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The first record of Megaviverra carpathorum from the Polish site of Weze 1, together with Slovak
locality of Ivanovce 1, are the only two occurrences of large viverrids in Central Europe and are
both dated at MN 15b (3.8-3.4 mya). Both records constitute an interesting and exotic event of a
short-term eastern migration of a rare but successful carnivoran, which preceded the main wave of
Canis dogs. This migration event of large viverrids of Asian origin is restricted spatially (Poland,

Slovakia, and northern Italy) and temporarily (MN 15b—16a, 3.8-2.8 mya). It fills the gap between
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the disappearance of ictitheriids and the appearance of Canis dogs. The invasion of Canis dogs may
be the main factor that led large European viverrids like Megaviverra carpathorum to extinction.

Introduction

The large European viverrids are among the most enigmatic and
poorly known carnivorans. Their Pliocene occurrence is documented
by scanty material from few localities, and so far, only two European
records have been found from a roughly contemporaneous timespan
(MN 15b-16a, 3.8-2.8 mya). These include remains of Megaviverra
carpathorum (Kretzoi and Fejfar, 1982) from the oldest level (MN 15b)
of Ivanovce 1 and a slightly smaller Megaviverra apennina Kretzoi and
Fejfar (1982) from the Italian site of Arondelli-Triversa (MN 16a, 3.2—
2.8 mya) (Kretzoi and Fejfar, 1982; Fejfar and Sabol, 2004).

Large viverrids have been more commonly reported from the Late
Miocene of Africa, where the presence of two species has been detec-
ted. The remains from two Kenyan sites, Sahabi and Lower Nawata
Formation at Lothagam, were assigned to Viverra howelli Rook and
Martinez-Navarro (2004) (Howell, 1987; Rook and Martinez-Navarro,
2004). A second species, Viverra leakeyi (Petter, 1963), was erected
based on a maxilla fragment from the Upper Unit of Laetoli Bed (3.8—
3.5 mya; Petter, 1967, 1987; Werdelin, 2003); however, the presence of
this form, or at least a form closely related, was already noted from the
Upper Miocene lower Nawata Formation at Lothagam (7.4-6.5 mya;
McDougall and Feibel, 1999; Werdelin, 2003). It is known also from
other late Miocene sites, such as the Kapsomin Member of the Lukeino
Formation (5.9-5.8 mya; Sawada et al., 2002; Morales et al., 2005),
Amba East, lower Sagantole Formation in the Middle Awash (5.5—
5.2mya; Renne et al., 1999; Haile-Selassie and Howell, 2009), and
from the Langebaanweg (5.2-5.1 mya; Hendey, 1974, 1981; Matthews
et al., 2007). It is also present in later sites of the Pliocene and Pleis-
tocene boundary, such as members C, E, and G of the Shungura Form-
ation, Omo Group, Ethiopia (2.8—-1.9 mya; Howell and Petter, 1976;
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McDougall and Brown, 2008). A single record of V. leakeyi was also
recorded from the Morocco site, Ahl al Oughlam (2.6-2.5 mya; Ger-
aads, 1997; Peigné et al., 2008). Late Pliocene records of large viver-
rids from Africa are quite rare. Apart from the above mentioned, V.
leakeyi, only Pseudocivetta ingens (Petter, 1967) and an undescribed
species from Koobi Fora, which is not closely related to either of those
species, have been reported from this period (Peigné et al., 2008).

Eurasian large viverrids from the Late Miocene are relatively more
common, but due its scarcity and incompleteness of their remains, they
were described under several forms and species. In many cases, these
were of uncertain taxonomic affinities and position. Viverra howelli
is not only known from the African sites of Lothagam and Sahabi,
but also from the Italian site of Baccinello V3 (6.7-6.4 mya; Rook
and Martinez-Navarro, 2004; Rook et al., 2011). The closely related
forms, Civettictis howelli Morales, Pickford, Soria, 2005, and Pseudo-
civetta ingens Petter (1967), known from the Early Pliocene (4.9—
4.4 mya) sites like Magabet Formation (Tugen Hills, Kenya; Morales
et al., 2005), are characterised by more bunodont dentition (Leakey,
1965; Petter, 1967). Multiple species were erected from Middle Mio-
cene to Pleistocene sediments in the Siwaliks of India and Pakistan.
Among them are Viverra chinjiensis Pilgrim, 1932 and Viverra has-
noti from the Chinji and Nagri Formations (14.2-9.5 mya) (Pilbeam et
al., 1979; Sahni and Tiwari, 1979; Barry et al., 2002). Vishnuictis sal-
montanus Pilgrim, 1932 was found in the early Dhok Pathan Formation
of the Middle Siwaliks (8.7-8.5 mya), while remains of Viverra bakerii
Bose, 1880 and Vishnuictis durandi (Lydekker, 1884) came from the
Pinjor stage of the Upper Siwaliks (3.5-3.2 mya) (Matthew, 1929; Pil-
grim, 1932; Barry, 1995; Peigné et al., 2008). From Cap Travertine at
Zhoukoudian, another form Viverra peii Qiu, 1980 was described Qiu
(1980) and was dated from 3.6-3.2 mya. Hunt (1996), however, con-
siders V. peii as a synonym of V. durandi. Fossil material of Hyaen-
ictitherium intuberculatum (Ozansoy, 1965) from the Turkish site of
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Yassioren (7.4-7.1 mya), originally classified as Ictitherium (Ozansoy,
1965), was regarded by Fejfar and Sabol (2004) as the largest viverrid
Hesperoviverra intertuberculata (Ozansoy, 1965); however, this opin-
ion was later rejected (De Bonis, 2004; Peigné et al., 2008).

We present the first record of M. carpathorum from the Polish site
of Weze 1. The spatial and temporal fit with other European occur-
rences from Ivanovce 1 and Arondelli-Triversa. These Late Pliocene
large viverrids represent a dispersal of one genus of Asian origin (Kret-
zoi and Fejfar, 1982; Fejfar and Sabol, 2004).

Material and methods

The identification of the fossilis analysed in the paper was performed
using the basic morphometric analysis. Measurements were taken point
to point with the Landmark system to the nearest 0.01 mm. Meas-
urements were taken using a set for image analysis with an Olympus
(Olympus stereomicroscope ZSX 12, camera Olympus DP 71, program
Cell D). A Canon EOS 5D camera was used to prepare the photographic
documentation of the fossil material. Throughout the text, upper teeth
are referred to as capital letters (e.g. P4) and the lower as lower-
case letters (e.g. p4). The geologic timescale and subdivisions were
based on the International Chronostratigraphic Chart (v2018/08), ap-
proved by the International Commission on Stratigraphy (http://www.
stratigraphy.org/index.php/ics-chart-timescale). Abbreviations used in
the text are as follows: B —breadth, B ta — talonid m1 breadth, B tr — tri-
gonid m1 breadth, L — length, L ta — talonid m1 length, L tr — trigonid
m1 length, mya — million years ago, W1 — Weze 1.

The material of M. carpathorum from Weze 1 was never mentioned
or studied, and the material described here is the first Polish record
of this species. All of the fossil material is stored in the Institute of
Systematics and Evolution of Animals, Polish Academy of Sciences
in Krakéw.

Geological settings

Weze 1 (51°5'45” N 18°47'21” E, 220 m a. s. 1.) is located in an
abandoned quarry in the village of Weze near the small town of Dzi-
atoszyn, Wielunt Upland, central Poland (Fig. 1). The site was formed
after the collapse of a large, vertical cave, which was filled with sedi-
ments. This locality was mentioned for the first time before World War
2 (Samsonowicz, 1934). From the late 1940’s until the mid-1970’s, in-
tensive excavations were conducted, resulting in the removal of most
of the sediment from the site. Samsonowicz (1934) divided the depos-
its into red and grey breccia, while Glazek et al. (1976) assigned them
to three main sedimentation periods. The oldest layers (6.0-5.5 mya)
covered the cave bottom. They were formed of residual red clay with
an admixture of pinkish limestone rubble, covered by a thick layer of
light flowstone calcite that covered almost the entire cave bottom. The
layer was almost sterile from fossils. The second deposition period
(3.6-3.2 mya) included thick deposits of red, sandy clay with the ad-
dition of small concretions and fossils. The clay gradually passed into
a thick grey breccia. The layers were laminated on the surface, and
the lamination gradually disappeared deeper into the profile. The sur-
face was covered with sandy clay deposits with an admixture of frag-
mented calcite and limestone. The youngest sedimentary series (1.0—
0.8 mya) comprised periglacial deposits in the form of yellowish clay
sands, cemented with rock rubble. In addition, there were almost no
fossils (Glazek et al., 1976; Glazek and Szynkiewicz, 1987). A de-
tailed analysis of the abundant faunal assemblage showed that the main
fauna from Weze 1 is dated at 3.8-3.4 mya. The site yielded 118 ver-
tebrate species, with 9 amphibians, 11 reptiles, 4 birds, 35 insectivores,
10 bats, 1 lagomorph, 30 rodents, 14 carnivores, 2 perissodactyls, and
2 artiodactyls (Table S1; Marciszak et al., 2024 and references therein).

Systematic Paleontology
Order Carnivora Bowdich, 1821
Suborder Feliformia Kretzoi, 1945
Infraorder Aeluroidea Flower, 1869
Parvorder Viverroidea Gray, 1821
Family Viverridae Gray, 1821
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Figure 1- Location of Weze 1 site within territory of Poland.

Subfamily Viverrinae Gray, 1821
Genus Megaviverra (Kretzoi and Fejfar, 1982)
Megaviverra carpathorum (Kretzoi and Fejfar, 1982)

Material: right C1 (MF/7935; L - 10.44mm, B - 6.87mm); left
mandibular fragment with pl-p3 (MF/7936; pl: L - 527mm, B -
3.44mm; p2: L - 1047 mm, Ba - 4.34mm, Bp - 5.14mm; p3: L -
13.78 mm, Ba - 5.44 mm, Bp - 6.88 mm, mandibular body height x
thickness after the p4 is 24.8911.57 mm); left mandibular fragment
with p4 (MF/7937; L p4 - 15.56 mm, Ba - 7.54 mm, Bp - 8.89 mm,
mandibular body height x thickness after the p4 is 26.8412.23 mm);
trigonid of left m1 (MF/7938; L tr - 13.14 mm, B tr - 11.45 mm).

Diagnosis: large and stout species, P4 with a well-developed parastyle,
ml with a weak hypoconulid.

Description: the canine is elongated and narrow, with a lateral,
strongly arched and flattened profile. The crown and the root are
similar in length. The buccal and lingual surfaces are smooth. The
mandibular body is elongated, high and robust, and its height increases
distally(Fig. 2). Two similarly sized, oval, mental foramens are located
on the buccal side. The mesial one is situated below the p1, while the
distal one is below the mesial root of p3 and is slightly higher than the
mesial one. The longitudinal, lingual groove of the mandibular body
is strongly developed. The tooth row is almost straight in the occlusal
view. The teeth between cl—pl and p2 and p3 are tightly positioned,
and there are no diastemas between them. The relatively long diastema
is present between pl and p2. The apexes of all three conical premol-
ars, namely p2, p3, and p4, are located nearly at the same level (Fig. 2).

The proportionally large p1 fits tightly to the c1. The mesial, steep
edge is strongly convex, while the distal ridge is distinctly longer. From
the apex of p1 runs a delicate, thin crest, which reaches the weak, distal
cingulum. The mesial and distal margins are blunt and the lingual
is weakly convex, while the buccal one is strongly convex. The two-
rooted p2 are elongated and oval and bear an elongated, distal, singular
projection. The crown has an apex that is positioned strongly forward
with the straight buccal and lingual margins. The mesial and distal
margins are blunt. The crown expands gradually and uniformly distally.
Located just after the protoconid is a minute, but well-recognised meta-
conid. It is low and rounded and separated from the main cuspid and
from the moderately developed distal cingulum. The elongated and
narrow p3 is tear-shaped in the occlusal view. The apex of the mod-
erately prominent protoconid is moved forward, but not as strongly as
in p2. Distally to the protoconid there is a low-situated, elongated, and
an oval metaconid. This cuspid is well-separated from the protoconid
by a narrow, deep, and V-shaped valley. The distal metaconid is sep-
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arated from the cingulum by a crescent, shallow, and wide valley. The
width of the tooth increases notably distally. The buccal margin is al-
most straight, similar to the first half of the lingual margin. A moderate
convexity occurs on the distal half. The mesial and distal margins are
blunt. A distal, strong cingulum forms a thick wall (Fig. 2).

Figure 2 —Remains of Megaviverra carpathorum from Weze 1: A - left mandible (MF/7936),
2 - left mandible (MF/7937), C - left m1 (MF/7938), D - right Cl (MF/7935). All individuals
showed on the same scale (10 mm), 1 - buccal view, 2 - lingual view, 3 - occlusal view.

The two-rooted p4s have a compact build, with the crown strongly
broadening distally. A high and prominent protoconid is centrally posi-
tioned and has a particularly robust cuspid, occupying almost the entire
surface of the crown on which it is located. From its apex starts two
thin but well-recognised ridges, which run up to the cusp base. Me-
sial to the protoconid there is a relatively large and distinct paraconid.
The cuspid apex is oriented strongly mesially and slightly lingually.
The elongated paraconid is rectangular and located perpendicular to
the crown axis. Surprisingly, after the protoconid there is a large hypo-
conid. It is an elongated, low, and oval-shaped cuspid. It is separated
by a wide, U-shaped groove, and runs parallel to the tooth axis. Distal
to this cuspid there is a crescent, shallow, and moderately wide valley.
After this cuspid is a crescent, shallow, and moderately wide valley.
The distal margin is collared by a wall of thick cingulum. The mesial
and distal margins are blunt. The mesial half of the lingual margin is
straight, while the distal half is moderately convex. The buccal margin
is moderately arched with a gentle, median concavity on the transition
between the proto- and hypoconid.

The preserved trigonid of m1 is long and robust and is moderately
arched. A strong, mesio-lingual mesial margin is triangular in the oc-
clusal view, and a relatively low paraconid is oriented and sharpened.
The prominent and voluminous protoconid has a convex buccal mar-
gin. It is well-separated from the paraconid by a notably deep and V-
shaped valley, running diagonally between both main cusps. A distinct
and large metaconid is oriented strongly disto-lingually, and creates an
angle of 45° with the protoconid. The lingual margin possesses only
a moderate, median convexity at the metaconid level. The mesial and
buccal margins are collared by a thick cingulum.

Discussion

Comparison

Three mandibular body fragments from Weze 1 and Ivanovce 1 (SNM-
MNH, Z 26386/65261) reveals several similarities. The massiveness
and stoutness of the mandibular body, the spacing and shape of the
mental foramens are well-documented. In addition, the teeth morpho-
logy is similar. There are some differences between the p4 of Weze 1
and Ivanovce 1. The main feature is the presence of a double hypo-
conid after the protoconid, with the larger part on the buccal side and
the smaller part on the lingual side. It is quite unusual that an additional
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Figure 3 — Size comparison of Megaviverra carpathorum from Weze 1 with German shep-
herd Canis familiaris (shoulder height 70 cm). Drawing by W. Gornig. .

cuspid is bipartite. In Ivanowce, the p4 possesses only an elongated and
high metaconid, which runs obliquely to the crown axis and from the
disto-lingual to the mesio-buccal direction. We interpreted this not as
a diagnostic feature, rather as a dental abnormality. Such character-
istics are not common, but are regularly noted in carnivores (Wolsan,
1984a,b). The m1 trigonid of the Weze 1 and Ivanovce 1 individuals
are almost indistinguishable metrically and morphologically.

Megaviverra apennina was identified from a single, right mandibular
body with c1 and p3—-m1 from Arondelli-Triversa. The species is smal-
ler than the Weze 1 and Ivanovce 1 individuals and has a less-massive
build. The mandibular body is less stout and is on the lingual side, pos-
sessing a longitudinal, lingual furrow that is especially strong in the
first half of its length. This structure is absent in M. carpathorum. The
premolars of M. apennina are narrower (massiveness indexes (Bp/L).
In Arondelli-Triversa, the premolars are 42.4 for p2, 42.1 for p3, and
42.9 for p4, while for M. carpathorum from Weze 1, the premolars are
49.1 for p2, 49.9 for p3, and 57.1 for p4. In the occlusal, the trans-
ition between the mesial and distal crown parts are less marked. In the
p3-p4 protoconid, the main cuspid is lower and less robust. In m1 of
M. apennina, the paraconid is less expanded mesially, while the partic-
ularly strong metaconid is more vertical with a smaller angle between
the protoconid and metaconid.

Viverra howelli also cannot be taken into consideration, since the
trigonid length of m1 (13.14 mm) considerably exceeds the length of
the complete m1 of this species (10.4—11.2 mm) (Howell, 1987; Rook
and Martinez-Navarro, 2004)) or is at least similar in length (13.7 mm;
Peigné et al. 2008).

Based on the analysis conducted here, the large viverrid from Weze
1 was determined to be M. carpathorum, especially by its metrical
and morphological similarity to the fossil material from the Slovak site
Ivanovce 1. Based on these comparisons, the remains show some af-
finities to the material from Arondelli-Triversa. Given the wide geo-
graphical and stratigraphical gap that exists between the different forms
and species, a specific distinction cannot be ruled out. African and
Asian species are probably closely related; however, some of those
forms might in fact belong to different hypercarnivorous viverrid lin-
eages (Hunt, 1996). A thorough analysis of the whole African taxa,
but also of the Eurasian material, will be necessary to determine the
systematic position of those large viverrids.

In the described material from Weze 1, the large dimensions and ro-
bust build of those remains are notable. This is especially visible when
compared the individual from Weze 1 to the extant Civettictis civetta
(Schreber, 1776). This largest African viverrid, is an animal with a
head and body length of 70-100 cm, shoulder height 40-50 cm and
of 8-20 kg weight (Ray, 1995). When comparing the teeth size of C.
civetta (L p4 10.6, 10.1-11.2mm, L m1 14.07 mm, 13.70-14.40 mm;
Peigné et al. (2008)) with those of the Weze 1 viverrid (L p4 15.56 mm,
estimated L m1 of ca. 20mm), it is clear that we are dealing with an
animal that is 1/3 larger (Fig. 3).

In the literature, there is some confusion regarding the names, Mega-
viverra and Hesperoviverra (Peigné et al., 2008)). In their first public-
ation, Fejfar (1961) described material from Ivanovce 1 as being close
to V. durandi, and classified it as Viverra sp. Later, Kretzoi and Fejfar
(1982) determined this material as M. carpathorum. For the first time,
the name H. carpathorum appears in a faunal list from the Ivanovce site
(Kretzoi and Fejfar, 1982). Just one year later, Kretzoi (1986), who be-
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lieved that this name was a homonym of Megaviverra Qiu, 1980, pro-
posed Hesperoviverra n. gen. as a replacement name for Megaviverra
Kretzoi and Fejfar, 1982; however, Geraads (1997) pointed out that the
genus Megaviverra Qiu, 1980 is a nomen nudum, since no definition or
name was proposed expressly as a new replacement name and there was
no fixation of a species type (Peigné et al., 2008). According to the Art.
13 in the International Code of Zoological Nomenclature, this action
is not a valid nomenclatural act (ICZN, 1999). For the same reasons,
the name Hesperoviverra Fejfar and Heinrich, 1985, used by Fejfar and
Sabol (2004), was a nomen nudum (ICZN, 1999). Consequently, the
term Megaviverra Kretzoi and Fejfar, 1982 is a valid name, of which
Hesperoviverra Kretzoi, 1986 is a junior synonym. Peigné ez al. (2008)
do not agree with the assignment of H. intuberculatum to Megaviverra
and to the Viverridae, since the studies of the holotype material from
Yassioren show affinities of this species to the Hyaenidae Gray, 1821
(De Bonis, 2004). In this article, we do not re-open discussion about
the taxonomic affinities and the position of particular findings. The ma-
terial is still too scanty to give any definitive results, so further, more
extensive research is needed when new material appears.

Importance of Megaviverra in the Pliocene carnivoran
guild

Within the Central European biostratigraphy, the appearance of M.
carpathorum constitutes an interesting and exotic event. Earlier, Late
Miocene European faunas, so called Turolian Hipparion faunas, with
prevailing species of the genus Ictitherium Trouessart, 1897 do not yet
include the large viverrids (Kretzoi and Fejfar, 1982; Semenov, 2001;
Fejfar and Sabol, 2004; Spassov et al., 2018; Sabol et al., 2021). The
occurrence of M. carpathorum in Ivanovce 1 and Weze 1 represent an
exceptional record of a short-term eastern migration event of a rare but
successful carnivore, which preceded the main wave of the Canidae
Fischer, 1817 (Fejfar and Sabol, 2004). During the Late Miocene and
Early Pliocene in Africa (Toros Menalla, Langebaanweg) there were
ictitheriids contemporary with giant viverrids (De Bonis et al., 2005;
Peigné et al., 2008; Hendey, 1974). The presence of the large viverrids
in Europe filled the gap after the disappearance of ictitheriids and just
before the appearance of the true canids. This event was restricted spa-
tially (northern Italy, Poland, Slovakia) and temporary (MN 15b—16a,
3.8-2.8 mya).

During this interval, those large viverrids co-existed with forms
from the genus, Eucyon Tedford and Qiu, 1996, which appeared in
Europe already ca. 7.9-7.4 mya ago, as is documented from the Iberian
sites, Concud and Los Mansuetos, both near the city of Teruel (Crusa-
font Paird, 1950; Pons Moy4 and Crusafont Pair6, 1978; Rook et al.,
1991; Rook, 1992, 1993, 2009; Torre et al., 1992; Alcald Martinez,
1994). During the earliest Pliocene (5.2 mya) of Langenbaanweg
(South Africa), co-occurred both, giant viverrids (V. leakeyi) (Hendey
1974) and jackal-sized canids (Eucyon khoikhoi) (Valenciano et al.,
2022).

It was demonstrated however, that this Spanish form doesn’t belong
to Eucyon and was interpreted a “Canis” cipio, stating it is not Canis
nor Eucyon (Valenciano et al., 2022). In Weze 1, M. carpathorum co-
existed with Eucyon odessanus (Odintzov, 1967), which was a jackal-
sized species that was widespread in Moldova, Ukraine, Greece, and
Turkey (Rook, 1993, 2009; Marciszak et al., 2023). The records from
MN 15b documented the latest occurrence of the genus Eucyon (Mar-
tin, 1973; Rook, 1992, 1993, 2009; Marciszak et al., 2023). The ex-
tinction of this canid in the latest Pliocene is correlated in time with the
appearance of the first representatives of the genus, Canis and Lycaon,
in Eurasia (Monguillon, 2005; Lacombat, 2006; Lacombat et al., 2008;
Sotnikova and Rook, 2010). The westward invasion of Canis dogs
put an end to the domination of eucyons, especially as they emerged
in a larger, social, and much more advanced form (Marciszak et al.,
2023). This was also probably the main factor that led slightly later
large European viverrids like M. carpathorum to final extinction. After
extinction, they never again appeared in the territory of Europe. £%

References

Alcald Martinez L., 1994. Macromamiferos nedgenos de la fosa de Alfambra-Teruel. 562
p- Museo Nacional de Ciencias Naturales, Madrid.

Barry J.C., 1995. Faunal turnover and diversity in the terrestrial Neogene of Pakistan. In:
VrbaE.S., Denton G.H., Partridge T.C., Burckle L.H. (Eds.) Paleoclimate and evolution,
with emphasis on human origins. Yale University Press, New Haven. 115-134.

Barry J.C., Morgan M.E., Flynn L.J., Pilbeam D., Behrensmeyer A.K., Raza S.M., Khan
I.A., Badgley C., Hicks J., Kelley J., 2002. Faunal and environmental change in the Late
Miocene Siwaliks of northern Pakistan. Paleobiology 28(2): 1-71. doi:10.1666/0094-
8373(2002)28[1:FAECIT]2.0.CO;2

Crusafont Pairé M., 1950. El primer representante del género Canis en el Pontiense Euras-
iatico (Canis cipio nova sp). Bol. R. Soc. Esp. Hist. Nat. Sec. Biol. 48: 175-185.

de Bonis L., 2004. Carnivores hyaenidés du Miocene supérieur de Turquie. Misce. hom.
Emiliano Aguirre Vol. 2 - Pal., Colecc. Zona Arq. 4: 108-117.

de Bonis L., Peigné S., Likius A., Mackaye H.T., Vignaud P., Brunet M. 2005. Hyaenic-
titherium minimum, a new ictithere (Mammalia, Carnivora, Hyaenidae) from the late
Miocene of Toros-Menalla, Chad. C. R. Palevol 4(8): 671-679. doi:10.1016/j.crpv.2005.
09.020

Fejfar O., 1961. Die plio-pleistozdinen Wirbeltierfaunen von Hajnicka und Ivanovce
(Slowakei), CSR. I. Die Fundumstinde und Stratigraphie. Neues Jahrb. Geol. Paldontol.
Abh. 111(3): 257-273.

Fejfar O., Heinrich W.-D., 1985. Zur Bedeutung der Wirbeltierfundstitten von Ivanovce und
Hajnacka fiir die Sdugetierpaldontologie im Pliozén und friihen Pleistozin in Europa:
Kenntnisstand und Probleme. Véstn. Ustied. tst. geol. 60(4): 213-224.

Fejfar O., Sabol M., 2004. Pliocene carnivores (Carnivora, Mammalia) from Ivanovce and
Hajndcka (Slovakia). Cour. Forsch. Senckenberg 246: 15-53.

Geraads D., 1997. Carnivores du Pliocéne terminal d’Ahl al Oughlam (Casablanca, Maroc).
Geobios 30(1): 127-164. doi:10.1016/S0016- 6995(97)80263- X

Ginsburg L., 1977. Les carnivores du Miocéne de Beni Mellal (Maroc). Géol. Méditerr.
4(3): 225-240.

Gtazek J., Sulimski A., Wysoczariski-Minkowicz T., 1976. On the stratigraphic position
of Weze I locality, Middle Poland. Proceedings of the 6" International Congress of
Speleology, 1: 435-442.

Gtazek J., Szynkiewicz A., 1987. Stratygrafia mlodo- trzeciorzedowych i wczesnoczwar-
torzgdowych osadéw krasowych i jej paleogeograficzne implikacje. In: Problemy mtod-
szego neogenu i eoplejstocenu w Polsce. Materialy Konferencji Naukowej: Plioceniska i
eoplejstoceriska sie¢ rzeczna i zwigzane z nig kompleksy osadéw gruboklastycznych w
Polsce. Ossolineum, Wroctaw. 113-130.

Haile-Selassie Y., Howell F.C., 2009. Carnivora. In: Haile-Selassie Y., WoldeGabriel G.
(Eds.), Ardipithecus kadabba: Late Miocene evidence from the Middle, Ethiopia. Uni-
versity of California Press, Berkeley.

Hendey Q.B., 1974. The Late Cenozoic carnivora of the south-western Cape Province. Ann.
S. Afr. Mus. 63: 1-369.

Hendey Q.B., 1981. Palacoecology of the Late Tertiary fossil occurrences in ‘E’ Quarry,
Langebaanweg, South Africa, and a reinterpretation of their geological context. Ann. S.
Afr. Mus. 84: 1-104.

Howell F.C., 1987. 14. Preliminary observations on Carnivora from the Sahabi Formation
(Libya). In: Boaz N.T., El-Arnauti A., Gaziry A.W., Heinzelin J.d., Boaz D.D. (Eds.)
Neogene palaeontology and geology of Sahabi. Alan R. Liss, New York. 153-181.

Howell F.C., Petter G., 1976. Indications d’age données par les Carnivores de la formation
d’Hadar (Ethiopie orientale). C. R. Acad. Hebd. Seances Acad. Sci. D 282: 2063-2066.

Hunt Jr.R.M., 1996. Basicranial anatomy of the giant viverrid from ‘E’ Quarry, Langebaan-
weg, South Africa. In: Stewart K.M., Seymour K.L. (Eds.) Palacoecology and palacoen-
vironments of Late Cenozoic mammals: tributes to the career of C. S. (Rufus) Churcher.
University of Toronto Press, Toronto. 588-597.

ICZN 1999. International Commission on Zoological Nomenclature, International Code of
Zoological Nomenclature. 305 p. The International Trust for Zoological Nomenclature,
London.

Kretzoi M., 1986. Nochmals iiber Thalassictis und Ictitherium. Zeit. Geol. Wiss. 14(3):
367-372.

Kretzoi M., Fejfar O., 1982. Viverriden (Carnivora, Mammalia) im européischen Altpleis-
tozén. Zeit. Geol. Wiss. 10(7): 979-995.

Lacombat F., 2006. New data on the Early Villafranchian fauna from Vialette (Haute-Loire,
France). Collection of the Musee Crozatier (Le Puy-en-Velay, Haute-Loire). Strati-
graphy, paleontology and paleoenvironment of Pliocene-Pleistocene of Transbaikalia
and interregional correlations. In: Proceedings of the International Symposium, Ulan-
Ude, Russia, 28 August-3 September 2006, 56.

Lacombat F., Abbazzi L., Ferretti M.P., Martinez-Navarro B., Martinez P.E., Palombo
M.R., Rook L., Turner A., Valli AM.F.,, 2008. New data on the Early Villafran-
chian fauna from Vialette (Haute-Loire, France) based on the collection of the Croz-
atier Museum (Le Puy-en-Velay, Haute-Loire, France). Quat. Inter. 179: 64-71. doi:
10.1016/j.quaint.2007.09.005

Leakey L.S.B., 1965. Olduvai Gorge 1951-1961. Volume 1. 118 p. Cambridge University
Press, Cambridge.

Lorenzo R., Oms O., Benvenuti M.G., Papini M., 2011. Magnetostratigraphy of the Late
Miocene Baccinello-Cinigiano basin (Tuscany, Italy) and the age of Oreopithecus bam-
bolii faunal assemblages. Palaeogeogr. Palaeoclimatol. Palacoecol. 305(1-4): 286-294.
doi:10.1016/j.palaeo.2011.03.010

Lydekker R., 1884. Indian Tertiary and post-Tertiary Vertebrata. Palacont. Indica 10(3):
1-258.

Marciszak A., Lipecki G., & Spassov N., 2024. Martes wenzensis Stach, 1959 within the
early history of the genus Martes Pinel, 1792. Acta Geol. Pol. 74 (1). doi:10.24425/agp.
2023.148027

Marciszak A., Kropczyk A., Gornig W., Kot M., Nadachowski A., Lipecki G., 2023. History
of Polish Canidae (Carnivora, Mammalia) and their biochronological implications on
the Eurasian background. Genes, 14(3): 539. doi:10.3390/genes14030539

Martin R., 1973. Trois nouvelles espéces de caninae (Canidae, Carnivora) des gisements
Plio-Villafranchiens d’Europe. Doc. Lab. géol. Fac. sci. Lyon 57: 87-96.

Matthew W.D., 1929. Critical observations upon Siwalik mammals. Bull. Am. Mus. Nat.
Hist. 56(7): 437-560.

Matthews T., Denys C., Parkington J.E., 2007. Community evolution of Neogene mi-
cromammals from Langebaanweg ‘E’ Quarry and other west coast fossil sites, south-
western Cape, South Africa. Palaeogeogr. Palacoclimatol. Palaeoecol. 245(3-4): 332—
352. doi:10.1016/j.palaeo.2006.08.015

75



Hystrix, It. J. Mamm. (2024)  35(1): 72-76

McDougall 1., Brown FH., 2008. Geochronology of the pre-KBS Tuff sequence, Omo
Group, Turkana Basin. J. Geol. Soc. 165(2), 549-562. doi:10.1144/0016- 76492006-170
McDougall I., Feibel C.S., 1999. Numerical age control for the Miocene-Pliocene succes-
sion at Lothagam, a hominoid-nearing sequence in the northern Kenya Rift. J. Geol.

Soc. 156(4): 731-745. doi:10.1144/gsjgs.156.4.0731

Monguillon A., 2005. Les grands mammiferes fossiles du Velay. Les collections paléon-
tologiques du Plio-Pléistocene du Musée Crozatier, Le Puy-en-Velay. Ann. Amis Mus.
Crozatier 13-14: 42-43.

Morales J., Pickford M., Soria D., 2005. Carnivores from the Late Miocene and Basal Plio-
cene of the Tugen Hills, Kenya. Rev. Soc. Geol. Espafia 18(1-2): 39-61.

Odintzov I.A., 1967. New species of Pliocene Carnivora, Vulpes odessana sp. nov. from the
Karst cave of Odessa. Paleont. Sbor. 4: 130-137.

Ozansoy F., 1965. Etude des gisements continentaux et des mammiféres du Cénozoique de
Turquie. Bull. Soc. geol. France 44(102): 1-92.

Peigné S., de Bonis L., Mackaye H.T., Likius A., Vignaud P., Brunet M.M., 2008. Sys-
tematic palaeontology (vertebrate palacontology) Late Miocene Carnivora from Chad:
Herpestidae, Viverridae and small-sized Felidae. C. R. Palevol,7(8): 499-527. doi:
10.1016/j.crpv.2008.10.002

Petter G., 1963. Etude de quelques viverridés (Mammiferes, Carnivores) du Pléistocéne
inférieur du Tanganyika (Afrique orientale). Bull. Soc. geol. France, 7(5): 265-274.

Petter G., 1967. Petits carnivores villafranchiens du Bed I d’Oldoway (Tanzanie). Problemes
actuels de Paléontologie (Evolution des Vertébrés). Collog. Int. Cent. Natl. Rech. Sci.
163: 529-538.

Petter, G., 1987. Small carnivores (Viverridae, Mustelidae, Canidae) from Laetoli. In:
Leakey M.D., Harris J.M. (Eds.) Laetoli: a Pliocene site in northern Tanzania. Clar-
endon Press, Oxford. 194-234.

Pilbeam D.R., Behrensmeyer A K., Barry J.C., Shah S.M.IL., 1979. Miocene sediments and
faunas of Pakistan. Postilla 179: 1-45.

Pilgrim G.E., 1932. The fossil Carnivora of India, memoirs of the geological survey of
India. Palacontol. Indica N. S. 18: 1-232.

Pons Moya J., Crusafont Pairé6 M., 1978. El Canis cipio Crusafont (1950), comparacion
con los canidos del Plioceno y Pleistoceno europeo. Acta Geol. Hisp. 13(4): 133-136.

QiuZ., 1980. Viverra peii, anew species from the “Cap” Travertine of Zhoukoudien. Verteb.
Palasiatica 18: 304-313.

Ray J.C., 1995. Civettictis civetta. Mamm. Species, 488: 1-7. doi:10.2307/3504320

Renne P.R., WoldeGabriel G., Hart W.K., Heiken G., White T.D., 1999. Chronostrati-
graphy of the Miocene-Pliocene Sagantole Formation, Middle Awash Valley, Afar
rift, Ethiopia. Geol. Soc. Am. Bull. 111(6): 869-885. doi:10.1130/0016-7606(1999)111\
textless0869:COTMPS\textgreater2.3.CO;2

Rook L., 1992. “Canis” monticinensis sp. nov., anew Canidae (Carnivora, Mammalia) from
the late Messinian of Italy. Boll. Soc. Paleontol. Ital. 31(1): 151-156.

Rook L., 1993. I cani dell’Eurasia dal Miocene Superiore al Pleistocene Medio. Ph.D. Dis-
sertation, Firenze and Roma “La Sapienza” Universities, Bologna-Modena, Italy.

Rook L., 2009. The wide ranging genus Eucyon Tedford and Qiu, 1996 (Mammalia, Car-
nivora, Canidae, Canini) in the Mio-Pliocene of the Old World. Geodiversitas 31(4):
723-741. doi:10.5252/g2009n4a723

Rook L., Ficcarelli G., Torre D., 1991. Messinian carnivores from Italy. Boll. Soc. Paleontol.
Ital. 30(1): 7-22.

Rook L., Oms O., Benvenuti M., Papini M. 2011. Magnetostratigraphy of the Late Miocene
Baccinello-Cinigiano basin (Tuscany, Italy) and the age of Oreopithecus bambolii faunal

76

assemblages. Palacogeogr. Palaeoclimatol. Palacoecol. 305(1-4): 286-294. doi:10.1016/j.
palaeo.2011.03.010

Rook L., Martinez-Navarro B., 2004. Viverra howelli n. sp., a new viverrid (Carnivora,
Mammalia) from the Baccinello-Cinigiano Basin (latest Miocene, Italy). Riv. Ital. Pale-
ont. Strat. 110(3): 719-723. doi:10.13130/2039-4942/5836

Sabol M., Joniak P., Bilgin M., Boilla-Solomén I., Cailleaux F., Cerfiansky A., Malikova
V., Sedivd M., Téth C., 2021. Updated Miocene mammal biochronology of Slovakia.
Geol. Carpat. 72(5): 425-443. doi:10.31577/GeolCarp.72.5.5

Samsonowicz J., 1934. Zjawiska krasowe i trzeciorzgdowa brekcja kostna w Wezach pod
Dziatoszynem. Zab. Przyr. Nieozyw. Ziem Rzeczyp. Pol. 3: 151-162.

Sahni A., Tiwari B.N., 1979. Lower Siwalik vertebrates from Kalagarh District Pauri Gar-
hwal, U. P. Hima. Geol. 9(1): 339-347.

Sawada Y. Pickford M. Senut B., Itaya T., Hyodo M., Miura T., Kashine C., Chujo T., Fujii
C., 2002. The age of Orrorin tugenensis, an early hominid from the Tugen Hills, Kenya.
C. R. Palevol 1(5): 293-303. doi:10.1016/S1631-0683(02)00036- 2

Schreber J.C.D., 1776. Die Saugthiere in Abbildungen nach der Natur mit Beschreibungen
1776-1778. Wolfgang Walther, Erlangen.

Semenov Y., 2001. Stratigraphic distribution of the terrestrial carnivores in the Vallesian
and Turolian of Ukraine. Beit. Paldont. 26: 139-144.

Sotnikova M. V., Rook L., 2010. Dispersal of the Canini (Mammalia, Canidae: Caninae)
across Eurasia during the Late Miocene to Early Pleistocene. Quat. Inter. 212(2): 86—
97. doi:10.1016/j.quaint.2009.06.008

Spassov N., Geraads D., Hristova L., Markov G.N., Garevska B., Garevski R., 2018. The
late Miocene mammal faunas of the Republic of Macedonia. Palacont. A 311(1): 1-85.
doi:10.1127/pala/2018/0073

Torre D., Ficcarelli G., Masini F., Rook L., Sala, B. 1992. Mammal dispersal events in the
Early Pleistocene of Western Europe. Cour. Forsch. Senckenberg 153: 51-58.

Valenciano A., Morales J., Govender R. 2022. Eucyon khoikhoi sp. nov. (Carnivora, Can-
idae) from Langebaanweg 'E’ Quarry (early Pliocene, South Africa): the most com-
plete African canini from the Mio-Pliocene. Zool. J. Linn. Soc. 194(2): 366-394.
doi:10.1093/zoolinnean/zlab022

Werdelin L., 2003. Mio-Pliocene Carnivora from Lothagam, Kenya. In: Leakey M.G., Har-
ris J.D. (Eds.) Lothagam: the dawn of humanity in eastern Africa. Columbia University
Press, New York. 261-328.

Werdelin L., Lewis M.E., 2005. Plio-Pleistocene Carnivora of eastern Africa: species
richness and turnover patterns. Zool. J. Linn. Soc. 144(2): 121-144. doi:10.1111/j.1096-
3642.2005.00165.x

Wolsan M., 1984a. The origin of extra teeth in mammals. Acta Ther. 29(10): 128-133.

Wolsan M., 1984b. Dental abnormalities in the pine marten Martes martes (L.) (Carnivora,
Mustelidae) from Poland. Zool. Anz. 213(1-2): 119-127.

Associate Editor: Castiglione S.

Supplemental information

Additional Supplemental Information may be found in the online version of this arti-
cle:

Table S1 List of taxa from Weze 1.



