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Abstract

This study describes the cranial remains of Ischyrictis zibethoides from the Middle
Miocene of La Retama (MNS, Spain) and Ischyrictis bezianensis from the Early
Miocene of Baigneaux (MN4, France). The presence of 1. zibethoides in La Retama
represents the first record of this species in the Iberian Peninsula, previously known
exclusively from France and Germany. Additionally, we suggest that /. cf. bezianensis
from Quinta de Farinheira (MNS5, Portugal) should be reclassified as /. cf. zibethoides.
Ischyrictis zibethoides from the localities of Sandelzhausen (MNS5, Germany) and
Sansan (MN6, France) exhibits significant variability in size and dental morphology,
particularly in the first molars (M1/m1). The diversity of large-sized (over 10 kg)
mustelids is a noteworthy feature of the carnivoran associations during the Middle
Miocene in Europe. They almost exclusively occupied the mesocarnivore niche, which
in North American faunas was shared by large mustelids and canids. The decline in
diversity of large-sized mustelids coincided with the rise in size and diversity of hyaenid

species, which was detected in European faunas towards the end of the middle Miocene.
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1. Introduction
Mustelidae show a significant adaptive radiation during the Early and Middle Miocene
in Western Europe and Anatolia, with the emergence and diversification of species
rooted in the living groups (GINSBURG 1999). Within the subfamily Guloninae (which
includes extant wolverines and martens), there is a proliferation of forms close to the
‘Martes’ group (e.g., VALENCIANO et al. 2022 and references therein), as well as the
appearance of medium to large forms with affinities to Guloninae and Mellivorinae
(honey badgers and relatives) (VALENCIANO et al. 2020a), such as Ischyrictis HELBING,
1930, Laphictis VIReT, 1933, Hoplictis GINSBURG, 1961, Iberictis GINSBURG & MORALES,
1992, Dehmictis GINSBURG & MORALES, 1992.

Ischyrictis HELBING, 1930 was the first genus defined for this group. HELBING
(1930) took the species name of Viverra zibethoides (BLAINVILLE, 1842) from the
classical locality of Sansan (MNG6, France), which was placed in the family Mustelidae
as Mustela zibethoides by FiLnoL (1894). MAYET (1908) reassigned two different forms

to the genus Trochictis voN MEYER, 1842: Trochictis zibethoides mut. noueli from



Artenay (MN4, France) and Trochictis zibethoides mut. florancei from
Pontlevoy-Thenay (MNS5, France). HELBING (1930) included these three forms in his
generic diagnosis together with the one from the locality of Steinheim (MN7/8,
Germany), originally identified as Lutra dubia by Fraas (1870). He therefore attributed
them to the species Ischyrictis zibethoides (BLAINVILLE, 1842). HELBING (1936)
reclassified the Steinheim species as Ischyrictis (Laphictis) mustelinus VIRET, 1933,
attributing them to the subgenus of Ischyrictis instead of the genus Laphictis as
originally defined by VIReT (1933). This proposal was finally followed by VIReT (1951).
GINSBURG (1961) identified significant differences in the forms attributed to
Ischyrictis zibethoides, dividing them into three different subgenera; 1) Ischyrictis
(Ischyrictis) zibethoides for the Sansan and Artenay forms; ii) Ischyrictis (Hoplictis)
florancei from Pontlevoy (MNS5, France). However, this author also implicitly included
Ischyrictis helbingi from La Grive (MN7/8, France) (VIReT 1951), in this group, a
suggestion accepted by CRUSAFONT-PAIRO (1972). A new species, Ischyrictis (Hoplictis)
anatolicus SCHMIDT-KITTLER, 1976, was later erected from the locality of Candir (MNG6,
Turkey) within this subgenus; and iii) Ischyrictis (Laphictis) mustelinus was named after
the form from La Grive (type locality) and the Steinheim taxon mentioned above. DEam
(1950) doubtfully included two Early Miocene species from Wintershof-West (MN3,
Germany) in Laphictis: Laphictis? vorax and Laphictis? comitans. The first of these
species was later included in a new genus Dehmictis GINSBURG & MORALES, 1992.
GINSBURG & MORALES (1992) corrected the species determination from Artenay
Ischyrictis zibethoides noueli to Hoplictis noueli (MAYET, 1908), and elevated the
subgeneric ranks to the generic level in the group. In the same work, they defined a new

genus, Iberictis GINSBURG & MoORALES, 1992, for the Early Miocene forms from



Pellecahus (MN4, France) and Artesilla (MN4, Spain). Later, GINSBURG (1999) included
Laphictis mustelinus in the genus Ischyrictis, synonymizing Laphictis with Ischyrictis.

According to VALENCIANO et al. (2020a), Ischyrictis, Laphictis, and Dehmictis are
considered basal forms of Guloninae. Additionally, Hoplictis has been tentatively
classified as a member of Mellivorinae. However, to clarify its systematic classification,
additional cranial remains of Hoplictis are required. At present, the genus Ischyrictis
consists of only two species: Ischyrictis zibethoides and Ischyrictis bezianensis
GinsBURG & Buror, 1982. The first species was first defined in Sansan (BLAINVILLE
1842; HELBING 1930; GINsBURG 1961; PEIGNE 2012). It has also been cited in
Vieux-Collonges (MNS5, France) (MEN 1958), Carriéres de la Morfassiére (MNS,
France) (GinsBURG 2001), Faluns d’Anjou (MNS5, France) (GinsBURG 2002),
Sandelzhausen (MNS5, Germany) (NAGEL et al. 2009), and La Retama (MNS5, Spain)
(MoRraLEs et al. 1993; FraiLE et al. 1997). The second species of the genus Ischyrictis, 1.
bezianensis, has been discovered in various locations including Bézian (type locality,
MN4, France) (GinsBURG & Burot 1982), Pellecahus (Burot & GINsBURG 1993),
Baigneaux (MN4, France) (GinsBURG 2002) and Torrent de Vilaroc (MN4, Spain). An
astragalus was initially described as belonging to 1. zibethoides but was later reclassified
as 1. bezianensis (CRUSAFONT-PAIRO et al. 1955; RoBLEs 2014). In addition, fragmentary
remains of Ischyrictis cf. bezianensis have been described in Portugal at the fossil sites
of Quinta de Farinheira (MNS5), Quinta do Pombeiro (MN5), and Olival da Suzana
(MNS5) (GINSBURG & ANTUNES 1995; Pais et al. 2011).

However, the diversity of medium and large-sized mustelids is relatively smaller
in the Iberian Peninsula than in other areas of Europe (MoRrALES et al. 2015; VALENCIANO
et al. 2020a). The Iberian fossil record only shows the presence of these carnivorans

from the Lower Aragonian (MN4, Early Miocene) with lberictis azanzae and Iberictis



buloti (GINsSBURG & MORALES 1992; VALENCIANO et al. 2020a). Apart from the few
remains found in Portugal (GINsBURG & ANTUNES 1995; Pais et al. 2011), there is a
significant gap in the fossil record of these mustelids until the end of the Middle
Aragonian (Middle Miocene, MN7/8) and the beginning of the Late Miocene of the
Valles-Penedés basin. In this area, Laphictis mustelinus was recorded in Can Mata
(MN7/8) and Hoplictis helbingi in Castell de Barbera (MN9) (ViLLaLta COMELLA &
CRUSAFONT-PAIRO 1943; PETTER 1963; CRUSAFONT-PAIRG 1972, 1979; ALBA et al. 2019),
along with the earliest Eomellivorini. These forms consist of Eomellivora moralesi from
Can Mata (ALBa et al. 2022) and Eomellivora fricki from Can Llobateres I (MN9)
(=Ischyrictis [Ischyrictis] petteri in CRUSAFONT-PAIRO [1972] and later synonymized as
E. fricki in VALENCIANO et al. [2019]).

The fossil site of La Retama (MNY) is found within this temporal gap. Ischyrictis
zibethoides has been cited in this locality by MoraLEs et al. (1993) and FraiLk et al.
(1997), but the material had not been described. The purpose of this study is to describe
these unpublished fossils, which represent the first record of 1. zibethoides in the Iberian
Peninsula and the most southwestern occurrence of this species in Europe. We also
describe an unpublished hemimandible of Ischyrictis bezianensis from Baigneaux

(GinsBURG 2001) for the first time.

1.1. Geological setting
The Miocene fossil site of La Retama (Loranca del Campo, province of Cuenca) is
located in the Intermediate Basin, a long and narrow area of 10,000 km?. It contains
numerous vertebrate fossil sites from the Late Eocene to the Middle Miocene (Diaz
MoLINA & LOPEZ MARTINEZ 1979; TorRES et al. 1983; TORRES & ZAPATA 1986; MORALES

etal. 1993, 1999; Arrias et al. 1996) (Text-fig. 1). La Retama was discovered in 1988.



Excavations were carried out in 1988, 1989 and 1992 provided over 1400 large mammal
specimens, mostly isolated bones and teeth, along with an abundant association of small
mammals. The site is dated as Middle Aragonian, local biozone Db (15.9-16 Ma)
(MN35, Middle Miocene) (Daams 1991; Daawms et al. 1999; ALVAREZ-SIERRA et al. 2006;
VAN DER MEULEN et al. 2011, 2012). The Equidae Anchitherium castellanum is the most
abundant taxon found in La Retama, accounting for approximately half of all fossils
(MoraLEs et al. 1993). The composition of the faunal list (Table 1) indicates a landscape
dominated by bushes and low vegetation, with possible small semi-permanent lake. The
climate has been inferred as subtropical dry (MoRALEs et al. 1999; ALvVAREZ-SIERRA et al.
2006; OLIVER & PELAEZ-CAMPOMANES 2013; SANCHEZ et al. 2015; VALENCIANO et al.
2022).

Insert Text-fig. 1. about here

Insert Table 1 about here

1.2. Abbreviations

AD, Arrisdrift collection of the Museum of the Geological Survey of Namibia,
Windhoek, Namibia; AMNH, American Museum of Natural History, New York, United
States of America; BSPG, Bayerische Staatssammlung fiir Paldontologie und Geologie,
Munich, Germany; FSL, collections of the Université Claude-Bernard Lyon 1, Lyon,
France; GPIT, Palaeontological collection of the University of Tiibingen, Tiibingen,
Germany; ICP, Institut Catala de Paleontologia Miquel Crusafont, Universitat
Autonoma de Barcelona, Spain; IPS, collections from the ICP (formerly Institut de
Paleontologia de Sabadell); IVPP, Institute of Vertebrate Paleontology and
Paleoanthropology, Chinese Academy of Sciences, Beijing, China; MNCN, Museo

Nacional de Ciencias Naturales, Madrid, Spain; MNHN, Muséum National d’Histoire



Naturelle, Paris, France; MPZ, collections of the former Museo Paleontoldgico de la
Universidad de Zaragoza, currently housed at the Museo de Ciencias Naturales
Universidad de Zaragoza, Zaragoza, Spain; NMB, Naturhistorisches Museum Basel,
Switzerland; RET, La Retama fossil site, Spain; SMINS, Staatliches Museum fiir

Naturkunde Stuttgart, Stuttgart, Germany; SO, Sables de 1’Orléanais fossil site, France.

2. Material and methods
The fossils from La Retama are housed at MNCN, and were described following the
anatomical nomenclature of WaiBL et al. (2005) and Evans & pE Lanunta (2010, 2013).
Dental nomenclature follows GINSBURG (1999) and SmitH & Dobpson (2003). Dental
measures were taken using a Mitutoyo digital calliper with a resolution of 0.1 mm. The
body weights of these extinct mustelids were inferred using the exponential regression
model based on the m1 length by VAN VALKENBURGH (1990). However, it is important to
note that the weight values we obtained are overestimated, as often occurs when
inferring the body mass of extinct large mustelid from its m1 length (LEGENDRE & RoTH
1988; ForTELIUS 1990; BAsSKIN 1998).

A computed tomography of the hemimandible of La Retama was conducted at
MNCN to be able to describe the non-emerged teeth. We used a NIKON CT-SCAN XT
H-160 micro-X-ray computed machine with an X-ray voltage of 105 kV resulting in
over 990 images of 1008x1008 pixels and 0.056861 (X, Y, Z) voxels. The images were
calibrated to eliminate the background noise with the ImageJ v.1.50e software (PErTUSA
2010; Perez-Ramos et al. 2020). The segmentation and construction of the
three-dimensional (3D) mesh were carried out with the Avizo Lite ® version 9.2 and

Geomagic Wrap ® software (3D System, NC, USA).



The comparative sample comprises original fossils of: Ischyrictis zibethoides
from La Retama (MoRALES et al. 1993; FraILE et al. 1997), housed at MNCN; from
Sansan (MNG6, France) (BLanvILLE 1842; GiNsBURG 1961; PEiGNE 2012) housed at
MNHN; Laphictis mustelinus from Hostalets de Pierola (MN7/8, Spain) (VILLALTA
CoMELLA & CRUSAFONT-PAIRO 1943; PETTER 1963) housed at ICP; Iberictis buloti
GINSBURG & MORALES, 1992 from els Casots (MNS5, Spain) (VALENCIANO et al. 2020a;
CasaNovas-VILAR et al. 2022) housed at ICP; Iberictis azanzae GINSBURG & MORALES,
1992 from Artesilla (MN4, Spain) (GINSBURG & MORALES 1992; VALENCIANO et al.
2020a) housed at MPZ; Hoplictis helbingi from Castell de Barbera (MN9, Spain)
(CrusaronT-PAIRO 1972) housed at ICP; Hoplictis sp. from Love Bone Bed (CI2-Hhl,
United States) (BaskiN 2005) housed at AMNH; and Namibictis senuti MORALES et al.,
1998 from Arrisdrift (Early-Middle Miocene, Namibia) (MoraALEs et al. 1998, 2003)
housed at AD. Furthermore, we also studied casts of 1. zibethoides from Carriéres de la
Morfassiére (MNS5, France) (GiNsBURG 2001) housed at MNCN; Ischyrictis bezianensis
from Pellecahus (MN4, France) (BuLot & GINSBURG 1993) housed at MNCN; Hoplictis
noueli from Artenay (MN4, France) (MAYET 1908; HELBING 1930) housed at NMB;
Hoplictis florancei from Pontlevoy-Thenay (MNS5, France) (Mayet 1908) housed at
MNHN; and Hoplictis grangerensis (BrRyanT, 1968) from Granger Clay Pit (C12-CI3,
United States) (BRyanT 1968) and from Mixson’s Bone Bed (Hh1, United States)
(Baskin 2005) housed at AMNH. In addition, we examined photographs of the originals
of I. zibethoides from Sandelzhausen (MN5, Germany) (NAGEL et al. 2009) housed at
BSPG; I. bezianensis from Baigneaux (MN4, France) (GINsBURG 2002) housed at NMB;
L. mustelinus from La Grive-Saint-Alban (MN7/8, France) (VIReT 1933, 1951; PEIGNE
2012) housed at FSL, from Steinheim (MN7/8, Germany) (VIRET 1933; HELBING 1936;

PEIGNE 2012), housed at SMNS, and from Hammerschmiede 4 (MN7/8, Germany)



(KarGopouLos et al. 2022) housed at GPIT; Dehmictis vorax from Wintershof-West
(MN3, Germany) (Denm 1950) housed at BSPG; 1b. buloti from Pellecahus (France,
MN4) (GINSBURG & MoRALES 1992) housed at MNHN; H. helbingi from La
Grive-Saint-Alban (VIReT 1951) housed at FSL; H. florancei from Erkertshofen 2
(MN4, Germany) (RotH 1989) housed at BSPG; Hoplictis anatolicus (SCHMIDT-KITTLER,
1976) from Candir (MN5-MN6, Turkey) (ScumipT-KiTTLER 1976) housed at BSPG; and
Hoplictis baihu V aLENcIANO et al., 2019 from Tieersihabahe (MN5-MNG6, China) and
Hoplictis cf. helbingi from Duolebulejin (MN7/8, China) (VALENCIANO et al. 2019)
housed at IVPP. Finally, we studied by their original publications 1. zibethoides from
Vieux-Collonges (MNS5, France) (MEIN 1958); 1. bezianensis from Bézian (France,
MN4) (GinsBURG & Burot 1982); Ischyrictis cf. bezianensis from Quinta de Farinheira
(MNS5, Portugal) (GINSBURG & ANTUNES 1995); L. mustelinus from Vieux-Collonges

(MEN 1958) and from Erkertshofen 2 (Rotn 1989).

3. Systematic palaeontology

Order Carnivora BowbicH, 1821

Family Mustelidae Barsch, 1788

Subfamily Guloninae Gray, 1825
Diagnosis. In GINsBURG (1999, p.124): Mustelidae larger than Mustelinae, with
tendency of M1 to enlarge.
Emended diagnosis. Mustelidae larger than Mustelinae; males with enlarged and
straight sagittal crest (contrary to Melinae and Mellivorinae, which are convex), with
the external occipital protuberance surpassing the occipital condyles; P3 elongated;
tendency of M1 lingual platform to enlarge, and presence of a slender buccolingual

crista in the M1 extending from the paracone to the protocone; m1 with medium-sized
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metaconid in the older species, and tendency of a subquadrangular talonid with a
buccally-placed hypoconid and a shallow valley.

Included genera. Gulo PaLLas, 1780, Martes PINEL, 1792, Pekania Gray, 1865,
Charronia Pocock, 1941, Dehmictis GINSBURG & MORALES, 1992, Iberictis GINSBURG &
MorALEs, 1992, Ischyrictis HELBING, 1930, Laphictis VIRET, 1933, Plesiogulo ZDANSKY,
1924, Paramartes KreTzO1, 1952, Legionarictis TSENG et al., 2009.

Remarks. GINsBURG (1999) excluded all species of Martes from this subfamily (placing
them within Mustelinae), while including the extinct Trochictis, Hoplictis and
Eomellivora Zpansky, 1924 (=Hadrictis). However, DNA-based phylogenetic studies
(e.g., Sato et al. 2003; L1 et al. 2014) have identified the extant Gulo, Martes, Pekania,
and Charronia as a monophyletic group, thereby placing all these genera within
Guloninae. The Late Miocene Circamustela PETTER, 1967 has also been proposed for
inclusion in Guloninae (VALENCIANO et al. 2020b; KarGorouLos et al. 2022).
Nevertheless, Eomellivora and Hoplictis have recently been reclassified as Mellivorinae
(VaLENciaNoO et al. 2015, 2017, 2020a), while the inclusion in Guloninae of Trochictis
and Circamustela remains unresolved. Given the high level of polymorphism observed
in the Miocene Martes-like early taxa, comparable with the highly polymorphic
dentition of extant Guloninae and the scarcity of fossil materials, a detailed revision is

required to fully understand their taxonomic position (SAMUELs et al. 2018).

Genus Ischyrictis HELBING, 1930
Type species: Ischyrictis zibethoides (BLAINVILLE, 1842)
Type locality: Sansan (France), Middle Miocene (MNGO).

Other species: Ischyrictis bezianensis GINSBURG & Burort, 1982

11



Diagnosis. HELBING (1930, p.644) proposed the diagnosis of the genus Ischyrictis based
on species currently classified in different genera, in particular in the sample from
Artenay, now considered as Hoplictis noueli.

Emended diagnosis: Medium to large sized Guloninae; P1 present; P4 with
moderately-sized protocone placed in line with a poorly-developed parastyle; M1 with
non-reduced metacone; presence of metaconule variable, when present it has an
enlarged cingulum surrounding it; protocone mesially positioned, round lingual
platform with moderate mesiodistal expansion, and presence of hypocone variable; p1
present; p4 with well-developed distal accessory cuspid; m1 with protoconid taller than
paraconid and including a prominent metaconid; talonid moderately wide and
comprising one third of the total length of the tooth; well-developed and labially placed
hypoconid, and well-developed entocristid surrounding a shallow talonid basin; m2
subquadrangular with protoconid, metaconid and hypoconid.

Differential diagnosis: Ischyrictis differs from Hoplictis in having a relatively shorter
P4 with a more robust protocone, a M1 with a non-reduced metacone, a metaconule
(variable), and a more developed lingual platform. The m1 has a more developed
metaconid, a more robust talonid with a smaller hypoconid placed in labial position and
non-imbricated toward the protoconid. It differs from Laphictis in having a P4 with a
less robust protocone and parastyle, a smaller lingual platform on the M1, a shorter p3
and p4, a less massive m1 metaconid and a shorter and slenderer m1 talonid with both
smaller hypoconid and entocristid. It differs from /berictis in a larger size, in lacking a
P4 lingual platform, in a much smaller and rounded M1 lingual platform with no
postprotocrista. Regarding lower dentition, it differs in the possession of accessory
cuspids in p3 and p4, and slenderer cingulids and cristids in their premolars, and m1

with a reduced metaconid and hypoconid, and a more reduced m2 talonid. It also differs
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from Dehmictis in being larger in size, with a relatively buccolingually wider M1 with a
more conical protocone and a more reduced and rounded lingual platform. Additionally,
it has a larger and more developed distal accessory cusp in the p4, and a taller crown of

the m1 with both a smaller metaconid and talonid.

Ischyrictis zibethoides (BLAINVILLE, 1842)
Lectotype: Sa 373, fragmentary right hemimandible with p4-m1 (PeiGnE 2012)
Type locality: Sansan (France), Middle Miocene (MNO).
Other localities: Vieux-Collonges (MNS5, France), Carrieres de la Morfassiére (MNS5,
France), Faluns d’ Anjou (MNS5, France), Sandelzhausen (MNS5, Germany), La Retama
(MNS, Spain).
Age: Middle Miocene, MN5 — MNG6.
Emended diagnosis: Ischyrictis of large size; M1 with thick crista from the paracone to
the parastylar area; metaconule variable, when present it has an enlarged cingulum
surrounded it; lingual platform with moderate mesiodistal expansion and hypocone
absent; m1 talonid narrower than the protoconid-metaconid width.
Studied material from La Retama: RET-1501, skull with left P3-M1; RET-220, right
P4; RET-818, left M1; RET-1502, right M1; RET-712, left hemimandible with ¢ and
p3-ml; RET-558, right m1. The MNI (minimum number of individuals) is 2, based on
the two left M1s.
Description: RET-1501 is an incomplete and slightly deformed cranium that retains part
of the nasal, frontal, parietal and maxillary bones (Plate 1, Fig. 1 to 5). The nasal bones
are wide, and the frontal bone exhibits very robust temporal ridges and thick and
prominent zygomatic processes like in extant large mustelids. The temporal ridges

converge at the rostral end of the sagittal crest, which is very prominent (Plate 1, Fig. 2).
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The large size of the sagittal crest suggests that the cranium could have belonged to an
adult male, as both extant and extinct mustelids show sexual dimorphism in this trait
anatomical trait, which also grows in size during the ontogeny (LARIVIERE & JENNINGS
2009; Law et al. 2016; Noonan et al. 2016; Law & MEenta 2018). Neither of the parietal
bones are complete, although a larger portion of the left one has been preserved. The
parietal bones and the sagittal crest have a rough texture due to the temporal muscle
insertion. Sediment covers the ventral side of the cranium, except for the palate and the
caudal ends of the maxillary bones (Plate 1, Fig. 3). The right maxillary preserves the
P3 alveolus, while the left maxillary has nearly complete P3, P4 and M1. The P3 (Plate
1, Fig. 3 and 6) is fragmented at its main cusp and widened at its length midpoint.
Additionally, it has a distal cingulum larger than its mesial one. The P4 (Plate 1, Fig. 3
and 6) has a triangular shape, and its paracone is broken at its base due to a fracture that
also affects the mesial end of the metastyle. Furthermore, the P4 also has a
lingually-projected protocone placed in situ (Plate 1, Fig. 7). It also has a small
parastyle, and a robust cingulum that encircles the teeth in all of it buccal length. The
M1 (Plate 1, Fig. 3 and 6) is nearly the same size as the P4. The paracone (which shows
signs of wearing in its apex) is slightly larger than the metacone, and they are connected
by a crista. Two cristae run from the paracone to the parastylar area, and the trigone
basin shows a circular wear caused by the occlusion with the m1 hypoconid (Plate 1,
Fig. 7). The metaconule is absent. The protocone is pyramidal and has a mesial position.
The M1 also has a moderately-developed lingual platform. Sings of wearing can be seen
in the mesial region of the tooth and in the protoconule zone. The M1 is narrowest at its
midpoint, having an approximate an “8” shape, which is a common trait in mustelids.
The P4 RET-220 (Plate 1, Fig. 8 to 10) is shorter than the P4 of the cranium and shows a

significant wear across the entire occlusal area. This P4 has lost its protocone, but it
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retains the paracone and the parastyle, which is formed by a low and robust cingulum.
The M1 RET-1502 (Plate 1, Fig. 11 and 12) and the M1 RET-818 (Plate 1, Fig. 13 and
14) are fragmented and only retain the lingual platform, the protocone and the
protoconule, united by the preprotocrista.

The specimen RET-712 (Plate 2, Fig. 1 to 3) consists of an incomplete left
hemimandible that has lost the mandibular symphysis as well as the coronoid, condylar
and angular processes. This hemimandible belonged to a juvenile individual that had not
yet reached sexual maturity, as not all pieces of the definitive dentition had emerged at
the time of death. The c and the m1 were going through the eruption process, while the
dp4 (lower decidual carnassial) is the only remaining tooth of the deciduous dentition.
The p3 and p4 are not visible, but their morphology can be observed through the
micro-computerized tomography (Plate 2, Fig. 4 to 9). The dp4 and p4 are affected by a
significant fracture that split both of them. The ¢ has longitudinal grooves from the apex
to the base of the crown, and is distally deformed. The p3 (Plate 2, Fig. 7 to 9) is long
and almost quadrangular, maintaining a constant width along its entire length. It only
has a prominent main cuspid, and its mesial and distal cingulids are of similar size. The
p4 (Plate 2, Fig. 7 to 9) has a main cuspid and a well-developed distal accessory cuspid
located near the buccal edge of the tooth. Additionally, it is mesially fragmented. The
ml (Plate 2, Fig. 7 to 9) is labio-lingually compressed, with its trigonid being two-thirds
longer than the talonid. The protoconid is the tallest cuspid, while the metaconid is
shorter, sharp and situated slightly distal to the protoconid. The carnassial notch is
partially filled by sediment. The talonid has a hypoconid, that is similar in height to the
metaconid, and also has a hypoconulid that is more reduced in size and is placed in a
distal position. The metaconid and the hypoconulid are lingually connected by an

entrocristid, forming a shallow talonid basin. The dp4 (Plate 2, Fig. 4 to 6) is also
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fragmented, but it preserves the paraconid (with a buccal wear facet) and a low
hypoconid. In occlusal view, it has a sigmoid shape. The right m1 RET-558 (Plate 2,
Fig. 10 to 13) only retains the trigonid, which shows a buccal wearing facet. Table 2

shows the length and width of all the teeth from La Retama.

Ischyrictis bezianensis GINSBURG & BuLor, 1982
Holotype: Be 7545, right M 1.
Type locality: Bézian (France), Early Miocene (MN4).
Other localities: Baigneaux (MN4, France), Pellecahus (MN4, France).
Age: Early Miocene, MN4.
Diagnosis: In GINsBURG & Burot (1982, p. 63).
Emended diagnosis: Ischyrictis smaller than /. zibethoides and similar in size to the
living Pekania pennanti; M1 mesiodistally longer with more rectilinear mesial and
distal walls than /. zibethoides, and with an additional distolingual cusp close to the
protocone (hypocone after GINSBURG & Burot 1982); m1 talonid relatively broader with
a smaller hypoconid than I. zibethoides.
Remarks: Ischyrictis bezianensis was first described by GINsBURG & Burot (1982)
based on an almost complete right M1 from Bézian (MN4, France) which presents
differential traits with /. zibethoides. Subsequently, BuLoT & GINSBURG (1993) mention
the species in the Early Miocene locality of Pellecahus (MN4, France). GINSBURG (2002)
reported the species in the locality of Baigneaux (MN4, France) based on a left
fragmentary hemimandible (SO 4095), providing its measurements but no descriptions.
Interestingly, GINSBURG & ANTUNES (1995), published a fragmentary hemimandible with
a broken m1, as well as scarce postcranial remains of /. cf. bezianensis in three

Portuguese localities from the Middle Miocene (MNS5). They compared it with /.
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bezianensis from Pellecahus and 1. zibethoides from Sansan. Based on the pictured m1
from GINSBURG & ANTUNES (1995), the m1 talonid from Quinta de Farinheira seems to
be wider than the ones from Sansan and La Retama, being more similar to the one from
Baigneaux, but much larger in size to that of the specimens from Baigneaux and from
Pellecahus. When GINsBURG & ANTUNES (1995) described the Portuguese material the
intraspecific variability of I. zibethoides was less known, as the sample from
Sandelzhausen was not published yet. According to its length and width proportions, it
fits better as /1. cf. zibethoides, as it falls within the known variability range of /.
zibethoides, suggesting a possible relationship with this species rather than with /.
bezianensis. This may suggest that La Retama is not the only record of 1. zibethoides in
the Iberian Peninsula, but a more detailed study of the morphology of the m1 from
Quinta de Farinheira is necessary to confirm its suitable identity.

Description of the material from Baigneaux: The hemimandible SO 4095 (Text-fig.
2A, 2B) preserves a worn p4 and m1, along with the most rostral part of the masseteric
fossa. The p4 has a well-developed accessory distal cuspid, with both the main and the
accessory cuspid showing wear patterns. The m1 is also worn (Text-fig. 2C) and has a
well-developed metaconid. The talonid represents one third of the total length of the
molar. The tooth is relatively broad, being almost as wide as the protoconid-metaconid
complex throughout the whole talonid. The hypoconid and entocristid are not
observable. Table 2 shows the measurements of the teeth (GINsBURG 2002).

Insert Text-fig. 2 about here.

Insert Table 2 about here.
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4. Discussion
In general, the tooth measurements from La Retama fall within the range of variability
of the populations of Ischyrictis zibethoides from Sansan and Sandelzhausen. The P4
from La Retama (Text-fig. 3A) is situated closer to the lower end of the variability
range, similar to the smaller individuals of this species. The M1 (Text-fig. 3B) differs
from most of the Sansan values, instead being closer in size to the individuals from
Sandelzhausen and Carriéres de la Morfassiére. The p4 (Text-fig. 4A) has the smallest
length and width of all the p4s assigned to 1. zibethoides. It is important to note that the
tooth is unerupted, and the 3D model indicates a mesial fracture on the p4. Therefore,
the dimensions provided are only approximate. The m1 (Text-fig. 4B) falls within the
range of variability of 1. zibethoides, although it is among the most gracile specimens of
the species. The sample from Sansan has a wider range in the m1 proportions than the
sample from Sandelzhausen. PEIGNE (2012) explained this difference as a possible case
of sexual dimorphism, as occurs in extant mustelids (GITTLEMAN & VAN VALKENBURGH
1997). The length of P3 in La Retama is shorter than in Sansan (Text-fig. 5A), and the
ratio of P3/P4 lengths is also lower in La Retama than in Sansan. The ratio of p4/m1
lengths in La Retama (Text-fig. 5B) is slightly different from that in the other /.
zibethoides populations. The scarcity of available data from other fossil sites where 1.
zibethoides has been cited (Vieux-Collonges and Carrieres de la Morfassiére) means
that metric and morphological comparisons with these sites are not significant.
Morphologically, the dentition from La Retama fits the diagnosis of the genus
Ischyrictis and is most similar to Ischyrictis zibethoides, while differing from 1.
bezianensis in its size and in all the features that characterise the smaller species. The
fossils from La Retama are closer in size those from the German site, which is

consistent with La Retama and Sandelzhausen belonging to the same biozone (MNS5),
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and both being older than Sansan (MNG6). Although the sample from la Retama is too
limited to give a reliable interpretation, it may suggest that the population of 1.
zibethoides had more hypercarnivorous traits than the French and German samples
(NAGEL et al. 2009; PeIGNE et al. 2012), but not as hypercarnivorous as those present in
some species of the genus Hoplictis (H. florancei and H. helbingi). Instead, it is
comparable to the traits exhibited in the older Hoplictis noueli from Artenay.

Insert Text-fig. 3. about here.

Insert Text-fig. 4. about here.

Insert Text-fig. S about here.

With regards to 1. bezianensis, both the M1 from Bézian (Plate 4, Fig. 1) and the
hemimandible from Baigneaux (Text-fig. 2) clearly differ from 1. zibethoides. This is
evident from the presence of a M1 hypocone and a broader m1 talonid. The width of the
M1 from Bézian (holotype) is estimated and falls within the variability range of 1.
zibethoides, similar to the M1 from La Retama and Sandelzhausen (Text-fig. 3B).
However, the p4 and m1 of . bezianensis from Baigneaux (Text-fig. 4) are significantly
smaller than the dentition of 1. zibethoides. The m1 from Quinta de Farinheira assigned
to L. cf. bezianensis falls within the variability range of 1. zibethoides (Text-fig. 4B),
suggesting that it could be reassigned to /. cf. zibethoides. However, a detailed analysis
of this specimen should be carried out to reach a more definitive conclusion.

The morphological variability in the dentition of I. zibethoides has also been
recognised by other authors (NAGEL et al. 2009; PeiGNE 2012). NaGEL et al. (2009)
identified variability in the dentition of 1. zibethoides from Sandelzhausen and described
two morphotypes of the m1 talonid. In our comparisons, we find that there are indeed
some forms with a robust talonid, an enlarged entocristid, and a more buccally

positioned hypoconid (BSPG 1959 II 8039, 8047 and 8042; Plate 3, Figs. 7 and 8),
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while others have a slenderer talonid and a lingual flexo at the level of the metaconid
(BSPG 1959 11 8041, 8038 and 8040; Plate 3, Figs. 6, 9, 10 and 11). These two
morphotypes also occur in Sansan, with the broader one identified as MNHN Sa 15517
(Plate 3, Figs. 3 and 12) and the slender one as MNHN Sa 375 (Plate 3, Fig. 13). The
ml RET-712 from La Retama (Plate 3, Fig. 14) fits into the slender talonid morphotype
(Plate 3, Fig. 14), even having a more advanced degree of slenderness. Furthermore, we
observed additional variability in the M1s of Sansan and Sandelzhausen (Plate 3),
distinguishing two morphotypes: one with a metaconule and a robust cingulum
surrounding it (MNHN Sa 15519 and BSPG 1959 11 8044; Plate 3, Figs. 15 and 18), and
another lacking the metaconule and cingulum in this area (MNHN Sa 4677 and BSPG
1959 11 8072; Plate 3, Figs. 16 and 19). The M1 from La Retama (Plate 1, Fig. 3 and 6)
and that from Carrieres de la Morfassiére (Plate 3, Fig. 20) exhibit the morphotype
without metaconule. Another variable feature of /. zibethoides is the presence of a
rudimentary distal accessory cuspid in the p3, which is present only in some specimens
from Sansan (Plate 3, Figs. 1 to 3), as noted by PEIGNE (2012), but is absent in the p3 of
the hemimandible RET-712.

Insert Table 3 about here.

The occurrence of Ischyrictis zibethoides from La Retama and the classification
of the material from Portugal as Ischyrictis cf. zibethoides (previously classified as /. cf.
bezianensis) indicate that it was widespread in Western Europe during the Middle
Miocene. Relatively close genera such as Dehmictis, Hoplictis, Laphictis and Iberictis
(see VALENCIANO & GOVENDER 2020; VALENCIANO et al. 2020a; Plate 4) occur in
European fossil sites of the same age and later spread to Eastern Europe (Pickrorp et al.
2000), and Asia (ScHpmIDT-KITTLER 1976; VALENCIANO et al. 2019). However,

coexistence between species of these genera is rare. For instance, Iberictis buloti and
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Ischyrictis bezianensis were found together in Pellecahus (GinsBURG & Burot 2000),
Laphictis mustelinus and Hoplictis florancei in Erkertshofen-2 (RotH 1989), Hoplictis
florancei and Ischyrictis zibethoides in Faluns d’Anjou and Touraine (GINSBURG 1989)
and Faluns de Savigné-sur-Lathan (GiNsBURG 2001), Laphictis mustelinus and Hoplictis
helbingi in La Grive (VIRET 1933, 1951). This diversity of large mustelids (more than 10
kg) can be considered a characteristic of Middle Miocene carnivoran associations in
Europe. The estimated weight range for these species (Table 3) places them in the
category of medium-size carnivorans (10-60 kg following ViranTa 2003), but within the
family Mustelidae they would occupy the highest values, close to the extant Gulo gulo.
The only exception would be Hoplictis helbingi, which surpasses all terrestrial
mustelids in size. Overall, the dentition of this group shows unreduced premolars, with
low-crowned lower carnassials, with robust trigonid and functional talonid, while the P4
tends to reinforce the paracone-metastyle cutting blade, while retaining a strong
protocone. These features are congruent with a mesocarnivorous dentition model
defined by CRUSAFONT-PAIRO & TrRuYOLS-SaNTONJA (1956). Close to the Middle-Late
Miocene boundary, these forms nearly disappear (only Hoplictis helbingi survives at
Castell de Barbera in the Valles-Penedes Basin), coinciding with the appearance of the
first species of Eomellivora (VALENCIANO et al. 2019; ALBaA et al. 2022; KARGOPOULOS et
al. 2022). It is possible that this group of mustelids played a role analogous to that of the
Canidae in North American faunas before the Late Miocene, as they share the
mesocarnivorous dental adaptations, whereas in Europe this role was shared by
Mustelidae and Hyaenidae (ViranTa 2003). However, other medium-to-large-sized
mustelids of uncertain affinities but morphologically similar to extant Guloninae were
present in North America during that period. Among these stand out Sthenictis spp.

(e.g., Sthenictis lacota from Canon of Little White, Claredonian, South Dakota in
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MartHEW & GIDLEY [1904], Sthenictis dolichops from Sheep Creek,
Hemingfordian-Barstovian, Nebraska in MartHEw [1932], and the undescribed
Sthenictis sp. AMNH F:AM 25235 from the Burge Fauna of Nebraska, Early
Clarendonian, ca. 12 Ma), as well as the marten-sized Dinogale siouxensis from
Stonehouse Draw, Later Hemingfordian (equivalent to the European MN4-5), Nebraska
(Cook & MAcDONALD 1962). In VALENCIANO & GOVENDER (2020), VALENCIANO et al.
(2020a) and VaLENCIANO & BaskiN (2022) Sthenictis sp. (AMNHN F:AM 25325) is
discussed. The relationship between this species and the crown clade of Guloninae
remains unresolved, but it is nested with other Middle Miocene mustelids of large size
from Europe (Ischyrictis zibethoides and Laphictis mustelinus). Consequently, further
investigation into the systematic and paleobiology of these North American forms is
required in order to substantiate this hypothesis.
Insert Text-fig. 6. about here.

During the end of the Middle Miocene in Europe, a general increase in size and
diversity was observed within the Hyaenidae family (e.g., GINsBURG 1999; RoBLEs 2014;
MoraLEs et al. 2015) (Text-fig. 6), which could have contributed to the decline of these

large Middle Miocene mustelids.

5. Conclusions
The discovery of Ischyrictis zibethoides in the Iberian Peninsula extends the
geographical range of this species. This finding suggests that large mustelids were
common elements in the faunal associations of Europe during the Middle Miocene.
The Ischyrictis genus consist of two species. I. zibethoides and I. bezianensis. They
share a dental morphology similar to other large mustelids weighing over 10 kg, such as

Iberictis, Laphictis, and Hoplictis. Although a thorough review of the phylogenetic
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relationships of this group is necessary, its species may have played similar ecological
roles. During the Middle Miocene, these large-sized mustelids would have occupied the
mesocarnivore niche in the European carnivore associations, which in North America
was shared by mustelids and canids. The increase in size and diversity of the Hyaenidae
family since the end of the Middle Miocene (MN 7/8) may have caused the decline of

these large mustelids.

Acknowledgements

We would like to thank the following curators and collection managers for granting
access to comparative material under their care: J. Galkin, J. Flynn, J. Meng and R.
O’leary (AMNH) (AMNH), A. Prieur (FSL), J.M. Robles and D. M. Alba (ICP), C.
Argot (MNHN), J.I. Canudo (MPZ), and S. Fraile (MNCN). We also want to thank
Gema Garcia Martinez (UCM)), for taking the photographs of the fossils from La
Retama, and the authors of the photographs we used to study some of the considered
taxa: Loic Costelir (NMB) for the images of 1. bezianensis from Baigneaux and of H.
noueli, Phillippe Loubry (UMR7202, MNHN) and the late Stéphane Peigné (MNHN)
for the images of Ib. buloti, and Serdar Mayda (Ege University, Izmir, Turkey) for the
images of /. zibethoides from Sandelzhausen, L. mustelinus, D. vorax, H. florancei and
H. anatolicus. We are indebted to the editor D.C. Kalthoff and the reviewers D. Nagel
(Universitdit Wien) and Q. Jiangzuo (Chinese Academy of Sciences) for their useful
comments and suggestions, which made meaningful improvements to the original
manuscript. This study was supported by the Research Group UCM910607, and the
projects PID2020-116220GB-100 and PID2022-138275NB-100 funded by
MCIN/AEI/10.13039/ 501100011033, and PID2023-151089NB-100 founded by MCIU

/AEI/10.13039/501100011033 / FEDER, UE.

23



References
ALBA, D.M., GARCES, M., CasaNOVAS-VILAR, 1., RoOBLES, J.M., PINA, M., MoYA-SoLA, S.,
& ALMEcua, S. (2019). Bio- and magnetostratigraphic correlation of the Miocene
primate-bearing site of Castell de Barbera to the earliest Vallesian. Journal of
Human Evolution, 132, 32-46. DOI:

https://doi.ore/10.1016/1.jhevol.2019.04.006

ALBA, D.M., RoBLES, J.M., VALENCIANO, A., ABELLA, J., & CASANOVAS-VILAR, 1. (2022).
A new species of Eomellivora from the latest Aragonian of Abocador de Can
Mata (NE Iberian Peninsula), Historical Biology, 34(4), 694-703. DOI:

https://doi.org/10.1080/08912963.2021.1943380

ALVAREZ-SIERRA, M. A, GARCiA PAREDES, 1., VAN DEN HOEK OSTENDE, L., VAN DER
MEULEN, A.J., PELAEZ-CAMPOMANES, P., & SEviLLA, P. (2006). The Middle
Aragonian (Middle Miocene) micromammals from La Retama (Intermediate

Depression, Tagus Basin), Province of Cuenca, Spain. Estudios Geologicos,

62(1), 401-428. DOI: https://doi.org/10.3989/egeol.0662135

ARRIBAS, J., Diaz MoLINA, M., & TorTosA, A. (1996). Ambientes de sedimentacion,
procedencia y diagénesis de depdsitos de rios meandriformes desarrollados sobre
playa-lakes. Mioceno de la Cuenca de Loranca (provincias de Cuenca y
Guadalajara). Cuadernos de Geologia Ibérica, 21, 319-343.

Baskin, J.A. (1998). Mustelidae. In C.M. Janis, K.M. Scort & L.L. Jacoss (Eds.),
Evolution of Tertiary Mammals of North America: Vol. 1. Terrestrial Carnivores,
Ungulates and Ungulate-like Mammals (pp. 152—173). Cambridge University

Press.

24


https://doi.org/10.1016/j.jhevol.2019.04.006
https://doi.org/10.1080/08912963.2021.1943380
https://doi.org/10.3989/egeol.0662135

Baskin, J.A. (2005). Carnivora from the late Miocene Love Bone Bed of Florida.
Bulletin of Florida Museum of Natural History, 45(4), 413—434. DOLI:
https://doi.org/10.58782/flmnh.oveu6772

Barsch, A.J.G.K. (1788). Versuch einer Anleitung, zur Kenntnifp und Geschichte der
Thiere und Mineralien, fiir akademische Vorlesungen entworfen und mit den
nothigsten Abbildungen versehen. Erster Theil. Jena: Akademische
Buchhandlung.

BramviLLe, HM.D. DE (1842). Mammiferes Carnassiers: Des Mustelas (G Mustela).
Ostéographie ou déscription iconographique comparée du squelette et du
systeme dentaire des cing classes d’animaux vertebras récents et fossils pour
servir de base a la zoologie et a la géologie. Paris: J. B. Bailliere.

Bowbich, T.E. (1821). An Analysis of the Natural Classifications of Mammalia, For the
Use of Students and Travelers. Paris: J. Smith.

BryanT, L.J. (1968). A new genus of mustelid from the Ellensburg Formation of
Washington. Los Angeles County Museum Contributions in Science, 139, 1-6.

DOI: https://doi.org/10.5962/p.241128

Buror, C., & GINSBURG, L. (1993). Gisements a mammiféres miocénes du
Haut-Armagnac et age des plus anciens probiscidiens d'Europe occidentale.
Comptes rendus de I'Académie des Sciences, 136(11), 1011-1016.

CASANOVAS-VILAR, 1., GARCES, M., MARCUELLO, A., ABELLA, J., MADURELL-MALAPEIRA, J.,
JovELLS-VAQUE, S., CABRERA, L., GALINDO, J., BEAMUD, E., LEDO, J.L., QUERALT,
P., MarTi, A., SANJUAN, J., MARTIN-CLOSAS, C., JIMENEZ-MORENO, G., LulAN, A .H.,
VILLA, A., DE MIGUEL, D., SANCHEZ, I.M., RoBLES, J.M., FUriO, M., VAN DEN
HoEek OsTENDE, L.W., SANCHEZ MARCO, A., SANISIDRO, O., VALENCIANO, A.,

GARciA-PAREDES, 1., ANGELONEM, C., Pons-Monjo, G., Azanza, B., DELFINO, M.,

25


https://doi.org/10.58782/flmnh.oveu6772
https://doi.org/10.5962/p.241128

BoLET, A., GRAU-CaMATS, M., VizcaiNo, V., MORMENEO, D., KiMURrA, Y.,
MovyA-SoLA,, S., & ALa, D.M. (2022). Els Casots (Subirats, Catalonia), a key
site for the Miocene vertebrate record of Southwestern Europe. Historical
Biology, 34(8), 1494-1508. DOI:

https://doi.org/10.1080/08912963.2022.2043296

Cook, H.J., MACDONALD., J.R. (1962). New Carnivora from the Miocene and Pliocene of
Western Nebraska. Journal of Paleontology 36(3), 560-567.

CRUSAFONT-PAIRO, M. (1972). Les Ischyrictis de la transition Vindobonien — Vallésien.
Paleovertebrata, 5, 253-260.

CRUSAFONT-PAIRO, M. (1979). Nova troballa de I’ Ischyrictis mustelinus (Viret, 1933).
Butlleti Informatiu de l'Institut de Paleontologia de Sabadell, 11, 17-19.

CRUSAFONT-PAIRO, M., & TRUYOLS-SANTONJA, J. (1956). A biometric study of the
evolution of fissiped carnivores. Evolution, 10(3), 314-332.

CRUSAFONT-PAIRO, M., VILLALTA, J.F., & TruUYOLS, J. (1955). El Burdigaliense continental
de la cuenca del Vallés-Penedés. Memorias y Comunicaciones del Instituto
Geologico, 12, 1-272.

Daaws, R. (1991). Hypsodont Myomiminae (Gliridae, Rodentia) from the Miocene and
the Oligocene-Miocene boundary interval of Spain. Scripta Geologica, 95, 1-62.

DaAMS, R., MEULEN, A.J. VAN DER, PELAEZ-CAMPOMANES, P., & ALVAREZ-SIERRA, ML A.
(1999). Trends in rodent assemblages from the Aragonian (early-middle
Miocene) of the Calatayud-Daroca Basin, Aragdn, Spain. Hominoid Evolution
and Climate Change in Europe, 1, 127-139. DOLI:

https://doi.org/10.1017/CBO9780511542329

DEenwm, R. (1950). Die Raubtiere aus dem Mittel-Miocén (Burdigalium) von

Wintershof-West bei Eichstétt in Bayern. Abhandlungen der Bayerischen

26


https://doi.org/10.1080/08912963.2022.2043296
https://doi.org/10.1017/CBO9780511542329

Akademie der Wissenschaften, Mathematisch-naturwissenschaftliche Klasse,
Neue Folge 58, 1-14.

Diaz MoLiNA, M., & LorEz MARTINEZ, N. (1979). El Terciario continental de la
Depresion Intermedia (Cuenca). Bioestratigrafia y Paleogeografia. Estudios
Geologicos, 35, 149-167.

Evans, H.E., & DE LAHUNTA, A. (2010). Miller s Guide to the Dissection of the Dog (7"
ed.). Philadelphia: W.B. Saunders Company.

Evans, H.E., & DE LAHUNTA, A. (2013). Miller s Anatomy of the Dog (4™ ed.).
Philadelphia: W.B. Saunders Company.

FiLuoL, H. (1894). Observations concernant quelques mammiferes fossiles nouveaux du
Quercy. Annales des Sciences Naturelles: Zoologie et Paléontologie Paris, 16,
129-150.

FortELIUS, M. (1990). Problems with using fossil teeth to estimate body sizes of extinct
mammals. In J. DamuTh & B.J. MAcFappeN (Eds.), Body Size in Mammalian
Paleobiology (pp. 207-228), Cambridge: Cambridge University Press.

Fraas, O. (1870). Die Fauna von Steinheim. Mit Riicksicht auf die miocidnen
Sdugethier- und Vogelreste des Steinheimer Beckens. Jahreshefte des Vereins fiir
vaterldndische Naturkunde in Wiirttemberg, 26, 145-306.

FrAILE, S., PEREZ, B., DE MIGUEL, 1., & MORALES, J. (1997). Revisiéon de los Carnivoros
presentes en los yacimientos del Neodgeno espaiol. In J.P. CaLvo & J. MORALES
(Eds.), Avances en el conocimiento del Terciario Ibérico (pp. 77-80). Madrid:
Museo Nacional de Ciencias Naturales.

GINSBURG, L. (1961). La faune des carnivores miocénes de Sansan (Gers). Mémoires du

Muséum National d’Histoire Naturelle, Series C, 9, 1-190.

27



GINSBURG, L. (1989). The faunas and stratigraphical subdivisions of the Orleanian in the
Loire Basin (France). In E. Linpsay, V. FauLBuscH & P. Me (Eds.), European
Neogene Mammal Chronology, pp. 157-176. DOI:

https://doi.org/10.1007/978-1-4899-2513-8 11

GINSBURG, L. (1999). Order Carnivora. In G.E. Rossner & K. HeissiG (Eds.), The
Miocene Land Mammals of Europe (pp. 109—-148). Munich: Verlag Dr. Friedrich
Pfeil.

GINSBURG, L. (2001). Les faunes de mammiferes terrestres du Miocéne moyen des
Faluns du bassin de Savigné-sur-Lathan (France). Geodiversitas 23(3), 381-394.

GINSBURG, L. (2002). Les carnivores fossiles des sables de 1’Orléanais. Annales de
Paléontologie, 88, 115-146. DOLI:

https://doi.org/10.1016/S0753-3969(02)01042-X

GINSBURG, L., & ANTUNES, M.T. (1995). Les carnivores du miocéne de Lisbonne
(Portugal). Annales de Paléontologie, 81(3), 125-165.

GINSBURG, L., & Buror, C. (1982). Les carnivores du miocéne de Bézian prés de la
Romieu (Gers, France). Proceedings of the Koninklijke Nederlandse Akademie
van Wetenschappen. B 85(1), 53-76.

GINSBURG, L., & Buror, C. (2000). Le cadre stratigraphique du site de Sansan. Bulletin
du Muséum National d’Histoire naturelle, Paris, 183, 39—-67.

GINSBURG, L., & MORALES, J. (1992). Contribution a la connaissance des Mustélidés
(Carnivora, Mammalia) du Miocene d’Europe Trochictis et Ischyrictis, genres
affines et genres nouveaux. Comptes rendus de I'’Académie des Sciences, 2(315),
111-116.

GINSBURG, L., MORALES, J., & Soria, D. (1981). Nuevos datos sobre los carnivoros de los

Valles de Fuentiduefia (Segovia). Estudios Geologicos, 37, 383—415.

28


https://doi.org/10.1007/978-1-4899-2513-8_11
https://doi.org/10.1016/S0753-3969(02)01042-X

GITTLEMAN, J.L., & VAN VALKENBURGH, B. (1997). Sexual dimorphism in the canines and
skulls of carnivores: effects of size, phylogeny, and behavioural ecology. Journal
of Zoology, 242, 97-117. DOI:

https://doi.org/10.1111/1.1469-7998.1997.tb02932.x

Gray, J.E. (1825). An outline of an attempt at the disposition of Mammalia into tribes
and families, with a list of the genera apparently appertaining to each tribe.
Annals of Philosophy. New Series, 10, 337-344.

Gray, J.E. (1865). Revision of the genera and species of Mustelidae contained in the
British Museum. Proceedings of the Zoological Society of London, 100—154.

HEeLBinG, H. (1930). Zur Kenntniss der miocédnen ,,Mustela “zibethoides Blainville.
Eclogae Geologiae Helvetiae, 23(2), 637-644.

HEeLBinG, H. (1936). Die Carnivoren des Steinheimer Beckens. A. Mustelidae.
Palaeontographica-Supplementbdinde, 8, 1-95.

HiLGen, F.J., Lourens, L.J., & Van Dawm, J.A. (2012). The Neogene period. In F.M.
GRADSTEIN, J.G. OGG, M.D. Scumitz, & G.M. OcG (Eds.), The Geologic Time
Scale (pp. 923-978). Amsterdam: Elsevier. DOI:

https://doi.org/10.1016/B978-0-444-59425-9.00029-9

KarGorouLos, N., VALENCIANO, A., ABELLA, J., KaMPOURIDIS, P., LECHNER, T., & BOHME,
M. (2022). The exceptionally high diversity of small carnivorans from the Late
Miocene hominid locality of Hammerschmiede (Bavaria, Germany). PLoS ONE,

17(7): 0268968. DOI: https://doi.org/10.1371/journal.pone.0268968

KRretzOI, M. (1952). Die Raubtiere der Hipparion fauna von Polgardi. Annales. Instituti

Geologici Publici Hungarici, 40, 1-38.

29


https://doi.org/10.1111/j.1469-7998.1997.tb02932.x
https://doi.org/10.1016/B978-0-444-59425-9.00029-9
https://doi.org/10.1371/journal.pone.0268968

LARIVIERE, S., & JENNINGS, A.P. (2009). Family Mustelidae (weasels and relatives). In
D.E. WiLson, & R.A. MiTTerMEIER (Eds.), Handbook of Mammals of the World:
Vol. 1. Carnivores (pp. 440—451). Bellaterra: Lynx Edicions.

Law, C.J., & MEnTA, R.S. (2018). Carnivory maintains cranial dimorphism between
males and females: evidence for niche divergence in extant Musteloidea.

Evolution, 72(9), 1950-1961. DOI: https://doi.org/10.1111/evo.13514

Law, C.J., VENKATRAM, V., & MEHTA, R.S. (2016). Sexual dimorphism in
craniomandibular morphology of southern sea otters (Enhydra lutris nereis).
Journal of Mammalogy, 97(6), 1764-1773. DOI:
https://doi.org/10.1093/jmammal/gyw148

LEGENDRE, S., & RotH, C.H. (1988). Correlation of carnassial tooth size and body
weight in Recent carnivores (Mammalia). Historical Biology, 1(1), 85-98. DOI:

https://doi.org/10.1080/08912968809386468

L1, B., WoLsan, M., Wu, D., ZHanG, W., Xu, Y., & ZENG., Z. (2014). Mitochondrial
genomes reveal the pattern and timing of marten (Martes), wolverine (Gulo),
and fisher (Pekania) diversification. Molecular Phylogenetics and Evolution, 80,

156—64. DOI: https://doi.org/10.1016/j.vmpev.2014.08.002

MartHEw, W.D. (1932). New fossil mammals from the Snake Creek quarries. American
Museum Novitates, 540, 1-8.

MartHEW, W.D., & GIDLEY, J. W. (1904). New or little known mammals from the
Miocene of South Dakota, American Museum expedition of 1903. Bulletin of the
American Museum of Natural History, 20, 241-268.

MaverT, L. (1908). Etudes de mammiféres miocénes des sables de I’Orléanais et des
faluns de la Touraine. Annales de [’Université de Lyon, Nouvelle Série, 24,

1-336.

30


https://doi.org/10.1111/evo.13514
https://doi.org/10.1093/jmammal/gyw148
https://doi.org/10.1080/08912968809386468
https://doi.org/10.1016/j.ympev.2014.08.002

MEIN, P. (1958). Les mammiferes de la faune sidérolithique de Vieux-Collonges.
Nouvelles Archives du Muséum d’Historie Naturelle de Lyon, Fascicule V. Lyon:
Société Anonyme de I’Imprimerie A. Rey.

MOoRALES, J., ALcALA, L., Hovos, M., MonToya, P., NieTo, M., PEREZ, B., & Soria, D.
(1993). El yacimiento del Aragoniense medio de La Retama (Depresion
Intermedia, Provincia de Cuenca, Espafia): significado de las faunas con
Hispanotherium. Scripta Geologica, 103, 23-29.

MORALES, J., CANTALAPIEDRA, J.L., VALENCIANO, A., HONTECILLAS, D., FRAILE, S., GARCIA
YELO, B.A., MoNTOYA, P., & ABELLA, J. (2015). The fossil record of the Neogene
carnivore mammals from Spain. Palaeobiodiversity and Palaeoenvironments,

95(3), 373-386. DOI: https://doi.org/10.1007/s12549-015-0206-z

MORALES, J., NIETO, M., PELAEZ-CAMPOMANES, P., SorIA, D., ALVAREZ, M., ALCALA, L.,
AMEzuUA, L., Azanza, B., CErRDENO, E., DaaMms, R., FRAILE, S., GUILLEM, J., Hovos,
M., MEerINO, L., DE MIGUEL, 1., MONPARLER, R., MoONTOYA, P., PEREZ, B., SALESA,
M., & SANcHEZ, L. (1999). Vertebrados continentales del Terciario de la cuenca
de Loranca (provincia de Cuenca). In E. AGUIRRE & 1. RABaANO (Eds.), La huella
del pasado: Fosiles de Castilla-La Mancha (pp. 235-260). Junta de
Comunidades de Castilla-La Mancha. Servicio de Publicaciones.

MOoORALES, J., PELAEZ-CAMPOMANES, P., ABELLA, J., MonTOYA, P., RUiz, F.J., GIBERT, L.,
ScotT, G., CANTALAPIEDRA, J.L., & SaNisiDrO, O. (2013). The Ventian mammal
age (latest Miocene): present state. Spanish Journal of Palaeontology, 28(2),

149-160. DOI: https://doi.org/10.7203/sip.28.2.17849

MORALES, J., PIckFOrRD, M., FRAILE, S., SALEsA, M. J., & Soria, D. (2003). Creodonta and
Carnivora from Arrisdrift, early Middle Miocene of Southern Namibia. Memoir

of the Geological Survey of Namibia, 19, 177-194.

31


https://doi.org/10.1007/s12549-015-0206-z
https://doi.org/10.7203/sjp.28.2.17849

MORALES, J., PIckFORD, M., SoRrIA, D., & FRraILE, S. (1998). New carnivores from the
basal Middle Miocene of Arrisdrift, Namibia. Eclogae Geologicae Helvetiae, 91,
27-40.

NaGeL, D., STereN, C., & MorLo, M. (2009). The carnivoran community from the
Miocene of Sandelzhausen (Germany). Paldontologische Zeitschrift, 83(1),

151-174. DOI: https://doi.org/10.1007/s12542-009-0008-6

Noonan, M.J., Jounson, P.J., KiTcHENER, A.C., HARRINGTON, L.A., NEwMAN, C., &
MacpoNaLD, D.W. (2016). Sexual size dimorphism in musteloids: An anomalous
allometric pattern is explained by feeding ecology. Ecology and Evolution,

6(23), 1-7. DOI: https://doi.org/10.1002/ece3.2480

OLIVER, A., & PELAEZ-CaMPOMANES, P. (2013). Megacricetodon vandermeuleni, sp. nov.
(Rodentia, Mammalia), from the Spanish Miocene: a new evolutionary
framework for Megacricetodon. Journal of Vertebrate Paleontology, 33(4),

943-955. DOI: https://doi.org/10.1080/02724634.2013.743896

Pais, J., CunHA, P.P., PEREIRA, D., LEGOINHA, P., Dias, R., Moura, D., DA SILVEIRA, A.B.,
KULLBERG, J.C., & GonzALEZ-DELGADO, J.A. (2011). The Paleogene and Neogene
of Western Iberia (Portugal): A Cenozoic record in the European Atlantic
Domain. In: The Paleogene and Neogene of Western Iberia (Portugal) (pp.
1-138). Springerbriefs in Earth Sciences. Heidelberg: Springer Berlin. DOI:

https://doi.org/10.1007/978-3-642-22401-0_1

PaLras, P.S. (1780). Spicilegia Zoologica. Berlin: G. A. Lange.
PEIGNE, S. (2012). Les Carnivora de Sansan. In S. PEIGNE & S. SeEN (Eds.), Mammiferes
de Sansan (pp. 559—660). Mémoires du Muséum national d’Histoire naturelle

203. Paris: Muséum national d’Histoire naturelle.

32


https://doi.org/10.1007/s12542-009-0008-6
https://doi.org/10.1002/ece3.2480
https://doi.org/10.1080/02724634.2013.743896
https://doi.org/10.1007/978-3-642-22401-0_1

PErREZ-RAMOS, A., & FiGueRIDO, B. (2020). Toward an “ancient” virtual world:
improvement methods on X-ray CT data processing and virtual reconstruction of
fossil skulls. Frontiers in Earth Science, 8. DOI:

https://doi.org/10.3389/feart.2020.00345

PErTUSA, J.F. (2010). Técnicas de Andlisis de Imagen. Aplicaciones en Biologia (2™
ed.). Valencia: Publicacions de la Universitat de Valéncia.

PETTER, G. (1963). Contribution a I'étude des mustélidés des bassins néogenes du
Valles-Penedes et de Calatayud-Teruel. Mémoires de la Société Géologique de
France (Nouvelle Série), 42(97), 1-44.

PETTER, G. (1967). Mustélidés nouveaux du Vallésien de Catalogne. Annales de
Paléontologie, 53, 93—113.

PickrorD, M., GABUNIA, L., MEIN, P., MORALES, J., & Azanza, B., (2000). The Middle
Miocene mammalian site of Belometchetskaya, North Caucasus: an important
biostratigraphic link between Europe and Asia. Geobios, 33(2), 257-267. DOI:

https://doi.org/10.1016/S0016-6995(00)80023-6

PINEL, P. (1792). Recherches sur une nouvelle méthode de classification des
quadrupédes, fondée sur la structure méchanique des parties osseuses qui servent
a l'articulation de la machoire inférieure. Actes de la Société d'Histoire Naturelle
de Paris, 1, 50-60.

Pocock, R.I. (1941). Mammalia. II. Carnivora: Aeluroidea, Arctoidea. The Fauna of
British India, Including Ceylon and Burma, 330-337.

RoBLEs, J.M. (2014). Miocene carnivorans from the Valles-Penedes Basin (NE Iberian
Peninsula). PhD thesis, Autonomous University of Barcelona.

RotH, C.H. (1989). Die Raubtierfauna (Carnivora, Mamm.) der untermiozdnen

Spaltenfiillung von Erkertshofen 2 bei Eichstitt/Bayern. Mitteilungen der

33


https://doi.org/10.3389/feart.2020.00345
https://doi.org/10.1016/S0016-6995(00)80023-6

Bayerische Staatssammlungen fiir Paldontologie und Historische Geologie, 29,
163-205.

SamutLs, J.X., BREDEHOEFT, K.E., & WaLLAcE, S.C. (2018). A new species of Gulo from
the Early Pliocene Gray fossil site (Eastern United States); rethinking the
evolution of wolverines. Peer.J, 6: e4648. DOLI:

https://doi.ore/10.7717/peerj.4648

SANCHEZ, I.M., CANTALAPIEDRA, J.L., Rios, M., QUIRALTE, V., & MORALES, J. (2015).
Systematics and evolution of the Miocene three-horned palacomerycid
ruminants (Mammalia, Cetartiodactyla). PLoS ONE, 10(12). DOLI:

https://doi.org/10.1371/journal.pone.0143034

Saro, J. J., Hosopa, T., WoLsaN, M., TsucHiva, K., Yamamoro, M., & Suzuki., H.
(2003). Phylogenetic relationships and divergence times among mustelids
(Mammalia: Carnivora) based on nucleotide sequences of the nuclear
interphotoreceptor retinoid binding protein and mitochondrial cytochrome b
genes. Zoological Science, 20(2), 243-264. DOI:

https://doi.org/10.2108/zsi.20.243

ScHmIDT-KITTLER, N. (1976). Raubtiere aus dem Jungtertidr Kleinasiens.
Palaeontographica A, 155, 1-131.

Smith, J.B., & Dobson, P. (2003). A proposal for a standard terminology of anatomical
notation and orientation in fossil vertebrate dentitions. Journal of Vertebrate
Paleontology, 23(1), 1-12. DOI:

https://doi.org/10.1671/0272-4634(2003)23[1:APFAST]2.0.CO;2

Torres, T., & Zarata, J.L. (1986). Caracterizacion de dos sistemas de abanicos aluviales
htimedos en el Terciario de la Depresion Intermedia (Cuenca-Guadalajara). Acta

Geologica Hispanica, 21-22(1), 45-53.

34


https://doi.org/10.7717/peerj.4648
https://doi.org/10.1371/journal.pone.0143034
https://doi.org/10.2108/zsj.20.243
https://doi.org/10.1671/0272-4634(2003)23%5b1:APFAST%5d2.0.CO;2

ToRRES, T., ZAPATA, J.L., & PorTERO, D.M. (1983). El Terciario de la Depresion
Intermedia entre la Serrania de Cuenca y la Sierra de Altomira. In J.A. ComBA
(Ed.), Libro Jubilar a J.M. Rios, Il Geologia de Esparia (pp. 558—564). Madrid,
Instituto Geoldgico y Minero de Espaia.

TSENG, Z.J., WaANG, X., & STEWART, J.D. (2009). A new immigrant mustelid (Carnivora,
Mammalia) from the middle Miocene temblor formation of central California.

PaleoBios, 29(1), 13-23. DOI: https://doi.org/10.5070/P9291021804

VALENCIANO, A., & BaskiN, J. (2022). Moralesictis intrepidus gen. et sp. nov., the long
journey of a Miocene honey badger’s relative to the New World. Historical

Biology, 34(8), 1-10. DOI: https://doi.org/10.1080/08912963.2021.2023138

VALENCIANO, A., & GOVENDER, R. (2020). New fossils of Mellivora benfieldi
(Mammalia, Carnivora, Mustelidae) from Langebaanweg, ‘E’ Quarry (South
Africa, early Pliocene): Re-evaluation of the african Neogene mellivorines.
Journal of Vertebrate Paleontology, 40(4): €1817754. DOL:

https://doi.org/10.1080/02724634.2020.1817754

VALENCIANO, A., ABELLA, J., ALBA, D.M., ROBLES, J. M., ALVAREZ-SIERRA, M.A., &
MoraALEs, J. (2020a). New Early Miocene material of Iberictis, the oldest
member of the wolverine lineage (Carnivora, Mustelidae, Guloninae). Journal of
Mammalian Evolution, 27(1), 73-93. DOI:

https://doi.org/10.1007/s10914-018-9445-x

VALENCIANO, A., ABELLA, J., GOHLICH, U.B., ALVAREZ-SIERRA, M.A., & MORALES, J.
(2017). Re-evaluation of the very large Eomellivora fricki (Pia, 1939)
(Carnivora, Mustelidae, Mellivorinae) from the Late Miocene of Austria.

Palaeontologia Electronica, 20, 1-22. DOI: https://doi.org/10.26879/691

35


https://doi.org/10.5070/P9291021804
https://doi.org/10.1080/08912963.2021.2023138
https://doi.org/10.1080/02724634.2020.1817754
https://doi.org/10.1007/s10914-018-9445-x
https://doi.org/10.26879/691

VALENCIANO, A., ABELLA, J., SANISIDRO, O., HARTSTONE-ROSE, A., ALVAREZ-SIERRA, M. A,
& MORALES, J. (2015). Complete description of the skull and mandible of the
giant mustelid Eomellivora piveteaui Ozansoy, 1965 (Mammalia, Carnivora,
Mustelidae) from Batallones (MN10), Late Miocene (Madrid, Spain). Journal of
Vertebrate Paleontology, 35(4), €934570. DOL:

https://doi.org/10.1080/02724634.2014.934570

VALENCIANO, A., JIANGzUO, Q., WANG, S., L1, C., ZHANG, X., & YE, J. (2019). First record
of Hoplictis (Carnivora, Mustelidae) in East Asia from the Miocene of the
Ulungur River Area, Xinjiang, Northwest China. Acta Geologica Sinica -

English Edition, 93(2), 251-264. DOLI: https://doi.org/10.1111/1755-6724.13820

VALENCIANO, A., MORALES, J., Azanza, B., & DeEMIGUEL, D. (2022). Aragonictis araid,
gen. et sp. nov., a small-sized hypercarnivore (Carnivora, Mustelidae) from the
late middle Miocene of the Iberian Peninsula (Spain). Journal of Vertebrate
Paleontology, 41(5): €2005615. DOLI:

https://doi.org/10.1080/02724634.2021.2005615

VALENCIANO, A., PEREZ-RAMOS, A., ABELLA, J., & MoORALES, J. (2020b). A new
hypercarnivorous mustelid (Mammalia, Carnivora, Mustelidae) from Batallones,
late Miocene (MN10), Torrejon de Velasco, Madrid, Spain. Geodiversitas, 42(8),

103—121. DOI: https://doi.org/10.5252/geodiversitas2020v42a8

VAN DER MEULEN, A.J., GARCIA-PAREDES, 1., ALVAREZ-SIERRA, M. A.., VAN DEN HOEK
OsteENDE, L.W., HorD1IK, K., OLIVER, A., LOPEZ-GUERRERO, P.,
HERNANDEZ-BALLARIN, V., & PELAEZ-CamPOMANES, P. (2011). Biostratigraphy or
biochronology? Lessons from the Early and Middle Miocene small Mammal
Events in Europe. Geobios, 44(2-3), 309-321. DOI:

https://doi.ore/10.1016/j.ge0bi10s.2010.11.004

36


https://doi.org/10.1080/02724634.2014.934570
https://doi.org/10.1111/1755-6724.13820
https://doi.org/10.1080/02724634.2021.2005615
https://doi.org/10.5252/geodiversitas2020v42a8
https://doi.org/10.1016/j.geobios.2010.11.004

VAN DER MEULEN, A.J., GARCiA PAREDES, 1., ALVAREZ SIERRA, M.A., VAN DEN HOEK
OsTENDE, L., HorDuIK, K., OLIVER PEREZ, A., & PELAEZ-CAMPOMANES, P. (2012).
Updated Aragonian biostratigraphy: Small mammal distribution and its
implications for the Miocene European chronology. Geologica Acta, 10(2),

159-179. DOI: http://dx.doi.org/10.1344/105.000001710

VAN VALKENBURGH, B. (1990). Skeletal and dental predictors of body mass in
carnivores. In J. DamuTh & B.J. MacFapDeN (Eds.) Body size in mammalian
paleobiology: Estimation and biological implications (pp. 181-206). Cambridge
University Press.

VILLALTA COMELLA, J.F., & CrUSAFONT-PAIRO, M. (1943). Los vertebrados del Mioceno
continental de la cuenca Vallés-Penedés (provincia de Barcelona). 1.
Insectivoros. II. Carnivoros. Boletin del Instituto Geoldgico y Minero de Espana,
56, 145-336.

VIRANTA, S. (2003). Geographic and temporal ranges of Middle and Late Miocene
carnivores. Journal of Mammalogy, 84(4), 1267-1278. DOI:

https://doi.org/10.1644/bjk-035

VIRET, J. (1933). Contribution a I’¢tude des carnassiers miocenes de la
Grive-Saint-Alban (Isére). Travaux du Laboratoire de Géologie de la Faculté
des Sciences de Lyon, 21(18), 1-31.

VIRET, J. (1951). Catalogue critique de la faune des mammifeéres miocenes da La Grive
Saint-Alban (Isére). Nouvelles archives du muséum d’histoire naturelle de Lyon,
3, 1-104.

vON MEYER, H. (1842). Mittheilungen an Professor Bronn gerichtet. Neues Jahrbuch fiir

Mineralogie, Geognosie, Geologie und Petrefaktenkunde, 1842, 583—589.

37


http://dx.doi.org/10.1344/105.000001710
https://doi.org/10.1644/bjk-035

WaisL, H., Gassg, H., HasHimoTo, Y., BurbAs, K.D., CONSTANTINESCU, G.M., SABER,
A.S., SIMOENS, P., SALAZAR, 1., SoToNYI, P., AUGSBURGER, H., & BraGuLLA, H.
(2005). Nomina Anatomica Veterinaria (5™ ed.). International Committee on
Veterinary Gross Anatomical Nomenclature. World Association of Veterinary
Anatomists, Columbia, Missouri.

ZDANSKY, O. (1924). Jungtertidre Carnivoren Chinas. Palaeontologica Sinica, 2, 1-155.

Text-figures captions

Text-fig. 1. Geographical and geological context of La Retama fossil site within the

Intermediate Basin; modified from SANCHEZ et al. (2015).

Text-fig. 2. Fossils and casts of Ischyrictis bezianensis from Baigneaux. A. Left
hemimandible SO 4095 from Baigneaux, buccal view. B. Left hemimandible SO 4095
from Baigneaux, lingual view. C. Left hemimandible SO 4095 from Baigneaux,

occlusal view. All figures use the same scale (10 mm).

Text-fig. 3. Bivariate plot of the logarithmic values of length (L) and width (W) of the
P4 (A) and M1 (B) of selected large-sized mustelids from the Early and Middle
Miocene. Ischyrictis cf. bezianensis from Quinta de Farinheira is listed as /. cf.
zibethoides. Values given in mm. The ellipse indicates the variability range of published
Ischyrictis zibethoides. Metric data from: VIRET (1933, 1951); ViLLaLta COMELLA &
CRUSAFONT-PAIRO (1943); DEnM (1950); MEIN (1958); ScumMIDT-KITTLER (1976);
GINsBURG & BuLot (1982); BuLoT & GINSBURG (1993); NaGEL et al. (2009); PEIGNE

(2012); VaLENCIANO et al. (2020a); KarcorouLos et al. (2022).
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Text-fig. 4. Bivariate plot of the logarithmic values of length (L) and width (W) of the
p4 (A) and m1 (B) of selected large-sized mustelids from the Early and Middle
Miocene. Ischyrictis cf. bezianensis from Quinta de Farinheira is listed as /. cf.
zibethoides. Values given in mm. The ellipse indicates the variability range of published
Ischyrictis zibethoides. Metric data from: MaveT (1908); HELBING (1930); VIRET (1933);
ViLLarta CoMELLA & CRUSAFONT-PAIRO (1943); DEnm (1950); MEIN (1958); BRYANT
(1968); CrusaFONT-PAIRO (1972); ScuMIDT-KITTLER (1976); RoTH (1989); BuLoT &
GINSBURG (1993); GINSBURG & ANTUNES (1995); GINSBURG (2002); MORALEs et al.
(2003); Baskin (2005); NaGeL et al. (2009); PeionE (2012); VaLENcIANO et al. (2019,

20204a).

Text-fig. 5. Bivariate plot of the logarithmic values of length (L) of the P3-P4 (A) and
of the p4-m1 (B) of selected large-sized mustelids from the Early and Middle Miocene.
Ischyrictis cf. bezianensis from Quinta de Farinheira is listed as /. cf. zibethoides.
Values given in mm. The ellipse indicates the variability range of published Ischyrictis
zibethoides. Metric data from: MAYET (1908); HELBING (1930); VIRET (1933); VILLALTA
CoMELLA & CRUSAFONT-PAIRO (1943); DEnm (1950); MEIN (1958); BryanT (1968);
CRUSAFONT-PAIRO (1972); ScHmIDT-KITTLER (1976); RoTH (1989); GINSBURG & ANTUNES
(1995); GinsBURG (2002); MoraLEs et al. (2003); Baskin (2005); NAGEL et al. (2009);

PEIGNE (2012); VALENCIANO et al. (2019, 2020a).

Text-fig. 6. Biochronological distribution of the European Middle and Late Miocene
medium and large-sized mustelids (red) and hyaenids (green). The hyaenid-like viverrid

Semigenetta grandis is also included with the hyaenids. The light blue bar indicates the
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transition between the end of the Middle Miocene (Aragonian, MN7/8) and the

beginning of the Late Miocene (Vallesian, MN9). ELMA (European Land Mammal

Ages) and MN (Mammal Neogene units) are based on HiLGeN et al. (2012) and

MoraLEs et al. (2013). Sources for the biochronological distribution of the different

taxa: GINSBURG et al. (1981), RoBLEs (2014), MorALEs et al. (2015), and references in

this work.
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10.

Plates 1-4 and explanation of plates

Plate 1
Cranium RET-1501 of Ischyrictis zibethoides from La Retama;
dorsal view.
Ditto; left lateral view.
Ditto; occlusal view.
Ditto; rostral view.
Ditto; caudal view
Ditto; occlusal view obtained by CT scan (stereo pair).
Ditto; dorsal plane view at the level of the roots, showing that the P4
protocone root is not displaced and confirming the measurement of the
P4 width.
Right P4 RET-220 of Ischyrictis zibethoides from La Retama; buccal
view.
Ditto; lingual view.

Ditto; occlusal view.
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

Fig.

Fig.
Fig.

Fig.

I1.

12.

13.

14.

Right M1 RET-1502 of Ischyrictis zibethoides from La Retama; occlusal
view.

Ditto; anterior view.

Left M1 RET-818 of Ischyrictis zibethoides from La Retama; occlusal
view.

Ditto; anterior view.

1 — 5 use the same scale (10 mm). Fig. 6 — 14 use the same scale (10 mm).

10.

I1.

12.

13.

Plate 2
Left hemimandible RET-712 of Ischyrictis zibethoides from La Retama,;
buccal view.
Ditto; lingual view.
Ditto; occlusal view.
3D model of RET-712 obtained by CT scan; buccal view.
Ditto; lingual view.
Ditto; occlusal view.
3D model of RET-712 obtained by CT scan, with both the mandibular
bone and deciduous tooth dp4 digitally removed; buccal view.
Ditto; lingual view.
Ditto; occlusal view.
Right m1 RET-558 of Ischyrictis zibethoides from La Retama;
buccal view.
Ditto; lingual view.
Ditto; occlusal view.

Ditto; distal view.
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All Figs. of this Plate use the same scale (10 mm).

Plate 3
Fig. 1. Left hemimandible MNHN Sa 15517 of Ischyrictis zibethoides from
Sansan; buccal view.
Fig. 2. Ditto; lingual view.
Fig. 3. Ditto; occlusal view.
Fig. 4. Right hemimandible BSPG 1959 11 8041 of Ischyrictis zibethoides from

Sandelzhausen; buccal view.

Fig. 5. Ditto; lingual view.
Fig. 6. Ditto; occlusal view.
Fig. 7. Right m1 BSPG 1959 1I 8039 of Ischyrictis zibethoides from

Sandelzhausen; occlusal view. Mirrored.

Fig. 8. Right m1 BSPG 1959 11 8037 of Ischyrictis zibethoides from
Sandelzhausen; occlusal view. Mirrored.

Fig. 9. Right m1 BSPG 1959 11 8041 of Ischyrictis zibethoides from
Sandelzhausen; occlusal view. Mirrored.

Fig. 10. Left m1 BSPG 1959 11 8038 of Ischyrictis zibethoides from
Sandelzhausen; occlusal view.

Fig. 11. Left m1 BSPG 1959 11 8040 of Ischyrictis zibethoides from
Sandelzhausen; occlusal view.

Fig. 12. Left m1 MNHN Sa 15517 of Ischyrictis zibethoides from Sansan;

occlusal view.
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

13.

14.

15.

16.

17.

18.

19.

20.

Right m1 MNHN Sa 375 of Ischyrictis zibethoides from Sansan;
occlusal view. Mirrored.

3D model of left m1 RET-712 of Ischyrictis zibethoides from La Retama;
occlusal view.

Right P4 and M1 MNHN Sa 15519 of Ischyrictis zibethoides from
Sansan, where the arrow points to the M1 metastyle; occlusal view.
Left M1 MNHN Sa 4677 of Ischyrictis zibethoides from Sansan, which
lacks a metastyle; occlusal view.

Left P4 BSPG 1959 11 8044 of Ischyrictis zibethoides from
Sandelzhausen; occlusal view.

Right M1 BSPG 1959 11 8044 of Ischyrictis zibethoides from
Sandelzhausen, where the arrow points to the metastyle; occlusal view.
Right M1 BSPG 1959 11 8072 of Ischyrictis zibethoides from
Sandelzhausen; occlusal view.

Cast of a left M1 of Ischyrictis zibethoides from Carrieres de la

Morfassiére; occlusal view.

1 — 14 use the same scale (10 mm). Fig. 15 — 20 use the same scale (10 mm).

1.

2

Plate 4
Left M1 Be 7545 of Ischyrictis bezianensis from Bézian; occlusal view.
Left P4 BSPG 1937 11 13727 of Dehmictis vorax from Wintershof-West;

occlusal view.
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10.

I1.

12.

13.

14.

15.

Left M1 BSPG 1937 1I 13374 of Dehmictis vorax from Wintershof-West;
occlusal view.

Left hemimandible BSPG 1937 II 13300 of Dehmictis vorax from
Wintershof-West; buccal view.

Ditto; occlusal view.

Left P4 and M1 of the holotype of Iberictis azanzae from Artesilla;
occlusal view.

Left P4 and M1 (IPS10077) of Iberictis buloti from els Casots; occlusal
view.

Right hemimandible MNHN LRM 1044 of Iberictis buloti from
Pellecahus; buccal view.

Ditto; occlusal view.

Right M1 NMB S.0. 5490 of Hoplictis noueli from Artenay;

occlusal view.

Right hemimandible NMB S.0. 4078 of Hoplictis noueli from Artenay;
buccal view.

Left m1 IPS 33105 of Hoplictis helbingi from Castell de Barbera; lingual
view.

Ditto; occlusal view.

Right P3, P4 and M1 FSL 213784 of Laphictis mustelinus from

La Grive-Saint-Alban; occlusal view.

Right hemimandible IPS2043 of Laphictis mustelinus from Hostalets de

Pierola; lingual view.

All Figs. of this Plate use the same scale (10 mm).
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Table captions

Table 1. Faunal list of La Retama fossil site (MORALES et al. 1999; ALvaREZ-SIERRA et al.
2006; OLIVER & PELAEZ-CAMPOMANES 2013; SANCHEZ et al. 2015; VALENCIANO et al.

2022).

Table 2. Length (L) and width (W), both given in mm, of the teeth belonging to
Ischyrictis zibethoides from La Retama and to Ischyrictis bezianensis from Baigneaux.

Measures of 1. bezianensis from GINSBURG (2002).

Table 3. Inferred weight based on m1 length of Ischyritctis zibethoides and other Early
and Middle Miocene mustelids, following the model of VAN VALKENBURGH (1990). The
table includes the range and the mean of both m1 length and inferred weight, alongside
the number of specimens whose m1 were taken into account to estimate the weight.
Ischyrictis cf. bezianensis from Quinta de Farinheira is listed as /. cf. zibethoides.
Length values given in mm and weight values given in kg. Metric data of extinct
mustelids taken from: MAYET (1908); HELBING (1930); VIRET (1933); ViLLaLTA COMELLA
& CRUSAFONT-PAIRO (1943); DEnM (1950); MEIN (1958); CRUSAFONT-PAIRO (1972);
ScHMIDT-KITTLER (1976); RoTH (1989); GINSBURG & ANTUNES (1995); GINSBURG (2002);

NAaGEL et al. (2009); PeiGNE (2012); VALENCIANO et al. (2019, 2020a).
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Rodentia

Chiroptera

Armantomys aragonensis
Armantomys jasperi
Democricetodon decipiens
Heteroxerus grivensis
Heteroxerus rubricati
Megacricetodon primitivus
Megacricetodon vandermeuleni
Microdyromys koenigswaldi
Pseudodryomys ibericus

Pseudodryomys simplicidens

Asellia mariaetheresae

Hipposideros (Brachipposideros) collongensis
Hipposideros (Pseudorhinolophus) sp.

Myotis sp.

Tadarida sp.

Eulipotyphla

Galerix cf. symeonidisi

Soricidae indet.

Artiodactyla

Bunolistriodon lockharti

Lagomorpha

Cainotherium miocaenicum

Lagopsis sp.

Xenokeryx amidalae

Carnivora

Cervidae indet.

Amphicyon olissioponensis
Hemicyon sansaniensis
Ischyrictis zibethoides
“Martes” sp.

Plithocyon conquense
Protictitherium crassum

Pseudaelurus sp.

Perissodactyla

Anchitherium castellanum
Hispanotherium matritense

Lartetotherium sansaniens

Proboscidea

Gomphotherium angustidens

P3 P4 M1 p3 p4 ml dp4
L w L W L w L \%4 L w L w L w
RET-1501 9.1 4.7 158 94 8.1 156
RET-220 14.1 -
RET-818 8.6 -
RET-1502 8.4 -
RET-712 91 38 114 47 184 73 10.1
RET-558 - 6.9
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