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We present a detailed description of the craniodental and postcranial remains of the enigmatic Magerictis imperialensis,
a basal Ailuridae previously known only from a single m2 from the Middle Miocene of the Madrid Basin (Spain). The
discovery of new specimens from eight Middle Miocene (MN5-MNG6) localities in Madrid has yielded comprehensive
information on the dentition, mandibular morphology, and postcranial skeleton of this species. These new fossils provide
an excellent opportunity to revise the phylogenetic relationships of Magerictis and related musteloids from the
Oligocene and Miocene of Eurasia and North America. Our phylogenetic analysis indicates that Magerictis and Rothictis
gen. nov. are the most basal members of the Aiuluridae. Both genera, together with Alopecocyon, Actiocyon, and
Protursus, underwent a limited adaptive radiation during the Middle and Late Miocene in Eurasia and North America.
This radiation potentially includes the ancestors of the most specialized ailurids (Simocyon, and the ailurines Parailurus,
Pristinailurus and Ailurus). The postcranial elements attributed to Magerictis, particularly the astragalus and calcaneus,
exhibit a morphological pattern comparable to that of Ailurus, thereby distinguishing it from other Musteloidea. A
systematic rearrangement of the primitive Holartic musteloids from the Oligocene and Miocene is proposed. The
Ailuridae are divided into three subfamilies: (i) Ailurinae for Ailurus, Parailurus and Pristinailurus; (i) Simocyoninae,
which includes Simocyon, Protursus, Alopecocyon and Actiocyon; and (iil) Magerictinae nov. rank for Magerictis and
Rothictis gen. nov. (type species Rothictis wintershofensis comb. nov.). The family Amphictidae Winge, 1895 is
revalidated for Amphictis and Bonisictis gen. nov. (type species Bonisictis ambiguus comb. nov.).

https://zoobank.org/urn:lsid:zoobank.org:pub: 15D893D5-0C61-4652-8919-DAEF998F3953

Keywords: Iberian Peninsula, Miocene; Musteloidea; red panda

Introduction

The family Ailuridae Gray, 1843, is currently repre-
sented by a single genus, Ailurus Cuvier, 1825, which
comprises one or two species (Glatston et al., 2022;
Groves, 2022; Hu et al., 2022). Since the discovery in
the early nineteenth century of Ailurus fulgens Cuvier,
1825 (red panda), this species has been the subject of
considerable scientific interest due to its herbivorous
adaptations as a bamboo-feeder, similar to that of the
ursid Ailuropoda melanoleuca (David, 1869) (giant
panda), with which it shows some convergences
(Hu et al.,, 2017). However, Ailurus has an unusual

dentition among extant carnivorans, since it does not
resemble that of any other living species. For this rea-
son, for a long time its systematic position within the
Carnivora was unclear. It is with the works of Schmidt-
Kittler (1981) and Wolsan (1993), based on fossil and
extant species, that the Ailuridae was identified as a
group closely related to other Musteloidea, occupying a
basal position in their cladogenesis, a phylogenetic
framework still accepted today.

Since the last decade of the twentieth century, with
the emergence of molecular phylogenies, Ailuridae have
been included in the superfamily Musteloidea Gray,
1843 together with Mustelidae, Procyonidae and
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Mephitidae (see Morlo & Peigné, 2010 for an over-
view). Despite this, there is no consensus regarding the
phylogenetic relationships among these four families.
Koepfli et al. (2017, and references therein) presented
three different hypotheses: (i) Ailurus separates first
from the rest of the families and Mephitidae appears
to be a sister group to Procyonidae + Mustelidae;
(i) Mephitidae separates first and Ailuridae is the sister
group of Procyonidae + Mustelidae; (iii) Ailuridae and
Mephitidae are sister groups. Koepfli et al. (2017) indi-
cated that the second hypothesis would be the most
likely, with additional support provided by more recent
studies (Law et al., 2018; Wang et al., 2023). However,
Hassanin et al. (2021) and Winter et al. (2023) presented
alternative evidence in favour of the third hypothesis.

Although the fossil record of the Ailuridae is scarce,
it provides valuable insights into the systematic position
of this family within the order Carnivora. Species exhib-
iting strong molarization of the premolars and structural
complexity of the molars comparable to that of the
extant A. fulgens have been identified in the basal
Pliocene of North America, including Pristinailurus
bristoli Wallace and Wang, 2004 (Wallace, 2011,
Wallace & Lyon, 2022) and three species of Parailurus
Schlosser, 1899, which dispersed throughout the
Northern Hemisphere continents during the Pliocene
(Dawkins, 1888; Fejfar, 1964; Fejfar & Sabol, 2004;
Kormos, 1934; Kundrat, 2022; Morlo & Kundrat, 2008;
Morlo & Peigné, 2010; Newton, 1890; Ogino et al.,
2009; Sotnikova, 2008; Tedford & Gustafson, 1977,
Wallace & Lyon, 2022). The cranial morphology and
hypocarnivorous adaptation of the dentition of the
Ailurinae identify them as a monophyletic clade.
According to a recent phylogenetic analysis by Wallace
and Lyon (2022), this clade comprises two tribes:
Ailurini, which includes the extant Ailurus, and
Pristinailurini, which includes the extinct Parailurus and
Pristinailurus.

The relationship between Ailurinae and Simocyon as
a sister group, based on a series of cranial characters
proposed by Wang (1997) and later supported by add-
itional evidence (Antén et al., 2006; Peigné et al., 2005;
Salesa et al., 2006, 2008, 2011), has significantly altered
the concept of Ailuridae. This has resolved the contro-
versy about the systematic position of Simocyon (e.g.
Beaumont, 1964, 1986; Pilgrim, 1931; Thenius, 1949b;
Viret, 1951; Wolsan, 1993; Zdansky, 1924).
Nevertheless, there are important interpretative system-
atic difficulties due to the hypocarnivorous dental adap-
tation of Ailurus, which is morphologically distant from
the hypercarnivorous dentition of Simocyon. Both denti-
tions are autapomorphic within the Ailuridae clade. For
this reason, the plesiomorphic forms attributed to this

family, such as Alopecocyon Camp and Vanderhoof,
1940, Actiocyon Stock, 1947, Protursus Crusafont and
Kurtén, 1976, Magerictis Ginsburg, Morales, Soria, and
Herraez 1997, and Amphictis Pomel, 1853 (see Morlo &
Peigné, 2010; Salesa et al., 2011), are clearly mesocar-
nivorous and therefore capable of evolving towards
opposite dental adaptations. The divergence between
Ailurinae and Simocyon was already established during
the beginning of the Late Miocene (Vallesian mamma-
lian age), as evidenced by the presence of Simocyon dia-
phorus (Kaup, 1832) in Central European localities such
as Eppelsheim and Rudabanya (Kullmer et al., 2008;
Werdelin, 2005), or even older if the determination of
Simocyon sp. from the Chinese Middle Miocene of the
Lower Halamagai Formation is confirmed (Wang et al.,
1998).

Protursus was considered a synonym of Simocyon by
Thenius (1977), a hypothesis not shared in later works
(Peigné et al., 2005). Recently, Kargopoulos et al.
(2022) have indicated a possible presence of Protursus
in the early late Miocene of Hammerschmiede
(Germany) and Rudanbanya (Hungary). Alopecocyon
from the Middle Miocene of Europe has been com-
monly related to Simocyon (e.g. Beaumont, 1964, 1976;
Morlo & Peigné, 2010; Thenius, 1949b; Viret, 1951),
except for Wolsan (1993) who synonymized it with
Amphictis. Its presence in the Middle Miocene of China
is doubtful (Wang et al., 1998). Actiocyon from the
Middle and Late Miocene of North America (K. Smith
et al., 2016; Stock, 1947) has a similar morphological
dental pattern to Alopecocyon. Webb (1969) considered
Actiocyon and Alopecocyon synonymous, while Baskin
(1998b) interpreted them as closely related but generic-
ally separated. Morlo and Peigné (2010) also regarded
them as synonyms, a view not shared in the present
work.

Amphictis antiquus Pomel, 1853, the type species of
the genus, has a controversial history due to difficulties
in interpreting its diagnosis, which has been the subject
of considerable debate (Beaumont, 1976; de Bonis,
1973; Dehm, 1950; Schlosser, 1887; Teilhard de
Chardin, 1915; Viret, 1929b). The quality of new fossils
attributed to Amphictis ambiguus (Gervais, 1872) from
the Quercy sites (Late Oligocene) (e.g. de Bonis, 1976;
Cirot, 1992; Cirot & de Bonis, 1993) has led to this spe-
cies being considered more representative of Amphictis.
However, the paraphyletic nature of this genus (Morlo
& Peigné, 2010) obscures our understanding of the ori-
gin of the Ailuridae clade and complicates the system-
atics of the cladogenesis of the Musteloidea. A
rearrangement of the species included in Amphictis has
been deemed necessary for the systematic interpretation
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of Magerictis imperialensis Ginsburg, Morales, Soria,
and Herraez, 1997.

Magerictis imperialensis was defined on the basis of a
single m2 from the Estacion Imperial site, from the
Middle Miocene of the Madrid Basin, Spain (Middle
Aragonian, local biozone Dc) (Ginsburg et al., 1997).
The morphology of the m2 is highly derived. It is charac-
terized by the remarkable elongation of the talonid due to
the strong development of the hypoconulid, which forms
a third lobe, similar to what is observed in both extant
and extinct ailurids (Ogino et al., 2009; Wallace & Lyon,
2022) and some procyonids (Baskin, 1998b). In addition,
the arrangement of the trigonid cuspids on the periphery,
which is associated with the loss of the internal cristids
of the protoconid and metaconid, results in the union of
the valleys of the trigonid and the talonid, representing
the singular features of M. imperialensis. The authors of
this species have demonstrated the ailurid character of
this molar and placed it at the base of the radiation of the
family. Subsequent authors have accepted this relation-
ship, but the limited availability of material has hindered
further investigations (Salesa et al., 2011; Wallace &
Lyon, 2022). Recent palaeontological finds in the urban
area of Madrid, including associated maxillae and mandi-
bles, have enabled us to expand our understanding of this
species. This work aims to conduct a taxonomic and sys-
tematic analysis of M. imperialensis and its relationship
with other musteloids related to the origin of Ailuridae.

Geological setting

The fossil sites containing M. imperialensis are located
within the metropolitan area of Madrid, near the north-
western edge of the Cenozoic Madrid Basin in Spain
(Fig. 1). During most of the Miocene, this region was
predominantly occupied by marsh and lacustrine environ-
ments, fed by fluvial currents from the Sistema Central
highlands (Calvo et al., 1989). These processes led to the
accumulation of significant sediment thicknesses. The
fossiliferous sediments in the study area are found at alti-
tudes ranging from 570 to 635 m, dating back to the
Middle Miocene, approximately 15.5-13.55 Ma (Fig. 2).
Remains of Magerictis have been found within two
of the main lithostratigraphical units recognized in the
Madrid Basin: the upper part of the Lower Unit and the
lower part of the Intermediate Unit (Hernandez-Ballarin
& Pelaez-Campomanes, 2017). Localities including
Estacion Imperial (E. Imperial, MN5), Embajadores
(EMB-PG3, MNS5), Los Nogales (NOG, MN3), Principe
Pio-2 (PP-2, MN5), and Fabrica de Mahou (FMH,
MNS), are situated within the Lower Unit and are corre-
lated to local biozone Dc. The localities of the
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Figure 1. Location of the fossil sites with Magerictis
imperialensis. A, Simplified geological map of the Iberian
Peninsula with the location of the urban area of the city of
Madrid. B, Fossil localities with Magerictis imperialensis: 1.
Principe Pio-2; 2. Estacion Imperial (type locality), Fabrica de
Mahou, Los Nogales and Embajadores; 3. Alhambra-Tuneles;
4. Barajas-17; 5. Barajas-3; 6. El Canaveral.

Intermediate Unit belong to three local biozones. The
sites Barajas-3 (BAR-3, MN5) and Barajas-17 (BAR-17,
MNS) are correlated with local biozone Dd. In contrast,
the site of El Canaveral (CAN, MN5) belongs to the
local biozone E, whereas the site of Alhambra-Tuneles
(ALH-TU, MN6) belongs to the local biozone F (Fig. 2)
(Hernandez-Ballarin & Peldez-Campomanes, 2017). The
boundary between the two units is marked by a strati-
graphical discontinuity dated by magnetostratigraphy to
chron C5ADn, calibrated by interpolation to approxi-
mately 14.4Ma (Montes et al., 2006). Biozone Dd,
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Figure 2. Biostratigraphy and lithostratigraphy of the Miocene
localities with Magerictis imperialensis. The lithostratigraphical
scheme is modified from Calvo et al. (1993), Lopez-Martinez
et al. (1987) and Peldez-Campomanes et al. (2003). Local
zonation from Daams et al. (1999). MN zones from Bruijn
et al. (1992) and Mein (1975). Abbreviations: E, Estacion;
MN, Mammal Neogene zones, T, Tuneles.

which included the boundary between the two units,
was dated by Van der Meulen et al. (2012) to 14.81—
14.09Ma in the Aragonian type area. This correlation
has been confirmed by Herndndez-Ballarin and Pelaez-
Campomanes (2017) based on the rodent sequence in
the Madrid Basin. The deposits containing M.

imperialensis span a time range of approximately 2 My
(15.5-13.55Ma). This interval coincides with the
Middle Miocene Climate Transition (MMCT), marking
the end of the high temperatures of the Miocene
Climatic Optimum (MCO) and the beginning of the
cooling trend of the Neogene (Domingo et al., 2012;
Garcia-Paredes et al., 2016).

The Magerictis localities dated as biozone Dec,
Estacion Imperial, Embajadores, Los Nogales, Principe
Pio-2, and Fabrica de Mahou (Figs. 1-2) are situated on
the eastern bank of the Manzanares River, within the
historic city centre of Madrid, near the classic sites of
San Isidro and Puente de Toledo, known since the mid-
nineteenth century (Peldez-Campomanes et al., 2003).
The fossil sites of Los Nogales (Herrdez et al., 2006)
and Embajadores (Hernandez-Ballarin & Peldez-
Campomanes, 2017) are located in the so-called
‘Penuela’ facies, which consists of dark greenish-brown
plastic clays with sepiolite levels. In contrast, the sites
of Principe Pio-2, Fabrica de Mahou and Estacion
Imperial are somewhat more detritic facies, representing
lateral changes within the Penuela facies (Ginsburg
et al., 1997; Pickford & Morales, 2016; Roca et al.,
2009; Salesa et al., 2024).

The biozone Dd localities of Barajas-3 and Barajas-17
are located at the Madrid-Barajas International Airport
and were discovered during various runway extension
projects (Esteban, 2004). The fossils are found in arkosic
sediments interbedded with brown clays and sands.

The El Canaveral site (biozone E) was discovered
during the construction of a new residential area south
of Barajas airport. Fossils here are preserved within
brown clay sediments, containing organic material and
silex nodules, at the top of a sequence of green and
white clays with silex nodules. The fossils show signs
of prolonged exposure to the external environment prior
to burial, including fractures, deformations and various
degrees of corrosion (Pesquero et al., 2008).

The site of Alhambra-Tuneles (biozone F) was dis-
covered on the west bank of the Manzanares River less
than 2 km from the classic site of San Isidro, during the
construction of a new road (Herrdez et al., 2000). The
fossiliferous sediments consist of massive brown clays
and sands.

The large mammals from biozones Dc and Dd local-
ities associated with Magerictis correspond to the typical
fauna found in the Tagus basin during much of the
Middle Aragonian. Antunes (1979) referred to this fauna
as ‘Faunas with Hispanotherium’, referencing the abun-
dance of this medium-sized hornless Elasmotheriini rhi-
noceros, interpreted as a species suited to arid and warm
environments (Cerdeno & Nieto, 1995; Sanisidro et al.,
2012). Large ruminants such as Triceromeryx
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(Palacomerycidae) are also common, while the abun-
dance of Anchitherium (Equidae) varies among localities.
It is abundant at Los Nogales, scarce at Estacion Imperial
and Barajas-3 and 17, and very rare in Principe Pio-2.

El Canaveral (biozone E) and Alhambra-Tuneles (bio-
zone F) exhibit a markedly different large mammal
composition from that the other Magerictis-bearing sites.
Anchitherium remains abundant in Alhambra, but is rep-
resented by a different species than in the Dc—Dd bio-
zones (Sanchez et al, 1998). This new faunal
assemblage is characterized by the disappearance of
Hispanotherium and the substantial renewal of the
ruminant assemblage, with palacomerycids becoming
very rare and cervids and bovids becoming abundant.
Bunodont suids also disappear, coinciding with the
appearance of the first tetraconodont suids represented
by Retroporcus and Conohyus (see Pickford & Laurent,
2014; Pickford & Morales, 2016).

Materials and methods

Nomenclature and measurements
Dental nomenclature follows Ginsburg (1999) and J. B.
Smith and Dodson (2003). The nomenclature of the m2

is explained in Figure 3 and the nomenclature for the
tarsals is explained in Figure 4. Anatomical descriptions
are based primarily on Barone (1999, 2000), Evans and
de Lahunta (2010, 2013) and Schaller (2007). The ter-
minology conforms to the standard of the Nomina ana-
tomica veterinaria (NAV; Waibl et al., 2005).
Measurements were taken using Mitutoyo Absolute
digital callipers to the nearest 0.1 mm (Supplemental
material 1, S1).

Institutional abbreviations

AMNH, American Museum of Natural History, New
York, USA; B and Bat-1, Batallones-1 temporarily
housed in MNCN (Madrid, Spain); ETMNH, East
Tennessee Museum of Natural History, Johnson City,
USA; FMNH, Field Museum of Natural History,
Chicago, USA; FS-LPVP, Faculté Sciences; Laboratoire
de Paleontologie des Vertébrés, Poitiers, France; FSM,
Faculté des Sciences de Marseille, France; IPS, collec-
tion of the Institut Catala de Paleontologia Miquel
Crusafont, Barcelona, Spain; LACM, Natural History
Museum of Los Angeles County, Los Angeles, USA;
MACN, Museo Argentino de Ciencias Naturales
‘Bernardino Rivadavia’, Buenos Aires, Argentina;
MDC, Musée des Confluences, Lyon, France; MNCN,

Figure 3. Dental nomenclature of the right m2 of Ailuridae. Left, Magerictis imperialensis; right, Ailurus fulgens (mirrored).
Abbreviations: be, basal expansion (mesiobucal); en, entoconid; hl, hypoconulid; hy, hypoconid; me, metaconid; pa, paraconid,
pen, pre-entoconid; pr, protoconid; trv, trigonid valley; tv, talonid valley.
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Figure 4. Magerictis imperialensis from Fabrica de Mahou locality. Tarsal nomenclature used for the astragalus and calcaneum. A—
F, astragalus: A, dorsal view; B, plantar view; C, medial view; D, lateral view; E, proximal view; F, distal view. G-L, calcaneum:
G, proximal view; H, distal view; I, dorsal view; J. plantar view; K, medial view; L, lateral view. Abbreviations: at, astragalar
tubercle (proximomedial plantar tuberosity); cf, cuboid facet; cp, coracoid process; ef, ectal facet; fdl, groove for the tendon of m.
flexor digitorum lateralis; ff, fibular facet; 1l, lateral lip; Ip, lateral process; Ipt, lateral process of tuber; ml, medial lip; mpt, medial
process of tuber; n, neck; nf, navicular facet; plt, plantar tubercule; pp, peroneal process; ptg, plantar tendon groove; sf,
sustentacular facet; sg, sagittal groove; sll, groove for the insertion of the short lateral-collateral ligament; ss, sustentacular sulcus; st,
sustentaculum tali; te, tuber calcis; tr, trochlea (astragalar tibial facet); ts, tarsal sinus.

Museo Nacional de Ciencias Naturales-CSIC, Madrid,
Spain; MNHN, Muséum national d’Historie naturelle,
Paris, France; NHMW, Naturhistorisches Museum
Wien, Vienna, Austria; NRM, Naturhistoriska rikmu-
seet, Stockholm, Sweden; SMINS, Staatliches Museum
fur Naturkunde Stuttgart, Stuttgart, Germany; SNSB-
BSPG, Staatliche Naturwissenschaftliche Sammlungen
Bayerns, Munich, Germany, UCBL-FSL, Université
Claude Bernard Lyon 1, Faculté des Sciences de la
Terre, Lyon, France; UCMP, University of California
Museum of Paleontology, Berkeley, USA; YPM-PU,
Peabody Museum of Natural History at Yale University,
Connecticut, USA.

Studied material

The fossil remains of M. imperialensis are stored in the
collections of the Department of Paleobiologia of MNCN.
For specific details of each specimen, see the studied
material in the section on Systematic palacontology.

Comparative material

The primary comparative sample of cranial material is
based on a direct study of the original fossils. When the
analysis is based on casts or photographs, this is noted.
Pseudobassaris  riggsi Pohle, 1917, from Quercy
(Oligocene, France) (hemimandibles determined by
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Wolsan, 1993, SNSB-BSPG 1879 XV 713, 716, 718;
skul, AMNH 117488, cast of the original YPM-PU
11455; as well as the original publication of Wolsan &
Lange-Badré, 1996); Plesictis robustus Pomel, 1853 from
Quercy (Late Oligocene, France) (maxilla, MNHN.F. QU-
9117; mandible UCBL-FSL 7223); Plesictis genettoides
Pomel, 1846, from Peublanc (Late Oligocene, MP30,
France) (cranial and postcranial bones, AMNH 11001);
Amphictis schlosseri Heizmann and Morlo, 1994, from
Ulm-Westtangente (Early Miocene, MN2, Germany)
(skull, SMNS-45756; hemimandible SMNS-45758,
45759, M1 SMNS-45757), and from Eggingen (Early
Miocene, MN2, Germany) (hemimandible, SNSB-BSPG
1881 IX 571; M1, SNSB-BSPG 1881 1X 572); Amphictis
ambiguus Gervais, 1872, from Quercy (Late Oligocene,
France) (hemimandible MNHN-F QU-9244), and from
Pech du Fraysse, Quercy (Late Oligocene, MP28, France)
(skull, FS-LPVP PFRAZ28, photographs); Amphictis bor-
bonica Viret, 1929b, from Coderet (Late Oligocene,
MP30, France) (maxilla, UCBL-FSL 97711); Amphictis
antiquus Pomel, 1853, from Saint Gérand le Puy (Early
Miocene, MN2, France) (hemimandibles UCBL-FSL-
213845, 213846, 213849, 213847 [cast, original figured in
Viret, 1929b], and two maxillac UCBL-FSL-213850 and
213860 [casts, originals figured in Viret, 1929b]);
Amphictis aginensis de Bonis, 1973, from Laugnac (Early
Miocene, MN2, France) (mandible, cast of FSM Lg M-
14); Amphictis wintershofensis Heizmann and Morlo,
1994, from Wintershof-West (Early Miocene, MN3,
Germany) (hemimandibles SNSB-BSPG 1937 II 13126,
13132, 13138/9, 13147, 13191); Alopecocyon leptorhyn-
chus (Filhol, 1881) from La Grive (Middle Miocene,
MN7/8, France) (maxilla fragment, UCBL-FSL 213788;
M1, UCBL-FSL 213789; maxilla fragment, AMNH
100028, cast, original figured in Gaillard, 1899), from
Sansan (Middle Miocene, MN6, France) (hemimandible,
cast of MNHN-San 345), from Goriach (Middle Miocene,
MNS5 to MN6, Austria) (association of upper and lower
dentition, NHMW 470/1963); Devinska Nova Ves (=
Neudorf an dem March) (Middle Miocene, MNG,
Slovakia) (m2, NHMW NS); Alopecocyon getti Mein,
1958, from Vieux-Collonges (Middle Miocene, MNS,
France) (M1, UCBL-FSL 65695; M2, UCBL-FSL 65694;
m2, UCBL-FSL 65758); Actiocyon leardi Stock, 1947,
from  Apache Canyon (Middle-Late  Miocene,
Clarendonian, California, USA) (maxilla fragment,
AMNH 6843, cast of LACM 2747); Actiocyon parverratis
K. Smith et al, 2016, from Monarch Mill (Middle
Miocene, Barstovian, Nevada, USA) (hemimandibles,
UCMP 141928, photographs; maxilla fragment with P4,
UCPM 141911, photographs); Simocyon batalleri (Viret,
1929a) from Batallones-1 (Late Miocene, MN10, Spain)
(skull, B-—3620; skull, B-3458; hemimandible,

B —5430; hemimandibles from the same individual
B —3392 and Bat — 1 - D7 —7-2001; M2, B —3235; m2
B —4733; m2 B—3238); Protursus simpsoni Crusafont
and Kurtén, 1976, from Can Llobateres (Late Miocene,
MNO, Spain) (m2, IPS-1976); Parailurus tedfordi Wallace
and Lyon, 2022, from White Bluffs (Early Pliocene,
Washington, USA) (M1, cast of LACM 10808); extant
Ailurus fulgens, skulls and mandibles (MNCN M-142311,
AMNH M146682, 35433, 35495, 119676, 169496,
164121, 164148, NRM-MAS582386, 584529, 584903,
585304, 609530). Finally, we studied from their original
publications Amphictis milloquensis (Helbing, 1928a)
from La Milloque (Late Oligocene, MP29, France,
Helbing [1928a], Cirot & Wolsan [1995]); and
Pristinailurus bristoli Wallace & Wang, 2004, from Gray
Fossil Site (Early Pliocene, Tennessee, USA; Wallace &
Wang [2004]; Wallace & Lyon [2022]).

For descriptions and comparisons of the postcranial
bones we used the following extinct and extant species of
Musteloidea housed in the collections of FMNH, MACN,
MNCN, NRM: Ailuridae (dilurus fulgens; Simocyon
batalleri from Batallones-1 see Salesa et al., 2008);
Procyonidae (Procyon lotor Storr, 1780); Mustelidae
(Meles meles [Linnaeus, 1758], Gulo gulo [Linnaeus,
1758], Martes foina [Erxleben, 1777], Mustela putorius
Linnaeus, 1758, and Taxidea taxus Waterhouse, 1838);
Mephitidae  (Mephitis  mephitis  [Schreber, 1776],
Conepatus chinga [Molina, 1782], Conepatus leuconotus
[Lichtenstein, 1832], Spilogale gracilis Merriam, 1890,
Mydaus javanensis [Desmarest, 1820]).

Cladistic analysis

We performed a cladistic analysis to elucidate the
phylogenetic position of M. imperialensis and other
European and North American extinct taxa with muste-
loid affinities from the Eocene to the Pliocene, as well
as the extant Ailurus fulgens. We analysed 13 oper-
ational taxonomic units (OTUs) and 54 cranial, man-
dibular and dental characters based on Baskin (1998a,
2004), Bryant et al. (1993), Morlo and Peigné (2010),
Valenciano et al. (2016), Wallace and Lyon (2022),
Wolsan (1993) and this work. The extinct forms ana-
lysed are Pseudobassaris riggsi from Quercy (France);
Amphictis  schlosseri from Ulm-Westtangente and
Eggingen (Germany); Amphictis ambiguus from Quercy
and Pech du Fraysse (France); Amphictis milloquensis
from La Milloque (France); Amphictis antiquus from
Saint Gérand le Puy (France); Amphictis wintershofensis
from Wintershof-West (Germany); M. imperialensis
from Estacion Imperial, Los Nogales, Principe Pio-2,
Barajas-3, Barajas-17, El Canaveral, Embajadores and
Alhambra-Tuneles (Spain); Alopecocyon leptorhynchus
from La Grive, Sansan (France), Goriach (Austria) and
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Devinska Nova Ves (Slovakia); Actiocyon leardi from
Apache Canyon (California, USA); Actiocyon parverra-
tis from Monarch Mill (Nevada, USA); Simocyon batal-
leri from Batallones-1 (Spain); Pristinailurus bristoli
from Gray Fossil Site (Tennessee, USA). All characters
were equally weighted and unordered. The complete list
of taxa, characters and the character—taxon matrix are
available in Supplemental materials 1 and 2. The data
supporting the findings of this study is openly available
through MorphoBank at https://doi.org/10.7934/P6014
(Morales et al. 2025a). The seclected outgroup was
Pseudobassaris riggsi. Cladistic analysis was performed
using PAUP*4.0b10 (Swofford, 2002). Clade support
was calculated using bootstrap analysis with 10,000 rep-
licates and Bremer support values.

Micro CT scans

The acquisition of three-dimensional reconstructions
was performed using computed axial tomography (CT)
employing a NIKON XT H-160 nCT-SCAN provided
by the Non-Destructive Techniques Service at the
National Museum of Natural Sciences (MNCN-CSIC).
The virtual reconstructions were processed and the final
images were generated using the VGStudio MAX soft-
ware v. 3.0. The data supporting the findings of this
study is openly available through MorphoSource, where
the full media list can be found at https://doi.org/10.
17602/M2/1.780594 (Morales et al. 2025b)

Systematic palaeontology

Order Carnivora Bowdich, 1821
Suborder Caniformia Kretzoi, 1943
Superfamilia Musteloidea Kretzoi, 1929
Family Amphictidae Winge, 1895

Type genus. Amphictis Pomel, 1853.
Diagnosis. In Cirot and Wolsan (1995).

Included genera. Amphictis and Bonisictis gen. nov.

Differential diagnosis. Amphictidae differs from
Ailuridae by the simple morphology of their m2, charac-
terized by moderate length, trigonid larger than the talonid,
hypoconid placed buccally and hypoconulid vestigial or
absent. As a result, the third lobe of the m2 that character-
izes the Ailuridae is not fully developed in Amphictidae.

Genus Amphictis Pomel, 1853

Type species. Amphictis antiquus Pomel, 1853 (= Viverra
antiqua de Blainville 1842 (pars). pp.72-73. vol. 2, pl. XIII).

Type locality. St-Gérand-le-Puy (Early Miocene, MN2,
France).

Diagnosis. In Pomel (1853, pp. 63-64); see Viret
(1929b).

Emended diagnosis. Amphictidae with high premolars;
p4 with strong accessory distal cuspid; ml with high
and large trigonid and short talonid; robust m2 with
short talonid with a well-developed hypoconid and small
talonid valley placed lingually; Large P4 with strong
protocone; M1 trigone with a well-developed postpro-
tocrista, metaconule present or absent; M2 is small com-
pared to MI1.

Occurrence. Early Miocene, biozone MN2, Western
Europe.

Remarks. All species previously classified in Amphictis
are excluded from the genus, except Amphictis antiquus
Pomel, 1853, and Amphictis schlosseri Heizmann and
Morlo, 1994. Amphictis ambiguus Gervais, 1872, and
Amphictis milloquesis (Helbing, 1928a) are included
herein in Bonisictis gen. nov. (Amphictidae), whereas
Amphictis wintershofensis Heizmann and Morlo, 1994,
and Amphictis prolongata Morlo, 1996, are classified
herein in Rothictis gen. nov. (Ailuridae). Amphictis bor-
bonica Viret, 1929b, Amphictis ageniensis de Bonis,
1973, Amphictis cuspida Nagel, 2003, and Amphictis
timicua Baskin, 2017, have an indeterminate generic
status.

Amphictis antiquus Pomel, 1853

1842 Viverra antiqua de Blainville (pars): 72—-73, pl. 13.
1853 Amphictis antiquus Nob. (Viverra antiqua, man-
dible, Blain.) Pomel: 63.

1859 Viverra antiqua Pomel in Gervais: 223, pl. 28,
figs. 7-8.

1872 Amphictis Pomel in Gervais: 266.

1879 Plesictis robustus Pomel in Filhol: 124, pl. 22,
fig. 9.

1879 Plesictis robustus (var, gracilis) Pomel in Filhol:
128, pl. 22, fig. 5.

1879 Amphictis antiquus, Pomel in Filhol: 171, pl. 24,
figs. 1-4.

1885 Amphictis antiquus, Pomel in Lydekker: 102—-103.
1929b Amphictis antiquus Pomel in Viret: 196, pl. 14,
figs. 8-17.

1976  Amphictis  antiquus (Pomel, 1853) in De
Beaumont: 173, figs. la—2a.

1994 Amphictis antiqua Pomel in Heizmann and Morlo:
9-10.

Neotype. UCBL-FSL 213846, right mandible with p3—
m2 (Fig. SA-C). Based on the original publication
(Pomel, 1853) it is impossible to identify the syntype of
the species within Saint Gérand le Puy material (Viret,
1929b). We therefore choose one of the best-preserved
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A D

Figure 5. Lower and upper dentition of Amphictis antiqguus from Saint Gérand le Puy (Early Miocene, MN2, France). A—C, UCBL-
FSL 213846 (neotype), right hemimandible (figured in Viret 1929b, pl. XIV, fig. 9): A, buccal view; B, lingual view; C, occlusal
view (stereo pair). D-F, MDC-StG 779, left hemimandible (figured in Viret 1929b, pl. XIV, fig. 10): D, buccal view; E, lingual
view; F, occlusal view. G-I, MDC-StG 783, left hemimandible (figured in Viret 1929b, pl. XIV, fig. 11): G, buccal view; H, lingual
view; I, occlusal view. J, MDC-StG 809, left maxilla in occlusal view.

specimens from this locality (UCBL-FSL 213846; Viret,
19290, pl. X1V, fig. 9) and elevate it to the rank of neo-
type. The designation of this specimen appears neces-
sary for the objective definition of the species.

Type locality. Terrain tertiaire a Lagny (France)
(equivalent name for Saint Gérand le Puy).

Diagnosis. Amphictis with elongate P4 with strong pro-
toconid, M1 with sub-rectangular occlusal shape, com-
plete trigonid with metaconule attached to protoconid.
M2 unreduced, buccolingually wide. m1 with very high
and voluminous metaconid, basined talonid with small
hypoconid, and entoconid and hypoconulid united in a
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peripheral cristid. m2 elongated, with reduced paraconid
and valley of talonid occupied almost entirely by a volu-
minous hypoconid.

Occurrence. Early Miocene, biozone MN2, Western
Europe.

Remarks. Amphictis antiquus has been regarded as a
problematic species, largely due to the paucity of infor-
mation contained in the earliest figured materials
(Blainville, 1842; Filhol, 1879; Gervais, 1859) and the
low precision of the information provided by these
authors (Schlosser, 1887, 1888). In this study (Fig. 5),
we follow the approach taken by Viret (1929b) who
conducted the first review of Am. antiquus from the
type locality of Saint Gérand le Puy. Much of the debate
surrounding the taxonomic status of this species has
been centred on the interpretation of the m2 morphology
(Schmidt-Kittler, 1981). In particular, de Bonis (1973)
and Beaumont (1976) were highly critical in this aspect,
proposing that the majority of the dentognathic material
attributed by Viret (1929b) to Am. antiquus should have
been determined as Plesictis robustus Pomel, 1853.
Nevertheless, despite the necessity for a comprehensive
revision of the species attributed to the genus Plesictis
Pomel, 1853, Am. antiquus can be distinguished from
P. robustus, both defined in the same locality of Saint
Gérand le Puy. The diagnoses of Pomel (1853) clearly
delineated the distinction between the two taxa.
Plesisctis robustus is distinguished from Am. antiquus
by a more sectorial ml with a sharp talonid and
smaller m2 (Teilhard de Chardin, 1915, fig. 10). In
Am. antiquus, the talonid of m1 has low cusps and a
well-developed central valley. The m2 is not reduced,
although the talonid is almost exclusively formed by
the hypoconid. Morlo and Peigné (2010) consider that
the m2 morphology of Am. antiquus and Am. schlos-
seri represents the plesiomorphic condition in
musteloids.

Description of the neotype. UCBL-FSL 213846 is a
right mandible with p3—-m2 and alveoli of pl and p2
(Fig. 5A—C). Measurements (mm): p3 (5.6 x 2.3), p4
(7.1 x3.3), ml (9.6 x5.4), m2 (6.1 x4.4). The ascend-
ing ramus of the mandible has mostly broken and only
preserves the most anterior part of the masseteric fossa.
The mandibular body is high and robust. The pl has a
single oval alveolus and the p2 has two alveoli, the pos-
terior one somewhat more developed. The p3 has a sin-
gle cuspid that is relatively high and narrow, with the
extended distal cristid ending in a reduced cingulid. The
p4 is tall, robust and distally widened. The mesial acces-
sory cuspid is low and narrow, while the distal acces-
sory one is high, relatively large, and lingually

displaced. The distal part of the tooth is surrounded by
a crowned distal cingulid. The m1 is robust with a trigo-
nid larger than the talonid. In occlusal view, the cuspids
of the trigonid are arranged in a relatively open V. The
height of the protoconid is notably high, while the meta-
conid is of a similar height to the paraconid but less
developed. The two cusps are joined basally. The talo-
nid is broad and formed by an extended hypoconid and
a distolingual cristid corresponding to the hypoconulid
and entoconid, which are poorly differentiated. The val-
ley of the talonid is small. The m2 is large, with the
trigonid being wider and larger than the talonid. It is
formed by a well-developed protoconid and metaconid,
with the protoconid being slightly higher and larger.
Both cusps are connected by internal cristids. A rudi-
mentary paraconid is included in the mesial cingulid.
The mesial valley of the trigonid is relatively wide. The
talonid is narrower than the trigonid and is formed
almost exclusively by the hypoconid. A small distolin-
gual cingulid occupies the position of the hypoconulid
and the entoconid.

Amphictis schlosseri (Heizmann & Morlo, 1994)

1887 Amphictis antiquus Pomel in Schlosser: pl. 8, figs.
47, 56, 62.

1888 Amphictis antiquus (Pomel) in Schlosser: 119 f.
(pars).

1976  Amphictis  antiquus
Beaumont: 173, fig. 1b.

(Pomel, 1853) in de

Holotype. SMNS 45756, composed of a marl slab with
a skull and mandibular fragments.

Type locality. Ulm-Westtangente, Baden-Wiirttemberg,
Germany (Early Miocene, MN2).

Diagnosis. In Heizmann and Morlo (1994, p. 4).

Differential diagnosis. It differs from Am. antiquus by
its longer and more slender m2, the absence of Ml
metaconule and the greater development of the MI
postprotocrista.

Other localities. Weisenau, Germany; Wiesbaden-
Amoneburg, Germany; Eggingen, Germany; Michelserg
bei Ulm, Germany (see Heizmann & Morlo, 1994).

Occurrence. Early Miocene, biozone MN2 of Western
Europe.

Genus Bonisictis gen. nov.
Type species. Bonisictis ambiguus (Gervais, 1872).

Etymology. Named after Dr Louis de Bonis in recogni-
tion of his valuable contribution to the study of
Caenozoic carnivorans.
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Diagnosis. Schmidt-Kittler (1981, p. 776). Skull:
Alisphenoid canal present. Middle ear amphictid.
Tympanic bulla without ossified external auditory canal
and laterally less deeply incised than in Mustelictis.
Mastoid and paroccipital processes more pronounced;
bony shelf between these and the bulla wider than in
Mustelictis. Dentition: M2 three-rooted, larger than in
Mustelictis; m2 distinctly elongated, with a reduced par-
aconid and closed trigonid.

Differential diagnosis. Bonisictis differs from Amphictis
in the basined m2 morphology, characterized by a
smaller hypoconid placed buccally, and a larger centro-
lingual talonid valley. It also differs in M1 more robust,
with wider lingual wall and with an absent metaconule
and postprotocrista.

Included species. Bonisictis ambiguus (Gervais, 1872)
(Fig. 6), and Bonisicts milloquensis (Helbing, 1928a).

10 mm

Figure 6. Lower and upper dentition of Bonisictis ambiguus from Quercy (Late Oligocene, France). A—C, MNHN-F-Qu 9243
(holotype), right hemimandible: A, buccal view; B, lingual view; C, occlusal view. D-F, MNHN-F-Qu 9244, left hemimandible: D,
buccal view; E, lingual view; F, occlusal view. G, FS-LPVP PFRA-28, skull from Pech du Freysse, Quercy in occlusal view.
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Occurrence. Late Oligocene, MP28 to MP29, Western
Europe.

Remarks. Gervais (1872) included Am. ambiguus, even
“provisionally”, in the genus Amphictis, together with
Am. antiquus, merging two temporally distant species
with different m2 morphological patterns into a single
genus. The definition of a new genus for Am. ambiguus
seems justified, resolving the systematic problem of
Amphictis.

Bonisictis ambiguus (Gervais, 1872)

1872 Viverra (Amphictis) ambigua Gervais: 266.

1873 Viverra (Amphictis) ambigua Gervais: 373, pl. 1,
fig. 1.

1876 Amphictis antiguus Gervais: 51, pl. 13, figs.
10-10a.

1888 Amphictis Gervaisi Schlosser: 9, figs. 46, 47 (not
fig. 18).

1915 Amphictis ambiguus Gervais 1872 in Teilhard de
Chardin: 47, pl. 4, fig. 12, pl. 5, fig. 11, pl. 6, figs. 8,
10, 11, pl. 7, figs. 2, 6, 8.

1976 Amphictis ambiguus Gervais 1872 in de Bonis:
1327, figs. 1-2.

1976 Plesictis milloquensis Helbing 1928a, in Crouzel
et al: 224, figs. 22-24

1981 Amphictis ambiguus Gervais
Schmidt-Kittler: 776.

1992 Amphictis ambiguus (Gervais) 1872 in Cirot: 107,
pl. 13, figs. 4-9, pl. 14, figs. 1-2, pl. 15, figs. 1-7.

1995 Amphictis ambigua (Gervais, 1872) in Cirot and
Wolsan: 765, fig. 4.

Holotype. MNHN F.QU 9243, right mandible with p2-
m2 (Fig. 6A-C).

1867-1869 in

Type locality. Concots, Quercy (France).
Diagnosis. In Cirot (1992).

Emended diagnosis. Bonisictis with robust lower pre-
molars with low crowns, m2 with short trigonid and
elongated talonid, smaller hypoconid placed buccally,
hypoconulid vestigial or absent. M1 sub-quadrangular
occlusal shape (mesiodistal length smaller than the buc-
colingual) due to the widening of the distal wall.
However, the posterior crista of the protocone (postpro-
tocrista) is poorly developed or even absent and the
metaconule is weaker or absent.

Occurrence. Late Oligocene, Western Europe.

Other localities. Pech Desse (Late Oligocene, MP28),
Pech du Fraysse (Late Oligocene, MP28) and
Dieupentale (Late Oligocene, MP29) (France; Cirot,
1992; Crouzel et al., 1976).

Bonisictis milloquensis (Helbing, 1928a)

1928 Plesictis milloquensis n. sp. Helbing: 46, pl. 4,
figs. 4-6.

1995 Amphictis milloquensis (Helbing, 1928a), Cirot
and Wolsan: 758, figs. 1-2

Holotype. NMB LM 554, fragmentary left mandible
with m1-m2 (Helbing, 1928a, p. 46, pl. 4, figs. 4-6).

Type locality. La Milloque, Late Oligocene, MP29,
France.

Differential diagnosis. It differs from B. ambiguus by
the lower premolars with higher crowns, shorter m2
talonid, and M1 with narrower lingual wall.

Occurrence. Late Oligocene, Western Europe.

Remarks. Bonisictis is considered a basal member of
the Musteloidea based on its cranial morphology (Cirot
& de Bonis, 1993; de Bonis, 1973; Schmidt-Kittler,
1981; Wolsan, 1993). The molars, particularly the
morphology of the m2 and MIl, distinguish it from
Amphictis (Supplemental material 1, S3). Other basal
musteloids, such as Mustelictis Lange, 1969 (Lange,
1970; de Bonis, 1997) and Plesictis, differ from
Bonisictis by the relatively smaller size of the m2,
which also has a shortened talonid with a prominent
hypoconid and a reduced talonid valley. Therefore, these
genera are more closely related to Amphictis than to
Bonisictis in terms of m2 morphology. Furthermore, the
proposed phylogenetic analysis excludes a direct rela-
tionship between Bonisictis and the Ailuridae.

Family Ailuridae Gray, 1843
Diagnosis. In Morlo and Peigne, 2010.

Included subfamilies: Ailurinae Gray, 1843;
Simocyoninae Dawkins, 1868; and Magerictinae nov. rank.

Subfamily Ailurinae Gray, 1843
Type genus. Ailurus Cuvier, 1825.
Diagnosis. In Morlo and Peigne, 2010.

Included genera. Ailurus Cuvier, 1825; Parailurus
Schlosser, 1899; and Pristinailurus Wallace and Wang,
2004.

Occurrence. Pliocene to present, North America, Asia
and Europe.

Remarks. Magerictis was previously considered an
Ailurinae by Morlo and Peigne (2010), Salesa et al.
(2011) and Wallace and Lyon (2022). The new fossils
of Magerictis described here lead to the exclusion of
this genus from this subfamily.
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Subfamily Simocyoninae Dawkins, 1868
Type genus. Simocyon Wagner, 1858.

Diagnosis. In Wolsan (1993), and Morlo and Peigné
(2010).

Emended diagnosis. Ailuridae with not molarized teeth;
ml with elongated trigonid; P4 with reduced protocone;
M1 with sub-quadrate occlusal shape.

Included genera. Simocyon Wagner, 1858; Alopecocyon
Camp and Vanderhoof, 1940; Actiocyon Stock, 1947; and
Protursus Crusafont and Kurtén, 1976.

Genus Simocyon Wagner, 1858

Type species. Simocyon primigenius Roth and Wagner,
1854.

Diagnosis. In Wolsan (1993).
Differential diagnosis. In Morlo and Peigné (2010).

Included species. S. diaphorus; S. primigenius; S. batal-
leri; Simocyon hungaricus Kadi¢ and Kretzoi, 1927,
Simocyon marshi Thorpe, 1921.

Occurrence. Late Miocene (MN9 to MN13) of Europe,
Asia and North America.

Remarks. Simocyon is characterized by more hypercar-
nivorous adaptations, such as the reduced premolars,
strengthened carnassial teeth, a buccolingually shortened
M1 with well-developed buccal cusps, and smaller M2/
m2 compared to the M1/m1 (Peigné et al. 2005; Wang,
1997).

Genus Alopecocyon Camp and Vanderhoof, 1940

Type species. Alopecocyon leptorhynchus (Filhol,
1881).

Diagnosis. In Morlo and Peigné (2010).

Emended diagnosis. Ailurid of small size; ascending
ramus of the mandible projected backwards; lower
premolars not reduced; pl present; m1 with low trig-
onid, strong metaconid, and short talonid with mod-
erate hypoconid; m2 elongated, with reduced
trigonid, hypoconid and hypoconulid well developed,
talonid valley lingually placed; P4 with poorly dif-
ferentiated protocone similar to a widened cingulum;
M1 robust, with sub-quadrate occlusal shape, and
strong metaconule; M2 not reduced in comparison to
the M1.

Occurrence. Middle Miocene (MN5 to MN7/8)
Western Europe.

Alopecocyon leptorhynchus (Filhol, 1881)

1881 Viverra leptorhyncha Filhol: 67, pl. 4, figs. 16-19.
1884 Cynodictis (Elocyon?) Goriachensis n. spec,
Toula: 386, figs. 1-10

1899 Cephalogale sp., Gaillard: 50, fig. 26

1899 Viverra leptorhyncha (Filhol) Gaillard: 58, pl. 2,
fig. 8

1913 Cephalogale Gaillardi Wegner: 227, fig. 24, pl.
12, fig. 23

1928b Canidae cf. Galecynus oeningensis Owen,
Helbing: 238, fig. 5

1933 Alopecodon gaillardi Wegner, Viret: 1, 2, 9, figs.
1-4

1947 Viretius Kretzoi: 286

1949b Alopecodon leptorhynchus (Filhol), Thenius: 799,
figs. 1-2

1951 Alopecocyon goriachensis Toula, Viret: 23, pl. 1,
figs. 8-9

Holotype. LG 1274, left maxilla with P3-M1 (Gaillard,
1899, fig. 26).

Type locality. La Grive Saint Alban, MN7/8, France.
Diagnosis. As for the genus.

Other localities. Savigné, Pontigné, Dénezé and Lublé
(France, MN5; Ginsburg, 2001), Sansan (France MNG6;
Ginsburg, 1961; Peigné, 2012), Opole (Poland, MN7;
Wegner, 1913), Leoben (Austria, MNS5; Beaumont,
1982), Goriach (Austria, MN6; Thenius, 1949a; Toula,
1884), Hammerschmiede (Germany, MN7/8;
Kargopoulos et al, 2022), Devinska Nova Ves
(Slovaquia, MN6; Zapfe, 1950), Schlieren-Uetiko
(Swiss, MN6; Helbing, 1928b).

Occurrence. Middle Miocene, MN 5-8 of Western
Europe.

Remarks. Alopecocyon is one of the best-recorded
ailurids during the Middle Miocene in Europe.
However, the findings are limited exclusively to dentog-
nathic remains. Alopecocyon leptorhynchus (= Al. gori-
achensis) has also been recognized in Duolebulejin,
China, based on a m1 (Wang et al., 1998). The authors
highlight differences between this specimen and the
European species, particularly in the taller trigonid and
hypoconid of the m1 in the Chinese form. Additionally,
the Chinese ml has a shorter talonid compared to the
trigonid. While it is plausible that this ml belongs to
the Ailurinae subfamily, classifying it as Alopecocyon is
debatable.

Genus Actiocyon Stock, 1947
Type species. Actiocyon leardi Stock, 1947.
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Diagnosis. After Stock (1947; generic and specific
characters).

Included species. Actiocyon leardi and Actiocyon par-
verratis K. Smith, Czaplewski and Cifelli, 2016.

Occurrence. Barstovian to Late Clarendonian (CI3)
Land Mammal Age from North America (c. MN 5-10).

Actiocyon leardi Stock, 1947
Holotype. LACMICIT 2747, fragment of a skull.

Type locality. CC17H, Cuyama beds, Apache Canyon,
California, USA.

Diagnosis. In Baskin (1998b).

Occurrence. Late Miocene, Late Clarendonian (CI3)
(Tedford et al., 2004), North America.

Remarks. Actiocyon leardi was defined based on a
skull fragment with the complete right C, P2-M1, and a
lingually broken M2, besides the left P4-M1. Webb
(1969) regarded Actiocyon and Alopecocyon as syno-
nyms, while Baskin (1998b) saw them as very closely
related, but generically separated. Morlo and Peigné
(2010) also considered them to be synonyms. Despite
the paucity of available material, the differences
between Ac. leardi and Al leptorhynchus are sufficiently
pronounced to warrant the retention of a generic distinc-
tion. The P4 of Ac. leardi is characterized by a short
metastyle and a markedly broadened paracone, which
has a convex buccal wall comparable to that of the P4
of Simocyon. However, in Ac. leardi the parastyle is not
well developed. The P4 of AL leptorhynchus is more
graceful, and its buccal wall is rectilinear. The occlusal
sub-triangular shape of the M1 of Ac. leardi is similar
to that of both Alopecocyon and  Simocyon
(Supplemental material 1, S3). However, it is distin-
guished from both by the strongly developed metaco-
nule, which brings it closer to Ailurinae.

Actiocyon parverratis K. Smith, Czaplewski and
Cifelli, 2016

Holotype. UCMP 141928, associated right and left hem-
imandibles with p2-m?2.

Type locality. UCMP V74103 (OMNH V973),
Eastgate, Churchill County, Nevada, USA.

Diagnosis. In K. Smith et al. (2016).

Differential diagnosis. Differs from Ac. leardi in the
P4 having a less well-developed and undivided small
protocone on the internal cingulum, as well as the recti-
linear buccal wall.

Occurrence. Barstovian (c. MN5-6).

Remarks. The authors of this species have recognized that
its assignment to Actiocyon is hypothetical with the current
material. The mandibular morphology of Ac. parverratis dif-
fers from that of AL leptorhynchus by the ascending ramus
being positioned at a more vertical angle. Additionally, the
premolars of Ac. parverratis are shorter and higher than
those of the mandible of AL leptorhynchus from the Sansan
site (Peigné, 2012). Moreover, the m2 of Ac. parverratis
differs from that of the European species due to the more
central position of the hypoconid and hypoconulid and the
greater development of the buccal cingulum. Actiocyon par-
verratis and Al leptorhynchus exhibit the same dental mor-
phological grade, with unreduced premolars and carnassials,
and a more conservative morphology that is far from the
hypercanivorous pattern observed in Simocyon.

Genus Protursus Crusafont and Kurtén, 1976

Type species. Protursus simpsoni Crusafont and Kurtén,
1976.

Diagnosis. In Crusafont and Kurtén (1976, p. 22, figs.
16-17).

Protursus simpsoni Crusafont and Kurtén, 1976
Holotype. IPS-1976, left m2 (Fig. 7).

Type locality. Can Llobateres, Late Miocene (MN9),
Barcelona, Spain.

Diagnosis. As for the genus.
Differential diagnosis. In Morlo and Peigné (2010).

Emended diagnosis. Medium-sized member of the
Simocyoninae; m2 elongated with reduced trigonid,
large talonid with a hypertrophied hypoconulid and a
deep valley lingually placed.

Other localities. Hammerschmiede, MN7/8 Germany
(Kargopoulos et al., 2022), Rudabanya, MN9, Hungary
(Werdelin, 2005).

A B

5 mm

Figure 7. Holotype of Protursus simpsoni (IPS-1976) from Can
Llobateres (Late Miocene, early Vallesian, MN9, Barcelona, Spain),
left m2. A, buccal view; B, lingual view; C, occlusal view.
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Occurrence. Early Late Miocene of Western Europe.

Remarks. Kargopoulos et al. (2022) identified an m2
from Hammerschmiede, Germany, as Simocyoninae
indet. and related it to Protursus simpsoni Crusafont and
Kurtén, 1976. The species was initially described from
an isolated m2 in the Late Miocene of Can Llobateres,
Spain (MN9), and was initially classified as belonging
to the Ursinae. Thenius (1977) correctly dismissed this
potential relationship and proposed its inclusion in the
genus Simocyon. Peigné et al. (2005) considered it to be
a Simocyoninae, but they maintain its generic validity.
Kargopoulos et al. (2022) proposed that some fossils
from the Rudabanya site described by Werdelin (2005)
could be classified as Protursus simpsoni (specimens
1989/142: mandible fragment with ml-m2; 1990/103:
ml; 1989/219 and 1990/54: M1). The specimen 1989/
230 M2 determined as Melinae gen. et sp. indet., could
also be added to this group. The taxonomic reassign-
ment proposed by Kargopoulos et al. (2022) is solidly
argued. Although the Rudabanya material attributed to
Protursus is quite limited, it provides very relevant
information about its dentition. The Rudabanya teeth
have a less specialized morphology compared to
Simocyon; the ml is less sectorial, the m2 has a deep
talonid valley, and the M1 has a comparatively larger
crestiform metaconule. In summary, Protursus simpsoni
lacks the hypercarnivores adaptations of Simocyon. An
incomplete M1 from the middle Miocene site of Four
(MN7/8), France, was determined by Ginsburg et al.
(2001) as Ailurinae indet. The sub-quadrangular occlusal
morphology, the development of the metaconule and the
size of this molar are comparable to the M1 of
Rudabanya reassigned to Protursus by Kargopoulos
et al. (2022).

Subfamily Magerictinae Subfam. nov.

Type genus. Magerictis Ginsburg, Morales, Soria, and
Herraez, 1997.

Diagnosis. Ailuridaec with non-reduced and simple pre-
molar dentition; m1 with high trigonid and short talonid;
m?2 with very long talonid compared to the trigonid, and
a well-developed hypoconulid; P4 elongated, with a
robust protocone located mesially to the paracone; M1
gracile, with a central protocone with postprotocrista
attached to metaconule, and a very broad lingual area;
M2 of medium size compared to M1, and buccolingualy
large.

Included genera. Rothictis gen. nov., and Magerictis.
Genus Rothictis gen. nov.

Type genus. Rothictis wintershofensis (Roth, 1987) in
Heizmann and Morlo (1994).

Etymology. Named after Dr Claudia Roth in recognition
of her contribution to the study of European Miocene
carnivorans.

Diagnosis. Small-sized Magerictinae, characterized by a
tall ascending ramus; elongated lower premolars, p3—4
with distal accessory cuspids; and elongated m2 talonid
with a large hypoconulid already distinct from the
hypoconid.

Differential diagnesis. Rothictis differs from Amphictis
by the talonid morphology of the m2, whose hypoconid
and hypoconulid of similar size are placed buccally,
while the lingual area is basined. Rothictis differs from
Magerictis by its smaller size, the retention of the
internal cristids that join the protoconid and metaconid
in the m2, lower premolars elongated, p3 with accessory
distal cuspid, and the coronoid process high and
verticalized.

Included species. Rothictis wintershofensis (Heizmann
& Morlo, 1994) comb. nov. (Fig. 8) and Rothictis pro-
longata (Morlo, 1996) comb. nov.

Occurrence. Early Miocene, MN2 to MN3, Western
Europe.

Rothictis wintershofensis (Heizmann & Morlo, 1994)
comb. nov.

1950 Amphictis aff. antiquus Pomel, Dehm: 112

1976 Amphictis aff. antiguus Dehm, Beaumont: 177
1976 Plesictis humilidens Dehm, 1950, Beaumont: 177
1993 Amphictis Pomel, 1853, Wolsan: 347

1994 Amphictis wintershofensis Roth nov sp., Heizmann
and Morlo: 10-11

1996 Amphictis wintershofensis Roth in Heizmann and
Morlo, Morlo: 213

2010 Amphictis wintershofensis Roth in Heizmann and
Morlo, Morlo and Peigné: 123

Holotype. BSP 1937 II 13132, right mandible with
c-m2, Dehm (1950, fig. 112) (Fig. 8A-C).

Type locality. Wintershof-West, Germany.
Diagnosis. Heizmann and Morlo (1994, p. 18).
Occurrence. Early Miocene (MN3).
Rothictis prolongata (Morlo, 1996)
1996 Amphictis prolongata nov. sp., Morlo: 214, fig. 9.

Holotype. SMF M 5791, left mandible fragment with
p3—m?2.

Type locality. Wiesbaden-Amoneburg, Germany.
Diagnosis. In Morlo (1996, p. 214).
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10 mm

Figure 8. Lower dentition of Rothictis wintershofensis from Wintershof-West (Early Miocene, MN3, Germany). A—C, SNSB-BSPG
1937 11 13132 (holotype) right hemimandible: A, buccal view; B, lingual view; C, occlusal view. D-F, SNSB-BSPG 1937 1I 13126
right hemimandible: D, buccal view; E, lingual view; F, occlusal view. G-I, SNSB-BSPG 1937 II 13147 left hemimandible: G,

buccal view; H, lingual view; L, occlusal view.

Occurrence. Early Miocene (MN2).

Genus Magerictis Ginsburg, Morales, Soria,
and Herraez, 1997

Diagnosis. In Ginsburg et al. 1997 (translated from
French). Primitive Ailuridae of size comparable of
Ailurus fulgens. m2 with low trigonid, with protoconid
and metaconid elongated, in a very peripheral position,
and separated from one to the other by a longitudinal
valley directly connected to the valley of the talonid.
Low and very elongated talonid, mainly due to the very
significant elongation of the hypoconulid.

Emended diagnosis. Magerictinaec of medium size,
with non-reduced and simple premolar dentition. m1

with high trigonid and short talonid; m2 with very
long talonid compared to the trigonid. Absence of the
internal cristids of the union between the protoconid
and metaconid, resulting in a continuity between the
valleys of the trigonid and the talonid. Hypoconulid
larger than hypoconid. P4 elongated, with a strong
protocone mesial to paracone. M1 slender, with a cen-
tral protocone and a postprotocrista attached to a
well-developed metaconule; large lingual area
between protocone and the lingual cingulum; M2 of
moderate size compared to MI1, and -elongated
buccolingually.

Included species. Magerictis imperialensis Ginsburg,
Morales, Soria, and Herrdez, 1997.
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Occurrence. Middle Miocene (MN5 to MN6) of
Madrid (Spain).

Magerictis imperialensis Ginsburg, Morales, Soria,
and Herraez, 1997
(Figs. 9-15; Tables 1-5)

Holotype. MNCN69462, right m2.
Type locality. Estacion Imperial, Madrid, Spain (Middle
Miocene, MNS, local biozone Dc).

Diagnosis. As for the genus.

Other localities. Los Nogales (NOG, MNS5), Principe
Pio-2 (PP-2, MNS5), Fébrica de Mahou (FMH, MNS5),
Barajas-3 (BAR-3, MNS5), Barajas-17 (BAR-17, MNY),
El Cafaveral (CAN, MNS5), Alhambra-Ttneles (ALH-
TU, MN6), Embajadores (EMB-PG3, MNS).

Studied material. The fossil remains of M. imperialen-
sis are stored in the collections of the Department of
Paleobiologia of MNCN. They come from the localities
of Estacion Imperial: MNCN69462, right m2 (holotype);
Barajas 3: BAR-3-54, right ml, BAR-3-41, left ml;
Barajas 17: BAR-17-03-8, right mandible with p4 and
alveoli of p3, ml and m2; El Canaveral: CAN—506, skull
fragment with premaxillae, left maxillae with C-M1 and
M2 alveolus, and the anterior part of the right maxilla
with C—P1. CAN-458, right P4. CAN-1026, right M1.
CAN-742/743, association of a single individual com-
prising isolated left P4 (CAN-743d), left maxilla frag-
ment with M1 and incomplete M2 (CAN-743b), right
maxilla fragment with I3, C, P2, P3 (CAN-743a) and
isolated right M1 (CAN-743c), as well as a left mandible
with broken p3—p4, and complete m1-m2 (CAN-742a), a
right mandible with complete p3 and ml (CAN-742b),
and a right isolated m2 (CAN-742c). CAN-1050, skull
and mandible fragments (poor preservation). CAN-974,
right mandible with p4-m1. CAN-1140, left astragalus.
CAN-998, left calcaneus. CAN-1168, left calcaneus:;
Fabrica de Mahou: FMH'14-5162, left astragalus.
FMH'14-1703, left calcaneus. FMH'14-1292, right meta-
carpal I. FMH'14-1478, left metatarsal I; Los Nogales:
NOG-103, left m1; Embajadores: EMB-PG3-55, left M2;
Principe Pio-2: PP-2-3623, left mandible with m1-—p4,
alveoli of p2 and m2. PP-2-3624, association of right
ml-m2, left p4 and right p2; Alhambra-Tuneles: ALH-
TU-718 right maxilla fragment with P4 and incomplete
P3. ALH-TU-686 right edentate mandible (Tables 1-2;
Supplemental material 1, S4).

Redescription of the holotype. MNCN69462, right m2
(Fig. 9). The tooth is markedly elongated, with low trig-
onid and talonid cuspids encircling an elongated and
continuous central valley. Consequently, both the proto-
conid and the metaconid have lost the internal cristids

A

Figure 9. Holotype of Magerictis imperialensis (MNCN69462)
from Estacion Imperial, (Middle Miocene, Aragonian, MN5,
Madrid, Spain). A, occlusal view (stereo pair); B, mesial view
(stereo pair); C, buccal view (stereo pair); D, lingual view
(stereo pair).

that separate the trigonid from the talonid. The trigonid
is formed by three elongated worn cuspids. The protoco-
nid is placed at the mesiobuccal edge of the tooth,
slightly mesially to the metaconid. The two cuspids are
of comparable size and are joined mesially by a robust
paraconid, which encloses the anterior part of the trigo-
nid in a semicircular wall. The talonid is very elongated,
exhibiting a narrower width than the trigonid. The buc-
cal wall has two well-developed cuspids, which may
correspond to the hypoconid and hypoconulid (Fig. 9).
The lingual aspect of the specimen exhibits substantial
wear, particularly in the region distal of the metaconid.
The presence of two small, low, and elongated cuspids
(entoconid and pre-entoconid) can be discerned solely
through observation of their wear surface. Furthermore,
two minor cuspids, the entoconulid at the distolingual
angle and the post-hypoconulid, are situated in the distal
position, completely enclosing the talonid. The tooth is
encircled by a robust basal cingulid, which is especially
strong at the base of the protoconid, where it is mesially
projected.

Description of the new material

Upper dentition. CAN-506. Skull fragment that
includes almost complete premaxillae, a fragment of the
right maxilla with C-P1, and the left maxilla with C—
M1 and alveolus of M2 (Fig. 10A—F). The incisors are
arranged in a gentler curve than that shown in A. ful-
gens. 11-12 are small, close in size, with a low crown,
and their buccolingual length is greater than mesiodistal.
The 13 is slightly larger than the central incisors. It also
has a low crown, a thickened base, and an almost circu-
lar cross-section. The diastema between I3 and C is
short, and the premaxillary-maxillary separation is
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Figure 10. Cranial and upper dentition remains of Magerictis _imperialensis from the Middle Miocene localities of El Canaveral,
Alhambra-Tuneles, and Embajadores (Madrid, Spain). A-F, CAN-506, skull fragment of a single individual from El Canaveral. A-B,
CAN-506a, left 11-3, right 12-3 and C-P1: A, occlusal view (stereo pair); B, mesial view. C-E, CAN-506b, left maxilla with C-P4:
C, occlusal view; D, lingual view; E, buccal view. F, CAN-506c, left M1 and M2 alveolus, occlusal view (stereo pair). G-I, CAN-
458, right P4 from El Canaveral: G, occlusal view (stereo pair); H, buccal view (stereo pair); I, lingual view (stereo pair). J-L,
ALH-TU-718, right maxilla fragment with P4 and P3 distal portion from Alhambra-Tuneles: J, buccal view (stereo pair); K, occlusal
view (stereo pair); L, lingual view (stereo pair). M, CAN-743b, left maxilla with M1 and M2 (buccally broken) from EI Canaveral,
occlusal view (stereo pair). N-O, CAN-1026, right M1 from El Canaveral, Madrid (Spain): N, occlusal view (stereo pair); O, distal
view. P, EMB-PG3-55, left M2 from Embajadores, Madrid (Spain), occlusal view (stereo pair).
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marked by a pronounced depression. Despite the poor
state of preservation, it can be inferred that the snout
was considerably longer than that of Ailurus. In the left
row, the canine has a markedly large root and a heavily
worn mesial area. Its cross-section is sub-circular and
displays a relatively weak distal crista. The complete
left premolar series consists of a unicuspid P1, separated
from the canine and P2 by two diastemata. The P2 is
longer, low, and has an extended distal crista, as well as
a small distolingual projection thickens a very weakly
differentiated talonid. The P3 has a high cusp, the distal
crista is much extended, ending in a well-marked talo-
nid, lingually delimited by a small basal expansion. The
P4 is poorly preserved, its mesial portion is partially
displaced, and the metastyle area is broken. The M1 has
the paracone broken and the metacone is placed distolin-
gually. The paraconule is well defined, the protocone is
small and has a posterior crista that connects to a devel-
oped metaconule. The lingual cingulum is strong and
well separated from the base of the protocone. The
alveoli of the M2 indicate that this molar was short with
a large mesial alveolus and a second tiny one attached
distolingually to the anterior, a third lingual alveolus is
large and elongated buccolingually. These alveoli of M2
are similar to those of the specimen CAN-743c, with a
very short buccal length, but buccolingually elongated.
In the distal part of the maxilla of CAN-506, at the level
of the P4, the bone is thick and has a deep groove in
the area of the jugal-maxillary ventral suture. This struc-
ture is partly due to the strong development of insertion
of the muscle masseter superficialis, but also to the
thickness of the ventral margin of the infraorbital for-
amen, which appears to be quite developed.

CAN-458, right P4 (Fig. 10G-I). Its preservation is
poor, with two deep fractures, one running mesiodistally
in the middle of the crown, and another affecting the
paracone. A third fracture is observed only in the lingual
wall of the metastyle, at the level of the carnassial
notch. These fractures have slightly displaced the buccal
wall from the lingual and have fractured the mesial base
of the paracone so that the protocone appears to be
slightly more mesial than it was originally. The proto-
cone is large and well separated from the lingual wall
of the paracone. The metastyle is short and slightly
compressed similar to that of the paracone.

ALH-TU-718, right maxillary fragment with P4 and the
distal part of the P3 (Fig. 10J-L). The buccomesial root of the
M1 is located within the bone. The P3 is broken and only
retains a well-developed distobasal cusp. The P4 has a carnas-
sial notch. The protocone is robust and situated quite mesial
to the parastilar area. The mesial wall displays a very pro-
nounced flexed morphology, accentuating the separation of
the protocone from the paracone. The paracone is robust,

exhibiting a moderate buccomesial crista that joins the proto-
cone. A small mesiolingual conule is situated in that crista.
The parastyle is barely discernible. The metastyle is distally
broken, showing a strong and high lingual cingulum.

CAN-743, association of a left P4 (CAN-743d), left max-
illa fragment with M1 and incomplete M2 (CAN-743b) (Fig.
10M), right maxilla fragment with I3, C, P2, P3 (CAN-743a)
and an isolated right M1 (CAN-743c). The left P4 although
complete is poorly preserved, including enamel loss and
superficial corrosion. The most remarkable feature is the pres-
ence of a protocone that is distinctly separated from the para-
cone by a long neck, similar to the other P4s described herein.
The left and right M1 are molars with a sub-triangular occlu-
sal shape. The labial wall is rectilinear and elongated mesio-
distally, while the lingual part of the molar is narrowed. The
paracone is highly developed in comparison to the metacone,
occupying approximately two-thirds of the buccal wall. The
parastyle is placed in the mesiobuccal corner. A moderately
developed mestatyle is present. There is a moderate buccal
cingulum that delineates a central buccal platform between
the two main buccal cusps. The metaconule and the protocone
are of a similar size, and together with a well-developed para-
conule, form a broad and deep trigone valley. The lingual cin-
gulum is high and robust, separated from the metaconule-
protocone by a markedly deep valley. The left M2 is not
reduced but it is smaller than M1. The buccal cusps are not
preserved. The trigone valley is deep, bordered lingually by a
semicircular ridge that consists of a poorly differentiated pro-
tocone, paraconule and metaconule. The lingual cingulum is
low, and comparatively less developed than in M1. The lin-
gual root is robust and occupies the basal mid-lingual part of
the crown. CAN-1026, right M1 (Fig. 10M-O) with the same
morphology as the M1 CAN-743. EMB PG3-53, left M2
with a quadrangular occlusal shape, except for the buccome-
sial projection of the parastylar area (Fig. 10P). The paracone
is larger than the metacone. The central valley of the trigone
is wide and deep. The protocone is eroded mesially and joins
distally with a large metaconule. As with the M1, there is a
notable separation between the lingual wall of the protocone
and the lingual cingulum.

Mandible and lower dentition. PP-2-3623, left mandible
with complete m1-p4, the distal alveolus of p2 and alveoli for
p3 and m2 (Fig. 11A—C). The fossil is well preserved,
although the mandible is broken at the symphysis and exhibits
both angular and articular processes embedded in a carbonate
crust. There is a large diastema mesial to the p3 roots.
However, the p2 roots are observable in the CT scan images,
which suggests that this premolar may have broken during
the individual’s lifetime, resulting in the obliteration of the
roots. The caudal part of the mandibular body presents a pro-
trusion at the level of the muscle digastricus attachment area,
similar to that observed in many arctoid carnivorans. The area
with both angular and articular processes is very bad
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preserved. The coronoid process is wide, robust, relatively
tall and curved backwards. The masseteric fossa is deep par-
ticularly near its ventral border where the mandibular bone is
thickened. The p4 is a robust tooth with an elliptical occlusal
shape, a high main cuspid, a weak distal accessory cuspid,
and a small talonid. The mid-lingual area of the tooth exhibits
a broadening. The m1 is robust, with a trigonid larger than the
talonid. The paraconid is wide and low compared to the proto-
conid. It presents a buccal wear facet, and a weak mesiobuc-
cal cristid, extending to a cingulid. The protoconid is very
robust and has a pyramidal shape. The mesial cristid is not
very sharp. The metaconid is highly developed, with a com-
parable height to that of the paraconid but a smaller size. It is
somewhat displaced distally and very well individualized
from the protoconid. The talonid is relatively short, extending
for approximately one-third of the mesiodistal length of the
tooth. The hypoconid is the most developed cuspid. It is elon-
gated and occupies the entire buccal edge. It joins distally
with a cristid that surrounds the talonid valley until reaching
the distal base of the metaconid. The basal cingulid is weak,
only somewhat thickened at the distobuccal base of the
talonid.

PP-2-3624, association of isolated right p2, left p4, and
right m1-m2 in an excellent state of preservation (Fig. 11D—

J. Morales et al.

0). The p2 is relatively tall and unicuspid. The p4 is almost
identical to that of PP-2-3623, and it can be observed that the
buccolingual cingulid is connected with a weak lingual cristid
of the main cuspid. The mlis similar to that of PP-2-3623.
However, in this specimen, the presence of a small hypoco-
nulid is observed in the talonid, and the crestiform entoconid
is slightly serrated.

CAN-742 (associated with CAN-743). The left mandible
CAN-742a preserves alveoli for both p1 (uniradicular) and p2
(Fig. 12A-B). The p3 and p4 are severely damaged, while the
ml and m2 are complete but poorly preserved. The mandibu-
lar body is crushed. There is a mental foramen at the level of
pl-p2. The masseteric fossa is wide, deep, and outwardly
expanded at the base. The m1 has a stretched trigonid, with a
low paraconid in relation to the protoconid, and a well-
developed metaconid that is displaced distally. The talonid is
short, with a central valley surrounded by a peripheral hypo-
conid somewhat more developed than the entoconid. Both
cuspids join distally, although it cannot be known if they are
fused. The general structure of the m2 is similar to that of the
holotype, although its preservation is very poor. The right
mandible CAN-742b (Fig. 12C-D) is better preserved than
the left one, but only the p3 and ml are present. There is a
second mental foramen at the level of the distal root of the p3.

Table 1. Measurements (in mm) of the upper dentition of Magerictis imperialensis. *alveolus measurement. **approximate

measurement

Specimens LC WC LPI WPl LP2 WP2 LP3 WP3 LP4 WP4 LMl WMI LM2 WM2
CAN-506 93 69 41 31 81 32 97 47 86 109 142 36*  9.5*
CAN-506 9.3 47 32

CAN-458 157 79

CAN-1026 92 139

CAN-743 ac 93 33 95 3.9 105 137

CAN-743 b,d 148%% 95 99 139 5% 95
CAN-1050  9.8** 9.4%% 13.8%* 43%% 9 3xx
ALH-TU-718 12.8%%  8.5%

EMB-PG3-55 58 99

Abbreviations: L, mesiodistal length; W, buccolingual width.

Table 2. Measurements (in mm) of the lower dentition of Magerictis imperialensis.*alveolus measurement. **approximate

measurement.

Specimens Lp2 Wp2 Lp3 Wp3 Lp4 Wp4 Lml Wml Lm2 Wm2
MNCN69462 12.3 5.9
PP-2-3623 8.3* 9.2 4.6 14.4 6.4 10.2*

PP-2-3624 6.9 3.1 9.6 5.1 15.5 7.21 11.9 6.2
NOG-103 14.5 7.2

BAR-17-03-8 7.6* 10.9 54 15.2% 9.8%
BAR-3-54 15.2 6.6

BAR-3-41 15.8

ALH-TU-686 10.2*

CAN-974 114 55 17.0 7.5

CAN-742 b,c 7.8% 8.8 4.2 10.2* 16.4 6.6 10.0 5.1
CAN-742 a 16.9 6.8 9.4 4.9
CAN-1050 15.3% 9.5%

Abbreviations: L, mesiodistal length; W, buccolingual width.
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Figure 12. Mandibular and lower dentition remains of Magerictis imperialensis from El Canaveral, Barajas-17, Barajas-3, Alhambra-
Tineles and Nogales (Madrid, Spain). A-B, CAN-742a, left mandible with p4—m2 from El Canaveral: A, buccal view; B, detail of
the m2 in occlusal view (stereo pair). C-D, CAN-742b, right mandible with p3 and ml from El Canaveral; C, buccal view; D,
occlusal view (stereo pair). E-F, CAN-742c, right isolated m2 from El Canaveral: E, occlusal view (stereo pair); F, buccal view
(stereo pair). G-H, CAN-974, right mandible with p4-m1 from El Canaveral: G, buccal view; H, occlusal view. I-J, ALH-TU-686,
right fragmentary mandible with m2 alveolus from Alhambra-Tuneles: I, occlusal view; J, buccal view. K, BAR-3-54, right m1 from
Barajas-3, occlusal view (stereo pair). L, NOG-103, left m1 from Nogales, occlusal view (stereo pair). M-N, BAR-17-03-8, right
mandible with p4 and alveoli for pl-p3, and m1-m2 from Barajas 17, Madrid (Spain): M, lingual view; N, occlusal view. A, C, D,
G-J, M-N share the scale bar and B, E-F, K-L share the same scale bar.

&
N

Figure 11. Mandibular and lower dentition remains of Magerictis imperialensis from Principe Pio-2 (Madrid, Spain). A-C, PP-2-
3623, left mandible with complete p4—m1 and alveoli for p3 and m2: A, lingual view; B, buccal view; C, occlusal view (stereo pair).
D-0, PP-2-3624, an association of isolated teeth. D—F, right p2: D, buccal view; E, lingual view; F, occlusal view. G-I, left p4: G,
buccal view; H, lingual view; I, occlusal view; J-L, right m1: J, lingual view (stereo pair); K, occlusal view (stereo pair); L, buccal
view (stereo pair). M—O, right m2: M, occlusal view (stereo pair); N, buccal view (stereo pair); O, lingual view (stereo pair). A—C
share the same scale bar and D—O share the same scale bar.
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The masseteric fossa is deep, the base of the coronoid process
is broad and extends buccally, and the condylar process is gra-
cile. The p3 is robust, wider distally, and apparently without a
distal accessory cuspid. The m2 CAN-742¢ (Fig. 12E-F) was
detached from the mandible, and most of the enamel is
severely deteriorated. However, the overall structure has been
preserved in its entirety, with trigonid and talonid cuspids
arranged peripherally as in the holotype. The only notable dif-
ference is the greater development of the distal root, which
merges with the mesial root of the molar.

CAN-974, right mandible broken in three fragments, with
the alveolus of the c, roots of pl-p3 and m2, and complete
p4—ml (Fig. 12G-H). This specimen is larger and more
robust than the previous ones, though it is less compressed
buccolingually. In lingual view, the mandibular symphysis is
notably rough and reaches the height of the mesial alveolus of
the p2. The anterior mental foramen lies below the mesial
root of the p2. The masseteric fossa is strongly developed.
The p4 is robust, there is no mesial accessory cuspid, the area
of the distal accessory cuspid is broken, and a distolingual
cingulum is well developed. The m1 is poorly preserved. The
paraconid and metaconid have lost part of the lingual enamel,
and the metaconid is well developed and slightly distal to the
protoconid. The talonid is relatively short, with the hypoconid
extending almost to the buccal half, and joining a peripheral
entoconid distally. The alveoli of the m2 are partially broken
and it is likely they were long, as observed in other specimens
from this site.

BAR-17-03-8, right mandible with complete p4, as well as
the alveoli of pl-p3, and ml-m2 (Fig. 12M-N). Only the
anterior part of the mandibular body has been preserved, with
the posterior part and the ascending ramus missing, except for
a small part of the masseteric fossa. The p4 is morphologic-
ally identical to that described in Principe Pio 2, although it is
somewhat less robust. The alveoli of p3 and p2 are close in
size and are separated by a small diastema from the uniradicu-
lar alveolus of p1. The alveoli of the m2 are composed of an
almost circular mesial alveolus and another distal, longer
alveolus with an elliptical shape. ALH-TU-686 (Fig. 121-J)
left mandible fragment with part of the masseteric fossa,
which is quite deep, as well as the alveoli for the m2 and the
distal alveolus for the m1. The morphology and size of the
alveoli of m2 are similar to those of BAR-17-03-8.

Other isolated teeth are: NOG-103, left ml (Fig.
12L). It is morphologically close to the m1 of Principe
Pio 2. It is robust with a strong metaconid placed dis-
tally, and a short talonid with a peripherical hypoconid,
hypoconulid and entoconid enclosing the talonid valley.
BAR-3-54, right m1 (Fig. 12K). It is also morphologic-
ally similar to the specimen from Principe Pio 2, but
somewhat more graceful. The mesiolingual cristid of the
paraconid is very weak. The paraconid and protoconid
have a smooth wear facet in the buccal wall. The

hypoconid is high, occupying the entire talonid buccal
wall, and is distally attached to the entoconid by a min-
uscule hypoconulid, so that the distal edge of the talonid
is completely closed. BAR-3-41, is a right m1 almost
identical to the latter but with the broken metaconid.

Postcranial. Astragalus. FMH'14-5162, left talus (Fig.
13A-F; Table 3). It has a low dorsoplantar body. The
trochlea is broad and somewhat flattened, with the lat-
eral lip not very pronounced and the medial lip some-
what sharper. Proximally, the trochlea maintains its
width, resulting in a poorly defined groove for the

Figure 13. Astragalus of Magerictis imperialensis from El
Canaveral and Fabrica de Mahou, Madrid (Spain) and selected
extant Musteloidea (Ailurus fulgens, Procyon lotor, Meles
meles). A-F, M. imperialensis CAN-1140, left talus from El
Canaveral: A, dorsal view; B, plantar view; C, medial view; D,
lateral view; E, proximal view; F, distal view. G-L, M.
imperialensis FMH'14-5162, left talus from Féabrica de Mahou:
G, dorsal view; H, plantar view; I, medial view; J, lateral
view; K, proximal view; L, distal view. M-R, A. fulgens
MNCN M-14231, left talus: M, dorsal view; N, plantar view;
0, medial view; P, lateral view; Q, proximal view; R, distal
view. S-X, Pr. lotor MNCN M-19501, left talus: S, dorsal
view; T, plantar view; U, medial view; V, lateral view; W,
proximal view; X, distal view. Y-D’, Me. meles MNCN M-
21763 left talus: Y, dorsal view; Z, plantar view; A’, medial
view; B’, lateral view; C’, proximal view; D’, distal view.
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Table 3. Measurements (in mm) of the astragalus of the ailurids Magerictis imperialensis, Simocyon batalleri and Ailurus fulgens.
See Supplemental Figure S1 to see how the measurements were taken.

Specimens 1 2 3 4 5 6 7 8
Magerictis imperialensis CAN-1140 11.2 14.1 14.7 10.5 11

Magerictis imperialensis FMH'14-5162 18 9 13.2 12.6 8 9.5 9.9 6.7
Simocyon batalleri B-5450 33.1 17.1 21.8 24.8 16.4 17.3 18.9 11.5
Simocyon batalleri B-39 325 17.5 22.4 24.6 16.6 17.8 18.2 11.9
Ailurus fulgens MNCN M-14231 (r) 17.3 8.4 11.5 12.3 7.5 8.5 9.2 7
Ailurus filgens MNCN M-14231 (1) 17.9 7.9 11.6 12.3 6.9 9 8.9 6.6

Abbreviations: 1, left; r, right; 1, proximodistal length; 2 lateromedial diameter of the trochlea; 3, proximodistal length of the lateral
lip; 4, proximodistal length of the medial lip; 5, dorsoplantar diameter of the medial lip; 6, dorsoplantar diameter of the lateral lip;
7, lateromedial diameter of the navicular facet; 8, dorsoplantar diameter of the navicular facet.

Table 4. Measurements (in mm) of the calcaneus of the ailurids Magerictis imperialensis, Simocyon batalleri and
Ailurus fulgens. See Supplemental Figure S1 to see how the measurements were taken.

Specimens 1 3 4 5 6 7

Magerictis imperialensis FMH'14-1703 30.1 11.7 9.4 10.1 8.9 7.7
Simocyon batalleri B-2497 51.1 20.8 16.3 17.3 14.9 15.2
Ailurus fulgens MNCN M-14231 (r) 27.3 10.4 8.5 10.2 7.6 6.7

Abbreviations: r, right; 1, proximodistal length; 2, lateromedial diameter of the articular facets; 3, maximum
dorsoplantar diameter; 4, lateromedial diameter of the tuber calcis; 5, dorsoplantar diameter of the tuber calcis; 6,
lateromedial diameter of the cuboid facet; 7, dorsoplantar diameter of the cuboid facet.

Table 5. Measurements (in mm) of the metacarpal-I (Mc-I)
and the metatarsal-I (Mt-I) of the ailurids Magerictis
imperialensis, Simocyon batalleri and Ailurus fulgens. See
Supplemental Figure S1 to see how to take the measurements.

Me-I 1 2 3 4 5
Magerictis imperialensis FMH'14-1298 25.9 54 5.7 45 4.5
Simocyon batalleri B-90 30 9.6 139 7.6 9.5
Ailurus fulgens MNCN M-14231 17 45 62435
Mt-1

Magerictis imperialensis FMH'14-1478 32.5 7.8 6.4 4.7 5.7
Simocyon batalleri B-1793 44 10.7 129 7.2 9.6

Ailurus fulgens MNCN M-14231 247 6.5 624362

Abbreviations: 1, proximodistal length; 2, lateromedial
diameter of the proximal epiphysis; 3, dorsopalmar/plantar
diameter of the proximal epiphysis; 4, lateromedial diameter
of the distal epiphysis, 5; dorsopalmar/plantar diameter of the
distal epiphysis.

plantar tendon that hardly protrudes plantarly. The lat-
eral process and the astragalar tubercle are of a moder-
ate size. In plantar view, the ectal facet is slightly
inclined in the dorsoplantar direction and has a smooth
concavity. The sustentacular facet covers a substantial
portion of the plantar surface of the neck and nearly
two-thirds of the plantar surface of the body. The most
proximal part is curved, but does not reach the proximal
border. The two plantar facets are separated by the tarsal
sinus, which extends in an arc from the lateral border,
below the lateral process, to the distal border of the
body of the talus, between the beginning of the neck
and the distal border. The talus has a short and broad

neck with an elliptical facet for the navicular. This facet
is positioned transversely and compressed dorsoplan-
tarly. CAN-1140, left talus (Fig. 13G-L; Table 3). The
body and the basal part of the neck are preserved. The
only significant difference compared to the Fébrica de
Mahou talus is its size, which is approximately 20%
larger than El Canaveral.

Calcaneus. FMH’14-1703, left calcaneus (Fig. 14A-F;
Table 4). The size and morphology of the articular sur-
faces of the calcaneus correspond exactly to those of the
plantar articular surfaces of the Fabrica de Mahou talus.
The proximal epiphysis of the tuber calcanei is sub-
rounded, with the lateral and medial processes not
prominent and the sagittal groove shallow. Distally, the
shaft of the calcaneum is strongly compressed laterome-
dially. It shows on the laterodorsal edge an elongated
groove for the insertion of the short lateral-collateral
ligament. The ectal facet is elongated and extends dis-
tally in the coracoid process, having a well-defined and
strongly convex morphology. The talar facet of the sus-
tentaculum is almost circular but continues in a narrow
band to the dorsal edge of the cuboid facet. The susten-
tacular sulcus is wide and deep. The plantar tubercle is
elongated but moderately developed. Proximally, the lat-
eral surface broadens dorsally, forming a soft depression
that culminates in a peroneal tubercle of moderate size.
This is associated with the insertion of the tendons of
the fibularis (peroneus) longus and brevis muscles. The
facet for the cuboid (tarsal IV) is almost circular, quite
concave, with a groove associated with the plantar
tubercle marked on its dorsal edge. Two calcaneal
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Figure 14. Calcaneus of Magerictis imperialensis from Fabrica
de Mahou, Madrid (Spain) and selected extant Musteloidea
(Ailurus  fulgens, Procyon lotor, Meles meles). A-F, M.
imperialensis FMH'14-1703, left calcaneus from Fébrica de
Mahou: A, dorsal view; B, plantar view; C, medial view; D,
lateral view; E, proximal view; F, distal view: G-L, A4. fulgens
MNCN M-14231, left calcaneus: G, dorsal view; H, plantar
view; I, medial view; J, lateral view; K, proximal view; L,
distal view. M-R, Pr. lotor MNCN M-19501, left calcaneus:
M, dorsal view; N, plantar view; O, medial view; P, lateral
view; Q, proximal view; R, distal view. S-X, Me. meles
MNCN M-21763, left calcaneus: S, dorsal view; T, plantar
view; U, medial view; V, lateral view; W, proximal view; X,
distal view.

fragments from the site of El Cafaveral (CAN-998 and
CAN-1168) are in a very poor state of preservation but
can be attributed to the species.

Metapodials. FMH’14-1292, right metacarpal- I (Mc-
I) (Fig. 15A-F; Table 5). It is slender and slightly
curved dorsopalmarly. The proximal articulation for the

Figure 15. Metapodials of Magerictis imperialensis from
Fabrica de Mahou (Madrid, Spain). A—-F, FMH'14-1292, right
metacarpal I: A, dorsal view; B, palmar view; C, medial view;
D, lateral view; E, proximal view; F, distal view. G-L,
FMH'14-1478 left metatarsal I: G, dorsal view; H, plantar
view; I, medial view; J, lateral view; K, proximal view; L,
distal view.

trapezium is triangular and located on a dorsally
inclined plane. The medial process is well developed
and possesses a smooth process for the attachment area
of the abductor digiti I longus. The articulation with the
Mc-II is poorly marked. The distal epiphysis is asym-
metrical, and the keel is well marked palmarly.

FMH’14-1478, left metatarsal-I (Mt-I) (Fig. 15G-L;
Table 5). It is slender and slightly curved dorsoplantarly.
The proximal articulation for the entocuneiform is trap-
ezoidal. The lateral process is large and rough, being
the attachment for the muscle peroneus longus. The
medial one is well defined and has a tuberosity for the
tibialis cranialis muscle. Palmarly, below the proximal
epiphysis, a small depression develops between the lat-
eral and medial processes. The distal epiphysis is asym-
metrical, and the keel is plantarly well defined.

Discussion

Magerictis imperialensis has a distinctive dentition.
Some of its characteristics are primitive and similar to
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those of Amphictidae (Amphictis and Bonisictis), in par-
ticular the mandibular morphology, high premolar teeth,
P4 with a strong protocone and high ml trigonid. Other
features are closer to A. fulgens, as evidenced by the
elongated and complex m2 and the well-developed M1
paraconule. The remarkable elongation of the m2, which
is related to the strong development of the hypoconid
and hypoconulid, forming a third lobe, is one of the
synapomorphies that characterize the Ailuridae family
(Fig. 16). This trait is present in the European fossil
record from the Early Miocene in Wiesbaden-
Amoneburg (MN2, Germany) with R. prolongata
(Morlo, 1996) and Wintershof-West (MN3, Germany)
with R. wintershofensis (Beaumont, 1976; Dehm, 1950;
Heizmann & Morlo, 1994). Magerictis imperialensis
differs from Rothictis in the loss of the internal cristids’
connection between the metaconid and the protoconid in
the m2, the main cuspids of which have an incipient sel-
enodont morphology and are separated by a continuous
mesiodistal valley. It is the specific morphology of the
m?2 that serves to distinguish Magerictis and Rothictis
from Am. antiquus. In the latter, the m2 exhibits a larger
and more robust trigonid than the talonid, which is
almost entirely occupied by the hypoconid (Beaumont,
1976). Furthermore, an elongation of the m2 is also
observed in other species such as B. ambiguus, B. millo-
quensis and Am. schlosseri (Fig. 16). However, the m2
in these species is comparatively smaller and not corre-
lated with an increase in the hypoconulid size. The
morphology of the M1 of Rothictis and Magerictis is
similar to that of Am. antiquus (Viret, 1929b), with the
buccolingual length greater than the mesiodistal length
(Supplemental material 1, S3). The M1 trigone arrange-
ment in these species is primitive for the Carnivora,
with the distal crista of the protocone (postprotocrista)
in contact with the metaconule. This is also a common
feature in the Simocyoninae, but not in the Ailurinae. In
the latter subfamily, the upper molars have undergone a
loss of the postprotocrista, resulting in the metaconule
becoming isolated from the protocone. This has resulted
in a modification towards an advanced bunoselenodont
pattern. Therefore, Rothictis and Magerictis represent
the most primitive taxa within the Ailuridae, and R. win-
tershofensis is identified as the stem species of this fam-
ily (Fig. 17). Consequently, Amphictis and Bonisictis
should be placed in a different family, Amphictidae, due
to the distinct morphology of the m2. This does not pre-
clude B. ambiguus from being the ancestral taxon of the
ailurids and other Musteloidea (de Bonis, 1976; Cirot &
de Bonis, 1993; Schmidt-Kittler, 1981; Wolsan, 1993).
The species B. ambiguus and B. milloquensis have been
dated to the Late Oligocene (MP 28-29), which places
these species in close proximity to the inferred age for

the divergence of the Ailuridac and Procyonidae (e.g.
Eizirik et al., 2010; Sato & Wolsan, 2012; Sato et al.,
2009; Wang et al., 2023).

Regarding the postcranial skeleton, the talus (astrag-
alus) of M. imperialensis from El Canaveral and Fébrica
de Mahou exhibits a similar morphology to that of
A. fulgens (Fig. 13). They are significantly low dorso-
plantarly and have a flattened trochlea that is compara-
tively narrower in the extant species in the lateromedial
direction. The strong dorsoplantar compression influen-
ces the morphology of the ectal facet, which appears
more flattened and extends proximally in plantar view.
Consequently, the groove for the plantar tendon is
poorly defined and does not protrude plantarly. This
morphology is also observed in S. batalleri. The susten-
tacular facet is more developed in Magerictis than in
Ailurus and is arranged almost parallel to the plantar
plane, similar to S. batalleri. In contrast, in 4. fulgens it
is curved medially. The navicular facet in both
Magerictis and Ailurus is elliptical, transverse and dor-
soproximal compressed, as in S. batalleri. The calcaneus
of Fabrica de Mahou exhibits a high degree of similarity
to that of A. fulgems. However, they differ in the
arrangement of the talar sustentaculum, which in Ailurus
is rotated towards a more dorsoproximal position, with
the articular facet situated farther from the ectal facet.
The lateromedial length of the articular area is relatively
greater (Fig. 14). In S. batalleri the position of the sus-
tentaculum tali is comparable to that observed in
Ailurus, yet the lateromedial length of the articular area
is markedly more developed. In Magerictis the peronian
process is not particularly prominent. However, in dorsal
view, there is a notable widening of the lateral surface.
In contrast, this widening and the peronian process are
relatively small in Ailurus. Simocyon batalleri is similar
to A. fulgens, but the peronian process appears to be
relatively more developed. Both genera are also distin-
guished from Magerictis by the greater development of
the coracoid process. While comparison with other
extinct Ailurinae is possible, it is limited. Although P.
bristoli is known from postcranial materials that include
two nearly complete skeletons, a detailed description is
still lacking (Wallace & Lyon, 2022). Parailurus hun-
garicus Kormos, 1934 from the Hajnacka site, Slovakia,
includes dental material and some postcranial remains,
such as a talus and two calcanei (Fejfar & Sabol, 2004).
The size of the Hajnacka astragalus is intermediate
between that of A. fulgens and Simocyon batalleri, but
its robustness is closer to that of the latter species. The
astragalus of Hajnacka has a deeper trochlea and more
pronounced lips in comparison to 4. fulgens, displaying
similarities to those observed in Simocyon and
Magerictis. The facet for the navicular is more rounded
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Figure 16. Bivariate plot comparing the length (L) and width (W) of the m2 of Magerictis imperialensis with other Ailuridae and
Musteloidea. Locality abbreviations: Bat-1, Batallones-1; CA, Canaveral; CL, Can Llobateres; EI, Estacion Imperial; EG,
Eggingen; GO, Goriach; LE, Leoben; LG, La Grive; LM, La Milloque; MM, Monarch Mill; PD, Pech Desse; PF, Pech du Fraysse;
PP, Prindcipe Pio-2; QU, Quercy; RU, Rudabdnya; U-W, Ulm-Westtangente; W-A, Wiesbaden-Amoneburg; W-W, Wintershof-
West. m2 schemes based on: A, Pseudobassaris riggsi from Quercy (SNSB-BSPG 1879 XV 716); B, Bonisictis milloquensis from
La Milloque (FS-LPVP LM 1969 MC-2); C, Amphictis antiquus from Saint Gérand (FSL 213846); D, Bonisictis ambiguus from
Quercy (MNHN. F. QU-9244); E, Amphictis schlosseri from Ulm-Westtangente (SMNS-45758); F, Rothictis wintershofensis from
Wintershof-West (SNSB-BSPG 1937 11 13138); G, Actiocyon parverratis from Monarch Mill (UCMP 141828); H, Alopecocyon
leptorhynchus from Sansan (MNHN-F-345); I, Protursus simpsoni from Can Llobateres (IPS-1976); J, Ailurus fulgens (extant,
MNCN M-142311); K, M. imperialensis from Principe Pio-2 (PP-2-3624); L, Simocyon batalleri from Batallones-1 (B-3238). The
trend line represents the specimens of Bonisisctis ambiguus from Pech du Freysse. Data from Cirot (1992), Cirot and Wolsan (1995),
Heizmann and Morlo (1994), Morlo (1996), Peigné (2012), Peigné et al. (2005), K. Smith et al. (2016), Viret (1929b).
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and less compressed dorsoplantarly, resembling that of
Ailurus. The calcaneus of Hajnacka is comparable to
that of Simocyon because of the highly developed corac-
oid process, although as in Magerictis, the peronian
process is relatively small. The metapodials of
M. imperialensis Mc-1 and Mt-1 are relatively longer
proximodistally and more slender than those of Ailurus
(Table 5), similar to what can be observed when com-
pared to the even more robust metapodials of S. batal-
leri. The proximal epiphyses of these two metapodials
are narrower lateromedially, due to the poor develop-
ment of the lateral process, which is more developed in
Ailurus. In contrast, Simocyon has developed more lat-
eral processes but also enlarged the proximal articular
surface, especially in the Mc-I (Salesa et al., 2006). The
attachment area for the abductor digiti I longus in
Magerictis is quite large and widened medially. This
would imply that the development of this muscle would
be considerable (Abella et al 2015, 2016; Salesa et al,
2006). Unfortunately no radial sesamoid was found, so
no comparison can be made to discuss the capability of
this species to grasp using the radial sesamoid complex.
However, following Abella et al. (2015, 2016) we could
expect this species to have a well-developed and func-
tional false thumb.

In summary, the postcranial morphology of M. impe-
rialensis appears to be closer to Ailurus than to
Simocyon. The morphology of the calcaneo-talar joint is
a defining feature that links these three genera to
Parailurus, allowing for the clear distinction of the
Ailuridae  family from other families within
Musteloidea. The most notable contrasts are evident
when comparing to the Mustelidae (Mustela, Martes,
Gulo, Meles and Taxidea) (Figs. 14—15) and Mephitidae

I
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Figure 17. Phylogenetic relationship of Magerictis imperialensis

(Mephitis, Conepatus, Spilogale, and Mydaus). In
Mustelidae, the talus has a very strong lateral process
and the trochlea extends proximally. This results in the
groove for the talonid tendon projecting plantarly,
thereby enclosing the tarsal groove. The body of the
talus is high and compressed lateromedially. There is
some variability in the shape of the neck, which is more
elongated and the ectal facet is highly inclined to the
plantar plane. The astragalus of the Mephitidae differs
from that of the Ailuridae in the shallow depth of the
trochlea in which the lips are barely discernible, and
consequently by the very shallow dorsal surface, which
is somewhat more marked proximally. The ectal facet is
notably broad, reflecting the widening of the trochlea.
The body of the talus is distinguished by a higher body,
a pronounced astragalar groove, and a more robust
neck. In Mephitidae, the calcaneal shaft is relatively
short in comparison to the articular area. The distinc-
tions between the Ailuridae and Procyonidae are rela-
tively minor (Figs. 14—-15). In Procyon, the trochlea of
the talus is wider, its surface is deeper, and the lips are
more prominent. The body is tall, with the lateral sur-
face as high as in Meles. The talar neck is wider, with a
short sustentacular facet touching the articular surface
for the navicular. The ectal facet is wider. Proximally,
the groove for the plantar tendon is higher and very
well defined (canalized) and the astragalar tubercle is
stronger and more individualized.

Phylogenetic relationships

The phylogenetic relationships within Ailuridae are
strongly influenced by the close evolutionary

Pseudobassaris riggsi PROCYONIDAE
Amphictis schlosseri
Bonisictis milloquensis
Bonisictis ambiguus
Amphictis antiquus
Rothictis wintershofensis
Magerictis imperialensis
Actiocyon parverrati
Actiocyon leardi
Alopecocyon leptorhynchus
Simocyon batalleri
Pristinailurus bristoli AILURINAE
Ailurus fulgens

AMPHICTIDAE

MAGERICTINAE

SIMOCYONINAE

IvalnNiy
v3adlol1daLsnNnin

within Ailuridae (node D) and of some extinct Musteloidea

carnivorans. Pseudobassaris riggsi is the outgroup. Searches were performed using the Branch and Bound and a Bootstrap analysis
through 10,000 replicates. A single tree is obtained (length 107 steps, consistency index [CI]=0.6355, homoplasy index
[HI]=0.3645, and retention index [RI]=0.7090). The numbers below nodes are Bremer indices, and the numbers above nodes are
bootstrap support percentages (only shown if >50). The synapomorphies are shown in Supplemental material 1 (S5).
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relationship between Simocyon and Ailurus. The two
genera share cranial, mandibular and postcranial charac-
teristics that support a sister group relationship (Peigné
et al., 2005; Salesa et al., 2006, 2011; Wang, 1997).
However, the significant differences in dental morph-
ology suggest that the split between the two genera
occurred before the Middle-Late Miocene boundary.
During the Middle Miocene, a modest adaptive radiation
occurred in Western Europe and North America, with
the appearance of Alopecocyon and Actiocyon (Figs. 17—
18). These genera are characterized by a mesocarnivo-
rous dentition, which is prone to alteration in opposite
directions, such as hypercarnivorous or hypocarnivorous.
However, the majority of authors have concluded that
they are more closely associated with Simocyon than
Ailurus (Morlo & Peigné, 2010; Salesa et al., 2011).
This is supported by the temporal continuity in the
European fossil record between Rothictis, Alopecocyon
and Simocyon, and the gradual changes towards a more
robust dentition, with the protocone reduction of the P4
and an M1 with the buccolingual width shortened (Fig.
18). In addition to the reduction of the P4 protocone,
the strengthening of the dentition and the shortening of
the M1 are derived characters that are shared with the
Ailurinae. However, the absence of any signs of molari-
zation in the premolars and the maintenance of a simple
morphology of molars, except for m2, influence the con-
clusion that these taxa are more closely related to
Simocyon than to Ailurus. This group of mesocarnivo-
rous ailurids is present in North America (K. Smith
et al., 2016; Stock, 1947), where it is represented by Ac.
leardi and Ac. parverratis. Both species have a compar-
able morphological dental grade to that of the European
Alopecocyon, yet exhibit notable distinctions that justify
their classification as distinct genera. As with
Alopeocyon, establishing a link with the Ailurinae is
challenging, apart from the observed trend towards
stronger dentitions. These two genera are included in
the Simocyoninae, despite this being a paraphyletic
taxon. In our cladogram, Alopecocyon and Actiocyon are
shown as a sister group to Simocyon and Ailurinae (Fig.
17). Magerictis is placed between the clade constituted

by the Symocyoninae-Ailurinae and the stem species R.
wintershofensis (Fig. 17). It presents a plesiomorphic
dentition, whereby the m2 differs from all other
Ailuridae species. The m2 of Magerictis displays a dis-
tinctive arrangement of buccal and lingual cuspids,
which are positioned in parallel and separated by a con-
tinuous trigonid-talonid valley. This central continuous
valley is present in the m2 of the Ailurinae species, but
it is almost obliterated due to the significant develop-
ment of the cuspids. Accordingly, the dental morpho-
logical distance between Magerictis and Ailurus seems
too great to consider a direct relationship. Nevertheless,
the process of premolar molarization associated with a
molar specialization in carnivorans is well known in
both fossil and extant species, and known cases that
illustrate the quick molarization of premolars and the
high molar specialization occur, such as that of the fam-
ily Lophocyonidae, a group of bunoselenodont feliform
carnivorans that evolved from primitive Hyaenidae
(Fejfar et al., 1987; Morales et al., 2019). Additionally,
the morphology of certain postcranial elements suggests
that Magerictis was very closely related to Ailurus in
terms of the proximal tarsal articulation, although the
two preserved metapodials exhibit primitive proportions
in comparison to the homologous bones of Ailurus.
Thus, Magerictis provides evidence of an alternative
pathway for the acquisition of the ailurid morphology,
independent of the Simocyoninae species.

Conclusions

Based on their dental characteristics, M. imperialensis
and R. wintershofesis are considered the most basal
Ailuridae taxa. They can be distinguished from the more
primitive Amphictidae (Amphictis and Bonisictis) by the
derived m2 morphology, characterized by the strong
development of the hypoconid and hypoconulid forming
a third lobe. These synapomorphies characterize the
Ailuridae family.

Our phylogenetic analysis indicates that M. imperia-
lensis is the sister group to the Simocyoninae and the

Figure 18. Biochronology and hypothesis of phylogenetic relationships of the species of Ailuridae and other Musteloidea based on
our cladistic analysis (Fig. 15). The upper dentition schemes are based on: A, Pseudobassaris riggsi from Quercy (AMNH-17488);
B, Amphictis schlosseri from Eggingen (SNSB-BSPG 1881 IX 572); C, Bonisictis milloquensis from La Milloque (FS-LPVP LM
1969 MC-4); D, Bonisictis ambiguus from Pech du Fraysse (FS-LPVP PFRA-28); E, Amphictis antiquus from Saint Gérand le Puy
(UCBL-FSL 212860); F, Rothictis wintershofensis from Wintershof-West (composed by SNSB-BSPG 1937 II 13402, 13707 and
14488); G, Magerictis imperialensis from El Canaveral (composed by CAN-506, 743); H, Actiocyon parverratis from Monarch Mill
(UCPM-141911); I, Actiocyon leardi from Apache Canyon (LACM-2747); J, Alopecocyon leptorhynchus from La Grive (modified
from Thenius, 1949a); K, Simocyon batalleri from Batallones-1 (composed by B-3620, 3235); L, Pristinailurus bristoli from Gray
Fossil Site (ETMNH 15000); M, Ailurus fulgens. The drawings of the specimens are not scaled and have all been considered as the

right side. Abbreviation: Q, Quaternary.
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Ailurinae, and is placed in a distinct subfamily,
Magerictinae, together with Rothictis. The mesocarni-
vore genera Alopecocyon, Actiocyon and Protursus
underwent a limited adaptative radiation during the
Miocene in Eurasia and North America. It is likely that
the potential ancestors of Simocyon and Ailurinae can
be found within this group. However, the dental mor-
phological gap between these Ailurinae and their hypo-
thetical Miocene ancestors remains to be documented.
This is because all members of the Ailurinae present a
highly advanced bunoselenodont molar morphology that
is not found in any other ailurid species. Furthermore,
there is evidence of molarization of the premolars, a
process that has reached the P4/p4 in Pristinailurus and
is incipient in the P3/p3 but is completed in Parailurus
and Ailurus. Therefore, the links between Ailurinae and
the rest of the Ailuridae are waiting to be discovered,
probably in Asia.
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