalbdn Basin (central Spain), a map of which is
shown in Figure 1. This basin contains one of the
densest long-term fossil records for micromammals
(Daams, Van der Meulen, Alvarez-Sierra, et al., 1999;
Daams, Van der Meulen, Peldez-Campomanes, et al.,
1999; Garcia-Paredes et al., 2016; Lopez-Guerrero et al.,
2009; Lopez-Guerrero et al., 2018; Van Dam et al., 2020;
Van der Meulen et al., 2003, 2012). Decades of fieldwork
(Daams & Freudenthal, 1988) resulted in a robust
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stratigraphy (Alvarez Sierra et al, 2003; Daams,
Freudenthal, & Van der Meulen, 1988, 1999;
Garcia-Paredes et al., 2016; Van der Meulen et al.,
2011, 2012), supported by magnetostratigraphic ana-
lyses (Daams, Van der Meulen, Sierra, et al., 1999;
Garcés et al,, 2003; Krijgsman et al., 1994, 1996; Van
Dam et al.,, 2014). The material attributed to Galericini
consists mostly of isolated teeth and is almost continu-
ously present in Miocene localities from Spain, ranging
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Figure 1. Simplified geological map of the Calatayud-Montalban Basin, showing the geographic location of several localities (modified

after Garcia-Paredes et al., 2010).



from MN3 to MN15 (from ~19 Ma to ~3 Ma) (Furié
et al., 2018).

The oldest species of Galericini in the Daroca-
Calamocha area is found in Ramblian deposits of
Navarrete del Rio (latest MN2) and identified as Galerix
remmerti Van den Hoek Ostende, 2003. It is replaced by
Galerix symeonidisi Doukas, 1986, and Galerix exilis de
Blainville, 1839 during MN3 and MN4 (Van den Hoek
Ostende & Doukas, 2003). The last occurrence of the
genus Galerix Pomel, 1848 in the Daroca-Calamocha
area is in the locality Carrilanga 1 (Zone G3; 11.33 Ma),
where G. exilis is found in association with another
Galericini, previously identified as Parasorex socialis
Rabeder, 1973 (De Jong, 1988; Van den Hoek Ostende,
2001, 2003). In addition to the rich record of Galericinae,
the Calatayud-Montalban and Teruel Basins are also
characterised by the sporadic presence of Erinaceinae,
which were temporarily attributed to ?Amphechinus by
Van den Hoek Ostende and Furié (2005). Recently, Van
Dam et al. (2020) carried out a detailed description of the
Erinaceinae from the Vallesian and Turolian deposits of
the Teruel Basin, describing four taxa: Postpalerinaceus cf.
vireti Crusafont et Villalta, 1947, Atelerix aft. depereti
Mein and Gisnburg, 2002, Atelerix steensmai van Dam
et al,, 2020, and Erinaceinae gen. sp. indet.

Materials and methods

The material studied comprises 2621 dental elements of
Erinaceidae from ninety-one Aragonian localities and one
Vallesian locality from the Daroca-Calamocha area
(Table 1, Figure 2). We follow the dental terminology of
Cailleux et al. (2023). All tooth sizes are given in millimetres
(mm), and the specimens are presented in left orientation.
Therefore, right specimens are reversed and indicated in
figures by an underlined letter. Drawings were made using
a graphics tablet (Wacom Intuos Pro) and the Autodesk
SketchBook (v. 8.7.1) software. We follow Prieto and
Rummel (2009) for the measurement method of length
(L), labial length (L1), shortest anteroposterior length
(L2), width (W), anterior width (W1), and posterior
width (W2). All measurements were taken twice and aver-
aged. They were obtained using a LEICA MZ16
A binocular, a LEICA DFC420 digital camera, two
LEICA CLS 150X optical light sources, and the Leica
Application Suite (v. 4.5.0; Leica Microsystems Ltd.,
Heerbrugg, Switzerland) software. Ages of the Daroca-
Calamocha localities are taken from Daams, Van der
Meulen, Alvarez-Sierra, et al. (1999), Van Dam et al.
(2006), Van Dam et al. (2014), and recalibrated to the
most recent time scale of Raffi et al. (2020), based on the
most recent ages for chron boundaries. The specimens
studied from the Daroca-Calamocha area are housed in
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several institutions: Museo Nacional de Ciencias Naturales
(MNCN), Madrid, Spain; Rijksmuseum van Geologie en
Mineralogie (RGM), now the Naturalis Biodiversity
Center, Leiden, The Netherlands; University of Lyon
(UCBL), Lyon, France; University of Utrecht (UU),
Utrecht, The Netherlands. The repository for each locality
is indicated in Table 1, alongside the collection code and
age estimation used in Figure 2 and in the text. The taxo-
nomic verdicts, identification numbers, and measurements
of all the studied material are available in supplementary
material (S1).

Plots were generated using the R software environ-
ment (v. 3.5.3) (R Core Team, 2019). The use of
Kernel Density Estimation (KDE) was considered
particularly efficient for representing
dimensional variability, and rug plots are always pre-
sented with the default bandwidth. We also consid-
ered the use of area measurements to reveal/contrast
dissimilarities. These measurements focus on the
upper dental rows, which are rather variable among
Eulipotyphla. The area of the trigonid of the ml
(atm1) was also considered as a possible evolutionary
marker. Dental areas are considered in mm®. They
are estimated by tracing the outline with a variable
number of points (about 140 for P3, 160 for P4, 200
for M1 and M2, 120 for p4, 100 for m1) and using
the area line tool of Leica Application Suite (v.4.5.0).
The robustness of such a method was tested by cal-
culating the area of a M1 (LUM21-1C) and a P4
(RGM335206) once a day for 50 days. For an average
area of 7.062 mm?®, we obtain values for the M1 that
are contained between 7.049 mm?” and 7.072 mm?. For
an average area of 2.533 mmz, we obtain values for
the P4 that are contained between 2.529 mm” and
2.537 mm?. Considering the usually high variability
of size in Erinaceidae, the error rate is considered
insignificant here. We consider morphometric meth-
ods as an imperfect way to distinguish the
Erinaceidae from the Daroca-Calamocha area, espe-
cially for populations with low abundance or with
undiagnostic, ancestral features. The identification
based on morphology and the possible identification
based on area measurements have been applied inde-
pendently for each specimen, as the latter can only
provide a probability of identification in most cases.
As a result, the open nomenclature term ‘confere’ is
exceptionally used at the specimen level in
Supplementary material 1. Only the highest degree
of taxonomic certainty is used in the manuscript
and the figures. To facilitate further comparison,
descriptions of material include frequency as much
as possible; broader terms (e.g. ‘usual’, ‘often’, ‘some-
times’) are used when wear stages or very thin details

one-
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subject to observation biases do not allow for an exact
frequency.

Systematic Palaeontology

Order Eulipotyphla Waddell, Okada and
Hasegawa, 1999

Family Erinaceidae Fischer, 1814
Subfamily Galericinae Pomel, 1848
Tribe Galericini Pomel, 1848

Remarks

We adopt the concept of Galericini from Van den
Hoek Ostende (2001), except for the synonymy of
Tetracus Aymard, 1850, and Galerix made in this

paper and refuted by Hugueney and Adrover
(2003). We follow Hugueney and Adrover (2003),
Van den Hoek Ostende and Fejfar (2006), and
Masini and Fanfani (2013) by including the genera
Apulogalerix Masini & Fanfani, 2013, Deinogalerix
Freudenthal, 1972, Riddleria van den Hoek Ostende,
2006, and Tetracus in this tribe. Our use of the term
Galericini differs from that of Lopatin (2006) in that
we exclude most of the morphologically conserva-
tive Palaeogene taxa (e.g. Protogalericius Lopatin,
2006 and Oligochenus Lopatin, 2005), as well as
recent gymnures (e.g. Hylomys Miller, 1840) and
their close fossil relatives (e.g. Thaiagymnura Mein
and Ginsburg, 1997, and Lantanotherium Filhol,
1888).

Table 1. Abbreviations of the locality names from the Daroca-Calamocha area yielding erinaceids material.

Age
Locality Code Age (Ma) Collection Locality Code (Ma) Collection
Pedregueras 2A PE2A 10.62 RGM Valdemoros 6A VAGA 14.53 MNCN
Carrilanga 1 CAR1 11.33 RGM Valdemoros 7C VA7C 14.55 MNCN
Nombrevilla 2 NO2 11.87 MNCN Valdemoros 7B VA7B 14.59 MNCN
Solera SoL 12.01 RGM Valdemoros 7A VA7A 14.62 MNCN
Paje 2 PJE2 12.26 MNCN Vargas 8C VR8C 14.71 MNCN
Paje 1 PJE1 12.39 MNCN Vargas 8B VR8B 14.73 MNCN
Las Planas 5 H LP5H 12.60 RGM Caseton 2B CS1B 14.75 RGM
Toril 2 TOR2 12.61 RGM Caseton 1A CS1A 14.78 RGM
Toril 1 TOR1 12.62 RGM Moratilla 4 MOR4 - RGM
Toril 3B TOR3B 12.65 MNCN Vargas 7 VR7 14.81 MNCN
Alcocer 2 AC2 12.70 RGM Valdemoros 3D VA3D 14.82 RGM
Villafeliche 9 VL9 12.85 RGM Valdemoros 3B VA3B 14.84 uu
Las Planas 5K LP5K 13.08 RGM Vargas 6 VR6 15.25 MNCN
Borjas BOR 13.20 RGM Vargas 5 VR5 15.32 MNCN
Valalto 1B VT1B 13.30 RGM, MNCN Villafeliche 4A VL4A 15.50 RGM
Valalto 1A VT1A 13.35 MNCN Valdemoros 8A VABA 15.68 MNCN
Las Planas 5C LP5C 13.55 RGM, MNCN Moratilla 3 MOR3 15.73 MNCN
Las Umbrias 21 LUM21 13.75 MNCN Moratilla 2 MOR2 15.78 MNCN
Las Umbrias 22 LUM22 13.76 MNCN Fuente Sierra 4 FT4 15.82 MNCN
Las Umbrias 20 LUM20 13.80 MNCN Fuente Sierra 3 FT3 15.82 MNCN
Las Umbrias 19 LUM19 13.95 MNCN La Col D coLb 15.84 MNCN
Las Planas 4B LP4B 13.96 MNCN, UU La Col C coLc 15.86 MNCN
Las Umbrias 14 LUM14 13.99 MNCN Fuente Sierra 2 FT2 15.89 MNCN
Las Umbrias 18 LUM18 14.00 MNCN OImo Redondo 8 OR8 15.91 RGM
Las Umbrias 17 LUM17 14.01 MNCN Vargas 2B VR2B 15.92 MNCN
Las Umbrias 12 LUM12 14.03 MNCN La Col A COLA 15.93 MNCN
Las Umbrias 16 LUM16 14.04 MNCN Vargas 2A VR2A 15.94 MNCN
Las Umbrias 11 LUM11 14.06 MNCN OImo Redondo 9 OR9 15.95 RGM
Las Umbrias 10 LUM10 14.09 MNCN La Col B COLB 15.98 MNCN
Regajo 2 RG2 14.16 RGM Olmo Redondo 5 OR5 16.02 RGM
Las Umbrias 9 LUM9 14.18 MNCN Vargas 1A VR1A 16.11 RGM
Las Umbrias 8 LUM8 14.20 MNCN Vargas 4BB VR4BB 16.12 MNCN
Las Umbrias 7 LUM8 14.20 MNCN Vargas 3 VR3 16.13 MNCN
Valdemoros 7 G VA7G 14.24 MNCN Vargas 4B VR4B 16.13 MNCN
Valdemoros 7F VA7F 14.27 MNCN Vargas 4A VR4A 16.15 MNCN
Valdemoros 7E VA7E 14.29 MNCN Olmo Redondo 4A OR4A 16.30 MNCN, UU
Las Umbrias 5 LUM5 14.30 MNCN San Roque 3 SR3 16.33 MNCN, UU
Las Umbrias 4 LUM4 14.32 MNCN Artesilla ART 16.49 MNCN
Valdemoros 7D VA7D 14.33 MNCN Villafeliche 2A VL2A 16.63 uu
Las Umbrias 3 LUM3 14.37 MNCN, UCBL Olmo Redondo 3 OR3 16.64 RGM
Vargas 11 VR11 14.38 MNCN San Roque 5 SR5 16.65 MNCN
Valdemoros 6B VA6B 14.39 MNCN San Roque 2 SR2 16.66 RGM
Las Umbrias 2 LUM2 14.40 MNCN San Marco 1 SAM 16.69 MNCN
Las Umbrias 1 LUM1 14.42 MNCN OImo Redondo 2 OR2 16.72 RGM
Valdemoros 3F VA3F 14.50 MNCN Olmo Redondo 1 OR1 16.75 RGM
Valdemoros 3E VA3E 14.53 RGM San Roque 1 SR1 16.77 RGM

The corresponding ages are after Daams, Van der Meulen, Alvarez-Sierra, et al. (1999) and Van Dam et al. (2014). MNCN = Museo de Ciencias Naturales, Madrid,
Spain; RGM = Rijksmuseum van Geologie en Mineralogie, Leiden, The Netherlands; UCBL = University of Lyon, Lyon, France; UU = University of Utrecht,

Utrecht, The Netherlands.
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Figure 2. Temporal correlation of studied localities from the Daroca-Calamocha area, showing the distribution of identified erinaceids
(Modified after Van den Hoek Ostende et al., 2016). Corresponding ages are after Daams, Van der Meulen, Alvarez-Sierra, et al. (1999)
and Van Dam et al. (2014) and follow the recent time scale of Raffi et al. (2020). Galerix cf. exilis, G. cf. remmerti, and G. cf. symeonidisi
are represented by dashed lines. Grey lines represent the upper Ramblian and Vallesian record of the studied species (based on Van
Dam et al., 2020; Van den Hoek Ostende, 2003). Taxonomic verdicts for each assemblage is provided in Supplementary file S1.
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Genus Galerix Pomel, 1848

Type species
Viverra exilis de Blainville, 1839

Other referred species

G. stehlini (Gaillard, 1929); G. africana Butler, 1956;
G. rutlandae Munthe & West 1980; G. symeonidisi
Doukas, 1986; G. aurelianensis Ziegler, 1990;
G. saratji Van den Hoek Ostende, 1992; G. uenayae
Van den Hoek Ostende, 1992; G. iliensis (Kordikova,
2000); G. remmerti Van den Hoek Ostende, 2003.
The species names ‘G.” ehiki Kretzoi, 1954, ‘G.” hip-
parionum Kretzoi, 1954, ‘G.” paraexilis Gureev, 1979,
and ‘G’ tadzhikistanicus Gureev, 1979 are all con-
sidered to be nomina dubia because of their unclear
and extremely poorly described characteristics.
According to Zijlstra and Flynn (2015), ‘G.” ehiki
may correspond to a species of Schizogalerix
Engesser, 1980, and ‘G.” hipparionum may corre-
spond to a Lantanotherium species. The material
mentioned by Gureev (1979) needs a complete
description.

Remarks

Galerix species display a wide morphological and morpho-
metric variability, because it is difficult or impossible to
assign all dental elements to a particular species when more
than one taxon occurs in the same locality. In the early
Aragonian deposits of the Daroca-Calamocha area, the
three identified species of Galerix have overlapping mor-
phological and morphometric distributions. The indistin-
guishable elements, notably several morphologically
conservative lower molars, are excluded from descriptions.
The names Galerix cf. remmerti, Galerix cf. symeonidisi,
and Galerix cf. exilis are used here to differentiate speci-
mens that are closer to the variability of G. remmerti,
G. symeonidisi, and G. exilis, respectively, but not suffi-
ciently for a clear assignment.

Galerix remmerti Van den Hoek Ostende, 2003 and
Galerix cf. remmerti Van den Hoek Ostende, 2003

Figures 3(A-H), 4, Table 2

Stratigraphic range. The type locality is Ramblar 1, Spain
(Local Zone Z, MN2). Galerix remmerti is found from
Local Zone Z to Local Zone C (latest MN 2 to early
MN 4) in the Daroca-Calamocha area of Spain (Van den
Hoek Ostende, 2003), and has been identified in the
Valleés-Penedés Basin by Van den Hoek Ostende et al.
(2020) in the MN 3 localities of Turd de les Forques, and

Sant Andreu de la Barca 1 and 3 (Ramblian, Zone A).
Galerix remmerti has also been documented in the MN3
French localities of Estrepouy (Hugueney & Bulot, 2011)
and Beaulieu (see Klietmann et al., 2014).

Referred specimens

42 isolated teeth (11 P3, one P4, five M1, 11 M2, one
M3, one p4, five ml, four m2 and three m3).
Measurements are provided in Table 2. Additional
data is provided in supplementary material (S1).

Localities
Zone B: San Roque 1, Olmo Redondo 1, San Marco 1,
Villafeliche 2A.

Zone C: Artesilla.

Galerix cf. remmerti is identified in San Roque 3
(Zone C).

Description

The P3 is elongated and characterised by a reduced devel-
opment of the lingual extension (Figures 3(A), 4(A)). The
paracone has a circular base. The parastyle is distinct and
isolated or consists of a thin anteroposterior ridge. The
postparacrista is low and straight. It bends labially at the
very end of the posterior ridge of the tooth. The lingual
extension is narrow and bears a low, conical protocone.
There is a thin ridge between the protocone and the para-
style. The P4 has a robust shape, with a quadrangular out-
line and a large lingual extension. The high paracone is
connected to a rather short and transversely oriented post-
paracrista. From the base of the rounded paracone starts
a low ridge connecting to the parastyle. The strong proto-
cone is labially elongated; from it descends a thin ridge not
reaching the parastyle. The low hypocone is connected to
the base of the protocone by a straight crest.

The M1 (Figures 3(B), 4(C)) has a subrectangular out-
line. The metacone is connected to the paracone by a thin
and direct ectoloph. The postmetacrista is curved and
reaches a low metastyle. The high protocone is always
connected to a robust and circular metaconule by a high
crest. There is no postmetaconule crest. The premetaconule
crest is weak. The postprotocrista connecting the proto-
cone to the hypocone is blunt. The anterior cingulum is
rather thick, while the posterior cingulum is narrower. As
shown in Figure 3(B,C-D) and Figure 4(C,D-F), the M2
differs from the M1 by its smaller dimensions, the shorter
postmetacrista, and the less posterolingual position of the
hypocone. The ectoloph is always straight. The parastyle is
usually connected to the paracone. The protoconule is not
distinguishable, and the preprotoconule crest is separated
from the paracone by a weak notch in one out of the three
unworn specimens in which this character can be evalu-
ated. The high protocone is always connected to the
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Figure 3. SEM pictures of Galerix remmerti (A-H), Galerix symeonidisi (I-P), and Galerix exilis (Q-X) from the Daroca-Calamocha area. (A)
P3, ART, ART-111. (B) M1, ART, ART-121. (C) M2, VL2A, VL2A-1011. (D) M2, OR1, RGM410909. (E) p4, ART, ART-11. (F) m1, ART, ART-22.
(@) m2, ART, ART-34. (H) m3, ART, ART-45. (I) P3, SR1, RGM410183. (J) M1, OR1, RGM410906. (K) M2, SR1, RGM410192. (L) M2, SAM,
SAM-41. (M) p4, SAM, SAM-10. (N) m1, ART, ART-23. (O) m2, ART, ART-44. (P) m3, ART, ART-50. (Q) P3, VLF9, RGM334855. (R) M1, VLF9,
RGM334847. (S) M2, LP5C, LP5C-B6. (T) M2, BOR, RGM334917. (U) p4, TOR1, RGM335054. (V) m1, SOL, RGM334663. (W) m2, TOR1,

RGM335051. (X) m3, TOR1, RGM335062.

metaconule (high connection in four specimens, low in
one). The postmetaconule crest is absent in four specimens
and present in three. One M3 from San Roque 1 stands out
by its large size and its broad and triangular shape
(Figure 4(Q)).

The p4 (Figures 3(E), 4(H)) has a narrow anterior
part. The paraconid is conical and isolated from the
high and bulbous protoconid; there is no paralophid.
The metaconid is well developed and not connected to
the protoconid by a crest. The talonid has a postcingulid
and a thin central ridge. The lower molars are (Figure 3

(F-H)) very conservative in shape and do not differ
fundamentally from those of Galerix exilis (below).

Remarks

Distinguishing G. remmerti from G. exilis is an arduous
task. First, both species are almost identical in size. This is
especially true since we noticed a slightly smaller size in our
material of G. remmerti compared to the ones from the
Ramblian assemblages (Van den Hoek Ostende, 2003).
Morphologically, the two species differ mostly by the pro-
tocone-metaconule connection on the upper molars, which
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Figure 4. Drawings of Galerix remmerti from the Daroca-Calamocha area. (A) P3, ART, ART111. (B) P4, ART, ART-88. (C) M1, SR1,
RGM213002. (D) M2, VL2A, VL2A-1011. (E) M2, SR1, SR1-001. (F) M2, OR1, OR1-909. (G) M3, SR1, RGM410195. (H) p4, ART, ART-I11.

Table 2. Measurements (in mm) of Galerix remmerti from Daroca-Calamocha, Spain.

P3 P4 M1 M2
L w L W1 W2 L W1 w2 L W1 W2
N 7 7 1 1 1 1 1 4 8 10 9
Min 1.63 1.16 2.79 1.86 2.42 2.00
Max 1.97 1.55 3.18 2.19 2.84 241
Mean 1.82 135 2.51 2.15 2.64 241 297 3.02 1.99 2.62 2.26
M3 p4 m1 m2
L1 L2 w L w L W1 W2 L W1 W2
N 1 1 1 1 1 4 4 4 4 4 4
Min 2.65 1.48 1.63 2.23 1.43 1.40
Max 2.92 1.72 1.82 2.30 1.57 147
Mean 1.50 137 1.85 2.02 1.25 2.78 1.67 1.74 2.26 1.49 143
m3
L W1 W2
N 3 3 3
Min 1.73 1.03 0.77
Max 1.74 1.14 0.96
Mean 1.73 1.10 0.86

is always present in G. remmerti, whereas it is variably
present in G. exilis. This crest is absent in G. symeonidisi,
co-occurring in the Local Zones B and C, further hamper-
ing the identification of G. exilis.

Additional differences have been found between the
two species. Based on the Ramblian material and the
rather large specimens from Local Zone B, Galerix
remmerti shows a reduction of the posterior width of
M2 compared to G. exilis: In Local Zone B, the W1/W2
ratio is found to range between 1.13 and 1.21 (n=>5) in
G. remmerti, whereas in Local Zones Da-Dc this ratio is
found to range between 0.99 and 1.12 (n=18) in
G. exilis. Moreover, several assemblages from Local
Zones B and Ca (San Roque 1, Olmo Redondo 1, San
Marcos, Artesilla, San Roque 3) yielded large specimens
with no postmetaconule crest. This curious feature was
previously only attested in Galerix africana (Butler,
1956, 1984, originally described as G. africanus,

although the term Galerix is feminine) and in
G. aurelianensis, the latter being a larger geographical
variant of G. remmerti (Klietmann et al., 2014). It is now
clear that this feature was also present at the end of the
biostratigraphic range of G. remmerti. It is worth noting
that the lack of postmetaconule also sometimes occurs
in G. exilis, although the oldest specimen displaying
such a feature is found in Valdemoros 3F (14.52 Ma),
almost 2 my after the extinction of G. remmerti.

In the relatively large sample from Artesilla (16.51 Ma),
the upper molars always have a protocone-metaconule
connection, and several specimens show no postmetaco-
nule crest. The W1/W2 ratio of M2 (1.12-1.15; n = 3) also
fits that of G. remmerti. The large Galerix from Artesilla is
therefore attributed to G. remmerti without doubt. The last
upper molar with no postmetaconule crest is attested in the
small sample from San Roque 3 (16.35 Ma), which is con-
sequently identified as Galerix cf. remmerti and represents



the youngest occurrence of the species. Therefore, Galerix
remmerti only reaches the subzone Ca.

Klietmann et al. (2014) suggested that the lack of
a postmetaconule crest has an ecological signal and may
indicate a tendency towards carnivory. In our opinion, this
indicates a tendency towards durophagy, that is to say, in
the case of G. remmerti, a slightly more omnivorous or
hard-bodied invertivorous diet. The wide dental variability
of G. remmerti in Artesilla is considered to represent mor-
phological experimentation, which later led to the emer-
gence of G. exilis during the interval 16.35-16.15 Ma. This
change may relate to the arrival of G. symeonidisi in the
basin (see below). The development of a more robust
morphotype in Galerix remmerti was apparently
unsuccessful.

Galerix symeonidisi Doukas, 1986, and Galerix cf.
symeonidisi Doukas, 1986

Figures 3(I-P), 5, Table 3

Stratigraphic range
The type locality is Aliveri, Greece (MN4). Galerix
symeonidisi is recorded in MN4 and MN5 of western

A

oo

Figure 5. Drawings of Galerix symeonidisi (A-C, E-M) and Galerix cf. symeonidisi (D
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(Van den Hoek Ostende, 2003; Van den Hoek Ostende
& Doukas, 2003; Van den Hoek Ostende et al., 2020),
central (Bonilla-Salomoén et al., 2024; Daxner-Hock,
1998; Prieto & Rummel, 2009; Ziegler, 2005; Ziegler &
Fahlbusch, 1986) and southeastern Europe (Doukas,
1986; Markovi¢ & Milivojevi¢, 2010), and perhaps in
North Caucasus (Pickford et al., 2000). The identifica-
tion of Galerix symeonidisi in Anatolia as proposed by
Sen et al. (1998) has been ruled out by Van den Hoek
Ostende and Doukas (2003). Ziegler (1994) suggested
the presence of Galerix symeonidisi in MN3 based on
two M3 from Wintershof-West (Germany).

Referred specimens

One fragment of a mandible with p3-m1, and 168 iso-
lated teeth (43 P3, four P4, 34 M1, 53 M2, seven M3,
four p4, seven ml, nine m2 and seven m3).
Measurements are provided in Table 3. Raw data are
provided as Supplementary material (S1).

Localities

Zone B: San Roque 1, Olmo Redondo 1, Olmo Redondo
2, San Marco 1, San Roque 2, San Roque 5, Olmo
Redondo 3.

iIm

f

4

D —
—

D) from the Daroca-Calamocha area. (A) P3, OR3,

RGM410165. (B) P3, SR1, RGM410183. (C) P3, OR2, RGM410975. (D) P4, ART, ART- 83.( ) M1, ART, ART-129. (F) M1, OR1, RGM410906
(@) M1, ART, ART-125. (H) M1, SR1, RGM410187. (I) M2, SR1, RGM410191. (J) M2, OR2, RGM410979. (K) M2, SAM, SAM-42. (L) M2, SR1,

RGM410192. (M) M3, SR3, SR3-16.
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Zone C: Villafeliche 2A, Artesilla, San Roque 3, Olmo
Redondo 4A, Vargas 4A, Vargas 4BB, Vargas 1A,
Vargas 3, Olmo Redondo 5, Olmo Redondo 8.

Zone Da: Vargas 2A, Vargas 2B, Fuente Sierra 2, La
Col C.

Zone Db: La Col D.

The material from Vargas 4B (Zone C) and Fuente
Sierra 3 (Zone Da) is classified as Galerix cf. symeonidisi.

Description

The P3 has a compact shape (Figures 3(I), 5(A-C)). The
parastyle is detached from the paracone. The postpar-
acrista is robust and short; it turns labially at the end of
the tooth and joins the labial cingulum. The lingual part
has two well-developed cusps. The protocone is some-
times connected to the parastyle by a thin ridge. The
hypocone is a simple, anteriorly elongated cusp lower
than the protocone. A thin crest is sometimes present
between the two lingual cusps (2 specimens out of 17).
The P4 has a high conical paracone and a reduced
parastyle area. The postparacrista has a tiny carnassial
notch. The protocone is higher than the hypocone and is
sometimes connected to the parastyle when present.
A thin crest is found between the two lingual cusps.
The posterior cingulum is well developed.

The M1 is subrectangular (Figures 3(J)). The para-
cone and metacone are usually connected by a curved
ectoloph (concave, n = 10; straight, n = 1). The postme-
tacrista creates a variably strong posterolabial emargina-
tion in occlusal view. The parastyle is isolated in two
specimens and connected to the paracone in eleven
specimens. Usually, the preprotoconule crest bends
anteriorly before reaching the base of the paracone (in
13 out of 14 specimens). The protoconule is absent (n =
2), distinguishable (n =4), or strong (n =7). The strong

protocone is always connected to the hypocone. There is
no protocone-metaconule connection (n = 15) or a low
connection (n =2). The metaconule is connected to the
posterior cingulum in one out of 14 specimens.
Anterior, posterior, and labial cingula are always pre-
sent. As shown in Figure 3(J,K-L) and Figure 5(E-F,
H-L), the M2 has a more anteroposteriorly compressed
outline than the M1. The M2 also differs by the less
curved ectoloph (concave, n=4; straight, n=15); the
more variable preprotoconule crest which sometimes
reaches the anterior cingulum (Figure 5(H,])); the less
developed protoconule (absent, n = 7; distinguishable, n
=6; strong, n=4); the more frequent protocone-
metaconule connection (absent, n=16; low, n=3;
high, n = 6) and postmetaconule-postcingulum connec-
tion (absent, n = 1; short, n =15; connected to the cin-
gulum, n=4). The parastyle is similar to that in M1,
being connected to the paracone in 14 out of 15 speci-
mens. The ectoloph is strong (n=9) or weak (n=10).
The preprotoconule crest is incomplete (n=1) but is
generally complete and short (1 = 17). In four out of 28
specimens, this crest joins the anterior cingulum. As
usual for M2, the hypocone is reduced. The cingula are
well developed. The M3 is subtriangular (Figure 5(M)).
The metacone and paracone are connected by a low
crest. The paracone is high and connected to a rather
robust parastyle. The protocone is curved and close to
the two other cusps. The preprotocrista is separated
from the paracone by a notch, while the postprotocrista
is fully connected to the metacone. The anterior cingu-
lum is strong.

The mandible from Villafeliche 2A (1003) displays
a slightly curved body, a broken and narrow trigonid of
ml, an elongated two-rooted p4, and a small two-rooted
p3. The anterior alveoli are interpreted as belonging to

Table 3. Measurements (in mm) of Galerix symeonidisi from Daroca-Calamocha, Spain.

P3 P4 M1 M2
L W1 w2 L W1 w2 L W1 w2 L W1 w2
N 34 35 32 3 3 3 15 22 16 28 34 30
Min 1.37 1.10 1.25 21 1.79 2.12 2.03 224 2.40 1.64 2.3 1.90
Max 1.96 1.61 1.88 2.28 2.07 231 2.38 2.66 2.87 2.05 2.60 2.45
Mean 1.68 1.32 1.54 2.19 1.93 2.21 2.20 242 297 1.83 236 2.16
M3 p3 p4 m1
L1 L2 W L w L w L W1 w2
N 7 7 7 1 1 5 5 7 7 7
Min 1.16 1.03 1.32 1.64 0.98 2.7 1.26 1.32
Max 1.37 1.25 1.67 1.71 1.12 2.46 143 1.56
Mean 1.29 1.15 1.45 1.10 0.67 1.66 1.06 234 1.34 1.45
m2 m3
L W1 w2 L W1 w2
N 8 8 9 7 7 6
Min 1.91 1.27 1.24 1.46 0.98 0.77
Max 2.18 1.51 1.50 1.74 1.10 0.91
Mean 2.03 1.34 1.36 1.64 1.04 0.84




a two-rooted p2, significantly longer than the p3, and
a one-rooted pl. The mandibular foramen is located
below the anterior alveole of the p3.

The p3 is a narrow and simple element. The main cuspid
is in a central position, and a thin ridge is visible on its
anterior flank. The talon is represented by a short poster-
olingual cingulum. The p4 has an isolated paraconid with
a rounded tip. The protoconid is relatively stout, with
a distinct metaconid attached to it. The talon is broad.
The posterior cingulum is higher in its lingual region.
The trigonid of the m1 is narrower and usually slightly
shorter than the talonid. The paraconid is distinguishable
from the paralophid, and its height reached that of the
entoconid. The metaconid is conical and is positioned in
a more anterior position than the protoconid. The talonid
bears a strong, labiolingually compressed entoconid. The
hypoconid is low. The postcristid is strongly curved.
Anterior and posterior cingula are present. The m2 is
roughly similar to m1, but the trigonid is more compressed
antero-posteriorly; the paraconid is indistinct; the postcris-
tid is straight, and the postcingulid is present but rather
weak. The anterior cingulid is broad. The m3 has a rounded
trigonid and a rectangular, slightly longer talonid. The
paralophid is low and curved. The trigonid basin is rela-
tively open compared to m1 and m2. The conical metaco-
nid is the highest cuspid of the molar. The talonid bears
a slightly compressed and high entoconid and a much
weaker hypoconid. The entoconid is sometimes in a more
posterior position than the hypoconid.

Galerix exilis (de Blainville, 1839) and Galerix cf.
exilis (de Blainville, 1839)

Figures 3(Q-X), 6, Table 4

Stratigraphic range

The type locality is Sansan, France (MNG6). Galerix exilis is
an extremely common member of Middle Miocene
European assemblages (e.g. Ziegler, 1983), the origin of
which can be tracked to early MN4 (see Van den Hoek
Ostende & Doukas, 2003; this paper). Its last occurrences
are from the German locality of Hammerschmiede (11.62
Ma; Lechner & Bohme, 2025; as Galerix cf. exilis, see Prieto
et al., 2011) and the Local Zone G3 in the Daroca-
Calamocha area (11.33 Ma; De Jong, 1988; this work).

Referred specimens

One mandible with p2-m2, one mandible with p2-p4,
one mandible with p2-p3, and 1194 isolated teeth (one
C, ten P1, 19 P2, 121 P3, ten dP3, 60 P4, three dP4, 121
M1, 271 M2, 135 M3, one il, two i3, five ¢, three p1, 19
p2, 36 p3, 12 dp3, 74 p4, 17 dp4, 75 m1, 117 m2, 82 m3).
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Measurements are provided in Table 4. Raw data are
provided as Supplementary material (S1).

Localities
Zone C: Vargas 1A, Olmo Redondo 5, Olmo Redondo 8,
Vargas 2A.

Zone Da: Vargas 2B, Olmo Redondo 9, Fuente Sierra
2, La Col B, La Col C.

Zone Db: La Col D, Fuente Sierra 4, Moratilla 2.

Zone Dc: Villafeliche 4A, Vargas 5, Valdemoros 3B,
Valdemoros 3D.

Zone Dd: Vargas 7, Moratilla 4, Caseton 1A, Caseton
2B, Vargas 8B, Vargas 8C, Valdemoros 7A, Valdemoros
7B, Valdemoros 7C, Valdemoros 6A, Valdemoros 3E,
Las Umbrias 1, Las Umbrias 2, Valdemoros 6B, Las
Umbrias 3, Valdemoros 7D, Las Umbrias 4, Las
Umbrias 5, Valdemoros 7E, Valdemoros 7F,
Valdemoros 7 G, Las Umbrias 7, Las Umbrias 8, Las
Umbrias 9, Regajo 2, Las Umbrias 10.

Zone E: Las Umbrias 11, Las Umbrias 16, Las
Umbrias 12, Las Umbrias 17, Las Umbrias 18, Las
Umbrias 14, Las Planas 4B, Las Umbrias 19, Las
Umbrias 20.

Zone F: Las Umbrias 21, Las Umbrias 22.

Zone G1: Las Planas 5C, Valalto 1A, Valalto 1B.

Zone G2: Borjas, Las Planas 5K.

Zone G3: Villafeliche 9, Alcocer 2, Toril 3B, Toril 1,
Toril 2, Solera, Nombrevilla 2, Carrilanga 1.

Galerix cf. exilis is identified in Vargas 4BB (Zone C),
La Col A (Zone Da) and Fuente Sierra 3 (Zone Da).

Description

The elongated two-rooted upper canine bears one cusp
that is stretched posteriorly. There are neither crests nor
cingula. The P1 is a small, elliptical, and two-rooted
tooth with a main cusp in central position (Figure 6
(A)). The roots are straight or slightly convergent. There
is sometimes a posterior cingulum. The P2 is larger than
the P1 and has a more robust central cusp. The posterior
cingulum is always present and sometimes bears a very
low cuspule, as shown in Figure 6(B). The anterior
cingulum is inconspicuous. The roots are often bent
slightly backwards. The P3 is slightly molarized and
bears a strong, conical paracone. There is a straight
anterior extension that does not bear a clear parastyle.
The lingual part is narrow, with the protocone only
represented by a ridge-like elevation. The lingual exten-
sion is variable in length (Figure 6(E) vs Figure 6(F)). In
eight out of 89 specimens, the P3 bears a minute hypo-
cone (Figure 6(E)). The protocone of the dP3 is a robust
and conical cusp. The postprotocrista turns labially at
the end of the tooth and joins a posterior cingular crest.
The metacone is often distinguishable as an elevation in
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A2

Figure 6. Drawings of Galerix exilis from the Daroca-Calamocha area. (A) P1, PJE2, PJE2A1, in labial (A1) and occlusal (A2) views. (B) P2,
VR7, VR7-B2, in labial (B1) and occlusal (B2) views. (C) dP3, CS1A, RGM410334. (D) dP3, VA7B, VA7B-B4. (E) P3, CS1A, RGM410336. (F)
P3, VL9, RGM334855. (G) dP4, TOR3B, TOR3B-B4. (H) P4, LUMS8, LUM8-B3. (I) M1, SOL, RGM334641. (J) M1, NO2, NO2-A47. (K) M1, BOR,
RGM334911. (L) M1, LP4B, LP4B-C1. (M) M2, SOL, RGM334643. (N) M2, BOR, RGM334917. (0) M2, NO2, NO2-B53. (P) M3, SOL,
RGM334616. (Q) M3, CSTA, RGM410340. (R) p1, TOR1, RGM433629, in labial (R1) and occlusal (R2) views. (S) p2, SOL, RGM334583, in
labial (S1) and occlusal (S2) views. (T) dp3, VR7, VR7-A3. (U) dp3, VR7, VR7-B3. (V) p3, VR8B, VR8B-B1. (W) p3, LUM22, LUM22-A1. (X)
dp4, CS2B, RGM410380. (Y) p4, NO2, NO2-C7. (Z) p4, NO2, NO2-C8. (A’) p4, NO2, NO2-B10. (B’) Mandible with p1-m3, NO2, NO2-E1.

Scales: 1 mm (A-A’), 5 mm (B’).

the middle of the crest (Figure 6(C)). The P4 bears
a high paracone. The parastyle is usually distinct from
the anterolabial corner. There is no connection between
the parastyle and the paracone. The postparacrista is
thick and shows a carnassial notch. A thin ridge some-
times connects the protocone to the anterolabial mar-
gin. The hypocone is lower than, but as strong as the
protocone. The two cusps are sometimes connected by
a low loph. The posthypocrista is variably developed.

The DP4 has an enlarged lingual part, which often
allows the development of a third lingual cusp posterior
to the hypocone (Figure 6(G)). The parastyle region is
also enlarged in one out of three specimens.

The shape of the subrectangular M1 is variable
(Figure 6(I-L)). The paracone is sometimes connected
to the parastyle by a low crest. The parastyle is usually
connected to the paracone (n=52) but is sometimes
isolated (n=4) or absent (n=3). The paracone is



Table 4. Measurements (in mm) of Galerix exilis from Daroca-Calamocha, Spain.
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C P1 P2 DP3 P3 DP4
L W L w L w L W1 L W1 W2 W1 W2
N 1 1 8 8 1 12 6 2 89 87 4 1 2
Min 117 0.53 1.38 0.71 177 1.29 1.50 1.06 151 2,57
Max 1.39 0.79 1.72 0.90 2.06 1.49 2.25 1.84 1.57 2.70
Mean 1.55 1.00 1.21 0.61 1.59 0.82 1.93 1.39 1.84 1.45 1.55 232 2.64
P4 M1 M2 M3 i
L W1 W2 L W1 w2 L W1 W2 L1 L2 W L w
N 26 30 31 52 77 58 143 165 146 102 110 101 1 1
Min 221 1.99 2.15 2.14 235 2.62 1.82 2.26 2.12 1.24 1.03 1.39
Max 278 252 3.06 275 3.25 3.56 231 3.02 279 1.74 147 2.06
Mean 2,57 232 2.65 2.49 2.80 3.10 2.04 2.68 2.45 1.51 1.30 1.75 0.80 1.15
i3 C p1 p2 Dp3 p3 Dp4
L w L L w L W L w L w L w
N 1 1 5 3 2 22 19 12 12 37 36 10 13
Min 0.85 1.03 0.59 1.27 0.67 1.51 0.75 1.10 0.67 1.70 1.02
Max 1.06 1.31 0.67 1.72 0.98 1.90 0.95 1.71 0.98 2.18 1.36
Mean 0.78 0.94 0.97 1.16 0.63 1.46 0.81 1.65 0.86 1.43 0.86 1.94 1.19
p4 m1 m2 m3
L w L W1 w2 L W1 W2 L W1 w2
N 57 57 34 43 45 83 88 87 65 73 66
Min 1.75 1.13 2.65 1.42 152 2.15 1.29 1.23 1.56 1.00 0.83
Max 2.26 1.45 3.28 1.88 1.96 2.68 1.76 1.90 21 1.35 1.22
Mean 2.03 1.25 2.90 1.66 177 241 1.56 1.57 1.92 1.18 1.01

connected to the protocone by a robust loph. The pro-
toconule is often present (40 out of 54 specimens). Only
a partial notch is usually visible between the preproto-
conule and the paracone. The protocone is connected to
the metaconule (n = 68) or not (n =22). The hypocone
is always connected to the protocone. The metaconule is
crescent-shaped. The premetaconule crest is always
connected to the base of the metacone. The postmeta-
conule crest is usually short (n=75), sometimes con-
nected to the postcingulum (n=7), and sometimes
lacking (n = 7). A two-segmented, robust postmetacrista
descends from the steady metacone. The ectoloph is
usually straight (n =54) and sometimes concave (n=
7). Anterior and posterior cingula are well-developed,
whereas the lingual cingulum is often discontinuous.
The postmetaconule in the M2 is short (n = 188), con-
nected to the postcingulum (n=18) or absent (n=6);
the ectoloph is straight (n = 145) or concave (n = 12); the
protocone-metaconule connection is usually present (n
=158) but can be absent (n = 47). The M2 difters also by
its smaller size, the fully convex anterior border, the
reduced hypocone, and the shorter and more curved
metastyle (Figures 3(S-T), 6(M-O)). The M3 is a small
three-cuspid tooth with a subtriangular outline. The
paracone is the largest cusp and is often connected to
the variably strong parastyle. The protocone is higher
and more bent labially than the metacone. The trigon
basin is completely closed. The ectoloph is a relatively
straight and short crest, whereas the rather high pre-
protocrista and low postprotocrista are longer and
curved. A thickening of the preprotocrista represents

the paraconule. The anterior cingulum is usually broad
while the posterior cingulum is narrow or absent.

In labial view, the lower outline of horizontal ramus
of the mandible is slightly curved from the labial view
(Figure 6(B’)). The ramus is thickest under the m1. The
decrease in height is more marked anterior of p2. The
mandibular symphysis starts under the anterior root of
p2. The mandibular foramen is situated under the ante-
rior root of p4.

The symmetric il has a straight and anteroposteriorly
compressed root. The main crest consists of a slightly
convex wall, which has a rectangular occlusal outline.
A thin posterior cingulid is present. The i3 differs from
the il in its smaller size and asymmetrical shape, with
the wall of the main cusp slightly transversely bent. The
lower canine has a bent cusp and a relatively strong base.
A shoulder is often visible at the posterior base of the
tooth. The pl is a one-rooted tooth and less elongated
than the p2 (Figure 6(R) vs Figure 6(S)). The protoconid
is rather bulbous, curved and in a rather anterior posi-
tion. There is often a distinguishable anterior bulge in
front of the protoconid, and a posterior slope which
usually bears a low bulge or a cingulid. Some specimens
have an enlarged root (Figure 6(R1)). The p2 has an oval
protoconid in a central position. As in the pl, there is
a small anterior bulge. The posterior slope is longer than
the anterior one and ends as a cingulid. There are two
straight roots. The p3 is usually smaller than the p2
(Figure 6(S) vs Figure 6(V-W)) but is more complex:
the outline is more subtriangular; the protoconid is
bulbous; the anterior cuspule is more distinct; the
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talon usually has a thin cingular crest. In some rare
specimens, a swelling (metaconid) on the lingual side
of the protoconid is visible. The dp3 is a more triangular
and elongated two-rooted tooth. The protoconid is gra-
cile and pointed. The paraconid is well developed and
almost always isolated. The metaconid is lacking in most
specimens (Figure 6(T)) but can be prominent (Figure 6
(U)). The talonid is short, more developed than p3, but
not oblique as in dp4. The posterior cingulum some-
times bears a pointed cuspule. The p4 is much larger
than the p3 and has a large protoconid. The paraconid is
isolated and conical. The metaconid usually consists of
a small cusp attached to the protoconid (Figure 6(Y)). It
is sometimes stronger (Figure 6(A’)) or absent (Figure 6
(Z)). The talonid has a thin postcingulid, sometimes
connected to the lingual border of the metaconid. The
morphological variability of dp4 is high. The conical or
blade-like protoconid is connected to the paraconid by
a crest. The metaconid is usually strong but is some-
times absent. The talon is narrow and always shows an
oblique posterior crest.

On ml, the trigonid is as long as the talonid. The
protoconid and metaconid are similar in height. The
conical metaconid is in a slightly more anterior position
than the protoconid. The paralophid is low and angular.
The paraconid can be steady or slightly procumbent.
The talonid has a rectangular outline. The entoconid is
higher than the hypoconid. The two cusps are con-
nected by a low postcristid. The oblique cristid is
short, straight, and lingually oriented. The broad ante-
rior cingulid is usually not connected to the labial cin-
gulid. The posterior cingulid is usually short but is
sometimes connected to the postcristid or the entoco-
nid. The m2 differs from the m1 by the more antero-
posteriorly compressed trigonid, the more curved para-
lophid, a better closed trigonid basin, and the more
often reduced postcingulid. On the small m3, the trigo-
nid and talonid are of similar length, but the talonid is
narrower. The conical metaconid is the highest cusp of
the tooth. The paralophid descends from the protoconid
as a curved crest and reaches the anterolingual border
perpendicular to the length direction of the tooth. The
hypoconid is weaker than in m2, and the entoconid is in
a more posterior position. The anterior cingulid is
always present, but the labial one can be absent.
A short postcingulid can be present in some cases.

Remarks

The material from Vargas 4BB (16.15 Ma) is attributed
to G. cf. exilis based on the short postmetaconule crest
and the rather reduced anterior width of the incomplete
M2. Galerix exilis is first clearly identified from Vargas
1A (Local Zone C, 16.14 Ma) based on the low W1/W2

ratio on M2 (1.09-1.15; n=3). From then onwards,
G. exilis became frequent and abundant within the
Aragonian insectivore community, with a last occur-
rence in Carrilanga 1 (Zone G3, 11.33 Ma). The species
shows a huge morphological and morphometric varia-
bility. The anagenetic evolution of this taxon in the
Daroca-Calamocha area requires further analysis and
will be discussed elsewhere.

Galerix sp.

Referred specimens

Four isolated teeth: one P3 (Vargas 4B, D: W =1.49),
one M1 (Olmo Redondo 4A, I5: L=2.34, W1=2.71,
W2 =2.97), one broken M2 (Vargas 4B, B3), one broken
M3 (Vargas 4A, B4). Additional data are provided as
Supplementary material (S1).

Localities
Zone C: Olmo Redondo 4, Vargas 4A, Vargas 4B

Description

The few specimens here display the conservative mor-
phology of Galerix exilis and Galerix remmerti. As there
are no morphological characteristics that allow one of
the two species to be identified, a description of this
material is considered unnecessary.

Remarks

Following the disappearance of G. remmerti, the emer-
gence of Galerix exilis is attested in the Vargas section,
from Vargas 4BB (16.15 Ma). A few, rather large speci-
mens are still found in Olmo Redondo 4 (16.32 Ma),
Vargas 4A (16.18 Ma), and Vargas 4B (16.16 Ma). This
material cannot be distinguished from G. remmerti and
G. exilis and may represent transitional forms. These
four elements are therefore attributed to Galerix sp.

Genus Parasorex von Meyer, 1865

Type species.
Parasorex socialis von Meyer, 1865

Other referred species

P. voesendorfensis (Rabeder, 1973); P. depereti (Crochet,
1986); P. ibericus (Mein & Martin-Sudrez, 1993);
P. pristinus (Ziegler, 2003); P. kostakii (Doukas & Van
den Hoek Ostende, 2006).



Parasorex sp.
Figures 7(A), 8(A)

Referred specimens.
One M1 (LUM21C-A1: L =2.70, W1 = 3.20, W2 = 3.49).

Localities
Zone F: Las Umbrias 21.

Description.

The M1 has a subrectangular outline, with a slight trans-
versal elongation. The parastyle is connected to the base
of the paracone. The protoconule is clearly distinct from
the preprotocrista. A notch is present between the pro-
toconule and the paracone. The protocone is connected
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to the hypocone by a high and strongly curved loph;
a thinner crest connects the metaconule to this loph.
The premetaconule crest is short and high. The post-
metaconule crest joins the posterior cingulum. The
junction between these two structures is rather low.
The metacone is stronger than the paracone. The post-
metacrista is two-segmented and elongated. The ecto-
loph is thin and curved. Anterior, posterior, and labial
cingula are well developed.

Remarks.

The M1 from Las Umbrias 21 corresponds to a rather
advanced MNG6 galericine and shows notable similarities
with the younger Parasorex socialis. It is also found in
the upper variability of P. socialis from Petersbuch fis-
sures (Ziegler, 2005). The protocone-metaconule con-
nection on M1, usually associated with Galerix species,

Figure 7. SEM pictures of Parasorex sp. (R), Parasorex voesendorfensis (B-F), Lantanotherium sp. (G), ‘Amphechinus’ baudeloti (H-K),
Atelerix cf. depereti (L-M), and ‘Mioechinus’ sp. (N) from the Daroca-Calamocha area. (A) M1, LUM21, LUM21-C1. (B) M1, CAR1,
RGM335277. (C) M1, CAR1, RGM335279. (D) M2, CAR1, RGM335218. (E) M2, CAR1, RGM335237. (F) p3-m3, CAR1, RGM 335,482. (G) p2-
p4, LUM20, LUM20-A1. (H) M1, MOR2, MOR2-C4. (I) M2, MOR2, MOR2-C5. (J) m1, MOR2, MOR2-D2. (K) m2, MOR3, MOR3-B1. (L) P3,
PE2A, RGM334439. (M) M2, TOR2, TOR2-A4. (N) M2, CA1A, RGM 213,184.
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is rare in Parasorex: it is attested in Parasorex sp. from
Samsanohdaza (Prieto et al., 2012), some rare Parasorex
socialis from the Vallés-Penedés Basin (M. Furid, pers.
obs.), and a vestigial crest is sometimes distinguishable
in P. ibericus (Mein & Martin-Suarez, 1993).
Considering the sample size, the absence of P. socialis
in other assemblages from the Daroca-Calamocha area,
and the chronological gap between Las Umbrias 21
(13.75Ma) and the first late Aragonian occurrences of
P. socialis in the Vallés-Penedés Basin (Van den Hoek
Ostende et al., 2016), our material is classified as
Parasorex sp.

Parasorex voesendorfensis (Rabeder, 1973)

Figures 7(B-F), 8(B-T), 9(A), Table 5

1988 - Parasorex socialis— De Jong, p. 257-269,
plates 1-3.
Stratigraphic range. The type locality is Vosendorf,
Austria (MN9). Parasorex voesendorfensis is known
from the late Middle Miocene and Late Miocene
(MN7/8, MN9) of western, central, and eastern Europe
(Cailleux et al., 2023; Harzhauser et al., 2011; Hir et al.,
2016, 2017; Kilin & Kempf, 2009; Prieto et al., 2010,
2014; Rabeder, 1973; Ziegler, 2000). Unpublished mate-
rial indicates the presence of the species in Germany (J.
P., pers. data), France (F.C., pers. data), and Turkey
(LvdHO, pers. data).
Referred specimens. One mandible with p2-m3, one
mandible with m1-m2, and 462 isolated teeth (three
P1, 45 P3, 60 P4, 47 M1, 78 M2, 22 M3, six pl, ten p2,
34 p3, 37 p4, 37 m1, 50 m2, 41 m3). Measurements are
provided in Table 5. Raw data are provided as
Supplementary material (S1).
Localities. Zone G3: Nombrevilla 2, Carrilanga 1.

Zone I: Pedregueras 2A.

Description. The P3 has a robust and conical paracone.
The parastyle is usually lacking but sometimes consti-
tutes a low bulge at the anterolabial margin of the tooth,
as in Figure 8(B). Sometimes (four out of 22 specimens),
a thin crest connects the parastyle to the base of the
paracone. The postparacrista is robust and slightly
curved (nine out of 16 specimens); it ends by turning
labially at the margin of the tooth. The conical proto-
cone is often isolated but sometimes connected to the
middle of the anterior border by a thin and low pre-
protocrista. The hypocone is robust and has a more
elongated shape than the protocone. The posthypocrista
reaches the posterior cingulum. The P4 shows only
a slight oblique elongation (Figure 8(C-D)). The para-
cone is robust, and the postparacrista is rather sharp.
The parastyle is often present and always low. The
lingual extension is more developed than in P3. The
conical protocone is often connected to the parastyle
by a thin crest. The hypocone is conical (in one ‘aber-
rant’ specimen, it is blade-like) and connected to the
wide posterior cingulum by the posthypocrista.

The M1 is rectangular to diagonally elongated. The
paracone has a triangular outline and is connected to the
parastyle by a thin crest (in 23 out of 25 specimens). The
protoconule is always present and usually strong (23 out
of 32 specimens). It is sometimes isolated from the
protocone. As shown in Figure 7(B-C), a complete
notch is usually present (n=32); the preprotoconule
crest is connected to the anterior cingulum in one speci-
men. The protocone is connected to the hypocone by
a slightly curved loph. The posthypocrista is distin-
guishable in 20 specimens (out of 36). A protocone-
metaconule connection is present in two molars out of
42 (Figure 7(C)). The postmetaconule crest is always
connected to the postcingulum. The metacone is high
and connected to a rather short postmetacrista. The
ectoloph is usually sinusoidal (n=28), but a few Ml

Table 5. Measurements (in mm) of Parasorex voesendorfensis from Daroca-Calamocha, Spain.

P1 P3 P4 M1 M2
L w L w1 W2 L w1 w2 L w1 W2 L w1 W2
N 3 3 30 34 30 42 47 4 25 28 23 39 40 39
Min 0.77 0.61 1.78 134 1.56 2.20 1.99 2.14 2.23 2.55 2.68 1.81 2.44 2.28
Max 0.85 0.64 2.20 1.97 2.30 2.58 2.48 2.99 2.56 3.08 3.17 2.24 3.09 2.79
Mean 0.80 0.62 1.98 1.62 1.92 2.36 2.24 2.59 237 2.77 2.97 1.96 2.67 2.49
M3 pl p2 p3 p4
L1 L2 w L w L w L w L w
N 19 20 19 6 6 10 10 31 33 6 7
Min 1.19 1.08 1.52 0.70 0.56 1.02 0.61 147 0.86 177 1.23
Max 1.39 1.20 191 0.82 0.59 1.35 0.71 1.96 1.18 2.15 1.46
Mean 1.32 1.15 1.70 0.74 0.58 1.23 0.65 1.78 1.00 1.99 132
m1 m2 m3
L W1 W2 L w1 w2 L W1 W2
N 3 4 5 13 15 15 17 19 17
Min 2.63 147 1.70 2.29 1.53 1.50 1.84 1.13 0.93
Max 2.87 1.75 1.95 2.53 1.68 177 2.21 1.32 117
Mean 2.72 1.62 1.87 241 1.60 1.62 1.95 1.21 1.05
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Figure 8. Drawings of Parasorex sp. (A) and Parasorex voesendorfensis (B-T) from the Daroca-Calamocha area. (A) M1, LUM21, LUM21-
C1. (B) P3,NO2, NO2-C33. (C) P4, CAR1, RGM335230. (D) P4, PG2A, RGM334443. (E) M1, CAR1, RGM335266. (F) M1, CAR1, RGM335287.
(@) M1, NO2, NO2-A44. (H) M2, CAR1, RGM335318. (I) M2, CAR1, RGM335308. (J) M2, NO2, NO2-D48. (K) M2, NO2, NO2-B49. (L) M3,
PG2A, RGM334453. (M) M3, PG2A, RGM334454. (N) p2, PG2A, RGM334436, in labial (N1) and occlusal (N2) views. (0) p3, PG2A,
RGM334434. (P) p4, NO2, NO2-B6. (Q) p4, PG2A, RGM334430. (R) m1, CAR1, RGM335421. (S) m2, CAR1, RGM335448. (T) m3, CAR1,

RGM335448.

(n=5) have a divided crest (Figure 8(E)) or have
a concave ectoloph (n=2). Anterior, posterior, and
labial cingula are well developed, even if the labial cin-
gulum is often discontinuous. The parastyle in the M2 is
always connected to the paracone (in 38 specimens).
The notch of the preprotoconule crest is usually less
pronounced. The protoconule is always present (in 35
specimens). The preprotoconule crest is incomplete (n
=54), connected to the base of the paracone (n=1), or
connected to the anterior cingulum (n=2). The ecto-
loph curvature is sinusoidal (n =49) or divided (n = 2);
the protocone-metaconule connection is present in five
out of 69 specimens; the posthypocrista is visible in
seven out of 64 specimens. Finally, we also note two
M2 with a discontinuous postmetaconule-postcingulum

connection (out of 63 specimens). The M3 is subtrian-
gular but variable in length: some specimens are ante-
roposteriorly compressed, leading to a short ectoloph.
The parastyle is well developed and is usually part of the
anterior cingulum. The preprotocrista and postproto-
crista are similar in length. The protocone is usually
distinguishable on the preprotocrista. Narrow labial
and posterior cingula are present.

The mandibular body is gracile and has a constant
height between p3 and m2. The ramus has a deep mas-
seteric fossa and a marked curvature of its anterior edge
of the ramus. The mental foramen is situated before the
anterior root of the p4.

The pl is a small and simple, one-rooted tooth
with a bent, ovoid main cuspid. The p2 has two
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Figure 9. Drawings of Parasorex mandibles. (A) p2-m3, CAR1, RGM335482, Parasorex voesendorfensis. (B) i1-i2, p3-m1, Gratkorn,
UMJGP 204,691, Parasorex voesendorfensis, modified after Prieto et al. (2014). (C) p3-m3, Petersbuch 6, NHMA P6-013B1, Parasorex
socialis, modified after Ziegler (2005). (D) c-m3, Cucélon, Parasorex ibericus, modified after Mein and Martin-Suarez (1993).

parallel to slightly divergent roots. The main cusp is
in an anterior position. An anterior cuspule is pre-
sent. A small talon is distinguishable, bearing
a posterior cuspule. As shown in Figure 7(F), the
subtriangular p3 is longer than the p2. The proto-
conid is robust and placed in an anterior position.
The low paraconid is conical or blade-like. In only
one out of 21 specimens, the paraconid is isolated.
The talonid is well developed with a posterior and
a transverse crest. The subtriangular p4 is a robust
tooth with a labially placed protoconid. The paraco-
nid is always connected by a curved paralophid to
the base of the protoconid. The metaconid is usually
strong. The talonid is variable in length (Figure 8(P,
Q)); it bears a thin central ridge (on 18 out of 23
specimens) and a strong and posterior cingular crest.

The trigonid on the ml is subequal to the talonid
(Figure 8(R)). The paralophid is elongated and consists

of two segments. The paraconid is sometimes slightly
procumbent. The protoconid and metaconid have the
same height. The metaconid is more anteriorly placed
than the protocone. The entoconid is well developed
and higher than the hypoconid. The two cusps are
connected by a low postcristid. The talonid basin is
closed; the metacristid and entocristid are divided by
a tiny notch. The oblique cristid is straight. A robust
anterior cingulid is present. The labial cingulid is some-
times absent; when present, it is usually disconnected
from the anterior cingulid. The connection of the post-
cingulid is variable: the entoconid-postcingulid connec-
tion is present in twelve specimens, the postcristid-
postcingulid connection is found in eight m1, and the
postcingulid is isolated in 15 m1. The m2 differs from
the m1 by the anterior compression of the trigonid, the
more curved paralophid, and the weaker development
of the postcingulid. There is an entoconid-postcingulid



connection (n = 8) or a postcristid-postcingulid connec-
tion (n = 11). The postcingulid is isolated in 26 m2. The
m3 is a small and rather elongated tooth (Figure 7(F)).
The conical metaconid is the highest cusp. The para-
lophid descends from the protoconid as a robust and
curved crest and reaches the antero-lingual border per-
pendicular to the length of the tooth. It is often pro-
cumbent. The talonid still presents a notch between the
metacristid and the entocristid. The entoconid is in
a more posterior position than the hypoconid. The
postcingulid is sometimes present; it may be isolated
or connected to the entoconid.

Remarks. The identification of Parasorex socialis in the
Daroca-Calamocha by De Jong (1988) has been ques-
tioned since the discovery of new material and species
of Galericini (Prieto et al., 2014). The variability of the
Daroca-Calamocha specimens is considered here to be
closer to Parasorex voesendorfensis (previously attributed
to Schizogalerix; see below) than to Parasorex socialis and
fits perfectly with the diagnosis of Prieto et al. (2010). It
should be noted that some of the measurements pub-
lished in 2010 were incorrectly reported in their Table 1
(J.P., pers. obs.). The corrected measurements are avail-
able as Supplementary Material (52 Table). The measure-
ments from the Daroca-Calamocha area are very similar
to those from Gratkorn (S2 Table), Nebelbergweg (Kilin
& Engesser, 2001), and Borsky Svity Jur (Cailleux et al.,
2023). We note that the antemolar elements in Borsky
Svity Jur are slightly shorter than in the oldest localities,
Nombrevilla 2, Carrilanga 1, and, to a lesser extent,
Gratkorn. The p4 from Pedregueras 2A is also more
compact than in the two older localities (Figure 8(Q) vs.
Figure 8(P)), resulting in a p4 outline similar to that of
more advanced Galericini such as P. ibericus. This sup-
ports a progressive shortening of the mandible over time,
mirroring the observations made within the assemblages
of P. ibericus (Mein & Martin-Sudrez, 1993).

The possible occurrence of Schizogalerix in MN7/8
Spanish deposits and the rather ancestral variability of
‘S.” voesendorfensis is for us the result of an incorrect
generic assignment. After all, while Schizogalerix is
mainly distinguished by the split ectoloph on M1-M2,
the evolutionary stage of P. voesendorfensis is more simi-
lar to that of Parasorex ibericus (Mein & Martin-Suérez,
1993). Another variable feature on M1 and M2 is the
presence or absence of a protocone-metaconule connec-
tion. This connection is considered often present in
Galerix and always absent in Schizogalerix. This character
was also considered absent in Parasorex (Van den Hoek
Ostende 2001), but new evidence supports that the loss of
this character appeared later in the evolutionary history
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of both Parasorex (see remarks of Parasorex sp.) and early
Schizogalerix (F.C., pers. data). Moreover, P. voesendor-
fensis from Daroca-Calamocha sometimes lacks the labial
cingulid on the lower molars. As far as we know, this
particular character has only been described in Parasorex
ibericus (Mein & Martin-Suarez, 1993). Finally, these
authors mentioned that the most diagnostic feature of
P. ibericus, the posthypocrista on M1, was already present
in the material from Pedregueras 2C and Carrilanga
based on De Jong (1988). This observation is confirmed
here. This crest is not mentioned in Parasorex socialis
from Steinheim (type-locality) and Anwil (Engesser,
1972). The slightly reduced length of the lower premolar
of P. voesendorfensis from MN9 deposits is also consistent
with an intermediate position between P. socialis and
P. ibericus. Prieto et al. (2010) highlighted differences in
the mandible morphology of P. voesendorfensis and
P. socialis, shown in Figure 9: the former has its anterior
part reduced and its incisors, canine and first premolar
are more protruding. In addition, the ascending ramus is
more perpendicular to the dental row in P. voesendorfen-
sis. The only relatively well-preserved mandible of P.
voesendorfensis from Carillanga 1 has a more anterior
reduction of the mandible (Figure 9(A)), like the material
from Gratkorn (Figure 9(B)), while the curvature of the
ascending ramus appears closer to P. socialis (Figure 9
(C)) and P. ibericus (Figure 9(D)). Consequently,
P. voesendorfensis can no longer be attributed to
Schizogalerix and should be transferred to Parasorex, as
was previously suspected (Cailleux et al., 2023; Prieto
et al., 2014).

The reattribution of our material to Parasorex voe-
sendorfensis implies the possible misidentification of
this species in latest Middle Miocene and early Late
Miocene localities. For instance, the Galericini tenta-
tively identified as Parasorex socialis from Barranc de
Can Vila 1 (Furid, Casanovas-Vilar, et al., 2011a) pre-
sents a sinusoidal ectoloph on M1 and M2 that is
uncommon for P. socialis, but not for P. voesendorfensis.
Similarly, several specimens from La Grive-Saint-Alban
identified as P. socialis seem out of the variability range
of this species (F.C., pers. data). On the other hand, the
relative abundance of P. voesendorfensis in Pedregueras
2A suggests that this species may have survived longer
in Spain than in Central Europe. Several MN10 Spanish
localities delivered early forms of Parasorex ibericus
(Mein & Martin-Sudrez, 1993), whereas some of the
Vallesian material from southern France has been listed
as P. cf. socialis (Jujurieux: Mein, 1999; Soblay:
Ménouret & Mein, 2008) or P. aff. socialis
(Montredon: Crochet & Green, 1982). It is clear that
the differences between Parasorex species were
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somewhat unclear in the early Late Miocene, and all
MN9 and MN10 material should be carefully considered
and properly described.

Galericinae Tribe Incertae sedis
Genus Lantanotherium Filhol, 1888

Type species.
Lantanotherium sansaniense (Lartet, 1851).

Other referred species. L. robustum (Viret, 1940);
L. sanmigueli Villalta and Crusafont, 1944;
L. longirostre Thenius, 1949; L. sawini (James, 1963);
L. dehmi (James, 1963); L. lactorense (Baudelot &
Crouzel, 1976); L. sabinae (Mein & Ginsburg, 2002);
L. observatum (Korth and Evander, 2016); L. anthrace
Cailleux et al., 2020.
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Figure 10. Drawings of Lantanotherium mandibles. (A)
Lantanotherium  lactorense,  p2-p4, Navére,  MHNT.
PAL.2015.0.722 (holotype). (B) Lantanotherium sp., p2-p4,
LUM20, LUM20-B4. (C) Lantanotherium sabinae, p2-m1 (detail),
Peyre et Beau, FSL66146 (holotype). Scale: 2 mm.

Remarks. According to Baudelot and Crouzel (1976),
the holotype of Lantanotherium lactorense was housed
at the historical museum Eugéne-Camoreyt of Lectoure,
France. However, as it appeared, the material is unfind-
able (Furio, Alba, Carmona, et al., 2011). Fortunately, F.
C. discovered the holotype at the Museum d’Histoire
Naturelle de Toulouse (MNHT), France, under the
identification number MHNT.PAL.2015.0.722. As
shown in Figure 10(A), the mandible is slightly
damaged, but diagnostic features are preserved.

Lantanotherium sp.
Figures 7(G), 10(B)

Referred specimens. One fragment of mandible with p2
(L =1.40, W =0.68), p3 (L = 1.61, W =0.87) and p4 (L =
2.06, W=1.27) (LUM20B4); height of the mandible
under p2: 3.41 mm; height of the mandible under p4:
3.97 mm.

Locality. Zone E: Las Umbrias 20.

Description. The mandible fragment is robust and
rather high. In occlusal view (Figure 7(G)), the dentary
slightly deviated to the labial part in the section anterior
to the p2. Short diastemas are present anterior and
posterior to p2. A large, partially preserved alveole is
present anterior to the p2, and is interpreted as belong-
ing to the canine. The mandibular foramen lies below
the anterior root of p3 (Figure 10(B)).

The double-rooted p2 is only slightly smaller than the
p3. The protoconid is elongated and placed in a slightly
anterior position. The anterior margin of the tooth is
short, narrow, and without cingulid. Its posterior part is
also reduced. The p3 is elongated and has a narrower
anterior part. The protoconid is bulbous and steady.
The anterior part is just a slope without cingulid.
A cingulid is visible on the posterior margin. The
p4 has an ovoid outline and a rounded anterior margin.
The paraconid is low and blunt. It is attached to the
rather large protoconid. There is no metaconid. The
talonid bears a thin postcingulid but has no basin.
A narrow anterolabial cingulid is present.

Remarks. The large and simple lower premolars, each
separated by a diastema, cannot be attributed to any
known species of Galericini. This combination of char-
acters is found in some members of the crown group of
the gymnures. The sole representative of this group in
the Miocene of Europe is Lantanotherium. This genus is
diverse throughout the Miocene (Cailleux et al., 2020;
Furié & Alba, 2011), yet it is always rare in Early and
Middle Miocene European deposits. For example,
although the genus originated in Asia, the first recorded



occurrence in Europe was in Lectoure, southern France
(MN3/4; Baudelot & Crouzel, 1976), highlighting the
very blurred biogeographic history of this group. The
first occurrence of the genus in Spain is in Can Cerda
(MN4; Crusafont et al., 1955) with L. piveteaui, although
the material consists only of a fragment of a mandible
with m2 and m3, making this identification tentative
and comparisons with our material impossible.

Our dental elements differ from L. lactorense by the
reduction of the p2 (Figure 10(A) vs Figure 10(B)). The
combination of a two-rooted p2 and a robust p4 without
a distinct metaconid is diagnostic for the large L. sabinae
from La Grive-Saint-Alban (MN7/8; Mein & Ginsburg,
2002) (Figure 7(G)), but this species possesses a p1, which
seems to be lacking in our mandible, as in L. sansaniense.
Lantanotherium lactorense already shows a progressive
reduction in mandibular height after the p3 (Baudelot &
Crouzel, 1976: fig. 2). This decrease in height is partly an
artefact of representation (F. C., pers. obs.) but is still more
pronounced than in the mandible from Las Umbrias 20
and in L. sansaniense. However, it is worth noting that the
mandible of the latter seems to be relatively variable in this
respect (Engesser, 2009). This decrease is stronger in
L. longirostre, where it corresponds to an abrupt constric-
tion, resulting in a very elongated mandible.

The size of the specimen from Las Umbrias 20 does not
fit the increasing trend observed in the European clade of
Lantanotherium. Therefore, the species from Daroca-
Calamocha does not represent an intermediate form
between L. lactorense and L. sabinae, as also suggested by
the absence of pl. The small Lantanotherium sanmigueli,
which has been found in the early Late Miocene in Eurasia
(see, for example, Cailleux et al., 2023; Furié & Alba, 2011;
Ziegler, 2005), represents the second migration event of the
genus into Western Europe. Compared to our specimen,
L. sanmigueli has proportionally shorter p2 and p3, a p2
with a single root, as well as a more slender p4 with
a distinct paraconid and metaconid swelling (based on De
Bruijn et al., 2012). Our specimen also has a much thicker
mandible (based on Ziegler, 2005).

The phylogeny of Middle Miocene European
Lantanotherium is still uncertain and is blurred by
the concept of Lantanotherium aff. sansaniense (e.g.
Bottcher et al., 2009; Ziegler, 2000, 2006), which is
used to indicate material slightly smaller or larger
than L. sansaniense. A revision of the European
Lantanotherium material from MN4 to MN6 is
necessary. In addition, the antemolars are subject to
great morphological variation in gymnures, the
absence of pl being common in the intraspecific
variability of fossil and recent Erinaceidae species
(Cailleux, in press). As shown by the example of
Lantanotherium tobieni, which was subsequently
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synonymised with L. sansaniense (see Baudelot,
1972; Engesser, 1979), the number of premolars
should not be considered a reliable diagnostic fea-
ture. With this in mind, it is impossible with such
a limited sample - notably without upper molars -
to precisely identify the taxon from Las Umbrias 20.
This MN5 specimen likely represents a local descen-
dant of the MN3 L. lactorense.

Specimens from MN4 of Mas d’Antolino B3
(Local Zone C) (Crespo et al., 2019) have been
attributed to cf. Lantanotherium sp. by Crespo
et al. (2020). This material could be evidence of the
first migration of the genus in Spain. However, the
attribution is based on one fragment of an unmea-
surable m2 and one large-sized fragment of m1 (W
=2.23mm) with a strong but independent postcin-
gulid. Such a large Lantanotherium is only known
from MNG6 in Europe (Prieto et al., 2015; Cailleux
et al,, 2020, for comparisons), and the only occur-
rence before MNG6 is represented by our specimen
from Las Umbrias 20, which is also smaller. Also, the
material described does not display a high entocris-
tid, which is a diagnostic feature of Lantanotherium.
On the other hand, ‘Amphechinus’ baudeloti is
a relatively frequently identified hedgehog in
Spanish basins during Local Zone C (see below),
with well-developed postcingulid on ml and m?2.
The mean width of the ml talonid of this species
(based on eight specimens from Daroca-Calamocha;
see below) is 2.21 mm. Therefore, the material from
Mas d’Antolino B3 should be reattributed to cf.
‘Ampechinus’ baudeloti.

Subfamily Erinaceinae Fischer, 1814
Genus Amphechinus Aymard, 1850

Type species.
Amphechinus arvernensis Blainville, 1839

Other referred species. Amphechinus first consisted of
the western European, latest Oligocene and earliest
Miocene taxa A. arvernensis Blainville, 1839,
A. edwardsi Filhol, 1879, and A. pomeli Schlosser 1926
(see Hugueney & Maridet, 2022; Viret, 1938). It was
subsequently used as a wastebasket taxon for ancestral
Neogene erinaceines from Eurasia, Africa, and America.
It is now clear that the generic attribution of most
Erinaceinae species cannot be clearly supported without
sufficient evidence from antemolar dentition and cranial
and mandibular elements. In Europe, Amphechinus is not
recorded from the MN3 and from the MN4 assemblages,
which exhibit notable differences compared to pre-MN3
species (see Bonilla-Salomén et al., 2024; Van Dam et al.,
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2020). In Asia, the recent description of the new genera
Oligoechinus (Li et al., 2019), Ladakhechinus (Wazir et al.,
2022), and Sonidolestes (Li et al., 2024) highlights the
limitations of using Amphechinus as the default genus
for isolated specimens. Pending a detailed revision of
the Neogene Erinaceinae and in addition to the afore-
mentioned species, we provisionally consider the follow-
ing species: ‘A.” kansuensis Bohlin, 1942; ‘A.” rusingensis
Butler, 1956; ‘A.” horncloudi Macdonald, 1970; ‘A.” gins-
burgi Baudelot, 1972; ‘A. baudeloti Gibert, 1975; ‘A’
golpeae Gibert, 1975; ‘A. robinsoni Gilbert, 1975; ‘A’
kreuzae Munthe and West, 1980; ‘A.” akespensis Lopatin,
1999; ‘A’ microdus Lopatin, 1999; ‘A’. bohlini Bi, 2000;
‘A. gigas Lopatin, 2002; ‘A.” ellicoti Martin and Lim, 2004;

‘A. major Ziegler et al., 2007; ‘A.” minutissimus Ziegler
et al., 2007; ‘A.” taatsiingolensis Ziegler et al., 2007.

‘Amphechinus’ baudeloti Gibert, 1975

Figures 7(H-K), 11, Table 6
Stratigraphic range. The type locality is Valtorres, Spain
(MN4). Amphechinus baudeloti is recorded from MN4
to MNG6 in western and central Europe (Van den Hoek
Ostende & Furi6, 2005; Bonilla-Salomén et al., 2024;
this paper).

Material. 74 isolated teeth (313,2 C, 1 P2,2P3,1P4,6
M1, 13 M2, 8 M3, 33,2 ¢, 3 p3, five p4, 2 Dp4, 10 m1, 7

Figure 11. Drawings of ‘Amphechinus’ baudeloti from the Daroca-Calamocha area. (A) 13, VR7B, VR7B1, in labial (A1) and occlusal (A2)
views. (B) C, COLD, COLD-I4, in labial (B1) and occlusal (B2) views. (C) P3, COLC, COLC-103. (D) P4, VA7B, VA7B-B1. (E) M1, MOR2,
MOR2-DA4. (F) M1, MOR2, MOR2-C4. (G) M2, MOR2, MOR2-C5. (H) M2, VR4BB, VR4BB-AT1. (I) M3, COLB, COLB-I20. (J) i3, COLD, COLD-I8,
in labial (J1) and occlusal (J2) views. (K) ¢, LUM19, LUM19-A3, in labial (K1) and occlusal (K2) views. (L) p3, COLD, COLD-I6, in labial
(L1) and occlusal (L2) views. (M) dp4, LUM19, LUM19-A1. (N) p4, LUM1, LUM1-A6. (0) m1, MOR2, MOR2-D2. (P) m2, VR4A, VR4A-C9.

(Q) m3, VR2A, VR2A-I5.
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Table 6. Measurements (in mm) of ‘Amphechinus’ baudeloti from Daroca-Calamocha, Spain.

13 C P2 P3 M1 M2
L W1 L w L w L W1 L W1 W2 L W1 W2
N 2 2 1 1 1 1 2 2 2 1 2 3 3 6
Min 1.84 1.21 2.06 1.98 3.47 417 2.66 2.97 2.42
Max 1.89 137 218 2.00 3.53 422 3.02 3.50 2.74
Mean 1.86 1.29 237 1.27 2.22 1.23 2.12 1.99 3.50 3.79 4.19 2.78 3.19 2.60
M3 i3 C p3 Dp4 p4
L w L W1 L w L w L w L w1
N 7 8 7 7 1 1 2 2 2 2 3 4
Min 1.06 223 1.51 1.09 1.51 1.12 2.56 1.56 2.20 1.41
Max 1.40 2.76 2.15 1.41 1.77 1.14 2.84 1.74 2.58 1.63
Mean 1.21 2.45 1.81 1.24 3.05 1.75 1.64 1.13 2.70 1.65 242 1.48
m1 m2 m3
L W1 w2 L W1 W2 L W1
N 1 4 8 2 4 4 4 4
Min 1.96 213 292 1.78 1.81 1.54 1.10
Max 2.16 2.29 2.96 1.96 1.93 1.78 1.36
Mean 3.93 2.06 2.21 2.94 1.88 1.86 1.63 1.20

m?2, 4 m3). Measurements are provided in Table 6. Raw
data are provided as Supplementary material (S1).

Localities. Zone C: Vargas 4A, Vargas 4B, Vargas 4BB,
Vargas 1A, Vargas 2A.

Zone Da: Fuente Sierra 2, La Col B, La Col C.

Zone Db: La Col D, Moratilla 2, Moratilla 3,
Valdemoros 8A.

Zone Dc: Vargas 6, Valdemoros 3B.

Zone Dd: Vargas 7, Valdemoros 7B, Valdemoros 7C,
Valdemoros 3E, Las Umbrias 1, Vargas 11, Regajo 2.

Zone E: Las Umbrias 16, Las Planas 4B, Las
Umbrias 19.

Zone G1: Valalto 1A.

Description. 13 isa sharp tooth with two elongated roots
(Figure 11(A)). The crown is high and triangular from
a lateral view. The anterior margin is rounded, whereas
the posterior part is elongated. The main cusp continues
posteriorly as a sharp and low crest and joins a minute
cusp at the posterior border of the tooth. The upper
canine is similar in morphology to the I3. It differs by
its more robust and blunt aspect (wider tooth, stronger
roots) and by the rounded posterior margin (Figure 11
(B)). The double-rooted P2 has a strong posterior root
and an elevated anterior root. The main cusp is blunt
and lies in an anterior position. A long central crest
extends from the cusp to the very end of the posterior
border. The posterior part is low and slightly wider than
the anterior part. There is no cingulum. In the P3, the
large paracone is connected to a weak metacone by a low
postparacrista. The anterolabial corner is slightly
extended and bears a minute bulge. The protocone is
robust but does not reach half the height of the para-
cone. It is placed on a lingual extension, which is well
differentiated from the labial part by a posterior

constriction (Figure 11(C)). The posteriormost part of
this extension bears a thin cingular ridge.

The P4 (one broken specimen, Figure 11(D)) has
a well-developed lingual part. The paracone is high
and labio-lingually elongated. The hypocone is low, its
base is circular, and its position is lingual. A ridge
connects the hypocone to the paracone. The posterior
margin is rounded without a marked cingulum. The
M1 has a quadrangular morphology, with the para-
style creating a right-angle corner. The postmetacrista
is elongated, creating a rather strong posterolabial
extension. The metacone is stronger and wider than
the paracone. The protoconule is not distinct; a weak
notch is visible in the preprotoconule crest in one of
the two unworn specimens. The conical metaconule is
robust and placed almost in the centre of the tooth.
The metaconule is connected to the postprotocrista.
A thin premetaconule crest is sometimes present
(Figure 11(F)). Narrow cingula are present on the
labial, anterior, and lingual sides. The posterior cingu-
lum is divided, with a stronger posterolabial part. The
M2 has a more compressed and irregular outline than
the M1 (Figure 11(G-H)): the metastyle is short and
turns labially; two specimens have a parastyle similar
to the M1 (Figure 11(H)), while a third specimen has
an extended parastyle (Figure 11(G)). The protoconule
is absent. The metaconule is placed more posteriorly
and is less pronounced than in the M1: four of the
eight preserved specimens present a ridge (Figure 11
(G)) rather than a true metaconule (Figure 11(H)).
The hypocone is massive and shows a slight antero-
posterior compression. The anterior cingulum is con-
tinuous, whereas it is discontinuous on the other
flanks. The M3 is an almond-shaped tooth with
a single robust root. The protocone is strong, but the
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paracone is hardly distinguishable. Both cusps are
included in a robust and sinusoidal central crest.
There is a strong anterior cingulum and a weak lin-
guo-posterior cingulum.

The one-rooted i3 is subtriangular to ovoid. The
main cusp is included in a low central crest. As shown
in Figure 11(J), the posterior part bears a small bulge
often distinguishable from the central crest. The poster-
ior outline is variable and can be straight or concave.
The lingual side is more flattened than the labial one.
The one-rooted lower canine is elongated and consists
of a blade-like paraconid and a robust, procumbent
protoconid. The central ridge descending posterior to
the protoconid turns lingually at the posterior end of the
tooth. The lingual side is more flattened than the labial
one. A thick lingual cingulid is present. The one-rooted
p3 is similar to i3 but differs from it by the absence of
a central ridge and the more rounded posterior margin
(Figure 11(J) vs Figure 11(L)). There is a short extension
anteriorly of protoconid, which has the form of a small
bulge in unworn specimens. The p4 has a two-
segmented and rather high paralophid, connecting the
paraconid to the top of the protoconid. A weak meta-
conid is attached to the lingual flank of the protoconid.
The talonid is short with a very thin posterior ridge. The
two roots are wide. The deciduous p4 is a massive ele-
ment with a higher dental complexity than the p4: the
paraconid is low and isolated; the protoconid is conical
and placed in the centre of the tooth; the metaconid is
low and attached to the paraconid. A curved and low
descending ridge connects the metaconid to the post-
cingulid. The narrow talon has an oblique posterior
margin.

The m1 is robust and has a strong two-segmented
paralophid. The trigonid is larger than the talonid and
has a weakly developed and largely open trigon basin.
On the talonid, the entoconid is strong and connected to
the hypoconid. The postcingulid is connected to the
entoconid in three specimens, to the postcristid in
three specimens, and is weak in two specimens. The
m2 differs from the m1 in size and by the compressed
trigonid. The postcingulid is connected to the postcris-
tid in one specimen and is weak in two. The ovoid m3
consists only of a trigonid. The protoconid and metaco-
nid are low and connected to each other by a thin ridge.
The paralophid is elongated and almost completely
closes the basin. The paraconid is but a thickening of
the paralophid.

Remarks. Gibert (1975) described ‘Amphechinus’ bau-
deloti as a medium-sized species with a well-developed
metastyle on M1, a distinct metaconule, and a hypocone
connected to the protoloph on M1 and M2. Our

material shows no significant variation from this pat-
tern, although the presence of a distinct metaconule is
not observed on all M2 specimens. The acquisition of
a distinct metaconule on M2 is likely subject to variation
in this species. This is further supported by the more
ancestral MN4 material from Mokra-Quarry (Czechia),
attributed to ‘A.” cf. baudeloti by Bonilla-Salomén et al.
(2024). As discussed by these authors, ‘A.” baudeloti
differs from Oligocene and earliest Miocene forms by
its more square-shaped M1 and its more compressed
M2. Based on the material from the Daroca-Calamocha
area, the antemolar elements are also more molarised
than Amphechinus edwardsi from the MN1 and MN2 of
France and Germany (Viret, 1938; Ziegler et al., 2005).

Genus Atelerix Pomel, 1848

Type species. Atelerix albiventris (Wagner, 1841)

Other referred species. A. frontalis (Smith, 1831);
A. algirus (Lereboullet, 1842); A. sclateri Anderson,
1895; A. depereti Mein and Ginsburg, 2002;
A. rhodanicus Mein and Ginsburg, 2002; A. steensmai
Van Dam et al., 2020.

Atelerix cf. depereti Mein and Ginsburg, 2002
Figures 7(L-M), 12(A-D)

Stratigraphic range. The type locality is La Grive Saint-
Alban, fissure L5, France (MN7/8). Atelerix (cf.) depereti
is also recorded in western and central Europe from
MN6 to MN9 (Mein & Ginsburg, 2002; Van Dam
et al., 2020; Cailleux et al., 2023; this paper).

Referred specimens. One P3 (PE2A, RGM334439: L=
2.08, W=1.77), one fragment of maxillar with P4
(TOR2-C2: W1=2.94), one M2 (TOR2-A4: L =3.38,
W1=3.89, W2=3.34), one ¢ (TOR2-C3: L=2.42, W
=1.24), one i3 (TOR3-B10: L=1.55, W =1.16), one
fragment of m1 (PJI-A1). Additional data are provided
in supplementary material (SI1).

Locality. Zone G3: Toril 3B, Toril 2, Paje 1.
Zone I: Pedregueras 2A.

Description. The P3 is strongly anteroposteriorly com-
pressed. The conical paracone has a large base and is
connected by a low and short crest to the metacone. The
lingual part is relatively wide but only bears a small
protocone on its anterior border. The P4 (Figure 12
(A)) has a very high paracone. A reduced anterior cin-
gulum is present, independent from the paracone. The



labial part of the tooth is separated from the lingual part
by a posterior constriction. The protocone is robust and
labially elongated. Compared to the protocone, the
hypocone is lower, has a wider base, and is placed in
a more lingual position. A short ridge connects the top
of the protocone to the posterior flank of the hypocone.

As shown in Figure 12(B), the M2 is a bunodont,
trapezoidal tooth with robust cusps. The base of the
high paracone is connected to a well-developed,
elongated parastyle. A thin ectoloph is present
between the paracone and the metacone. The meta-
cone has a wider base than the paracone but is lower.
The postmetacrista is strongly compressed, and the
metastyle is reduced. The protocone is connected to
the paracone by a large, almost straight preproto-
crista. The protocone is strong and is as high as
the metacone. It is directly connected to a conical
metaconule by a blunt and low loph. The conical
hypocone is connected to the loph by a lower crest.

A1l
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The trigon basin is deep and oval-shaped. Posterior
and anterior cingulums are wide, whereas the labial
cingulum is narrow. A short but robust cingulum is
present between the paracone and the hypocone.

The i3 is blunt and almost entirely flat (Figure 12
(C)). This simple ovoid tooth bears a small anterior
cusp from which a worn posterolabial ridge runs down
to the margin. The anterior part of the crown is slightly
procumbent. The lower canine is large and simple,
with a large, compressed cuspid in anterior position
(Figure 12(D)). This cuspid is included in a central
crest reaching the anterior margin. It is also connected
to a small cuspule situated at the posterior margin of
the tooth by a hardly distinguishable crest. The lingual
cingulum is well developed. The lower m1 has a strong
entoconid, which is higher than the hypoconid. The
entocristid is low and leaves the talonid basin slightly
open. The postcingulid is large and connected to the
entoconid.

C2

Figure 12. Drawings of Atelerix cf. depereti (R-D), ‘Mioechinus’ sp. (E-G), and Erinaceinae gen. sp. indet. (H) from the Daroca-Calamocha
area. (A) P4, TOR2, TOR2-C2, in anterior (A1) and occlusal (A2) views. (B) M2, TOR2, TOR2-A4. (C) i3, TOR3B, TOR3B-B10, in labial (C1)
and occlusal (€2) views. (D) ¢, TOR2, TOR2-C6, in labial (D1) and occlusal (D2) views. (E) M2, CS1A, RGM213184. (F) M3, VA3B, VA3B-
2152, in labial (F1) and occlusal (F2) views. (G) p4, VA7B, VA7B-A1, in labial (G1) and occlusal (G2) views. M3, VL2A, VL2A-1019, in

labial (H1) and occlusal (H2) views. Scales (A-D) (E-K): 1 mm.
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Remarks. The hypothesis of a migration of Atelerix
depereti to Spain was formulated by Van Dam et al.
(2020), who described Atelerix cf. depereti in
Pedregueras 2C and A. aff. depereti in younger
Spanish localities. In general, these specimens show
a progressive increase in size compared to the type
material from La Grive Saint-Alban (Mein &
Ginsburg, 2002), although it should be noted that
the specimens from the different fissures already
show a large variation in size. Our sample does not
differ significantly from the type material, except for
our smaller i3 and lower canine. Considering the
limited material, we name the material from Daroca-
Calamocha Atelerix cf. depereti. Atelerix aff. depereti
sensu Van Dam et al. (2020) appeared as a more
advanced form occurring in western and central
Europe during the Late Miocene (Cailleux et al.,
2023).

Genus Mioechinus Butler, 1948

Type species. Mioechinus oeningensis (Lydekker, 1886)
Other referred species. We follow Ziegler (2005) and
Prieto et al. (2015) by considering that only the type
species can be included without doubt into the genus.
Therefore, the other referred species are: ‘M.” butleri
Crusafont et al., 1955; ‘M.’ tobieni Engesser, 1980; ‘M.’
gobiensis Qiu, 1996.

‘Mioechinus’ sp.
Figures 7(N), 12(E-G)

Referred specimens

Two M2 (CS1A, RGM213184: L=1.75, W2=1.97;
VA7B, VA7B-D9: W2=2.28), three M3 (VA3B,
VA3B-2152: L=0.96, W =1.42; VA3B2153: L =0.88,
W =1.47; VA3B, VA3B-2155: L=0.79, W =1.57), one
p4 (VA7B, VA7B-Al: L=2.09, W = 1.15).

Localities
Zone Dc: Valdemoros 3B.
Zone Dd: Caseton 1A, Valdemoros 7B.

Description. The M2 has a large and deep trigon basin.
The metacone is slightly labiolingually compressed, and
the postmetacrista is extremely reduced. The ectoloph is
thin and straight. The metacone is high and conical. The
protocone is the largest cusp of the molar. The prepro-
tocrista does not completely reach the paracone, and
there is no protoconule. The postprotocrista ends freely,
lingually to the metacone, without joining a distinct

metaconule. The hypocone is small but uncompressed.
Anterior, posterior, and lingual borders have rather
strong cingula. The M3 has a simple shape. This one-
rooted tooth has an almond-shaped outline (Figure 12
(F)). The paracone is strong, and the protocone is not
distinguishable from the high central crest. The lingual
cingulum is wide.

The p4 is a narrow premolar (Figure 12(G)). The
paraconid is elongated and robust, whereas the proto-
cone is relatively gracile. The metaconid is not distinct.
The talonid is well developed with a rectangular shape
and a thin postcingulid.

Remarks. These specimens are considered to represent
a single species. Our material is surprisingly small com-
pared to other Spanish Erinaceinae and is close in size to
Mioechinus? sp. from the Middle Miocene Tunggur
Formation, China (Qiu, 1996). The specimens from
Daroca-Calamocha fit perfectly with the dimensions of
this indeterminate ‘Mioechinus’, sharing with it
a narrow p4, a metaconule crest without a distinct meta-
conule on M2, a protocone-hypocone connection on
M2, and a continuous crest on M3. Crespo et al.
(2020) attributed a small M3 from Mas d’Antolino B3
(Local Zone C) to cf. Atelerix sp., which could corre-
spond to our ‘Mioechinus’ sp. The presence of
‘Mioechinus’-like form in Spain was previously attested
by the occurrence of ‘M. butleri in the MN4 of Sant
Mamet (Van den Hoek Ostende & Furio, 2005). It is
worth noting that this generic attribution for small-
sized erinacein is, at best, tentative. The taxonomic
nature of the Miocene ‘Mioechinus’ is one of the impor-
tant questions that requires a detailed revision of the
entire subfamily.

Erinaceinae gen. sp. indet.

Figure 12(H)

Material.
One M3 (VL2A, VL2A-1019: L =0.65, W = 1.35).

Localities.
Zone B: Villafeliche 2A.

Description. The M3 (Figure 12(H)) is a narrow tooth
with a robust single root. The compressed central crest
includes the paracone and the protocone. There is an
almost complete lingual cingulum, narrower on the
anterolingual part.



Remark. The M3 from Villafeliche 2A is too small to
belong to the species of Erinaceinae described above,
including ‘Mioechinus’ sp.

Discussion

General comments on Erinaceidae biostratigraphy
and palaeoecology

Because of their slower evolutionary rate and lower
abundance compared to rodents, Eulipotyphla are rarely
used as biostratigraphic markers. However, their pre-
sence/absence can be of great help in the relative dating
of localities. For example, the genus Parasorex is con-
sidered a good biostratigraphic marker in the North
Alpine Foreland Basin (NAFB) and appears to be the
result of an abrupt migration into this basin (Van den
Hoek Ostende et al., 2016, and references therein). In
Germany, Parasorex socialis has been identified in
numerous localities from the NAFB, from the Swabian
and Franconian Jura (Ziegler, 2005, 2006; Ziegler et al.,
2005), and from the fissure of Petersbuch 68 (Prieto &
Rummel, 2009). For the latter locality, correlation based
on the rodent fauna gives an age of about 14.2 Ma,
corresponding to the oldest occurrence in the area.
A similar dating has been estimated in Switzerland
based on the assemblage from Rutzentobel (Van den
Hoek Ostende et al., 2016). However, in the Iberian
Peninsula, Parasorex socialis has so far only been iden-
tified from the latest Aragonian (Furid, Casanovas-
Vilar, et al., 2011b; Furi6 et al., 2017; Prieto et al,
2011). Therefore, the presence of Parasorex sp. in Las
Umbrias 21 (13.75 Ma), close to the boundary between
the middle and the late Aragonian (~ 13.78 Ma accord-
ing to Garcia-Paredes et al., 2016), is the first occurrence
of the genus in the Iberian Peninsula. This occurrence
cancels the significant diachrony of the genus observed
between Spain and Central Europe (Van den Hoek
Ostende et al., 2016), despite the first migration of
Parasorex in the area being apparently unsuccessful.
According to Prieto et al. (2011, p. 185), ‘the
migration of Parasorex in the NAFB coincides with
a global cooling event around 14 to 13.5 Ma (Béhme,
2003; Shevenell et al., 2004)’. Similarly, the transition
between the middle and the late Aragonian is
marked by a strong faunal turnover in the
Calatayud-Montalban Basin (Van der Meulen et al.,
2005), coinciding with the end of the Middle
Miocene Climate Transition (MMCT) and the begin-
ning of a Coolhouse period (e.g. Garcia-Paredes
et al., 2016). This colder climate apparently favoured
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the spread of Parasorex across central and western
Europe. This period is also characterised by the pre-
sence of Lantanotherium in the Calatayud-Montalban
Basin. Given the occurrence of Lantanotherium spe-
cies in the MN3/4 of southern France (L. lactorense,
Lectoure; Baudelot & Crouzel, 1976) and already in
the MN4 of the Iberian Peninsula (L. piveteaui, Can
Cerda; Crusafont et al., 1955), the specimen from Las
Umbrias 20 May represent a more permanent pre-
sence of the genus in the area during the early
Middle Miocene. The occurrence of both Parasorex
and Lantanotherium fits particularly well with the
astronomical obliquity nodes identified in the inter-
val 13.85-13.6 Ma and correlated to temporarily drier
conditions (Van Dam et al, 2006), whereas
Lantanotherium is a taxon usually associated with
humid environments (Cailleux et al., 2020; Furié &
Alba, 2011; Prieto et al., 2011).

The re-identification of late Aragonian and early
Vallesian material to Parasorex voesendorfensis pro-
mises major advances in the biostratigraphic under-
standing of trans-European faunal exchange, as the
species apparently spread widely throughout Europe at
the very end of the Middle Miocene. However, many
taxonomic problems remain to be solved. As discussed
in the remark section, Parasorex voesendorfensis appears
to be a convenient transitional species between MN7/8
P. socialis and MN10 P. ibericus. This requires further
investigations, notably regarding the Spanish and
French Vallesian assemblages.

Erinaceinae are identified in 31 out of the 91 localities
studied from the Daroca-Calamocha area and are
always present in only a few specimens. Only one of
these localities yielded two erinacein species
(Valdemoros 3B, 14.85 Ma). Both ‘Amphechinus’ bau-
deloti (from 16.18 to 13.35 Ma) and Atelerix cf. depereti
(from 12.65 to 10.25 Ma) can be confidently considered
resident species. The occurrences of the invertivorous
‘Amphechinus’ baudeloti indicate that this species pre-
ferred a rather warm climate, in line with its maximal
geographic distribution in the late MN4 and with the
Miocene Climatic Optimum (based on Daams,
Freudenthal, & Van der Meulen, 1988; Van Dam et al,,
2006). The identification of the species in the MN4 of
Czech Republic (Bonilla-Salomén et al., 2024) suggests
that ‘Ampechinus’ beaudeloti does not originate from
Western Europe. This provides a convenient explana-
tion for the stratigraphic and morphological gap
observed between the true, earliest Miocene
Amphechinus and the Middle Miocene ‘Ampechinus’.
The last occurrence of ‘Ampechinus’ beaudeloti in
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Local Zone G1 suggests that the species was a late victim
of the trend towards colder environments (based on
Van der Meulen et al., 2005). As Amphechinus has
been used as a wastebasket taxon, its composition,
decline, and replacement remain unclear. In Europe,
the late Middle Miocene saw the apparent end of the
advanced ‘Amphechinus’, alongside the progressive suc-
cess of Atelerix and Postpalerinaceus.

Atelerix cf. depereti shows a more omnivorous
dental pattern than ‘Amphechinus’ (Van Dam
et al., 2020) and entered the Calatayud-Montalban
Basin in the latest Aragonian (Local Zone G3, Toril
3B, 12.65 Ma), together with the Castoridae that re-
entered the area in Toril 3A (12.65Ma; Alvarez
Sierra et al., 2003; Garcia-Paredes et al., 2016) and
with the overall higher precipitation (Daams,
Freudenthal, & Van der Meulen, 1988). From
Atelerix depereti emerged the Vallesian and
Turolian Atelerix aff. depereti, and later Atelerix
steensmai, two species that were able to survive
significant Vallesian drying (Cailleux et al., 2025;
Van Dam et al., 2020).

Distinguishing Galerix symeonidisi from Galerix
exilis

The existence of Galerix symeonidisi in the Daroca-
Calamocha area is evidenced by the presence of P3s
with hypocone and the high frequency of small-sized
upper molars (Van den Hoek Ostende & Doukas, 2003).
Although the type material from Aliveri (Doukas, 1986)
displays enough characteristics to distinguish it from
G. exilis, we concur with Van den Hoek Ostende and
Doukas (2003) that the Spanish material presents fewer
diagnostic characters. Consequently, 528 out of the 2621
dental elements of Erinaceidae from the Daroca-
Calamocha area have been classified as Galerix
indet. (S1).

Figure 13 shows that the measurements of G. exilis
and G. symeonidisi overlap considerably and only rarely
produce a bimodal distribution. This is the case for the
area of P4, which shows the most pronounced bimod-
ality, but also for the area of M2, the posterior width of
M2, the antero-posterior length of M3, the length of p3,
and the talonid width of m2. Thus, only six out of 29
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measurements (two out of seven area measurements,
four out of 22 classic measurements) help distinguish
the two species. This confirms the remark of Van den
Hoek Ostende and Doukas (2003) about the smaller size
of Galerix from Daroca-Calamocha during the time of
presence of G. symeonidisi. The strong bimodality of P4
May imply a difference in proportion along the dental
row between the two species, with G. symeonidisi having
a proportionally smaller P4.

The identification of Galerix symeonidisi in this
paper, based on the morphological characters described
by Doukas (1986) and Van den Hoek Ostende and
Doukas (2003), can be tested on the basis of size bimod-
ality. The distribution of the groups Galerix exilis,
Galerix symeonidisi, and Galerix indet. often produces
unimodal densities when combined with Kernel density
estimation (Figure 13). Therefore, the morphological
elements used to differentiate the M1 and M2 of the
two species are relevant, which is also justified by the
scatterplots shown in Figure 14. However, Galerix indet.
often shows a bimodal distribution. This indicates
a morphological overlap between the two species, espe-
cially for M1: almost all indeterminate M1 are found in

the morphometric region of Galerix exilis, but cannot be
identified with certainty based on morphological
grounds.

Between 16 Ma and 15.5 Ma, we observe a decrease in
the overall morphological variability of the Galerix
material, which is partly explained by the disappearance
of G. symeonidisi. These elements, considered as diag-
nostic of the Spanish Galerix symeonidisi (at least, diag-
nostic of an ‘hyper-symeonidisi’ morphology), are: P3
always bearing a hypocone; relatively large P3 and small
P4; M1 and M2 with rare postmetaconule-postcingulum
connection; M1 and M2 with distinguishable to strong
protoconule; M2 with a frequently pronounced prepro-
tocrista notch (sometimes connected to the precingu-
lum); reduced M3 with rounded corners.

Phylogenetic and paleobiogeographic
consequences of Galerix symeonidisi variability

The assemblages attributed to Galerix symeonidisi show
regional differences (Van den Hoek Ostende & Doukas,
2003). Compared to the type material from Aliveri
(MN4, Greece), the specimens from Daroca-
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Calamocha show a weaker hypocone on P3, mainly
a low ectoloph on M1 and M2 (always high in Aliveri),
mainly a concave ectoloph on M1 (mainly straight in
Aliveri), mainly a strong protoconule on M1 (only dis-
tinguishable in Aliveri), and the presence of
a protocone-metaconule crest connected to the upper
part of the metaconule on M2 (when present, only
connected to the base of the metaconule in Aliveri).
The presence of a postmetaconule-postcingulum con-
nection is variable in ancestral Galerix, such as in the
type material of G. wesselsae (present in one M2 out of
ten and absent in M1) and G. saratji (often present on
M1 and sometimes on M2), but is invariably present on
both M1 and M2 in P. kostakii, a close ally of
G. symeonidisi. Galerix symeonidisi from Aliveri has
this connection on two out of seven M1 and on five
out of 12M2. The material from Daroca-Calamocha
does not present this connection on M1, and only on
five out of 22 M2.

Some character states present in G. symeonidisi from
Daroca-Calamocha are not observed in the material
from Aliveri, and the upper molar variability of the
Spanish G. symeonidisi actually shows similarities with

those of more ancestral Galerix taxa, such as G. saratji
and G. wesselsae (Van den Hoek Ostende, 1992; Van
den Hoek Ostende et al., 2015; Zijlstra & Flynn, 2015).
These similarities indicate that the Spanish
G. symeonidisi has a more ancestral morphology than
the Greek type population. This is further supported by
the overall smaller p4, P3, M1, and M2 in our material,
considering the progressive increase in molar size
observed Dbetween the eastern G. wesselsae,
G. symeonidisi, and Parasorex kostakii. It is, however,
worth noting that the first Spanish finds are older than
the estimated age of Aliveri (Van den Hoek Ostende
et al., 2015).

Compared to the type material of G. symeonidisi, the
type material of Parasorex kostakii from Karydia and
G. symeonidisi from Daroca-Calamocha share the pre-
sence of a concave ectoloph in almost all M1; the pre-
sence of M1 with low ectoloph (common in Daroca-
Calamocha, rare in P. kostakii); a higher frequency of
strong protoconule on M1; and the presence of a high
protocone-metaconule crest on M2. These character
states are also attested in G. saratji (Van den Hoek
Ostende, 1992). The type material of Galerix symeonidisi

G. saratji
. uenayae

G. wesselsae

I\

"G." illiensis

G. rutlandae

Figure 15. Model of Galerix dispersion, from MN 1 to MN 3 and from MN3 to MN5, showing the split between the Mnw and the Mse

metapopulations of Galerix symeonidisi.



shows the following derived characters: the absence of
a low ectoloph and strong protoconule on M1; the
presence of a connection between the protoconule and
the anterior cingulum (in one M1); and the absence of
a high protocone-metaconule crest on M2. These obser-
vations suggest that Parasorex kostakii originated from
a less derived population than the assemblage of Aliveri.
The appearance of P. kostakii seems, therefore, attribu-
table to a cladogenetic evolution.

Whereas the form from Daroca-Calamocha does not
display subsequent apomorphies and therefore likely
belongs to a basal form of the species G. symeonidisi,
the Balkan representatives evolved in two separate
groups: a more advanced form of G. symeonidisi and
Parasorex kostakii (Figure 15). This appears evident
because of the anterior structure of the p4, which con-
sists of a crest-like paraconid in the type material of
G. symeonidisi (Doukas, 1986), a paralophid in P. kos-
takii (Doukas & Van den Hoek Ostende, 2006), but
a conical and independent paraconid in G. saratji
(Van den Hoek Ostende, 1992), G. wesselsae (Zijlstra
& Flynn, 2015), and in G. symeonidisi from Spain (this
paper). The lack of this derived character in
G. symeonidisi assemblages from central Europe (based
on Bonilla-Salomén et al., 2024; Prieto & Rummel,
2009) also indicates a closer similarity with the
Spanish group. Therefore, we support that the acquisi-
tion of a blade-like paraconid is specific to the Greek
paleopopulation of G. symeonidisi. The clear, continu-
ous paralophid is then acquired in the early Parasorex,
P. kostakii (MN4/5, Doukas & Van den Hoek Ostende,
2006) and P. pristinus (MN5, Ziegler, 2003; 15.1 Ma
according to Harzhauser et al., 2003; Ziegler, 2003).

Consequently, it is clear that Galerix symeonidisi is
a taxon that is represented by two European metapopu-
lations, as shown in Figure 15: the northern and western
metapopulation (Mnw) and the south-eastern metapo-
pulation (Mse). We also support two regional con-
straints for G. symeonidisi: the Mnw preserved
ancestral characters and does not show any significant
variation (based on its first and last occurrences at the
Daroca-Calamocha area), suggesting a process of stabi-
lising selection for tooth morphology; the Mse acquired
new characters, leading to a speciation event and sup-
porting a directional selection towards a more
Parasorex-like morphology. Presumably, mutual gene
flow was reduced, as they occupied two land masses
that were only weakly connected south of the
Transdanubian High, possibly with interruptions allow-
ing intermittent exchange between the Mediterranean
and western Paratethys (Kovac et al., 2017).

The apparent absence of the Mse and Parasorex
kostakii in Anatolia supports the idea of a selective
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barrier, as discussed by Van den Hoek Ostende et al.
(2015) and based on small mammal taxa (e.g.
eomyids). Galerix was actually present in Anatolia
during the late Early Miocene with G. uenayae,
a species belonging to a more ancestral lineage
(Van den Hoek Ostende, 1992, Van den Hoek
Ostende, 2001; this paper). This species finally coex-
isted at the end of its biostratigraphic range with the
earliest Schizogalerix species, S. evae, as in
Sabuncubeli (local zone D, ~MN3; De Bruijn et al.,
2006) and Hisar¢cik (Van den Hoek Ostende &
Doukas, 2003). This first Schizogalerix is a migrant
taxon that likely reached the Aegean-Anatolian block
from the east (see reconstruction in Van den Hoek
Ostende et al., 2015: fig. 3). Considering the known
ecomorphological convergence between Parasorex
and Schizogalerix, it is plausible that both
Schizogalerix and pre-Parasorex forms were subject
to similar selective pressures in the Aegean-
Anatolian block, favouring the presence of the for-
mer and adaptation of the latter. In this sense,
strictly speaking, Parasorex is already the result of
a convergence phenomenon of Galerix with
Schizogalerix. This hypothesis is consistent with
a drying trend as observed for the late Early
Miocene of Anatolia (local zone E; based on Bilgin
et al., 2021), as already expressed by the insectivores
assemblage from Kesekdy (local zone D, ~MN3; Van
den Hoek Ostende et al., 2015), and with the tenta-
tive ecological reconstruction of Parasorex and
Schizogalerix, depicting these taxa as being at least
more environmentally tolerant than Galerix (Doukas
& Van den Hoek Ostende, 2006; Prieto et al., 2010,
Cailleux, 2024; Van den Hoek Ostende, 2001). This
gives credit to the idea of at least one distinct biome
characterising the Aegean-Anatolian block. This,
however, does not answer the limited eastward
spread of the pre-Parasorex taxa and likely also the
limited westward spread of Schizogalerix. Confirming
the latter would require additional material, with
a special focus on the forms identified from
Komotini (‘Galerix’ sp., MN4/5, Greece; Doukas &
Van den Hoek Ostende, 2006) and Antonios
(‘Schizogalerix’ sp., MNS5, Greece; Vasileiadou &
Koufos, 2005). Despite a limited early spatial distri-
bution, the Mse realised a relative diversification, as
shown with the progressive success of true Parasorex
at least after 15.1 Ma (see above), whereas the less
adapted Mnw is last recorded in the earliest MN5 of
Els Casots (16.15-15.94 Ma, Vallés-Penedés Basin;
Casanovas-Vilar et al.,, 2022) and La Col D (15.84
Ma, Teruel Basin; this paper), which is somewhat in
line with the German findings (Ziegler et al., 2005).
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Biogeographic and phylogenetic history of Galerix:
a phylogenetic overview

The increase during the last two decades in our knowl-
edge of the Miocene eulipotyphlan faunas allowed sev-
eral authors to propose a new phylogeny for Galericini.
Borrani et al. (2017) selected well-known species to
perform a morphology-based phylogenetic analysis of
Galericini, resulting in a classification with a hard
polytomy, i.e. low resolution. Several species with
debated generic attributions were excluded, hindering
a complete view of the evolution of Galericini (see Van
den Hoek Ostende, 2018). Recently, Crespo et al.
(2021) also proposed a complete revision of the
Galericini, discarding the hypothesis of Galerix-
Parasorex transitional forms. This new configuration
implies a 20 my. temporal gap between Parasorex and
Schizogalerix from their purported closest ancestor, the
Eocene genus Eogalericius Lopatin, 2004. This phylo-
geny is provided with emended diagnoses for Tetracus,
Galerix, Parasorex, and Schizogalerix, largely focused

on characters found in the lower dentition. Species
with intermediate variability are included in
a ‘doubtful species’ list. Within these ten excluded
species, there are notably Parasorex kostakii and
Parasorex pristinus; these two taxa are at the very
centre of our supported Galerix-Parasorex transition
hypothesis. Galerix remmerti is also considered
a ‘doubtful species’. The new classification of Crespo
et al. (2021) thus differs greatly from the traditional
classification in both results and methods and does not
resolve, from a phylogenetic point of view, the data
collected in this paper on the evolution of Galerix
symeonidisi and Parasorex kostakii.

The Galericinae consists of highly variable spe-
cies. Similar morphological evolution can be found
in species and populations from different times and
spaces. Therefore, reconstructing the phylogeny of
Galericini requires looking at relationships between
species and between assemblages, and not between
higher taxa. Obviously, this requires special atten-
tion to changes in variability, mostly found in the
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Figure 16. Tentative phylogeny of Galerix based on dental characters and spatial and temporal distributions (see Discussion and S3).



upper dentition and leading to polytomy if not
considered. For example, the p3:p2 ratio is some-
times taken as an absolute character allowing
Galerix to be distinguished from Parasorex and
Schizogalerix (Borrani et al., 2017; Crespo et al,
2021). However, Galerix rutlandae has a larger p3,
Galerix africana has a p3 equal to p2 (Butler, 1984),
and some p3 are also equal to p2 in the material of
Galerix exilis described by Ziegler (1988) and in the
type locality of Galerix stehlini (F.C., pers. obs.).
The unknown p2 and p3 of Galerix iliensis and
Parasorex kostakii also hamper a clear view of
their relationships with Parasorex.

We provide in supplementary data (S3) an in-depth
comparison of Galerix material, based on their original
diagnoses, focusing on similarities in variability between
known species (Figure 16). This comparative work is
not the result of a phylogenetic analysis; we opted here
for a more stratophenetic approach, looking for tem-
poral and spatial parsimony without excluding any pub-
lished assemblages. We support that Tetracus represents
an early wave of post- Grand Coupure galericine in
Europe and does not represent a direct ancestor of
Galerix, a view supported by Borrani et al. (2017) and
Crespo et al. (2021). Hence, Tetracus is here not synon-
ymous with Galerix, unlike Borrani et al. (2017) and
Hugueney and Maridet (2022).

We observe a strong basal dichotomy within the
genus Galerix, making it paraphyletic (Figure 16) and
strongly supporting the hypothesis of a Galerix-
Parasorex transitional lineage. These pre-Parasorex spe-
cies include G. wesselsae, G. iliensis, and G. symeonidisi.
They represent a second wave of migration into Europe
at the end of MN3, preceded by the G. aurelianensis-
remmerti species complex (Figure 15). The latter taxa,
together with G. saratji, G. uenayae, G. stehlini, G. exilis,
G. rutlandae, and G. africana, are considered to form
a monophyletic subgroup.

As Prieto et al. (2012) discussed, distinguishing
between advanced Galerix and early Parasorex requires
identifying the least variable feature and therefore the
most reliable one in the crown group of Galericini:
either the presence of paralophid on p4, or the absence
of a connection between the protocone and metaconule
on MI1-2. This connection is still present in the
Parasorex specimens described from both the
Samsonhaza 3 (Prieto et al., 2012) and Las Umbrias 21
site (this work). This character also rarely occurs in
advanced Parasorex (see taxonomic remarks). By con-
trast, although a paralophid is present in the p4 of
Galerix rutlandae, we concur with Zijlstra and Flynn
(2015) that this angular paralophid is not equivalent to
the structure observed in early Parasorex. Therefore, in
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line with Prieto et al. (2012) and other researchers (Van
den Hoek Ostende, 2018; Zijlstra & Flynn, 2015), we
classify P. kostakii as the earliest species of Parasorex.
However, it is worth noting that the anterior structure of
the p4 remains variable within this species (see Doukas
& Van den Hoek Ostende, 2006, for a description). The
position of Schizogalerix in this context remains unclear,
as it may correspond to an early Asian offshoot of the
pre-Parasorex group (Galerix (A) in Figure 16), or it
may have an earlier origin. Considering the already
particularly advanced morphology of Schizogalerix
evae and S. duolebulejinensis, the latter hypothesis
seems more plausible.

A complete phylogenetic reconstruction of the
Galericini is beyond the scope of this paper and, as
shown in the analyses of Borrani et al. (2017) and
Crespo et al. (2021), would require careful consideration
of the cases of morphological convergence, which are
known to occur between Galerix and Parasorex (this
paper), Parasorex and Schizogalerix (e.g. Cailleux et al,,
2023), as well as between Early Miocene Galerix and
Schizogalerix (F.C., pers. obs.). The morphological pecu-
liarities of Riddleria and Deinogalerix are also expected
to make any supra-generic reconstruction more com-
plex. As a model, the phylogenetic reconstruction of
Galerix supported in Figure 16 should be tested by its
predictive efficiency, which is mainly as follows:

(1) The existence of a Galerix (A) species in western
or central Asia between 24 and 20 Ma, charac-
terised by the combination of: a small size,
a hypocone on P3, a rare or absent postmetaco-
nule-postcingulum connection on M1 and M2,
a straight and low ectoloph on M1 and M2,
a weak protoconule on M1, p2 longer than p3,
a lack of paralophid on p4, and no postcingulid-
entoconid connection on ml-2. This species
could be distinguished from G. wesselsae by its
more frequent protocone-metaconule connec-
tion on M1 and M2, its weaker protoconule on
M1, and its less developed hypocone on P3.
Galerix (A) would also differ from G. saratji
and G. uenayae by the invariable presence of
a hypocone on P3, and from early Schizogalerix
species by the shorter postmetaconule crest on
M1-2 and the p2:p3 ratio.

(2) The existence of a Galerix (B) species in western
Asia between 23 Ma and 20 Ma. characterised by
the combination of: a small-to-medium size, the
lack or rare presence of a hypocone on P3,
a concave labial outline of M1 (long metastyle),
the absence of paralophid on p4, and a rather
frequent postcingulid-entoconid connection on
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m1l-2. This species could be distinguished from
G. aurelianensis/remmerti by its smaller size, and
from G. rutlandae by the absence of a crest-like
paraconid on p4, as well as by the p2/p3 ratio.
Galerix (B) would also differ from G. saratji in
having a more frequent postcingulid-entoconid
connection of m1-2 and a shorter postmetaco-
nule crest on M1-2.

(3) The existence of a Galerix (C) species in western or
southern Asia between 19 Ma and 14 Ma charac-
terised by the combination of: a small size, no or
rare presence of a hypocone on P3, a notch of the
labial outline of M1 (long metastyle), a short post-
metaconule crest on M1-2, a p3 longer than p2,
a crest-like paraconid on p4, and a frequent post-
cingulid-entoconid connection on m1 and m2. The
more basal structure of the lower premolars would
be the most effective means of distinguishing this
species from its structural descendant Galerix
rutlandae (14.3-11.6 Ma; Zijlstra & Flynn, 2015).

Conclusion

A total of six Galericinae and four Erinaceinae species were
extracted from 92 Aragonian and early Vallesian localities
in the Daroca-Calamocha area. Despite the low abundance
of insectivores in these deposits, a substantial collection of
specimens was obtained. The Erinaceinae subfamily is
relatively frequently recorded in the area, but always in
small numbers. The presence of ‘Amphechinus’ beaudeloti
confirms its preference for warm environments, whereas
the late Middle Miocene and Late Miocene Atelerix deper-
eti apparently had a broader climatic tolerance. The exten-
sive material attributed to the Galericini enabled a detailed
study of each identified taxon, focusing particularly on the
metric and morphological variability of Galerix exilis and
G. symeonidisi. Alongside the (re)identification of Galerix
remmerti, Parasorex sp., and Parasorex voesendorfensis,
this has enabled a comprehensive reconstruction of the
biogeographic and phylogenetic history of the Galerix
genus. Our reconstruction confirms the recurrent role of
environmental parameters and events (e.g. MCO, MMCT,
astronomical obliquity nodes, and new land bridges) in the
migration, ecomorphological diversification, success, and
eventual decline of the Galericini during the Neogene.
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