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Aragonictis araid gen. et sp. nov., a small-sized hypercarnivore (Carnivora, Mustelidae)
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RH: VALENCIANO ET AL.—A NEW SMALL MIDDLE MIOCENE MUSTELID

ABSTRACT—Small to medium-sized mustelids from the last 18 million years
represent a heterogeneous group of carnivorans with a wide-ranging record in the
northern hemisphere. They were first referred to the genera Mustela and Martes, but
lately ascribed to the latter, and hence considered as the longest-lived genus within
Mustelidae. However, a great many of these forms have been based upon fragmentary

material and Martes has conformed progressively to a wastebasket nomen for species of
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uncertain relationships. Here, we describe dentognathic material of a small-sized
mustelid from three middle Miocene (MN7+8, latest Aragonian) localities of the Iberian
Peninsula that constitutes a new genus and species. Aragonictis araid gen. et sp. nov.
represents a distinct taxon if compared to early/middle Miocene forms ascribed to
“Martes” spp., especially the similar-sized early Miocene Circamustela? laevidens and
the middle Miocene “Martes” caedoti and “Martes” delphinensis. The finding of
particular features in A. araid (low p2-3, loss or reduction of the p4 accessory cuspid
with its main cuspid centrally located, presence of a sharp, beveled and lingually open
m1 talonid, and reduction of M1 lingual platform) indicates affinities with the late
Miocene Circamustela in the range of hypercarnivory. Our reassessment of “Martes”
indicates possible evidence of cladogenesis for Miocene mustelidae with, at least, two
different events being recognized in Europe—the latter during MN7+8 to MN9 with
presence of Aragonictis and Circamustela. The finding of A. araid further confirms the
presence of more densely forested environments than expected in inner Iberia during the

latest middle Miocene.

INTRODUCTION

Small to medium-sized mustelids from the early and middle Miocene are a
heterogeneous group of carnivorans with a wide-ranging record in Europe, Asia, and
North America (e.g., Baskin, 1998; Ginsburg, 1999; Peigné, 2012; Valenciano et al.,
2020a). They were conventionally referred to both extant genera Mustela Linnaeus,
1758 (Mustelinae) and Martes Pinel, 1792 (Guloninae), albeit since the last century they
have been classified as Martes (Lartet, 1851; Depéret, 1887; Mayet, 1908; Hughes,

2012 and references herein). Accordingly, it represents the genus with the longest fossil
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record in Mustelidae with more than 18 million years of duration from its emergence
(e.g., Dehm, 1950; Ginsburg, 1999; Peigné, 2012; Hughes, 2012).

However, the classification of a great many of these fossil forms has been based
upon fragmentary or incomplete material and have numerous plesiomorphic
traits/convergences with Martes, which makes of this genus a wastebasket nomen for
various small mustelids of uncertain relationships (Werdelin and Peigné, 2010; Samuels
et al., 2018). It remains to be discussed whether these Miocene forms should be
assigned to Martes (e.g., Jiangzuo et al., 2021), and emerges as an urgent task to
perform a comparison with the type species of the genus. While some of these forms
have morphological features closely related to Guloninae, others could instead represent
stem groups outside of the crown clade Guloninae (Anderson, 1970, 1994; Sato et al.,
2003; Wang et al., 2012; Li et al., 2014; Samuels and Calvin, 2013; Samuels et al.,
2018). For instance, Anderson (1994) proposed Martes laevidens Dehm, 1950 from the
early Miocene (MN3) of Wintershof-West (Germany) as the earliest member of the
genus, but such assignation to Martes has been recently discarded (Sato et al., 2003)—
though it is not fully discussed (as occur with the remaining European middle Miocene
species, Valenciano et al., 2020a). Within this complex scenario, it is debatable whether
the early late Miocene Martes melibulla Petter, 1963 from the Valles-Penedés and
Madrid basins (Spain) represents the first true Martes (Valenciano, 2017; Valenciano et
al., 2020a), or it is instead the late Pliocene Martes wenzensis Stach, 1959 from Weze 1
(Poland) (Sato et al., 2003). Unfortunately, this systematics issue is far to be fully
clarified with the known mustelid material.

Herein, we report and describe new dentognathic remains of a small-sized
mustelid from three late middle Miocene Iberian localities (Aragonian, MN7+8, G3

local zone) (Fig. 1). This material greatly differs from that considered to date for Martes
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and the other Miocene species included in the same genus. With the view to address this
challenge about this genus, the discovery of this new mustelid has the potential to shed

light on the obscure history and systematic intricacies of the genus Martes.

Geological Context and Age

We include material from the fossil sites of Andurriales and Toril 3A, which are
located in the Daroca area (province of Zaragoza, Spain) —one of the regions with the
highest concentration of mammalian fossil localities from Spain (Alcald et al., 2000).
Both localities are magnetostratigraphically dated at 11.33 and 12.65 Ma, respectively,
hence belonging to local zone G3 (MN unit 7+8, upper Aragonian, middle Miocene)
(van Dam et al., 2014). The geology of the sites has been interpreted as an alluvial fan
that alternate with lake deposits (Alcald et al., 2000; Azanza et al., 2004; van Dam et al.,
2014; Barasoain and Azanza, 2018). Toril 3A exhibit an exceptional and abundant fauna
of vertebrates including amphibians, reptiles and birds, aquatic chelonians, small size
hornless ruminants, rhinos, cricetid species, and beavers, among others. This fauna
reveals the existence of areas of permanent or temporary fresh water and humid
conditions (Azanza et al., 2004; DeMiguel et al., 2011). The locality of Escobosa de
Calatafiazor locality is a karstic infilling placed in the northern border of the Almazan
Basin (province of Soria, Spain). The micromammal association is correlated with local
zone G3 (as Nombrevilla 2), dated at 11.9 Ma (van Dam et al., 2014; Morales et al.,

2018).

MATERIAL AND METHODS

Nomenclature and Measurements
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Dental nomenclature follows Ginsburg (1999) and Smith and Dodson (2003).
Measurements were made using Mitutoyo Absolute digital caliper to the nearest 0.1

mm.

Abbreviations

Institutional Abbreviations—SNSB-BSPG, Staatliche Naturwissenschaftliche
Sammlungen Bayerns - Bayerische Staatssammlung fiir Paldontologie und Geologie,
Munich, Germany; FMNH, Field Museum of Natural History Chicago, Illinois, USA;
IPS, collection of the Institut Catala de Paleontologia Miquel Crusafont (ICP),
Universitat Autonoma de Barcelona, Spain; MGUV, Museu de Geologia de la
Universitat de Valéncia, Burjassot; MNCN, Museo Nacional de Ciencias Naturales,
Madrid, Spain; MNHN, Muséum national d’Histoire naturelle, Paris, France; MPZ,
collection of the Museo de Ciencias Naturales de la Universidad de Zaragoza
(MCNUZ), Zaragoza, Spain; NMA, Naturmuseum Augsburg, Germany; NMB,
Naturhistorisches Museum Basel, Switzerland; PMU, Palacontological Museum,
University of Uppsala, Uppsala, Sweeden; SMF, Senckenberg Forschungsinstitut und
Naturmuseum, Frankfurt, Germany; and UCBL-FSL, Université Claude Bernard Lyon
1 Lyon, France.

Other Abbreviations—c, lower canine; L, maximum length; M, upper molar; m,

lower molar; P, upper premolar; p, lower premolar; and W, maximum width.

Study Material

The study material includes unpublished dentognathic remains from the Spanish
localities of Andurriales and Escobosa de Calatafiazor housed in the MNCN, and Toril

3A housed in the MCNUZ. The comparative material includes fossils of
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“Martes”’sanjoni (Mayet, 1908) and “Martes” burdigaliensis Beaumount, 1974 from
Artesilla (early Miocene, MN4, Spain) (Azanza et al., 1993) housed in the MCNUZ;
“Martes” sp., from La Barranca (middle Miocene, MNG6, Spain) (Peigné et al., 2006)
housed in the MNCN; Martes ginsburgi Montoya, Morales and Abella, 2011 from
Venta del Moro (late Miocene, MN13, Spain) housed in the MGUYV; “Martes”
sansaniensis (Lartet, 1851) from Sansan (middle Miocene, MNG6, France) housed at
MNHN; Martes melibulla Petter, 1963 from the localities of Can Llobateres (late
Miocene, MN9, Spain) and Trinxera Nord de 1’ Autopista (late Miocene, MN10, Spain)
housed in the ICP; Martes aff. anderssoni from Can Poncic 1 (late Miocene, MN9)
(Petter, 1967) housed in the ICP; “Martes” munki Roger, 1900 from Sant Quirze del
Valles (middle Miocene, MN7+8, Spain) and Circamustela dechaseauxi Petter, 1967
from Can Llobateres housed in the ICP; Circamustela peignei Valenciano et al., 2020a
from Batallones-3 and 5 (late Miocene, MN10, Spain) housed in the MNCN; and both
Sinictis dolichognathus Zdansky, 1924 from Loc.108 of Zdansky (1924) (late Miocene
c. Turolian/Ventian, China), and Pekania palaeosinensis from localities 11, 30, 30 (5),
31,108 and 111 of Zdansky (1924) (late Miocene c. Turolian/Ventian, China) housed in
the PMU. We also established comparisons with casts of “Martes” delphinensis
Depéret, 1892, “Martes” filholi (Depéret, 1887) and “M.” munki from La Grive (middle
Miocene, MN7+8, France) housed in the MNCN. Additionally, we examined
photographs of specimens of the following taxa: “M.” laevidens from Wintershof-West
(early Miocene, MN3, Germany) (Dehm, 1950) housed in the BSPG; five marten-like
taxa from Vieux-Collonges (middle Miocene, MN5, France) (“Martes™ collengensis
Roth and Mein, 1987, “Martes” cadeoti Mein, 1958, “M.” burdigaliensis, “M.” munki

and “M.” filholi) housed in the UCBL; “M.” munki from Hider (middle Miocene, MNS5,
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Germany) (Roger, 1900) housed in the NMA; and Circamustela? from Dorn-Diirkheim

1 (late Miocene, MN11, Germany) (Morlo, 1997) housed in the SMF.

The extant specimens used for comparison are the following: Martes foina
(Erxleben, 1777) (MNCN); Martes martes Linnaeus, 1758 (MNCN), Pekania pennanti
(Erxleben, 1777) (FMNH); Mustela putorius Linnaeus, 1758 (MNCN); and Mustela

nivalis Linnaeus, 1766 (MNCN).

SYSTEMATIC PALEONTOLOGY

Order CARNIVORA Bowdich, 1821
Suborder CANIFORMIA Kretzoi, 1943
Family MUSTELIDAE Batsch, 1788
Subfamily GULONINAE Gray, 1825

Genus ARAGONICTIS gen. nov.

Type and Only Included Species—Aragonictis araid, gen. et sp. nov.

Etymology—Aragon-, for the autonomous community of Spain in where was
defined the Aragonian biozone (European Land Mammal Age: late early
Miocene/middle Miocene); -ictis, Greek suffix for weasel-like mammals.

Diagnosis—Mustelidae of small size. Slender dentition with narrow canines and
slender unicuspid premolars; pl present; cuspids of p2-3 lower in height than the p4;
absence of diastema between p2-3; p4 long and unicuspid in the specimens from the
type locality, and with a very reduced distal accessory cuspid in the specimen from
Escobosa; m1 with subequal protoconid and paraconid, but slightly taller protoconid.

Small m1 metaconid. Sectorial and lingually open m1 talonid composed by a buccal
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hypoconid relatively tall, beveled, lingually longer, with a reduced hypoconulid, and a
very low entocristid reaching the basal level of the paraconid crown; trapezoidal m2
with protoconid and metaconid of similar size, rectilinear buccal wall, and convex
lingual wall; slender P4 protocone mesially placed, paracone-metastyle blade elongated;
M1 mesiodistally narrow, with both mesial and distal walls straight but concave tooth
profile in mesial view; large parastylar area, reduced metacone, mesial crest-like

protocone, absent metaconule and short lingual platform.

ARAGONICTIS ARAID sp. nov.
(Figs. 2, 3)

Martes delphinensis Sesé 1980:133

Holotype—Left fragmentary hemimandible, MNCN 150.003, including the
complete dental formula c, p1-4, and m1-2.

Type Locality—Andurriales, MN7+8, local zone G3 (11.33 Ma; Van Dam et al.,
2014), Zaragoza, Spain.

Other Localities—Toril 3A, MN7+8, local zone G3 (12.65 Ma; Van Dam et al.,
2014), Zaragoza, Spain and Escobosa de Calatafiazor, MN7+8, local zone G3 (ca. 12
Ma; Morales et al., 2018).

Referred Material—Andurriales: MNCN 150.004, right fragmentary
hemimandible with p2-3 and m1 (found associated with MNCN 150.003, probably
belonging to the same individual); Toril 3A: MPZ 2020/474, left dp4; MPZ 2020/482,
left fragmentary M1; Escobosa de Calatafiazor: MNCN 26577, right fragmentary
hemimandible with p2, p4-m2 and MNCN 150.007, left fragmentary maxillary with P4-

MI.
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Etymology—After ARAID (acronym for the Fundacion Agencia Aragonesa para
la Investigacion y el Desarrollo—in English, Aragonese Foundation for Research and
Development), an agency created by the Government of Aragon with the aim of
promoting research, development and innovation. In recognition of its implication in the
research of vertebrate paleontology in Aragon.

Diagnosis—As for genus.

Description—The mandibular corpus is long and low (Fig. 2). Two mental
foramina are present, one below the p2 and other at the level of the p3. The c is narrow.
The lower premolars are elongated and unicuspids. There is not diastema between the
lower premolars (Fig. 2A-C). The p1 is present. The cuspid of both p2-3 are lower than
p4 and placed mesially. The p4 is tall with a cuspid situated in the middle of the tooth
and reaches the high of the m1 paraconid. A low and reduced distal accessory cusp is
present in the specimen MNCN 26577 (Fig. 2M-0O). A mesial and distal crown
cingulids are present. The m1 is long compared with the p4. The trigonid represents
three fourths of the total length of the molar. The protoconid is the tallest cuspid,
although the paraconid is relatively tall. It has a small metaconid, and a bucco-lingually
reduced talonid. The hypoconid is clearly separated from the postprotocristid. It is
buccally placed, and shows a beveled morphology, being bulbous in the buccal wall,
and with a marked lingual slope in the lingual wall towards the entoconid crista. There
are no entoconid or hypoconulid in the type, but a small hypoconulid is presents in
MNCN 26577. The m1 entocristid is very low reaching the basal level of the paraconid
crown, providing an open talonid valley (Fig. 2B-E-O). This area is broken in MNCN
26577 (Fig. 2M-0). The m2 is trapezoidal. It has a protoconid and a metaconid of
similar size. The trigonid is larger than the talonid. The buccal wall is rectilinear and

includes the paraconid, protoconid and hypoconid. On the contrary, the lingual wall is
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convex. The lower deciduous carnassial (dp4) (Fig. 2J-L) is very similar to that of the
described m1. It differs in an acuter talonid, being relatively shorter and sharper with a
smaller hypoconid. The P4 paracone-metastyle blade is elongated, compared with the
M1 width (Fig. 3). The parastyle is very low and the protocone is mesially located and
isolated. The M1 lacks the typical eight-shaped mustelid morphology and is reduced
compared with extant gulonines (Fig. 3). The mesial and distal walls are rectilinear,
although the tooth profile is concave in mesial view. It has a large parastylar area, and a
reduced metacone compared to the paracone. There is not metaconule. The protocone is
crest-like and mesially placed. The lingual platform is not mesiodistally expanded. The
specimen MPZ 2020/482 is larger to MNCN 150.007, but morphologically similar,
including a crest-like and mesially placed (Fig. 3B).

Measurements—Measurements are provided in Table 1.

DISCUSSION

The new mustelid here reported from the latest middle Miocene of the Iberian
Peninsula differs from the living genera Mustela and Martes in multiple morphological
traits. It differs from Mustela (type species Mustela erminea Linnaeus, 1758), as well as
other living Mustela spp., in a larger size, longer and slender mandible, presence of p1,
longer lower premolars (especially the p4), taller m1 protocone, presence of m1
metaconid, larger and wider m1 talonid with smaller hypoconid, and well-developed
entocristid. M1 with both larger parastylar area and metacone, along with absence of
narrowing of the crown at about mid-width.

The seven extant species of marten sensu stricto (Martes) are categorized among
other traits by having long, relatively narrow skulls, a long auditory bulla, a large P4
protocone (less developed in type species of the genus M. foina), an enlarged M1
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lingual platform (inner lobe), and a relatively elongated and basined m1 talonid, with a
conical hypoconid linking the metaconid by an entocristid (Anderson, 1970, 1994;
Jiangzuo et al., 2021). The new Spanish mustelid also differs from M. foina and other
living Martes spp. in a smaller size (Figs. 4-5), unicuspid and slenderer p4 comprising a
centrally located cuspid, m1 without mesoconid, stronger metaconid, slenderer talonid,
with much lower entocristid, and more open talonid valley, plus an absent or reduced
hypoconulid. It also has a lesser subquadrangular talonid in occlusal view. The m2 is
more asymmetric, and comprises a more developed talonid. The P4 protocone is
slenderer and the M1 has a larger parastylar area, an absence of both metaconule and
narrowing of the crown at about mid-width, besides of a much more reduced lingual
platform. Therefore, this new form can be confidently described as a genus distinct of
Martes. However, based on the hitherto known fossils of this new form, it is difficult to
determine with accuracy its systematic position at the subfamily level. Accordingly, we
provisionally place it into the extant subfamily Guloninae, whose early members, as
Dehmictis Ginsburg and Morales, 1992, and Iberictis Ginsburg and Morales, 1992, are
recorded in the early Miocene of Central and Western Europe (Valenciano et al.,
2020b).

The described specimens of Aragonictis araid shown a range of variability in
dental size and morphology comparable to those of marten-like mustelids found in the
localities of Wintershof-West (Dehm, 1950) and Sansan (Peigné, 2012), being also
similar to living Martes foina (Figs. 4-5). Aragonictis araid specimens from Escobosa
are easily recognized by being the smaller ones, whereas specimens from Toril 3A
represent the largest in size among the sample (Figs. 4-5, Table 1). However, the fact of
sharing a lower p2, p4 with the main cuspid centrally located, together with a great

reduction of the p4 accessory cuspid, a similar m1 talonid (lingually broken in the one
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from Escobosa), and a reduced M1 lingual platform with a crest-like protocone, allows
the assignment of all these fossils into the same taxon.

Over the course of the 19th and 20th centuries, fourteen species of Martes have
been described in the Miocene of Europe, ranging from MN3 to MN13 (Ginsburg,
1999; Montoya et al., 2011; Peigné, 2012; Hughes, 2012). They represent a group
widely heterogeneous and unevenly known, which has led researchers to often place
their mustelid material of small size and marten-like morphology inside of the
wastebasket name of Martes. Sato et al. (2003) specified Martes wenzensis from the late
Pliocene of Weze 1 (Poland) as the oldest known Martes. This taxon is very similar in
morphology to living Martes martes, but larger in size (Anderson, 1970), and its
assignment to the genus is not questionable. Despite this, Martes remains can be found
in older sediments than late Pliocene. Several key features of marten are already present
in late Miocene forms such as Martes melibulla from the Valles-Pened¢s localities of
Can Llobateres (late Miocene, MN9) and Trinxera Nord de 1’ Autopista (late Miocene,
MNI10) (Petter, 1963; Pons-Moya, 1990), as well as the early late Miocene Martes aff.
anderssoni of Can Poncic 1 (MND9), also in the Vallés-Penedés Basin (Petter, 1967).
These traits are the enlargement of the M1 lingual platform, and a relatively elongated
and basined m1 talonid with a conical hypoconid connected with the metaconid by an
entocristid. More complete material of these forms would be needed to further
investigate the validity of this hypothesis.

Independent of which taxa represent the oldest record of Martes, there are
findings that clearly indicate that abundant small marten-like mustelids from the early
and middle Miocene of Eurasia ascribed to “Martes” show a dissimilar morphology
with Martes and stand in need of thorough revision (e.g., Hughes, 2012; Peigné, 2012).

Among these heterogeneous sample, four distinct groups can be distinguished:
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(1) “Martes” spp. that are close to Martes but exhibit primitive traits which
distinguished them from this genus. This group is composed by the small-sized “M.”
cadeoti (Fig. 6A-D) and “M.” collongensis from Vieux-Collonges (middle Miocene,
MNS3, France) (Mein, 1958; Roth and Mein, 1987), “M.” burdigaliensis from Vieux-
Collonges, Artesilla and Artenay (early and middle Miocene, MN4-MN5) (Beaumount,
1974; Azanza et al., 1993; Ginsburg, 2002), and by the large-sized “M.” munki from
Héder, Sandelzhausen, Sant Quirze del Valles, La Grive (middle Miocene, MNS5-
MN7+8) (Roger, 1900; Villalta Comella and Crusafont Pair6 1943; Viret 1951; Mein,
1958; Nagel et al., 2009) and “Martes” sansaniensis from Sansan (middle Miocene,
MNG6) (Peigné, 2012). All the above include taxa that resemble Martes in having a
similar carnassial and M1; a p4 distal accessory cuspid; a relatively elongated and
basined m1 talonid (shorter in “M.” burdigalensis) with a conical hypoconid linking the
metaconid by an entocristid; a large P4 protocone; an enlarged M1 lingual platform; and
presence of a narrow M1 crown at about mid-width (Fig. 6A-D). Furthermore, all of
these extinct forms share several primitive traits: diastema between p2-3, presence of a
ml protoconid very tall, m1 metaconid well developed and tall (especially in “M.”
cadeoti, and “M.” collongensis), M1 with distinct proportions (being more elongated
buccolingually, Fig. 5) with a M1 parastyle and metacone more developed, a
metaconule, and a protocone located more buccally compared with living Martes.
Aragonictis araid is different from this group having a lower p2-3; absence of diastema
in the lower dentition; absence or reduction of the distal accessory p4; m1 paraconid and
protoconid close in high, m1 talonid mesiodistally and buccolingually shorter with a
beveled hypoconid, a lower entocristid, reduced hypoconulid and distal cingulid, and a

more open valley; reduced m2; slenderer P4 protocone; and M1 with larger parastyle
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area, reduced metacone, absent metaconule, absence of narrowing of the crown at about
mid-width, and a much reduced lingual platform.

(2) “Martes” sainjoni from Artenay (type locality), Artesilla and Bezian (Mayet,
1908; Ginsburg and Bulot, 1982; Azanza et al., 1993; Ginsburg, 2002), for which only
the lower dentition is known. This early-middle Miocene mustelid is different from
Aragonictis and Martes in being a more robust form, and having a distinct m1talonid
including a massive hypoconid, centrally positioned, and a strong cingulum. More
specifically, A. araid differs from “M.” sainjoni in a smaller size; slenderer mandibular
corpus; lower p4; absence of cingulid in both p4 and m1; shorter length of the trigonid
and less conical m1 hypoconid. Thus, “M.” sainjoni emerges as closer to basal Miocene
gulonines such as Dehmictis Ginsburg and Morales, 1992, Laphictis Viret, 1933, and
Ischyrictis Helbing, 1930.

(3) “Martes” filholi from La Grive (type locality), Viex-Collonges (Depéret, 1887;
Viret, 1951; Mein, 1958), and (albeit with certain doubts) Rudabanya (Werdelin, 2005).
It has diastema in the lower dentition; higher p2-3; longer m1 talonid; much developed
m2; shorter P4; and a much more distinct M1 with reduced parastyle, enlarged
metacone, a much-enlarged lingual platform and a very marked narrowing of the crown
at about mid-width than A. araid. It is clearly different from Martes, being probably
more related to Trochictis Meyer, 1842, or related genera (see Morlo et al., 2021).

(4) Small sized-mustelids with slender dentition comprising “Martes”
delphinensis and “Martes” laevidens. The former, which conforms the smallest mustelid
among the analyzed sample (Fig. 4), is recorded throughout the middle Miocene of
Western Europe, in the fossil sites of La Grive (type locality), Vieux-Collonges,
Manchones (MNG6, Calatayud-Daroca Basin, Spain), Hostalets de Pierola (MN7+8,

Valles-Penedes Basin, Spain) (Depéret, 1892; Villalta Comella and Crusafont Paird
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1943; Viret, 1951; Mein, 1958; Petter, 1976), and in all probability La Barranca (MNG6,
Calatayud-Daroca Basin, Spain) (described previously as Martes sp. by Peigné et al.,
2006). “Martes” delphinensis is represented only by mandibles and lower dentition, so
it has been scarcely studied in the past. Nevertheless, Mein (1958) described and figured
a maxillary with a complete M1 (Mein, 1958;fig. 56) for which a re-examination allows
us to confirm that it may belong to the stem mephitid Proputorius Filhol, 1890 which
also occurs in the locality (Proputorius pusillus [Viret, 1951]). The dimensions of A4.
araid and its superficial similarities with the small-size mustelid “M.” delphinensis
makes its comparison somewhat intricate. Indeed, the mandible MNCN 26577 from
Escobosa was previously described as “M.” delphinensis in Sesé (1980). Aragonictis
araid differs from “M.” delphinensis in a larger size; a lower p2-3; a central position of
the main cuspid of the p4; an absence/reduction of the p4 distal accessory cuspid; a m1
paraconid higher; and a more open and longer m1 talonid with a much lower entocristid.
With regard to “Martes” laevidens from the early Miocene (MN3) of Wintershof-West
(Germany) (Dehm, 1950), this can be considered as the oldest species in the group. Sato
et al. (2003) discarded its assignation to Martes based on the basiocranial fragment
described by Dehm (1950:fig. 130), but they did not analyze its dentition. The sample
described in Dehm (1950) has some size variability (Figs. 4-5). The lower dentition is
slender, and has a diastema between p2-3, a well-developed distal accessory cuspid in
p4, and a buccolingually reduced m1 talonid. The P4 protocone is relatively robust
when compared with 4. araid, and the M1 (although it shows some variability, see Fig.
6E-N) is characterized by an elongated parastylar area, a reduced metacone (almost
absent in SNSB-BSPG 1937 II 13372, see Fig. 6L), and a reduced lingual platform with
some degree of expansion. It must be emphasized that the original ascription by Dehm

(1950) of the M1 SNSB-BSPG 1937 II 13723 (Fig. 60) with mustelid features to “M.”
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laevidens, must be discarded due to its distinct morphology. Aragonictis araid differs
from “M.” laevidens in having a less sigmoid dp4 with a less developed metaconid;
absence of both diastema between p2-3 and lower cuspids; p4 with less crowned mesial
and distal cingulids; absence or reduction of p4 distal accessory cuspid; beveled m1
hypoconid, slenderer P4; as well as smaller M1 parastylar area with more developed M1
metacone. The extremely reduced metacone in the M1 SNSB-BSPG 1937 11 13372
(Fig. 6L) of “M.” laevidens is almost fuses in a crista with the paracone (Schmidt-
Kittler, 1981). This feature is shared with Circamustela dechaseauxi (type specie of
Circamustela Petter, 1967) from Can Llobateres (late Miocene, MN9, Vall¢s-Penedés
Basin). The m1 of both species—which is the only possible additional comparison—
shows the same morphological pattern in which the metaconid is reduced and the
talonid is narrow (Petter, 1967, 1976; Valenciano et al., 2020a). For all these reasons,
and considering the limitation of comparisons in the rest of the dentition and the
important separation in age between these two species, it seems convenient to reclassify
the Wintershof-West species as Circamustela? laevidens (Dehm, 1950).

Additionally, albeit A. araid shares several dental traits (including a slender
dentition, a similar P4, and a reduced M1 lingual platform; Valenciano et al., 2020a)
with the early late Vallesian Circamustela spp., it is different in many others. For
instance, the new species is smaller in size, and it has absence of diastema between p2-
3, as well as lower p2-3, presence of m1 metaconid (quite reduced in C. dechaseauxi),
slenderer m1 talonid with lower entocristid and more open valley, M1 more concave in
distal view with deeper trigone valley, and more developed metacone than the type
specie. Moreover, a similar sized M1 of Circamustela? appeared in younger (early
Turolian, MN11) sediments of Dorn-Diirkheim 1 (Germany) (Morlo, 1997). Despite its

small size, (closer to 4. araid than to Circamustela spp., Fig. 5), its reduced parastylar
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area, and the narrowing of the crown at about mid-width, as well as the less reduced
lingual platform, allows us to propose that the German M1 is closer related to

Circamustela than to Aragonictis.

An overview of the described groups suggests the inclusion of Aragonictis within
the “M.” delphinensis and C.? laevidens group, being probably related to Circamustela.
However, more dentognathic material is necessary in order to further determine its
systematic affinities and verify whether these similarities are a consequence of a
convergence towards hypercarnivorism or are instead result of close evolutionary

relationships

Paleobiological Insights

Compared with small to medium-sized living gulonines (e.g., stone marten, beech
marten, fisher) of omnivore diets (Lariviére and Jennings, 2009) and with Miocene
forms of “Martes” from Europe (Fig. 4), A. araid shares similarly narrower teeth (e.g.,
ml, P4 and M1) to those of the early Miocene Circamustela? laevidens and the late
Miocene Circamustela (Vallesian, MN9-10) and Sinictis (Turolian, MN11-MN13).
Because these late Miocene mustelids have been customarily interpreted as
hypercarnivores (Valenciano et al., 2020a), we interpret 4. araid as a hypercarnivore
form as well.

It is remarkable how the discovery of this new Iberian mustelid and our review of
Miocene “Martes” suggest the occurrence of several cladogenesis events in Central and
Western Europe in this epoch. A first event took place at the end of the early Miocene
(MN3-4) and the beginning of the middle Miocene (MNSY) in both Central (Germany)
and Western (France and Iberian Peninsula) Europe. During such a relatively long

event, roughly coinciding with the Miocene Climatic Optimum (Zachos et al., 2008),
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members of the group of “Martes” appeared. An increase in the carnivoran’s Spanish
turnover rate during the late Aragonian MN7+8, as noticed by Morales et al. (2015),
informs about a second cladogenesis event. It was probably triggered, among other
factors, by an increase of the precipitation levels compared to the previous biozone (Van
Dam, 2006), thus increasing the forest areas of the region. The presence of small
mustelids has been traditionally considered as indicative of forested habitat (Ginsburg
and Morales, 1992; Baskin, 1998). Therefore, the large diversity of small mustelids in
Toril 3A, which comprises several species of “Martes” and the new form A. araid,
might suggest the presence of forest patches embedded in a mosaic environment for this
locality at ca. 12.65 Ma. This fits well with the hypothesis of a climate change towards
more humid conditions and increased canopy cover by the latest Aragonian in the
Daroca-Nombrevilla area (DeMiguel et al., 2011, 2012; Garcia Paredes et al., 2016).
Such kind of habitats would have probably been suitable for other contemporaneous
mammals from the same basin customarily interpreted as forest-dwellers. Therefore, the
discovery of A. araid strongly indicates that a cladogenesis event for small to medium-
sized mustelids of hypercarnivorous dentition took place, at least at a regional scale, at
the end of the Aragonian (ca. 12.65 Ma). As such, some of these clades seem to have
increased in size during the late Miocene, as occurred for the Vallesian Circamustela
(Valles-Penedes and Tagus Basins, Spain) (Valenciano et al., 2020a), and for later
forms such as the Turolian Sinictis (China and Greece) (Zdansky, 1924; Valenciano et
al., 2020a). An in-depth review of marten and weasel-like forms from other
contemporaneous localities from Eurasia would be the logical next step to further

investigate this cladogenesis event at a more global scale during the latest Aragonian.

CONCLUSIONS
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We describe new mustelid material from the latest middle Miocene sites of
Andurriales, Toril 3A and Escobosa de Calatanazor (Iberian Peninsula). This form
constitutes a new genus and species that we name as Aragonictis araid.

Our analyses show that 4. araid is morphologically different from living Mustela
and Martes, and also differs from the early and middle European Miocene forms of
Europe ascribed sensu lato to “Martes” spp., thus rejecting the conventional view that
all small to medium-sized Miocene mustelids belong to Martes. A preliminary
reassessment of these heterogenous taxa (formerly considered as Martes) allows us to
distinguish four different groups: (1) early to middle Miocene “Martes” spp.—distinct
from Martes sensu stricto—including “M.” collongensis, “M.” cadeoti, “M.”
burdigaliensis, “M.” munki and “M.” sansaniensis; (2) early to middle Miocene
“Martes” sainjoni from Western Europe—much closer to basal Miocene gulonine (such
as Dehmictis, Laphictis, and Ischyrictis) than to Martes; (3) middle Miocene “Martes”
filholi—a form probably related with Trochictis; and (4) early Miocene “Martes
delphinensis” and “Martes” laevidens—the latter being herein reassessed as
Circamustela?.

Finally, from a paleobiological viewpoint, we interpreted the new Iberian
Aragonictis araid as a hypercarnivorous mustelid that lived in forest patches of mosaic

environments.
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706 FIGURE CAPTIONS

707  FIGURE 1: Geographic location of fossil localities with Aragonictis araid gen. et sp.
708  nov. in the Iberian Peninsula. Abbreviations: 1, Escobosa de Calatanazor (Almazan
709  Basin); 2, Toril 3A (Calatayud-Daroca Basin); and 3, Andurriales (Calatayud-Daroca

710  Basin). Modified from Morales et al. (2018). [planned for 2/3 page width]

711

712 FIGURE 2: Mandibles and lower dentition of Aragonictis araid gen. et sp. nov. from
713 Andurriales, Toril 3A, and Escobosa de Calatafiazor. A—C, MNCN 150.003 (holotype)
714  from Andurriales, left fragmentary hemimandible in A, buccal, B, lingual and C,

715 occlusal views; D-I, MNCN 150.004, right fragmentary hemimandible with m1 (D-F)
716  and p2-3 (G-I) from Andurriales in D, buccal, E, lingual, F, occlusal, G, buccal, H,

717  lingual, and I, occlusal views; J-L, MPZ 2020/474, left dp4 from Toril 3A in J, buccal,
718 K, lingual, and L, occlusal views; M—O, MNCN 26577, right fragmentary
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hemimandible, screenshots of the 3D model of the CT scans from Escobosa de
Calatanazor in M, buccal, N, occlusal, and O, lingual views. [planned for full-page

width]

FIGURE 3: Maxillary and upper dentition of Aragonictis araid gen. et sp. nov. from
Escobosa de Calatafiazor and Toril 3A. A MNCN 150.007, left fragmentary maxillary
from Escobosa de Calatafiazor. Screenshots of the 3D model from CT scans in stereo
occlusal views; B, MPZ 2020/482, left fragmentary M1 from Toril 3A in occlusal view.

[planned for column width]

FIGURE 4: Bivariate plot of the length (L) and width (W) of the m1 of Neogene
marten-like mustelids and the extant Martes foina (type species of Martes). The linear
regression a’ (12 =0.90) is defined by Miocene "Martes", Martes melibulla and Pekania
palaeosinensis, mostly characterized by their robust m1 talonid. The linear regression b’
(r2 = 0.04) is defined by a sample of 19 specimens of M. foina. The linear regression ¢’
(r2 = 0.85) is defined by relatively hypercarnivorous mustelids, characterized by slender
ml and comprises Aragonictis araid, Circamustela spp., and Sinictis dolichognathus.
Values given in mm (Log). Abbreviations: r2, coefficient of determination; Log,
logarithm; 1, variability range of selected M. foina; 2, variability range of "Martes"
munki from numerous localities of Europe (MN4-MN8). The m1s pictures are showed
unscaled between them. Metric data from: Mayet (1908); Zdansky (1924); Villalta
Comella and Crusafont Pair6 (1943); Dehm (1950); Viret (1951); Mein (1958); Petter
(1963,1967, 1976); Beaumont (1974); Ginsburg and Bulot (1982); Roth and Mein
(1987); Pons-Moya (1990); Azanza et al. (1993); Ginsburg (2002); Peigné et al. (2006);
Nagel et al. (2009); Peigné (2012); Valenciano et al. (2020a) and this work. [planned for
full-page width]
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FIGURE 5: Bivariate plot of the length (L) and width (W) of the M1 of Neogene
marten-like mustelids and the extant Martes foina (type species of Martes). Values
given in mm (Log). The ellipse marks the variability range of selected living M. foina
based on 20 specimens. Metric data from: Zdansky (1924); Dehm (1950); Viret (1933,
1951); Mein (1958); Petter (1976); Morlo (1997); Peigné (2012); Valenciano et al.

(2020a), and this work. [planned for full-page width]

FIGURE 6: Dentognathic remains of “Martes” cadeoti from Vieux-Collonges (middle
Miocene, MNS5, France) and both Circamustela? laevidens and unknown Mustelidae
indeterminate from Wintershof-West (early Miocene, MN3, Germany). A—-D, “Martes”
cadeoti from Vieux-Collonges. A—C, UCBL-FSL 65759, right m1 (holotype) in A,
buccal, B, lingual and C, occlusal views; D, UCBL-FSL 65758, left M1 (paratype) in
occlusal view; E-N, Circamustela? laevidens from Wintershof-West. E-G, SNSB-
BSPG 193711 13306, right hemimandible with p4-m1 (holotype) in E, buccal, F, lingual
and G, occlusal views; H-J, SNSB-BSPG 19371l 13307, left hemimandible with p2, p4-
ml in H, buccal, I, lingual and J, occlusal views; K, SNSB-BSPG 193711 13902, right
hemimandible with p2-4, and a fragmented m1; L. SNSB-BSPG 193711 13372, right
maxillary with P4-M1 in occlusal view; M. SNSB-BSPG 193711 13722, left P4 in
occlusal view; N. SNSB-BSPG 193711 13724, left M1 in occlusal view; O. Unknown
Mustelidae from Wintershof-West. SNSB-BSPG 193711 13723, right M1 in occlusal

view. [planned for full-page width]
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FIGURE 1: Geographic location of the fossil localities with Aragonictis araid gen. et sp. nov. in the Iberian
Peninsula. Abbreviations: 1, Escobosa de Calatafazor (Almazan Basin); 2, Toril 3A (Calatayud-Daroca
Basin); and 3, Andurriales (Calatayud-Daroca Basin). Modified from Morales et al. (2018). [planned for 2/3
page width]
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FIGURE 2: Mandibles and lower dentition of Aragonictis araid gen. et sp. nov. from Andurriales, Toril 3A, and
Escobosa de Calatafazor. A-C, MNCN 150.003 (holotype) from Andurriales, left fragmentary hemimandible
in A, buccal, B, lingual and C, occlusal views; D-I, MNCN 150.004, right fragmentary hemimandible with m1
(D-F) and p2-3 (G-I) from Andurriales in D, buccal, E, lingual, F, occlusal, G, buccal, H, lingual and I,
occlusal views; J-L, MPZ 2020/474, left dp4 from Toril 3A in J, buccal, K, lingual and L, occlusal views; M-0O,
MNCN 26577, right fragmentary hemimandible, screenshots of the 3D model of the CT scans from Escobosa
de Calatafiazor in M, buccal, N, occlusal and O, lingual views. [planned for full-page width]
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Escobosa de Calatafazor. A-C, MNCN 150.003 (holotype) from Andurriales, left fragmentary hemimandible
in A, buccal, B, lingual and C, occlusal views; D-I, MNCN 150.004, right fragmentary hemimandible with m1
(D-F) and p2-3 (G-I) from Andurriales in D, buccal, E, lingual, F, occlusal, G, buccal, H, lingual and I,
occlusal views; J-L, MPZ 2020/474, left dp4 from Toril 3A in J, buccal, K, lingual and L, occlusal views; M-0O,
MNCN 26577, right fragmentary hemimandible, screenshots of the 3D model of the CT scans from Escobosa
de Calatafiazor in M, buccal, N, occlusal and O, lingual views. [planned for full-page width]
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FIGURE 3: Maxillary and upper dentition of Aragonictis araid gen. et sp. nov. from Escobosa de Calatafiazor
and Toril 3A. A MNCN 150.007, left fragmentary maxillary from Escobosa de Calatafiazor. Screenshots of the
3D model from CT scans in stereo occlusal views; B, MPZ 2020/482, left fragmentary M1 from Toril 3A in
occlusal view. [planned for column width]
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FIGURE 3: Maxillary and upper dentition of Aragonictis araid gen. et sp. nov. from Escobosa de Calatafiazor
and Toril 3A. A MNCN 150.007, left fragmentary maxillary from Escobosa de Calatafiazor. Screenshots of the
3D model from CT scans in stereo occlusal views; B, MPZ 2020/482, left fragmentary M1 from Toril 3A in
occlusal view. [planned for column width]
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FIGURE 4: Bivariate plot of the length (L) and width (W) of the m1 of Neogene marten-like mustelids and
the extant Martes foina (type species of Martes). The linear regression a’ (r2 =0.90) is defined by Miocene
"Martes", Martes melibulla and Pekania palaeosinensis, mostly characterized by their robust m1 talonid. The
linear regression b’ (r2 = 0.04) is defined by a sample of 19 specimens of M. foina. The linear regression c’
(r2 = 0.85) is defined by relatively hypercarnivorous mustelids, characterized by slender m1 and comprises
Aragonictis araid, Circamustela spp., and Sinictis dolichognathus. Values given in mm (Log). Abbreviations:
r2, coefficient of determination; Log, logarithm; 1, variability range of selected M. foina; 2, variability range
of "Martes" munki from numerous localities of Europe (MN4-MN8). The m1s pictures are showed unscaled
between them. Metric data from: Mayet (1908); Zdansky (1924); Villalta Comella and Crusafont Pair6
(1943); Dehm (1950); Viret (1951); Mein (1958); Petter (1963,1967, 1976); Beaumont (1974); Ginsburg
and Bulot (1982); Roth and Mein (1987); Pons-Moya (1990); Azanza et al. (1993); Ginsburg (2002); Peigné
et al. (2006); Nagel et al. (2009); Peigné (2012); Valenciano et al. (2020a) and this work. [planned for full-
page width]
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the extant Martes foina (type species of Martes). The linear regression a’ (r2 =0.90) is defined by Miocene
"Martes", Martes melibulla and Pekania palaeosinensis, mostly characterized by their robust m1 talonid. The
linear regression b’ (r2 = 0.04) is defined by a sample of 19 specimens of M. foina. The linear regression c’
(r2 = 0.85) is defined by relatively hypercarnivorous mustelids, characterized by slender m1 and comprises
Aragonictis araid, Circamustela spp., and Sinictis dolichognathus. Values given in mm (Log). Abbreviations:
r2, coefficient of determination; Log, logarithm; 1, variability range of selected M. foina; 2, variability range
of "Martes" munki from numerous localities of Europe (MN4-MN8). The m1s pictures are showed unscaled
between them. Metric data from: Mayet (1908); Zdansky (1924); Villalta Comella and Crusafont Pair6
(1943); Dehm (1950); Viret (1951); Mein (1958); Petter (1963,1967, 1976); Beaumont (1974); Ginsburg
and Bulot (1982); Roth and Mein (1987); Pons-Moya (1990); Azanza et al. (1993); Ginsburg (2002); Peigné
et al. (2006); Nagel et al. (2009); Peigné (2012); Valenciano et al. (2020a) and this work. [planned for full-
page width]
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FIGURE 5: Bivariate plot of the length (L) and width (W) of the M1 of Neogene marten-like mustelids and
the extant Martes foina (type species of Martes). Values given in mm (Log). The ellipse marks the variability
range of selected living M. foina based on 20 specimens. Metric data from: Zdansky (1924); Dehm (1950);
Viret (1933, 1951); Mein (1958); Petter (1976); Morlo (1997); Peigné (2012); Valenciano et al. (2020a),
and this work. [planned for full-page width]
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FIGURE 6: Dentognathic remains of "Martes” cadeoti from Vieux-Collonges (middle Miocene, MN5, France)
and both Circamustela? laevidens and unknown Mustelidae indeterminate from Wintershof-West (early
Miocene, MN3, Germany). A-D, “Martes” cadeoti from Vieux-Collonges. A-C, UCBL-FSL 65759, right m1
(holotype) in A, buccal, B, lingual and C, occlusal views; D, UCBL-FSL 65758, left M1 (paratype) in occlusal
view; E-N, Circamustela? laevidens from Wintershof-West. E-G, SNSB-BSPG 193711 13306, right
hemimandible with p4-m1 (holotype) in E, buccal, F, lingual and G, occlusal views; H-], SNSB-BSPG 193711
13307, left hemimandible with p2, p4-m1 in H, buccal, I, lingual and ], occlusal views; K, SNSB-BSPG
193711 13902, right hemimandible with p2-4, and a fragmented m1; L. SNSB-BSPG 193711 13372, right
maxillary with P4-M1 in occlusal view; M. SNSB-BSPG 193711 13722, left P4 in occlusal view; N. SNSB-BSPG
193711 13724, left M1 in occlusal view; O. Unknown Mustelidae from Wintershof-West. SNSB-BSPG 193711
13723, right M1 in occlusal view. [planned for full-page width]
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TABLE 1. Tooth measurements (in mm) of the specimens of Aragonictis araid gen. et
sp. nov. from Andurriales, Toril 3A and Escobosa de Calatafiazor.

Locality/
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