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ABSTRACT

Eomellivora is a large-bodied mellivorine mustelid genus widely distributed throughout
Eurasia and North America during the late Miocene (MN9-MN13). Here, we report the
oldest Eurasian material of Eomellivora based on a palate and two mandibular fragments
from ACM/PTA-A2, a pre-Vallesian (11.21 Ma; latest MN7+8) locality of Abocador de Can
Mata (Vallés-Penedes Basin, NE Iberian Peninsula) that slightly predates the first
appearance datum of Hippotherium by ~30 kyr. The described material differs from Hoplictis
helbingi—another large mustelid recorded within the same basin in the roughly coeval site
of Castell de Barbera (~11.2, earliest MN9)—and more closely resembles Eomellivora spp.
Despite closer resemblances in both size and dental shape with the Vallesian (MN9-MN10)
species Eomellivora piveteaui, the ACM material differs from multiple features that may be
considered plesiomorphic. A new species, Eomellivora moralesi sp. nov., is thus erected
based on the described material. A cladistic analysis confirms that the new species occupies
a basal-most position within the Eomellivora clade, in agreement with its older age and

more plesiomorphic morphology.
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Introduction

Eomellivora Zdansky, 1924 is a giant and hypercarnivorous mustelid genus recorded from
the Miocene of Eurasia (Wolsan and Semenov, 1996; Valenciano et al. 2015, 2017) and
North America (Baskin 1988). Wolsan and Semenov (1996) distinguished a single species of
Eomellivora (the nominotypical one) with two distinct (Vallesian and Turolian)
chronosubspecies. However, the recent description of additional material led Valenciano et
al. (2015, 2017) to recognize as much as five species (see Table S1 for a list of localities).
Older records of Eomellivora from the middle Miocene of Asia (e.g., Patnaik 2013) are either
doubtful or correspond to species excluded from Eomellivora (Wolsan and Semenov 1996),
whereas ?Eomellivora tugenensis Morales and Pickford, 2005 from Kenya (~12—-11.5 Ma;
Werdelin and Peigné 2010) most likely belongs to a different genus (Valenciano et al. 2017,
Valenciano and Govender 2020), probably more closely related to the Mellivorini than to
the Eomellivorini. Eomellivora sp. has also been reported from pre-Vallesian levels in
Hammerschmiede 5 (Germany, ~11.62 Ma; Kirscher et al. 2016), but the material is
unpublished. Here we report a new species of Eomellivora that further indicates that the

genus was already present in Europe slightly before the Vallesian.

Age and geological background

The described material comes from the local stratigraphic sequence of Abocador de Can
Mata (ACM; Alba et al. 2006, 2017) in els Hostalets de Pierola (Vallés-Penedés Basin, NE
Iberian Peninsula; Figure 1a). Continuous paleontological surveillance during the
construction of a dump since 2002 has yielded thousands of fossil vertebrate remains that
can be accurately dated thanks to litho-, bio- and magnetostratigraphic correlation

(Casanovas-Vilar et al. 2016a, 2016b; Alba et al. 2017). The published composite sequence



spans from 12.6 to 11.4 Ma (Alba et al. 2017), but additional fieldwork in 2019-2020
extended the sequence toward the Vallesian.

The described material comes from locality ACM/PTA-A2 (Préstec de Terres de
I’Abocador, subsector A, locality 2; Figure 1(b—c); Figure S1), which is situated in meter 268
of the ACM composite sequence and magnetostratigraphically correlated to the second
portion of C5r.2n (i.e., postdating the short normal subchron C5r.2r-1), with an interpolated
age 11.21 Ma and located only 5 m below the bottom C5r.1n (D.M.A. and J.M.R,,
unpublished data; see Figure S2). The beginning of the Vallesian in the Valles-Penedés Basin,
defined by the entry of hipparionin horses, is correlated to the base of C5r.1n, with an
interpolated age of 11.18 Ma (Garcés et al. 1996; Casanovas-Vilar et al. 2016a, 2016b; Alba
et al. 2019). Therefore, ACM/PTA-A2 can be securely correlated to latest Aragonian
(MN7+8; Democricetodon crusafonti — Hippotherium Interval subzone of the Vallés-Penedés

Basin; Casanovas-Vilar et al. 2016b), minimally predating the Vallesian by ~30 kyr.

Material and methods

The described material is housed at the Institut Catala de Paleontologia Miquel Crusafont
(ICP), Sabadell, Spain. It includes three dentognathic specimens recovered during April 2019
that might belong to a single individual, although the lack of contact and close spatial
association makes it impossible to confirm this. Measurements were taken with a digital
caliper to the nearest 0.1 mm. Maximum mesiodistal length (L) and buccolingual width (W)
were measured and compared with data taken from the literature (Petter 1963; Wolsan and
Semenov 1996 and references therein; Morales and Pickford 2005; Koufos 2012; Valenciano
et al., 2015, 2017; Lavrov and Gimranov 2018) using bivariate plots. A robusticity index (in

%) was also computed as RI=W/L x 100.



A cladistic analysis of Eomellivora spp. was performed based on a restricted subsample of
the character-taxon matrix of Valenciano and Govender (2020; see character definition in
Text S1), including three Eomellivora species, the mellivorin Howellictis valentini de Bonis et
al., 2009, and the oligobunine Zodiolestes daimonelixensis Riggs, 1942 as outgroup. Two
additional species of Eomellivora (based on Valenciano et al. 2017 and the Can Llobateres
material described by Crusafont-Pairé 1972) and the new species described herein were
also included in the analysis. The eomellivorin Ekorus ekakeran Werdelin, 2003 was
excluded from the present analysis pending more detailed studies focused on the whole
tribe. In turn, as in Valenciano and Govender (2020), the poorly known African
eomellivorine ?E. tugenensis was excluded from the analysis because too few characters (15
out of 100) could be coded. Finally, the material from Gritsev assigned to Eomellivora
wimani by Wolsan and Semenov (1996) and included in the morphometric comparisons as
Eomellivora sp. was also excluded from the phylogenetic analysis pending its detailed
description. The resulting matrix (Table 1) was analyzed using maximum parsimony with
PAUP* v. 4.0a168 for Mac (Swofford 2003) with the ‘branch and bound’ option. All
characters were treated as unordered and clade stability was assessed by means of

bootstrap analysis (10,000 replicates) and Bremer indices.

Systematic paleontology
Order Carnivora Bowdich, 1821
Suborder Caniformia Kretzoi, 1943
Family Mustelidae Fischer, 1817
Subfamily Mellivorinae Gray, 1865

Tribe Eomellivorini Zdansky, 1924



Genus Eomellivora Zdansky, 1924

Emended diagnosis

Modified after Valenciano et al. (2017). Mellivorine mustelid of large size; P1 present; P3
with the distal area thickened (only incipiently in the most plesiomorphic species); P4 with a
subconical protocone, and with paracone-protocone and paracone-parastyle crests; P4
protocone located in line with the parastyle; P4 parastyle poorly-developed but thickened;
buccal wall of P4 with a concavity in the base of the crown between the paracone and the
metastyle, exhibiting a variable degree of development; stylar area of M1 enlarged; M1 with
a non-reduced metacone in the more plesiomorphic species and a reduced one in the more
derived ones; M1 with an arched ridge-shaped or conical protocone continuing into the
mesial protocone crest, and a talon relatively equally expanded mesially and distally;
premolar teeth crowned; p1 present; p2 turned buccolingually from the tooth row; p3 with
a distal accessory cuspid and with the distal area thickened; p4 enlarged with a distal
accessory cuspid and with a backward inclination of the main cuspid towards the m1; m1
enlarged with a distinct metaconid in the most plesiomorphic species and vestigial to absent
in the remaining ones, in which it is replaced by a distinct crest; m1 talonid with single but
strong, high and centrally positioned hypoconid; m2 elongated mesiodistally with a low

crown surrounded by a cingulum and a central protoconid.

Included species
Eomellivora wimani Zdansky, 1924 (type species); Eomellivora fricki (Pia, 1939);
Eomellivora hungarica Kretzoi, 1942; Eomellivora ursogulo (Orlov, 1948); Eomellivora

piveteaui Ozansoy, 1965; Eomellivora moralesi sp. nov.



Eomellivora moralesi sp. nov.

Holotype
IPS122262, palate with incisor, canine and left P1 alveoli, as well as left P2—M1 and right

P1-M1 crowns (Figure 2(a—e, I-s)).

Paratypes
IPS122212, right mandibular fragment preserving the symphysis, c1-p1 alveoli, the
complete p2 crown, and partial p3 (very damaged) and p4 (only mesial) crowns (Figure 2(f—

h)); IPS122214, right mandibular fragment with m2 (Figure 2(i—j)).

Type locality

ACM/PTA-A2 (els Hostalets de Pierola, Catalonia, Spain).

Age and distribution

Only known from the type locality (11.21 Ma, latest Aragonian, MN7+8).

Etymology

Species trivial name dedicated to Prof. Jorge Morales, in recognition to his extraordinary

contribution to vertebrate paleontology.

Diagnosis



Eomellivora species of moderate size (similar to E. piveteaui). P2 without distal accessory
cusp and with a subrectangular occlusal profile that lacks a labial concavity. P3 slender, with
a straight labial wall, a poorly developed basal cingulum, and without mesial and distal
accessory cusps. P4 without a marked concavity on the labial wall or a marked basal
cingulum. M1 slender, with a well-developed parastylar area and lingual platform (longer
than the labial wall) that lacks a concavity at mid-length, a non-reduced metacone as well as
a mesiolingually located protocone that bears a ridge-like extension and is not completely
enclosed by the lingual platform. p2 moderately robust and without distal accessory cuspid.
p3 moderately expanded distally. m2 with metaconid.

The new species differs from other Eomellivora spp. in the slenderer P3 without a distal
accessory cusp, a marked labial concavity or a strong basal cingulum (tooth locus unknown
in E. fricki and E. hungarica); the weaker P4 basal cingulum (tooth locus unknown in E.
hungarica); and the retention of m2 metaconid (unknown in E. fricki and E. hungarica). It
further differs from E. piveteaui in the larger parastylar area of the M1, and the
subqguadrangular lingual platform of the M1, and from E. fricki in the smaller size, the lower
P4 protocone, and the less robust M1 with a less developed lingual platform. The new
species more clearly differs from E. wimani, E. ursogulo, and E. hungarica in the more
mesially located protocone and the non-reduced metacone (relative to the paracone) in the
M1, and the lack of p4 mesial accessory cuspid. It further differs from E. wimani and E.
ursogulo in other features unknown for E. hungarica: the subrectangular (instead of
triangular) occlusal profile of the P2 with a straight (non-concave) labial wall, the lack of P3
mesial accessory cusp, the lack of a marked labial concavity on the P4, and the less robust
p2; additionally from E. wimani, in the more ridge-like M1 protocone; and additionally from

E. ursogulo, in the lack of distal accessory cusp in the P2, of a mid-length concavity on the



M1 lingual platform, and of a distal accessory cuspid in the p2, as well as in the less distally

expanded p3.

Description

Craniodental measurements for the holotype and paratypes are reported in Tables 2—3
(see also Figure 3 for bivariate plots of tooth dimensions). The cranial fragment IPS122262
(Figure 2(a—e)) preserves the palate and the anteriormost portion of the zygomatic arches,
which are crushed and held together by matrix. The specimen displays an overall massive
aspect and preserves relatively well the original shape of the dental arcade. The infraorbital
foramen is large (Table 3) and located at the level of the upper carnassial parastyle. The
external border of the right C1 is broken away and both the right premaxilla and palatine
process of the maxilla at the I3—P2 level are somewhat displaced from their anatomical
position, but it can be ascertained that the right foramen incisivum would have been
located at the mesial level of the C1 alveolus. No incisors are preserved, but the 11-12 alveoli
are transversely aligned and overlap with the anteriormost portion of the I3 alveolus. Based
on alveolus size, the 13 crown would have been caniniform and much larger than the other
incisors, but about half the size of the C1, which appears quite massive and only slightly
labiolingually compressed in basal dimensions (estimated Rl = 94%). There is a small
diastema between the 13 and the C1.

Between the distolingual corner of the C1 alveolus and the P2 there is a unicuspid,
uniradiculate and tiny P1, whose crown is only preserved on the right side. The P2 crown
(Figure 2(l-m)) is biradiculate and displays a very slender (RI=61-62%), elliptical to
subrectangular occlusal outline (much wider than long), with a straight labial and convex

lingual sides. The P2 is rotated labially, its main cusp is mesially located, and it lacks a



distinct distal accessory cusp. The P3 (Figure 3(n—0)) is much larger than the P2. It is
biradiculate and displays a subrectangular but slenderer contour (RI=55-56%) than the P2.
The P3 lingual margin is bulging, whereas the labial wall is straight. This tooth has marked
mesial and distal cingula, which nevertheless do not continue along the lingual or labial
walls. There are no distinct mesial or distal accessory cusps, and indeed the thick and blunt
crista that extends distalward from the main cusp apex fades away before reaching the
distal margin.

The P4 (Figure 2(p—q)) is longer than the P3 (P4 L/ P3 L = 147-149%) and also somewhat
stouter than the preceding premolars (Rl = 65-66%). The occlusal morphology is best
preserved in the right P4, while the left one is distally damaged. There is some dentine
exposure at the apices of the protocone and the paracone, as well as along the metastyle,
which extends along about two-thirds of crown length. The crown displays a subtriangular
occlusal profile with almost parallel (non-distally tapering) labial and lingual walls. The
protocone is low and peripherally located on the protruding mesiolingual corner of the
crown, being surrounded by a distinct cingulum. The parastyle is low and transversely
aligned with the protocone. The crown displays a very slight mesial concavity between
parastyle and protocone, and an almost straight buccal crown wall (with no distinct
concavity distally from the paracone). The paracone is the highest and most extensive cusp;
together with the metastyle it constitutes a moderately elongate, slightly labially concave
blade. A distinct mesiolabial crista extends from close to the paracone apex to the parastyle,
whereas a fainter mesiolingual crista links the paracone with the protocone. There is no
well-developed cingulum surrounding the whole crown.

The M1 (Figure 2(r—s)) has a vaguely figure-eight shape, being considerably broader than

long (RI=173-174%) but slightly narrower than the length of the upper carnassial (M1 W /
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P4 L = 89-90%). The crown is markedly constricted at about mid-width, with an expanded
lingual platform that displays a suboval (convex) profile and is much longer than the buccal
half of the crown. The tooth is surrounded by a marked cingulum, well developed on the
lingual side and on the labial side, where it constitutes a distinctly protruding (almost
cuspule-like) stylar area. The paracone is bulbous and more extensive than the metacone,
which is partially worn. The protocone is pyramidal but displays a ridge-like mesiolabial
extension. It is centrally located on the labial moiety of the crown and is not completely
enclosed within the lingual platform. There is no conspicuous crest linking the paracone
with the protocone.

Based on IPS122212 (Figure 2(f—h)) and IPS122214 (Figure 2(i—k)), the morphology of the
mandible can be only partially ascertained. The former specimen preserves most of the
symphyseal suture (from the mesialmost level of the c1 alveolus) and the corpus up to mid-
p4 level, whereas the latter preserves the posteriormost portion of the corpus (including the
distal portion of the m1 alveolus) and the anteriormost portion of the ramus. The symphysis
displays a gently convex anterior profile and inferiorly extends up to the p3 level, where the
corpus is somewhat deeper than below the p4. Overall, the corpus appears dorsoventrally
deep and labiolingually thick, being stouter at the c1 level than posteriorly (Table 3). There
are two mental foramina slightly above corpus mid-height, one below the p2 and the other
at the distal p3 level. There is a deep masseteric fossa that reaches its maximum depth at
the distal m2 level but extends rostrally beyond the m2.

Based on alveolus size, the c1 would have been quite massive, displaying a slightly
labiolingually compressed subelliptical basal contour (estimated RI=77%). There is a tiny p1
alveolus between the mesiolingual aspect of the p2 and the distal aspect of the c1 alveolus.

The p2 (Figure 2(t)) is biradiculate and much longer than wide (RI=58%), with its main axis
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labially rotated. There is no distinct distal accessory cuspid and there are no cingula other
than the thickened distal crown margin. Based on its alveolus, the p3 would have been
somewhat rotated labially, considerably longer than the p2 (12.4 vs. 8.7 mm, respectively),
and slightly slenderer (estimated RI=52%), being wider distally than mesially. Although only
the distalmost portion of the p3 is preserved, a distal accessory cuspid seems to have been
present on the distolabial aspect of the main cuspid. Only the mesial portions of the p4
crown (including the apex of the main cuspid) and alveolus are preserved, making it
impossible to ascertain the size and proportions of this tooth. There is no mesial accessory
cuspid and the preserved portion of the labial wall appears straight. The size and
proportions of the m1 cannot be adequately ascertained either. The m2 (Figure 2(u)) is
obliquely inserted (relative to the occlusal plane of the remaining postcanine teeth). It
displays a trapezoidal occlusal contour, being slightly longer than broad (RI=84%),
particularly on the labial side, and possessing a markedly oblique distal margin. The
protoconid is rounded and centrally located, but the mesial aspect of the m2 is worn away,
making it impossible to ascertain the development of the paraconid. In contrast, a low but
extensive and distally protruding hypoconulid is present on the distolabial corner of the
crown. A distinct (albeit smaller) metaconid is also present on the lingual aspect of the

protocone base.

Phylogenetic results
The phylogenetic analysis based on 24 parsimony-informative characters yielded 3 most
parsimonious cladograms of 34 steps (Figure 4). The analysis fails to resolve the trichotomy

between E. wimani, E. ursogulo, and E. hungarica but recovers E. moralesi sp. nov. as the
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most basal species of the genus, followed by the successive branching of E. fricki and E.

piveteaui.

Discussion and conclusions

Eomellivora moralesi sp. nov. from ACM generally fits Valenciano et al.’s (2017) emended
diagnosis of Eomellivora (see also Figure 5), except for the presence of one or two distal
accessory cusps in the P3. The ACM material further differs from other Eomellivora species
in the retention of a metaconid in the m2. Accordingly, an emended diagnosis of the genus
(modified after Valenciano et al. 2017) has been provided. Both features are probably
plesiomorphic, in agreement with the somewhat older age of the new species and its
greater similarities with the Vallesian species of Eomellivora (e.g., subrectangular P2 crown
without a labial concavity; P3 without mesial accessory cusp; lack of a marked concavity on
the labial wall of the P4; non-reduced M1 metacone; moderately robust p2; lack of p4
mesial accessory cuspid).

The retention of plesiomorphic features in E. moralesi sp. nov. agrees with our cladistic
results indicating a basalmost position within the genus. ?Eomellivora tugenensis from
Kenya (Morales and Pickford 2005), potentially ancestral to later Eomellivora (Valenciano et
al. 2015, 2017), was excluded from the analysis because of excessive missing data. The small
size, relatively large orbit size and lack of P1 suggest that ?E. tugenensis might be more
closely related to mellivorins than to eomellivorins. In any case, the ACM material clearly
differs from it by the larger size, the relatively smaller orbit, the more transversely aligned
incisors, the less labiolingually compressed C1, the presence of a small diastema between
the 13 and the C1, the presence of P1, the rotated orientation of the P2, the more robust P4,

and the more distinct labial stylar area in the M1.
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An alternative assignment of the ACM material to Hoplictis Ginsburg, 1961 can also be
discounted based on the larger size of the former, the stouter P4 with a better developed
protocone, and the non-reduced metacone and larger lingual platform of the M1
(Valenciano et al. 2019). Only Hoplictis helbingi (Viret, 1951), known by an m1 (lectotype;
Depéret 1892: PI. | fig. 3; Viret, 1951: PI. Il fig. 12a-b) and a P4 (paralectotype; Viret 1951: PI.
I fig. 13a—b) from La Grive-Saint-Alban (MN7+8), France, approaches the size of the ACM
material. The lectotype of H. helbingi is virtually identical to that of a mandibular fragment
(IPS33185) from Castell de Barbera (~11.2 Ma; Alba et al. 2019) assigned to the same
species (Crusafont-Paird 1972: PI. 1 fig. 1; Valenciano et al. 2019: fig. 4l-n). Compared to the
latter, the ACM material displays a deeper and stouter mandibular corpus, with the m2
alveolus being socketed obliquely (as it is typical of Eomellivora) instead of being on the
same alveolar plane as the m1. The P4 from ACM further differs from the paralectotype of
H. helbingi by being slightly larger and more robust, displaying parallel (instead of distally
tapering) labial and lingual margins, and possessing a relatively larger and more mesially
protruding protocone.

Eomellivora had not been reported as such from the Valleés-Penedes Basin until
Valenciano et al. (2019) synonymized Hoplictis petteri (Crusafont-Paird, 1972) with E. fricki
based on the P4 holotype of the former (Fig. 5k) from Can Llobateres 1 (9.76 Ma;
Casanovas-Vilar et al. 2016b), originally described by Petter (1963). The scarce material from
Los Valles de Fuentidueia (MN9; Crusafont-Pairé and Ginsburg 1973; Ginsburg et al. 1981),
previously assigned to E. piveteaui (Wolsan and Semenov 1996; Valenciano et al. 2015,
2017), might also be referrable to E. fricki based on the great development of the lingual
platform and the distal expansion of the metacone in the M1 (Fig. 5r). Coupled with the

material from Austria (Pia 1939; Zapfe 1948; Valenciano et al. 2017), this suggests that E.
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fricki was widely distributed across Europe during the early Vallesian. However, an
assignment of the ACM material to E. fricki can be ruled out based on its smaller size (Fig. 3)
and other occlusal differences (Fig. 5). The ACM material is indeed more similar in size and
occlusal morphology to E. piveteaui (Figs. 3 and 5), which is also known from the Spanish
Vallesian (Batallones-3 and 10, MN10; Valenciano et al., 2015). Nevertheless, the ACM
material from ACM differs from both E. piveteaui and E. fricki in multiple occlusal features
present also in other Eomellivora (Figure 5), indicating that it belongs to a new, more
plesiomorphic species. The somewhat older age of the new species further indicates that
Eomellivora dispersed into (or locally evolved in) Europe sometime before the dispersal of

hipparionin horses.
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Figure captions

Figure 1. a, Simplified geological map of the Vallés-Penedés Basin (modified from
Casanovas-Vilar et al. 2016a: fig. 1); the location of Abocador de Can Mata is denoted by a
black dot, whereas the top left inset denotes the location of the Vallés-Penedés Basin within
the Iberian Peninsula. b—c, Aerial photographs showing the location of locality ACM/PTA-A2

(geographic coordinates ETRS89: 1.799865E, 41.528243N) within the area affected by the
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landfill construction (in 2017 and 2020) and in relation to farmhouses and the locality
ACM/BCV1 (b), as well as relative to subsector ACM/PTA-A and the farmhouse of Can Mata
de la Garriga (c). Base orthophotos were taken in 2019 (b) and 2021 (c); © Institut
Cartografic i Geologic de Catalunya, downloaded from VISSIR v. 3.26 and reproduced with
permission by means of a Creative Commons license CC BY 4.0 (ICGC, 2021). Abbreviations:
ACM = Abocador de Can Mata; BCV = Barranc de Can Vila; PTA = Préstec de Terres de

I’Abocador.

Figure 2. Eomellivora moralesi sp. nov. from ACM/PTA-A2: a—e, IPS122262 (holotype),
palate in inferior (a), rostral (b), caudal (c), left lateral (d), and right lateral (e) views; f-h,
IPS122212 (paratype), right mandibular fragment with symphysis and premolars, in occlusal
(), labial (g), and lingual (h) views; i—k, IPS122214 (paratype), right mandibular fragment
with m2, in occlusal (i), labial (j), and lingual (k) views; I-u, complete tooth crowns of the
aforementioned specimens in greater occlusal detail: |, rigth P2; m, left P2; n, right P3; o, left
P3; p, right P4; q, left P4; r, right M1; s, left M1; t, right p2; u, right m2. Images are oriented

with mesial (a, f, I, I-u) or dorsal (b—e, g—h, j—k) on top.

Figure 3. Bivariate plots of buccolingual width (W, in mm) vs. mesiodistal length (L, in mm)
to compare dental size and proportions in Eomellivora moralesi sp. nov. with those of other
species of Eomellivora. Comparative data were taken from the literature (see Materials and

methods for data sources).
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Figure 4. Strict consensus of 3 most parsimonious cladograms of 34 steps. Consistency index
=0.735; retention index = 0.743; rescaled consistency index = 0.546. Bremer and bootstrap

(when >50%) support for ingroup clades are depicted above and below nodes, respectively.

Figure 5. Occlusal views of the P3 (a—d), P4 (e—k) and M1 (lI-r) of Eomellivora species
compared (all teeth depicted as from the right side): a, e, I) Eomellivora moralesi sp. nov.
from ACM/PTA-A2 (IPS122262, holotype; P3 reversed); b, f, m) Eomellivora piveteaui from
Batallones-3 (Bat-3'13.185; P3 reversed); c, g, n) Eomellivora ursogulo from Grebeniki (PIN-
No.268, holotype); d, h, o) Eomellivora wimani from Shangyingou (PMU-M3692, lectotype);
i, p) E. piveteaui from Yassioren (MNHN-TRQ-1005, holotype); j, ) Eomellivora fricki from
Wien XlI-Altmannsdorf (NHMW 2016/0065/0001, holotype; reversed); k) E. fricki from Can
Llobateres 1 (IPS2015); r) E. fricki from Los Valles de Fuentiduefia (IPS2057). All images are

depicted with mesial on top.
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Table 1. Character-taxon matrix used in the phylogenetic analysis, following Valenciano & Govender (2020). See also Supplementary Text S1 for

the description of character states. Only parsimony-informative characters for this sample of taxa (bolded) were used in the analysis.

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000001

Character # 0000000001111111111222222222233333333334444444444555555555566666666667777777777888888888899999999990
Taxon 1234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890
Eomellivora moralesi 2110222122010000010021010101001110100010001000112221202222222222222222222202022222222222222222°22°22°2?
Eomellivora fricki ?2?21211212222222022222221120101111020012020120222222210001012102102211220120222222222222222222222°22°2?
Eomellivora hungarica 22222221222222°22°22°22°22°22°22°222221112101102222022222221100101010111111122010222222222222222222222222°2?
Eomellivora piveteaui 1110110122010001001111010101011110100010001000110001100010101011111111101000101000000111110110002101
Eomellivora wimani ?221022210101011110111101010111111111111000100021000211001010101111111110100012222222222222222222222?
Eomellivora ursogulo 121222211101111110111101010111111111011100110021100211001010100111111110100012222222222222222222222?
Howellictis valentini 120211012210010000022211001000120111011001100021000110001010000111011110100110222222222222222221122?

Zodiolestes daimonelixensis 1100110001000000000001010011002110000100000100100001100000000000110000000000010001101000020000001010



Table 2. Dental measurements of Eomellivora moralesi sp. nov. from ACM/PTA-A2
based on the holotype (upper teeth) and paratypes (lower teeth). Measurements
within parentheses are estimated due to minor damage; those within brackets are

estimated based on alveolus size.

Left Right

Tooth L(mm) W (mm) W/L(%) L(mm) W (mm) W/L (%)

13 [6.0] [7.4] [1233] — — —
Cc1 [12.8] [12.0] [93.8] — — —
PL - — — 4.1 3.2 78.0
P2 80 4.9 613 8.1 5.0 61.7
P3 143 7.9 552 142 7.9 55.6
P4 (21.0) 138 (65.7) 211 138 654
M1 108 18.8 1741 108 187  173.1
c1 [13.0] [10.0] [76.9] — — —
pl [3.0] [23] [767] — — _
p2 87 50 575 @ — — —
p3  [124] 64  [516] — _ _

m?2 7.6 6.4 84.2 — — —




Table 3. Cranial and mandibular measurements of Eomellivora moralesi sp. nov. from

ACM/PTA-A2 based on the holotype (cranium) and paratypes (mandible).

Variable Measurement (mm)

Length of the preserved cranium 99

Width of the preserved cranium 122
Right infraorbital foramen width 9.8
Right infraorbital foramen height 7.5

Length of I3—C1 diastema 4.5

Mandibular corpus depth below p3 28.7
Mandibular corpus depth below p4 26.3
Mandibular corpus maximum width at c1 18.0
Mandibular corpus maximum width at p3 14.5

Mandibular corpus maximum width at p4 135
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Figure S1. General (a) and detailed (b) views of locality ACM/PTA-A2 during excavation
in May and June 2019, respectively. © Institut Catala de Paleontologia Miquel

Crusafont.
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Figure S2. Stratigraphic section of Abocador de Can Mata, sector Préstec de Terres de
I’Abocador, subsector A (ACM/PTA-A). Uppercase letters to the left correspond to
lithostratigraphic correlation levels, whereas the stratigraphic situation of locality
ACM/PTA-A2 (bottom of level N) is indicated with an arrow. Lithology abbreviations: C
= claystones; S = siltstones; FS = fine sandstones; CS = coarse sandstones; CG =
conglomerates. Note that the previously available composite lithostratigraphic
correlation panel for ACM was based on 42 correlation levels (Alba et al. 2017: SOM
Fig. S1 and Table S1), of which the uppermost one was level G. The whole stratigraphic
section of ACM/PTA-A comprises correlation levels H to N, and is thus located above
the ACM composite sequence reported by Alba et al. (2017). The distance between
correlation levels G and H is ca. 10 m. Based on currently available data (D.M.A. and
J.M.R.”s unpublished data), ACM/PTA-A2 is located in meter 268 of the updated

composite sequence, being correlated to C5r.2n with an interpolated age of 11.21 Ma.



Supplementary Text S1. Characters and character states used in the phylogenetic
analysis, after Valenciano & Govender (2020).

(1) Posterior lacerate and jugular foramina: “fused” into a single foramen (0); tendency
to separate openings with the jugular foramen distolateral to the posterior lacerate
foramen (1).

(2) Shape of upper incisor row: parabolic (0); straight (1).

(3) Position of the infraorbital foramen: above P3 (0); above P4 parastyle (1).

(4) Incisive foramen: located at the level of C (0); located at the level of the diastema
13-C (1).

(5) Mastoid process: reduced, located in dorsal view in line with the middle point of
the orbit (0); enlarged, located laterally exceeding to the orbit (1).

(6) Relative position of the mastoid and paroccipital processes: relatively close (0);
mastoid process located mesially to the paroccipital process (1).

(7) Paroccipital process: not reduced (0); reduced (1).

(8) Height of the mandibular corpus: low and thin mandibular corpus (0); high and
thick mandibular corpus (1).

(9) Orientation of the I3 cusp: spreader out laterally (0); in line with the cusps of 11-2
(1).

(10) Orientation of Canine: spreader out laterally, with an arrangement of the tip none
parallel (0); ventrally directed, with a parallel arrangement of the tip (1).

(11) P1. Present (0); absent (1).

(12) P2. Mesiodistal axis of P2: in line with the tooth row (0); rotated buccolingually
(1).

(13) P2. Distal accessory cusp: absent (0); present (1).

(14) P2. Occlusal shape: subrectangular (0); triangular (1).

(15) P2. Buccal wall: rectilinear (0); conspicuous concavity (1).

(16) P3. Robustness ratio [(maximum width/ maximum length) x 100]: slender P3 (less
than 60) (0); Robust P3 (60 or more than 60) (1).

(17) P3. Mesial accessory cusp: reduced or absent (0); present (1).

(18) P3. Distal accessory cusp: present (0); absent (1).

(19) P3. Buccal wall: rectilinear wall (0); conspicuous concavity (1).

(20) P3. Basal cingulum: weak (0); strong (1).



(21) P3. Roots: 2 roots (0); 3 roots (1).

(22) P3. Lingual bulge in the middle of the tooth: absent or reduced (0); Well-
developed (1).

(23) P4/3 length ratio. Maximum length of P4 in relation to maximum length of P3
ratio [(L P4/L P3) x 100]: less than 170 (0); more than 170 (1).

(24) P4. Robustness ratio [(maximum width/ maximum length) x 100]: slender P4 (less
than 60) (0); robust P4 (more than 60) (1).

(25) P4 protocone: low (0); knoblike (1).

(26) P4. Protocone cingulum: weak or absent (0); prominent and complete (1).

(27) P4. Protocone: in front to the mesiobuccal corner (0), mesial to the mesiobuccal
corner (1); distally displaced (2).

(28) P4. Parastyle: Absent or weak (0); Strong and low (1); Strong and high (2).

(29) P4. Buccal wall: rectilinear (0); with a pronounced concavity between paracone
and metastyle (1).

(30) P4. Basal cingulum surrounding the tooth: weak (0); strong (1).

(31) Relative size between maximum width of M1 and the maximum length of P4: M1
larger than or equal in size to P4 (values >100) (0); M1 smaller than P4 (values
between 70-100) (1); M1 much smaller than P4 (values <70) (2).

(32) M1. Robustness ratio [(maximum width on the buccolingual area/ maximum
length) x 100]: relatively robust M1 (from 130 to 150) (0); slender M1 (more than 150)
(1), very slender M1 (more than 200) (2).

(33) M1. Stylar area: small (0); enlarged (1).

(34) M1. Metacone related to paracone: normal size (0); much reduced (1).

(35) M1. Metaconule: present (0); absent (1).

(36) M1. Protocone position: mesolingually located (0); almost centrally on the middle
of the talon (1).

(37) M1. Protocone shape: ridge-shaped (0); conical cusp-like shape (1).

(38) M1. Lingual platform: not completely enclose the protocone (0); completely
enclose the protocone (1).

(39) M1. Length of the lingual wall: lesser than the buccal wall (unexpanded lingual
platform) (0); longer than the buccal wall (moderately lingual platform) (1); much

longer than the buccal wall (much expanded lingual platform) (2).



(40) M1. Lingual platform: oval shape (0); with a concavity in the middle point (1).

(41) M1. Presence of a slender buccolingual crista from the paracone to the protocone:
very reduced or absent (0); present (1).

(42) p1. Present (0); absent (1).

(43) p2. Position of the mesiodistal axis of p2: in line with the tooth row (0);
buccolingually rotated (1).

(44) p2. Distal accessory cuspid: absent (0); present (1).

(45) p2. Basal cingulum: incomplete and weak (0); complete and strong (1).

(46) p2. Mesial and distal cristids: weak cristids (0); thickened cristids (1).

(47) p2. Robustness ratio [(maximum width/ maximum length) x 100]: slender p2 (less
than 50) (0); relatively robust p2 (from 50 to 70) (1); very robust p2 (>70) (2).

(48) p2 length compared to p3: p2 not reduced (0); p2 reduced (1).

(49) p3. Mesial accessory cuspid: absent (0); present (1).

(50) p3. Mesial and distal cristids: weak cristids (0); thickened cristids (1).

(51) p3. Basal cingulum: incomplete and weak (0); complete and strong (1).

(52) p3. Ratio distal thickened of p3 [(maximum width p3/ maximum length p3) x 100]:
< 50, p3 elongated (0); from 50-70, p3 with distal expansion (1); > 70 distal part very
thick (2).

(53) p4. Length ratio in relation to m1 [(maximum length p4/ maximum length m1) x
100]: from 50 to 60, indicating a relatively not reduced p4 (0); more than 60, indicating
a p4 relatively enlarged (1).

(54) p4. Mesial accessory cuspid: absent or poorly developed (0); present, well
developed (1).

(55) p4. Distal accessory cuspid: High and well developed (0); low and reduced (1);
absent (2).

(56) p4. Mesial and distal cristids: weak cristids (0); thickened cristids (1).

(57) p4. Basal cingulum: incomplete and weak (0); complete and strong (1).

(58) p4. Buccal wall: straight (0); markedly concave (1).

(59) p4. Backward inclination of the main cuspid: practically vertical (902-802) (0); with
backward inclination (less than 802) (1).

(60) p4, unworn principal cusp: equals or exceeds height of m1 paraconid (0); lower

than m1 paraconid (1).



(61) p4. Distal area: not buccolingually thickened, oval shaped (0); buccolingually
thickened, quadrangular shaped (1); rhomboid shaped (2).

(62) p4. Lingual expansion or basal bulge: absent (0); present (1).

(63) m1. Height of protoconid in relation to paraconid: protoconid higher than
paraconid (0); protoconid similar in height than the paraconid (1).

(64) m1. Metaconid: Present (0); reduced/absent (1).

(65) m1. Relative length of talonid with respect the total m1 length: the talonid 1/3 of
the total length (0); equal or less than 1/4 of the total length (1).

(66) m1. Width talonid ratio [(maximum talonid width/ maximum width in the base of
the protoconid-metaconid) x 100]: talonid not reduced (values between 85-100) (0);
reduced talonid (< 85) (1).

(67) m1. Height of hypoconid: low (0); high (1).

(68) m1. Position of hypoconid: labially located (0); centrally positioned or almost
centrally positioned (1).

(69) m1. Orientation of the hypoconid: almost vertical (0); orientated towards the
protoconid (1).

(70) m1. Entoconid: transform in an entocristid (0); absent (1)

(71) m1 talonid: open and shallow basin with a reduced and low entocristid and a
beveled lingual wall of the talonid (0); basin lost (1).

(72) m1. Shape of the hypoconid: pyramidal (0); trending to a crest-like shape (1).
(73) m1. Hypoconid size: medium (0); enlarged (1).

(74) m1. Hypoconulid: very reduced to absent (0); present, not reduced (1).

(75) m2. Always present (0); residual presence (present in a low rate <25% of the
sample, comprising a reduced alveolus) or absent (1).

(76) m2 paraconid: present (0); (1) very weak or absent (1).

(77) m2. Metaconid: present (0); absent (1).

Postcranial

(78) Humerus. Delto-Pectoral crest most distal part: between the first third and the
middle point of the diaphysis (0); exceeding half of the diaphysis (1).

(79) Humerus. Development of the Deltoideus crest: Not very marked, normal

development (0); large development, medially enlarged (1).



(80) Humerus. Development of the Pectoral crest: Not very marked, normal
development (0); large development, laterally enlarged (1).

(81) Humerus. Supraepicondylar crest: small size (0); enlarged and laterally projected
(1).

(82) Humerus. Medial epicondyle: small-sized, not proximodistally enlarged (0); large-
sized, proximodistally enlarged and medially projected (1).

(83) Humerus. Distal view of the distal epiphysis: Sub-quadrangular shape (0);
rectangular shape, craniocaudally compressed (1).

(84) Ulna. Proximal epiphysis: presence of two tubers (craniomedial and craniolateral
one) on the olecranon (0); presence of one or even no tuber on the cranial part of the
olecranon (1).

(85) Ulna. Tuber olecrani: Rectilinear, scar for M. triceps brachii proximally projected
(0); scar M. triceps brachii medially projected (1).

(86) Ulna. Medial side of the most distal part of the diaphysis: small size and barely
visible crest for the M. pronator quadratus, (0); moderate size of the crest for the M.
pronator quadratus, occupying the last forth of the diaphysis (1); large development of
this crest, medially projected, occupying the last third of the diaphysis (2).

(87) Ulna. Articular circumference: robust, rostrally projected (0); reduced and
integrated into the styloid process (1).

(88) Ulna. Index of fossorial ability (IFA) according Rose et al. (2014) x 100: Values
lesser than 22, = not fossorial (0); Values equal or higher than 22 = a relatively large
olecranon process which is related with semifossorial traits in living badgers (1).

(89) Radius. Proximal view of the proximal epiphysis: Oval- shaped (0); Subrectangular-
shaped, craniocaudally reduced (1).

(90) Radius. Radial tuberosity: Robust, oval, with the scar of the insertion of M.
brachialis caudally projected (0); rounded scarf with a normal projection (1); barely
marked scarf not caudally projected (2).

(91) Radius. Medial side of the most distal part of the diaphysis: rectilinear wall, no
visible crest or scarf for the M. pronator quadratus (0); large development of this crest,
which occupies the last third of the diaphysis, and is medially projected, comprising a

concave surface in the caudal side (1).



(92) Radius. Robustness ratio of the distal epiphysis [(maximum craniocaudal length/
maximum mediolateral length) x 100]: <70, subrectangular shaped (0); > 70 robust
distal epiphysis, subquadrangular shape (1).

(93) Radius. Distal epiphysis, medial styloid process: prominent, medially projected and
relatively large (0); medium to small size, not medially projected (1).

(94) Radius. Distal epiphysis, carpal articular surface: its medial point is relatively
perpendicular to the main axis of the radius (0); its medial point conforms 45 degrees
in relation to the main axis of the radius (proximally projected) (1).

(95) Radius. Diaphysis: relatively rectilinear in medial view, non-craniocaudally
widened (0); caudally curved at the distal part, comprising a concave surface (1).

(96) Calcaneus. Calcaneal tuber: presence of two processes (medial and lateral) (0);
presence of one process or even absence of processes (1).

(97) Calcaneus. Calcaneal robustness index [(width of calcaneal head at widest point
including sustentacular facet and the quadratum plantae process/ maximum length of
the calnaneus) x 100]: values > 55, calcaneus relatively short (0); values between 55-45
normal length of the calcaneus (1); values < 45 calcaneus relatively elongated (2).

(98) Calcaneus. Calcaneal tuber/calcaneal hell: slender (0); mediolaterally widen (1).
(99) Calcaneus. Sustentacular facet: located close to the body of the calcaneus (0);
medially projected (1).

(100) Calcaneus. M. quadratus plantae process laterally expanded (0); M quadratus

plantae process reduced and not projected (1).



Table S1. Geographic and temporal distribution of Eomellivora species, after Valenciano et al. (2015, 2017, 2019) and this paper.

Species

Age

Locality and country

Taxonomical references

Age references

Eomellivora sp.
Eomellivora moralesi sp. nov.

Eomellivora fricki

Eomellivora fricki

Eomellivora fricki

Eomellivora fricki

Eomellivora piveteaui

Eomellivora piveteaui

Eomellivora piveteaui

Eomellivora piveteaui

Eomellivora piveteaui

Eomellivora piveteaui

Eomellivora piveteaui

Eomellivora sp.

Eomellivora wimani

11.62 Ma, late Aragonian (MN7+8)
11.21 Ma, late Aragonian (MN7+8)
Earliest Pannonian C, early Vallesian
(MN9)

Pannonian D, early Vallesian (MN9)

9.76 Ma, early Vallesian (MN9)

Early Vallesian (MN9)

Vallesian (MN9-MN10)

Vallesian (MN9-MN10)?

Late Vallesian (MN10)

Late Vallesian (MN10)

9.43-9.31 Ma, late Vallesian (MN10)

Subzone J2 (~9.6-9.3 Ma), late Vallesian

(MN10)

Subzone J2 (~9.6-9.3 Ma), late Vallesian

(MN10)

Early Turolian (MN11)
9.79-9.76 Ma, Bahean

Hammerschmiede 5, Germany
ACM/PTA-A2, Spain

Gaiselberg, Austria

Wien Xll-Altmannsdorf, Austria

Can Llobateres 1, Spain

Los Valles de Fuentidueiia, Spain

Yassioren, Turkey

Wissberg, Germany

Kalfa (=Calfa), Moldova

Buzhor 1 (= Bujor 1), Moldova

Ravin de la Pluie, Greece

Batallones-3, Spain

Batallones-10, Spain

Dorn-Dirkheim 1, Germany

Shangyingou (Sang-Yin-Kou, Lantian Basin

locality 12), China
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Kirscher et al. (2016)
This paper
Zapfe (1948); Valenciano et al. (2017)

Pia (1939); Valenciano et al. (2017)
Petter (1963); Crusafont-Pairé (1972); Valenciano

et al. (2019)

Crusafont-Pairé & Ginsburg (1973); Ginsburg et al.

(1981); this study

Ozansoy (1965); Wolsan & Semenov (1996);
Valenciano et al. (2015)

Tobien (1955); Morlo (1997)

Lungu (1978); Wolsan & Semenov (1996)

Pevner et al. (2013)

Koufos (2012)

Valenciano et al. (2015)

Valenciano et al. (2015)

Morlo (1997)
Zdansky (1924); Wolsan & Semenov (1996)

Kirscher et al. (2016)
This paper

Valenciano et al. (2017)

Valenciano et al. (2017)

Casanovas-Vilar et al. (2016)

Alberdi et al. (1981)

Kappelman et al. (2003)

Bohme et al. (2012); Pickford
& Pourabrisham (2013)
Nesin and Nadachowsky
(2001)

Nesin and Nadachowsky
(2001)

Sen et al. (2000)
Peldez-Campomanes et al.
(2017)

Peldez-Campomanes et al.
(2017)

Franzen et al. (2013)
Kaakinen (2005); Zhang et al.
(2013)



Eomellivora wimani

Eomellivora wimani

Eomellivora wimani

Eomellivora wimani

Eomellivora wimani

Eomellivora wimani

Eomellivora wimani

Eomellivora cf. wimani

Eomellivora sp.

Eomellivora sp.

Eomellivora sp.

Eomellivora ursugulo

Eomellivora ursugulo
Eomellivora hungarica

Eomellivora sp.

8.95 Ma, Bahean

Turolian (MN12?)

~7.2-7.1 Ma, middle Turolian (MN12)

~7.5-7.2 Ma, middle Turolian (MN12)

Early Hemphillian (Hh2)

Late Clarendonian (CI3)

8.2-7.1 Ma, Bahean

7.14-6.25 Ma, Baodean

Early Hemphillian (Hh1)

Early Hemphillian (Hh1)

Early Hemphillian (Hh1)
Early—middle Turolian (MN11-MN12)

Middle—late Turolian (MN12—-MN13)
Late Turolian (MN13)
11.15-11.06 Ma, early Vallesian (MN9)

Liuwangou (Liu-Wan-Kou, Lantian Basin
locality 31), China

Gy6rszentmarton 2 (=Pannonhalma),
Hungary

Chimishliya (=Cimislia), Moldova

Novaya Emetovka 2, Ukraine

Kern River Formation site 50, USA

North Tejon Hills Local Fauna, USA

Yuanmou-Xiahoe, China

Lufeng hominoid locality, Shihuiba, China

Higgins Local Fauna (= Sebits Ranch)

Dove Spring Local Fauna

Smiths Valley Local Fauna

Grebeniki, Ukraine

Taralik—Cher, Russia
Polgardi 2, Hungary

Gritsev (=Grytsiv), Ukraine
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Zdansky (1924); Wolsan & Semenov (1996)

Kretzoi (1965); Wolsan & Semenov (1996)

Simionescu (1938); Wolsan & Semenov (1996)

Orlov (1948); Wolsan & Semenov (1996)

Stock & Hall (1933); Wolsan & Semenov (1996)

Baskin (1988)

Zong (1994)

Qi (1985)

Dalquest and Patrick (1989)

Baskin (1988)

Baskin (1988)
Orlov (1948); Wolsan & Semenov (1996)

Lavrov & Gimranov (2018)
Kretzoi (1942); Wolsan & Semenov (1996)
Wolsan & Semenov (1996)

Kaakinen (2005); Zhang et al.
(2013)
Gasparik (2001)

Vangengeim and Tesakov
(2008), reinterpreted; Vasiliev
etal. (2011)

Vangengeim and Tesakov
(2008), reinterpreted; Vasiliev
etal. (2011)

Woodburne (2004); Janis et al.
(2008)

Woodburne (2004); Janis et al.
(2008)

Zhu et al. (2005); Dong & Qi
(2013)

Qi et al. (2006); Dong & Qi
(2013)

Janis et al. (2008)

Janis et al. (2008)

Janis et al. (2008)

Vislobokova et al. (2001),
Vangengeim and Tesakov
(2008), reinterpreted; Vasiliev
etal. (2011)

Lavrov & Gimranov (2018)
Freudenthal and Kordos (1989)
Korotkevich et al. (1985);
Kirscher et al. (2016)



Eomellivora sp. Early Vallesian (MN9) Borsky Svaty Jur, Slovakia Luptdk (1995) Sabol et al. (2004)
Eomellivora sp. Early Turolian (MN11) Csakvar, Hungary Kretzoi (1942); Wolsan & Semenov (1996) Mein (1999)
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