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Abstract

New and previously discussed suid remains recovered from Untermassfeld (Thuringia, Germany) are de-
scribed. The late Early Pleistocene site of Untermassfeld yielded one of the most abundant samples of Epi-
villa­franchian suids, and yet only a minimum number of 6 individuals has been identified. Untermassfeld
suids have been considered the first representatives of the extant wild boar and ascribed to Sus scrofa 
priscus, then reassigned to Sus sp., and eventually to Sus strozzii. The latter attribution is favoured herein 
and some morphological differences from typical Villafranchian S. strozzii are noticed, which seem to be 
consistently present in other Epivillafranchian samples. At the moment it is not possible to evaluate whether 
these traits emerged abruptly in Epivillafranchian populations or were the result of gradual changes not 
recorded in the scanty post-Olduvai (c. 1.8 Ma) European suid record.

1. Introduction

Suids represent not but a fraction of the mammalian remains recovered from the late Early Pleistocene site 
of Untermassfeld (Thuringia, Germany), the minimum number of individuals (MNI) being only 6, including 
3 juveniles and 3 adults (Kahlke 2006; in this volume), accounting for only 1.3% of all large mammals. Yet 
they played an important role in shaping the palaeobiological thought on the dispersal of the extant wild
boar, Sus scrofa Linnaeus, 1758, into Europe. Indeed, Untermassfeld suids were described as the earliest fos-
sil evidence of S. scrofa and assigned to S. scrofa priscus Goldfuss, 1823 (Guérin and Faure 1997), culminat-
ing the hypothesis of a progressive trend towards smaller dimension and more complex molar morphology
in the evolution of the species (Hünermann 1965; 1969; 1975; Faure and Guérin 1983; Guérin and Faure 
1997). Guérin and Faure (1997) suggested that the first representatives of S. scrofa coexisted with the last
populations of Sus strozzii Forsyth Major, 1881, a typical suid of European Villafranchian faunas (Azzaroli 
1954; Faure and Guérin 1984; Cherin et al. 2018; Iannucci et al. 2020a). The attribution of Epivillafranchian
suids engendered controversy and debate, with different samples assigned to S. scrofa, S. strozzii, or Sus sp.
(Iannucci et al. 2020a). Martínez-Navarro et al. (2015) argued that suids are basically absent from European
localities dated between c. 1.8 and 1.2 Ma and interpreted the whole Epivillafranchian contingent as S. gr.
scrofa, i. e., as the arrival of a species phylogenetically related to the extant wild boar. According to this
hypothesis, the wild boar dispersal would be approximately concurrent with other faunal events chosen to
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denote the beginning of the Epivillafranchian at c. 1.2 Ma (Kahlke 2006; 2007; 2009; Bellucci et al. 2015),
and hence of great biochronological value. However, an almost complete mandible of S. strozzii was de-
scribed from the post-Jaramillo (c. 0.99 Ma) locality of Frantoio (Bona and Sala 2016). Indeed, Van der Made 
et al. (2017) did not recognise any gap in the c. 1.8–1.2 Ma European suid fossil record, but classified the
latest Early Pleistocene specimens as Sus sp., including the sample from Untermassfeld. Eventually, Cherin 
et al. (2020) argued that Epivillafranchian suids should be ascribed to S. strozzii, remarking that all lower 
male canines known from Epivillafranchian localities show a verrucosic section (i. e., with the two lateral 
sides almost equal in length and larger than the distal facet), different from the scrofic section of S. scrofa 
(i. e., with the lingual side shorter than the distal facet). In suids, canines are sexually dimorphic and in male
individuals they project outwards and often upwards from the skull, with a variety of forms and shapes ex-
hibited by extant and extinct species (e.g., Stehlin 1899–1900; Cooke and Ewer 1972; Hardjasasmita 1987;
Orliac et al. 2010; Macdonald and Shaw 2018). The dichotomy between scrofic and verrucosic canines is
of great relevance within Sus, although several authors recognised intermediate morphologies (e. g., Fujita 
et al. 2000; Dong 2008; Sun et al. 2021). The suid canines from Untermassfeld were described as scrofic
(Guérin and Faure 1997), but later reconsidered as verrucosic (Van der Made et al. 2017; Cherin et al. 2020).
However, Van der Made et al. (2017) did not provide further details, while Cherin et al. (2020) only redis-
cussed one previously published canine (Guérin and Faure 1997).
The suid material from Untermassfeld is redescribed herein and its taxonomic status is reviewed, also con-
sidering previously unpublished specimens.

2. Material and methods

The suid material described in this work is part of the Untermassfeld collection housed in the Senckenberg 
Research Station of Quaternary Palaeontology Weimar (IQW) in Germany. Most fossils were recovered from 
the south-eastern part of the excavation area, accordingly nicknamed »Schweineecke«, i. e., the »pig cor-
ner« (Ellenberg and Kahlke 1997).
Comparative material of S. scrofa and S. strozzii has been studied in the following institutions: 
CMNH: Civic Museum of Natural History, Trieste (Italy); HNHM: Hungarian Natural History Museum, Buda-
pest (Hungary); IGF: Natural History Museum of Florence, section of Geology and Paleontology (Italy); 
IsIPU: Italian Institute of Human Paleontology, Anagni (Italy); MACUS: Comparative Anatomy Museum 
»Battista Grassi«, Sapienza University of Rome (Italy); MANA: Civic Archaeological-Naturalistic Museum
»Adolfo Klitsche de la Grange«, Allumiere (Italy); MNCN: National Museum of Natural Sciences, Madrid
(Spain); MPM: Paleontological Museum, Accademia Valdarnese del Poggio, Montevarchi (Italy); MUST: Uni-
versity Museum of Earth Sciences (including the former MPUR: Museum of Paleontology), Department of 
Earth Sciences, Sapienza University of Rome (Italy); NMB: Natural History Museum, Basel (Switzerland); 
NMM: Natural History Museum, Mainz (Germany); NWHCM: Norwich Castle Museum (UK); PF: PaleoFac-
tory Laboratory, Department of Earth Sciences, Sapienza University of Rome (Italy).
The expression »typical S. strozzii« is used throughout the text for referring to samples from localities cus-
tomarily dated at c. 2.0–1.8 Ma, from which most fossils of the species have been recovered (Azzaroli 1954;
Cherin et al. 2018; Iannucci et al. 2020a).
Measurements were taken with a digital calliper to the nearest 0.1mm, mainly following Driesch (1976) and 
Van der Made (1996). The latter work is also the reference for the dental nomenclature used herein. When 
feasible, measurements were taken on both sides and the mean of measured values is used. When referring 
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to canines a superscript (for upper teeth) or subscript (for lower teeth) letter is used to denote males (m) or 
females (f) specimens (e. g., Cf = lower female canine). Measurements abbreviations are as follows: 
LLD: labio-lingual diameter in incisors; MDD: mesio-distal diameter in incisors (maximum diameter of the
crown in I3); ID-MP: Infradentale-mental prominence (length of the mandibular symphysis); WMM1: width of 
the mandible in front of m1; L: length; W: width (-m: mesial; -d: distal/second lobe; -t: third lobe); cLi: length 
of the lingual side in Cx; cLa: length of the labial side in Cx; cD: length of the distal side in Cx.

3. Description

3.1. Cranium and mandible

IQW 1985/20509 (Mei. 20028) is a juvenile cranium with both tooth series preserved, inclusive of DI1-DI3, 
P1, DP2-DP4, M1, and the germ of M2 (Fig. 1, Table 1). Although fragmented, especially at the level of the 
maxilla, the preserved portion of the specimen is almost undeformed. In lateral view the vault of the cranium
is dorsally convex and gently curved (Fig. 1c). The lacrimal bone has a sub-rectangular shape and preserves 
a lacrimal foramen. The orbit is wide, and its anterior margin ends above the distal margin of the germ of 
M2. It preserves the opening of the supraorbital canal. In dorsal view the zygomatic arches are gradually 
departing from the maxilla, their anterior (maxillary) portion ends above DP4, while the malar bone departs 
from the maxilla roughly above M1. The parietal lines are well-separated, the minimum distance between 
them being 33.2mm (Fig. 1d). Since the cranium belongs to a juvenile individual, most of these characters 
differs from the adult condition.
The juvenile mandible IQW 1980/16539 (Mei. 16060) belongs to the same individual of IQW 1985/20509 
(Mei. 20028). It preserves part of the left ascending ramus, a good portion of both mandibular corpi, the 
symphysis, left and right DI1-DI2, germ of I3, and DP2-M1 (Fig. 2, Table 2). Germs of the left M2 and both P4

are also present, although their morphology is not observable. The mandible is slender, and the symphysis 
is neither deep nor wide. In lateral view several small openings are evident, the most important being the 
main mental foramen below the P1-DP2 diastema (Fig. 2c–d).
The dentition of the individual provides information on its sex and age at death. In the well-preserved
alveolus of the missing lower right permanent canine the lingual side is slightly larger than the labial facet 
and both have rounded margins, while the distal side is substantially smaller and has a small notch. This 
morphology suggests that it probably belonged to a female. Aging wild boars by dentition eruption stage 
is a consolidate practice in wildlife management (e.g., Matschke 1967; Clarke et al. 1992). P1/P1 and M1/
M1 erupt approximately at the same time, followed by I3/I3 and canines, then by M2/M2, and so on. In IQW 
1980/16539 (Mei. 16060) at least Cf is erupting (it should be considered that teeth classified as »erupting«
in living animals are only those that protrude from the gum, while the alveolar opening in the bone is ob-
servable slightly earlier), while M2 is still enclosed in the alveolus. In S. scrofa this would correspond to an age 
between 7 and 12 months, probably closer to 7 than 12, considering that I3 is almost erupting but DI3 is still 
present. Indeed, in S. scrofa upper teeth erupt slightly later than their lower counterparts (Kuşatman 1991).
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Fig. 1 Sus strozzii Forsyth Major, Untermassfeld. – a–d Juvenile cranium IQW 1985/20509 (Mei. 20028) with left and right DI1-
DI3, P1, DP2-DP4, M1, germ of M2, left occlusal, right occlusal, left lateral, dorsal views. – Scales: 30mm.
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IQW 1985/20509 
(Mei. 20028)

IQW 1985/20709 
(Mei. 20228)

DI1 MDD 08.7

DI1 LLD 04.8

DI2 MDD 13.9

DI2 LLD 04.2

DI3 L 04.5

DI3 W 02.5

DP2 L 12.0

DP2 Wm 05.5

DP2 Wd 07.6

DP3 L 14.4

DP3 Wm 06.9

DP3 Wd 10.9

DP4 L 15.9

DP4 Wm 13.9

DP4 Wd 14.4

P1 L 11.5

P1 W 05.3

P3 L 14.2

P4 L 13.9

P4 W 15.1

M1 L 20.4

M1 Wm 17.7

M1 Wd 18.4

M2 L 27.1

M2 Wm 22.1

M2 Wd 20.0

DP2-DP4 40.9

DP4-M1 31.6

Table 1  Sus strozzii Forsyth Major, measurements (mm) of cranial remains and upper 
teeth, Untermassfeld. For abbreviations see section 2.
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Fig. 2 Sus strozzii Forsyth Major, Untermassfeld. – a–d Juvenile mandible IQW 1980/16539 (Mei. 16060) 
with left and right DI1-DI2, germ of I3, DP2-M1, right occlusal, left occlusal, left lateral, right lateral views. –
Scales: 30mm.
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3.2. Dentition

3.2.1. Deciduous dentition
Some deciduous teeth are preserved in the cranium IQW 1985/20509 (Mei. 20028) (Fig. 1) and in the 
mandible IQW 1980/16539 (Mei. 16060) (Fig. 2). DI1–2/DI1–2 are similar to but smaller than their respective 
successional tooth. Unfortunately, they are severely worn, and hence details of crown morphology are not 
observable. DI3 is a small peg with an oval occlusal outline. Its root is implanted in the premaxilla at an angle
opposite to that of the other incisors, i. e., projecting distally rather than mesially.

IQW 1980/16539 
(Mei. 16060)

IQW 1984/20309 
(Mei. 19829)

+
IQW 1984/20310 

(Mei. 19830)

DI1 MDD 03.4

DI1 LLD 06.7

DI2 MDD 04.3

DI2 LLD 08.2

DP2 L 11.2

DP2 Wm 03.7

DP2 Wd 04.7

DP3 L 12.7

DP3 Wm 05.1

DP3 Wd 06.1

DP4 L 21.8

DP4 Wm 08.3

DP4 Wd 09.0

DP4 Wt 10.6

P2 L 14.0

P2 Wm 05.7

P2 Wd 06.3

P3 Wd 09.7

P4 L 15.8

P4 Wm 10.3

P4 Wd 12.4

M1 L 20.2 17.6

M1 Wm 13.0 12.7

M1 Wd 14.5 14.6

DP2-DP4 45.5

ID-MP 54.6

WMM1 22.3

Table  2  Sus strozzii Forsyth Major, measurements (mm) of mandibles and lower 
teeth, Untermassfeld. For abbreviations see section 2.
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DP2 has a prominent central cusp, which separates two lower areas. The disto-lingual side of the tooth is 
enlarged and hosts a protocone. DP3 is severely worn but preserves a characteristic piriform shape in occlusal 
view, with a separation between the mesial and distal sides of the tooth less marked than that of DP2. DP4

has a bilobed structure like that of a permanent molar, but its mesial side is oblique rather than perpendicu-
lar to the major axis of the tooth. DP2 has a structure similar to that of P2 but appears smaller and slenderer.
DP3 is severely worn. DP4 is a trilobate tooth whose lobes are arranged in an opposite dimensional sorting 
than that of M3, i. e., the mesial lobe is the narrowest and the distal lobe is the widest.
Data on deciduous dentition are in most cases too limited to provide useful comparative information, and 
Untermassfeld teeth are also severely worn. Nonetheless, in a study focused on DP4 Iannucci et al. (2020a)
recognised biometric differences between S. scrofa and S. strozzii comparable to those observable in the 
permanent dentition, i. e., with S. strozzii possessing proportionally wider teeth than those of S. scrofa. On 
that occasion Untermassfeld suids were treated as fossil S. scrofa, following Guérin and Faure (1997), but 
resulted outliers due to their large DP4 Wm.

3.2.2. Upper permanent dentition
Isolated suid teeth from Untermassfeld are solely represented by permanent teeth and include several inci-
sors and canines, and a few premolars and molars (Fig. 3, Tables 3–5). Upper incisors comprise a I1, IQW 
1986/21130 (Mei. 20749) (Guérin and Faure 1997, fig. 5, pl. 67) and a I2, IQW 1984/20307 (Mei. 19827) 
(Fig. 3a). I1 is covered by a cingulum-like development of the enamel along the border of its occlusal area, 
apart from the mesio-lingual portion. The cingulum is particularly pronounced on the disto-lingual por-
tion, which is also its lowest point below the occlusal level. In I2 the lingual cingulum develops in parallel 
to the mesio-distal axis and covers about two-thirds of the length of the tooth. The cingulum is clearly on
a lower plane than the rest of the incisor. The labial side of I2 hosts a series of three protruding structures 
and an elevated distal ridge. Being unworn, the tooth appears very elongated. A small opening in the 
premaxilla of IQW 1985/20509 (Mei. 20028), distal to DI3, reveals the presence of a unerupted I3, but its 
morphology is not observable (Fig. 1a–c). I3 is present in S. scrofa, while in S. strozzii it has only been ob-
served in a subadult from Senèze (NMB Se. 1775) but not in several adults of the species (Azzaroli 1954; 
Iannucci et al. 2020a).
P1 is preserved on both sides of the cranium IQW 1985/20509 (Mei. 20028) and also represented by an 
isolated specimen in a slightly more advanced stage of wear, IQW 1984/19978 (Mei. 19498) (Fig. 3b–b’’).
P1 has a main prominent central cusp, the paracone, and two lower areas hosting a paraprecrista (mesi-
ally) and a metacone (distally). Two well-separated roots develop below these areas. A small structure is 
present on the disto-lingual side (a potential protocone), more evident in IQW 1984/19978 (Mei. 19498) 
than in IQW 1985/20509 (Mei. 20028). In IQW 1985/20509 (Mei. 20028) there is no diastema between 
P1 and DP2. IQW 1985/20709 (Mei. 20228) comprises left and right germs of P3 and P4 of the same indi-
vidual (Fig. 3c–f). P3 are apparently not fully formed and not very informative. P4 has a trapezoidal occlusal 
outline, with the mesial side oblique to the mesio-distal axis of the tooth. There are three prominent cusps,
protocone (lingually), paracone (mesio-labially), and metacone (disto-labially). A protofossa separates the 
protocone from the metacone, but mesially the profossa is filled by accessory developments of protocone
and paracone.
M1 is preserved on both sides of the cranium IQW 1985/20 509 (Mei. 20 028). It is a bilobed tooth with four 
principal cusps and several crests that depart from them, resulting in a folded enamel pattern (Fig. 1a–b).
Both germs of M2 are also present in IQW 1985/20 509 (Mei. 20 028). Apart from their wrinkled (unworn) 
enamel and minor differences in the development of the cingula, they only differ in size from M1.
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Fig. 3 Sus strozzii Forsyth Major, Untermassfeld.  – a Left I2 IQW 1984/20307 (Mei. 19827).  – b–b’’ Right P1 IQW 1984/19978 
(Mei. 19498).  – c Germ of left P3 IQW 1985/20709 (Mei. 20228).  – d Germ of right P3 IQW 1985/20709 (Mei. 20228).  – e Germ 
of left P4 IQW 1985/20709 (Mei. 20228).  – f Germ of right P4 IQW 1985/20709 (Mei. 20228).  – g–g’’ Left I1 IQW 1984/19971 
(Mei. 19491).  – h–h’’  Right I2 IQW 1984/19967 (Mei. 19487).  – i–i’’ Right I3 IQW 2004/28640 (Mei. 27802).  – j Right Cm IQW 
1984/20299 (Mei. 19819). – k Right Cf IQW 1984/19966 (Mei. 19486). – l–l’ Left Cm IQW 1980/16541 (Mei. 16062). – m–m’ Left P1

IQW 1984/20197 (Mei. 19717). – n–n’ Right P2 IQW 1984/20309 (Mei. 19829). – o–o’’ Right hemimandible fragment with P4-M1 IQW 
1984/20310 (Mei. 19830). – p–q’ Left M3 IQW 1984/19965 (Mei. 19485). – a, b’’, c, d, e, f, m’, o’’, p occlusal views; b, l, n’, o, p’ labial 
views; b’, g’’, h’’, i’’, j, k, m, n, o’, p’’ lingual views; g, h’, i’, q’ distal views; g’, h, i, q mesial views; l’ cross-section view. – Scales: 30mm.
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3.2.3. Lower permanent dentition
Lower incisors are relatively abundant (Fig. 3g–i’’, Table 3). In lingual view I1 is an elongated tooth with a 
central ridge (endocristid) separating two lower areas (Fig. 3g–g’’). The cementoenamel junction is closer to 
the tip of the crown on the mesial side than on the distal side. I2 has a similar basic structure, but it is mark-
edly asymmetric in lingual view, with an internal (mesial) concavity (Fig. 3h–h’’). I3 is a much smaller tooth 
with a low and asymmetric crown (Fig. 3i–i’’). The endocristid is relatively prominent and shifted distally, 
but clearly separated from the distal side by a groove. In S. scrofa the tooth is even more asymmetric and 
usually lacks prominent ridges. In typical S. strozzii I3 is a stouter tooth with marked ridges, and other lower 
incisors are larger.
In addition to IQW 1984/19622 (Mei. 19492) + IQW 1984/19970 (Mei. 19490), already described by Gué-
rin and Faure (1997, figs. 1–2, pl. 66) and rediscussed by Cherin et al. (2020, fig. 11), there are several Cm

(Fig. 3j, l–l’, Table 4). Some specimens are small because they belong to subadults or juveniles, but even in 
the latter case the section is clearly verrucosic, excluding an attribution to S. scrofa (Fig. 3l’). There is also 
a Cf, IQW 1984/19966 (Mei. 19486), in which the lateral facets are almost equal in length while the distal 
side is substantially smaller (Fig. 3k). Unlike Cm, Cf has a properly developed root, and the distal side of the 
canine is covered by enamel and engraved by a groove.
In the preserved P1 IQW 1984/20197 (Mei. 19717) the main cuspid is shifted mesially, giving an asymmetric 
appearance to the tooth (Fig. 3m–m’). In this specimen there is only one root, while the P1 alveolus present 
in IQW 1980/16539 (Mei. 16060) has a small occlusal notch and below it only one opening in the bone, 
suggesting that two partly fused roots were present (Fig. 2a–b). The absence of partly separated roots in 
IQW 1984/20197 (Mei. 19717) seems related to a reduction in size in comparison to P1 of typical S. strozzii, 
observable in other Epivillafranchian samples as well (Bona and Sala 2016; Cherin et al. 2020). The re-
maining permanent premolars are observable in IQW 1984/20309 (Mei. 19829) and IQW 1984/20310 
(Mei. 19830), which are part of an adult mandible preserved in several detached fragments that were 
recovered in close proximity from each other (from grid square Q 337, 1.07m below site 0-level; Kahlke
2020; Kahlke et al. 2020). In lateral views P2 is a triangular tooth with a high central cuspid and a mesial 
side lower than the distal side (Fig. 3n–n’). This tooth appears more elongated and slenderer than that of 
typical S. strozzii, although not at the level observed in extant S. scrofa. An elongated P2 is also present 
in other Epivillafranchian samples (Bona and Sala 2016; Cherin et al. 2020). Only a not very informative
distal fragment of P3 is present. P4 is preserved on both sides. Its crown has a trenchant morphology, with 
the main cuspids approximately aligned along the same mesio-distal axis, and high mesial and distal sides
(Fig. 3o–o’’). The tooth is wide, especially the distal lobe.
M1 has a squared occlusal outline but it is severely worn, to the extent that its mesial side is concave
(Fig. 3o’’). In the mandible IQW 1980/16539 (Mei. 16060) M1 is well-preserved (Fig. 2a–b). Its structure is 
similar to M1 but differs in several details. M1 is more elongated and symmetric along the mesio-distal axis,
the notch between the two lobes is more pronounced on the labial side, the distal lobe is clearly wider than 
the mesial, and in each lobe the lingual cuspid is the highest above the occlusal level. M3 is represented by 
a fragment of the distal lobe, IQW 1984/19793 (Mei. 19313), and a complete specimen, IQW 1984/19965 
(Mei. 19485) (Fig. 3p–q’). M3 is a trilobate tooth in which the mesial lobe is the widest. Cuspids that de-
velop distally to the second lobe are rounded, as the enamel is not folded. The third lobe, separated from 
the second by a pronounced constriction, hosts five cuspids of relatively large size and two smaller cusplets.
The first two large cuspids (mesially) are aligned along the same sagittal axis. This couple is pragmatically
considered here a subdivided pentapreconulid because it would have been likely impossible to recognise 
two separate forms, had the tooth been in a more advanced stage of wear. The other cuspids are named 
topographically according to Van der Made (1996), although the homology of these structures is not clear.
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There is a small pentaectoconulid on the labial side of the pentapreconulid, pentaconid and hexaconid are
oriented transversally to the main axis of the tooth, and heptaconid and octaconid are also present. The pro-
nounced notch of the third lobe is also present on M3 from Frantoio (Bona and Sala 2016) and Le Vallonnet 
(Cherin et al. 2020), but not in typical S. strozzii (housed in IGF, MANA, MPM, NMB; pers. obs., N = 28). In 
general, Epivillafranchian samples have relatively slenderer M3 than that of typical S. strozzii. In S. scrofa M3

is extremely variable in size and morphology of the distal complex (e.g., Iannucci et al. 2020b; Cherin et al.
2020), and hence resemblances or differences should be considered with caution.

Table 3  Sus strozzii Forsyth Major, measurements (mm) of incisors, Untermassfeld. For abbreviations see section 2.

Tooth L Wm Wd Wt

IQW 1984/19978 (Mei. 19498) P1 10.9 05.1

IQW 1984/20197 (Mei. 19717) P1 09.8 04.3

IQW 1980/16527 (Mei. 16048) P4 11.1

IQW 1984/19793 (Mei. 19313) M3 > 12.3

IQW 1984/19965 (Mei. 19485) M3 44.8 20.9 19.4 0016.4

Tooth MDD LLD

IQW 1986/21130 (Mei. 20749) I1 c. 8.0

IQW 1984/20307 (Mei. 19827) I2 24.7 07.2

IQW 1984/19964 (Mei. 19484) I1 06.4 09.7

IQW 1984/19971 (Mei. 19491) I1 06.9 11.8

IQW 1984/19972 (Mei. 19492) I1 06.5 11.1

IQW 1984/19974 (Mei. 19494) I1 06.3 11.0

IQW 1984/19976 (Mei. 19496) I1 06.0 10.4

IQW 1984/19967 (Mei. 19487) I2 07.3 13.1

IQW 1984/19968 (Mei. 19488) I2 07.5 12.9

IQW 1984/19973 (Mei. 19493) I2 08.2 14.2

IQW 1984/19975 (Mei. 19495) I2 08.9 13.9

IQW 1984/20194 (Mei. 19714) I3 17.2 06.0

IQW 1984/20308 (Mei. 19828) I3 17.4 06.2

IQW 2004/28640 (Mei. 27802) I3 17.2 06.5

Tooth cLi cLa cD

IQW 1980/16541 (Mei. 16062) Cm 14.8 13.1 08.3

IQW 1984/19622 (Mei. 19492) + 
IQW 1984/19970 (Mei. 19490)

Cm 21.6 19.8 13.9

IQW 1984/20192 (Mei. 19712) Cm 23.9 22.2 15.7

IQW 1984/20193 (Mei. 19713) Cm 16.4 14.3 11.6

IQW 1984/20299 (Mei. 19819) Cm 16.6 15.4 12.2

IQW 1984/19966 (Mei. 19486) Cf 15.1 15.1 06.4

Table 4  Sus strozzii Forsyth Major, measurements (mm) of lower canines, Untermassfeld. For abbreviations see section 2.

Table 5  Sus strozzii Forsyth Major, measurements (mm) of premolars and molars, Untermassfeld. For abbreviations see section 2.
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3.3. Postcranial material

IQW 1984/20212 (Mei. 19732) is an almost complete atlas, only the right wing is slightly damaged (Fig. 4).
A narrowing partly divides the vertebral foramen into two halves. The ventral half is approximately circular,
while the dorsal half is elongated laterally. In dorsal view, the tuberculum is placed in the middle of the bone 
and the alar foramina are elliptic and diagonally elongated. In ventral view, the atlantal fossae are deep and 
their medial margins develop slightly beyond the lateral edges of the cranial and caudal articulations. In gen-
eral, the morphology is similar to that of S. scrofa apart from the alar foramina, which in the wild boar tend 
to be more circular and are often partly subdivided by a small notch. In the latter feature IQW 1984/20212 
(Mei. 19732) more closely resembles S. strozzii, but other traits differ, including the position of the dorsal 
tuberculum and the shape of the vertebral foramen (Azzaroli 1954). The atlas of S. scrofa is polymorphic in 
its proportions, in the relative positioning of the dorsal tuberculum, and in the depth of the atlantal fossae 
(Azzaroli 1954; pers. obs.).
IQW 1984/19927 (Mei. 19447) is a right fragmentary tibia lacking the proximal epiphysis (Fig. 5). The stout-
ness and curvature of the diaphysis, as well as the outline of the distal epiphysis are characteristic of a suid.

4. Discussion and conclusions

Untermassfeld suids have long been regarded as the earliest fossil evidence of the wild boar (Guérin and 
Faure 1997), but the presence of several verrucosic Cm excludes an attribution to S. scrofa and best fits with
an assignment to S. strozzii (Cherin et al. 2020). In general, suid teeth from Untermassfeld, especially pre-
molars, appear proportionally wider than those of S. scrofa, also differing in related morphological features 
(e. g., greater development of the hypoconid in lower premolars). The presence of relatively wide teeth is 
characteristic of S. strozzii (Van der Made and Moyà-Solà 1989; Iannucci et al. 2021a), often useful for dis-

Fig. 4  Sus strozzii Forsyth Major, Untermassfeld.  – a–d Atlas IQW 1984/20212 (Mei. 19732), cranial, 
dorsal, caudal, ventral views. – Scale: 30mm.
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criminating it from S. scrofa (Van der Made 1998; Iannucci et al. 2020a). On the other hand, Untermassfeld
suids deviate from typical S. strozzii in some respects, with differences in the morphology of P1, P2, and M3

which are consistently observed in other Epivillafranchian samples. Further research, discovery, and descrip-
tion of new material will likely identify other diverging features and provide more robust support for those 
recognised herein.
It is tempting to envision biochronological and palaeoecological implications for the observed morphologi-
cal differences, but at the moment it is not possible to evaluate whether these traits emerged abruptly in 
Epivillafranchian populations or were the result of gradual changes not documented in the scanty post-
Olduvai to pre-Jaramillo (c. 1.8–1.2 Ma) European suid record. In any case, while it is undeniable that
suid fossils have not been recovered from several European localities dated between c. 1.8 and 1.2 Ma 
(Martínez-Navarro et al. 2015), there are some remains that could fill this apparent gap (Van der Made et al.
2017). Moreover, the unequal geographical distribution of Late Villafranchian palaeontological sites dated 
c. 1.8–1.2 Ma does not allow to rule out the possibility that suid populations survived in scarcely sampled
areas (e. g., France and Germany).
It also remains to be answered what role played the dispersal of new suid populations from Asia, whose sys-
tematic placement is controverse. In fact, despite expressing divergent taxonomic opinions, several authors
agreed in interpreting Epivillafranchian suids as the likely arrival of new populations (Martínez-Navarro et al.
2015; Van der Made et al. 2017; Cherin et al. 2020). A direct link was proposed by Moullé et al. (2006), who
regarded Le Vallonnet suids as closely related to Sus lydekkeri Zdansky, 1928, defined from the Peking Man
Site at Zhoukoudian. Sus lydekkeri has been considered a chronosubspecies of the extant wild boar, i. e.,

Fig. 5  Sus strozzii Forsyth Major, Untermassfeld.  – a–e Right tibia, distal fragment IQW 1984/19927 
(Mei. 19447), anterior, external, posterior, internal, distal views. – Scale: 30mm.
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S. scrofa lydekkeri (Fujita et al. 2000), a geographical variant of S. strozzii (Dong 2008; Dong et al. 2013), or
a valid and distinct suid species (Liu et al. 2017). These divergent opinions probably reflect the heterogene-
ous nature of the hypodigm of S. lydekkeri (Cherin et al. 2020). To clarify this issue an in-depth revision of
S. lydekkeri and other Early Pleistocene Asian Sus species of comparable size (see, e.g., Fujita et al. 2000;
Liu et al. 2017) would be needed, but it is conceivable that some remains ascribed to S. lydekkeri are indeed 
related to S. strozzii (see, e.g., Dong et al. 2013, fig. 4D), and hence the dispersal of Asian populations does
not necessarily imply a species replacement.
In referring Untermassfeld suids to S. scrofa priscus Guérin and Faure (1997) crowned an evolutionary hy-
pothesis according to which earlier representatives of the extant wild boar would have been characterised
by low molar complexity (mainly in third molars) and large size (Hünermann 1965; 1969; 1975; Faure and
Guérin 1983; Guérin and Faure 1997), but the existence of progressive trends in the evolution of these fea-
tures is now challenged by several studies (Lister et al. 2010; Iannucci et al. 2020b). For instance, S. scrofa 
remains from the early Middle Pleistocene of Mosbach 2 are on average smaller than those recovered from 
the Late Pleistocene of Taubach (Küthe 1933; Hünermann 1977; pers. obs.). These considerations do not ar-
gue against the potential importance of biometric or morphological changes in Quaternary suids but should 
push to analyse large samples and adopt quantitative approaches to evaluate the biological significance of
the observed differences.
Untermassfeld suids do not belong to S. scrofa, and the arrival of the wild boar into Europe does not charac-
terise Epivillafranchian faunas since c. 1.2 Ma. The wild boar dispersal into Europe probably occurred close to 
the Early-Middle Pleistocene boundary (Van der Made et al. 2017; Cherin et al. 2020), in a period of marked
environmental and faunal changes (Kahlke et al. 2011; Head and Gibbard 2015; Iannucci et al. 2021b). As
for example evidenced by the impressive increase of wild boar populations in Europe over the last decades,
S. scrofa is an extremely adaptable species, capable of coping with and taking advantage of environmental
disturbances (Massei et al. 2015; Vetter et al. 2015). From this perspective, the S. strozzii - S. scrofa replace-
ment was an important bioevent, representative of the faunal turnover occurred in Europe between the 
latest Early and early Middle Pleistocene.

Acknowledgements

I sincerely thank R.-D. Kahlke (Weimar) for the invitation to prepare this work, as well as for the warm 
hospitality and precious support during my stay in Weimar. I wish to further express my appreciation to
G. Utschig (Weimar) and all the team of the Senckenberg Research Station of Quaternary Palaeontology
in Weimar. S. Döring took the photos and E. Haase edited the figures (both Weimar). L. Pilot (Rome) kindly
proofread the text for language editing. For access and support during the study of other collections I
am also grateful to M. Aiglstorfer (Mainz), A. Aquiloni (Montevarchi), D. Arbulla (Trieste), L. Bellucci (Flor-
ence), M. Bentivoglio (Allumiere), L. Bruni (Anagni), R. Castiglia (Rome), E. Cioppi (Florence), L. Costeur
(Basel), T. Engel (Mainz), S. Fraile Gracia (Madrid), M. Gasparik (Budapest), A. Medici (Allumiere), A. Oliver
Pérez (Madrid), L. Riti (Rome), R. Sardella (Rome), and D. Waterhouse (Norwich). I also would like to thank 
R. Sardella (Rome) for his encouragement and advice. This research received support from the SYNTHESYS+
Project www.synthesys.info/ which is financed by the European Commission via the H2020 Research Infra-
structure programme (grant DE-TAF-59 at the Senckenberg Research Station of Quaternary Palaeontology 
in Weimar; grant ES-TAF-2677 at National Museum of Natural Sciences in Madrid). Research support from 
the Italian Paleontological Society (Borsa di Studio SPI 2021) and Sapienza University of Rome – Avvio alla
Ricerca (grant AR120172B7D44B9E) is also gratefully acknowledged.



The Pleistocene of Untermassfeld – Part 5 1353

References

Azzaroli, A., 1954. Filogenesi e biologia di Sus strozzii e Sus mi-
nor. Revisione della fauna dei terreni fluvio-lacustri del Valdarno
Superiore V. Palaeontographia Italica 48 (1952–53), 41–76, pls.
I–XII.

Bellucci, L., Sardella, R., Rook, L., 2015. Large mammal biochronol-
ogy framework in Europe at Jaramillo: the Epivillafranchian as a 
formal biochron. Quaternary International 389, 84–89.

Bona, F., Sala, B., 2016. Villafranchian-Galerian mammal faunas 
transition in South-Western Europe. The case of the late Early 
Pleistocene mammal fauna of the Frantoio locality, Arda River 
(Castell’Arquato, Piacenza, Northern Italy). Geobios 49, 329–
347.

Clarke, C.M.H., Dzieciolowski, R.M., Batcheler, D., Frampton, C.M., 
1992. A Comparison of Tooth Eruption and Wear and Dental 
Cementum Techniques in Age Determination of New Zealand 
Feral Pigs. Wildlife Research 19, 769–777.

Cherin, M., Sorbelli, L., Crotti, M., Iurino, D.A., Sardella, R., Sou-
ron, A., 2018. New material of Sus strozzii (Suidae, Mammalia) 
from the Early Pleistocene of Italy and a phylogenetic analysis of 
suines. Quaternary Science Reviews 194, 94–115.

Cherin, M., Alba, D.M., Crotti, M., Menconero, S., Moullé, P.-É., 
Sorbelli, L., Madurell-Malapeira, J., 2020. The post-Jaramillo 
persistence of Sus strozzii (Suidae, Mammalia) in Europe: new 
evidence from the Vallparadís Section (NE Iberian Peninsula) and
other coeval sites. Quaternary Science Reviews 233, 106234.

Cooke, H.B.S., Ewer, R.F., 1972. Fossil Suidae from Kanapoi and Lo-
thagam, Northwestern Kenya. Bulletin of the Museum of Com-
parative Zoology 143, 149–237.

Driesch, A.v.d., 1976. A guide to the measurement of animal bones 
from archaeological sites. Peabody Museum Bulletin 1, III–IX,
1–137.

Dong, W., 2008. Early Pleistocene suid (mammal) from the Da-
jushan, Huainan, Anhui Province (China). Vertebrata PalAsiatica 
46, 233–246.

Dong, W., Liu, J., Fang, Y., 2013. The large mammals from Tuozi-
dong (eastern China) and the Early Pleistocene environmental 
availability for early human settlements. Quaternary Interna-
tional 295, 73–82.

Ellenberg, J., Kahlke, R.-D., 1997. Die quartärgeologische Entwick-
lung des mittleren Werratals und der Bau der unterpleistozänen 
Komplexfundstelle Untermaßfeld. In: Kahlke, R.-D. (Ed.), Das
Pleistozän von Untermaßfeld bei Meiningen (Thüringen). Teil 1.
Monographien des Römisch-Germanischen Zentralmuseums 40,
1, 29–62, pls. 1–18.

Faure, M., Guérin, C., 1983. Le Sus scrofa (Mammalia, Artiodactyla, 
Suidae) du gisement Pléistocène supérieur de Jaurens à Nespouls, 
Corrèze, France. Nouvelles Archives du Muséum d’Histoire Na-
turelle de Lyon 21, 45–63.

1984. Sus strozzii et Sus scrofa, deux mammiferes artiodactyles,
marqueurs des paleoenvironnements. Palaeogeography, Palaeo-
climatology, Palaeoecology 48, 215–228.

Forsyth Major, C.I., 1881. Studi sugli avanzi pliocenici del genere 
Sus. Atti della Società Toscana di Scienze Naturali, Processi Ver-
bali 2, 227.

Fujita, M., Kawamura, Y., Murase, N., 2000. Middle Pleistocene 
wild boar remains from NT Cave, Niimi, Okayama Prefecture, 
west Japan. Journal of Geosciences 43, 57–95.

Goldfuss, K.A., 1823. Ein Beitrag zur Kenntniss des Schweins der 
Vorzeit. (Sus priscus.) Nova Acta physico-medica Academiae Cae-
sareae Leopoldino-Carolinae Naturae Curiosorum 11, 482–485.

Guérin, C., Faure, M., 1997. The Wild Boar (Sus scrofa priscus) from 
the Post-Villafranchian Lower Pleistocene of Untermaßfeld. In:
Kahlke, R.-D. (Ed.), Das Pleistozän von Untermaßfeld bei Mei-
ningen (Thüringen). Teil 1. Monographien des Römisch-Germani-
schen Zentralmuseums 40, 1, 375–383, pls. 63–67.

Hardjasasmita, H.S., 1987. Taxonomy and phylogeny of the Suidae
(Mammalia) in Indonesia. Scripta Geologica 85, 1–68.

Head, M.J., Gibbard, P.L., 2015. Early–Middle Pleistocene transi-
tions: linking terrestrial and marine realms. Quaternary Interna-
tional 389, 7–46.

Hünermann, K.A., 1965. Die Suiden-Reste (Artiodactyla, Mam-
malia) des Altpleistozäns von Voigtstedt in Thüringen. Paläon-
tologische Abhandlungen, Abteilung A Paläozoologie 2. Berlin, 
427–432, pl. XXIII.

1969. Sus scrofa priscus Goldfuss im Pleistozän von Süßen-
born bei Weimar. Paläontologische Abhandlungen, Abteilung A 
Paläozoologie 3. Berlin, 611–616.

1975. Sus scrofa Linné aus dem Pleistozän von Weimar-Ehrings-
dorf. Abhandlungen des Zentral Geologischen Instituts 23. Ber-
lin, 251–263.

1977. Sus scrofa L. aus dem Jungpleistozän von Taubach bei 
Weimar in Thüringen. Quartärpaläontologie 2, 225–235, pls.
XVIII–XX.

Iannucci, A., Gasparik, M., Sardella, R., 2020a. First report of Sus 
strozzii (Suidae, Mammalia) from the Early Pleistocene of Hun-
gary (Dunaalmás) and species distinction based on deciduous 
teeth. The Science of Nature 107, 5.

Iannucci, A., Sardella, R., Strani, F, Mecozzi, B. 2020b. Size shifts 
in late Middle Pleistocene to Early Holocene Sus scrofa (Suidae, 
Mammalia) from Apulia (southern Italy): ecomorphological adap-
tations? Hystrix 31, 10–20.

Iannucci, A., Cherin, M., Sorbelli, L., Sardella, R., 2021a. Suidae 
Transition at the Miocene-Pliocene Boundary: a Reassessment of 
the Taxonomy and Chronology of Propotamochoerus provincia-
lis. Journal of Mammalian Evolution 28, 323–335.

Iannucci, A., Mecozzi, B., Sardella, R., Iurino, D.A., 2021b. The 
extinction of the giant hyena Pachycrocuta brevirostris and a 
reappraisal of the Epivillafranchian and Galerian Hyaenidae in 
Europe: Faunal turnover during the Early-Middle Pleistocene 
Transition. Quaternary Science Reviews 272, 107240.

Kahlke, R.-D., 2006. Untermassfeld. A late Early Pleistocene (Epivil-
lafranchian) fossil site near Meiningen (Thuringia, Germany) and 
its position in the development of the European mammal fauna.
British Archaeological Reports, International Series 1578. Oxford.

2007. Late Early Pleistocene European large mammals and the 
concept of an Epivillafranchian biochron. In: Kahlke, R.-D., Maul, 
L.C., Mazza, P.P.A. (Eds.), Late Neogene and Quaternary biodi-
versity and evolution: Regional developments and interregional 
correlations. Proceedings of the 18th International Senckenberg 



1354 A. Iannucci · New results on suids from the Early Pleistocene site of Untermassfeld

Conference (VI International Palaeontological Colloquium in We-
imar). Volume II. Courier Forschungsinstitut Senckenberg 259, 
265–278.

2009. Les communautés de grands mammifères du Pléistocène 
inférieur terminal et le concept d’un biochrone Épivillafranchien.
Quaternaire 20, 415–427.

2020. Excavation progress and research at the Early Pleistocene
site of Untermassfeld during the years 1997–2015. In: Kahlke,
R.-D. (Ed.), The Pleistocene of Untermassfeld near Meiningen 
(Thüringen, Germany). Part 4. Monographien des Römisch-Ger-
manischen Zentralmuseums 40, 4, 1031–1078.

in this volume. The Pleistocene of Untermassfeld  – A synopsis
of site origin, palaeobiodiversity, taphonomic characteristics, pa-
laeo­environment, chronostratigraphy, and significance in west-
ern Palae­arctic faunal history. 1635–1734.

Kahlke, R.-D., Linnemann, U., Gärtner, A., 2020. New results on 
the origin and geological history of the Early Pleistocene site of 
Untermassfeld. In: Kahlke, R.-D. (Ed.), The Pleistocene of Unter-
massfeld near Meiningen (Thüringen, Germany). Part 4. Mono-
graphien des Römisch-Germanischen Zentralmuseums 40, 4,
1079–1104, Foldout I.

Kahlke, R.-D., García, N., Kostopoulos, D.S., Lacombat, F., Lister,
A.M., Mazza, P.P.A., Spassov, N., Titov, V.V., 2011. Western Pa-
laearctic palaeoenvironmental conditions during the Early and 
early Middle Pleistocene inferred from large mammal communi-
ties, and implications for hominin dispersal in Europe. Quater-
nary Science Reviews 30, 1368–1395.

Kuşatman B., 1991. The origins of pig domestication with particu-
lar reference to the Near East. PhD thesis, University College Lon-
don, England.

Küthe, K.v., 1933. Sus scrofa Mosbachensis. Notizblatt des Vereins 
für Erdkunde und der Hessischen Geologischen Landesanstalt zu 
Darmstadt 14, 117–124.

Linnaeus, C., 1758. Systema Naturae Per Regna Tria Naturae, Se-
cundum Classes, Ordines, Genera, Species, Cum Characteribus, 
Differentiis, Synonymis, Locis. Tomus I. Holmiae. (10th rev. ed.).

Lister, A.M., Parfitt, S.A., Owen, F.J., Collinge, S.E., Breda, M.,
2010. Metric analysis of ungulate mammals in the early Middle 
Pleistocene of Britain, in relation to taxonomy and biostratigra-
phy: II: Cervidae, Equidae and Suidae. Quaternary International 
228, 157–179.

Liu, W., Dong, W., Zhang, L., Zhao, W., Li, K., 2017. New material 
of Early Pleistocene Sus (Artiodactyla, Mammalia) from Yangshui-
zhan in Nihewan Basin, North China. Quaternary International 
434, 32–47.

Macdonald, A.A., Shaw, D.J., 2018. Maxillary tooth growth in the
adult male babirusa (genus Babyrousa). Comptes Rendus Biolo-
gies 341, 235–244.

Martínez-Navarro, B., Madurell-Malapeira, J., Ros-Montoya, S.,
Espigares, M.P., Medin, T., Hortola, P., Palmqvist, P., 2015. The 
Epivillafranchian and the arrival of pigs into Europe. Quaternary 
International 389, 131–138.

Massei, G., Kindberg, J., Licoppe, A., Gačić, D., Šprem, N., Kamler,
J., Baubet, E., Hohmann, U., Monaco, A., Ozoliņš, J., Cellina, S.,
Podgórski, T., Fonseca, C., Markov, N., Pokorny, B., Rosell, C., 
Náhlik, A., 2015. Wild boar populations up, numbers of hunt-
ers down? A review of trends and implications for Europe. Pest 
Management Science 71, 492–500.

Matschke, G.H., 1967. Aging European Wild Hogs by Dentition.
The Journal of Wildlife Management 31, 109–113.

Moullé, P.-E., Lacombat, F., Echassoux, A., 2006. Apport des
grands mammifères de la grotte du Vallonnet (Roquebrune-Cap-
Martin, Alpes-Maritimes, France) à la connaissance du cadre 
biochronologique de la seconde moitié du Pléistocène inférieur 
d’Europe. L’Anthropologie 110, 837–849.

Orliac, M.J., Antoine, P.-O., Ducrocq, S., 2010. Phylogenetic rela-
tionships of the Suidae (Mammalia, Cetartiodactyla): new in-
sights on the relationships within Suoidea. Zoologica Scripta 39, 
315–330.

Stehlin, H.G., 1899–1900. Ueber die Geschichte des Suiden-Gebis-
ses. Abhandlungen der Schweizerischen Paläontologischen Ge-
sellschaft 26–27, 1–527.

Sun, J.J., Zhang, B., Chen, X., Deng, L., Wen, J., Tong, H.W., 2021.
New fossils of Late Pleistocene Sus scrofa from Yangjiawan Cave 
2, Jiangxi, China. Vertebrata PalAsiatica 59, 64–80.

Van der Made, J., 1996. Listriodontinae (Suidae, Mammalia), their 
evolution, systematics and distribution in time and space. Mede-
delingen van de Werkgroep voor Tertiaire en Kwartaire Geologie 
33, 3–254.

1998. Ungulates from Gran Dolina (Atapuerca, Burgos, Spain).
Quaternaire 9, 267–281.

Van der Made, J., Moyà-Solà, S., 1989. European Suinae (Artio-
dactyla) from the Late Miocene onwards. Bollettino della Società 
Paleontologica Italiana 28, 329–339.

Van der Made, J., Rosell, J., Blasco, R., 2017. Faunas from Atapu-
erca at the Early-Middle Pleistocene limit: The ungulates from 
level TD8 in the context of climatic change. Quaternary Interna-
tional 433, 296–346.

Vetter, S.G., Ruf, T., Bieber, C., Arnold, W., 2015. What Is a Mild 
Winter? Regional Differences in Within-Species Responses to Cli-
mate Change. PLoS ONE 10, e0132178.

Zdansky, O., 1928. Die Säugetiere der Quartärfauna von Chou-
K’ou-Tien. Palaeontologia Sinica, Series C, Volume V, Fascicle 4 
1–146.


	Cover
	Titelei
	Contents
	Foreword (Ralf-Dietrich Kahlke)
	Post-traumatic osteomyelitis in an immature Bison menneri from the Early Pleistocene site of Untermassfeld (Uwe Kierdorf, Stefan Flohr, Ralf-Dietrich Kahlke) 
	Abstract
	1. Introduction
	2. Material and methods
	3. Case description
	4. Discussion
	Acknowledgements
	References

	New results on suids from the Early Pleistocene site of Untermassfeld (Alessio Iannucci)
	Abstract
	1. Introduction
	2. Material and methods
	3. Description
	4. Discussion and conclusions
	Acknowledgements
	References

	New results on Elephantids from the Early Pleistocene site of Untermassfeld - Cranial and dental remains (Hans van Essen)
	Abstract
	1. Introduction
	2. Material and methods
	3. Descriptions and measurements
	4. Discussion, comparisons, and referral to species
	5. Synthesis and conclusions
	Acknowledgements
	References

	New results on ursids from the Early Pleistocene site of Untermassfeld (Nuria García, Paul P. A. Mazza)
	Abstract
	1. Introduction
	2. Material and methods
	3. Description of the remains
	4. Metrical and morphological comparative analyses
	5. Discussion and conclusions
	Acknowledgements
	References

	New results on hyaenids from the Early Pleistocene site of Untermassfeld (Alessio Iannucci, Beniamino Mecozzi, Ralf-Dietrich Kahlke, Raffaele Sardella)
	Abstract
	1. Introduction
	2. Notes on nomenclature and systematics
	3. Material and methods
	4. Description
	5. Comparative biometric discussion
	6. Conclusions
	Acknowledgements
	References

	Bovid bone modifications by Pachycrocuta from the Early Pleistocene site of Untermassfeld (Jessica Arnold)
	Abstract
	1. Introduction
	2. Material und method
	3. Results
	4. Discussion
	5. Conclusions
	Acknowledgements
	References

	New results on bovids from the Early Pleistocene site of Untermassfeld (Helmut Hemmer, Ralf-Dietrich Kahlke)
	Abstract
	1. Introduction
	2. New fossil material and its significance
	3. Conclusions
	Acknowledgements
	References

	New results on micromammals from the Early Pleistocene site of Untermassfeld (Lutz Christian Maul)
	Abstract
	1. Introduction
	2. Material and methods
	3. Results 
	4. Conclusions
	Acknowledgements
	References
	Appendix

	New results on Cercopithecids from the Early Pleistocene site of Untermassfeld (Jelle W. F. Reumer, Ralf-Dietrich Kahlke)
	Abstract
	1. Introduction
	2. Previous finds
	3. New finds
	4. Comparison and taxonomy
	5. Discussion
	6. Conclusions
	Acknowledgements
	References

	The Pleistocene of  Untermassfeld  –  a synopsis of site origin, palaeobiodiversity, taphonomic characteristcs, palaeoenviroment, chronostratigraphy, and significance in western palaearctic faunal history (Ralf-Dietrich Kahlke)
	Abstract
	1. Introduction and framework data
	2. Excavation and documentation
	3. Preparation and conservation of vertebrate remains
	4. Geological history and site origin
	5. Recorded palaeobiodiversity
	6. Taphonomy
	7. Palaeoenvironment
	8. Chronostratigraphy
	Acknowledgements 
	References

	List of contributors
	Titelei

