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Abstract

Here we describe the remains of the giant hyena Pachycrocuta brevirostris (Gervais, 1850) recovered from
the site of Untermassfeld (Thuringia, Germany), representing the most abundant European sample of this
widespread and iconic carnivoran. The morphological description provides insights on the variability of the
species in comparison to other extinct and extant bone-cracking hyenas. The biometric analysis reveals that
a weak but significant increase in size occurred during the existence of the species in Europe. Being the
largest in terms of body size among the compared samples, the population from the Epivillafranchian of
Untermassfeld epitomises this pattern.

1. Introduction

Since its dispersal into Europe ~2.0-1.8 Ma BP the giant hyena Pachycrocuta brevirostris (Gervais, 1850)
became a widely distributed species and a major taphonomic agent in the region (Turner and Antén 1996;
Napoleone et al. 2001; 2003; Mazza et al. 2004; Sardella and Palombo 2007; lannucci et al. 2021). The
putative competition between P brevirostris and Palaeolithic hominin populations for accessing and scav-
enging carcasses is an intriguing topic that captured the interest of several authors and fuelled the scientific
debate (e.g., Turner 1992; Boaz et al. 2000; Lewis and Werdelin 2010; Martinez-Navarro 2010; Espigares
et al. 2013; Madurell-Malapeira et al. 2017). The site of Untermassfeld (Thuringia, Germany) offers a unique
window on European Epivillafranchian faunas (Kahlke 2006; 2007; 2009; Bellucci et al. 2015), and on the
morphological variability, palaeobiology, and palaeoecology of P brevirostris, as it yielded the most abun-
dant European collection of the species.

Untermassfeld hyenas were first mentioned by H.-D. Kahlke (1980; 1982). Following these earlier publica-
tions, a detailed description and evaluation of the then 78 finds, consisting mainly of cranial and dental
remains, was made by Turner (2001), as well as findings of around 80 coprolites by Keiler (2001). Further
specimens were figured by Kahlke (2001; 2006), Kahlke and Gaudzinski (2005) as well as Keiler (2008) and
Roebroeks et al. (2018). Since then, a total of 230 dental and skeletal elements of P brevirostris and 435
corresponding coprolites have been recovered from Untermassfeld. Some of these were found in densely
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packed concentrations or in flat masses of compacted faeces (Kahlke in this volume, Figs. 24-25, Foldout IlI).
A quantitative study of the hyaenid bone modifications on Bison menneri skeletal elements, recovered in
large numbers from the site, has also been conducted (Arnold in this volume).

Remains of Pachycrocuta occur in all fossil-bearing sediments at Untermassfeld, i.e., in the Lower Fluviatile
Sands (LFS), as well as in channel fill deposits with reworked sediments and the lower part of the Upper
Fluviatile Sands [(UFS(l)] (Kahlke et al. 2020; in this volume). Sedimentological and fine-scale stratigraphi-
cal investigations show that the age difference of the taxonomically identical fossil assemblages recovered
from both sediment units is not of biostratigraphic relevance (Kahlke et al. 2020, 1103). Thus, in the
biostratigraphic sense, the Pachycrocuta finds of Untermassfeld originate from a single, synchronous pa-
laeopopulation.

The minimum number of Pachycrocuta individuals (MNI) found at Untermassfeld is 24, including 18 juve-
niles and 6 adults (Kahlke 2006 and finds newly identified by G. Utschig). This means that 5.4 % of all large
mammal individuals recorded at Untermassfeld belong to this hyena species. The unusually high proportion
of juveniles at 75 % is indicative of a particular vulnerability of individuals of this age group to flood events
(Kahlke 2006, 78f1.). It seems likely, therefore, that the hyena dens were at least partially located in the pre-
dominantly sandy-clayey areas of the Werra river floodplain. Turner (2001, 686f.) identified five age stages
according to the dental development of these juvenile individuals, all of which represent life spans of less
than one year. Because the flooding events that led to the formation of the site occurred during the winter
months (Kahlke 2001, 976f.; 2006, 82; in this volume, 1714), a clear seasonal pattern in the breeding be-
haviour of the Untermassfeld hyenas has not been established.

In the following pages, we describe the most complete and significant new discoveries of Pachycrocuta
dentition and skeletal elements and some already published finds, updating or expanding the discussion on
diagnostic morphological features. A comparison with other European remains of P brevirostris is carried
out to evaluate the biometric variability of the species during the Pleistocene.

2. Notes on nomenclature and systematics

The name Hyaena brevirostris was first used by Auguste Aymard for referring to remains of a large hyena he
discovered near Le Puy-en-Velay (France) in the 1840s, since then deposited at the Musée Crozatier. How-
ever, as recently pointed out by Alba et al. (2015) this was not accompanied by a published description to
serve as a valid designation. Indeed, the species was formally, although unintentionally, established by Paul
Gervais in the section dedicated to carnivorans (issued in 1850) of his Zoologie et Paléontologie francaises
(1848-1852). This brief description was only later expanded by Boule (1893). In the meantime, other fossils
were recovered and some ascribed to different species, such as Hyaena robusta Weithofer, 1889. The name
Pachycrocuta was coined by Kretzoi (1938) but it was not widely used until the 1970s-1980s (Ficcarelli and
Torre 1970; Howell and Petter 1980). In the following years, with the publication of the monographic work
by Werdelin and Solounias (1991) on the Hyaenidae, and the studies focused on P brevirostris by Turner
and Anton (1996) and Turner (2001), our knowledge on the evolution and systematics of the species has
been much improved.

Currently, all European remains of the giant hyena are usually included in P brevirostris, whereas differ-
ent approaches exist in referring African and Asian occurrences to distinct species or subspecies, or within
P brevirostris itself (e.g., Qiu 1987; Turner 1990; Werdelin 1999; lannucci et al. 2021; Liu et al. 2021).
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3. Material and methods

The Hyaenidae sample of Untermassfeld is part of the Untermassfeld collection housed in the Senckenberg
Research Station of Quaternary Palaeontology Weimar (IQW) in Germany. Measurements and morpho-
logical characters are taken from the published literature, cited throughout the text and in tables when
appropriate, and/or based on the material studied by the authors in several institutions, i.e., CMNH: Civic
Museum of Natural History, Trieste (Italy); HNHM: Hungarian Natural History Museum, Budapest (Hungary);
IGF: Natural History Museum of Florence, section of Geology and Paleontology (Italy); MACUS: Comparative
Anatomy Museum »Battista Grassi«, Sapienza University of Rome (Italy); MSSGG: Museo Scientifico Speleo-
logico della Grotta Gigante, Trieste (ltaly); NHMUK: Natural History Museum, London (UK); NMM: Natural
History Museum, Mainz (Germany); NWHCM: Norwich Castle Museum (UK); PF: PaleoFactory Laboratory,
Sapienza University of Rome (Italy); RMCA: Royal Museum for Central Africa, Tervuren (Belgium).

In the description and morphological comparison, we considered P brevirostris, Pliocrocuta perrieri (Croizet
et Jobert, 1828), Crocuta crocuta (Erxleben, 1777), Hyaena hyaena (Linnaeus, 1758), and Parahyaena brun-
nea (Thunberg, 1820). For the ease of reference to genera with the same initials Pachycrocuta is abbreviated
to P, Pliocrocuta to Pl., and Parahyaena to Pa.

In the biometric comparison we focused on the differences in P4 and M lengths between different samples
of European P, brevirostris, but we provided length (L) and width (W) values of other teeth from Untermass-
feld, as well as craniodental and postcranial measurements. These were taken with a digital calliper to the
nearest 0.1 mm, mainly following Werdelin and Solounias (1991) and Driesch (1976). Details and abbrevia-
tions of the measurements are as follows:

P4 Lps length of parastyle of P4,

P4 Lpc length of paracone of P4,

P4 Lm length of metastyle of P4,

P4Wa width of P4 at protocone (anterior width),

P4 Wbl width of P4 between paracone and metastyle (blade width),
WP width of palate between P4 and P3,

p2-p4 inclusive length of P2-P4,

Di length of diastema C-P,

M Lpa length of paraconid of My,
M1 Lpr length of protoconid of My,

HbM dorsoventral depth of mandible behind My,

P2-Mh inclusive length of P.-My,

Ci-Cd length of mandible from anterior end of canine to posterior extremity of condyle,
GL greatest length,

Dp greatest depth of the proximal end,

Bp greatest breadth of the proximal end,

DD smallest depth of the diaphysis,

SD smallest breadth of the diaphysis,

Dd greatest depth of the distal end,

Bd greatest breadth of the distal end,

DPC ulna, greatest depth across the coronoid process,
HTr femur, height from femur head to third trochanter.
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Fig. 1 Pachycrocuta brevirostris (Gervais), Untermassfeld. — a-b Juvenile cranium IQW 1996/25647 (Mei. 25 176) with left erupting C',
DP?, P4-M" and right erupting C', P4-M", left lateral and dorsal views. — Scale: 30 mm.

4. Description
4.1. Crania

IQW 1996/25647 (Mei. 25176) is a juvenile partial cranium with erupting left C1, DP2, P4-M? and erupting
right C17, P4-M1, finely restored from several detached fragments (Fig. 1; see also Roebroeks et al. 2018,
fig. 14). It is the most complete cranial specimen from the site (Fig. 2a—f). The dorsal cranial profile is gen-
tly curved, not yet showing the concavity of the nasal region that characterises several adult specimens of
P brevirostris (Boule 1893; Ficcarelli and Torre 1970). The infraorbital foramen is placed above where P3
would be erupted, and the anterior margin of the orbit ends roughly above the mesial margin of P4. Despite
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Fig. 2 Pachycrocuta brevirostris (Gervais), Untermassfeld. — a-b Right praemaxilla fragment IQW 2013/41639 (Mei. 46979)
with I'-12, root of DI and erupting I*. — c—d Right maxilla fragment IQW 1997/26311 (Mei. 25840) with germ of C', erupting P',
DP?-DP? fragments, P4fragment. — e-f Right maxilla fragment IQW 1993/24 376 (Mei. 23 905) with DP?-DP3. — g~i Partial splanch-
nocranium IQW 1990/23625 (Mei. 23 154) with left I'-C", P2-M' and right I'-M". — j=I Partial splanchnocranium IQW 1990/23 650
(Mei. 23 179) with left 1213, P'-M" and right I'-M" dex. — a, ¢, e, h, k right lateral views; b, d, f, i, | occlusal views; g, j frontal
views. — Scale: 30 mm.

its fragmentary status and young age at death, some of the typical robustness characteristics of the species
can be observed, including the wide area of attachment on the sagittal crest for the strong temporalis mus-
cles, the marked curvature of the tooth rows, and the short and wide muzzle. The greatest palatal width is
at the level of the palatine, but the relative widening of the anterior portion is also remarkable, and more
similar to that of C. crocuta than to those of H. hyaena and Pa. brunnea (Werdelin and Solounias 1991).
This trait is clearly observable on the adult specimens IQW 1990/23625 (Mei. 23 154) and IQW 1990/23 650
(Mei. 23179), which preserve most the ventral portion of the muzzle and associated dentition (Fig. 2g-1). In
these specimens, the major palatine foramen opens at the level of P2, but it is a bit variable in its exact posi-
tion, even between the right and left sides of the same individual (Fig. 2I). The incisive fossae are wide and
rounded, as those of extant H. hyaena and Pa. brunnea and unlike that of C. crocuta, although the fossa
is narrower in IQW 1990/23650 (Mei. 23 179) than in IQW 1990/23625 (Mei. 23 154). IQW 1990/23625
(Mei. 23154) has a wide nasal cavity, which seems larger and more rounded than the preserved portion
in IQW 1990/23650 (Mei. 23179) (Fig. 29, j). These differences are comparable with the variability docu-
mented within samples of Pl. perrieri (Viret 1954; Kurtén and Crusafont Pairé 1977; Vinuesa et al. 2014)
and H. hyaena (pers. obs.).
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4.2. Mandibles

IQW 1993/24 369 (Mei. 23898) and IQW 1994/24 584 (Mei. 24 113) are the left and right side, respectively,
of a single almost complete mandible of an adult individual, only lacking the left |1 (Fig. 3; Kahlke in this
volume, Fig. 8). This is the most complete mandible, but there are several other remains, from juveniles
(Fig. 4) to adults (Fig. 5). In P brevirostris from Untermassfeld, the masseteric fossa is deep, almost reaching
the talonid of M. In H. hyaena and Pa. brunnea, the fossa is usually comparably deep or less pronounced,
whereas in C. crocuta is more variable and can be even stretched up to half the length of M (pers. obs.). The
height of the mandible is greater posteriorly than anteriorly but with few differences, resulting in a roughly
straight mandibular corpus, as in H. hyaena and Pa. brunnea and unlike the curved and shallow corpus of
C. crocuta (Palmqyist et al. 2011). The symphysis is massive, so dorso-ventrally deep that its ventral portion
is observable as a bulge in buccal view. It is also antero-posteriorly broad, more than in extant bone-cracking
hyenas.

The morphology of the symphysis is variable, from a sub-oval shape as in IQW 1999/26 624 (Mei. 26 153)
(Fig. 5¢) and IQW 1986/21 369 (Mei. 20888) (Turner 2001, fig. 2, pl. 125), to forms relatively more antero-
posteriorly elongated, with a posterior notch placed roughly at half the height of the mandible, e.g., IQW
1990/23457 (Mei. 22 976) (Fig. 5i). The tooth rows have a pronounced lingual concavity along the antero-
posterior axis of the mandible, with M1 not aligned with the tooth row but slightly shifted lingually. These
are adaptations to bone-cracking shared with C. crocuta, H. hyaena, and Pa. brunnea (Kurtén and Werdelin
1988; Werdelin and Solounias 1991). It is worth noting that the same also occurs in juvenile specimens, with
DPy4 similarly displaced (Fig. 4). The deciduous cheek tooth row may be extremely crowded, to the extent

Fig. 3 Pachycrocuta brevirostris (Gervais), Untermass-
feld. — Left hemimandible IQW 1993/24 369 (Mei. 23 898)
with 1,-M; and right hemimandible IQW 1994/24584
(Mei. 24 113) with 1;-M;, occlusal view. — Scale: 30 mm.
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Fig. 4 Pachycrocuta brevirostris (Gervais), Untermassfeld. — a-c Right hemimandible IQW 1994/24 587
B (Mei. 24 116) with DI,-DP, and erupting M. — d—f Left hemimandible IQW 1992/23 967 (Mei. 23496)
with DI4-DP4 and erupting M;. — g-h Right hemimandible fragment IQW 2008/29841 (Mei. 29003)
with DP,-DP,. — i-j Right hemimandible fragment IQW 2004/28 685 (Mei. 27 847) with DI;-Dl, and DC-
DPy. — k-l Right hemimandible fragment IQW 2010/31205 (Mei. 30367) with DP3-DP,. — m-o Right
hemimandible IQW 1992/23970 (Mei. 23499) with DC-DP,. — a, d, g, i, k, m occlusal views; b, f, h,
I, n buccal views; ¢, e, j, o lingual views. — Scale: 30 mm.

that teeth appear imbricated in buccal view. This is part of the ontogenetic dental pattern of the species and
indeed it seems more pronounced in younger individuals, e.g., as evident comparing IQW 1994/24587 B
(Mei. 24 116) with IQW 2004/28 685 (Mei. 27 847) (Fig. 4a, i).

Turner (2001) discussed this point, but it isimportant to stress that this arrangement differs from the condition
observed in C. crocuta, whose juveniles have more spaced deciduous dentition (Bonifay 1971; Jimenez et al.
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Fig. 5 Pachycrocuta brevirostris (Gervais), Untermassfeld. —a—c Right hemimandible IQW 1999/26 624 (Mei. 26 153)
with C4-M;. — d—e Right hemimandible IQW 1994/24 584 (Mei. 24 113) with 1;-M;. — f-g Left hemimandible frag-
ment IQW 2011/35511 (Mei. 32 721) with P3-P4. — h—j Left hemimandible fragment IQW 1990/23 457 (Mei. 22 976)
with 11-M;. — k-l Left hemimandible IQW 1993/24 369 (Mei. 23898) with I,-M;. — a, f, h occlusal views; b, d, j, |
buccal views; ¢, e, g, i, k lingual views. — Scale: 30mm.

2019). This is probably related to the size reduction of the deciduous dentition of the spotted hyena, a fea-
ture already noted by Kurtén (1956). The mental foramen is placed below P2 (or DP; in juveniles), as in ex-
tant bone-cracking hyenas (Figs. 4-5). Only one foramen is usually present, but the left hemimandible IQW
1993/24 369 (Mei. 23898) has a supernumerary aperture (Fig. 5I). It is worth noting that only one foramen
is present on the right side of the same individual, IQW 1994/24584 (Mei. 24 113), an interesting example
of variability (Fig. 5d). Supernumerary mental foramina sometimes occur in several Hyaenidae, including the
extant bone-cracking hyenas (Werdelin and Solounias 1991).

1410 | A.lannucci et al. - New results on hyaenids from the Early Pleistocene site of Untermassfeld



Fig. 5 Pachycrocuta brevirostris (Gervais), Untermassfeld. —a—c Right hemimandible IQW 1999/26 624 (Mei. 26 153)
with C4-M;. — d—e Right hemimandible IQW 1994/24 584 (Mei. 24 113) with 1;-M;. — f-g Left hemimandible frag-
ment IQW 2011/35511 (Mei. 32 721) with P3-P4. — h—j Left hemimandible fragment IQW 1990/23 457 (Mei. 22 976)
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2019). This is probably related to the size reduction of the deciduous dentition of the spotted hyena, a fea-
ture already noted by Kurtén (1956). The mental foramen is placed below P2 (or DP; in juveniles), as in ex-
tant bone-cracking hyenas (Figs. 4-5). Only one foramen is usually present, but the left hemimandible IQW
1993/24 369 (Mei. 23898) has a supernumerary aperture (Fig. 5I). It is worth noting that only one foramen
is present on the right side of the same individual, IQW 1994/24584 (Mei. 24 113), an interesting example
of variability (Fig. 5d). Supernumerary mental foramina sometimes occur in several Hyaenidae, including the
extant bone-cracking hyenas (Werdelin and Solounias 1991).
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4 .3. Dentition

Although several new hyaenid remains have been recovered from Untermassfeld since the previous publica-
tion by Turner (2001), he already provided a detailed description of the morphology of the teeth that would
be redundant to repeat here. Nevertheless, some remarks are useful. Measurements taken on newly discov-
ered and earlier published specimens (Tables 1-2) complement those provided by Turner (2001, tabs. 1-2).
In most cases, size is the best distinction criterion from other related extinct and extant species, since the
general morphology of the teeth is quite conservative. For instance, the mesio-lingual triangle formed by
the enamel at the base of the crown of the upper canines, underlined by Turner (2001) as a salient feature
of the tooth (Fig. 2g), is also present in Pl. perrieri and all extant bone-cracking hyenas (Viret 1954; pers.
obs.). In all these species premolars — apart from the upper carnassial P4, and P1, which is a small one-rooted
and monocuspid tooth — are basically conical structures, with an enlarged central cusp(id) and accessory
mesial and distal cusplets. Nonetheless, in C. crocuta P3 and Ps are markedly enlarged and P2and Pz relatively
reduced (Kurtén 1956). Kurtén (1956) also highlighted the reduction in the distal accessory cusplet of P3 of
C. crocuta, and to a lesser extent in the distal accessory cusplet of Ps; Werdelin and Solounias (1991) consid-
ered the mesial accessory cusplet of Pslarge in PI. perrieri and P brevirostris, but small in extant bone-crack-
ing hyenas. All these cusplets are accordingly well-developed in P brevirostris from Untermassfeld (Fig. 5).

IQW 1980/16 085 IQW 1990/23650 IQW 1990/23625
(Mei. 15596) (Mei. 23179) (Mei. 23154)
1>L 17.4 17.7
1>wW 12.9 13.0
L 25.3 20.5
aw c. 15.0 14.5
PTL 8.9 8.4
PTW 8.6 7.6
P2 L 20.4 23.9 22.0
P2 W 13.5 14.4 14.9
P3L 253 30.0 27.4
P3 W 18.5 19.5 18.9
P4L 40.9 44.5 42.7
P4 Wa c.26.0 22.2 22.6
P4 Whl 12.4 13.0 12.8
P4 Lps 12.6 12.5 134
P4 Lpc 134 15.0 13.3
P4Lm 15.3 16.2 151
M' L 4.6 7.0 5.9
MT W 14.4 18.6 17.3
p2-p4 92.8 98.7 105.0
WP 112.5 17.7

Table 1 Pachycrocuta brevirostris (Gervais), measurements (mm) of cranial remains and upper teeth, Untermassfeld (further measure-
ments in Turner 2001, tab. 1). For abbreviations see section 3.
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Fig. 6 Pachycrocuta brevirostris (Gervais),
Untermassfeld. — a Right M; IQW 1988/
22601 (Mei. 22120). = b Right M; 1QW
1995/25336 (Mei. 24 865). — ¢-d Right and
left M; IQW 1986/21365 (Mei. 20888). —
e Left My IQW 1990/23457 (Mei. 22976),
occlusal views. — Scale: 10mm.

In P brevirostris, M1 is a functional tooth (Fig. 2i, |) as in PI. perrieri, H. hyaena, and Pa. brunnea, and un-
like in C. crocuta, where the tooth is seldom present and, if so, usually limited to a small vestigial peg (Viret
1954; Kurtén 1956; Werdelin and Solounias 1991). Contrary to what the often stressed »giant« size of
the species might suggest, in P4 and M1 there is overlap between P brevirostris and large individuals of
C. crocuta, as the latter species has proportionally elongated carnassials (Kurtén 1956; Schitt 1971). How-
ever, the morphology of these teeth is different. In P4 of C. crocuta the protocone is usually placed more
mesially than in P brevirostris, forming a wider angle with the paracone in occlusal view; the parastyle is
reduced, similar in size to the protocone or even smaller; the paracone and metastyle are aligned along
the same mesio-distal axis, whereas they converge lingually in P brevirostris; and the metastyle is relatively
longer (Kurtén 1956; Werdelin and Solounias 1991).

The identification of isolated lower carnassials is straightforward, since in M1 of C. crocuta the talonid is ex-
tremely reduced. In brief, the elongation of the slicing component of the carnassials observed in C. crocuta
reflects its more active-hunting behaviour in comparison to other extant bone-cracking hyenas, and pre-
sumably also to R brevirostris. In the sample from Untermassfeld the metaconid is always absent, while
two cuspids are usually present in the talonid (Fig. 6). Their relative size and development are variable, and
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Mandibula sin. Mandibula sin. Mandibula sin. + dex. Mandibula dex.

IQW 1980/15918 IQW 1990/23457 IQW 1993/24369 IQW 1999/26 624
(Mei. 15429) (Mei. 22976) (Mei. 23898) (Mei. 26 153)
+
IQW 1994/24584
(Mei. 24113)
CiL 22.0 21.8 22.2 21.7
Ci W 16.6 16.5 16.4 17.5
Di 14.3 19.5 20.2 17.1
Py L 19.2 18.8 18.9 18.8
P, W 13.5 13.6 13.5 13.5
P3 L 22.7 23.6 24.0 24.6
Ps W 17.8 17.3 17.7 17.1
PyL 25.9 26.8 26.8 27.2
P, W 16.1 15.7 16.9 17.4
M; L 30.3 30.0 304 29.7
M; W 14.5 14.3 14.9 15.4
M; Lpa 16.2 15.4 16.1 16.0
M Lpr 15.9 15.3 15.0 15.4
HbM; 54.5 63.4 63.0
P>-My 91.8 93.1 92.7 93.7
Cq-Cd 220.0 216.0 222.0

Table 2  Pachycrocuta brevirostris (Gervais), measurements (mm) of mandibles and lower teeth, Untermassfeld (further measurements in
Turner 2001, tab. 1). For abbreviations see section 3.

indeed there is no widespread agreement on their level of homology (e.g., Kurtén 1956; 1972; Werdelin
and Solounias 1991; Turner 2001; Liu et al. 2021). In IQW 1988/22601 (Mei. 22 120) the mesial cuspid is
larger, and the distal one is so small that it would have been impossible to detect it had the tooth not been
completely unworn (Fig. 6a). In this specimen the two cuspids are aligned along an axis parallel to the major
mesio-distal length of the tooth, similarly to IQW 1980/15918 (Mei. 15429) (Turner 2001, fig. 2, pl. 124)
and IQW 1986/21 369 (Mei. 20888) (Turner I.c., fig. 1, pl. 125), whereas in the other teeth this axis is tilted
lingually (Fig. 6b—e). In IQW 1995/25 336 (Mei. 24 865) the distal cuspid is more developed than the mesial
one (Fig. 6b). In the other specimens the two cuspids are roughly equally developed (Fig. 6¢c—e).

4.4. Postcranial material

IQW 1980/15791 (Mei. 15303) is a fragmentary left ulna, lacking the distal epiphysis and part of the proxi-
mal one, i.e., the olecranon and half of the trochlear notch (Fig. 7). The coronoid process and the lateral
articular surface are preserved (Table 3). IQW 1980/15791 (Mei. 15303) is slightly smaller than remains
from Pirro Nord (housed in PF; own measurements, N = 3, DPC = 56.7 mm).

IQW 1995/24992 (Mei. 24521), IQW 1995/24 993 (Mei. 24522), IQW 1995/24 990 (Mei. 24519), and IQW
1995/24991 (Mei. 24520) are the right metacarpals 2 to 5 of a single individual, all but Mc3 are almost
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Fig. 7 Pachycrocuta brevirostris (Gervais), Untermassfeld. —
a—c Left ulna fragment IQW 1980/15791 (Mei. 15303), anterior,
external, internal views. — Scale: 30mm.

complete (Fig. 8). Their measurements are provided in Table 4. The morphology of the metacarpals is simi-
lar to that of the homologous elements of the extant bone-cracking hyenas, but they are more robust and
stouter. For instance, the ratio Bp/GL for the Mc2 IQW 1995/24992 (Mei. 24521) is 0.21, whereas those
calculated from the mean values of extant samples of C. crocuta (N = 8) and H. hyaena (N = 3) provided by
Cardoso (1993) are both equal to 0.18. The same ratio for the Mc4 IQW 1995/24 990 (Mei. 24519) is 0.18,
while for C. crocuta is 0.15, and for H. hyaena only 0.13.

Ulna sin. Femur sin. Femur dex.
IQW 1980/15791 IQW 1992/24 149 IQW 1990/23 656
(Mei. 15303) (Mei. 23678) (Mei. 23185)
DPC 52.1
HTr 71.0 70.6
DD 26.5 24.3 24.2
SD 16.8 25.1 26.3

Table 3 Pachycrocuta brevirostris (Gervais), measurements (mm) of ulna and femurs, Untermassfeld. For abbreviations see section 3.
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Fig. 8 Pachycrocuta brevirostris (Gervais), Untermassfeld. —
a-f Right Mc2 IQW 1995/24992 (Mei. 24521). — g-k Right
Mc3 distal fragment IQW 1995/24993 (Mei. 24522). — I-q Right
Mc4 IQW 1995/24990 (Mei.24519). — r-w Right Mc5 1QW
1995/24991 (Mei. 24520). — a, g, |, r dorsal views; b, h, m, s
external views; ¢, i, n, t palmar views; d, j, o, u internal views; e,
p. v proximal views; f, k, g, w distal views. — Scale: 30 mm.
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Mc2 dex. Mc3 dex. Mc4 dex. Mc5 dex.

IQW 1995/24992 IQW 1995/24993 IQW 1995/24990 IQW 1995/24 991
(Mei. 24521) (Mei. 24522) (Mei. 24519) (Mei. 24520)
GL 97.3 107.8 87.3
Dp 22.6 22.6 19.7
Bp 19.0 18.2 21.2
DD 11.0 11.3 1.5
SD 13.6 13.6 14.7
Dd 16.4 19.8 c. 18.6 18.3
Bd 20.6 20.2 19.0 19.5

Table 4 Pachycrocuta brevirostris (Gervais), measurements (mm) of a series of metacarpals of the same individual, Untermassfeld. For
abbreviations see section 3.
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Fig. 9 Pachycrocuta brevirostris (Gervais), Untermassfeld. — a-d Right femur fragment IQW 1990/23656
(Mei. 23 185), anterior, external, posterior, internal views. — Scale: 30 mm.
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5. Comparative biometric discussion

The giant hyena P brevirostris was a relatively common faunal element during the Early Pleistocene of
Europe, but a few sites yielded abundant remains (Kurtén and Garevski 1989; Turner and Antén 1996). Al-
though some localities have only tentative chronological constraints and/or may include time-averaged en-
sembles, it is reasonably possible to subdivide them into a Late Villafranchian and an Epivillafranchian group
(Table 5). Comparing P4and My lengths of the two reveals that the sample from Untermassfeld includes
the largest P, brevirostris, and that an increase in size occurred during the late Early Pleistocene (Fig. 10a, ¢).
However, as the overlap between the two groups is not negligible, plotting each locality separately depicts
a more complex picture (Fig. 10b, d). Data for P4 are quite scanty (N = 26), with most occurrences being
represented by isolated specimens. The sample from the Upper Valdarno is relatively small and that from
Untermassfeld large, but the remains from Venta Micena encompass all the observed variation (Fig. 10b).

Country Locality Abbreviation Biochronology References P+ My
Czech Republic Stranska Skaéla SS Epivillafranchian(?) Kurtén 1972 1 4
France Grosse Marguerite GM Epivillafranchian Fourvel and Lateur 2015 1
Le Vallonnet Va Epivillafranchian de Lumley et al. 1988 2
Saint-Prest SP Epivillafranchian Guérin et al. 2003 1
Sainzelles Sa Epivillafranchian Boule 1893; Turner and Antén 1996 2 1
Trois Pigeons TP Epivillafranchian Fourvel and Lateur 2015 1
Germany Untermassfeld Un Epivillafranchian Turner 2001; this paper 5 6
Wiirzburg-Schalksberg WS Epivillafranchian Schatt 1974 1
Greece Kalamoté Ka Epivillafranchian Tsoukala and Chatzopoulou 2005 1
[taly Slivia S| Epivillafranchian this paper 1
Macedonia Manastirec Ma Epivillafranchian(?) Kurtén and Garevski 1989 2
Montenegro Trlica Tr Epivillafranchian(?) Vislobokova and Agadjanian 2015 1 1
Ukraine Nogaisk No Epivillafranchian Marciszak et al. 2021 1
Russia (European) Akhtanizovskaya Ak Epivillafranchian Sotnikova and Titov 2009 1
Slovakia Gombasek Go Epivillafranchian(?) Turner and Anton 1996 1 4
Spain Cal Guardiola CG Epivillafranchian Madurell-Malapeira et al. 2009 1
Cueva Victoria cv Epivillafranchian Madurell-Malapeira et al. 2015 1 3
Incarcal In Epivillafranchian(?) Julia and de Villalta 1984; Galobart 2
et al. 2003
Greece Gerakarou Ge Late Villafranchian  Koufos 1992 1
[taly Pirro Nord PN Late Villafranchian  Petrucci et al. 2013; this paper
Upper Valdarno uv Late Villafranchian  Turner and Anton 1996; Liu et al. 7 8
2021; this paper
Russia (European) Liventsovka Li Late Villafranchian  Sotnikova et al. 2002 1
Spain Venta Micena VM Late Villafranchian  Martinez-Navarro 1991; Medin 4 12
etal. 2017
Table 5 Pachycrocuta brevirostris (Gervais), European localities with remains of carnassial teeth. P4, M' — number of specimens.
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Fig. 10 Pachycrocuta brevirostris (Gervais), Untermassfeld and other European localities. — a—b Boxplots of P* L. — c—d Boxplots of M L. —
LV: Late Villafranchian. — Ep: Epivillafranchian, for other abbreviations and references: see Table 5. — N: Number of specimens for each
locality. — Measurements: mm.

M is more abundant (N = 56) and hence it allows a better evaluation of the pattern. The sample from Un-
termassfeld is characterised by the largest size, but the other values are highly heterogeneous, although a
slight increase in the Epivillafranchian can be noted (Fig. 10c).

In a previous study Kurtén and Garevski (1989) found no substantial chronological differences in morphology
during the existence of R brevirostris in the Pleistocene of Europe. Now that more data are available, they
provide support for the identification of a weak but significant trend towards an increase in size, exempli-
fied by the palaeopopulation of Untermassfeld. Clearly, not all localities adhere to this tendency, and the
presence of large or (relatively) small individuals of P brevirostris at a given site cannot be used for biochro-
nological correlations. Arguably, other factors, such as climate fluctuations, availability of trophic resources,
and/or competition with other species might have played a role, and a few sites have adequate constraints
for evaluating these variables. Moreover, the possible existence of sex-related differences should also be
taken into account, as the debated »monomorphism« of C. crocuta is hardly generalisable to other species
(Hamilton et al. 1986).
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6. Conclusions

The attribution of the Hyaenidae sample from Untermassfeld to the giant hyena P brevirostris is beyond
doubt, considering the evident large size of the fossil remains and their morphology. Adaptations to bone-
cracking common to extinct and extant hyenas belonging to this ecomorphotype (sensu Werdelin and
Solounias 1996) are of course present in P brevirostris from Untermassfeld, and in some cases extremely
developed, as for the curvature of the tooth rows and the depth of the mandible (especially at the sym-
physis). Moreover, the species was also characterised by its unique combination of morphological features,
which although somehow overshadowed by its superior dimension can be important in the identification
of isolated remains.

Untermassfeld yielded not only the most abundant European sample of P brevirostris but also the one
characterised by the largest size. This is paradigmatic for the slight but seemingly significant dimensional
increase occurred during the late Early Pleistocene, perhaps continuing a trend started since the separation
of P brevirostris from Pl. perrieri. This corroborates with the view of a progressive specialisation in the gi-
ant hyena, which could have made it a perfectly adapted component of the Late Villafranchian and Epivil-
lafranchian mammal communities of Europe, but unable to cope with intense climate shifts of the Middle
Pleistocene, eventually favouring its extinction (lannucci et al. 2021).
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