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Abstract

The deer remains from the Early Pleistocene site of Untermassfeld (Thuringia, Germany) are analysed in
detail, including published and previously unpublished material. The analysis confirms the presence of the
four species previously recorded at the site: the roe deer Capreolus cusanoides, the moose Cervalces carnu-
torum, the fallow deer '‘Pseudodama’ vallonnetensis and the large comb-antlered deer Eucladoceros giuli.
The remains of roe deer and moose are extremely rare in general, so each new specimen has been described
in detail and measurements have been provided. Their importance rests in Untermassfeld being the type
locality for C. cusanoides and the earliest European occurrence of the genus, and for C. carnutorum provid-
ing the richest collection of this otherwise poorly recorded species. E. giulii and 'R’ vallonnetensis are very
abundant at the site, thus only selected antler, cranial and dental remains have been described in detail.
In particular, their completeness and good state of preservation allows a detailed morphological analysis
which, by comparison with modern deer taxa of known ecology, allows the reconstruction of their likely
feeding habits. The Untermassfeld sample of E. giulii represents the species’ type-population and last known
representative of the Eucladoceros lineage. ‘R’ vallonnetensis is the richest published collection of this last
representative of the '‘Pseudodama’ lineage which likely includes the ancestor of the modern genus Dama.
Updated MNIs haves been calculated for the four species recorded.

1. Introduction
The deer from the Early Pleistocene of Untermassfeld were described in detail in the first two monographs

dedicated to this renowned locality (Kahlke 1997; 2001), focussing on material from excavations prior to
the year 2000. A small number of additional remains were figured in a later, mostly taphonomic, mono-
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graph (Kahlke 2006), and in further biochronological papers of the Untermassfeld site (Kahlke 2007; 2009).
However, most of the material excavated from 2000 to 2014 has been identified only recently and will be
described here, together with a small amount of undescribed material, mainly isolated postcranials, from
earlier excavations.

In most cases, size is a clear criterion for identification, always well separating the two species most fre-
qguent at the site, the smaller ‘Pseudodama’ vallonnetensis and the larger Eucladoceros giulii. Size is usually
enough also to separate the scarce even smaller Capreolus cusanoides and the scarce even larger Cervalces
carnutorum. For ‘R" vallonnetensis and E. giulii, the most complete and diagnostic new cranial specimens
are described in detail, and general morphological features on antlers, skulls, mandibles and dentition are
updated from a re-examination of all the published and unpublished material. For C. cusanoides and C. car-
nutorum, every new specimen has been described, and the morphological criteria that set them apart from
the two commonest taxa are illustrated.

All measures are in mm. For teeth, the length (L) is measured at the crown base to avoid wear-related modi-
fications, labially for the upper teeth and lingually for the lower teeth; the crown width (W) is the maximum
at the mesial lobe. For the postcranials the acronyms are those of Driesch (1976).

2. Capreolus cusanoides

Tribe: Capreolini Brookes, 1828
Genus: Capreolus Gray, 1821
Capreolus cusanoides Kahlke, 2001

Fossil roe deer from the Middle Miocene to Early Pleistocene of Eurasia are assigned to the genus Pro-
capreolus Schlosser, 1924, distinguished from Capreolus by the weaker (or absent) pearling of the antlers,
a medio-lateral flattening of the antler beams, presence of a ‘Palacomeryx’ fold on the lower molars, and
strong protoconal fold on the upper molars (Lister et al. 1998). Procapreolus is represented by roughly ten
species (Kahlke 2001; Valli 2010). Its last European representative is P cusanus Croizet et Jobert, 1828,
originally described from Perrier-Etouaires, France, and later recognized also from Viallette, France (Heintz
1970), Aulla Quarry, Italy (Abbazzi et al. 1995), Montopoli, Italy (Abbazzi and Croitor 2003), and the Red
Crag, Britain (Lister 1999).

The earliest representative of the genus Capreolus is C. constantini Vislobokova, Dmitrieva et Kalmykov,
1995 from the late Pliocene of Udunga (Trans-Baikal region, Russia). However, the earliest species recorded
in Central Europe is C. cusanoides from the Epivillafranchian of Untermassfeld, described by H.-D. Kahlke in
2001. In a preliminary description of the deer from this locality, Kahlke (1997) recorded one isolated upper
molar, a well preserved hemi-mandible, plus elements of a partially articulated leg (tarsal bones and meta-
tarsal). He concluded that the material was not enough for a specific allocation and identified it as Capreolus
sp. However, a few years later H.-D. Kahlke (2001), on the basis of newly retrieved material (a badly pre-
served antler with pedicle, an upper tooth row, and another mandibular ramus with teeth), described the
new species Capreolus cusanoides, which was characterized by weak pearling of the antler, strong medio-
lateral flattening of the entire beam (reaching its greatest development just under the distal fork), and lower
insertion of the anterior (first) tine.

C. cusanoides was suggested to be the ancestor of the large early Middle Pleistocene species C. suessen-
bornensis, described by H.-D. Kahlke (1956) on material from Stssenborn. Kahlke (1956) suggested that
C. suessenbornensis was distinguished from modern C. capreolus by larger size (quantified as 25 % larger
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by Pfeiffer 1998) and mildly flattened antlers (though the ratio of the largest to smallest diameter of the
base deviates from circularity by only 1-10 % according to Lister et al. 2010).

However, some years earlier, Soergel (1914) had described the roe deer remains from Mauer as a separate
subspecies of the modern species (at that time in the genus Cervus), as 'C. capreolus mut. prisca’. Soergel
(1914, 48f.) stated that the roe deer from Mauer, together with that from Mosbach and Sussenborn,
differs from modern roe deer in its larger size and larger antlers with a more oval section. As noted by
Breda et al. (2015), even though H.-D. Kahlke (1956) himself suggested that C. suessenbornensis might
be synonym of ‘C. capreolus mut. prisca’, none of the later authors supported the priority of Soergel’s
name. In fact, C. suessenbornensis, although subsumed by some authors to the subspecific rank within
modern C. capreolus (e.g., Kahlke 1975; Lister et al. 1998), obtained some recognition and has been
recorded from several western European localities (Breda et al. 2015). By contrast, the name C. capreolus
priscus had not been used until Pfeiffer (1998) resurrected it, upgrading it to specific rank as C. priscus
and considering it intermediate in size between C. suessenbornensis and modern roe deer. Here we treat
the early Middle Pleistocene roe deer as a subspecies, Capreolus capreolus suessenbornensis, following
Kahlke (1975).

The study of the material excavated after 2000, plus a batch of earlier material that had been stored at the
Senckenberg Research Station of Quaternary Palaeontology adds 4 dental and 14 postcranial remains.

2.1. Teeth

Left M" or M? IQW 2003/28 285 (Mei. 27 447) (Fig. 1a—c).

This molar has all the typical roe deer features: crown swollen at the base, prominent spur on the distal
wall of the hypocone (distal lobe), smaller spur on the mesial wall of the protocone (mesial lobe), metacone
(disto-labial pillar) and metastyle very weakly developed, only traces of an entostyle (inter-lobar column).
The advanced wear does not allow interpretation of the morphology of the distal wall of the protocone: in
particular, it is not clear whether there is a strong inner spur or traces of the protoconal fold.

Basal length 9.9 mm; maximum width 12.2mm.

Right M" or M? IQW 2012/39392 (Mei. 36 366) (Fig. 1d—f).
This tooth has all the typical roe deer features listed above. As in IQW 2003/28285 (Mei. 27 447), it is not
clear whether there are remnants of a protoconal fold or a strong inner spur on the distal wall of the proto-

Fig. 1 Capreolus cusanoides Kahlke, Untermassfeld. — a-c Right M' or M? IQW 2003/28285
(Mei. 27 447), lingual, occlusal, labial views. — d—f Left M' or M? IQW 2012/39392 (Mei. 36366), lin-
gual, occlusal, labial views. — Scale: 10mm.
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Fig.2 Capreolus cusanoides Kahlke, Untermassfeld. — a-c Right jaw fragment
IQW 1993/24287 (Mei. 23816) with P, occlusal, labial, lingual views. — Scale:
10mm.

cone. As in the complete tooth row IQW 1993/24 360 (Mei. 23889) described by H.-D. Kahlke (2001), the
labial wall of the tooth preserves traces of cement.
Basal length 10.0 mm; maximum width 12.1mm.

Left D4 IQW 2002/27 284 (Mei. 26789).

The tooth is extremely worn and the roots were already resorbed, so it had probably been shed or was ready
to be shed to give space for the permanent tooth. The enamel is extremely thin, as typical of milk teeth.
Basal length 8.9 mm; maximum width 10.6 mm.

Right P, with associated diastema portion IQW 1993/24287 (Mei. 23816) (Fig. 2).

Tooth complete with roots, low wear. The portion of ramus does not preserve the alveolus but a portion
of the diastema. The tooth has the same size and shape as the P, of hemi-mandible IQW 1983/18900
(Mei. 18420) described by H.-D. Kahlke (1997, fig. 2), which is rather simple without paraconid and with
a straight parastylid. By contrast, IQW 1989/23221 (Mei. 22 740) (Kahlke 2001, pl. 72, 5-6) has a notably
larger P,.

Basal length 6.3 mm; maximum width 5.1 mm.

2.2. Postcranials

Left scapula IQW 2003/28221 (Mei. 27 383).

This comprises the most distal portion of the neck and part of the blade and spine. The size is consistent
with roe deer but no important diagnostic features are preserved.

SLC (smallest length of the collum scapulae) 21.5mm.

Left radius IQW 2007/29593 (Mei. 28 755).

This comprises only the medial portion of the proximal epiphysis and diaphysis, broken posteriorly just before
the articular surface to the ulna. It is clearly smaller than the same bone of ‘R’ vallonnetensis and differs
from it in the proximo-distal elongation of the lip of the proximal articular surface. This is similar in the only
radius of C. capreolus suessenbornensis from the type locality of Stissenborn IQW 1965/2714 (S. 6639) and
in modern roe deer.

Dp (proximal depth of the articular surface) 17 mm.
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Fig. 3 Capreolus cusanoides Kahlke, Untermassfeld. — a-c Right tibia, proximal fragment IQW 1989/23325
(Mei. 22 844), anterior, posterior, proximal views. — d—f Left tibia, distal fragment IQW 1986/21478 (Mei. 20997),
anterior, posterior, distal views. — g—i Right tibia, distal fragment IQW 1988/22 464 (Mei. 21983), anterior, posterior,
distal views. — Scale: 30 mm.

Right tibia IQW 1989/23 325 (Mei. 22 844) (Fig. 3a—c).

This find comprises only the proximal portion of a tibia and is much smaller than equivalent remains in
‘P vallonnetensis. It differs from ‘R’ vallonnetensis in the morphology of the posterior edge of the lateral
articular facet, which is more straight and laterally pointed (being more curved in ‘R’ vallonnetensis). This
feature is shared by moose (Breda 2005, 162, character 4).

Bp (proximal breadth) 47 mm; Dp (proximal depth) 48 mm.

Left tibia IQW 1986/21478 (Mei. 20997) — distal epiphysis and most of the diaphysis (Fig. 3d—f).

Right tibia IQW 1988/22 464 (Mei. 21 983) — distal epiphysis and most of the diaphysis (Fig. 3g—i).

Right tibia IQW 1987/22279 (Mei. 21 798) — distal epiphysis.

Left tibia IQW 1985/21 038 (Mei. 20557) — distal epiphysis and fragments of diaphysis; the bone surface is
covered by root scars.

All the specimens are consistent in size with each other and with the proximal portion IQW 1989/23325
(Mei. 22 844).
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Fig. 4 Capreolus cusanoides Kahlke, Untermassfeld. — a—-c Right astraga-
lus IQW 1984/20109 (Mei. 19629), proximal, posterior, anterior views. —
d-f Right navicocuboid IQW 2003/28271 (Mei. 27 433), anterior, distal, prox-
imal views. — Scale: 20 mm.

All the distal tibia fragments clearly differ from ‘R’ vallonnetensis in having the medial edge of the distal
trochlea medially bent into a distally-facing flattened portion. This morphology has a counterpart in the
astragalus shape (see below), and is present also in the only C. capreolus suessenbornensis specimens from
Sussenborn IQW 1964/2 085 (Suss. 9038), and Voigtstedt IQW 1965/3 507 (Voi. 20).

On the posterior side of the diaphysis of IQW 1986/21478 (Mei. 20997), in medial position, there is a
rounded hole, clearly the bite mark of a carnivore (see Fig. 3e, see also Kahlke 1997).

Dd (distal depth) respectively IQW 1986/21478 (Mei. 20997), 24.0mm; IQW 1988/22 464 (Mei. 21983),
22.8mm; IQW 1987/22279 (Mei. 21798), 24.7mm; IQW 1985/21 038 (Mei. 20557), 24.5mm;

Bd (distal breadth) respectively IQW 1986/21478 (Mei. 20997), 28.5mm; IQW 1988/22 464 (Mei. 21983),
29.2mm; IQW 1987/22279 (Mei. 21798), 31.5mm; IQW 1985/21038 (Mei. 20557), 31.8mm.

H.-D. Kahlke (1997) recorded three right tarsal elements as associated with each other: calcaneus IQW
1984/20108 (Mei. 19628), astragalus IQW 1984/20 109 (Mei. 19629) and naviculocuboid IQW 1984/20 110
(Mei. 19630).

The calcaneus is missing and has not been analysed in this revision. The astragalus and naviculocuboid look
quite different from each other in size and preservation: the astragalus is slightly larger than its articular
facet on the naviculocuboid and has very well preserved surfaces, while the latter is abraded and apparently
porous as if it were from a young individual. So we believe they cannot be associated. The astragalus is
re-described below, among the unpublished material, to record some interesting features visible on it.

Right astragalus IQW 1984/20 109 (Mei. 19629) (Fig. 4a—c).

The bone (Kahlke 1997, 182) is complete and shares two morphological features with moose, described by
Breda (2005, 164). The same features differentiate it morphologically from ‘R’ vallonnetensis:
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— the presence of a well-developed pit between the articular surfaces to the sustentaculum tali and to the
navicocuboid (character 1 in Breda 2005);

— avery projecting proximal tip of the medial lip of the proximal trochlea (Breda’s character 4) that mirrors
the distal end of the tibia, i.e. the medial edge of the distal trochlea is medially bent into a flattened and
distally-facing portion.

Both these features are present also in the type population of C. capreolus suessenbornensis and in modern

roe deer. In addition, the antero-lateral edge of the distal trochlea forms a strong step not present in fallow

deer but shared by C. capreolus suessenbornensis and Cervalces latifrons from Sussenborn (Breda, unpub-
lished data).

Left naviculocuboid IQW 1986/21251 (Mei. 20770).

Complete and well-preserved, a little larger than the published specimen IQW 1984/20 110 (Mei. 19630)
and more consistent in size with astragalus IQW 1984/20 109 (Mei. 19629). The posterior articular surface
to the metatarsal is extremely short, proportionally much shorter than the same element in ‘P’ vallonneten-
sis. In addition, the latero-posterior corner of the lateral articular surface to metatarsal IV is flat (as in Alces
and Cervalces, Breda 2005, character 7), while it bends proximally in ‘P’ vallonnetensis and in modern Dama
(Breda, unpublished data).

GB (greatest breadth) 28.0mm; GD (greatest depth) 26.1 mm; Bp art (proximal articular breadth) 27.1 mm.

Right navicocuboid IQW 2003/28271 (Mei. 27 433) (Fig. 4d-f).

Complete and beautifully preserved, same size as IQW 1986/21251 (Mei. 20770) and fitting well with
the astragalus IQW 1984/20 109 (Mei. 19629). As in IQW 1986/21251 (Mei. 20770), the posterior ar-
ticular surface to the metatarsal is very short and the latero-posterior corner of the lateral articular surface
to metatarsal IV is flat. This navicocuboid shows very clearly a feature described by Breda (2005, 165,
character 2) for the moose, that is an additional narrow articular surface bordering the articular surface
of the tenon lateralis and articulating with the pit on the postero-distal side of the astragalus, described
above. This surface is not visible in the published specimen IQW 1984/20110 (Mei. 19630) due to its
poor state of preservation and is present but not as well developed in IQW 1986/21251 (Mei. 20770). It
is clearly present in the only specimen of C. capreolus suessenbornensis from Stissenborn IQW 1964/2 087
(S. 6814).

GB (greatest breadth) 27.1 mm; GD (greatest depth) 25.9mm; Bp art (proximal articular breadth) 26.9mm.

Left malleolus lateralis IQW 1986/21 126 (Mei. 20 645).

This bone is complete and fits well with tibia IQW 1985/21038 (Mei. 20557) which is the tibia with the
largest anterior articular facet to malleolus lateralis.

GL (greatest length) 18.4mm; GH (greatest height) 14.3mm; GB (greatest breadth) 9.4 mm.

Right metatarsal IQW 1989/13272 (Mei. 22791).
Only a portion of the diaphysis is preserved, and does not allow any measurements or morphological de-
scription. The size perfectly matches the published specimen IQW 1986/21 098 (Mei. 20617) (Kahlke 1997).

Right metatarsal IQW 1989/23 107 (Mei. 22 626).

Only the proximal portion is preserved (lacking the postero-latero-portion) and matches in size the published
specimen IQW 1986/21098 (Mei. 20617) (Kahlke 1997).

Bp (proximal breadth) c. 21 mm; Bp art (proximal articular breadth) 20.4 mm; Dp (proximal depth) 23 mm.
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Associated first and second phalanx IQW 1988/22514 (Mei. 22032) and IQW 1988/22515 (Mei. 22034),
respectively.

The first phalanx preserves the distal epiphysis and the anterior portion of the diaphysis. The second phalanx
preserves the proximal epiphysis and the anterior portion of the diaphysis up to the distal articular tip.

15t Ph Bd (distal breadth) 9.9 mm; Dd (distal depth) 8.9mm; 2" Ph Bp (proximal breadth) 12 mm.

2.3. Conclusion on Capreolus cusanoides

The published and new roe deer remains from Untermassfeld assigned to C. cusanoides are metrically
compared to the C. capreolus suessenbornensis populations from the type locality Stssenborn and from
Voigtstedt both sites in Thuringia; specimens stored at the Senckenberg Research Station of Quaternary
Palaeontology.

As a result, the roe deer teeth from Untermassfeld appear within the size range of C. capreolus suessen-
bornensis (Table 1). The dental samples are too small to test for significant differences in size or proportion,
but so far none is evident from the material available (Table 1).

The postcranial elements of the specimens from Untermassfeld (Table 2) are within the range of C. capreo-
lus suessenbornensis from Sussenborn and Voigtstedt with the sole exception of the 15t phalanx IQW
1988/22 514 (Mei. 22 032), whose proximal end is slightly smaller than the range of Voigtstedt but this is
unlikely to be statistically significant (no corresponding specimens are preserved from Stissenborn).

Thus, the roe deer from Untermassfeld was as large as C. capreolus suessenbornensis, rather than smaller as
suggested by H.-D. Kahlke (2001). However, one character of the dentition approaches it to Procapreolus,
namely the presence of a well-developed protoconal fold on the distal wall of the protocone of the upper
molars which, according to Heintz (1970, 81), distinguishes P cusanus from Capreolus. The protoconal fold
is clearly visible and developed in the M? of specimen IQW 1993/24 360 (Mei. 23889) (Kahlke 2001, pl. 72,
2-4), but possibly present also in the M' and M? of the same specimen and in the above-described IQW
2003/28285 (Mei. 27447) and IQW 2012/39392 (Mei. 36366). In these teeth, the advanced wear stage
prevents the interpretation of the bilobed morphology, which could represent either the posterior wall of
the protocone and protoconal fold, or an inner spur and posterior wall of the protocone. Heintz (1970, 81)
reports also the presence of a »tubercule interlobaire toujours present et fort« in P cusanus in contrast to
C. capreolus in which the tubercle is »absent ou vestigial«. The interlobar column (entostyle) is present on
the lingual wall of the upper molars of tooth row IQW 1993/24360 (Mei. 23889) (Kahlke 2001, pl. 72,
2-4), but it is barely visible in the two isolated molars IQW 2003/28 285 (Mei. 27 447) and IQW 2012/39392
(Mei. 36 366). This variability suggests that the character was not well established in C. cusanoides. By con-
trast, in the lower molars, the interlobar columns (ectostylids) are very developed in the two mandibular
rami IQW 1983/18900 (Mei. 18420) (Kahlke 1997) and IQW 1989/23221 (Mei. 22 740) (Kahlke 2001). No
other lower molars are preserved. The presence of ectostylids in lower molars is however a shared feature
of P cusanus and C. capreolus (Heintz 1970, 85).

We provisionally retain the distinction of the Untermassfeld roe deer from C. capreolus suessenbornensis,
on the basis of dental and antler characters. In particular, in the only antler retrieved, IQW 1993/24 320
(Mei. 23 849) (Kahlke 2001, pl. 72, 1), the pearling is weaker, the medio-lateral flattening is stronger
and the portion below the insertion of the anterior (first) tine is extremely shortened with respect to
the majority of individuals in a large sample of C. capreolus suessenbornensis. However, given the poor
preservation of the antler, that was damaged at the level of the burr, the reported weak development
of the burr (Kahlke 2001, 465) must be considered with caution. Even though the relationship between
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C. cusanoides and P cusanus is uncertain, it is interesting to note how both the weak pearling, the me-
dio-lateral flattening, and the shortened proximal portion of the antler beam, as well as the presence of
a protoconal fold, are shared features between these two species. These may be primitive features of the
group, or they may suggest that C. cusanoides should be referred to Procapreolus, but pending thorough
re-study of the group we provisionally keep cusanoides within Capreolus as originally described. Note that
the shortened proximal portion is variable in P cusanus, as recorded by Heintz (1970, 77): »Les dimen-
sions des divers segments (la longueur totale mise a part) varient de facon désordonnée d’un spécimen
a l'autre«.

3. Cervalces carnutorum

Tribe: Alceini Simpson, 1945
Genus: Cervalces Scott, 1885
Cervalces carnutorum (Laugel, 1862)

Fossil moose from the Plio-Pleistocene of Eurasia have been alternatively assigned to the modern genus
Alces (e.g., Heintz and Poplin 1981; Lister 1987; 1993a; 1993b; Kahlke 1990; 1995a; 1997; 2001; Pfeiffer
1999a; 1999b; Guérin et al. 2003; Van der Made et al. 2014), to the genus Libralces (e.qg., Azzaroli 1952;
1953; Vislobokova 1986) or to the genus Cervalces (e.g., Azzaroli 1979; 1982; 1985; Sher 1987; Breda
2001; 2008; Breda and Marchetti 2005; 2007; Breda et al. 2005; Lister et al. 2010).

The genus Alces is distinguished from Cervalces in the narrow and deep occipital (Azzaroli 1979), in the
short nasal bones not reaching the very long premaxillary bones (Azzaroli 1952), and in the horizontal and
upwardly concave palmation plane, distinct from the vertical plane of Cervalces which has only a mild pos-
terior concavity (Breda and Marchetti 2005). Since the Cervalces species are phenetically more similar to
each other than to the modern moose Alces alces, the allocation of the Plio-Pleistocene species to Cervalces
is kept here, even though, as noted by Lister (1993a), the peculiar characters of Alces are apomorphies so
Cervalces may be paraphyletic.

The species of Cervalces show shortening of the antler beams and increase in body size through time. Thus,
the earliest representative, C. gallicus (Azzaroli, 1952) from the Middle and early Late Villafranchian, is re-
placed by, and may have evolved into, the more geographically widespread C. /atifrons (Johnson, 1874) of
the Middle Galerian — Saalian. Specimens from the interim period, the later part of the Late Villafranchian
and the Epivillafranchian (= Early Galerian of some authors) are assigned by most researchers to C. carnu-
torum (Laugel, 1862), intermediate in body size and length of the antler beams (Heintz and Poplin 1981;
Kahlke 1990; 1995a; Breda and Marchetti 2005). Some researchers (Vislobokova 1986; Sher 1987) prefer
attributing these specimens partly to C. gallicus, partly to C. latifrons, while others (Geraads 1983; Boeuf
et al. 1992) combine C. latifrons and C. carnutorum as one species and retain the latter name due to its
historical priority. Since this disagreement among authors has generated confusion in the literature, we
here follow Heintz and Poplin (1981), Kahlke (1990; 1995a), Guérin et al. (2003), and Breda and Marchetti
(2005) in recognising C. carnutorum as a chronologically-distinct species.

Whether the dimensional and morphological replacement of C. gallicus by C. carnutorum and then C. /ati-
frons was anagenetic or cladogenetic, and whether gradualistic or punctuated, is still to be determined.
Lister (1993b) suggested that the apparent gradualistic evolution may be due to gaps in the fossil record,
whereas Nikolskiy (1996; 2010) and Nikolskiy and Titov (2002) suggested a gradualistic sequence with ad-
ditional intermediate species recorded through Eurasia.
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Fig.5 Cervalces carnutorum (Laugel), Untermassfeld. — a—c Right
humerus, distal fragment IQW 1999/26610 (Mei. 26739), anterior,
lateral, distal views. — Scale: 30 mm.

The moose material from Untermassfeld is by far the richest collection of this otherwise poorly-represented
species. Its analysis is thus of primary importance for understanding its variability. The study of the mate-
rial excavated before 2000 and stored in the collection of the Senckenberg Research Station of Quaternary
Palaeontology but not yet analysed, adds 2 dental and 3 postcranial remains of moose. These are described
below. Unfortunately, no moose remains have been retrieved since 2000.

3.1. Upper teeth

Associated left and right M IQW 1982/18 158-59 (Mei. 17 678-79).

These were found together and apparently belong to the same individual. They had just erupted and the
roots were not yet formed. Their wear stage equals that of the tooth row D2-M' IQW 1987/22 041-44
(Mei. 21560-63), described by H.-D. Kahlke (1997). The left tooth lacks the lingual wall of the metacone.
The right tooth preserves only the posterior lobe. There is a well-developed protoconal fold, typical of the
Alceini, and a small additional fold on the posterior wing of the hypocone.

For the left tooth, the maximum length is 27.8 mm, the width of the mesial lobe is 24.8 mm. For the right
tooth, no measurements could be taken.
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3.2. Postcranials

Right humerus IQW 1999/26610 (Mei. 26739)
(Fig. 5).
Only the distal portion of the humerus is preserved.
This specimen is smaller than right humerus IQW
1980/15363 (Mei. 14875) (Kahlke 1997, fig. 7).
However, it can be easily distinguished from E. giu-
lii by:
— the smoother and more rounded medial side of
the distal trochlea (dorsal view), which bends
regularly toward the axial groove (has a more
spherical shape), while in E. giulii the medial
side of the distal trochlea is straighter medially
and then bends more decidedly toward the axial
groove (has a more cylindrical shape);
— the shape of the proximo-dorsal side of the la-
teral trochlea (dorsal and lateral views), which
ends abruptly and is less proximally-developed
than the ridge separating the medial and late- Fig.6 Cervalces carnutorum  (Laugel),
ral trochlea, while in E. giulii the lateral trochlea ~Untermassfeld. — Vestigial metacarpal IQW
. . 1980/16697 (Mei. 16218), lateral view. —
bends axially and elongates smoothly against scale: 30mm.
the more proximally-extended ridge.
Bd (distal breadth) 93 mm; BT (breadth of the troch-
lea) 83 mm; Dd (distal depth) 96 mm.

Vestigial metacarpal IQW 1980/16697 (Mei. 16218) (Fig. 6).

The telemetacarpal condition (the retention of the distal portion of the metacarpal bones of the 2" and 5t
digits) is a peculiarity of the New World deer (Odocoileini), shared by Alceini and Capreolini; the Old World
deer (Cervinae) preserve instead the proximal portion of the metacarpal bones, a situation known as ple-
siometacarpal condition. The plesiomorphic form was the holometacarpal condition, which means lateral
metacarpals of full length. However, when the bone reduction occurred, and whether the telemetacarpal
deer are monophyletic, is still a matter of debate (e.g., Randi et al. 1998; Gilbert et al. 2006).

Although Pfeiffer (1999a) hypothesized that C. latifrons (and thus its ancestors) still retained the holometa-
carpal condition, a telemetacarpal fore foot was already present in C. gallicus (type specimen from Sénéze,
Breda 2001; 2005).

The specimen from Untermassfeld is roughly complete, lacking only the proximal tip. The preserved por-
tion is 215mm long, which suggests it had a full length of probably no more than 240 mm. The maximum
breadth and maximum depth of the epiphysis are respectively Bd 11.1mm and Dd 17.7 mm.

Associated cannon bones (and indeed complete cannon bones from other individuals) are lacking, and so
a ratio in length cannot be calculated, however, apparently, the size of the specimen from Untermassfeld is
not proportionally larger than in modern moose. Anyway, as a vestigial organ, subject to low selective pres-
sure, the size of the lateral metacarpals can be extremely variable at individual level (demonstrated by Lister
and Chapman 1988 for the plesiometacarpals of modern fallow deer, D. dama). Nonetheless, the length of
the preserved specimen indicates clearly a telemetacarpal, not holometacarpal, condition.
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Left metatarsal IQW 1986/21 165 (Mei. 20684).
Only the incomplete distal epiphysis is preserved.
The attribution to the moose is based on the ex-
tremely large size (Bd=84mm); the wide, key-hole-
shaped gap between the trochleae (Breda 2005);
the outline of the proximal end of the posterior
trochlea with loops breaking the articular surface
between medial keels and the sides of the trochleae
(Breda 2005); and the strong posterior development
of the same keels, clearly visible in distal view (Lister,
unpublished data). The identification as posterior
rather than anterior metapodial is suggested by the
strong dorso-ventral development (Dd >55mm —its
incompleteness does not allow a precise measure).

3.3. Emended identifications

Two metacarpals identified by H.-D. Kahlke (1997)

Fig.7 Ecladoceros  giulii a5 C. carnutorum actually do not belong to a moose.
Kahlke, Untermassfeld. — a-b

Left metacarpal, proximal

fragment 1QW 1990/15240  Left metacarpal IQW 1984/19995 (Mei. 19515).
g\;i}'r Lgvst)_ Ecrzlx;m;érms This specimen (Kahlke 1997, fig. 10) preserves the
complete distal end and most of the diaphysis, but
only a small, separate portion of the proximal end
which does not clearly join the diaphysis, thus preventing an accurate measurement of the full length of the
bone. The only measures that can be taken with precision are the distal breadth (Bd=62.1 mm) and distal
depth (Dd=42.0mm).
Several morphological criteria suggest that this metacarpal belongs to E. giulii:
— the dorsal longitudinal groove separating the diaphysis of metacarpus lll and IV and the hole (interosseus
canal) at its distal end are narrower than in moose;
— the gap between the distal trochleae of metacarpals lll and IV is thin and, in anterior view, does not ex-
tend as far as the proximal edge of the articular surfaces of the trochleae;
— the proximo-dorsal outline of the articular surfaces of the trochleae, in anterior view, is more squared
than in moose.

All these features match perfectly the morphology of the other E. giulii metacarpals from Untermassfeld.
This specimen is respectively Bd 3mm and Dd 1 mm larger than the largest specimen of E. giulii measured
by H.-D. Kahlke (1997, 253, tab. 70). However, other specimens of E. giulii, not measured by H.-D. Kahlke
(1997), are as large [e.g., IQW 2005/28827 (Mei. 29989) Bd 60.3mm, Dd 41.5mm; IQW 2005/28910
(Mei. 28072) Bd 58.4mm, Dd 42 mm], thus, also the size fits with E. giuli.

It is worth mentioning that Van der Made et al. (2014) noted that the robusticity index of this metacarpal,
calculated from the measures given by H.-D. Kahlke (1997) with an estimated length of 372 mm, is much
higher than for any other moose specimen. Van der Made et al. (2014) concluded that the length might
have been estimated wrongly by H.-D. Kahlke (1997). The solution is that this is not a moose metacarpal
and its robusticity index corresponds well to that of E. giuli.
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Left metacarpal IQW 1980/15240 (Mei. 14722) (Fig. 7).

This specimen, recorded by H.-D. Kahlke (1997, 193, fig. 9g-h) as moose consists of the proximal portion

(up to 155mm from the proximal end) with surfaces extremely well preserved. On the medial and lateral

edges of the posterior side of the proximal end, in contact with the articular surfaces for the distal carpal

elements, there are two well delineated small facets, vertically oriented and elongated (respectively: medial

10.4mm high and 6.3 mm wide; lateral 13.0mm high and 8.9 mm wide). These facets are the articular fac-

ets to the plesiometacarpals of digits Il and V, thus the bone cannot belong to a moose that, as mentioned

above, must present the telemetacarpal condition.

The specimen does not match the typical moose morphology, also in:

— the existence of a posterior gap between articular surfaces of digits Ill and IV (which are always joined
in moose);

— the medio-posterior extension of the articular surface of digit Ill (which is not present in moose);

— the large and nearly circular synovial hollow (the hole between the articular surfaces of mc lll and IV —
which is antero-posteriorly elongated in the moose, Breda 2005, character 9).

All these morphologies are instead consistently present in E. giulii so we assign the specimen to that species.

Two elements of the distal carpal row, respectively IQW 1980/15938 (Mei. 15449) (Kahlke 1997, fig. 9a—)
and IQW 1980/15933 (Mei. 15444) (Kahlke 1997, fig. 9d-f), have been described by H.-D. Kahlke (1997)
as articulated to metacarpal IQW 1980/15240 (Mei. 14722). The facets on these two carpal bones have
indeed exactly the same size as those on the metacarpal and on each other; however, the contact surface is
imperfect thus they probably do not belong to the same individual. Carpal bones of Cervalces are extremely
rare so a comparison is not possible, but comparison with the same carpal elements of E. giulii shows the
following:

— the disto-lateral element (carpal IV), IQW 1980/15933 (Mei. 15444) is just a little bit larger than the
largest E. giulii specimen, being basically as wide but with a slightly more proximo-ventral elongation of
the posterior side, but otherwise lying within this species’ morphological variability;

— the disto-medial element (carpal II+Ill) IQW 1980/15938 (Mei. 15449) is as large as the six largest E. giulii
specimens and identical to them in morphology except for a strong postero-medial elongation of the
articular surface to metacarpal lll. As a consequence, their identification as C. carnutorum or E. giulii is
uncertain.

3.4. Conclusion on Cervalces carnutorum size

H.-D. Kahlke (1995a) showed that a hemi-mandible of C. carnutorum from Untermassfeld, IQW 1994/24 746
(Mei. 24275), is intermediate in size between its putative ancestor C. gallicus and descendant C. /atifrons.
Later, H.-D. Kahlke (1997) suggested that distal humerus IQW 1980/15363 (Mei. 14875) and complete
radius IQW 1981/17632 (Mei. 17 154) were metrically closer to C. latifrons than to C. gallicus. Finally,
H.-D. Kahlke (2001) recorded another moose hemi-mandible from Untermassfeld, IQW 1997/26001
(Mei. 25530), slightly larger than the previous one, and stated it was in the lower side of the variation
range of C. latifrons.

The newly retrieved distal humerus IQW 1999/26610 (Mei. 26 739) and the measurable upper first molar
IQW 1982/18 158 (Mei. 17678) of C. carnutorum are smaller than the previously recorded distal humerus
IQW 1980/15363 (Mei. 14875) and upper first molar IQW 1987/22 041-44 (Mei. 21 560-63).
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The newly retrieved distal metatarsal IQW 1986/21 165 (Mei. 20684) is quite large but still conforms to
H.-D. Kahlke's (2001) assumption of C. carnutorum being larger than C. gallicus and in the lower range of
C. latifrons. In particular, this metatarsal is smaller than any C. /atifrons with the exclusion of the specimens
from Mauer, which are the smallest C. /atifrons known to date (Breda and Marchetti 2005). The larger sam-
ple from Mosbach is a mixture of C. carnutorum and C. latifrons (Breda and Marchetti 2005) so it does not
allow a clear comparison (Table 3).

These new data suggest that the postcranial size of C. carnutorum is intermediate between C. gallicus and
the large specimens of C. latifrons from Thuringia (SUssenborn and Voigstedt) but in the range of smaller
populations of C. latifrons from Germany (Table 3).

Species Locality Metatarsal Bd Locality Humerus Bd Locality M' length
C. qgallicus Sénéze 56.8 Sénéze 78.5 Sénéeze 23.8
Sénéze 56.3 Sénéze 78.2
C. carnutorum  Untermassfeld 84 Untermassfeld 103 Untermassfeld 31.5
Untermassfeld 93 Untermassfeld 27.8
C. latifrons Stssenborn 86 Stssenborn 112 Stssenborn 31.3
Slssenborn 85 Bilshausen 11
Voigtstedt 95 Bilshausen 112
Bilshausen 90 Mauer 92
Mauer 80
Mauer 69
Mauer 74
Cervalces sp. Mosbach max. 93 Mosbach max. 106 Mosbach max. 35.6
Mosbach mean 85.2 (N=33) Mosbach mean 98.8 (N=22) Mosbach mean 31.4(N=7)
Mosbach min. 78 Mosbach min. 90 Mosbach min. 29.1

Table 3 Measurements of Cervalces remains from the best-known European localities recording this genus. For the rich sample from
Mosbach only the maximum (max.), mean and minimum (min.) are given (measures in mm, acronyms after Driesch 1976).

4. Eucladoceros giulii

Tribe: Cervini Goldfuss, 1820
Genus: Eucladoceros Falconer, 1868
Eucladoceros giulii Kahlke, 1997

Large cervine deer are represented by many species in the Plio-Pleistocene of Europe, the two main tribes
being the Eucladocerini (largely Villafranchian), and the Megacerini (largely Galerian and later) (e.qg., Vislo-
bokova 2012). Several authors have proposed a derivation of the Megacerini from the Eucladocerini (e.g.,
Azzaroli and Mazza 1992; Croitor 2006a). Eucladoceros is characterized by comb-like antlers, in which all
the tines depart from the anterior edge of the main beam and elongate roughly on the same plane.
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H.-D. Kahlke (1997) described the rich large deer material from Untermassfeld as a new species, E. giuli,
characterized by extremely long metapodials, and included in this species also material from Selvella, It-
aly (De Giuli 1987), Pirro Nord, Italy (De Giuli et al. 1987), Venta Micena, Spain (Menéndez 1987) and
W(Urzburg-Schalksberg, Germany (Mauser 1987). Van der Made (1999; 2013) recognized the species in
Atapuerca TD6 and TD8 (Spain), Apollonia (Greece), and Akhalkalaki (Georgia). All these localities are cor-
related to the late part of the Early Pleistocene, from c¢. 1.4/1.3 Ma BP to 0.8 Ma BP.

However, since deer taxonomy rests mainly on antlers, and complete antlers of adult specimens have not
been retrieved from Untermassfeld, the generic attribution of the species ‘giulii’ has been questioned by
Croitor and Kostopoulos (2004) and Croitor (2006a). These authors split the large deer from Untermassfeld
in two taxa (Croitor and Kostopoulos, 2004, 150): most of the material, comprising the large metapodials
and dental remains, plus the juvenile antler of IQW 1990/23672-75 (Mei. 23201-04) + IQW 1990/23633
(Mei. 23162) described by H.-D. Kahlke (1997; 2001), would still belong to the species ‘giulii’ but as-
signed to the genus Arvernoceros; while some other antler remains, »including the fragmented antlers IQW
1982/18223-24 (Mei. 17743-44), IQW 1982/18356 (Mei. 17867) and IQW 1982/18587 (Mei. 18107)
used for the antler reconstruction in Kahlke (1997, pl. 41, 2, 3, 5), would belong to a deer of the genus
Praemegaceros« (Croitor and Kostopoulos 2004, 150).

The genus Arvernoceros was instituted by Heintz (1970) to accommodate the peculiar remains of the
large-sized 'Cervus’ ardei, which had been described by Croizet and Jobert (1828) on material from Perri-
er-Etouaires, France (Early Villafranchian). David (1992) described a new, larger, species, A. verestchagini,
from the Middle-Late Villafranchian of Salcia, Moldova, thus, extending forward considerably the temporal
range of this genus. Croitor and Kostopoulos (2004) support their assignation of the species ‘giulii’ to the
genus Arvernoceros because of the long and cylindrical pedicles pointing backward, the flattened first tine
situated high above the burr and forming two terminal prongs, the flattening of the distal part of the antler,
the lack of a lingual cleft on the upper premolars, and the relatively long lower premolar row compared to
E. ctenoides from Ceyssaguet, France (Croitor and Kostopoulos 2004, 149f.).

However, the length of the pedicles and the high position of the first tine are clearly juvenile characters and
are thus expected in the antler of IQW 1990/23672-75 (Mei. 23201-04) + IQW 1990/23633 (Mei. 23 162)
whatever its taxonomical allocation. The young ontogenetic stage of this individual is proved by the associ-
ated palate with milk teeth.

The lingual wall of the upper premolars from Untermassfeld usually shows a weak-medium groove as in
E. dicranios-ctenoides from the Upper Valdarno and Olivola, and in E. senezensis (= E. tequliensis) from
Sénéze and Saint Vallier (Breda, pers. obs.). However, the development of the groove varies (see section
4.2.3.1.), and in some specimens it is much stronger, up to the point of parting the lingual walls up to half
the height of the crown. These specimens approach the situation in A. ardei in which the groove is always
strongly developed (Heintz 1970, 255). The relative length of the lower premolar row is unknown in A. ar-
dei since its lower teeth are indistinguishable from those of Cervus perrieri, a large deer that coexisted with
A. ardei at the type locality Les Etouaires and at other coeval localities (Heintz 1970, 256).

In agreement with Vislobokova (2013), we cannot support the inclusion of E. giulii from Untermassfeld in
the genus Arvernoceros, because both its antler and upper tooth morphology better fit the genus Eucla-
doceros. In addition, the mild flattening of the specimens representing more distal portions of beam and
suggested by Croitor and Kostopoulos (2004) to indicate Praemegaceros, is actually more consistent with
Eucladoceros, in which the beam is mildly flattened in the plane of the distal tines, than with Praemegaceros
which has a more cylindrical shaft.

Since the 2001 monograph, several additional E. giulii specimens have been uncovered. This material, plus a
batch of material that had been stored in the collection at the Senckenberg Research Station of Quaternary
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Fig. 8 CFucladoceros qiuli  Kahlke,
Untermassfeld. — a Right antler of
juvenile specimen IQW 1990/23672
(Mei. 23201) + IQW 1990/23633
(Mei. 23162). — b Right antler of ju-
venile specimen IQW 1988/21625
(Mei. 21144). - c Left antler of
adult specimen 1QW 1980/16275
(Mei. 15786). — d Associated left and
right frontal bones with basal antlers
IQW 1989/16168 (Mei. 15679), all
frontal views. — Scale: 30 mm.

Palaeontology but not analysed, increases considerably the minimum number of individuals (MNI) calculated

in the previous monographs (see section 6., Table 6).

Below are described all the antler remains plus the most complete cranial remains and those, more or less
fragmentary, which bring additional information on the species’ morphology.
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4.1. New antlers and selected cranial remains

4.1.1. Antlers

All the recovered antlers of E. giulii are attached to their pedicles, consistent with the hypothesis that a large
number of animals died during the flood events of the winter season (Kahlke and Gaudzinski 2005; Kahlke
2006).

A few basal portions deserve some attention, because they look like possible ontogenetic growth stages. The
earliest ontogenetic stage retrieved is represented by the complete juvenile antlers of IQW 1990/23672-75
(Mei. 23201-04) + IQW 1990/23633 (Mei. 23 162) published by H.-D. Kahlke (1997; 2001). So a brief
description will start from this specimen and follow with unpublished antler material ordered by size/age.

Skull with antlers IQW 1990/23672-75 (Mei. 23201-04) + IQW 1990/23633 (Mei. 23 162) (Fig. 8a).

The specimen (H.-D. Kahlke 1997, fig. 26, pl. 41, 1; 2001, pl. 74) consists of an almost complete skull with
the complete left antler plus the base of the right antler. The presence of a complete set of milk teeth, to-
gether with the long pedicle and the high insertion of the first tine, testify that it was a juvenile individual,
possibly in its third year (in the second year only a pricket is usually grown). The anterior branch of the bi-
furcation could represent either the first tine (that occupies a lower position in more mature antlers) or the
second tine (that occupies a higher position while a basal tine develops proximal to it). It is not necessarily
the case that the more basal a tine is, the earlier it develops; in modern Cervus elaphus, for example, the
bez tine develops after the trez tine (Kahlke 1995b). Nonetheless, in the Untermassfeld antler the anterior
side of the bifurcation is quite flattened (all the way from the base to the tip), and the flattening plane is not
parallel to the bifurcation plane but somewhat laterally tilted at the base (in Fig. 8a we choose to represent
the incomplete right side because the lack of the tine allows a better view of the lateral tilt at the base). The
comparison with more mature antlers, in which the basal tine is flattened and tilted (see below), suggests
it actually is the first tine.

Right antler base IQW 1988/21 625 (Mei. 21 144) (Fig. 8b).

Fragment of pedicle with well-developed burr, a short fragment of beam and the base of the first tine.
The size of the antler is quite small, but the lower position of the first tine, with respect to specimen
IQW 1990/23672-75 (Mei. 23201-04) + IQW 1990/23633 (Mei. 23 162), suggests a greater age (possibly
fourth year). As in IQW 1990/23672-75 (Mei. 23201-04) + IQW 1990/23633 (Mei. 23 162), the basal tine
is slightly flattened (in particular on its medial side) and is on a plane a little laterally tilted with respect to
the bifurcation plane.

Frontal bones with antler bases IQW 1989/16 168 (Mei. 15679) (Fig. 8d).

The frontal bones are preserved from the posterior and lateral sutures with the parietal and temporal bones,
to just behind the orbits, thus lacking the most anterior portion. The sagittal suture line is raised with re-
spect to the frontal plane, so that symmetrical concavities are present on each side between the suture line
and the pedicles. Both antlers preserve only the base of the first tine [roughly as close to the burr as in IQW
1988/21625 (Mei. 21 144)] and a short segment of the beam. The pedicles have a well-developed burr and
are still quite long. This, together with the still relatively small size, suggests a moderately early age, perhaps
pertaining to an animal in its fifth year. The bases of the first tines are even more flattened than in IQW
1988/21625 (Mei. 21 144), with the medial side possibly even just a little bit concave. The flattening plane is
even more laterally tilted with respect to the bifurcation plane than in IQW 1988/21625 (Mei. 21 144). This
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Fig. 9 Eucladoceros giulii Kahlke, Untermassfeld. —
Antler fragment IQW 2003/27675 (Mei. 27 180), ei-
ther medial or lateral view. — Scale: 30 mm.

morphology recalls the early Middle Pleistocene Megaloceros savini, even if in the latter the tilting is more
pronounced and the medial side of the flattened first tine is clearly concave.

Left antler base IQW 1980/16275 (Mei. 15786) (Fig. 8c).

Badly-preserved and fragmentary portion of pedicle with antler base. The burr is abraded; the medial side
of the antler beam and first tine are lacking. The size is larger than in the above-described specimens,
suggesting a fully-grown individual. The first tine appears flattened and laterally tilted. The ventral edge of
the first tine is bent downward and inward as if it were going to open into a flat palmation as in M. savini.
However, published specimen IQW 1982/18223-24 (Mei. 17743-44) + IQW 1982/18356 (Mei. 17867)
(Kahlke 1997, pl. 41, 2), which belonged to a fully-grown individual and is as strong as IQW 1980/16275
(Mei. 15786), has a perfectly circular base of the first tine.
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Fig. 10 Eucladoceros giulii Kahlke, Untermassfeld. — a—d Female complete skull IQW 1992/23910 (Mei. 23439), occipital,
lateral, palatal, dorsal views. — Scale: 30 mm.
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Fig. 11 Eucladoceros giulii Kahlke, Un-
termassfeld. — a—c Female partial skull
IQW 2012/38380 (Mei. 35354) with left
and right P3-M>3, lateral, frontal, palatal
views. — Scale: 30 mm.

Antler portion IQW 2003/27 675 (Mei. 27 180) (Fig. 9).

This is a portion of antler with two bifurcations and strongly flattened. It is not clear how much of the
flattening is original and how much is due to compression during the diagenetic process, as the specimen
is strongly fractured. The shaft at the bottom of Fig. 9 must necessarily be the proximal portion even if it
looks narrower than the rest of the specimen. This could be partly due to the poor preservation, but could
also suggest that there was a real flattening of the distal portion of antler and would fit with published
specimens IQW 1982/18587 (Mei. 18 107) (Kahlke 1997, fig. 28b).

Two interpretations of the branching pattern are possible:
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Fig. 12 Eucladoceros giulii Kahlke, Untermassfeld. — a—c Palate IQW
1995/25085-86 (Mei. 24614-15) with left P3-M3 and right P?-M?,
buccal, lingual, occlusal views. — Scale: 30 mm.

1. The proximal portion is the beam itself, which bends backward at the insertion of a forward pointing
tine (broken at its base) and then distally bifurcates again into two approximately equal tines (also broken
at their bases);

2. The proximal portion is already a branch from the main beam (i.e. a tine), which in turns branches into a
(broken) anterior portion and a posterior portion that ends at the fork of the following bifurcation.

The former interpretation recalls the juvenile antler IQW1990/23672 (Mei. 23201) discussed above. How-
ever, flattened branching, as in the latter interpretation, is found in E. dicranios from the early Early Pleis-
tocene of Upper Valdarno and Liventsovka (Baygusheva and Titov 2013, fig. 2) as well as in the Early Pleis-
tocene E. orientalis from northern Caucasus (Psekups and Mariupol) (Baygusheva and Titov 2013, fig. 4).
The length of the posterior, concave, side of the Untermassfeld specimen is 460 mm; the length from the
presumed proximal end to the first bifurcation is 290 mm, and from this bifurcation to the distal bifurcation
200mm.

Disregarding which of the above two interpretations is correct, this specimen, together with published spec-
imen IQW 1982/18587 (Mei. 18 107) (Kahlke 1997, fig. 28a), demonstrates the presence of one (or possibly
more) tine(s) between the basal tine and the distal end, thus ruling out the attribution of the species giulii to
the genus Arvernoceros which, as noted by Croitor and Kostopoulos (2004), has no further tines between
the basal one and the distal flattened palmation/branching.
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Even though a fuller interpretation of the antlers of E. giulii will be possible only when more complete adult
antlers are unearthed, the morphology of the first tine (flattened to nearly concave on the medial side and
laterally tilted) by itself allows the identification of material from other localities as E. giulii. An example is
the large deer from Le Vallonnet, France, attributed by Moullé (1990) to Praemegaceros sp. because of the
un-molarised lower P4s, mildly thickened mandibular rami, long postcranials that surpass the size range of
known Eucladoceros species, and a basal antler with apparently curved base of the first tine. The un-mo-
larised Py4s, the pachyostotic mandibles, and the long bones match very well the morphology and size of
E. giulii from Untermassfeld. The shed basal antler, interpreted by Moullé (1990, 196, fig. 2) as a right antler
of Praemegaceros because of the supposed lateral bending of the first tine, could be interpreted as a left
antler of E. giulii, with a concave and laterally-tilted medial side of the first tine base. At Le Vallonnet, this
large deer co-occurs with ‘P’ vallonnetensis, matching the association present in Untermassfeld.

4.1.2. Skulls

Female skull IQW 1992/23910 (Mei. 23439) (Fig. 10).

The skull (Kahlke 2006, fig. 9) is nearly complete and only slightly deformed in places. The palate is frac-
tured, with the left side shifted slightly forward with respect to the right. The dorsal portion of the muzzle is
slightly medio-laterally compressed, with part of the left maxillaries and nasals mildly displaced forward, so
that the nasal bones make an acute angle with each other, but are basically complete, including the distally
protruding tips. Delicate portions such as the thin zygomatic arches and the orbital rims are also preserved
and only slightly deformed on the left side.

The tips of the premaxillaries are incomplete but still give some important functional information (see below).
The occipital is largely complete and undeformed, lacking only the mastoid processes and a small portion
of the left edge of the squama. The auditory bullae are broken. The teeth are all present and very worn,
suggesting an advanced age of the individual.

The completeness of this specimens allowed many measurements, usually impossible in fossil deer skulls
(measures numbered after Driesch 1976): 1 (total length of the skull) c. 460 mm; 2 (condylobasal length)
444 mm; 3 (basal length) 410mm; 4 (foramen magnum — premolars distance) c. 275mm; 5 (premolars —
premaxillary tip distance) c. 140mm; 15 (nasal length) 153mm; 16 (orbits — premaxillary tip distance)
c. 275mm; 19 (premaxillary length) c. 146 mm; 23 (orbit length) 57 mm; 24 (orbit height) 52 mm; 25 (mas-
toid breadth) 137 mm; 26 (occipital condyles breadth) 85.5mm; 28 (foramen magnum breadth) 36.5mm;
29 (foramen magnum height) c. 31 mm; 31 (least breadth of the forehead) 89 mm; 32 (greatest breadth
across the orbits) 190 mm; 33 (least breadth across the orbits) 152 mm; 34 (zygomatic breadth) 175 mm; 36
(greatest breadth across the premaxillaries) 63 mm; 37 (greatest palatal breadth) 117 mm; 38 (height of the
nuchal crest) 102 mm.

Female skull IQW 2012/38380 (Mei. 35354) (Fig. 11).

This skull is less complete than the preceding one, lacking the dorsal portion of the face (nasal and praemax-
illary bones, part of the maxillary bones and the anterior portion of the frontal bones). The occipital region
(occipital bone and posterior portion of parietal and temporal bones) is also missing. Although the frontals
are almost complete and apparently undeformed, the skull is slightly dorso-ventrally compressed. The orbits
are mostly complete, the right one lacking only the portion of the rim above the lacrimal foramen, the left
one lacking also part of the dorsal rim and deformed (antero-posterior diameter 59.5mm; dorso-ventral
diameter 54.6 mm). The zygomatic arch is complete only on the left side and is deformed as well. The zygo-
matic breadth (zygion — zygion) is 185 mm. The palate is complete and preserves P3-M3 from both sides, at
a low wear stage, indicating it belonged to an adult but relatively young individual.
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Palate IQW 1995/25085-86 (Mei. 24614-15) (Fig. 12).
The palate is incomplete, preserving only the portion between M? and M3, but is apparently undeformed
and preserves complete and little-worn teeth, left P2-M3 and right P3-M3,

4.2. Synthesis of Eucladoceros giulii skull, jaw and dental morphology

The above-described specimens, plus other less complete new remains and a review of the whole collection
from Untermassfeld, allows a comprehensive reconstruction of the morphology of E. giulii skull, mandible
and dentition. Some details of the morphology of the facial skull can, in turn, give important palaeoecologi-
cal information on how the animal fed.

4.2.1. Skull

The occipital is preserved only in the above-described female IQW 1992/23910 (Mei. 23439) (Fig. 10). On

the sagittal (upper) part of the nuchal crest there is a protruding and dorso-ventrally elongated protuberan-

tia occipitalis externa. The nuchal fossae at its sides are wide but shallow. The basioccipital is elongated and
narrow, with scarcely developed muscular tubercles, as is typical of females and young males, becoming
progressively larger and with strong muscular tubercles when heavy antlers are grown.

The frontal bones are preserved complete (or nearly so) in three skulls: female IQW 1992/23 910 (Mei. 23439),

female IQW 2012/38380 (Mei. 35354) (Fig. 11), and juvenile skull IQW 1990/23675 (Mei. 23204) (pub-

lished by H.-D. Kahlke 1997; 2001). The following observations are possible:

— the fronto-parietal suture is V-shaped;

— the inter-frontal (sagittal) suture is very wiggly and raised from the frontal surface in the posterior part,
where the frontal vault is convex, to become straight, thin and flattened in the anterior part, where the
frontal becomes slightly concave. This is confirmed also in an undeformed fragment of frontal with left
orbital rim IQW 2010/31 154 (Mei. 30316);

— the postorbital foramen is usually single and circular [specimens IQW 1992/23910 (Mei. 23439), IQW
1990/23675 (Mei. 23204),IQW 2010/31 154 (Mei. 30316) and left side of IQW 2012/38 380 (Mei. 35354)],
but there is an additional and smaller foramen on the right side of IQW 2012/38380 (Mei. 35354).

The orbits are preserved in two females, skull IQW 1992/23910 (Mei. 23439) and fragmentIQW 2010/31 154

(Mei. 30316). In both, the orbital rim is very circular. In IQW 1992/23910 (Mei. 23439), the anterior edge of

the orbit is at the level of the posterior lobe of M3. The lacrimal fossa is quite large.

The nasal bones, present only in IQW 1992/23910 (Mei. 23439), are long and broad but do not extend

beyond the line joining the anterior edge of the orbits, as in Eucladoceros senezensis and Praemegaceros

obscurus, but contrary to Megaloceros giganteus (Croitor 2006a). Medio-lateral compression during the
diagenetic process closed the angle between left and right nasal, thus measure 34 of Driesch (1976) is not
possible. The maximum breadth of each single nasal is 35 mm. The bilobed anterior margin is more protrud-
ing on the lateral side as in M. giganteus, Dama and Cervus, than on the medial side as it is in Axis and

Muntiacus (Lister et al. 2005).

The infraorbital foramen of the maxillary rests at the level of the anterior margin of P in IQW 1992/23910

(Mei. 23439), IQW 2012/38380 (Mei. 35354), plus specimens IQW 1980/15560 (Mei. 15072) — right and

left associated maxillaries with complete dental rows, and IQW 1985/20833 (Mei. 20352) — left maxillary

fragment with P?-P3, at the level of the anterior margin of D? in IQW 1990/23 675 (Mei. 23204), but behind
the anterior margin of P? in complete palate IQW 2009/30014 (Mei. 29 181) and in right tooth row IQW

2011/35478 (Mei. 32 688).
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Fig. 13 Eucladoceros giulii  Kahlke, Unter-
massfeld. — a-c Right jaw IQW 1984/20033
(Mei. 19553) with P,-Mjs, buccal, occlusal, lin-
gual views. — d-f Left jaw IQW 1986/21430
(Mei. 20949) with P,-Mj3, buccal, occlusal, lingual
views. — Scale: 30 mm.

The maxillo-palatine suture lines are obliterated in female skull IQW 1992/23910 (Mei. 23439) and pal-
ate IQW 2009/30014 (Mei. 29 181) (possibly because of their advanced age), but visible in female IQW
2012/38380 (Mei. 35354) and in the juvenile skull with antlers IQW 1990/23672-75 (Mei. 23201-04). In
these specimens the suture lines of the two sides elongate forward from the back of the palate, up to the
level of the posterior lobe of M" where they start zigzagging to join each other in the sagittal plane. The
overall shape of the zig-zag probably has taxonomic value, since it is usually straight as in E. giulii in Axis axis,
A. porcinus and Muntiacus, but mostly forward-arched in Cervus elaphus and backward-arched in Dama
dama (Breda, unpublished data).
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Fig. 14 Eucladoceros giulii Kahlke, Untermassfeld. — Incisors ar-
cade of associated left and right mandibles IQW 1995/25368-69
(Mei. 24897-98), occusal view. — Scale: 30 mm.

There are no signs of canines at the end of the maxillaries of female IQW 1992/23910 (Mei. 23439), and the
canine is lacking also from a left isolated (un-sexed) premaxillary with maxillary fragment IQW 2003/28 068
(Mei. 27 230). However, we cannot know whether canines were lacking in the species (e.g., as in modern
fallow deer) or were visible only in males (e.g., as in modern red deer).

The facial portion can give information on the feeding habits of ruminants (Solounias and Dawson-Saunders

1988; Solounias et al. 1988; Solounias and Moelleken 1993; Caloi and Palombo 1995; Janis 1995; Palombo

2005):

— The portion of the maxillaries anterior to the mesial edge of P?, dorsally delimitated by the nasals and
anteriorly by the praemaxillaries, is more elongated in modern deer species that feed mainly on leaves,
so that its general outline is a trapezium, while it is more shortened, and thus more triangular, in mixed
feeders and grazers (Solounias and Dawson-Saunders 1988; Solounias et al. 1988). The only specimen
from Untermassfeld in which this area is present is female skull IQW 1992/23910 (Mei. 23439), in which
it is clearly trapezioidal and so more browser-like.

— The insertion surface for the masseter muscle on the posterior portion of the maxillaries is smaller and an-
teriorly delimited by a weak roughness in specialized browsers, but larger and delimited by a pronounced
maxillary protrusion (facial tubercle of Caloi and Palombo 1995) in specialized grazers (Janis 1995).
The anterior margin of the masseter insertion surface is extremely weak in female IQW 1992/23910
(Mei. 23439), being represented by a simple rugosity above M'. The same margin is not even visible in
female IQW 2012/38380 (Mei. 35354) or in juvenile male IQW 1990/23675 (Mei. 23204) (in the latter
probably, at least in part, because of the young age). Moreover, the insertion surface does not extend
up to the dental alveoli but is limited to the upper part of the maxillary. This feature again suggests a
folivorous diet in E. giulii.

— The insertion surface for the zygomatic muscle, on the zygomatic bone, is horizontal in mixed feeders
and narrow and tilted toward the parasagittal plane in browsers (Valli and Palombo 2005). In both female
IQW 1992/23910 (Mei. 23439) and IQW 2012/38380 (Mei. 35354) the second condition is observed.

— The shape of the premaxillary tip is closely connected to the foraging adaptation of the animal, thus pro-
viding a powerful tool for inferring the feeding habits of extinct species (Solounias et al. 1988; Solounias
and Moelleken 1993; Caloi and Palombo 1995). The premaxillaries are pointed in specialized browsers
(to allow the selection of the most nutritious buds and leaves from the branches), squared in specialized
grazers (to enable the cropping of a large amount of grass at each bite), and intermediate in mixed
feeders. Female skull IQW 1992/23910 (Mei. 23439) preserves the premaxillaries even though missing
their very tip. In addition, two isolated premaxillaries from Untermassfeld can be confidently attributed to
E. giulii (their dorsal margin being far thicker in the other common large ruminant at the site, Bison men-
neri): the above quoted left IQW 2003/28068 (Mei. 27 230), plus right IQW 1983/19039 (Mei. 18559).
Although none of the three specimens preserves the very anterior margin, the shortness of the medial
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process joining in the sagittal plane in skull IQW 1992/23910 (Mei. 23439), and the absence of the late-
ral step-like processes on the well-preserved lateral margins of IQW 1983/19039 (Mei. 18559), suggest
that E. giulii was closer to the browsing side of the feeding spectrum. The lateral step-like process would
widen the frontal extension of the tip and is typically present in grazers (Valli and Palombo 2005).

4.2.2. Mandibles

H.-D. Kahlke (1997, 241f.) stresses how the mandibular body of E. giulii is thickened (pachyostosed), as in

representatives of the megacerine group, and concludes that some variability is acceptable and does not

preclude the assignation of the large deer from Untermassfeld to the genus Eucladoceros. The mandibular
body is indeed thick and rather shallow, similar to that of Premegaceros verticornis or P dawkinsi (compare
to pictures in Lister et al. 2010), though not as extreme as in M. giganteus (Lister 1994). Measures of a good
number of specimens are already provided by H.-D. Kahlke (1997, tab. 60) together with transverse sections

of some of the most pachyostotic specimens (Kahlke 1997, fig. 36).

The mental foramen, on the labial side of the mandibular body at the level of the premolar row, is always

present and extremely large. In most specimens it is situated below the boundary between P, and Ps [e. g.,

specimen IQW 1984/20033 (Mei. 19553), Fig. 13a], being further back only rarely [e.g., IQW 1986/21430

(Mei. 20949), Fig. 13d].

The mandibular foramen, on the lingual side of the ascending ramus, has a rounded outline and is situated

in a rather high position, often above the occlusal surface of the lower teeth (Fig. 13f), while in most deer

(e.g., Dama, 'Pseudodama’ and Cervus) it is at the level of the tooth rows (Breda, pers. obs.).

The morphology of the mandible can also give important information on the feeding adaptations of deer

(Pérez-Barberia and Gordon 1999; Palombo 2005).

— The shape of the incisor arcade is the obvious counterpart of the praemaxillary tip, thus its outline is
straighter in grazers and more arched in browsers (Solounias and Moelleken 1993). A complete set of
incisors is preserved in the associated left and right hemi-mandibles IQW 1997/26 061 (Mei. 25590) and
IQW 1995/25368-69 (Mei. 24897-98), the latter including also the right incisiform canine (Fig. 14).
The disposition of the teeth in the available specimens suggests an intermediate situation between spe-
cialized browsers and mixed feeders (compare with outlines in fig. 2 of Solounias and Moelleken 1993).

— The diastema and mandibular symphysis are more elongated in the most browsing of modern deer
and shortened in the mixed feeders (Valli and Palombo 2005). The diastema and symphysis are preser-
ved complete in more than 20 specimens from Untermassfeld [e.g., IQW 1986/21430 (Mei. 20949)
(Fig. 13d—f), the above mentioned IQW 1995/25368-69 (Mei. 24897-98), plus IQW 1995/25368
(Mei. 24897) and IQW 1995/24939 (Mei. 24468)]. In all these specimens, diastema and symphysis are
extremely long, suggesting a browse-dominated diet.

— The coronoid process is the insertion surface of the temporal muscles, thus Janis (1995) and Pérez-Bar-
beria and Gordon (1999) suggest that it is longer in species that feed on tougher plants (grazers) than
in those that feed on softer plants (browsers). The coronoid process is very long in E. giulii [it is com-
plete in IQW 1986/21430 (Mei. 20949) (Fig. 13d-f), IQW 1983/19 060 (Mei. 18580), IQW 1995/25423
(Mei. 24953), IQW 1996/25524-25 (Mei. 25053-54) and IQW 1982/18001 (Mei. 17521)] and would
thus suggest, in contrast to maxillary characters, a tougher diet. However, it must be noted that moose
and roe deer, the most browse-dominated feeders among modern deer, have a rather long coronoid
process, so the character is not totally reliable as an indicator of diet.

— The ascending ramus is more antero-posteriorly developed in grazers or mixed feeders than in browsers.
This has to do with the extension of the insertion surfaces for the masseter muscle (on the lateral side
of the ascending ramus and angular process) and medial pterigoid muscle (on the medial side). A larger
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insertion surface supports the stronger muscles needed to chew tougher food (Valli and Palombo 2005).
The ascending ramus is present in many E. giulii specimens and it is narrow antero-posteriorly, suggesting
a folivorous diet.

— The angular process, at the caudal base of the ascending ramus, is well developed in some specialized
browsers (moose and roe deer, Breda 2008) but also in some mixed feeders such as sambar and chital
(Valli and Palombo 2005). This is possibly explained by the fact that both masseter and medial pterygoid
give the main closing force to the mandible (thus are strong in animals eating tough food, see above)
but are also responsible for its protrusion (thus might be strong in selective feeders). A developed angular
process brings the insertion of the muscles backward, and the more backward the muscles are inserted,
the more the horizontal component of the force will increase, thus enhancing the protrusion movement.
Some E. giulii mandibles preserve the complete angular process [e.g., IQW 1986/21430 (Mei. 20949)
(Fig. 13d—f), IQW 1989/23 256 (Mei. 22775), IQW 1983/19060 (Mei. 18580)], but this protrudes little
from the general outline and the roughness for the insertion of the masseter is little developed in the first
two specimens, a little more so in the last one. Specimen IQW 1984/20033 (Mei. 19553) (Fig. 13a—c)
preserves only the superior portion of the angular process, and this is more strongly developed than in
most of the other specimens, giving the impression of a concave lateral outline of the posterior edge
of the ascending ramus. However, the link between development of the angular process and diet is not
totally clear.

4.2.3. Dentition

As a general remark, even though most of the specimens do not have any cement on the crown surface, a
few do have some, [e.g., upper tooth row IQW 2011/35478 (Mei. 32 688) mainly on the labial walls, hemi-
mandibles IQW 2011/31251 (Mei. 30413) and IQW 2002/27 463 (Mei. 26968)]. It is difficult to tell if this
is natural variation or preservation, but cement is absent from some of the best preserved specimens, e.g.,
female skull IQW 1992/23910 (Mei. 23439) (Fig. 10).

— 4.2.3.1. Upper teeth

The premolars always have a vertical groove dividing the lingual wall into anterior and posterior parts. As sug-
gested by H.-D. Kahlke (1997, 233), the groove's strength usually decreases from P? to P*. For example, in the
above-mentioned female skull IQW 2012/38380 (Mei. 35354) (Fig. 11), the groove is very strong on the P3s to
the point of nearly separating an anterior and posterior lobe but is weak on the P*s (P?s are missing). In palate
IQW 1995/25085-86 (Mei. 24614-15) (Fig. 12), the groove is even stronger and separates completely an ante-
rior and posterior lobe in the P?s and P3s, while it is less strong in the P%s. By contrast, in palate IQW 2009/30014
(Mei. 29 181) the groove is extremely well developed on both P3s and P*s, completely separating the lingual wall
into anterior and posterior lobes up to half the crown height (the P?s are worn to nearly the base of the crown
and the entire internal enamel pattern is lost). In most specimens, however, the groove is weak or moderate
[e.g., in the above mentioned IQW 2011/35478 (Mei. 32688), in IQW 1985/20672 (Mei. 20 191) (Kahlke 1997,
pl. 43), IQW 1983/19218 (Mei. 18738), IQW 1994/24 503 (Mei. 24032), IQW 2009/30090 (Mei. 29252), IQW
2011/31342 (Mei. 30504) and IQW 2012/39330 (Mei. 36304)]. So overall this character is very variably ex-
pressed, but, as very general in deer, when the groove is present, its strength decreases from P? to P*.

The molars possess a more or less developed additional fold (named protoconal fold by Heintz 1970) on
the postero-lingual wall of the protocone. This is well developed in the M3s and M?s of IQW 2012/38380
(Mei. 35354), and reduced to a small spur on the M' of the same specimen. Although the fold is more
developed in IQW 2012/38380 (Mei. 35354) than in any other specimen from Untermassfeld, it is always
present as a spur in teeth with light or medium wear. In fact, as a general rule, the spur is less visible as
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wear progresses and is thus least visible on the first molars of a tooth row. To give a few examples, the spur
is present in the above-described palate IQW 1995/25085-86 (Mei. 24614-15) (in which it is barely visible
on the M's — note that Mei. 24 614-15 has the same wear stage of Mei. 35354), in published juvenile skull
IQW 1990/23675 (Mei. 23204) (Kahlke 1997; 2001), and in specimens IQW 1996/25925 (Mei. 25453),
IQW 1993/24356 (Mei. 23885), IQW 1982/16991 (Mei. 16512), IQW 1986/21677 (Mei. 21 196), IQW
2011/35478 (Mei. 32688). The functional significance of this fold (if any) is unknown.

As indicated by H.-D. Kahlke (1997, 233), basal cingula are missing on the molars. However, since the inter-
lobar columns (entostyles) on the lingual walls are often bifurcated at their bases, extending forward and
backward along the mesial and distal lobes, this can sometimes enhance the basal edge of the crown as
noted by H.-D. Kahlke (2001, 472) for specimen IQW 1990/23 675 (Mei. 23204).

— 4.2.3.2. Lower teeth

As noted by H.-D. Kahlke (1997, 237), the mesial portion of P, is very variable, sometimes showing only
the parastylid, other times bifurcating into parastylid plus parconid. Moreover, in P,, the metaconid can be
normally developed but can sometimes be barely visible [e.g., specimens IQW 1983/19251 (Mei. 18771),
IQW 1989/23256 (Mei. 22 775), and IQW 1995/25423 (Mei. 24 952)].

In P; the metaconid can be joined to the protoconid in the normal way but is sometimes isolated from it,
creating an enamel islet on the lingual side of the occlusal surface that joins the protoconid only in ad-
vanced wear stages [e. g., specimens IQW 1983/19060 (Mei. 18580), IQW 1982/17 983 (Mei. 17503), IQW
1984/20033 (Mei. 19553), Fig. 13b, IQW 1992/24078 (Mei. 23607)].

P, is molarized only in 2 out of 23 specimens scored on this character, specimens IQW 1995/25423
(Mei. 24952) and IQW 1995/25078 (Mei. 24607). The entoconid is often aligned to the antero-posterior
axis of the tooth as often happens in Dama (Lister 1996). In addition, as noted by H.-D. Kahlke (1997,
237), the metaconid is usually joined to the protoconid, but, as in Ps, it can be isolated [e.qg., specimens
IQW 1980/15780 (Mei. 15292), IQW 1980/15779 (Mei. 15291), IQW 1982/17 983 (Mei. 17503), and IQW
1984/20033 (Mei. 19553), Fig. 13b].

The internal enamel folding of the lower molars is quite simple and lacks any additional internal spur or fold.
The development of the labial interlobar column (ectostylid) on the molars varies from very strong to nearly
bulge-like. Disregarding their strength, ectostylids are often bilobed at their base, as noted by H.-D. Kahlke
(1997, 238) and as happens with the entocone of the upper molars (see above). M3 can have an additional
labial tubercle between hypoconid and talonid. This tubercle can sometimes be rather strong.

5. ‘Pseudodama’ vallonnetensis

Tribe: Cervini Goldfuss, 1820
Genus: 'Pseudodama’ Azzaroli, 1992
'Pseudodama’ vallonnetensis (de Lumley, Kahlke, Moigne et Moullé, 1988)

Several deer species of small to medium size and unpalmated, three or four-point antlers are recorded from
the Pliocene and Early Pleistocene of Europe. Following a practice common in the nineteenth and early
twentieth centuries, most of these species were initially described in the genus Cervus. Some of them were
suggested to form a single phyletic lineage by Heintz (1970), comprising C. pardinensis — C. philisi — C. per-
olensis. However, they are now more or less unanimously considered to be related to modern fallow deer
Dama dama and are commonly termed ‘Dama-like deer’.
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Fig. 15 'Pseudodama’ vallonnetensis (de Lumley, Kahlke, Moigne et Moull¢), Untermassfeld. — Skull with left antler, in situ preparation
IQW 2014/41 900 (Mei. 47 209), lateral view. — Scale: 30 mm.

Fig. 16 'Pseudodama’ vallonnetensis (de Lumley, Kahlke, Moigne et Moullé), Untermassfeld. — a—d Male skull IQW 1995/25229
(Mei. 24 758), lateral, occipital, dorsal, ventral views. — Scale: 30 mm.
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Fig. 17 'Pseudodama’ vallonnetensis (de Lumley, Kahlke, Moigne et Moullé), Untermassfeld. — a—b Male skull with antlers, in situ prepa-
ration IQW 2003/28 185 (Mei. 27 347), lateral, frontal views. — Scale: 30 mm.

Azzaroli (1992) united all the Dama-like deer species in his genus 'Pseudodama’, including Heintz's (1970)
central European evolutionary lineage and an lItalian lineage comprising ‘R’ lyra — ‘R' nestii/eurygonos —
'R’ farnetensis. Both lineages have been widely disputed, and their species variously interpreted and grouped
by different authors. However, both lineages are characterized by an apparent gradual shortening of the
basal portion of beam between burr and first tine insertion (the so called »b« span), and by the progressive
opening of the angle between beam and first tine.

De Lumley et al. (1988) described the subspecies ‘Cervus (s.l.) nestii vallonnetensis’ from Early Pleistocene
deposits at Le Vallonnet Cave, France, dated to 980,000-910,000 years ago. This late subspecies of ‘P’ nestii
is characterized by an extremely strong basal tine departing directly from the burr and at a very open angle
with it, and thus representing a derived form within the Dama-like deer. It is peculiar that Azzaroli (1992)
does not mention this subspecies in his thoughtful review of the Villafranchian Dama-like deer, given that
de Lumley et al. (1988, 483) had pointed out how »Ce petit cervidé épivillafranchien évoque une forme
tardive du groupe des petits cervidés du Villafranchien ...«. However, interestingly, one of the authors of the
species, Moullé (in Moullé et al. 2006), places the small deer from Le Vallonnet in the genus 'Pseudodama’
as 'R nestii vallonnetensis’.
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Fig. 18 'Pseudodama’ vallonnetensis (de Lumley, Kahlke, Moigne et
Moullé), Untermassfeld. — Juvenile frontlet with first set of antlers IQW
2004/28579 (Mei. 27 741), frontal view. — Scale: 30 mm.

H.-D. Kahlke (1997; 2001) recorded a rich sample of ‘Cervus s.l. nestii vallonnetensis’ from Untermassfeld
and suggested that specimens from the Italian localities of Casa Frata (De Giuli and Masini 1987), Selvella
(De Giuli 1987) and Pirro Nord (De Giuli et al. 1987) could also belong to this form. However, he left the
generic attribution indeterminate.

Fig. 19 'Pseudodama’ vallonnetensis (de Lumley, Kahlke, Moigne et Moullé), Untermassfeld. — Distal fork of antler IQW
2010/30706 (Mei. 29868), medial view (assuming it is the left antler, see text). — Scale: 30 mm.
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Van der Made et al. (2003) recorded ‘vallonnetensis’ at Atapuerca (Spain, Sima del Elefante TE9-14 and
Grandolina TD4-TD8inf) but put it in the genus Dama as 'D. vallonnetensis’.

Croitor (2006b, 102) suggested that the small/medium-sized deer from Le Vallonnet must actually be split
into two species: »D. vallonnetensis with rather advanced tooth morphology and another small-sized cervid
of Axis type with primitive dentition«. Croitor (2006b) suggests that the small/medium sized deer from
Untermassfeld must also be split in two species: in this case D. vallonnetensis in which »the massive basal
tine rests on the burr and forms a very obtuse basal ramification« (Croitor 2006b, 103) and Metacervoceros
rhenanus (= C. rhenanus=P rhenanus) represented by the antler with less obtuse basal ramification at the
bottom of fig. 15 of de Lumley et al. (1988), which is specimen IQW 1983/19031 (Mei. 18551) (Kahlke
1997, fig. 11a). According to Croitor and Bonifay (2001), ‘vallonnetensis’ and ‘rhenanus’ co-existed also at
the Early Pleistocene site of Ceyssaguet, France.

We believe that Croitor’s (2006b) interpretation is incorrect and that the observed morphological differences
are part of normal intra-specific variability, not more accentuated than in populations of living deer.

Since the species ‘vallonnetensis' from Untermassfeld shares many dental and postcranial characters with
representatives of the ‘Pseudodama’ group (pers. obs. M. Breda and A.M. Lister), we place it in this genus.
In turn, ‘Pseudodama’ shares with modern Dama some antler features such as an obliquely-oriented basal
portion of the antler beam, a single basal tine set at an oblique angle to the beam, and lack of surface
pearling on beam and tines (Lister 1996), plus numerous skeletal characters (Pfeiffer 1999¢; 2005). On these
grounds Pfeiffer (1999c; 2005) went further, subsuming ‘Pseudodama’ as a subgenus within Dama and

Fig. 20 ‘Pseudodama’ vallonnetensis (de Lumley, Kahlke, Moigne et Moull¢), Untermassfeld. — a—c Right maxillary
IQW 2003/28411 (Mei. 27573) with P>-M?3, buccal, occlusal, lingual views. — d—f Left maxillary IQW 2012/38540
(Mei. 35514) with P-M3, buccal, occlusal, lingual views. — Scale: 30 mm.

1230 M. Breda et al. - New results on cervids from the Early Pleistocene site of Untermassfeld



Fig. 21 ‘'Pseudodama’ vallonnetensis (de
Lumley, Kahlke, Moigne et Moullé), Unter-
massfeld. — a—c Right juvenile hemi-mandi-
ble IQW 2003/28 375 (Mei. 27 537) with D3-
M3, buccal, occlusal, lingual views. — Scale:
30mm.

hypothesising a gradual evolution from the former to the latter, a policy later followed by Van der Made
(2001 and subsequent papers).

However, ‘Pseudodama’ is distinguished from Dama by the complete lack of a palmation. Although, as
noted by Breda and Lister (2013), this is a primitive feature and so ‘Pseudodama’ is probably a paraphyletic
stem-group, we retain the name here for ease of reference, at least until a proper phylogenetic analysis
(pers. obs. M. Breda and A.M. Lister) clarifies from which stock of the ‘Pseudodama’ group Dama origi-
nated. For the time being, ‘Pseudodama’ will thus be used within inverted commas.

Since the 2001 monograph, several additional specimens of ‘R’ vallonnetensis have been uncovered at
Untermassfeld. This material, plus a batch of material that had been stored in the collection at the Sencken-
berg Research Station of Quaternary Palaeontology but not analysed, increases considerably the minimum
number of individuals (MNI) calculated in the previous monographs (see section 6., Table 6).

Below are described the most complete of these antler remains, skulls and mandibles.

5.1. Selected new antlers and cranial remains

Male skull with left antler IQW 2014/41900 (Mei. 47 209) (Fig. 15).

The skull (Kahlke 2007, fig. 6) is lying on its left side and has been prepared in its block of sediment (Kahlke in
this volume, section 4.1.). It was complete before thieves stole the right antler with the right frontal, parietal
and temporal bones during the excavations at the site in September 2002. There remains most of the occipital
with the fractured but complete mastoid processes, the left side of the squama occipitalis, and complete but
fractured occipital condyles. The right side of the basioccipital and the right auditory bulla are also visible.
The left frontal is preserved but badly fractured, preserving the orbital rim but missing the anterior edge with
the suture to the nasal bones. The left side of the facial portion is lying on the sediment and is not visible.
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The facial portion of the right side is the only one preserved of this species and is thus rather important. It
comprises most of the maxillary with the ventral side of the orbit and the complete tooth row, but not the
zygomatic arch. The lacrimal foramen and a deformed lacrimal fossa are also preserved. Only the ascending
ramus of the right premaxillary is preserved, rising along the anterior maxillary edge to join the nasal bone
which lacks the anterior portion, from about the level of P2. The left nasal bone is apparently present and is
bent under the right one and parallel to it.

The palate is medio-laterally compressed, with the left tooth row backwardly displaced but complete.

The left antler is nearly complete, lacking only part of the anterior tine of the terminal fork.

Male skull IQW 1995/25229 (Mei. 24758) (Fig. 16).

The neural portion of the skull is preserved but badly smashed. It comprises frontal, parietal, temporal
and occipital bones, some of them broken in several pieces that could not be reassembled in their natural
three-dimensional arrangement. The frontals are mostly complete, apart from the most anterior portion
of the left one. The frontal portion of the orbital rim is preserved. The parietals are mostly complete, but
fractured and bent inward. The occipital is also mostly complete apart from the left edge of the squama.
The antlers are absent, having been naturally shed. The pedicles are extremely porous down to their bases
which, on the caudal side, form the suture line to the parietals. A slight porosity is observed also in other
bones and, together with the unfused parieto-occipital suture, suggests a relatively young age of the indi-
vidual.

Male neurocranium with partial antlers IQW 2003/28 185 (Mei. 27 347) (Fig. 17).

The skull (Kahlke 2006, figs. 8 and 45; 2009, fig. 5) has been prepared in its block of sediment (Kahlke in
this volume, section 4.1.). It comprises both the frontal bones and a portion of the parietal bones, plus por-
tions of the two antlers: the right one preserving the complete basal tine and the beam up to a little behind
the distal fork, the left one lacking the tip of the basal tine and distal fork. All the preserved portions are
undeformed so that the original three-dimensional arrangement can be appreciated.

Juvenile frontlet with first set of antlers IQW 2004/28579 (Mei. 27 741) (Fig. 18).

The posterior portion of the frontals (from behind the orbits) and part of the parietals are preserved, to-
gether with the complete first, unbranched set of antlers (prickets). The maximum breadth across the two
sides of the pedicles is 90 mm.

Distal portion of antler IQW 2010/30706 (Mei. 29868) (Fig. 19).

This is a distal portion, preserving 222 mm of beam, with a distal fork comprising a complete shorter tine
and an incomplete much longer tine (430 mm preserved), more medially bent. Unfortunately, it is not clear
whether it was a left or right antler, and therefore whether the stronger tine was anterior or posterior with
respect to the fork.

Right, IQW 2003/28411 (Mei. 27573), and left, IQW 2012/38540 (Mei. 35514) maxillaries (Fig. 20).
Both the maxillaries preserve the alveolar portion with all the jugal teeth (P?-M?3). They are respectively at
medium and light wear stages, and represent different individuals.

Right juvenile hemi-mandible IQW 2003/28375 (Mei. 27 537) (Fig. 21).

This is the most complete ‘R’ vallonnetensis hemi-mandible from Untermassfeld, missing only the symphy-
sis, the tip of the coronoid process, and fragments of the angular process. The condyle is rather porous but
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complete. The milk teeth were still in place (although D, is missing, it was probably still in place when the
animal died because the germ of P, is still well below the alveolus, not being more erupted than the germs
of P3 and P4 also visible below D3 and Dy4). Ms is nearly completely erupted and a wear facet is barely visible
on its mesial lobe.

5.2. Synthesis of ‘Pseudodama’ vallonnetensis antler, skull, jaw and dental morphology

From the above-described specimens, plus other more incomplete new remains and the review of the whole
collection from Untermassfeld, a general picture of ‘P’ vallonnetensis antlers, skull, mandibles and denti-
tion can be drawn. Some details of the morphology of the facial skull are tentatively interpreted in terms of
palaeoecological specialization linked to the feeding habits.

5.2.1. Antlers

There are remains of 41 frontal bones with antler portions of varying completeness (37 basal portions, broken
before the distal fork, and 5 more complete portions, preserving the distal fork, specimens in Figs. 17, 19
and in Kahlke 2001, pls. 75, 3 and 76, 1), plus several isolated fragments of tines or beams. These individu-
als probably died and accumulated during the flood events of the winter season, between October and end
of March (Kahlke 2006, 82).

A single shed antler, IQW 1992/23877 (Mei. 23406), has been found up to now. There are, in addition,
the bare pedicles of five other individuals [skull IQW 1995/25229 (Mei. 24758) in Fig. 14, and four iso-
lated hemi-frontals: IQW 1986/21459 (Mei. 20978), IQW 1985/20412 (Mei. 19932), IQW 1996/25541
(Mei. 25070) and IQW 1988/22 589 (Mei. 22 108)].

All the adult antlers from Untermassfeld have a strong burr, evenly developed around the pedicle in a plane
perpendicular to it. They all have strong furrows and ridges along the beam and tines and, contrary to Croi-
tor (2006b), the basal tine is always in a low position, resting more or less directly on the burr. The antlers
are three-pointed, with a basal tine, a quite long portion of beam and a distal fork oriented in a para-sagittal
plane and ending in two long points. The measurements of the five specimens preserving the distal fork are
given in Table 4.

Some differences can be observed in the angle between the beam and the basal tine, which varies from very
obtuse [up to 135°in IQW 1994/24493 (Mei. 24022)] to slightly acute [down to 85° in IQW 1983/19031
(Mei. 18551)], with a mean of 110° (N=20). Both the holotype (no. 10170) and paratype (no. 7023) from
Le Vallonnet have an approximate value of 125° for this angle (measures taken from fig. 14 of de Lumley
et al. 1988, fig. 14). In addition, the surface of the axilla of the fork can be gradually bent or angled, both
in antlers with obtuse and those with acute angles, e.g., IQW 1995/25084 (Mei. 24613) has a very angled
axilla but an opening of 120°. It is gradually bent in both holotype and paratype from Le Vallonnet (see
de Lumley et al. 1988, fig. 14).

In most specimens, the basal tine is much less strong than the beam, but some variation is observed: a ratio
between the circumference of the basal tine at its base and the circumference of the beam just above the
axilla of the basal tine, gives values from a minimum of 0.64 in specimen IQW 1992/23873 (Mei. 23402),
which has a rather narrow basal tine, to a maximum of 0.85 in specimen IQW 1996/25606 (Mei. 25 135),
which has a very strong basal tine, with a mean of 0.77 (N=17). The strength of the basal tine of the two
specimens from Le Vallonnet, represented in fig. 14 of de Lumley et al. (1988), is never attained by the
specimens from Untermassfeld.
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Measures IQW 2014/ 1IQW 1995/ IQW 1992/ IQW 1982/  IQW 2004/
Measure after Driesch 41900 25229 24201 18290 28461
description (1976) (Mei. 47209) (Mei. 24758) (Mei. 23730) (Mei. 17810) (Mei. 27623)
P This paper, Fig. 15 juvenile Kahlke 2001,
This paper, Fig. 16 pl. 75, 3
Occipital breadth 25 100 103 115-120 102-105
Occipital height 38 78 72.5 71.5 70
Condylar breadth 26 60 59.2 63.4 58.9 57.2
Foramen magnum 28 24 24.9 23.8 26.9 243
breadth
Foramen magnum 29 19-20 24 20.2 25 22.5
height
Basioccipital breadth 32 34 44 41.7

Table 5 ‘Pseudodama’ vallonnetensis (de Lumley, Kahlke, Moigne et Moullé), Untermassfeld. Occipital measures in mm.

Since the basal tine departs from the burr, the latter has an oval section. The basal tine is forward-directed
and nearly in the same plane as the beam. It first bends upward and slightly outward, then (usually when
it reaches a vertical orientation) starts bending slightly inward. The beam above the basal tine is directed
obliguely upward and slightly outward but, before reaching the distal fork, it bends slightly back inward to
become more upward. As a consequence, the fork is in a para-sagittal plane. The dorsal/anterior edge of
the beam keeps its regular upward and inward bending up to the fork, and the line is then continued along
the anterior tine. The ventral/posterior edge, instead, in allowing the opening of the fork, becomes either
straight [IQW 2010/30706 (Mei. 29868), Fig. 19; IQW 2014/41900 (Mei. 47 209) — in these two the angle
of the fork is c. 40°], or concave [IQW 1992/24201 (Mei. 23730), Kahlke 2001, pl. 75, 3; IQW 1989/23252
(Mei. 22 770), Kahlke 2001, pl. 76, 1; IQW 2003/28 185 (Mei. 27 347), Fig. 17 — in these two the angle of the
fork is c. 50°]. In both cases, after the fork the ventral/posterior edge again becomes convex in lateral view
along the upwardly curved posterior tine. Both anterior and posterior tines bend slightly medially.

It is not clear which of the tines of the distal fork attains the largest size: in specimens IQW 1989/23252
(Mei. 22770) (Kahlke 2001, pl. 76, 1) and IQW 2003/28 185 (Mei. 27 347) (Fig. 17), the two tines are bro-
ken at their bases but are equally strong. In specimen IQW 2014/41900 (Mei. 47209) (Fig. 15), the an-
terior tine is apparently smaller (but being incomplete this is not certain). In specimen IQW 1992/24 201
(Mei. 23730) (Kahlke 2001, pl. 75, 3), the posterior tine is complete while the anterior tine is broken after
150mm and the preserved portion is badly deformed so, even if it looks stronger, this could be the result
of deformation. In the distal portion IQW 2010/30706 (Mei. 29868) (Fig. 19) one tine is much larger and
longer than the other and more strongly bent inward (even though the larger tine is incomplete, its pre-
served portion is longer than the other, complete, tine, and its circumference at the break point is 76 mm,
suggesting that it was far from approaching the tip). Assuming that the terminal points are slightly curved
upward, it must be the left antler. Under this assumption, the anterior tine would be much larger and longer
than the posterior tine and more strongly bent inward, in agreement with the morphology of ‘P’ eurygonos
from Capena (central Italy; Petronio; 1979, figs. 2-3).

Juvenile frontlet IQW 2004/28579 (Mei. 27 741) (Fig. 18) testifies how, as in modern deer, the first set of
antlers has no clear burrs but, where the burrs will develop in the following set of antlers, there is a con-
centration of ridges and some pearling. Moreover, even if there are no basal tines, the beams lean back-
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ward with respect to the pedicle at an angle of 141°. This is consistent with the angle recorded in mature
antlers from the site, preserving the basal tine, which average 136.7° (N=22), ranging from 145° to 130°.
The pedicle is extremely long, as typical of young individuals, measuring 31 mm, while the mean for other
specimens at the site is 20.7 mm (N = 18), ranging from 14mm to 27.6 mm. Even if the antlers by themselves
look superficially like adult Capreolus, their position on the skull is very different, with the pedicles quite far
apart from each other and posteriorly leaning.

Specimen IQW 1983/19254 (Mei. 18774), a juvenile left pedicle with first year antler (also without basal
tine), was somewhat more developed as suggested by the larger circumference of the beam and pedicle
[80mm rather than the 60 mm of IQW 2004/28579 (Mei. 27 741)] and by the more concentrated pearling
in the position where the burr would develop in following years (the pedicle is incomplete so no measure
of its length is possible).

5.2.2. Skull

The occipital (Table 5) is preserved in the above-described IQW 2014/41900 (Mei. 47 209) (Fig. 15), in skull
IQW 1995/25229 (Mei. 24758) (Fig. 16), and in published skull IQW 1992/24201 (Mei. 23730) (Kahlke
2001, pl. 75, 3). In all these specimens there is a strong and dorso-ventrally elongated protuberantia occipi-
talis externa on the sagittal (upper) portion of the nuchal crest. The nuchal fossae to its sides are arched and
relatively deep. The sagittal portion of squama above the foramen magnum is bulging [visible also in frag-
ments IQW 1982/18290 (Mei. 17810) and IQW 2004/28461 (Mei. 27 623)]. The basioccipital is well-pre-
served only in IQW 1995/25 229 (Mei. 24 758) with well-developed muscular tubercles. All three specimens
preserve remnants of the auditory bulla which was apparently quite large.

The occipito-parietal suture line is obliterated in IQW 2014/41900 (Mei. 47209) and IQW 1992/24201
(Mei. 23730), but clearly visible in IQW 1995/25229 (Mei. 24 758) (Fig. 16a), possibly because of its young
ontogenetic age. In this specimen the suture line has a rectangular outline. On the dorsal side of the parietals
of IQW 2014/41900 (Mei. 47209), IQW 1992/24201 (Mei. 23730) and IQW 2003/28 185 (Mei. 27 347)
(Fig. 17) there are two symmetrical, strong ridges that from the postero-lateral corner of the fronto-pari-
etal suture (basically the pedicle’s postero-lateral base) merge at a variable angle (respectively 55°, 60° and
65°) and then open again to embrace the occipital crest around the protuberantia occipitalis externa. Such
ridges are barely visible in IQW 1995/25229 (Mei. 24758), possibly because of its young ontogenetic age;
however, the parietals are broken exactly along two lines, at an angle of 60° to each other and symmetrical
with respect to the sagittal plane. There is no inter-parietal foramen in IQW 2014/41900 (Mei. 47 209), IQW
1992/24201 (Mei. 23730) or IQW 2003/28 185 (Mei. 27 347), but there is a small one in IQW 1995/25229
(Mei. 24758) (diameters 2.1 x 2.9mm).

The fronto-parietal suture always has a curly-bracket (}) outline, visible in IQW 2014/41900 (Mei. 47 209),
IQW 2003/28 185 (Mei. 27 347), juvenile IQW 2004/28 579 (Mei. 27 741) (Fig. 18), senile IQW 1992/24226
(Mei. 25755), associated frontals IQW 2009/30594-95 (Mei. 29 756-57), and many isolated frontals with
portion of antler, e.g., IQW 1989/23251 (Mei. 22 770) (Kahlke 2001, pl. 76, 1). The curly-bracket outline
has been described for the early Middle Pleistocene fallow deer D. roberti and is different from the »V«
shaped outline of D. dama (Breda and Lister 2013). As in modern Dama, there is a weak ridge running
around the medial and posterior sides of the pedicle bases. On the posterior side it runs along the fronto-pa-
rietal suture line, and when this line bends medially, it elongates forward and disappears gradually when it
reaches the anterior side. This feature is present, more or less clearly, in every specimen from Untermassfeld.
Only one post-orbital foramen is present on each side of specimen IQW 1995/25229 (Mei. 24758), and
on the only preserved frontal of IQW 2014/41900 (Mei. 47 209). The anterior portion of the frontal is not
preserved in any other specimen.
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The maxillary-palatine suture is (poorly) visible only on the left hemi-palate IQW 1994/24 451 (Mei. 23980)
and right hemi-palate IQW 2013/41707 (Mei. 47047). As in E. giulii it elongates forward, from the two
sides at the back of the palate, up to the level of the posterior lobe of M" where it starts zig-zagging to join
its pair; the overall shape of the zig-zag is straight.

The facial portion is preserved only in the in situ skull IQW 2014/41900 (Mei. 47209) (Fig. 15) and, al-

though it is rather badly preserved, some observations are possible:

— The lacrimal foramen and lacrimal fossa are large.

— The anterior side of the nasal bone is bilobed as in all the plesiometacarpal deer, but since the very tips
are missing on both sides, it cannot be said with certainty which of the two lobes was longer, although
it apppears that the lateral lobe was longer than the medial lobe. If confirmed, ‘R’ vallonnetensis would
share the situation typical of modern Dama and Cervus, while a longer medial lobe is typical of Axis
(Lister et al. 2005).

— The infraorbital foramen is positioned at the level of the middle of the P? crown in IQW 2014/41 900
(Mei. 47 209), and at the mesial edge of P2 in left maxillary IQW 2004/28 464 (Mei. 27 626).

— The maxillary is badly deformed, so it is not possible to recognize the insertion area for the masseter
muscle. However, its anterior elongation is rather reduced so that the portion anterior to the P? alveolus
(as described above for E. giulii) is triangular, as it usually is in mixed-feeders and in modern fallow deer
(Valli and Palombo 2005).

— The anterior tip of the maxillary is fragmentary but apparently did not enlarge sufficiently to provide
space for a canine alveolus. Although not certain, it is suggested that, as modern fallow deer, and con-
trary to red deer, ‘R’ vallonnetensis did not have upper canines.

5.2.3. Mandibles

None of the mandibles shows any sign of pachyostosis.

The mental foramen, on the labial side of the mandibular corpus at the level of the premolar row, is some-

times absent [in three specimens out of the 17 scored on this character: IQW1984/19960 (Mei. 19480),

IQW 1981/17673 (Mei. 17 195) and IQW 1980/16 036 (Mei. 15547)] and, when present, is never large. In

most specimens it is situated below P, but varies from slightly ahead of P, (two out of 17 specimens) to the

edge between P, and Ps (four out of 17 specimens).

The mandibular foramen, on the lingual side of the ascending ramus, is »V« shaped (often a rather open

»V« with a blunted vertex) and is situated at the level of the crowns, being below the occlusal surface of the

lower teeth, as is the situation in modern Dama (Breda, unpublished data).

As discussed for E. giulii, the morphological features of the mandible can give important information on the

feeding adaptation of deer (Pérez-Barberia and Gordon 1999; Palombo 2005):

— There are no complete incisor arcades. However, left mandibular ramus IQW 24951 (Mei. 24480) pre-
serves the two medial incisors, I, and |,, which are arranged in a rather narrow arch-shape, as is usual in
specialized browsers.

— The diastema is preserved in a higher number of individuals, even though the complete symphysis is
present only in the above-mentioned IQW 24951 (Mei. 24480) and its medial portion in the left ramus
IQW 2002/27 460 (Mei. 26 965). Diastema and symphysis are rather short, suggesting a more mixed diet.

— The coronoid process is never complete, thus measurements or morphological observations are not
possible.

— The ascending ramus is complete in few specimens [i.e., adult hemi-mandible IQW 1989/16097
(Mei. 15608), fragmentary ascending rami IQW2007/29578 (Mei. 28740) and IQW 2010/31174
(Mei. 30336), plus juvenile IQW 1980/16 444 (Mei. 15955) and IQW 2003/28 375 (Mei. 27 537), Fig. 21].
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The morphology of the anterior edge, strongly lingually bent under the condyle and thickened above it,
suggests that the muscular attachment was quite strong and thus adapted to a tough diet.

— The angular process is preserved complete only in one adult specimen, right hemi-mandible IQW
1982/18262 (Mei. 17783). In this specimen the process does not protrude at all from the general out-
line of the mandibular corpus and ascending ramus but the rugosity marking the edge of the insertion
surface to the masseter muscle is extremely developed. This seems to suggest a rather tough diet. Unfor-
tunately, a measurement of the angular process development is difficult: measure 3 of Driesch (distance
from M3 posterior alveolus to posterior edge of the angular process, 66.5mm in this specimen) varies
with ontogenetic age, being higher in adult/old individuals where there is a space between M3 and the
ascending ramus that is much smaller in young individuals.

— The posterior lip of the articular condyle is little dorso-ventrally elongated and is quite wide, reaching
half the breadth of the condyle (rather than being confined to the lingual side and being dorso-ventrally
elongated as in E. giulii). In addition, the caudal outline of the top of the articular surface of the condyle
is slightly less concave than in E. giulii. The functional meaning of these two alternative morphologies is
unclear.

5.2.4. Dentition

As for E. giulii, even though the vast majority of the specimens do not have any cement on the crown surface,
a few of them do [e. g., maxillaries IQW 2003/28411 (Mei. 27 573), IQW 2004/28 787 (Mei. 27 949), IQW
1992/24197 (Mei. 23726), and mandibles IQW 2002/27 460 (Mei. 26 965), IQW 2009/30657 (Mei. 22819)
and IQW 2003/28 386 (Mei. 27 548)]. The cement is concentrated on the labial wall of the upper teeth and
lingual wall of the lower teeth.

As noted by H.-D. Kahlke (1997, 206, fig. 15), the premolar row is quite short with respect to the molar row
and this should be an advanced feature of ‘P’ vallonnetensis with respect to earlier Villafranchian Dama-
like deer from Italy (Casa Frata and Olivola). The ratio between the lengths of the premolar and molar rows
(LP/LM), plotted against the ratio between the length of the premolar row and total length of the cheek-
tooth row (LP/LT) in the dispersion graph by Breda (2015, fig. 2), confirms this assumption. Even though
the points are quite dispersed, it is clear that the ratio is smaller than in older ‘Pseudodama’ species. A short
premolar/molar row length ratio is generally considered to be an adaptation to a more grazing habit in
ruminants (Janis 1995).

Moreover, both premolars and molars are quite high-crowned. The hypsodonty index (ratio between the
height and the width of the molar crowns), calculated on the unworn second lower molar, varies from 1.26
to 1.37, which is comparable to the same index in 'R’ perolensis from Peyrolles but higher than in ‘R’ nesti
from Upper Valdarno, Casa Frata, Olivola, ‘P’ rhenana from Sénéze and ‘P’ lyra from Lower Valdarno (Breda,
unpublished data). The only two specimens of ‘R’ farnetensis from Selvella in which it was possible to calcu-
late this ratio are in the lower end of ‘R’ vallonnetensis and 'R’ farnetensis range, which overlaps the higher
end of the range of the other species, so the interpretation is difficult.

— 5.2.4.1. Upper teeth

As noted by H.-D. Kahlke (1997, 199), the lingual wall of P? is quite variable: some specimens have a
more or less developed groove [e.g., IQW 1995/24796 (Mei. 24325), IQW 2012/38540 (Mei. 35514),
IQW 2003/28411 (Mei. 27573), Fig. 20]; in other specimens there is a simple groove on the basal portion
of the crown and a partition into mesial and distal portions toward the occlusal surface [e.qg., associated
IQW 1980/16442-43 (Mei. 15953-54)]; in yet other specimens, the lingual wall is completely separated
into mesial and distal portions [e.g., IQW 1986/21293 (Mei. 20812), IQW 2013/41707 (Mei. 47047),
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IQW 2009/29853 (Mei. 29015)]. Such variation cautions against the use of these features as taxonomic
characters.

P3 has a large and bifurcated internal spur that, from the middle of the internal lingual wall, elongates labi-
ally and distally. P4 has a large internal spur, sometimes bifurcated, but starting from a more distal position
on the internal lingual wall and elongating only distally. A certain degree of variability is present, with the
lingual groove sometimes present on other premolars but stronger on P2, and the internal spurs sometimes
present also on P? but stronger on P? and P*.

As noted by H.-D. Kahlke (1997, 199), several upper molars have a small lingual cingulum faintly recalling
the strong lingual cingulum of ‘R’ pardinensis (Heintz 1970) or the lingual cingulum of some ‘P’ nestii speci-
mens from the Upper Valdarno (Breda, pers. obs.). This character is however variable, being anything from
a simple mesial and distal elongation of the lingual interlobar tubercle (entostyle) [e. g., in IQW 1994/24 451
(Mei. 23980), Kahlke 2001, pl. 75] to a small but neat and continuous cingulum [e.g., in associated IQW
1980/16442-43 (Mei. 15953-54), Kahlke 1997, pl. 35, and associated IQW 1995/24 796 (Mei. 24325)]. In
specimen IQW 1995/24 796 (Mei. 24 325) there is also a small cingulum-like mark on the lingual wall of P4,
most visible at its mesial and distal ends. Such variation again cautions against the use of these features as
taxonomic characters.

The entostyle is always present on the molars. In most specimens, the entostyle has a bulging or conical
shape; in others [e.g., associated IQW 1995/24796 (Mei. 24325)] it looks like a mesio-distally elongated
crest that tapers gradually into the lingual cingula. In yet others [e.g., IQW 2013/41707 (Mei. 47 047), IQW
2012/38540 (Mei. 35514)] the bifurcation takes the shape of two joining but independent columns, each
elongating in its portion of the lingual cingulum. This variability is recorded in other 'Pseudodama’ species,
e.g., the 'R’ nestii population from Olivola (Breda, pers. obs.).

As in E. giulii, some molars have a small external spur on the posterior wing of the protocone of M? and
sometimes M? [e.g., IQW 1995/24796 (Mei. 24325), IQW 1992/24197 (Mei. 23726), and even smaller
on IQW 1995/24955 (Mei. 24484), IQW 1995/25426 (Mei. 24955), IQW 2012/38 540 (Mei. 35514), IQW
2013/41707 (Mei. 47 047) and IQW 2014/41779 (Mei. 47 089)].

In several specimens [e.g., IQW 1995/24796 (Mei.24325), IQW 2013/41707 (Mei. 47047), 1QW
2003/28411 (Mei. 27573), IQW 1980/16442-43 (Mei. 15953-54), IQW 2002/27 546 (Mei. 27051), IQW
2014/41873 (Mei. 47 182)], the lingual cingulum on the mesial lobe of M' is flattened and occlusally ex-
tended, like a lip or coat embracing the lobe. This lip-like lingual coating of the M mesial lobe is present also
in some 'Pseudodama’ specimens from the Upper Valdarno and Selvella (Breda, pers. obs.).

In some specimens [e.qg., IQW 1980/16442-43 (Mei. 15953-54), IQW 1995/24955 (Mei. 24484)], the
labial side of the crown has an elongated swelling along its base, corresponding to what Lister et al. (2005)
scored as »buccal cingulum« (= labial cingulum; their character 17) and recorded in a third of modern
D. dama molars scored. The same swelling is absent in C. elaphus (Lister et al. 2005, Supplementary Infor-
mation, table 1).

— 5.2.4.2. Lower teeth

H.-D. Kahlke (1997, 201) reported that the paraconid is absent from P,. From present observations, the
situation is rather variable: most of the specimens do lack the paraconid [10 specimens out of the 16 scored
on this character, e.g., IQW 1980/16 097 (Mei. 15608), IQW 1995/24951 (Mei. 24480), IQW 2003/28 386
(Mei. 27 548), IQW 2010/31 044 (Mei. 30206)], but in other specimens the mesial crest bifurcates into a
parastylid and paraconid [5 specimens out of the 16 scored, e.g., IQW 1980/16886 (Mei. 16407), IQW
1980/16022 (Mei. 15533), IQW 1995/24917 (Mei. 24386), IQW 1980/16327 (Mei. 15838)]. This variabil-
ity is interesting, since the former condition is typical of ‘Pseudodama’ (Breda, unpublished data), while the
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MNIjuv.  MNIjuv. MNIjuv. MNlad. MNlad. MNlad. MNIjuv. MNIad. adults+ MNI

Speci ; . . .

pecies published pre 2000 post 2000 published pre 2000 post 2000 total total juveniles TOTAL
C. cusanoides 0 0 1 3 1 1 1 4 5 5
teeth
C. cusanoides 1 0 0 1 4 0 1 4 5
postcranials
C. carnuto- 1 1 0 2 0 0 2 2 4 7
rum teeth
C. carnuto- 0 0 0 2 1 0 0 3 3
rum

postcranials

E. giulii left 27 1 10 45 0 8 38 53 91 91
E. giulii right 28 0 18 33 1 5 46 39 85
'R’ vallon- 12 2 18 38 1 15 32 54 86 86

netensis left

‘P’ vallon- 10 1 11 40 0 20 22 60 82
netensis right

Table 6 Minimum number of individuals (MNI) of deer from Untermassfeld. Figures respectively based on the material considered by
H.-D. Kahlke (1997; 2001), the unpublished material from excavations up to year 2000, and the material discovered during subsequent
field seasons (Kahlke in this volume). The quotes for the »published« material have been recalculated according to the few amended
identifications introduced during the present study. Separate figures are kept for juveniles (juv.) and adults (ad.).

latter is typical of Dama (Lister 1996) and thus suggests that the process of acquisition of the paraconid in
the fallow deer lineage had started.

In some P, specimens, the metaconid is distally displaced and transversely oriented (rather than being
obliquely directed forward) to converge with the entoconid in the labial wall. From the same point at which
they meet, the hypoconid bends labially making a wide arch before turning toward the lingual wall. As a
result, the posterior portion of the tooth is much enlarged. This morphology is well-marked only in IQW
1984/20220 (Mei. 19740), but is still present in other specimens [e.g., IQW 1982/17 848 (Mei. 17 368),
IQW 1982/18012 (Mei. 17532), IQW 1983/19210 (Mei. 18730), IQW 1980/15565 (Mei. 15077)], thus
suggesting individual variation of the feature.

In P3 the second valley (sensu Heintz 1970) is often very wide because of the posterior position and back-
ward orientation of the metaconid [e.g., IQW 1980/16022 (Mei. 15533), IQW 1980/16327 (Mei. 15838),
IQW 1982/18012 (Mei. 17532), IQW 1989/23 100 (Mei. 22619) and IQW 1995/24917 (Mei. 24 386)].

P,4s are mostly molarized in the lingual connection of paraconid and metaconid (Kahlke 1997, 201), which
closes the second valley. Only three of the 21 specimens here scored on this character have the second valley
open [IQW 2010/31 044 (Mei. 30206), IQW 1982/18012 (Mei. 17532), IQW 1984/20220 (Mei. 19740)].
Moreover, in P4 the entoconid is more strongly aligned to the antero-posterior axis rather than to the trans-
verse axis and is often free from the anterior hypoconid wing, as in the early Middle Pleistocene fallow deer
D. roberti (Breda and Lister 2013) and in modern Dama (Lister 1996). However, contrary to D. roberti, the
anterior hypoconid wing is present in 18 out of 20 specimens scored on this character, the only two excep-
tions being IQW 1980/16327 (Mei. 15838) and IQW 1980/16 886 (Mei. 16407).
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Both P3 and P4, sometimes have a mesio-labial cingulum, varying in development from a proper cingulum
to an elongated roughening, e.g., IQW 1980/15479 (Mei. 14991).

All the molars at low wear stage show a V-shaped opening on the lingual side between entostylid and pos-
terior hypoconid wing.

As noted by H.-D. Kahlke (1997, 202) and as in modern Dama (Lister 1996), the mesio-labial cingulum is
very developed in the molars, being usually visible as a line, sometimes with minor bulging along it [e. g., the
already mentioned IQW 1984/20220 (Mei. 19740), IQW 1995/24917 (Mei. 24 386) and IQW 1980/16 886
(Mei. 16407)].

H.-D. Kahlke (1997, 202) recorded strong interlobar columns (ectostylids) on the molars. From present obser-
vations, ectostylids are very long and column-like in most specimens [e.g., IQW 1980/15479 (Mei. 14991),
or IQW 2003/28374 (Mei. 27 536)], but can sometimes be small and bulge-like [e.g., IQW 1984/19960
(Mei. 19480)].

However, in the vast majority of cases, the ectostylids are equally strong in My and M,, while in Dama dama
and D. roberti they are usually stronger in M (Lister 1996; Breda and Lister 2013). The situation is variable
in other ‘Pseudodama’ specimens. M3 usually has an additional tubercle/column between the second lobe
and talonid. This can vary from very strong [e.g., IQW 1980/15479 (Mei. 14991) or IQW 1984/19960
(Mei. 19480) — in the latter it is much larger than the ectostylid of Ms] to absent [e.g., IQW 1982/17 847
(Mei. 17 367) — in which the other columns are quite weak].

The posterior wings of the hypoconids of M, and, less strongly of My, are sinuous [e.g., IQW 1982/17 847
(Mei. 17367), IQW 1981/17673 (Mei. 17 195), IQW 1980/16 886 (Mei. 16407)], as typical of Dama dama
(Lister 1996) and D. roberti (Breda and Lister 2013); it is variable in other '‘Pseudodama’.

The base of the entoconid bends anteriorly in 16 out of the 23 specimens scored on this character, in
four only slightly so, while in three [IQW 2003/28374 (Mei. 27 536), IQW 2002/27 460 (Mei. 26965), IQW
1980/16036 (Mei. 15547)] it is perfectly straight. The more common situation is shared by modern Dama
(Lister 1996, character 5), D. roberti (Breda and Lister 2013) and most ‘Pseudodama’ specimens.

6. Minimum number of deer individuals from Untermassfeld

The minimum number of individuals (MNI) given in previous monographs on Untermassfeld has been up-
dated, incorporating all the newly identified specimens, comprising the material excavated from 2000 to
2014 and a smaller batch from previous excavations that has been sorted and identified in this revision.
MNI can be estimated using different formulae but it is essentially a logical procedure. In the present pa-
per two different approaches have been employed: one for the less well-represented species, Capreolus
cusanoides and Cervalces carnutorum, the other for the better-represented species, Eucladoceros giulii and
'Pseudodama’ vallonnetensis.

For E. giulii and 'R’ vallonnetensis, MNI has been calculated following the method employed by H.-D. Kahlke
(1997) and R.-D. Kahlke (2006). Since lower dentitions (from more or less complete mandibles to isolated
teeth) are the most represented anatomical elements, a good approximation for the MNI is given by the sum
of the most represented tooth from left or right, whichever gives the higher value. To account for the high
number of juveniles, milk teeth have also been considered and separate figures have been calculated. M;s
and M,s have not been counted because they are often impossible to distinguish from each other when
isolated. Since deciduous teeth are replaced by premolars during ontogeny, the number of each deciduous
tooth and its replacement can be summed, provided unworn premolars are excluded, because a worn pre-
molar and corresponding deciduous tooth are never present at the same time in the same individual. The
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highest MNI score turned out to be the summation of D, + worn P4. This is a far higher number than the
number of Mss (probably because of the high number of juveniles in which M5 had not yet developed), or
than the number of D, + P, or D3 + P3 (probably for taphonomic reasons).

For C. cusanoides and C. carnutorum, the very reduced number of specimens allows a precise calculation
of the MNI, taking into consideration each single specimen and its individual characteristics, in terms of
presumed ontogenetic age, size (if adult), and preservation conditions. Details are given below.

The new MNIs are summarised in Table 6 and take into account the few amended identifications intro-
duced during the present study (the mentioned moose metacarpals plus some minor rearrangements in the
collection). Partial figures given for »published«, »up to 2000« and »post 2000« are related respectively
to the material considered by H.-D. Kahlke (1997; 2001), to the unstudied material from excavations up to
year 2000, and to the material from subsequent field seasons which investigated different sectors of the site
(Kahlke in this volume). The figures for the »published« material are not taken from the previous works but
have been recalculated taking account of reidentifications.

6.1. Details on MNI calculation for Capreolus cusanoides

H.-D. Kahlke (2001) recorded a MNI of four for the roe deer from Untermassfeld, represented by:

— antler IQW 1993/24 320 (Mei. 23 849) (Kahlke 2001, fig. 1, pl. 72, 1), plus left maxillary with P2-M3 IQW
1993/24 360 (Mei. 23889) (Kahlke 2001, pl. 72, 2-4);

— left mandibular ramus with P,-Ms IQW 1989/23221 (Mei. 22 740) (Kahlke 2001, pl. 72, 5-6);

— right M" IQW 1983/18673 (Mei. 18 193) (Kahlke 1997, fig. 1a—c), plus right mandible with P,-M3 IQW
1982/18586 (Mei. 18 106) and IQW 1983/18900 (Mei. 18420) (Kahlke 1997, fig. 2a—c, pl. 34, 1),

— right associated astragalus IQW 1984/20 109 (Mei. 19629), calcaneus IQW 1984/20 108 (Mei. 19628),
naviculocuboid IQW 1984/20 110 (Mei. 19630) and metatarsus IQW 1986/21098 (Mei. 20617) (Kahlke
1997, 1821.).

As explained above, naviculocuboid IQW 1984/20110 (Mei. 19630) does not fit with the astragalus and

because of the smaller size and porous structure, is suggested to be a juvenile. Thus the MNI of published

material becomes four adults plus one juvenile.

Among the material excavated before 2000 but not previously identified, the right lower P, IQW 1993/24 287

(Mei. 23816) is clearly different from the same tooth in the published right mandible IQW 1989/23221

(Mei. 22 740), being much shorter. But it could belong to one of the specimens recorded by the upper denti-

tion, thus MNI does not increase.

Among the new material excavated after 2000, the right isolated M? IQW 2012/39392 (Mei. 36366) is

not perfectly symmetrical to published left maxillary IQW 1993/24360 (Mei. 23889), thus it suggests an

additional specimen. However, the left isolated M? IQW 2003/28 285 (Mei. 27 447) cannot be compared to
the published M" IQW 1983/18673 (Mei. 18 193), which is undetectable. Thus MNI of adults for the upper
dentition increases by one only.

The upper milk molar IQW 2002/27 284 (Mei. 26 789) also increases the MNI of juveniles by one.

For the postcranials, MNI can be calculated from the most numerous element, namely the tibia, represented

by one right proximal portion and four distal portions (two left, two right) all retrieved before 2000 but

until now unpublished. The four distal elements have minor morphological differences that exclude the as-

sociation of any two of them as the same individual. However, it cannot be excluded that IQW 1987/22 279

(Mei. 21798) belongs to the same specimen as the proximal portion IQW 1989/23325 (Mei. 22 844). Since

1242 M. Breda et al. - New results on cervids from the Early Pleistocene site of Untermassfeld



any of these four specimens could be associated to the published adult individual, the MNI of adults in-
creases by three elements only.

Other postcranial elements retrieved after 2000 are less numerous than tibia and so they do not increase
the MNI.

In conclusion, both the MNI calculated on teeth and that calculated on postcranials, gives a total of 1 juve-
nile and 4 adult individuals, so the total MNI of the roe deer from Untermassfeld is five.

6.2. Details on MNI calculation for Cervalces carnutorum

H.-D. Kahlke (2001) recorded a MNI of five for the moose from Untermassfeld, represented by:

— badly crushed adult left mandible with P,-M3 IQW 1994/24 746 (Mei. 24275) (Kahlke 19954, fig. 1);

badly crushed adult left mandible with Ps-M3 IQW 1997/26001 (Mei. 25530) (Kahlke 2001, pl. 73);

— juvenile right upper tooth row D>-M" IQW 1987/22 041-44 (Mei. 21 560-63) (Kahlke 1997, fig. 3, pl. 34,
2-4), possibly associated to right and left lower D4-My, respectively IQW 1987/22224-25 (Mei. 21743-
44) and IQW 1987/22 248-49 (Mei. 21 767-68) (Kahlke 1997, 185, fig. 4);

— right scapula IQW 1984/20070 (Mei. 19590) (Kahlke 1997, fig. 5 and 6) plus articulated elements of the
left foreleg, comprising distal humerus IQW 1980/15363 (Mei. 14875) (Kahlke 1997, fig. 7), complete
radius IQW 1981/17632 (Mei. 17 154) (Kahlke 1997, fig. 8), plus the two distal carpal bones discussed
in the text IQW 1980/15938 (Mei. 15449) (Kahlke 1997, fig. 9a—c) and IQW 1980/15933 (Mei. 15444)
(Kahlke 1997, fig. 9d-f) and the proximal metacarpal here attributed to E. giulii IQW 1980/15240
(Mei. 14722) (Kahlke 1997, fig. 9g-h);

- complete left metacarpal IQW 1984/19995 (Mei. 19515) (Kahlke 1997, fig. 10).

H.-D. Kahlke (2001) calculated the MNI as five on the assumption that the two adult mandibles come from

a different section of the excavation with respect to the well preserved adult postcranials, and that the other

teeth are all juvenile.

As explained above, the complete left metacarpal IQW 1984/19995 (Mei. 19515) actually belongs to

E. giulii, thus the MNI of the published material goes down to four. The attribution to E. giulii of the proxi-

mal metacarpal IQW 1980/15 240 (Mei. 14722) does not change the MNI because it was considered part of

an associated leg. However, the left humerus and radius, suggested by H.-D. Kahlke (1997) to belong to the
same associated leg because of the same color and preservation state, clearly do not articulate with each
other and so must belong to two distinct individuals, increasing MNI again to five.

The new material described in this work, and all excavated before 2000, belongs to not less than two ad-

ditional individuals. The two specimens that increase the MNI are:

— the associated left IQW 1982/18 158 (Mei. 17678) and right IQW 1982/18 159 (Mei. 17679) isolated
M's represent a juvenile individual and so cannot belong to the same specimen as the two adult man-
dibles;

— the right distal humerus IQW 1999/26610 (Mei. 26739) is smaller than the previously described left
distal humerus and thus represents a distinct individual.

By contrast, the other two new specimens, distal metapodial IQW 1986/21 165 (Mei. 20684) and vestigial

metacarpal IQW 1980/16697 (Mei. 16218), could belong to any of the two individuals represented by left

humeri and so cannot add to the MNI number of the moose from Untermassfeld which is fixed at seven
individuals.
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7. Conclusions

For the most represented species, Eucladoceros giulii and ‘Pseudodama’ vallonnetensis, our detailed analysis
of their abundant cranial material allows some palaeoecological deductions.
All four morphological characters examined for the skull of E. giulii (premaxillary tip, anterior extension of
maxillaries, insertion surface of the masseter, insertion surface of the zygomatic), plus two out of five char-
acters examined for the mandible, suggest that E. giulii was quite browsing-adapted (the other three man-
dibular characters do not give precise indications). This would have partly allowed E. giulii to avoid competi-
tion with the other large ruminant at the site, B. menneri. However, E. giulii also co-existed at Untermassfeld
with the moose, C. carnutorum. For the time being, the facial portion of this species is unknown, but its
closest relatives C. gallicus and C. latifrons are specialized browsers (Breda 2008), suggesting that C. carnu-
torum was a specialized browser as well. Studies on modern North American moose suggest that moose
can live in sympatry with another strict browser, the white-tailed deer (Odocoileus virginianus), achieving
a certain degree of resource partitioning (Ludewing and Bowyer 1985; Jenkins and Wright 1988). This is
probably due to a subdivision of browse categories, with moose specializing in willows, high perennial forbs
and water plants; a similar subdivision might have occurred between moose and the other ruminants at Un-
termassfeld. Modern moose can also be very mobile — they remain in an area only if nutrition is abundant;
otherwise they move constantly, along riparian corridors, to reach a wide variety of environments. The same
nomadic habit might have applied to the moose from Untermassfeld, perhaps explaining its scarce record in
comparison to other deer species at the site.

The few morphological characters that it was possible to examine on the skull (anterior extension of maxil-

laries) and mandible (incisor arcade, diastema length, ascending ramus morphology, and angular process

development) of ‘P’ vallonnetensis suggest a mixed diet, but more and better preserved remains would be
necessary to have a clearer indication of the feeding habits of this species. The relatively high crowns of

'R’ vallonnetensis and the low premolar/molar row length ratio would fit with the mixed diet suggested by

the morphology of the facial skull.

The reconstruction of ‘R’ vallonnetensis as a mixed feeder finds further support from an unexpected source.

In the reconstruction of the subsistence strategy of the large sized cheetah Acinonyx pardinensis pleistocae-

nicus, Hemmer (2001, 727) notes that, in the Untermassfeld fauna, the adult weights of the fallow-deer-like

cervids (30-120kq) fit, as the only ungulate, into the large cheetah’s prey spectrum. So, if ‘R’ vallonnetensis
was the most important prey for this open land hunter, the deer must have inhabited at least partially open
landscapes that provided corresponding food sources.

The analysis of all the new remains of the two less represented species, C. cusanoides and C. carnutorum,

has allowed a better characterization of their morphology and size range, although the picture is still in-

complete:

— The roe deer shares several dental and postcranial features with its possible descendant C. capreolus
suessenbornensis and modern C. capreolus capreolus and sits well within the size range of the former,
instead of being smaller as suggested by H.-D. Kahlke (1997). Interestingly, C. cusanoides shares with
its possible ancestor, Procapreolus cusanus, the presence of a developed protoconal fold on the upper
molars. At the present state of knowledge, the only way to distinguish C. cusanoides from C. capreolus
suessenbornensis rests on the antler proportions and protoconal fold.

— The moose also shares both dental and postcranial features with the other species of Cervalces (Breda
2005), thus size is the only criterion to identify the remains at the species level. In particular, the remains
from Untermassfeld confirm the general assumption that C. carnutorum is intermediate in size between
its putative ancestor C. gallicus and putative descendant C. /atifrons, although it overlaps the size range
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of the smallest populations of the latter species (e.g., Mauer). This means that isolated remains cannot

always be identified with certainty.
Interestingly, some postcranial characters (on the proximal tibia, astragalus and navicuolocuboid), and the
protoconal fold on the upper molars, are shared between Capreolus and Cervalces, possibly reflecting
phylogenetic relatedness between these two telemetacarpal deer as suggested by some molecular markers
(Randi et al. 1998; Gilbert et al. 2006).
The scarcity of the remains of C. cusanoides and C. carnutorum at Untermassfeld, when compared to the
other ruminant species, merits some consideration of their geographical distributions. The picture seems
rather different for the two taxa. Remains of Cervalces, although dispersed over a wide geographical range,
are typically few and sparsely distributed in the Plio-Pleistocene sites of the Holarctic (Sher 1987; Breda and
Marchetti 2005).
The Early and Middle Pleistocene record of roe deer, on the contrary, is highly variable, this small deer being
quite well represented in some early Middle Pleistocene sites, such as Mosbach, Voigtstedt and Stssenborn,
Germany (Kahlke respectively 1960; 1965; 1969), Mauer, Germany (Soergel 1914, Pfeiffer 1998), Boxgrove,
UK (Roberts and Parfitt 1999), West Runton and Pakefield, UK (Lister et al. 2010), but not recorded from
coeval sites with otherwise rich deer faunas such as Soleilhac, France (Lacombat et al. 2003; Abbazzi and
Lacombat 2005), Arago, France (Magniez et al. 2013), Atapuerca/Gran Dolina and Galeria, Spain (Van der
Made 1998; 2001; Van der Made et al. 2003); Notarchirico, Italy (Cassoli et al. 1999), Tiraspol, Moldova
(Kahlke 1971), or is extremely scarce, as at Isernia la Pineta, Italy (Breda et al. 2015) and Valdemino Cave,
ltaly (Breda 2015).
As far as the Early Pleistocene is concerned, roe deer remains, Capreolus, are not recorded from most of the
best-known Early Pleistocene localities from Western Europe [e.g., Saint Prest, France (Guérin et al. 2003);
Le Vallonnet, France (Moullé 1990; Moullé et al. 2006); Valleparadis, Spain (Madurell-Malapeira et al. 2010;
2014); Venta Micena 2, Spain (Menéndez 1987); Cueva Victoria, Spain (Blain et al. 2008); Colle Curti, Italy
(Coltorti et al. 1998)]. Capreolus sp. has been recently recorded at Trilca, Montenegro (Van der Made and
Dimitrijevic 2015; Vislobokova and Agadjanian 2015) and El Chaparral, Spain (Pacheco et al. 2011). The
metacarpal shaft recorded by Van der Made and Dimitrijevic (2015) at Trilca has been tentatively identified
on size grounds alone and is considered uncertain by the same authors. Some incisors are recorded by
Vislobokova and Agadjanian (2015) from levels 7-8 of the same locality, dated to < 1.2 Ma BP on faunal
evidence. No morphological description, pictures or measures are given, thus the record cannot be assessed
here. El Chaparral, Spain, estimated to be 1 Ma BP old by Madurell-Malapeira et al. (2014), yielded only one
unciform, also tentatively identified as Capreolus sp. on size grounds only by Pacheco et al. (2011).
In this context, the roe deer from Untermassfeld are highly significant as they are probably the earliest and,
up to now, the only clearly-documented Early Pleistocene record of the genus Capreolus in Europe. In the
early Middle Pleistocene Capreolus is well-recorded in Thuringia (Stssenborn and Voigtstedt), more widely
in Germany (Mosbach and Mauer), and reaches England (Boxgrove and ltaly (Isernia and Valdemino). It is
difficult to know if this distribution is natural or due to incompleteness of the fossil record, but there are no
obvious geographical barriers that could have caused range restriction of this kind.
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