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Lophocyonids are one of the more enigmatic groups of Carnivora in the European Miocene fossil record. Lophocyonids are
clearly distinguished from other Feliformia by their peculiar lophodont dental morphology. For this reason, the systematic
relationships of the family have been controversial. Here we describe and interpret dental remains from the early Miocene of
Sabuncubeli, Turkey, which we attribute to a new genus and species: Izmirictis cani. The phylogenetic analysis allows us to
include Izmirictis within a monophyletic group, Lophocyonidae new rank, characterized by the molarization of the anterior
premolars (P3 and p4), the lophodont adaptation of the molar dentition and the complex morphology of the incisors. The
phylogenetic analysis shows a close relationship between Izmirictis and primitive hyaenids (represented herein by
Protictitherium). The divergence between Lophocyonidae and Hyaenidae is estimated by biochronological data to have
occurred during the early Miocene (MN2). Dental microwear analysis, although limited by poor dental enamel preservation,
indicates that the pronounced lophodonty in Izmirictis cani could be connected to a herbivorous feeding habit.

http://zoobank.org/urn:lsid:zoobank.org:pub:8D75382D-6C22-41C1-A47F-BA3EAF766881
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Introduction

Lophocyoninae Fejfar, Schmidt-Kittler & Zacharov,
1987 is one of the most peculiar groups of terrestrial
carnivorans in the fossil record due to its lophodont den-
tition, which is particularly advanced in the most
derived members of the group. This subfamily includes
the genus Sivanasua Pilgrim, 1932 with the species S.
viverroides (Schlosser, 1916) and S. moravica Fejfar &
Schmidt-Kittler, 1984; Euboictis aliverensis Schmidt-
Kittler, 1983; the genus Lophocyon Fejfar et al., 1987
with the species L. carpathicus Fejfar et al., 1987 and
L. paraskevaidisi Koufos et al., 1995, all of which are
from the early–middle Miocene of Europe. The first
interpretations of the fossils by Schlosser (1916) related
them to the extant red panda Ailurus fulgens Cuvier in
Geoffroy Saint-Hilaire & Cuvier, 1825. Schlosser
(1916) described the first species as ‘Aeluravus’ viver-
roides on the basis of fossils from the site of Attenfeld,
MN4 (Bavaria, Germany). Pilgrim (1932) proposed for

this species the genus Sivanasua (Aeluravus was pre-
occupied by a glirid) and included in it two new species,
both of which were later classified as Adapidae by
Gingerich & Sahni (1984). However, the genus name is
valid, and is generally considered to be close to the
coati-like procyonid carnivorans. After the study of
Schmidt-Kittler (1983) they were considered to be
primitive feliforms, classified in their own subfamily
Lophocyoninae, within the Viverridae (Fejfar
et al. 1987).
The aim of the present work is the description of a

new form from the lower Miocene of Sabuncubeli
(Turkey) (de Bruijn et al. 2006) tentatively attributed to
this interesting group of carnivorans by Mayda (2004,
2010) and Hoek Ostende et al. (2015). The primitive
morphology of its dentition, in comparison with the
other representatives of the group, yields important clues
about Lophocyoninae phylogenetic relationships. It is
the first representative of the group to be found outside
of continental Europe.
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Fossil locality

The locality of Sabuncubeli is situated in the lower part
of the Soma Formation (Fig. 1), along the forest road
that leads from the main road between Manisa and
Bornova to the village of Sarnic, 15 km NW of Izmir
(de Bruijn et al. 2006; Kaya et al. 2007). The
Sabuncubeli micromammal association is considered to
be somewhat older than the one from Kesek€oy
(Krijgsman et al. 1996) and it fits best into the lower
part of MN 3. According to a preliminary identification
(Mayda 2010) the carnivorans found in the site are: an
amphicyonid (Cynelos sp. nov.), a musteloid
(Stromeriella sp.), a viverrid (Semigenetta elegans), a
feliformia (Palaeogale sp.) and an undetermined felid
that cannot yet be formally attributed to a genus.
Besides its diverse carnivore assemblage, Sabuncubeli
has also yielded a new tragulid (Dorcatherium sp. nov.),
an early cervid (Procervulus sp.) and a small rhino
(Protaceratherium sp.), which are under study by SM.

Material and methods

Institutional abbreviations
EUNHM: Ege University Natural History Museum,
Bornova, Izmir, Turkey; IPS: collection of the Institut
Catal�a de Paleontologia Miquel Crusafont (ICP),
Universitat Aut�onoma de Barcelona, Spain; MNCN:
Museo Nacional de Ciencias Naturales, Madrid, Spain;
MNHN: Mus�eum national d’Histoire naturelle, Paris,
France; NHMUK: Natural History Museum, London, UK.

Studied material
The fossil remains of Izmirictis cani gen. et sp. nov. are
housed in EUNHM: PV-54000: right I3; PV-54001: left
I2; PV-54003: right P3; PV-54004: left P4; PV-54005a:
right M1; PV-54005b: fragment of right M1; PV-54006:
left M2; PV-54007: right i2; PV-54008: left p1 or p2;
PV-54009: right p4; PV-54010: left m1.
For comparison we used Sivanasua viverroides

(Schlosser, 1916) from Rothenstein 1/13 described by
Fejfar et al. (1997), including a cast of specimen 0030
stored at the MNCN, and the P4–P3 from Chêne de
Nav�ere, France, MN4, cast stored in the MNHN, figured
by Ginsburg & Morales (1999), Sivanasua antiqua
(Crusafont-Pair�o, 1959) from Can Canals, Spain, lower
Miocene, MN4, housed at the ICP; the holotype of
Euboictis aliverensis Schmidt-Kittler (1983) from Aliveri,
Greece, MN4 (Hoek Ostende et al. 2015), of which a
cast is preserved at the MNCN; the holotype of
Lophocyon paraskevaidisi Koufos et al. (1995) from

Thymiana-B, Chios Island, Greece, MN5 (Koufos 2011),
of which a cast is kept at the MNHN; the holotype of
Kichechia zamanae Savage (1965) from Rusinga, Kenya,
lower–middle Miocene 17–15Ma (Peppe et al. 2009)
housed at the NHMUK; Herpestides antiquus (Blainville,
1842), from Saint-G�erand-le-Puy, France, MN2a, housed
at the MNHN and described by Viret (1929) and
Beaumont (1967); Protictitherium crassum (Dep�eret,
1892) from the Vallesian of Spain from the sites of Los
Valles de Fuentidue~na, MN9 and Cerro de los Batallones,
MN10 (Fraile 2017). The taxa Lophocyon carpathicus
Fejfar et al., 1987 from Kosice-Bankov, Slovakia, MN5,
Legetetia nandii Schmidt-Kittler (1987) from Legetet,
Kenya, lower Miocene 19Ma (Werdelin 2010), and
Protictis spp. described in Flynn & Galiano (1982),
Gingerich & Winkler (1985) and Meehan & Wilson
(2002) from the middle Paleocene of North America
were studied based on the original publications. The
extant carnivorans studied were the viverrids Viverra tan-
galunga Gray, 1832, and Hemigalus derbyanus (Gray,
1837) housed at MNCN and MNHN. Measurements in
mm (L¼ length, W¼width) were made with Mitutoyo
Absolute digital callipers accurate to 0.1mm. P4 ¼ length
mestastyle-parastyle, width parastyle-protocone. The pho-
tographs of the dentition of I. cani were made with a
Scanning Electron Microscope Fei, model Quanta 200, at
the MNCN.

Cladistic analysis
We performed a cladistic analysis to better assess the
relationships of Izmirictis with other taxa possessing
similar lophodont dentitions, such as Sivanasua viver-
roides, Lophocyon spp. (L. paraskevaidisi and L. carpa-
thicus) and Euboictis aliverensis, together with the
primitive hyaenid Protictitherium crassum, and lower–
middle Miocene genera with uncertain relationships
including Herpestides antiquus, Kichechia zamanae and
Legetetia nandii, as well as the living viverrids Viverra
tangalunga and Hemigalus derbyanus. The cladistic ana-
lysis includes 11 taxa and 67 equally weighted,
unordered dental and cranial characters generated by us.
The character list, data matrix and nexus files are avail-
able in the Supplementary material. We selected
Protictis spp. as the outgroup. The analysis was per-
formed using PAUP�4.0b10 (Swofford 2002).

Systematic palaeontology

Order Carnivora Bowdich, 1821
Suborder Feliformia Kretzoi, 1945

Family Lophocyonidae Fejfar, Schmidt-Kittler &
Zacharov, 1987 (new rank)
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Figure 1. A, geological map of the Izmir area, Turkey, showing the location of the Sabuncubeli mammal fossil site. B, stratigraphy
of the Zeytindag Group (Saridere Formation and Soma Formation) showing the location of the fossil site in the section (figures
modified from de Bruijn et al. 2006).
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Figure 2. Izmirictis cani gen. et sp. nov. from Izmir, Turkey, Scanning Electron Microscope (SEM) photographs. A, B, PV-54000,
right I3. A, buccal view, B, lingual view; C, D, PV-54001, left I2. C, buccal view, D, lingual view; E–G, PV-54003, right P3. E,
buccal view, F, occlusal view, G, lingual view; H–J, PV-54004, left P4 (paratype). H, buccal view, I, occlusal view, J, lingual view;
K, L, PV-54005a, right M1. K, occlusal view, L, buccal view; M, PV-54005b, fragment of right M1, occlusal view; N, PV-54006,
left M2, occlusal view; O, P, PV-54007, right i2. O, buccal view, P, lingual view; Q, R, PV-54008, left p1 or p2. Q, lingual view.
R, occlusal view; S–U, PV-54009, right p4. S, occlusal view, T, lingual view, U, buccal view; V–X, PV-54010, left m1 (holotype).
V, occlusal view, W, lingual view, X, buccal view. Figures A–D, and O–P (incisives) left scale, other teeth right scale.
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Type genus. Lophocyon Fejfar Schmidt-Kittler, &
Zacharov, 1987.

Included genera. Sivanasua Pilgrim, 1932, Euboictis
Fejfar & Schmidt-Kittler, 1984 and Izmirictis gen. nov.

Stratigraphical range. Early Miocene (MN3 biozone)
to middle Miocene (MN7/8 biozone).

Geographical range. Eurasia and Anatolia (Turkey).

Diagnosis. Feliformia with dental formula (permanent
teeth) 3142/3142. Large molars, the upper molars exhib-
iting dilambdodont morphology, lower molars lophodont
with height of the talonid as well developed as that of
the trigonid. Molarized premolars, incipient in primitive
forms, p4 always with metaconid and P3 with
metacone. In the most derived forms the dentition is
hypsodont and the molarization affects all of the
anterior premolars.

Genus Izmirictis gen. nov.

Type species. Izmirictis cani sp. nov.

Diagnosis. Lophocyonid with moderately lophodont
lower molars, m1 talonid cuspids high and well differ-
entiated. M1 with paracone and metacone in buccal pos-
ition and strong lingual cingulum. P4 with conservative
carnassial morphology. Anterior premolars (P3 and p4)
robust and moderately molarized.

Etymology. From Izmir, Turkey, the province and city
where the locality of Sabuncubeli is located. Izmir was
known as Smyrna in the Classical Age; plus -ictis, the
Latin name for small carnivores.

Izmirictis cani sp. nov.

(Figs 2, 3)

Diagnosis. As for the genus.

Holotype. EUNHM PV-54010, left m1.

Paratype. EUNHM PV-54004, left P4.

Type locality. Sabuncubeli, Turkey.

Age. Early Miocene (MN3 biozone).

Etymology. This species is named after Can Mayda,
son of Serdar Mayda, co-author of this work.

Description.

Upper dentition. PV-54000, I3 right (L ¼ 3.4; W
¼ 3.6) (Fig. 2A, B) is tall and large in relation to the
jugal dentition. It has a strong and individualized cingu-
lum on the lingual surface, which decreases abruptly
towards the anterior edge of the tooth.
PV-54001, I2 left (L ¼ 3.3; W ¼ 3.1) (Fig. 2C, D),

shows that it is smaller than the I3. Its morphology is
close to that of the I3, although on the lingual surface
the edge shows strong irregular crenulations. The lingual

Figure 3. Drawings of dentition in occlusal view of Izmirictis cani gen. et sp. nov., from Izmir, Turkey. The M2, P4 and
p4 drawings are mirrored. Abbreviations: co, cristid obliqua; en, entoconid; hy, hypoconid; me, metaconid; ME, metastyle;
PA, paracone; pa, paraconid; PR, protocone; pr, protoconid; PS, parastyle.
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cingulum is well developed and it is slightly subdivided
in the posterior area.
In PV-54003, P3 right (L ¼ 7.2; W ¼ 4.5) (Fig.

2E–G), the main cusp paracone is robust and of moder-
ate height. There is a small parastyle and a small but
strong postero-buccal cingulum. The metacone is well
developed and possesses a sharp posterior cusp, the
metastyle. The lingual cingulum is strong. The tooth
shows a lingual expansion at the base of the crown, in
which a remarkably small protocone is present.
PV-54004, P4 left (L ¼ 7.8; W ¼ 5.5) (Fig. 2H–J)

has a well-developed conical parastyle attached to the
anterior crest of the paracone. The paracone is massive
and is separated from the metastyle by the carnassial
notch. Lingually the metastyle is vertical and sharp, but
buccally it is globose. The protocone is pyramidal and
well developed, located in front of the parastyle. There
is a wide platform with a broad valley between the pro-
tocone and the buccal surface, which ends in the lingual
cingulum of the metastyle. There is a smooth cingulum
developed anteriorly between the base of the parastyle
and protocone. Additionally, there is a conspicuous
worn area between the paracone and the parastyle.
PV-54005a, M1 right (L ¼ 6.4; W ¼ 8.6) (Fig. 2K,

L). This tooth is triangular in occlusal view. The

paracone is partially broken. This cusp is similar to
the metacone and both cusps are lingually displaced.
The paracone, metacone andune shaped with a concave
buccal wall (ectoflexus) and the lingual one convex.
There is a flattened cusp between the buccal wall of
the paracone and metacone; a second cusp is located
in the base of the paracone. The parastyle is well
developed. There are several stylar cusps on the buccal
wall, but without developing a real cingulum. The pos-
terior crista of the metacone is strong and somewhat
thickened, showing a vertical groove in the buccal
wall. There is a well-developed basal cusp, accompa-
nied by smaller ones. The protocone is high and
possesses strong and sharp cristae. The anterior
one reaches the anterobuccal corner of the tooth,
while the posterior one extends to the posterior base
of the metacone. It has a strong lingual cingulum
enclosing the entire protocone. The trigon valley
(basin) is deep.
PV-54005b, a fragment of M1 (Fig. 2M) is inter-

preted to be from the right side; consequently, it com-
prises the anterior half of the molar. It has a deeply
worn dune-shaped paracone, similar in shape to the
metacone of the other M1. However, its anterior crista
is smoother than the crista of the metacone.

Figure 4. Phylogenetic relationship of Izmirictis cani gen. et sp. nov., within Lophocyonidae (node with a filling circle), and of
some extinct Neogene feliform carnivorans and living viverrids (Viverra tangalunga and Hemigalus derbyanus). Protictis spp. is the
outgroup. Searches were performed by means of the branch and bound and a bootstrap analysis through 1000 replicates. A single
tree is obtained (length 119 steps, consistency index (CI)¼ 0.5072, retention index (RI)¼ 0.4963). The numbers below nodes are
Bremer indices, and the numbers above nodes are bootstrap support percentages (only shown if �50).
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PV-54006, M2 left (L ¼ 5.6; W ¼ 8) (Fig. 2N): This
tooth is heavily worn and the metacone is partly broken.
The occlusal outline is subtriangular with a well-devel-
oped parastylar area. The paracone is pyramidal. Its
anterior crista is long and smooth and it runs towards
the complete parastylar area. The posterior crista is
smooth and it ends at the base of the metacone. The
metacone is broken; however, it would have been simi-
lar in size to the paracone, in relation to the area that it
occupies. The protocone is large and triangular, and
occupies the entire lingual part of the molar. The anter-
ior crest is well developed as in the M1, and it reaches
the anterobuccal base of the paracone. The posterior
crest is comparatively short, not being in contact with
the metacone. There is a smooth posterolingual cingu-
lum at the base of the protocone.

Lower dentition. PV-54007, i2 right (L ¼ 2.65; W
¼ 3.92) (Fig. 2O, P). This is a robust tooth, which is
buccolingually widened. The lingual cingulum is tall
and smooth. The buccal wall shows an asymmetrical
subdivision as in the i2 of Viverra. The buccal wall has
a wear facet.
PV-54008, p1 or p2 left (L ¼ 4.29; W ¼ 2.5) (Fig.

2Q, R). A simple unicuspid premolar, with
weak cristids.
PV-54009, p4 right (L ¼ 9.47; W ¼ 4.87) (Fig.

2S–U). An elongated premolar, with a tall main cusp
(protoconid). Its anterior cristid is sharp, very individu-
alized and separated by a notch from the anterior cuspid
(paraconid), which is well developed and has a cutting
blade morphology. The posterior cristid is short but
clearly individualized. Lingually the protoconid is
expanded and comprises a well-defined but weakly indi-
vidualized metaconid. The talonid is highly developed.
It has a well-developed buccal cuspid (hypoconid) with
a beveled cuspid in a posterolingual position. There is a
posterobuccal cingulum at the base of the hypoconid.
PV-54010, m1 left (L ¼ 10.32; W ¼ 7.12) (Fig.

2V–X). The trigonid is more developed than the talonid.
The cusps of the trigonid are arranged in an equilateral
triangle, in which the metaconid occupies a very poster-
ior position, being almost as developed as the paraconid.
The cristids of the trigonid are thickened; thus, they are
clearly individualized from the conids. The lingual cris-
tid of the metaconid is high and contacts the lingual one
of the protoconid, establishing a high wall that is
oblique to the anteroposterior axis of the tooth, which
abruptly divides the trigonid from the talonid. A strong
cingulum is developed at the base of the paraconid. The
trigonid valley (basin) is deep. The talonid is elevated
with a massive pyramidal hypoconid. The entoconid is
also high and is attached to the hypoconulid. The hypo-
conid, hypoconulid and entoconid are united by elevated

cristids, establishing a continuous wall. The oblique cris-
tid is well developed and reaches the base of the meta-
conid, leaving a buccal valley which is delimited by a
high and robust cingulum. Anteriorly the entoconid ends
abruptly, so that the separation of the latter from the
metaconid is neat, leaving the trigonid valley
open lingually.

Discussion

Izmirictis cani can be considered a genuine ‘missing
link’ between Lophocyonidae and basal Feliformia.
Izmirictis, along with the lophocyonine genera
Sivanasua, Euboictis and Lophocyon, shares the basic
herbivorous adaptations that characterize the group, such
as the dilambdodont morphology of the upper molars
(M1–M2), m1 with a talonid that is enlarged and close
in size to the trigonid, and a clear lophodont tendency,
the robust P4, the incipient molarization of P3 with a
strong metacone, which is close in size to the paracone,
and a p4 with an incipient trigonid and an enlarged talo-
nid. In Izmirictis the known incisors show a strong
development of the cingulum and a general increase in
complexity, similar to that described by Schmidt-Kittler
(1983) for Euboictis aliverensis.
However, Izmirictis differs from Euboictis in retaining

several manifestly primitive morphological features in
the dentition, such as M1 with a more buccal position
of the paracone-metacone, deep ectoflexus, and the pres-
ence of a more developed lingual cingulum. The P4 pre-
serves an elongated cutting blade aligned with the
anteroposterior mandibular axis, and the same is
observed in the P3 buccal cuspids. In the lower denti-
tion, the p4 is more elongated, with an open trigonid, a
weak metaconid and a larger talonid with a small ento-
conid. Izmirictis differs from Sivanasua viverroides
from the Rothstenstein 1/13 locality (Fejfar et al. 1997)
in the same characters of M1 and P4 already indicated
for Euboictis, but the differences from the P3 are minor,
because both taxa possess the same disposition of the
paracone-metacone, although the other cuspid and cin-
gula are better developed in Sivanasua. The m1 and p4
of Izmirictis are less robust, and with the lingual cuspid,
entoconid and metaconid weaker than in Sivanasua.
Izmirictis differs from Lophocyon paraskevaidisi by the
elongated P3 and P4 with the cutting cuspid aligned
antero-posteriorly, while the differences in the lower
dentition are even more pronounced than with Euboictis
and Sivanasua, particularly in the p4 which in
Lophocyon species are clearly hypsodonts, with the lin-
gual cuspids better developed than Izmirictis.
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The differences between Izmirictis and the aforemen-
tioned genera justify the creation of a new genus
and species for the Sabuncubeli fossils, Izmirictis cani
gen. et sp. nov. The species can be included together
with the Lophocyoninae in a monophyletic group, for
which, following Schmidt-Kittler (1999), we propose
the elevation of Lophocyoninae to family rank,

a category already employed by Morlo et al. (2010,
table 10.1).

Phylogenetic relationships

Izmirictis cani represents an important link in the history
of the Lophocyonidae. Its membership in this family is
clear, in spite of the primitive traits that it retains in its
dentition compared with forms such as Euboictis or
Sivanasua, and that differ even further from the highly
derived Lophocyon. In the phylogenetic analysis (Fig.
4), the genera included in the Lophocyonidae show a
close relationship and allow us to include Izmirictis
within a monophyletic group characterized by the mola-
rization of the anterior premolars (P3 and p4), the
lophodont adaptation of the molar dentition and the
complex morphology of the incisors. Compared to other
lophocyonids these adaptations are present in Izmirictis
in nascent form, maintaining a morphological pattern of
more generalist carnivores. It is precisely these primitive
traits that yield clues about the phylogeny of
Lophocyonidae, which was hitherto poorly constrained.
The presence of abundant autapomorphies in the family,
many of them unique at the ordinal level, drastically dis-
tances Lophocyonidae from potential relatives in the
suborder Feliformia, as was recognized by Fejfar et al.
(1997, p. 107) when they pointed out that “Up to now,
these genera are too peculiar in their features to be inte-
grated within a cladogram together with other feliform
carnivores”. Much of the discussion presented by these
and other authors (Schmidt-Kittler 1983; Fejfar &
Schmidt-Kittler 1984; Fejfar et al. 1987, 1997) was
focused on the presence of an elongated m2 talonid,
which was considered to be a synapomorphic character.
This type of m2 can be observed in different clades
among extant representatives of Feliformia, such as
Eupleres (Eupleridae), Liberictis (Herpestidae) and
Hemigalus (Viverridae), but none of these species
reaches the degree of development and complexity
observed in Lophocyonidae. This statement serves for
fossil forms also considered to be potential ancestors of
Lophocyonidae, in particular Legetetia Schmidt-Kittler,
1987, from the lower Miocene of Africa. In all of these
cases we can reasonably assume that the presence of an
elongated m2 is related to an increase in the molar
grinding surface, so that the M1 and M2 are not
reduced, as occurs in some viverrids, herpestids and
euplerids. The increase in size in the m2 of these feli-
formes should definitely be considered a convergence
reflecting the adaptation of slightly more hypercarnivo-
rous dentitions. This is why it is difficult to find

Figure 5. Biochronology and hypothesis of phylogenetic
relationships of the species of Lophocyonidae based on the
obtained tree (Fig. 4). Chronological data after Hilgen et al.
(2012). Temporal ranges of species based on Schmidt-Kittler
(1983, 1987); Fejfar & Schmidt-Kittler (1984, 1997); Koufos
et al. (1995); Hoek Ostende et al. (2015); Morales
et al. (2015).
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phylogenetic support for a relationship between
Lophocyonidae and the rest of Feliformia, since among
the numerous dental adaptations of the latter there are
none that are similar or analogous to those of
Lophocyonidae. However, these adaptations have
already occurred in some Caniformia, such the living
red panda Ailurus fulgens. Of the taxa considered in our
analysis only Protictitherium Kretzoi, 1938, a genus that
is usually considered to be a primitive hyaenid
(Werdelin & Solounias 1991), does not support the pre-
vious arguments. In fact, a relationship of this genus
with Lophocyonidae is reasonably supported in our ana-
lysis (Fig. 4). Derived characters shared between
Izmirictis and Protictitherium occur in the morphology
of the anterior premolars (P3 and p4) and in both car-
nassials, with the m1 of Izmirictis closely resembling
that of Protictitherium crassum. In contrast, the upper
molars and m2 of Protictitherium are reduced; in fact, a
more advanced reduction would characterize most of the
more modern hyaenids. Only the genera Ictitherium
Wagner, 1848 and Plioviverrops Kretzoi, 1938 retained
a moderately hypocarnivorous dentition similar to that
of Protictitherium. Some even more recent species such
as Plioviverrops faventinus Torre, 1988 from the lower
Pliocene of the Mediterranean region have given rise to
morphologies with strong development of the m2, and
molarization of the premolars, but never reaching the
degree of specialization seen in Lophocyonidae. In add-
ition, all of these forms are considerably younger than
the cladogenesis of the group, which occurred during
the lower–middle Miocene (Fig. 5). Thus, in the present
state of our knowledge, a sister group relation between
Lophocyonidae and Hyaenidae could be proposed, at
least as a working hypothesis. Protictitherium appears in
Western Europe at the end of the lower Miocene (MN4)
and its range extends to the upper Miocene (MN13)
(Fig. 5). It is, therefore, somewhat younger than
Izmirictis, and contemporaneous with other lophocyo-
nids, the temporal range of which extends to the end of
the middle Miocene (MN7/8) (Schmidt-Kittler 1983;
Fejfar & Schmidt-Kittler 1984; Fejfar et al. 1987, 1997;
Koufos et al. 1995; Morales et al. 2015). The relation-
ships of the Lophocyonidae and Protictitherium to other
hypocarnivorous Feliformia are less well supported.
Kichechia zamanae Savage, 1965, is close to the
advanced Lophocyonidae in the morphology of the P4.
It is characterized by a short metastyle and paracone
that are well separated from the protocone. The m1
shows a low protoconid and a talonid/trigonid of the
same size, which is relatively similar to Lophocyonidae.
However, although the premolars are robust, morpho-
logically they are simple without signs of molarization.
Kichechia zamanae has been related to the bunodont

viverrids, such as Paradoxurinae (Morales & Pickford
2011), which in a certain way show an opposite trend to
Lophocyonidae. Legetetia nandii Schmidt-Kittler, 1987
shares with Lophocyoninae a great development of m2
and M2 and, as with Kichechia, it shares some similar-
ities in the morphology of the P4 and m1. Nevertheless,
the premolars are gracile and sectorial, which is far
removed from the complexity present in the
Lophocyonidae.
The morphological similarity between Protictitherium

and Herpestides is evident and has served to establish a
possible origin of the Hyaenidae from this basal form
(Beaumont 1967). Although other authors have sug-
gested a relationship between Herpestides and
Viverridae (Hunt 1991), in our cladogram it appears to
be associated with the extant Hemigalus derbyanus and
Viverra tangalunga in accordance with this idea, but the
relationship is weakly supported. It is evident that the
basal record of the non-feloid feliforms from the lower
Miocene is still poorly understood and needs an in-depth
review. Probably for a short period of time, there was a
great expansion of these forms from Asia that colonized
Europe and Africa independently (Fig. 5). Within this
first radiation it is difficult to recognize the present-day
families. The case of Lophocyonidae is paradigmatic,
but the same occurs with Percrocutidae Werdelin &
Solounias, 1991 and Barbourofelidae Schultz, Schultz &
Martin, 1970.

Insights into the diet of Izmirictis

From an evolutionary point of view, the tendency
described in Izmirictis cani to develop new crests and
acquire more pronounced lophodonty may be under-
stood as an adaptation towards increased herbivory.
Although some of the enamel surfaces of Izmirictis cani
examined at high magnification through scanning elec-
tron microscopy present alteration (probably due to the
effect of taphonomic processes as a result of sediment-
ary transport of the teeth), it is worth noting the exist-
ence of a pattern of tooth microwear which corresponds
to a high frequency of small subcircular pits and long
striations, with a preferred orientation of the latter,
which is typical of plant-eating species and differs from
that found in classical (obligate) carnivorous mammals
(Van Valkenburgh et al. 1990). This pattern is some-
what comparable to that seen in Sivanasua moravica as
described by Fejfar & Schmidt-Kittler (1984). Because
dental microwear provides some of the best evidence of
tooth use and diet in extinct species (DeMiguel et al.
2008), we can presume, therefore, that the pronounced
lophodonty present in Izmirictis cani is connected to an
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herbivorous feeding habit. This suggestion needs to be
further tested, however, and investigated by studies rely-
ing primarily on dental microwear in order to offer
more understanding and insight into such an outstanding
dietary transformation.

Conclusions

New fossils from the early Miocene locality of
Sabuncubeli (Turkey) are attributable to a new genus
and species, Izmirictis cani, which is included in the
Feliformia family Lophocyonidae (new rank). The sys-
tematic relationships of this group with respect to other
Feliformia is obscure, but the new species shows a
greater proximity to primitive members of Hyaenidae
than to the extant Viverridae. Izmirictis cani is the old-
est known species of Lophocyonidae and is the first
record in Anatolia. Therefore, it can be considered a
link between Lophocyonidae and the other Feliformia,
in particular Hyaenidae. Dental microwear analysis indi-
cates that the pronounced lophodonty present in
Izmirictis cani could be connected to a herbivorous
feeding habit.
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Miocene stratigraphy of central west Anatolia, Turkey:
implications for the tectonic evolution of the Eastern
Aegean area. Geological Journal, 42, 85–109.

Koufos, G. D. 2011. The Miocene carnivore assemblage of
Greece. Estudios Geol�ogicos, 67, 291–320.

Koufos, G. D., Bonis, L.de & Sen, S. 1995. Lophocyon
paraskevaidisi, a new viverrid (Carnivora, Mammalia)
from the Middle Miocene of Chios Island, Greece.
Geobios, 28, 511–523.

Kretzoi, M. 1938. Die Raubtiere von Gombasz€og nebst einer
€Ubersicht der Gesamtfauna. Annales Musei Nationalis
Hungarici, 3, 88–157.

Kretzoi, M. 1945. Bemerkungen €uber das Raubtiersystem.
Annales Historico-Naturales Musei Nationalis Hungarici,
38, 59–83.

Krijgsman, W., Duermeijer, C. E., Langereis, C. G.,
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